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. WYKAZ ZASTOSOWANYCH SKROTOW

ACE2 (ang. angiotensin-converting enzyme 2) — enzym konwertazy angiotensyny 2
ALP (ang. alkaline phosphatase) — fosfataza alkaliczna

ALT (ang. alanine aminotransferase) — aminotransferaza alaninowa

AT 111 (ang. antithrombin I11) — antytrombina 11l

AST (ang. aspartate aminotransferase) — aminotrasferaza asparaginianowa

ARDS (ang. acute respiratory distress syndrome) — zespét ostrej niewydolnosci
oddechowej

BMI (ang. body mass index) — wskaznik masy ciata

CDC (ang. Centers for Disease Control and Prevention) — Centrum Kontroli i Profilaktyki
Zachorowan

CK (ang. creatine kinase) — kinaza kreatynowa

CK-MB (ang. creatine kinase-myocardial band) — izoenzym sercowy kinazy kreatynowej
COVID-19 (ang. coronavirus disease 19) — choroba koronawirusowa 2019

CRP (ang. C-reactive protein) — biatko C-reaktywne

CRRT (ang. continuous renal replacement therapy) — ciagla terapia nerkozastepcza
ECDC (ang. European Centre for Disease Prevention and Control) — Europejskie
Centrum ds. Zapobiegania i Kontroli Chorob

EGFR (ang. estimated glomerular filtration rate) — szacowany wskaznik przesgczania
kigbuszkowego

GGT (ang. gamma-glutamyl transferase) — gamma-glutamylo-transferaza

hs-Tnl (ang. high-sensitive troponin I) — wysokoczuta troponina |

IL-1 (ang. interleukin-1) — interleukina-1

IL-6 (ang. interleukin-6) — interleukina-6

IQR (ang. interquartile range) — rozstep miedzykwartylowy

LDH (ang. lactate dehydrogenase) — dehydrogenaza mleczanowa

NET (ang. neutrophil extracellular traps) — zewnatrzkomérkowe putapki neutrofilowe
NLR (ang. neutrophil-to-lymphocyte ratio) — stosunek liczby neutrofilow do liczby
limfocytow

NPV (ang. negative predictive value) — warto$¢ predykcyjna ujemna

NRP1 (ang. neuropilin-1) — neuropilina-1

NT-proBNP (ang. N-terminal-pro-B-type natriuretic peptide) — N-koncowy propeptyd
natriuretyczny typu B



OBP (ang. odorant binding proteins) — biatka wigzace substancje wonne

OE (ang. olfactory epithelium) — nablonek wechowy

OIT, ICU (ang. intensive care unit) — Oddziat Intensywnej Terapii

OSN (ang. olfactory sensory neurons) — neurony wechowe

OR (ang. odds ratio) — iloraz szans

PCT (ang. procalcitonin) — prokalcytonina

PVOD (ang. post-viral olfactory dysfunction) — powirusowe zaburzenia wechu
PPV (ang. positive predictive value) — warto$¢ predykcyjna dodatnia

RAS-KKS (ang. Renin-Angiotensin-Kallikrein-Kinin systems) — uktady renina-
angiotensyna / kalikreina-kinina

RT-PCR (ang. reverse-transcription polymerase chain reaction) — reakcja tancuchowa
polimerazy z odwrotng transkryptaza

SARS-CoV-2 (ang. severe acute respiratory distress syndrome coronavirus 2) —
koronawirus zespotu ostrej niewydolnosci oddechowej typu 2

SDOIT (ang. simple disposable odor identification test) — prosty jednorazowy test
identyfikacji zapachow

SpO:2 (ang. peripheral oxygen saturation) - saturacja krwi obwodowej tlenem
SUS (ang. sustentacular cells) — komoérki podporowe

TMPRSS2 (ang. transmembrane serine protease 2) — transbtonowa proteaza serynowa 2
TNF-a (ang. tumor necrosis factor alpha) — czynnik martwicy nowotworu-a
VAS (ang. visual analogue scale) — wizualna skala analogowa

VBM (ang. variants being monitored) — warianty podlegajace monitorowaniu

VOC (ang. Variants of Concern) — warianty wzbudzajgce obawe



1. STRESZCZENIE W JEZYKU POLSKIM

Choroba koronawirusowa 2019 (COVID-19) jest wywotywana przez koronawirusa
zespotu ciezkiej niewydolno$ci oddechowej typu 2 (SARS-CoV-2). Zakazenie tym
wirusem moze by¢ bezobjawowe lub objawowe, przy czym przebieg choroby jest znacznie
zroznicowany, od tagodnego, poprzez umiarkowany i ciezki, do krytycznego, mogacego
prowadzi¢ do zgonu.

Celami pracy byly: okreslenie czynnikow ryzyka wystapienia zakazenia SARS-
CoV-2, ze szczegblnym uwzglednieniem oceny wartosci predykcyjnej zaburzen wechu
Z zastosowaniem stworzonego na potrzeby tego badania przesiewowego testu wechowego,
podsumowanie aktualnej wiedzy na temat patogenezy anosmii w przebiegu COVID-19,
a takze okreslenie niekorzystnych czynnikow rokowniczych, z uwzglgdnieniem wptywu
wariantu SARS-CoV-2, a takze roli czynnikow demograficznych, klinicznych
i laboratoryjnych w predykcji cigzkiego przebiegu choroby w populacjach mtodych
dorostych oraz kobiet cigzarnych hospitalizowanych z powodu COVID-19.

Do badania czgstosci wystgpowania zaburzen wechu u pacjentow z COVID-19 oraz
ich wartosci predykcyjnej w ocenie prawdopodobienstwa zakazenia SARS-CoV-2
wilaczono 64 hospitalizowanych pacjentow z COVID-19 oraz 34 zdrowych ochotnikow,
ktorzy wypehili ankiet¢ na temat danych demograficznych, wywiadu chorobowego,
przebiegu COVID-19 i subiektywnych zaburzen powonienia, a takze zostali poddani
psychofizycznej ocenie wechu z wykorzystaniem opracowanego na potrzeby tego badania
prostego, jednorazowego testu identyfikacji zapachow (SDOIT, ang. simple disposable
odor identification test). Przydatnos¢ diagnostyczng zglaszanych przez pacjentow zaburzen
wechu oraz wynikow testu psychofizycznego oceniono z wykorzystaniem analizy ROC.
Ponadto, w celu podsumowania aktualnej wiedzy na temat patogenezy zaburzen wechu
w przebiegu COVID-19, dokonano przegladu aktualnej literatury przedmiotu. W celu
oceny predyktorow ciezkiego przebiegu zakazenia w grupie miodych dorostych,
z uwzglednieniem wptywu wariantu SARS-CoV-2, przeprowadzono jednoosrodkowe,
retrospektywne badanie 229 pacjentow w wieku od 18 do 45 lat wymagajacych leczenia
szpitalnego z powodu COVID-19, w tym 75 chorych hospitalizowanych podczas drugiej
fali pandemii oraz 154 pacjentow hospitalizowanych podczas trzeciej fali pandemii.
W celu oceny czynnikéw rokowniczych, porownano przebieg COVID-19 pomigdzy falami
pandemii, a takze oceniono wpltyw danych demograficznych i klinicznych oraz wynikow
badan laboratoryjnych na cigzkos¢ przebiegu choroby. Zbudowano rowniez modele

predykcyjne dla wystapienia zgonu oraz konieczno$ci wentylacji mechanicznej i przyjecia
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do oddziatu intensywnej terapii w oparciu o metode wicloczynnikowej regresji
logistycznej. W celu oceny czynnikéw rokowniczych w COVID-19 u kobiet ciezarnych
przeprowadzono jednoosrodkowe, retrospektywne badanie 52 pacjentek cigzarnych
z potwierdzonym zakazeniem SARS-CoV-2 1 oceniono wplyw ich danych
demograficznych i Kklinicznych oraz wynikow badan laboratoryjnych na ci¢zko$¢
przebiegu choroby.

Anosmia w przebiegu zakazenia SARS-CoV-2 wynika przede wszystkim
z uszkodzenia nablonka wechowego, do ktorego wirus ten wykazuje wysokie
powinowactwo. Z tego powodu wystepowanie zaburzen wechu w przebiegu COVID-19
jest czeste 1 moze stanowi¢ dobry predyktor wystgpienia zakazenia. Stwierdzono, ze
czestos¢ wystepowania anosmii okreslana na podstawie subiektywnej oceny wechu jest
prawdopodobnie  znacznie niedoszacowana, co podkresla istotng role metod
psychofizycznych oceny zmystu powonienia. Zastosowany test psychofizyczny (SDOIT),
zwlaszcza w polaczeniu z wynikami oceny subiektywnej, moze by¢ uzyteczny w skriningu
w kierunku zakazenia SARS-CoV-2, pozwalajac na wczesng izolacje chorych
I skierowanie ich na dalsza diagnostyke. Nie stwierdzono natomiast zwigzku subiektywnie
odczuwanego ostabienia wechu z cigzkoscig przebiegu COVID-19. Wariant alfa SARS-
CoV-2 prawdopodobnie nie powoduje cigzszego przebiegu choroby niz warianty
wczesniejsze. Do niekorzystnych czynnikéw rokowniczych u miodych dorostych
hospitalizowanych z powodu COVID-19 nalezg: otylos¢ i inne choroby wspdtistniejace,
nikotynizm w wywiadzie, wyzszy odsetek zajecia migzszu ptucnego przez zmiany zapalne
stwierdzany w obrazach tomografii komputerowej (TK), nizsza saturacja krwi obwodowej
tlenem (SpO.), leukocytoza, neutrofilia, limfopenia, wigksza liczba niedojrzatych
granulocytow, wyzszy stosunek liczby neutrofilow do liczby limfocytow (NLR), wyzsze
stezenia: biatka C-reaktywnego (CRP), prokalcytoniny (PCT), interleukiny-6 (IL-6), D-
Dimeru, dehydrogenazy mleczanowej (LDH), wysokoczutej troponiny I (hs-Tnl),
izoenzymu sercowego kinazy kreatynowej (CK-MB), mioglobiny, N-koncowego
propeptydu natriuretycznego typu B (NT-proBNP), kreatyniny, mocznika i gamma-
glutamylo-transferazy (GGT), nizszy Szacowany wskaznik przesaczania kigbuszkowego
(EGFR) oraz nizsze stezenia albuminy, wapnia i witaminy D3, a takze prawdopodobnie
spadek liczby erytrocytow, stezenia hemoglobiny i poziomu hematokrytu oraz wzrost
aktywnosci kinazy kreatynowej (CK). Z kolei u pacjentek ci¢zarnych do potencjalnych
predyktoréw  ciezkiego przebiegu COVID-19 naleza: wystepowanie  chordb

wspotistniejacych, takich jak nadcisnienie tetnicze i cukrzyca, wyzszy odsetek zajgcia
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migzszu ptucnego przez zmiany zapalne stwierdzany w obrazach TK, a takze szereg
nieprawidlowosci w badaniach laboratoryjnych, takich jak limfopenia, hipokalcemia,
hipoproteinemia, niskie st¢zenie cholesterolu catkowitego oraz podwyzszone stgzenia
CRP, PCT, IL-6, ferrytyny, LDH, hs-Tnl i glukozy. Okreslenie niekorzystnych czynnikoéw
rokowniczych w poszczegdlnych subpopulacjach pacjentow moze ulatwi¢ wczesng
identyfikacje pacjentow z wysokim ryzykiem ciezkiego przebiegu COVID-19, pozwalajac
na zastosowanie wilasciwej strategii postepowania w tych przypadkach oraz poprawg
rokowania chorych.
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I11. STRESZCZENIE W JEZYKU ANGIELSKIM

Selected predictive factors in the evaluation of the risk of SARS-CoV-2 positivity and
severity of COVID-19, with emphasis on olfactory disorders

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). SARS-CoV-2 infection may be asymptomatic or
symptomatic, with the course of the disease varying widely from mild to severe to critical,
and can possibly be fatal.

The objectives of the presented studies were to identify the risk factors for SARS-
CoV-2 infection, with particular emphasis on the evaluation of the predictive value of
olfactory disorders using an olfactory screening test developed for this study, to summarize
the current knowledge on the pathogenesis of COVID-19-related anosmia, and to identify
the risk factors for severe COVID-19, including the causative SARS-CoV-2 variant, as
well as the role of demographic, clinical and laboratory factors in predicting severe course
of disease in the populations of young adults and pregnant women hospitalized for
COVID-19.

The study of the prevalence of olfactory disorders in COVID-19 patients and their
predictive value in assessing the likelihood of SARS-CoV-2 infection included 64
hospitalized COVID-19 patients and 34 healthy volunteers who completed a questionnaire
on demographic data, medical history, course of disease and self-reported olfactory
disorders, and underwent psychophysical olfactory assessment using a simple disposable
odor identification test (SDOIT) developed for this study. The diagnostic utility of self-
reported olfactory disorders and psychophysical test results was assessed using ROC
analysis. Moreover, in order to summarize the current knowledge on the pathogenesis of
olfactory disorders in the course of COVID-19, a review of the current literature on the
subject was conducted. To assess predictors of severe disease in young adults, including
the impact of the SARS-CoV-2 causative variant, a single-center, retrospective study of
229 patients hospitalized for COVID-19, aged 18 to 45 years, was conducted, including 75
patients hospitalized during the second wave and 154 patients hospitalized during the third
wave of the pandemic. In order to assess prognostic factors, the severity of the disease
course between two waves of the pandemic was compared, and the impact of demographic,
clinical and laboratory factors on the severity of the disease was evaluated. Moreover,

models for the prediction of death, the need for mechanical ventilation and admission to
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the intensive care unit were also created using multivariate logistic regression. To evaluate
prognostic factors in COVID-19 in the population of pregnant women, a single-center,
retrospective study of 52 pregnant patients with confirmed SARS-CoV-2 infection was
conducted, and the influence of demographic characteristics, clinical data and laboratory
abnormalities on disease severity was assessed.

Anosmia in the course of SARS-CoV-2 infection is probably mainly due to the
damage to the olfactory epithelium, to which this virus has a high affinity. Therefore, the
occurrence of olfactory disorders in the course of COVID-19 is frequent, and may be
a good predictor of infection. The results indicate that self-assessment of smell in COVID-
19 tends to underestimate the prevalence of anosmia, highlighting the importance of
psychophysical methods of evaluating the sense of smell. The newly designed
psychophysical test (SDOIT), especially in combination with self-reported symptoms, may
be useful in screening for SARS-CoV-2 infection, allowing for early isolation of patients
and referral for further diagnostic tests. There was no association of the self-reported
olfactory disorders with the severity of COVID-19. The SARS-CoV-2 alpha variant is
unlikely to cause a more severe disease course than the previous variants. Risk factors for
poor prognosis in hospitalized young adults include obesity, comorbidities, a history of
smoking, higher percentage of lung involvement on computed tomography (CT), lower
peripheral oxygen saturation (SpOz), leukocytosis, neutrophilia, lymphopenia, higher
immature granulocyte count, higher neutrophil-to-lymphocyte ratio (NLR), higher
concentrations of C-reactive protein (CRP), procalcitonin (PCT), interleukin-6 (IL-6), D-
Dimer, lactate dehydrogenase (LDH), high-sensitive troponin I (hs-Tnl), creatine kinase-
myocardial band (CK-MB), myoglobin, N-terminal-pro-B-type natriuretic peptide (NT-
proBNP), creatinine, urea and gamma-glutamyl transferase (GGT), lower estimated
glomerular filtration rate (EGFR), and lower concentrations of albumin, calcium and
vitamin D3, as well as possibly a decrease in erythrocyte count, hemoglobin concentration
and hematocrit level and an increase in creatine kinase (CK) activity. In pregnant patients,
potential predictors of severe COVID-19 include comorbidities such as hypertension and
diabetes, a higher percentage of lung involvement on CT, and a number of laboratory
abnormalities such as lymphopenia, hypocalcemia, hypoproteinemia, low total cholesterol,
and elevated concentrations of CRP, PCT, IL-6, ferritin, LDH, hs-Tnl and glucose.
Identification of poor prognostic factors in specific subpopulations may allow for early
identification of patients at high risk for severe COVID-19, allowing for the application of

an appropriate management strategy in these cases and contributing to a better prognosis.
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IV. OPIS W JEZYKU POLSKIM

1. WSTEP

Choroba koronawirusowa 2019 (COVID-19, ang. coronavirus disease 2019),
uznana za pandemie przez Swiatowa Organizacje Zdrowia (WHO, ang. World Health
Organization) w dniu 11 marca 2020 roku [1], jest wywotywana przez koronawirusa
cigzkiej niewydolnosci oddechowej typu 2 (SARS-CoV-2, ang. severe acute respiratory
syndrome coronavirus-2).

SARS-CoV-2 jest wysoce zakaznym wirusem RNA, ktory wnika do komorek
poprzez wigzanie jego bialka kolca (S, ang. spike protein) z receptorem konwertazy
angiotensyny 2 (ACEZ2, ang. angiotensin-converting enzyme 2) gospodarza. Interakcja ta
wymaga rozszczepienia biatka S przez proteazy komorkowe, w tym transbtonowg proteaze
serynowg 2 (TMPRSS2, ang. transmembrane protease serine 2) i furyng, co umozliwia
fuzje migdzy btong komorkowa i wirusowa oraz wejscie wirusa do komorki na drodze
endocytozy [2]. Wérdd alternatywnych mediatorow wnikania SARS-CoV-2 wymienia si¢
receptory i kofaktory, takie jak neuropilina-1 (NRP1) i CD147, oraz aktywatory, takie jak
katepsyna [3,4,5]. ACE2 ulega ekspresji na powierzchniach wielu komoérek w catym
organizmie, w tym w migzszu ptucnym, nabtonku oddechowym, nabtonku przewodu
pokarmowego, $rodbtonku, mig$niach gladkich tetnic, komorkach glejowych, neuronach,
komorkach kanalikoéw nerkowych, sercu i tkankach limfoidalnych [6,7]. Podobnie,
ekspresje TMPRSS2 stwierdzono w wielu narzadach, w tym w obrebie drog oddechowych
i przewodu pokarmowego, w gruczotach §linowych, watrobie i nerkach [5]. To
powszechne wystgpowanie ACE2 1 TMPRSS2 moze stanowi¢ wyjasnienie
obserwowanych plejotropowych efektow zakazenia SARS-CoV-2, niemniej jednak
glownymi celami wirusa sa komorki wykazujace wysoka ekspresje tych bialek,
a zwlaszcza ich koekspresje, takie jak komorki nabtonka oddechowego i wechowego [3].

Zakazenie SARS-COV-2 moze by¢ bezobjawowe lub objawowe, przy czym
przebieg choroby jest znacznie zréznicowany, od tagodnego, poprzez umiarkowany
I ciezki, do krytycznego [8]. Podobnie, Polskie Towarzystwo Epidemiologéw i Lekarzy
Chorob Zakaznych wyréznia cztery stadia choroby. Stadium skapoobjawowemu,
odpowiadajacemu tagodnej postaci choroby, towarzysza niespecyficzne objawy, takie jak:
goraczka, dreszcze, kaszel, dusznos$¢, zmeczenie, bole migsniowe, bol glowy, bol gardia,
katar, zapalenie spojowek, jadtowstret, nudnosci, wymioty, biegunka, bol brzucha oraz

utrata wechu (anosmia) i/lub smaku (ageusia), lecz nie wystepuje tu hipoksja. W stadium
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pelnoobjawowym, odpowiadajagcym chorobie umiarkowanej, obserwuje si¢ dodatkowo
kliniczne i radiologiczne cechy zapalenia pluc z saturacjg krwi obwodowej tlenem (SpO>)
ponizej 94% przy oddychaniu powietrzem atmosferycznym. Cigzki przebieg COVID-19
zwigzany jest z niewydolnoscig oddechows, wynikajaca gtdéwnie z tzw. burzy cytokinowej,
ze spadkiem SpO2 ponizej 90% przy oddychaniu powietrzem atmosferycznym. W stadium
krytycznym dochodzi do rozwoju zespotu ostrej niewydolnosci oddechowej (ARDS, ang.
acute respiratory distress syndrome), wstrzasu oraz niewydolnosci wielonarzadowej,
wymagajacych hospitalizacji w oddziale intensywnej terapii (OIT) i zastosowania
wentylacji mechanicznej [9].

Warto zauwazy¢, ze opisane powyzej objawy tagodnej postaci choroby moga by¢
przydatne w identyfikacji pacjentow z wyzszym prawdopodobienstwem zakazenia SARS-
CoV-2, co moze pozwoli¢ na wczesniejsze skierowanie ich na testy diagnostyczne.
W metaanalizie oceniajacej przydatno$¢ poszczegdlnych objawdow w przewidywaniu
COVID-19 kaszel charakteryzowat si¢ 62,4-procentowa czuloscia, ale niskg swoistoscig
(rowna 45,4%), goraczka miata czuto$é rownag 37,6% i swoisto$¢ rownag 75,2%, dusznos¢ —
czuto$¢ réwng 23,3% i swoistos¢ rowng 75,7%, za§ zmgczenie — czutos¢ rowng 40,2%
I swoistos¢ rownag 73,6%. Co ciekawe, anosmia, ageusia oraz anosmia lub ageusia
charakteryzowaty si¢ czutoscig ponizej 50%, ale wysoka swoisto$cig Wynoszaca ponad
90% (czuto$¢ rowna 26,4%, 23,2% i 39,2% oraz swoistos¢ rowna 94,2%, 92,6% i 92,1%
odpowiednio dla anosmii, ageusii i anosmii lub ageusii) [10], co moze by¢ przydatne
w testach przesiewowych. Rzeczywiscie SARS-CoV-2 wydaje si¢ mie¢ szczeg6lnie silne
powinowactwo do ACE2, ulegajacego wysokiej ekspresji w nabtonku oddechowym
i wechowym, szacowane na 10-20-krotnie wyzsze niz w przypadku wczesniej
wystepujacego wirusa SARS-CoV [11], co moze wyjasnia¢ jego istotny wptyw na uktad
wechowy. Jednakze pomimo uznanego juz powszechnie zwigzku zaburzen wechu
z zakazeniem SARS-CoV-2, ich patogeneza wciaz nie zostata w pelni wyjasniona.

Percepcja wechowa rozpoczyna si¢ od zwigzania czasteczek zapachowych
z receptorami zlokalizowanymi na dendrytach neuronéw wechowych (OSN, ang. olfactory
sensory neurons) w nablonku wechowym (OE, ang. olfactory epithelium) [12,13].
Nabtonek wechowy stanowi ztozong strukture, sktadajaca si¢ z wielu typéw Komorek,
takich jak neurony wechowe, komorki podporowe (SUS, ang. sustentacular cells),
komorki wydzielnicze gruczotow Bowmana oraz komorki podstawne [12]. Komorki
podporowe nie tylko stanowig rusztowanie dla neuronéw wechowych, lecz petnig rowniez

funkcje ochronng poprzez usuwanie czynnikow potencjalnie szkodliwych, uczestnicza
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w detekcji zapachow poprzez udzial w przenoszeniu i usuwaniu zbednych czgsteczek
zapachowych oraz dostarczanie glukozy niezbednej w wysokoenergetycznym procesie
transdukcji sygnatow wechowych, a takze uczestniczg w utrzymaniu rownowagi wodno-
elektrolitowej [12,14]. Komorki podstawne moga roznicowac si¢ W komorki receptorowe
w fizjologicznym ,,obrociec komérkowym” (ang. turnover) lub po ich uszkodzeniu.
Gruczoty Bowmana wytwarzaja wydzieling §luzowa zawierajacg wode, sole mineralne,
glikoproteiny mucynowe, enzymy, przeciwciala oraz biatka wiazace substancje wonne
(OBP, ang. odorant binding proteins), odpowiedzialne za transport hydrofobowych
czgsteczek zapachowych poprzez $luz do rzgsek komorek wechowych [15]. Aksony
neurondw wechowych wnikajg do jamy czaszki przez otwory w blaszce sitowej i tworza
synapsy w obrebie opuszki wechowej, skad informacja wechowa przekazywana jest do
wyzszych osrodkow mozgu [12,13].

Zaburzenia wechu mozna podzieli¢ na: 1) przewodzeniowe, spowodowane
niedroznoscig jam nosa i wynikajagcym z niej utrudnieniem przenoszenia substancji
zapachowej do nabtonka wechowego; 2) odbiorcze (czuciowo-nerwowe), spowodowane
uszkodzeniem nablonka wechowego lub neuronow wechowych oraz 3) osrodkowe,
wynikajace z nieprawidlowego przetwarzania informacji wechowych w osrodkowym
uktadzie nerwowym [13]. W przebiegu ostrych zakazen goérnych drog oddechowych
najczesciej obserwuje si¢ zaburzenia przewodzeniowe wynikajace z obrzeku blony
sluzowej oraz zwigkszonej ilosci wydzieliny w jamach nosa, przy czym po ustgpieniu
infekcji wech zwykle wraca do normy. W rzadszych przypadkach ostabienie powonienia
moze utrzymywac si¢ nawet po ustgpieniu infekcji, co $wiadczy¢ moze 0 uszkodzeniu typu
odbiorczego, okreslanym jako powirusowe zaburzenia wechu (PVOD, ang. post-viral
olfactory dysfunction) [16,17]. PVOD stanowi jedna z najczgstszych przyczyn anosmii
u os6b dorostych, obserwowang w okoto 11-40% przypadkow [18]. Wsrod wirusow
oddechowych mogacych powodowaé te patologic wymienia si¢ rhinowirusy, wirusy
paragrypy, wirus Ebsteina-Barr oraz niektore koronawirusy [17]. W patogenezie anosmii
w przebiegu COVID-19 zaproponowano kilka teorii, w tym zaburzenia przewodzeniowe
zwigzane z niedrozno$cig nosa i katarem, obrzgk $luzowki okolicy wechowej
uniemozliwiajacy dotarcie substancji zapachowej do nablonka wechowego, uszkodzenie
nabtonka wechowego, zakazenie neuronow wechowych oraz opuszki wechowej poprzez
neuroinwazj¢, a takze uszkodzenie osrodkowych szlakéow wechowych w  wyniku
bezposredniego zakazenia ich komorek badz ich posredniego urazu wywotanego hipoksja,

uszkodzeniem srodbtonka lub nadmierna reakcja zapalng. Podobnie, uszkodzenie nabtonka
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wechowego moze by¢ spowodowane bezposrednia inwazjg wirusa do neurondw
wechowych, prawdopodobnie posredniczong przez receptor neuropiliny-1, lub zakazeniem
komorek pozanerwowych prowadzacym do horyzontalnego rozprzestrzeniania si¢ wirusa
do komorek receptorowych lub zaburzenia podpory morfologicznej i funkcji neuronow
wechowych [4,12,16,19,20,21].

Jak wspomniano powyzej, wysoka czestos¢ anosmii w przebiegu COVID-19
sktonita badaczy do wysunigcia hipotezy, ze nagle wystgpienie zaburzen wechu moze
stanowi¢ potencjalny predyktor zakazenia SARS-CoV-2. Warto jednak zauwazy¢, ze
wickszos¢ wezesnych badan w tym zakresie opierata si¢ na subiecktywnej ocenie wechu, €o
moglo zaniza¢ rzeczywistg skale problemu, jako ze zaburzenia powonienia nie zawsze sg
zauwazane i zglaszane przez pacjentdw, zwlaszcza przy wspotistnieniu innych, powaznych
objawow, takich jak niewydolnos¢ oddechowa [13,22,23]. Znajduje to odzwierciedlenie
w wynikach metaanaliz, wskazujacych na wigksza czgsto$¢ wystepowania zaburzen wegchu
w badaniach psychofizycznych niz w ocenie subiektywnej (odpowiednio 72,1%—77%
I 44,5%-53%) [23-25]. Z drugiej strony psychofizyczne metody oceny wechu sa
czasochtonne, kosztowne I wymagaja wystandaryzowanych warunkéw laboratoryjnych,
a zatem sg trudne do przeprowadzenia w warunkach pandemii [24]. Co wigcej, ryzyko
transmisji zakazenia sprawia, ze preferowane powinny by¢ jednorazowe zestawy badawcze
[26]. Z tych powodow nalezy dazy¢ do stworzenia szybkich, prostych, niedrogich,
jednorazowych i wiarygodnych testow przesiewowych do wykrywania zakazenia SARS-
CoV-2.

Wedtug raportu opublikowanego przez Chinskie Centrum Kontroli i Prewencji
Chorob w poczatkowym okresie pandemii, do 11 lutego 2020 r., na podstawie 44 500
przypadkow potwierdzonego zakazenia SARS-CoV-2, tagodny przebieg obserwowano
u 81% pacjentow, ciezki przebieg u 14%, za$ przebieg krytyczny u 5%, z ogdlnym
wskaznikiem $miertelno$ci wynoszacym 2,3% [27]. Podobnie, w raporcie amerykanskiego
Centrum Kontroli i Profilaktyki Zachorowan (CDC, ang. Centers for Disease Control and
Prevention) analizujgcym przypadki zgloszone pomiedzy styczniem i majem 2020 r., 14%
pacjentow wymagato hospitalizacji, 2% zostato przyjetych do oddziatu intensywnej terapii,
a 5% zmarto [28]. Co istotne, stan pacjentow, u ktorych poczatkowo nie obserwuje si¢
cigzkiego przebiegu, w ciggu okoto tygodnia moze ulec gwattownemu pogorszeniu [29].

COVID-19 o cigzkim przebiegu wynika gtéwnie z zaburzen o podiozu
immunologicznym, zwigzanych z nadmierng reakcja zapalng (tak zwang burza

cytokinowa) oraz stanem nadkrzepliwosci, co prowadzi do destrukcji zakazonych tkanek,
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powstawania mikrozatorow i niewydolno$ci wielonarzadowej [30-32]. Wsrdd czynnikow
demograficznych i Kklinicznych zwigzanych z ryzykiem cigzkiego przebiegu choroby
wymieniane sa miedzy innymi: starszy wiek, ple¢ meska, nikotynizm oraz otytos$¢ i inne
choroby wspotistniejace [33,34]. Z niekorzystnym rokowaniem moze by¢ roéwniez
powigzanych wiele nieprawidtowosci w badaniach laboratoryjnych, takich jak:
leukocytoza, neutrofilia, limfopenia, trombocytopenia, podwyzszone wartosci markerow
stanu zapalnego, w tym biatka C-reaktywnego (CRP, ang. C-reactive protein),
prokalcytoniny i ferrytyny, oraz cytokin zapalnych, w tym interleukiny-6 (IL-6), a takze
wzrost stezen markerow dysfunkcji narzadow 1 ukladu krzepniecia, takich jak:
dehydrogenaza mleczanowa (LDH, ang. lactate dehydrogenase), troponina, N-koncowy
propeptyd natriuretyczny typu B (NT-proBNP, ang. N-terminal-pro-B-type natriuretic
peptide), kreatynina, kinaza keratynowa (CK, ang. creatine kinase), enzymy watrobowe
i D-Dimer, oraz wydtuzenie czasu protrombinowego i hipoalbuminemia [35-39].

Cho¢ starszy wiek stanowi czynnik ryzyka zaréwno zachorowania na COVID-19,
jak i gorszego rokowania, cigzki przebieg choroby i zgony obserwuje si¢ rowniez w grupie
miodych dorostych [40-42]. Warto zauwazy¢, ze cho¢ aktywno$¢ zawodowa, edukacja
I inne sytuacje zwigzane z kontaktami spotecznymi stwarzajg wicksze ryzyko zakazenia,
wsérod osob miodych obserwuje si¢ mniejsza sktonno$é do przestrzegania $rodkow
zapobiegawczych [43]. Co wigcej, charakterystyka kliniczna i  wyniki badan
laboratoryjnych u 0s6b mtodych wydajg si¢ by¢ inne niz u pacjentow w podesztym wieku,
co moze wskazywaé na rdzng patogeneze cigzkiej postaci COVID-19 w tych grupach
wiekowych [41,44]. Niemniej w literaturze wcigz jest niewiele danych dotyczacych
charakterystyki klinicznej i czynnikow ryzyka cigzkiego przebiegu COVID-19 u mtodych
dorostych.

Szczegblng grupg chorych sa rowniez kobiety cigzarne. Czgsto$¢ wystepowania
poszczegolnych stadiow ciezkosci przebiegu choroby u pacjentek w cigzy jest podobna jak
u niecigzarnych — u 86% z nich obserwuje si¢ przebieg tagodny, u 9% cie¢zki, a u 5%
krytyczny [45]. Wart uwagi jest jednak fakt, ze podczas ciazy fizjologiczne mechanizmy
adaptacyjne w obrebie uktadu oddechowego, stan nadkrzepliwosci, mechanizmy
immunomodulacyjne  zapobiegajace  odrzuceniu  ptodu  jako  ,,przeszczepu
semiallogenicznego” w drugim trymestrze cigzy oraz nasilona odpowiedZz zapalna
w trzecim trymestrze, a takze sklonno$¢ do insulinoopornosci, cukrzycy, nadcisnienia
tetniczego i choréb sercowo-naczyniowych, predysponuja kobiety ci¢zarne zakazone

SARS-CoV-2 do cigezkiego przebiegu choroby, co moze pogarsza¢ rokowanie zaré6wno
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u matki, jak i u ptodu [46-48]. Znajduje to odzwierciedlenie w wynikach badan
wskazujagcych na zwiekszone prawdopodobienstwo rozwoju ciezkich objawdw, w tym
zapalenia phuc, a takze czestsza konieczno$¢ hospitalizacji w oddziale intensywnej terapii
I wentylacji mechanicznej oraz wigksze ryzyko zgonu u kobiet ci¢zarnych [49,50].

Innym zjawiskiem istotnym w dyskusji na temat predyktorow ci¢zkiego przebiegu
COVID-19 byto pojawienie si¢ nowych wariantow SARS-CoV-2 zwigzanych ze zmianami
w zakaznoéci wirusa, symptomatologii oraz skutecznosci metod zapobiegawczych,
diagnostycznych i terapeutycznych, co przed koncem 2020 roku stworzyto kolejne
zagrozenie dla globalnego zdrowia publicznego [51]. Sktonito to badaczy i organizacje
ochrony zdrowia do scharakteryzowania tzw. wariantow wzbudzajgcych obawe (VOC,
ang. Variants of Concern), do ktérych zaliczono warianty alfa (B.1.1.7) oraz beta
(B.1.351), a pdzniej rowniez gamma (P.1), delta (B.1.617.2) i omikron (B.1.1.529) [51,52].

Wariant alfa (B.1.1.7), zidentyfikowany po raz pierwszy w Wielkiej Brytanii,
a nastepnie rozprzestrzeniajacy si¢ na catym $wiecie, zostat zdefiniowany przez obecnos¢
licznych mutacji, w tym zmian w biatku S (N501Y, A570D, D614G, P681H, T716l,
S982A, D1118H, del69-70, dell44). Czg¢stos¢ jego wystepowania W Wielkiej Brytanii
wzrosta w czasie od listopada do potowy grudnia 2020 r. z mniej niz 5% wszystkich
zakazen SARS-CoV-2 do ponad 60%, powodujac gwattowny wzrost zapadalno$ci oraz
hospitalizacji i $miertelnosci z powodu COVID-19 [53]. W Polsce, wedtug danych
Europejskiego Centrum ds. Zapobiegania i Kontroli Chorob (ECDC, ang. European
Centre for Disease Prevention and Control), przed koncem 2020 r. wykryto tylko jeden
przypadek wariantu B.1.1.7, zas w styczniu 2021 r. jego czesto$¢ wyniosta 9,5% (z ogdlng
czestoscig W okresie od 7 wrzesnia 2020 r. do konca stycznia 2021 r. wynoszacg 6,5%), a
nastepnie Stopniowo wzrastata, przekraczajac 50% w siodmym tygodniu 2021 r. (tj.
pomiegdzy 15 a 21 lutego) i osiggajac ponad 90% w marcu 2021 r. [54]

W doniesieniach naukowych opisywano wigksza zakazno$¢ wariantu alfa
w poréownaniu do wczesniejszych wariantow SARS-CoV-2 [55,56], co przypisywano
wigkszej liczbie kopii wirusa i dtuzszemu okresowi wykrywalno$ci w wydzielinach z drog
oddechowych, mogacym wynika¢ z mutacji w obrebie biatka S, w tym w domenie
wigzace] receptor oraz w poblizu miejsca cigcia proteolitycznego przez furyneg, a zatem
wplywajacych na wnikanie wirusa do komorki [55,57]. Co do cigezkosci przebiegu
zakazenia wariantem alfa SARS-CoV-2, dane literaturowe sg niejednoznaczne, jako ze
niektore badania wskazywaly na jego ci¢zszy przebieg [58-60], podczas gdy w innych

pracach nie zaobserwowano takiej zaleznosci [57]. Podobnie szeroko dyskutowana kwestia
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ci¢zszego przebiegu choroby spowodowanej przez ten wariant u os6b mtodych pozostaje
niewyjasniona [61,62]. Ponadto, cho¢ powszechnie uwaza si¢, ze po6zniejszy wariant delta
powoduje cigzszy przebieg, wyniki badan sg rowniez nierozstrzygajace [63-65]. Warto
zauwazy¢, ze aktualnie tylko wariant omikron jest wcigz uwazany za ,,krazacy obecnie
VOC” (ang. currently circulating VOCs), podczas gdy wczesniejsze ,warianty
wzbudzajace obawe” sg obecnie okreslane przez WHO jako ,,poprzednio krazace VOC”
(ang. previously circulating VOCs) [51], przez CDC jako ,warianty podlegajace
monitorowaniu” (VBM, ang. variants being monitored) [52], za$ przez ECDC jako
,warianty deeskalowane” (ang. de-escalated variants) [66]. Obecnie dominujgcy wariant
omikron wydaje si¢ powodowa¢ tagodniejszy przebieg choroby [67,68], wcigz jednak
potrzeba wigcej danych [69]. Ponadto, stale zmieniajacy si¢ odsetek osob zaszczepionych
dodatkowo utrudnia poréwnania wariantow SARS-CoV-2. Co wigcej, nawet u pacjentow
nieszczepionych wptyw na cigzko$¢ choroby coraz czes$ciej maja inne czynniki, takie jak
przebyte wczesniej zakazenie SARS-CoV-2. Nie ulega jednak watpliwosci, ze w obliczu
wcigz pojawiajacych si¢ nowych wariantow SARS-CoV-2 i kolejnych fal pandemii
mogacych powodowa¢ ponowne przecigzenie systemoOw opieki zdrowotnej, kwestig
kluczowa pozostaje umiejetnos¢é szybkiej identyfikacji 0sob zakazonych oraz
priorytetyzacji postepowania medycznego, ze Szczegdlnym uwzglednieniem oceny

mozliwosci wystgpienia cigzkiego przebiegu.
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2. CELE

1.

Ocena czestosci wystepowania zaburzen w¢chu w COVID-19 oraz ich warto$ci
predykcyjnej w okresleniu prawdopodobienstwa rozpoznania zakazenia SARS-
CoV-2 z wykorzystaniem stworzonego na potrzeby badania prostego,
jednorazowego i wiarygodnego przesiewowego testu wechowego.

Podsumowanie aktualnej wiedzy na temat patogenezy zaburzen wechu w przebiegu
COVID-19 na podstawie przegladu aktualnej literatury.

Ocena wptywu wariantu SARS-CoV-2 (wariantu alfa w porownaniu do wariantow
wczesniej wystepujacych) na ciezkosé przebiegu COVID-19 w populacji mtodych
dorostych hospitalizowanych z powodu ciezkiego przebiegu COVID-19.

Préba okreslenia niekorzystnych czynnikow rokowniczych w populacji mtodych
dorostych hospitalizowanych z powodu ciezkiego przebiegu COVID-19.

Proba okreslenia niekorzystnych czynnikéw rokowniczych w populacji kobiet

ciezarnych hospitalizowanych z powodu COVID-19.
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3. MATERIAL | METODY

3.1. Material i metody w ocenie czesto$ci wystepowania zaburzen wechu u pacjentow
z COVID-19 oraz ich wartosci predykcyjnej w ocenie prawdopodobienstwa zakazenia
SARS-CoV-2

3.1.1. Materiatl

Do badania czestosci wystgpowania zaburzen wechu u pacjentow z COVID-19
oraz ich warto$ci predykcyjnej w ocenie prawdopodobienstwa zakazenia SARS-CoV-2
wiaczono 64 pacjentow z COVID-19 hospitalizowanych pomiedzy kwietniem i sierpniem
2020 roku w Centralnym Szpitalu Klinicznym Ministerstwa Spraw Wewngtrznych
I Administracji (CSK MSWiA) w Warszawie oraz 34 zdrowych ochotnikow.

Kryteriami wiaczenia do grupy badanej byty: wiek co najmniej 18 lat oraz dodatni
wynik testu RT-PCR (reakcji tancuchowej polimerazy z odwrotng transkryptazg, ang.
reverse-transcription polymerase chain reaction) przeprowadzonego na materiale
uzyskanym z wymazu z czg¢sci nosowej gardta. Do grupy kontrolnej wiaczono zdrowych
dorostych ochotnikéw niemajacych objawow ostrej infekcji gornych drog oddechowych
oraz COVID-19 (innych niz nowo rozpoznane zaburzenia we¢chu, ktorych nie
uwzgledniono  jako kryterium wylaczenia, by unikna¢é bledu wynikajacego
z niewlasciwego doboru pacjentow). Cho¢ w grupie kontrolnej nie wykonywano badania
w kierunku zakazenia SARS-CoV-2 z uwagi na ograniczong wowczas dostepno$¢ testow
RT-PCR u os6b bez podejrzenia COVID-19, czestos¢ zakazen od poczatku pandemii do
konca sierpnia 2020 roku w populacji polskiej byta nizsza niz 0,18% [70]. Uznano zatem,
ze prawdopodobienstwo zakazenia u bezobjawowych ochotnikow bylo bardzo niskie.
Kryteria wylaczenia stanowily: wiek ponizej 18 lat, cigza, wczesniej] wystepujace
zaburzenia wechu, uraz gtowy, przewlekle choroby rynologiczne, w tym przewlekte
zapalenie btony $luzowej nosa i zatok przynosowych, oraz niezdolno$¢ do wypetienia
kwestionariusza wskutek zaburzen neurologicznych 1 poznawczych, zaburzen
swiadomosci, hospitalizacji w oddziale intensywnej terapii lub wentylacji mechanicznej
w trakcie przeprowadzania badania. Wszyscy pacjenci wyrazili $wiadoma, pisemng zgod¢
na udzial w badaniu. Badanie zostatlo zatwierdzone przez Komisje Bioetyczng CSK

MSWiA w Warszawie.
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3.1.2. Metody
3.1.2.1. Wyniki kliniczne

Wszyscy uczestnicy wypehili ankiete¢ dotyczaca: 1) podstawowych danych
demograficznych; 2) wywiadu chorobowego, w tym choréb wspotistniejacych, przewlekle
stosowanych lekow, nikotynizmu i wczesniej wystepujacych zaburzen wechu; 3) przebiegu
COVID-19, w tym daty wystgpienia pierwszych objawow, objawoOw ze strony nosa
I objawow ogdlnych oraz 4) funkcji wechowej, z subiektywng oceng zmyshu powonienia
(opisowa, Jjako ,wech prawidlowy”, ,wech ostabiony” 1lub ,brak wechu”,
a takze za pomocg wizualnej skali analogowej, od 0 — ,,wech prawidtowy” do 10 — ,brak
wechu”) oraz okresleniem czasu wystgpienia i utrzymywania si¢ zaburzen wechu.
Wszelkie dane brakujgce w formularzach oraz informacje dotyczace przebiegu choroby
zostaly uzupelnione na podstawie elektronicznej dokumentacji medycznej. Parametry
fizjologiczne oceniano co najmniej raz dziennie za pomoca zmodyfikowanej skali
wczesnego ostrzegania (MEWS, ang. modified early warning score [71]), zaadaptowanej
przez szpitalny komitet terapeutyczny poprzez uwzglednienie SpO2 i potrzeby

suplementacji tlenu.

3.1.2.2. Ocena psychofizyczna wechu

Rownoczesnie  z  kwestionariuszem u  wszystkich  uczestnikow  badania
przeprowadzono psychofizyczng ocene wechu przy uzyciu prostego jednorazowego testu
identyfikacji zapachow (SDOIT, ang. simple disposable odor identification test),
opracowanego na potrzeby tego badania. Dziesi¢¢ jednorazowych papierowych paskow
testowych o numerach od 1 do 10, sposrdod ktorych dziewigé zawieralo powszechnie znane
substancje zapachowe (dostgpne komercyjnie olejki eteryczne: cynamonowy, migtowy,
cytrynowy, kawowy, gozdzikowy, rézany, anyzowy 1 kamforowy oraz alkohol stosowany
do dezynfekcji), a pozostaty jeden stanowil bezwonng kontrole (wode¢ dejonizowang),
umieszczono w plastikowych ostonach w celu uniknigcia mieszania si¢ zapachow. Po
zdjeciu oston kazdy z zapachow byl prezentowany pacjentowi w 30-sekundowych
odstgpach, aby zapobiec desensytyzacji wechowej. Zapachy uzyte w badaniu byly tak
dobrane, aby znajdowaty si¢ wsrdd nich zarowno zapachy jednomodalne, z nieznaczng
stymulacjg nerwu trdjdzielnego lub niewywotujace tej stymulacji, jak i dwumodalne, z
mieszang stymulacja nerwu wechowego 1 nerwu trojdzielnego. Dla kazdego paska
zapachowego pacjenci byli proszeni o wskazanie, czy wykryli zapach, a nastgpnie 0 jego
zidentyfikowanie (przy uzyciu testu jednokrotnego wyboru sposrdéd czterech opcji

podanych dla kazdego paska zapachowego).
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Analizie poddano cztery modele SDOIT: 1) SDOIT-10, oceniajgcy liczbe
poprawnych odpowiedzi (tj. prawidlowej identyfikacji dziewieciu zapachéw oraz
prawidlowego zgloszenia braku wykrycia zapachu w probce bezwonnej); 2) SDOIT-9,
oceniajacy liczbg¢ prawidlowo zidentyfikowanych sposrod wszystkich dziewigciu
zapachow; 3) SDOIT-8, oceniajacy liczbe prawidlowo zidentyfikowanych sposrdd o$miu
wybranych zapachow (cynamonu, migty, cytryny, kawy, gozdzika, anyzu, kamfory
I alkoholu) — z wylaczeniem zapachu rozy, niewykazujacego w analizie wstgpnej istotnych
roéznic pomiedzy grupa badang a kontrolng; oraz 4) SDOIT-4, oceniajacy liczbg
prawidtowo zidentyfikowanych sposrod czterech zapachow wykazujacych najwicksze
roéznice miedzygrupowe w analizie wstepnej (cynamonu, migty, cytryny i alkoholu).

Zaburzenia wechu zdefiniowano jako identyfikacj¢ liczby zapachéw ponizej 10.
percentyla wynikow z grupy kontrolnej, tj. podanie co najmniej 2 nieprawidlowych
odpowiedzi w SDOIT-10, SDOIT-9 i SDOIT-8 oraz co najmniej 1 nieprawidtowe]
odpowiedzi w SDOIT-4. W celu jak najwigkszego uproszczenia testu i zminimalizowania
czasu potrzebnego na jego przeprowadzenie, w badaniu nie uwzgledniono innych

aspektow oceny wechu, takich jak prog odczucia zapachu czy dyskryminacja zapachow.

3.1.2.3. Analiza statystyczna

Statystyka opisowa zostata wykonana przy uzyciu standardowych metod.
Zaburzenia wechu zglaszane w kwestionariuszu poréwnano przy pomocy testu doktadnego
Fishera, zas wyniki SDOIT poréwnano przy pomocy testu U Manna-Whitneya. W celu
oceny korelacji pomiedzy zaburzeniami wechu zgtaszanymi w kwestionariuszu i wynikami
SDOIT zastosowano test doktadny Fishera i test chi-kwadrat. Do oceny korelacji pomiedzy
zaburzeniami wechu i danymi klinicznymi pacjentdow z grupy badanej zastosowano
wspotczynnik korelacji Spearmana w przypadkach dwoch zmiennych ilosciowych, test
U Manna-Whitneya przy jednej zmiennej ilosciowej i jednej zmiennej jakosciowej oraz
test doktadny Fishera dla dwoch zmiennych jakosciowych. Analiza statystyczna zostata
wykonana przy pomocy oprogramowania R (wersja 3.6.0, R Foundation for Statistical
Computing, Wieden, Austria). We wszystkich analizach przyjeto poziom istotnosci rowny
0,05. W celu oceny przydatnosci wybranych klasyfikatorow w przewidywaniu zakazenia
SARS-CoV-2 wykreslono krzywe ROC (ang. receiver operating characteristic)
i obliczono pola pod wykresami krzywych (AUC, ang. area under the curve), a nastepnie
oceniono czutos¢, swoistos¢, wartos¢ predykceyjng dodatnig (PPV, ang. positive predictive

value) i warto$¢ predykcyjng ujemng (NPV, ang. negative predictive value) predyktorow.
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3.2. Material i metody w podsumowaniu aktualnej wiedzy na temat patogenezy
zaburzen wechu w przebiegu COVID-19

W celu podsumowania aktualnej wiedzy na temat patogenezy zaburzen wechu
w przebiegu COVID-19 przeprowadzono Kkrytyczny, niesystematyczny przeglad aktualnej
literatury przedmiotu w oparciu 0 baz¢ danych PubMed oraz wyszukiwarke Google
Scholar z uzyciem terminéw ,,COVID-19" lub ,,SARS-CoV-2" oraz ,olfactory" lub
»smell" Iub ,,anosmia" lub ,parosmia" lub "neuroinvasive" lub "neurological”. Na
podstawie oceny tytutéw i streszczen wybrano wstepnie artykuty, ktore przeanalizowano
nastepnie w cato$ci i sposrod nich wybrano istotne prace. Ponadto, w celu wiaczenia do
pracy dodatkowych publikacji istotnych dla tematu, przeszukano recznie piSmiennictwo
publikacji zidentyfikowanych przy pomocy powyzszej metody. Do przegladu wiaczono
jedynie artykuty opublikowane w jezyku angielskim.

3.3. Material i metody w badaniu wplywu wariantu SARS-CoV-2 (wariantu alfa
w porownaniu do wariantow wczesniej wystepujacych) na ciezko$¢ przebiegu
COVID-19 oraz potencjalnych demograficznych, klinicznych i laboratoryjnych
predyktoréow ciezkiego przebiegu choroby w populacji hospitalizowanych mlodych

dorostych

3.3.2. Material

Jednoosrodkowe, retrospektywne badanie pacjentow w wieku 18-45 lat,
hospitalizowanych z powodu COVID-19 podczas drugiej i trzeciej fali pandemii w Polsce,
przeprowadzono w Centralnym Szpitalu Klinicznym MSWIA w Warszawie. Druga falg
pandemii zdefiniowano jako okres od 12 wrzesnia 2020 roku do 27 stycznia 2021 roku, za$
trzecig fale jako okres od 11 lutego 2021 roku do 10 czerwca 2021 roku. Do badania
wlaczono 229 pacjentow z COVID-19 (172 mezczyzn i 57 kobiet), sposrod ktorych 75
pacjentow (59 mezczyzn i 16 kobiet) przypisano do drugiej fali, a 154 pacjentow (113
mezczyzn i 41 kobiet) przypisano do trzeciej fali pandemii COVID-19. Mediana wieku
w obu grupach wynosita 40 lat. Kryteria wlaczenia do badania stanowity: wiek od 18 lat do

45 lat!, zakazenie SARS-CoV-2 rozpoznane na podstawie testu RT-PCR lub szybkiego

! Choé¢ w literaturze brak konsensusu odno$nie definicji ,,mtodych dorostych”, a gérna granica tego
przedzialu jest zazwyczaj nizsza niz w przedstawionym badaniu [72], w wielu badaniach dotyczacych
zakazenia SARS-CoV-2 przyjeto podobne, rozszerzone kryteria, wlaczajac do tej grupy wiekowej osoby nie
starsze niz 45 lat [73, 74, 75]. Za takim ustaleniem kryterium wiekowego przemawiaja wyniki badania
pacjentéow z COVID-19, w ktérym stwierdzono rzadsze wystepowanie zgondw oraz Konieczno$ci przyjecia
do OIT w grupie oséb w wieku 18-45 lat niz w grupie pacjentow starszych niz 45 lat, a przyjety punkt
odcigcia dla wieku potwierdzono w analizie wrazliwoéci [74].
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testu antygenowego przeprowadzonych na materiale uzyskanym z wymazu z cze¢sci
nosowej gardla, ci¢zki przebieg COVID-19 (tj. spelienie Kryteridéw przyjecia do szpitala
dla COVID-19, w tym SpO; nie wyzszej niz 94% przy oddychaniu powietrzem
atmosferycznym lub koniecznosci suplementacji tlenu). Z badania wykluczono kobiety
cigzarne oraz pacjentow przyjetych do szpitala z przyczyn innych niz COVID-19 (takich
jak uraz, inne ostre schorzenia lub zaostrzenie chorob przewleklych). Badanie zostato
zatwierdzone przez Komisje Bioetyczng CSK MSWiA w Warszawie, ze zniesieniem
obowigzku uzyskania §wiadomej zgody z uwagi na retrospektywny charakter badania

i anonimizacje danych.

3.3.2. Metody
3.3.2.1. Wyniki kliniczne

Dane demograficzne i kliniczne pacjentow (takie jak wiek, pte¢, palenie tytoniu,
choroby wspdtistniejace, przebieg leczenia, powiktania, SpO., konieczno$¢ przyjecia do
oddziatu intensywnej terapii, zastosowania metod wspomagania oddychania, lekow
wazopresyjnych oraz ciaglej terapii nerkozastepczej) oraz wyniki badan laboratoryjnych
I obrazowych uzyskano z elektronicznej dokumentacji medycznej i wprowadzono do bazy
danych po anonimizacji. Wyniki badan laboratoryjnych zebrano z dwoch punktow

czasowych: przy przyjeciu do szpitala (+/-2 dni) oraz w 7. dobie hospitalizacji (+/-2 dni).

3.3.2.2. Analiza statystyczna

Porownano dane pacjentow hospitalizowanych podczas drugiej i trzeciej fali
pandemii COVID-19 w Polsce oraz dane pacjentow zmartych i pacjentow, ktorzy przezyli.
Do poréwnania zmiennych ilosciowych zastosowano test U Manna-Whitneya, za$ do
porownania zmiennych jakosciowych zastosowano test chi-kwadrat i test doktadny
Fishera. Korelacje pomiedzy danymi pacjentow a konieczno$cig wentylacji mechanicznej
i przyjecia do OIT przeprowadzono dla zmiennych ciaglych z zastosowaniem analizy
korelacji Spearmana, za$ zwiazki pomiedzy zmiennymi nominalnymi badano przy pomocy
testu chi-kwadrat oraz testu doktadnego Fishera. W celu identyfikacji czynnikow ryzyka
zgonu, wentylacji mechanicznej i przyjecia do OIT przeprowadzono réwniez analize
regresji logistycznej, a w celu oceny zdolnosci predykcyjnej zmiennych oraz modeli
w regresji wieloczynnikowej wyznaczono krzywe ROC. Analiza zostata wykonana przy
uzyciu pakietow R (wersja 4.0.4; R foundation for statistical computing, Wieden, Austria)
oraz Statistica (wersja 13.3; StatSoft, Polska). We wszystkich analizach przyjeto poziom
istotno$ci rowny 0,05.
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3.4. Material i metody w badaniu predyktoréw ciezkiego przebiegu COVID-19
W grupie kobiet ciezarnych
3.4.2. Material

Jednoosrodkowe badanie retrospektywne 52 cigzarnych pacjentek przyjetych do
szpitala pomiedzy 15 maja 2020 r. a 26 kwietnia 2021 r. przeprowadzono w Centralnym
Szpitalu Klinicznym MSWIA w Warszawie. Sredni wiek cigzarnych (+ odchylenie
standardowe) wynosit 31,9 lat + 4,79 lat. Wiek cigzowy wahat si¢ w zakresie od 17 do 37
tygodni. Kryteria wlaczenia do badania byly zblizone do kryteriow hospitalizacji
cigzarnych z COVID-19, tj. gorgczka powyzej 39°C pomimo stosowania paracetamolu,
czestos¢ oddechéw powyzej 30/minutg, SpO2 ponizej 95% przy oddychaniu powietrzem
atmosferycznym, koniecznos¢ suplementacji tlenu oraz wystgpienie krytycznego przebiegu
choroby. Zakazenie SARS-CoV-2 rozpoznawano na podstawie dodatniego wyniku testu
RT-PCR wykonanego przed przyjeciem do szpitala. Za kryteria wyltaczenia uznano
przyjecie z powodoéw potozniczych lub innych przyczyn niewynikajacych z zachorowania
na COVID-19 (takich jak uraz, inne ostre schorzenia lub zaostrzenie chorob
przewlektych). Badanie zostalo zatwierdzone przez Komisje Bioetyczng CSK MSWiA

w Warszawie.

3.4.2. Metody
3.3.2.1. Wyniki kliniczne

Dane dotyczace charakterystyki pacjentek (takie jak wiek, wskaznik masy ciala,
palenie tytoniu i choroby wspotistniejace), wieku cigzowego, przebiegu choroby (w tym
objawow, parametrow zyciowych, koniecznosci przyjecia do OIT, metod wspomagania
oddychania), a takze wyniki badan laboratoryjnych i obrazowych (tomografii
komputerowej klatki piersiowej) przy przyjeciu do szpitala uzyskano z elektronicznej

dokumentacji medycznej i wprowadzono do bazy danych po ich anonimizacji.

3.3.2.2. Analiza statystyczna

Do poréownania zmiennych ilosciowych zastosowano test U Manna-Whitneya, za$
do poréwnania zmiennych jakosciowych zastosowano test chi-kwadrat i test doktadny
Fishera. Jako ze tylko u jednej pacjentki wystapit przebieg krytyczny, pacjentki
0 przebiegu cigzkim i krytycznym zostaty potgczone w jedng grupg. Porownania pomiedzy
tak utworzonymi trzema grupami cigzkosci przebiegu (przebieg tagodny, umiarkowany

i ciezki lub krytyczny) dla zmiennych ilosciowych wykonano z zastosowaniem testu
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Kruskala-Wallisa z testem post-hoc Dunn, za$§ dla zmiennych jako$ciowych
z zastosowaniem testu chi-kwadrat. Korelacje dla zmiennych ciggltych oceniono
z zastosowaniem analizy Kkorelacji Spearmana. W celu identyfikacji czynnikow
zwigzanych z wystapieniem cigzkiego lub  krytycznego przebiegu choroby,
przeprowadzono jednoczynnikowsg regresje logistyczng. Analiza zostala wykonana przy
uzyciu oprogramowania Statistica (wersja 13.3; StatSoft, Polska). We wszystkich

analizach przyjeto poziom istotnosci rowny 0,05.
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Abstract: Olfactory dysfunction (OD) is a common manifestation of COVID-19 and may be useful
for screening. Survey-based olfactory evaluation tends to underestimate the prevalence of OD, while
psychophysical olfactory testing during a pandemic has the disadvantage of being time consuming,
expensive, and requiring standardized laboratory settings. We aimed to develop a quick, simple,
affordable, and reliable test to objectively assess the prevalence and diagnostic accuracy of OD in
COVID-19. The olfactory function of 64 COVID-19 inpatients and 34 controls was evaluated using
a questionnaire and a simple disposable odor identification test (SDOIT) developed for this study.
Four SDOIT models were assessed: 10-SDOIT, 9-SDOIT, 8-SDOIT, and 4-SDOIT, with 10, 9, 8 and
4 samples, respectively. We found a high frequency of self-reported OD in COVID-19 patients, with
32.8% and 42.2% reporting current and recent OD, respectively. Different SDOIT models revealed
smell impairment in 54.7-64.1% of COVID-19 patients. The combination of either 10-SDOIT results
and self-reported OD, or 8-SDOIT results and self-reported OD, were the best predictors of COVID-
19, both with an AUC value of 0.87 (0.85 and 0.86 for the age-matched subjects). OD is a common
symptom of COVID-19. A combination of self-reported smell deterioration and OD psychophysically
evaluated using SDOIT appears to be a good predictor of COVID-19.

Keywords: olfactory; anosmia; COVID-19; objective; SDOIT

1. Introduction

A growing body of evidence shows a high incidence of olfactory dysfunction (OD)
in coronavirus disease 2019 (COVID-19), with prevalence ranging from 5 to 98.3% [1-7].
Therefore, it has been hypothesized that new-onset smell impairment could serve as a
potential predictor of SARS-CoV-2 infection [8,9].

Most of the previous studies on OD in COVID-19 are survey-based. However, self-
assessment of OD tends to underestimate its true prevalence due to recall bias and subjects
not being aware of their smell impairment [2,10], especially while experiencing other, severe
symptoms such as respiratory distress [11]. Indeed, Moein et al. [2] found that 98% of
COVID-19 patients exhibited OD when assessed objectively, compared with only 28% self-
reporting smell deterioration. Similarly, in a study by Vaira et al. [12], objective evaluation
revealed mild hyposmia in 30.3% of subjectively normosmic patients. Moreover, several
meta-analyses showed a higher overall prevalence of OD when using objective compared
with subjective assessment methods (72.1-77% vs. 44.5-53%, respectively) [11,13,14].

However, psychophysical olfactory tests are time consuming, expensive, and re-
quire standardized laboratory settings, and thus, they are difficult to perform during
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a pandemic [13]. Moreover, disposable tests are preferable to reduce the risk of viral
contamination [15]. Self-administered home-based objective olfactory tests have been
proposed [16-18]. However, odor identification evaluation in these settings may be less
reliable as subjects ought not know which odorants are being tested [16], and the olfactory
threshold assessment or intensity ratings that are proposed in the literature [16-18] may be
more difficult to apply than performing a relatively simple identification test. Nevertheless,
these novel methods appear to be valuable alternatives to the standard psychophysical
tests.

In the present study, we aimed to psychophysically evaluate the prevalence of OD
in 64 hospitalized patients with laboratory-confirmed COVID-19 and to develop a quick,
simple, affordable, and reliable test to screen for SARS-CoV-2 infection. Consequently, we
propose a simple disposable odor identification test (SDOIT).

2. Materials and Methods
2.1. Subjects and Settings

This case-control study was conducted between April 2020 and August 2020 at the
Central Clinical Hospital of the Ministry of the Interior and Administration in Warsaw,
Poland, which has been designated by the Government for the treatment of patients suffer-
ing from COVID-19. The inclusion criteria for the case group were adults (>18 years old)
with laboratory-confirmed SARS-CoV-2 infection. COVID-19 was diagnosed by RT-PCR
performed on nasopharyngeal samples, utilizing SARS-CoV-2 nucleic acid detection kit
(GeneFinder TM COVID-19 Plus Real Amp Kit) in adherence to the protocols supplied
by the kit manufacturer. The control group consisted of healthy adult volunteers with
no symptoms of COVID-19 (other than recent OD, which was not queried for to avoid
selection bias) or upper respiratory tract infection. Although a negative test result for
SARS-CoV-2 was not an inclusion criterion for the control group, the total number of
individuals diagnosed with COVID-19 from the beginning of the pandemic to the end of
August 2020 was lower than 0.18% of the Polish population (67372 /38354000) [19], hence
the risk of infection in asymptomatic volunteers was considered to be very low.

The exclusion criteria were age below 18 years of age, pregnancy, a history of pre-
existing OD, head trauma, rhinosinusitis, or other chronic nasal disease, and inability to
complete the questionnaire due to a history of neurocognitive disorders, an altered state of
consciousness, or the need for intensive care and / or invasive ventilation at the time of the
survey.

2.2. Clinical Outcomes
All participants completed a questionnaire regarding:

(1) General demographic data;

(2) Medical history (comorbidities, chronic medication use, tobacco addiction, and pre-
existing OD);

(3) COVID-19 course (date of first symptoms, nasal, and general symptoms), and;

(4) Olfactory function—participants rated their sense of smell at its worst since the onset
of the disease (“recent OD”) as “normal”, “decreased”, or “none at all”, as well as
using the visual analogue scale (VAS), from 0 (normal sense of smell) to 10 (no sense
of smell).

The onset (in relation to the day of the survey and to other COVID-19 symptoms, ex-
pressed as either before, or concurrently, or after) and persistence (complete, or incomplete,
or no recovery, or worsening) of OD were evaluated. As none of the subjects reported an
incomplete recovery, the olfactory function at the time of the survey (“current OD”) for the
patients reporting complete recovery was classified as “normal” and “0” on the descriptive
scale and VAS, respectively, and for the remaining patients classified as equal to the “recent
OD”. Any data missing from the forms and information regarding the course of the disease
were transcribed from the electronic medical records. The physiological parameters were
assessed at least once a day using the modified early warning score (MEWS) [20] adapted
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by the hospital therapeutic committee by including oxygen saturation and need for oxygen
supplementation.

2.3. Psychophysical Evaluation

The psychophysical olfactory evaluation was performed concurrently with the ques-
tionnaire on all participants, using the simple disposable odor identification test (SDOIT)
that we had developed for the purpose of this study. Ten disposable test paper strips
numbered 1 to 10, 9 of which contained well-known pure odorants (commercially avail-
able cinnamon, mint, lemon, coffee, clove, rose, anise and camphor essential oils and
disinfectant alcohol) and the remaining 1 with an odorless control (deionized water) were
each enclosed in plastic covers so the odors did not mix. Upon removal of the covers,
each odor was presented to a patient at 30-second intervals to prevent olfactory desensi-
tization. The odorants used in the study were selected to include both unimodal odors,
with little or no trigeminal stimulation, and bimodal odors, with mixed stimulation of
the olfactory and trigeminal nerve. For each odor strip, patients were asked to indicate
whether they detected an odor and if so, to identify the odor (using a forced choice for-
mat, with 4 given options per test odorant; see Table 1). The SDOIT test kit is shown in
the Supplementary materials (Figure S1). We defined OD in the SDOIT when a patient
correctly identified a number of odors lower than the 10th percentile of the results from
the control group, as performed by Iravani et al. [16], and as commonly used in other
previous olfactory tests [10,16]. This resulted in defining OD as at least 2 incorrect answers
in 10-SDOIT, 9-SDOIT and 8-SDOIT and at least 1 incorrect answer in 4-SDOIT. We did not
assess other components of olfaction such as odor threshold and odor discrimination, so
that we could maximize the simplicity and minimize the time necessary for the assessment.

Table 1. Odors and distractors used in the SDOIT.

Title 1 Title 2
cinnamon honey, vanilla, chocolate
mint onion, gasoline, garlic
lemon peach, apple, plum
coffee tobacco, wine, smoke
clove grass, garlic, chocolate
rose green tea, strawberry, cherry
anise peach, rose, mint
camphor gas, caramel, onion
alcohol (disinfectant) gasoline, cucumber, burned rubber
odorless sample rose, garlic, lemon, mint

2.4, Ethical Concerns

This study was approved by the Ethics Committee of the Central Clinical Hospital of
the Ministry of the Interior and Administration in Warsaw and was performed in accor-
dance with the ethical standards of the Declaration of Helsinki and its later amendments.
Voluntary written informed consent was obtained from all participants. All tests were
performed with the highest regard for patients’ and examiners’ safety using appropriate
personal protective equipment.

2.5. Statistical Analyses and ROC Analysis of COVID-19 Predictors

Usual descriptive statistics were used, as shown in Tables 2-8. Fisher’s exact test was
used to compare self-reported OD and the Mann-Whitney U test was used to compare the
SDOIT results between cases and controls. To assess the correlation between the self-report
olfactory function and SDOIT results, Fisher’s exact test and the Chi-square test were used.
In cases, the Spearman correlation coefficient was used to test the correlation between
clinical features and OD in the case where the studied variables were quantitative, the
Mann-Whitney U test to study differences within a qualitative variable and a quantitative
variable, Fisher’s exact test for two qualitative variables. Statistical analysis was performed
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with R software (version 3.6.0, R Foundation for Statistical Computing, Vienna, Austria).
Alevel of p < 0.05 was used to determine statistical significance. The receiver operating
characteristic (ROC) curves were plotted and the area under the ROC curve (AUC) analysis
was performed to assess the utility of 19 selected classifiers (as described in the Results
section below) in predicting SARS-CoV-2 positivity. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) of these predictors were also
evaluated. For psychophysical test we assessed both the models defining OD as SDOIT
scores below the cut-off value set at 10th percentile of the results obtained in the control
group, and the models defining OD as scores below the optimal cut-off values calculated
in ROC analysis. For the ROC analysis, for the combination of SDOIT results (with OD
defined in each case as in the description of a given classifier) and the self-reported OD, a
variable with three possible values was introduced: (1) subjective normosmia and normal
SDOIT result (no OD in SDOIT); (2) subjective normosmia and OD in SDOIT; (3) subjective
OD (it was not necessary to add more categories, as only cases reported subjective OD). We
did not include other (non-smell-related) COVID-19 symptoms in the analysis because the
role of additional symptoms could be overestimated due to selection bias, as the control
group consisted of healthy individuals.

Table 2. Comparison of demographic data and smoking status of cases and controls.

Characteristic Total (N = 98) COVID-19 Patients (N = 64) Control Patients (N = 34)
mean + SD 484 +18.8 523 +20.9 409 +£10.7
Age, years median (IQR) 47 (32-64) 55 (33-68.5) 40.5 (32-49.8)
range 20-91 20-91 27-61

o female 55 (56.1% 29 (45.3%) 26 (76.5%)

Gender, N (%) male 43 (43.9% 35 (54.7%) 8 (23.5%)

nonsmoker, N (%) 64 (65.3%) 35 (54.7%) 29 (85.3%)
Smoking history former smoker, N (%) 23 (23.5%) 21 (32.8%) 2(5.9%)
current smoker, N (%) 11 (11.2%) 8(12.5%) 3 (8.8%)

Table 3. Correlations between self-reported OD and clinical characteristics of COVID-19 patients.

Self-Reported OD

Presence of Self-Reported OD at Any Time since the Onset of

Variable Presence of Self-Reported OD at the Time of the Survey COVID.19
Yes (N =21) No (N =43) p-Value Yes (N =27) No (N =37) p-Value
o L 1 14(51.9) 7 (18.9) 121
Nasal congestion. N (% yes 11(524) 10(233) 0.041 0012
asal congestion, N (%) no 10(47.6) 3(767) 13(48.1) 30(81.1)
o N (% yes 9(42.9) 10(23.3) 01871 14(51.9) 5(135) 00021
Rhinorrhea, N (%) no 12 (57.1) 33 (767) 13 (48.1) 32 (86.5)
-~ cing. N (% yes 3(14.3) 5(11.6) 12 3(111) 5(135) 12
Current smoking, N (%) no 18 (85.7) 38 (88.4) 24 (88.9) 32 (86.5)
. e yes 8 (38.1) 21 (48.8) 05871 8(29.6) 21 (56.8) 00581
Former or current smoking, N (%) o 13 (61.9) 22(51.2) 19 (70.4) 16 (43.2)
. - yes 2(9.5) 6(14) 12 2(74) 6(162) 0,450 2
Death, N (%) no 19 (90.5) 37 (86) 25(92.6) 31 (83.8)
e yes 7(333) 21 (45.8) 03651 7(259) 21(56.8) 00281
Need for oxygen therapy, N (%) no 14(66.7) 2(51.2) 20 (74.1) 16 43.2)
e N vyes 1(48) 5(116) 06542 1(37) 5(135) 03882
Need for ICU stay, N (%) - 20 (952) 38 (85.4) 26 (96.3) 32 (86.5)
Time interval between first positive PCR result and time of Mean = SD 5142 7667 02903 6748 717 06153
the survey, days. Median (IQR) 3(2-8) 6(2-12) 5(2.5-12) 4(2-12)
N 19 37 08623 25 31 0.060%
Duration of hospitalisation (excluding deceased patients) Mean + SD 19 + 10.6 207 + 142 16.6 + 105 234+ 143
Median (IQR) 17 (12-23.5) 18 (10-24) 13(10-19) 18 (15-28)
. ’ ’ Mean + 5D 09413 09417 08373 07+ 1.1 1418 02543
MEWS score at the time of the survey Median (IQR) 0(0-1) 0(0-1) 0(0-1) 1(0-1)
_ . Mean + SD 09415 1+13 04813 07414 1114 00813
Avarage MEWS score Median (IQR) 0(0-1) 1(0-1) 0(0-1) 1(0-2)

! Chi-squared test. > Fisher test, > Mann-Whitney test.

37



Int. . Environ. Res. Public Health 2021, 18, 10185

50f16

Table 4. Correlations between objective OD (according to SDOIT) and quantitative clinical characteristics of COVID-19
patients; Mann-Whitney test.

SDOIT, % of Correct Answers

Variable 10-SDOIT 9-SDOIT 8-SDOIT 4-SDOIT
Mean + SD Median (IQR) Mean £ SD Median (IQR) Mean + SD Median (IQR) Mean + 5D Median (IQR)
yes 729 + 304 90 (50-100) 72+ 335 88.9 (55.6-100) 714+ 33.1 §7.5 (50-100) 702 + 40 100 (25-100)
Nasal congestion no 63£323 70 (45-90) 625346 77.8 (44.4-88.9) 628349 75 (37.5-87.5) 558+ 38.1 75 (25-87.5)
p-value 0188 0.197 0.240 0.081
yes 737 £ 304 90 (50-100) 7314324 88.9 (56-100) 7331321 87.5 (56.3-100) 69.7 £ 378 100 (37.5-100)
Rhinorrhea no 63.1+322 80 (40-90) 625+ 349 77.8 (44.4-88.9) 62.5 + 35.1 75(37.5-87.5) 56.7 +39.3 75 (25-100)
p-value 0110 0152 0179 0.153
yes 70 +312 85 (55-90) 68.1 4359 833 (50-917) 68.8 + 347 1.3 (56.4-90.6) 65.6 +37.7 75 (43.8-100)
Current smoking no 65.7 + 321 80 (47.5-90) 653+ 344 77,5 (44.4-85.9) 652+ 34.5 75 (37.5-90.6) 59.8 + 395 75 (25-100)
pvalue 0806 0.837 0829 0745
Former or current yes 631+ 307 80 (40-90) 628+328 778 (44.4-88.9) 629+ 328 75 (37.5-87.5) 55.2+ 403 75 (25-100)
o i o 68.9 + 329 80 (50-100) 67.9£357 77.8 (55.6-100) 67.9+358 75 (56.3-100) 65+38 75 (37.5-100)
s 8 pvalue 0241 0.259 0308 0335
yes 512+223 60 (55-60) 50+ 214 55.6(52.8-58.3) 516+ 236 625 (46.9-62.5) 40.6+297 37.5 (25-50)
Death no 68.4 =325 & (47.5-90) 67.9£353 88.9 (44.4-100) 67.6+353 87.5 (37.5-100) 634+ 396 75 (25-100)
pvalue 0.066 0.048 0.047 0.108
Need for oxy yes 58.9 + 306 6 (47.5-80) 583+323 61.1(52.8-80.6) 589+ 324 625 (46.9-78.1) 49.1+357 50 (18.8-75)
rh:r':”‘_-‘g““ no 719+ 32 90 (47.5-100) 713 +352 88.9 (44.4-100) 70.8 + 352 §7.5 (37.5-100) 69.4 + 397 100 (25-100)
Py pvalue 0.032 0.026 0.035 0013
yes 683+ 16 60 (60-67.5) 667 £17.2 61.1(55.666.7) 688+ 17.2 625 (625-71.9) 583+ 342 50 (31.3-87.5)
Need for ICU stay no 66+ 331 80 (40-90) 65.5+£357 778 (44.4-88.9) 653+ 357 75 (37.5-96.9) 60.8 =398 75 (25-100)
pvalue 0852 0.700 0682 0877

Table 5. Correlations between objective OD (according to SDOIT) and qualitative
patients; Spearman correlation.

clinical characteristics of COVID-19

(75% (25%~100%))

(100% (100%—-100%))

. SDOIT
Variable
10-SDOIT 9-SDOIT 8-SDOIT 4-SDOIT
Time interval between first positive PCR result and time of p 0.19 0.18 0.19 0.1
the survey, days p-value 0.123 0.163 0.141 0.447
. T . —0.43 —042 —0.41 —0.36
Duration of hospitalisation (excluding deceased) P
p-value <0.001 0.002 0.002 0.007
. —0.29 —0.32 —0.32 —0.25
MEWS score at the time of the survey e
i p-value 0.02 0.011 0.011 0.043
—0.29 —0.3 —0.29 —0.24
Avarage MEWS score P : . ’ y
8 p-value 0.02 0.016 0.018 0.054
Table 6. Comparison of self-reported and objective olfactory function of cases and controls.
Characteristic COVID-19 Patients (N = 64) Control Patients (N = 34) p-Value
Reported smell at the time of maximum deterioration, N “l“’v"“"s[:::‘ 2.{ (57.8) 3 (100)
y (328) 0(0) 1
(%) artoemia 6(9-4) 0(0) <o
normosmia 43 (67.2) 34 (100)
Reported smell at the time of the survey, N (%) hyposmia 18(28.1) 0(0) <0.001 1
anosmia 347 0(0)
VAS score of smell deterioration (at the time of maximum mean + SD 34436 040 )
deterioration) median (IQR) 2(0-7) 0(0-0) <0.001
VAS score of smell deterioration (at the time of the survey) m";;“i:nl"g?a) 2"(04_:‘)2 ao(E»L-g) <00012
75427 940
mean = SD (83.5% + 29.4%) (100% + 0%)
SDOIT—detected odors, N - 9(7-9) 9(9-9) <0.0012
median (IQR) (100% (77 8%~100%)) (100% (100%~100%))
96+ 08
mean + SD (95.6% + 8.2%)
10-SDOIT, correct answers, N (%) . 8 (4.8-9) 10(9-10) <0.0012
median (IQR) (8% (47 5%-90%)) (100% (90%~100%))
59431 86107
mean £ 5D (65.6% + 34.3%) (95.8% + 7.7%)
9-SDOIT, correct answers, N (%) i 7 (4-8) <0.0012
median (IQR) (77.8% (44.4%-88.9%)) (100% (88.9%-100%))
53427 784105
mean & 5D (65.6 % = 343%) (97.1% + 62%)
8-SDOIT, correct answers, N (%) dian (10R) 6(3-7.3) 8(5-8) <0.001 2
median (IQ) (75% (37.5%90.6%)) (100% (100%-100%))
- 24+16 39402
sporT N mean 5D (60.6% = 39%) (98.5% = 6%) )
4-¢ , correct answers, N (%) median (IQR) 3(14) 1(4-4) <0.001

! Fisher test, 2 Mann-Whitney test.
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Table 7. Comparison of self-reported and objective olfactory function of the subset of 75%

youngest COVID-19 patients and

controls.
Characteristic COVID-19 Patients (N = 48) Control Patients (N = 34) p-Value
Reported smell at the time of maximum n}:)rmosn".ua ?tf (:;{3) 34 (100) 1
deterioration, N (%) Yposnia >(31.2) 0 <0.001
’ anosmia 5(10.4) 0(0)
normosmia 34 (70.8) 34 (100)
Reported smell at the time of the survey, N (%) hyposmia 12 (25) 0(0) <0001 !
anosmia 2(4.2) 0(0)
VAS score of smell deterioration (at the time of mean + SD 34+37 0+0 N
maximum deterioration) median [IQR] 2 (0-7) 0(0-0) <0.001
VAS score of smell deterioration (at the time of mean + SD 23431 0£0 2
the survey) median [IQR] 0(0-3) 0 (0-0) <0.001
77 £25 94+0
mean + SD = qor o o/ o
SDOIT-detected odors, N (854 ('; = 38'1 ) (10[1)),(:):::90 %) <0.001 2
dian (IQR) (8-9) (9-9)
mec (100% (88.9%-100%)) (100% (100%-100%))
74+£3 9.56 £ 0.82
i . mean £ 5D (74.2% % 29.5%) (95.6% + 8.2%) s
10-SDOIT, correct answers, N (%) mediart (IOR) 9 (6-10) 10 (9-10) <0.001 2
(90% (60%—-100%)) (100% (90%—100%)
- 6.6 £293 8.6 £0.7
) mean -+ 5D (72.9% =+ 32.6%) (95.8% + 7.7%) s
9-SDOIT, correct answers, N (%) cg <0.001
dian (IOR) 8 (5.8-9) 9 (8-9)
median (88.9% (63.9%—100%)) (100% (88.9%—100%))
- 58426 7.8 £ 0.5
< , mean & SD (72.7 % & 32.6%) (97.1% £ 6.2%) s
8-SDOIT, correct answers, N (%) mediart (IOR) 7 (5-8) 8 (8-8) <0.001
(87.5% (62.5%—100%)) (100% (100%—-100%))
28+15 39+£0.2
mean + SD -
| o (69.8% + 36.5%) (98.5% =+ 6%) 5
S answers, N (% 2
4-SDOIT, correct answers, N (%) 3 (24 1(4) <0.001

median (IQR)

(75% (50%-100%))

(100% (100%-100%))

! Fisher test, > Mann-Whitney test.

Table 8. Correlation between self-reported olfactory function and objective test results.

Self-Reported Olfactory Function at the

: o,
Time of the Survey (Normosmia/OD), N (%) VAS Score (Maximum), N (%)

SDOIT Score
Normosmia oD Value <5 >5 Value

(N=77) (N =21) prvalu (N =75) (N =23) p-vatw
0-8 25 (32.5) 16 (76.2) 27 (36) 27 (60.9)

10-5DOIT 9-10 52 (67.5) 5(23.8) <0.001 48 (64) 9(39.1) 0.061
0-7 22 (28.6) 15 (71.4) 24 (32) 13 (56.5)

9-5DOIT 8-9 55 (71.4) 6 (28.6) <0.001 51 (68) 10 (43.5) 0.049
0-6 6(7.8) 11 (52.4) 79.3) 10 (43.5)

8-SDOIT 7-8 71(92.2) 10 (47.6) <0.001 68 (90.7) 13 (36.5) <0.001
0-3 26 (33.8) 17 (81) 26 (347) 17 (73.9)

4SDOIT 4 51 (66.2) 4(19) <0.001 49 (65.3) 6(26.1) 0.002

3. Results

3.1. Clinical Outcomes

A total 64 cases (29 women and 35 men; mean age, 52.3 £ 20.9 years) and 34 controls
(26 women and 8 men; mean age, 40.9 £ 10.7 years) were included in the study. The
most prevalent symptoms of COVID-19 (other than OD) were fatigue (70.3%; n = 45),
cough (39.1%; n = 25), fever (37.5%; n = 24), headache (35.9%; n = 23), and gastrointestinal
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complaints (35.4%; 1 = 23). Nasal congestion was reported by 32.8% (1 = 21), and rhinorrhea
by 29.7% (n = 19) of those with COVID-19. The demographic and clinical characteristics
are summarized in Tables 2-5 and in the Supplementary Materials (Tables 52-54).

3.2. Self-Reported Olfactory Function

The surveys and olfactory evaluations took place 6.9 + 6.1 days (range 0-24) after the
first positive RT-PCR result and 9 £ 7 days (range 1-30) from the reported onset of OD
(note that 2 patients did not remember the time of onset of OD). There was no significant
correlation between self-reported OD and the time between the positive PCR result and
the questionnaire (p = 0.565). OD appeared before (14.8%, 1 = 4), simultaneously (11.1%,
n =3), or after (74.1%, n = 20) the presentation of other COVID-19 symptoms. At the time of
the evaluation, 7 patients (25.9%) reported complete recovery of olfactory function, while
20 patients (74.1%) reported no recovery (55.6%; 1 = 15), or worsening of olfactory function
(18.5%; n =5).

The frequency of self-reported smell impairment was significantly higher in COVID-19
patients, with 32.8% and 42.2% of patients reporting current and recent OD, respectively,
while all the control subjects reported normosmia. The mean VAS score for smell deteriora-
tion was significantly higher in the study cases compared with the controls. These results
are presented in Table 6.

As there was a difference between cases and controls in terms of age, we have also
analyzed self-reported OD and SDOIT scores for the subset of 75% youngest COVID-19
patients (N = 48) whose age did not differ significantly from the control group (p = 0.531).
The inter-group differences remained highly significant, with 29.2% and 41.7% reporting
current and recent OD, respectively (Table 7).

3.3. Psychophysical Evaluation

The psychophysical evaluation was performed for all the study subjects (1 = 98). Mean
percentages of correct answers (for all 10 samples, including the non-odorant sample),
detected odors and identified odors in cases vs. controls were 65.6% vs. 95.8%, 83.5%
vs. 100%, and 66.3% vs. 95.6%, respectively (Table 6). For all odors, lower p-values were
achieved for identification than for detection. Considering the identification results for
each odor separately, we created two additional, shortened psychophysical test models,
one with 8 and the other with four selected odorants. Therefore, 4 SDOIT models were
included for further analysis:

1.  10-SDOIT, evaluating the number of correct answers (correct identification of nine
odors and reporting of no odor detection in an odorless sample);

2. 9-SDOIT evaluating the number of identified odors out of nine odorants;

3. 8-SDOIT evaluating the number of identified odors out of eight odorants (cinnamon,
mint, lemon, coffee, clove, anise, camphor, and alcohol)—excluding odorant showing
no significant differences between cases and controls (rose), and;

4. 4-SDOIT evaluating the number of identified odors out of four odorants (cinna-
mon, mint, lemon, and alcohol)—showing the highest intergroup differences (with
p <0.001).

The results for the individual odor tests are presented in Supplementary materials
(Table S1).

In the intergroup comparison, the mean scores in all four models were significantly
lower in cases than in controls (p < 0.001 for all models, Table 6). Taking the cut-off value at
the 10th percentile of the results in controls, we found OD in 59.4% (38/64) vs. 8.8% (3/34),
54.7% (35/64) vs. 5.9% (2/34),54.7% (35/64) vs. 2.9% (1/34) and 64.1% (41/64) vs. 5.9%
(2/34) of cases vs. controls, for 10-SDOIT, 9-SDOIT, 8-SDOIT and 4-SDOIT, respectively.
OD was significantly associated with SARS-CoV-2 positivity, with odds ratios (OR) of 15.1,
19.3, 39.8 and 28.5 for 10-SDOIT, 9-SDOIT, 8-SDOIT and 4-SDOIT, respectively.

In the comparison of controls and the subset of 75% youngest COVID-19 patients
(N = 48) the differences remained highly significant, with mean percentages of correct
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answers (for all 10 samples), detected odors and identified odors in 75% youngest patients
being 74.2%, 85.4% and 72.9%, respectively (Table 7).

There was a significant correlation between the current self-reported OD and psy-
chophysically assessed OD in all the SDOIT models. (Table 8). Subjectively, normosmic
COVID-19 patients showed OD at psychophysical evaluation in 51.2%, 46.5%, 46.5% and
55.8% of cases for 10-SDOIT, 9-SDOIT, 8-SDOIT and 4-SDOIT, respectively.

3.4. Correlations between OD and Patient Characteristics

There were no significant gender differences in self-reported olfactory function and
psychophysical test results. Mean SDOIT scores were significantly lower among older
patients, but there was no correlation between age and maximum VAS score and self-
reported OD. Within the COVID-19 group, nasal obstruction was more prevalent in patients
reporting OD compared with normosmic subjects (51.9% vs. 18.9%, and 52.4% vs. 23.3%
for recent and current OD, respectively) and rhinorrhea was more prevalent in patients
reporting recent OD (51.9% vs. 13.5%), but not current OD. No significant correlation was
found between nasal symptoms and SDOIT scores. Patients with worse psychophysical test
results had higher MEWS scores and were hospitalized longer, and 9-SDOIT and 8-SDOIT
scores were significantly lower in patients who later died, while there were no correlations
between the length of hospitalization, MEWS score and death with self-reported OD. The
need for oxygen supplementation was less frequent in patients reporting recent OD, but
more frequent in patients with lower SDOIT scores. The most important correlations
between OD and patient characteristics are shown in Tables 3-5. More detailed data
regarding these correlations are presented in the Supplementary Materials (Tables 52-56).

3.5. Assessment of COVID-19 Predictors and ROC Analysis

We selected 19 classifiers for predicting SARS-CoV-2 positivity, including self-reported
OD (with recent OD found to be a better classifier than current OD and therefore used in
further assessments), maximum VAS score (with a cut-off point at <5), 4-SDOIT models and
the combination of survey-based and psychophysical olfactory evaluation, as presented in
Table 9. Self-reported recent OD achieved sensitivity of 42%, specificity of 100%, PPV of
100%, NPV of 48% and AUC of 0.71, and the maximum VAS score achieved sensitivity of
64%, specificity of 100%, PPV of 100%, NPV of 60% and AUC of 0.82 for predicting SARS-
CoV-2 positivity. Our psychophysical evaluation, when defining OD as the score below the
10th percentile of healthy subjects, found 4-SDOIT to be the best classifier, with sensitivity
of 64% and specificity of 94%, PPV of 95%, NPV of 63% and AUC of 0.8. However, the
optimal cut-off point calculated in the ROC analysis for all SDOIT models was at least one
incorrect answer with AUC of at least 0.8 for all models. The combination of SDOIT results
and self-reported OD (with any OD, either subjective or objective, indicating COVID-19)
improved the diagnostic accuracy. The inclusion of VAS did not improve these classifiers.
To minimize the risk of patients suspected of infection eligible for isolation not being
detected, classifiers with the highest AUC and the highest sensitivity were selected as the
best predictors of COVID-19, combining self-reported OD and OD defined in SDOIT as:

(1) 0-9/10 correct answers in 10-SDOIT (with AUC of 0.87, sensitivity of 91%, specificity
of 71%, PPV of 85% and NPV of 80%), and;

(2)  0-7/8 identified odors in 8-SDOIT (with AUC of 0.87, sensitivity of 86%, specificity of
79%, PPV of 89% and NPV of 75%).
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Table 9. Results of the ROC analysis.

Classifier Sensitivity Specifity PPV NPV AUC
Self-reported OD at the time maximum 0.42 1 1 0.48 0.71
deterioration (CI95% 0.3-0.55) (C195% 1-1) (CI95% 1-1) (CI95% 0.43-0.54  (C195% 0.65-0.77)
sl RS 0.64 1 1 0.6 0.82
s (C195% 0.53-0.75) (C195% 1-1) (C195% 1-1) (CI95% 0.53-0.68)  (CI95% 0.76-0.88)
10-SDOIT 0.8 0.71 0.84 0.65 0.82
(OD > 1 incorrect) (CI95% 0.56-0.78)  (CI95% 0.62-0.76)  (CI95% 0.79-0.86)  (CI95% 0.52-0.77)  (CI95% 0.74-0.9)
10-SDOIT
. 0.91 0.71 0.85 0.8 0.87
(OD 2 1incorrect %9[;10) +self-reported 1950 083.0.07)  (CI95% 0.56-0.85)  (CI95% 0.79-0.92)  (CI95% 0.67-0.93)  (CI95% 0.8-0.93)
10-SDOIT 0.77 0.91 0.94 0.67 0.86
(OD 0-8/10) + self-reported OD (CI95% 0.66-0.86)  (CI95% 0.82-1) (CI95% 0.88-1)  (CI95% 0.58-0.78)  (CI95% 0.80-0.92)
9-SDOIT 0.77 0.71 0.83 0.62 0.80
(OD > 1 incorrect) (CI95% 0.55-0.86)  (CI95% 0.59-0.97)  (CI95% 0.77-0.97)  (CI95% 0.5-0.74)  (CI95% 0.73-0.88)
9-SDOIT
_ 0.88 071 0.85 0.75 0.85
(0D > Tincomee: gg/ 9) + self-reported (1550 083 097)  (CI95% 0.56-0.85)  (CI9550.79-0.92)  (CI95% 0.68-0.93)  (CI95% 0.79-0.92)
9-SDOIT 0.73 0.94 0.96 0.65 0.85
(OD 0-7/9) + self-reported OD (CI95% 0.83-0.97)  (CI95% 0.56-0.85)  (CI95% 0.79-0.92)  (CI95% 0.67-0.93)  (CI95% 0.79-0.91)
8-SDOIT 0.75 0.79 0.87 0.63 0.82
(OD > 1 incorrect) (C195% 0.61-0.86)  (CI95% 0.68-0.94)  (CI95% 0.81-0.96)  (CI95% 0.53-0.74)  (CI95% 0.75-0.89)
8-SDOIT
. ) 0.86 0.79 0.89 0.75 0.87
(PN G gé/ 8) + self-reported (1950 077 004)  (CI95% 0.65-0.91)  (CI95% 0.82-0.95)  (CI95% 0.64-0.88)  (CI95% 0.81-0.93)
8-SDOIT 0.73 0.97 0.98 0.66 0.86
(OD 0-6/8) + self-reported OD (CI95% 0.62-0.84)  (CI95% 0.91-1) (CI95% 0.93-1)  (CI95% 0.58-0.76)  (CI95% 0.8-0.92)
4-SDOIT 0.64 0.94 0.95 0.58 0.80
(OD > 1 incorrect) (CI95% 0.53-0.75)  (CI95% 0.85-1) (CI95% 0.89-1)  (CI95% 0.51-0.67)  (CI95% 0.74-0.87)
4-SDOIT 0.78 0.94 0.96 0.7 0.87
(OD > 1 incorrect) + self-reported OD (C195% 0.67-0.88) (C 195% 0.85-1) (CI95% 0.91-1) (C195% 0.6-0.8) (C195% 0.82-0.93)

ROC analysis are presented in Supplementary materials (Table S7).

The main results are presented in Table 9 and Figure 1. The detailed results of the

We have also performed the ROC analysis for controls and the subset of 75% youngest

COVID-19 patients to eliminate the potential impact of age. These results are presented
in Table 10 and Figure 2. In this analysis, self-reported recent OD achieved sensitivity of
42%, specificity of 100%, PPV of 100%, NPV of 55% and AUC of 0.71, and the maximum
VAS score achieved sensitivity of 35%, specificity of 100%, PPV of 100%, NPV of 52% and
AUC of 0.68 for predicting SARS-CoV-2 positivity. Similarly to the results of the analysis
for the entire cohort, the analysis of age-matched group showed the 4-SDOIT to be the
best classifier when defining OD as the score below the 10th percentile of healthy subjects,
with sensitivity of 54% and specificity of 94%, PPV of 93%, NPV of 59% and AUC of 0.75,
but the optimal cut-off point calculated in the ROC analysis for all SDOIT models was
at least one incorrect answer with AUC of 0.76, 0.76, 0.78 and 0.75 for 10-SDOI, 9-SDOIT,
8-SDOI and 4-SDOIT, respectively. The combination of SDOIT results and self-reported
OD improved the diagnostic accuracy. Selecting classifiers with the highest AUC and the
highest sensitivity, the best predictors of COVID-19 were these combining self-reported
OD and OD defined in SDOIT, i.e.,:

@
@)

42

0-9/10 correct answers in 10-SDOIT (with AUC of 0.85, sensitivity of 88%, specificity
of 71%, PPV of 81% and NPV of 80%), and;

0-7/8 identified odors in 8-SDOIT (with AUC of 0.86, sensitivity of 83%, specificity of
79%, PPV of 85% and NPV of 77%).
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Figure 1. ROC curves for the combination of self-reported OD and: (A) 10-SDOIT with optimal cut-off value at 95%
(OD defined as 0-9/10 correct answers); (B) 10-SDOIT with OD defined as 0-8/10 correct answers; (C) 9-SDOIT with OD
defined as 0-8/9 identified odors; (D) 9-SDOIT with OD defined as 0-7/9 identified odors; (E) 8-SDOIT with OD defined as
0-7/8 identified odors; (F) 8-SDOIT with OD defined as 0-6/8 identified odors.

Table 10. Results of the ROC analysis for the subset of 75% youngest COVID-19 patients and controls.

Classifier Sensitivity Specifity rrv NPV AuC
Self-reported OD at the time of the maximum deterioration - ! ! 055 071

PO (CI95% 0.29-0.56) (CI95% 1-1) (C195% 1-1) (CI95% 0.5-062) (CI95% 0.64-0.78)

Maximum VAS 035 ! ! -

(C195% 0.21-0.5) (CI95% 1-1) (C195% 1-1) (C195% 0.47-0.59) (C195% 0.61-0.75)
10-5DOIT 0.73 071 078 0.65 0.76

(OD > 1 incorrect) (CI95% 0.56-0.89) (C195% 056-0.91) (CI95% 0.7-0.9) (C195% 0.54-0.76) (C195% 0.67-0.86)
10-5DOIT 0.88 071 0.81 08 0.85

(OD = 1 incorrect 0-9/10) + self-reported OD (CI95% 0.77-0.96) (CI95% 0.56-0.85) (CI95% 073-09) (C195% 0.67-093) (C195% 0.78-0.92)
10-5DOIT . 091 092 X 0.83

(OD 0-8/10) + self-reported OD (CI95% 0.55-0.83) (CI95% 079-1) (C195% 0.83-1) (CI95% 0.6-0.79) (CI95% 0.75-09)

9-5DOIT 071 071 077 .63

(OD > 1 incorrect) (C195% 0.54-0.83) (C195% 0.56-0.91) (C195% 0.69-09) (C195% 0.53-0.75) (CI95% 0.66-0.85)
9.5DOIT 0.5 : ! 0.7 084

(0D > 1 incorrect 0-8/9) + self-reported OD (C195% 0.75-0.96) (CI95% 0.56-0.85) (CI955 0.72-0.9) (C195% 0.66-0.91) (C195% 0.77-0.92)
9-SDOIT 0.69 094 0.94 0.68 0.83

(OD 0.7/9) + self-reported OD (C195% 0.54-0.81) (C195% 0.85-1) (C195% 0.86-1) (CI95% 0.59-0.78) (C195%0.75-09)
8-SDOIT 0.69 079 0.82 0.64 0.78

(OD > 1 incorrect) (CI95% 0.54-081) (CI95% 0.65-091) (CI95% 0.73-0.92) (CI95% 0.55-0.76) (CI85% 0,69-0.87)
8-SDOIT 0.83 079 0.85 0.7 0.86

(OD > 1 incorrect 0-7/8) + self-reported OD (CI95% 0.73-094) (CI95% 0.65-091) (CI95% 0.76-0.93) (CI95% 0.66-0.9) (CI85% 0.78-0.93)
£SDOIT 069 I 097 ] 0.54

(OD 0-6/8) + self-reported OD (C195% 0.54-0.81) (CI95% 0.91-1) (C195% 0.9-1) (C195% 0.6-0.79) (C195% 0.7-0.9)
LspOIT 054 094 093 ' 075

(OD > 1 incorrect) (CI95% 0.4-0.69) (CI95% 0.85-1) (C195% 0.83-1) (C195% 0.52-0.69) (C195% 0.67-0.83)
4-SDOIT 0.73 094 0.95 071 0.85

(OD > 1 incorrect) + self-reported OD (CI95% 0.6-0.85) (C195% 085-1) (C195% 0.57-1) (C195% 0.62-0.82) (C195% 0.78-0.92)
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Figure 2. ROC curves for the subset of 75% youngest COVID-19 patients and controls for the combination of self-reported
OD and: (A) 10-5DOIT with optimal cut-off value at 95% (OD defined as 0-9/10 correct answers); (B) 10-SDOIT with
OD defined as 0-8/10 correct answers; (C) 9-SDOIT with OD defined as 0-8/9 identified odors; (D) 9-SDOIT with OD
defined as 0-7/9 identified odors; (E) 8-SDOIT with OD defined as 0-7/8 identified odors; (F) 8-SDOIT with OD defined as
0-6/8 identified odors.

4. Discussion

We found self-reported recent OD in 42.2% of COVID-19 patients. This is consistent
with pooled prevalence estimates for OD reported in meta-analyses, ranging from 35 to
56% [11,13,14,21,22]. Although many previous studies reported a higher prevalence of
OD in women [4-6], several authors found no gender differences, especially when using
objective tests [2,17]. Likewise, we did not observe any differences in the prevalence of OD
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based on sex. This may indicate that previously reported female predominance reflects an
increased sensitivity of women in detecting chemosensory dysfunctions or their greater
propensity to complete surveys [14,23].

Most of the studies regarding smell impairment in COVID-19 are survey-based, how-
ever, studies show that self-assessment of olfactory function tends to underestimate the
prevalence of OD [2,10]. Using a SDOIT we found that, although there was a significant
correlation between self-reported smell impairment and the psychophysical test results,
OD was more frequently revealed by psychophysical evaluation (54.7-64.1% in different
SDOIT models), than in the self-reported data (32.8% for current OD). It was noteworthy
that in our study, among subjectively normosmic COVID-19 patients, approximately 50%
showed OD at psychophysical evaluation. These results are consistent with the findings
of the aforementioned studies [2,11-14] and highlight the importance of psychophysical
smell assessment.

Many studies have shown anosmia to be associated with the mild course of COVID-
19 [5,7,8,14,21,24]. However, other studies either failed to find this relationship [2,17] or
reported smell impairment to be associated with severe forms of the disease [16]. We
found that longer hospitalization, higher MEWS scores and, for some SDOIT models,
death, indicative of severe illness, were associated with worse psychophysical test results,
but not with the self-reported OD. Moreover, the need for oxygen supplementation was
less frequent in patients reporting OD, but more frequent in subjects with lower SDOIT
scores. This confirms a hypothesis that previously reported associations of OD and the mild
course of the disease may be due to neglecting smell impairment by patients with severe
respiratory distress and should not be considered as a positive prognostic factor [12,23].

Smell impairment usually occurs early in the course of COVID-19 [2,3,12] and may
sometimes be the first or even the sole symptom of SARS-CoV-2 infection [7,12]. In our
study, OD appeared before (14.8%), simultaneously (11.1%), or after (74.1%) the presenta-
tion of other COVID-19 symptoms, which is consistent with a study by Lechien et al. [5],
who reported smell dysfunction occurring prior (11.8%), concomitantly (22.8%) and after
(65.4%) the appearance of general or ENT manifestations. Moreover, many studies have
reported the early recovery [4,6,12,17] of OD in cases of COVID-19. In our study, 25.9% of
patients reported complete recovery of olfactory function, while 74.1% reported either no
recovery (55.6%) or worsening of olfactory function (18.5%); however, the longest duration
of smell impairment at the time of the survey was 30 days. Interestingly, Vaira et al. [17],
observed that 80% of patients reporting complete recovery of chemosensitive functions
revealed some residual abnormalities in objective testing. In contrast, in our study, almost
all the subjectively recovered patients were normosmic upon psychophysical evaluation,
with only one subject misidentifying one odor.

The early onset and early recovery of OD argues in favor of a conductive pathomecha-
nism of COVID-19 related anosmia [7]. However, many COVID-19 patients have reported
OD in the absence of nasal obstruction and rhinorrhea [3,17]. In our study, although nasal
symptoms were significantly more prevalent in subjects reporting OD, they were absent in
40.7% (11/27) of these patients and were not associated with worse SDOIT scores. Hence,
rhinitis and nasal congestion do not appear to be the main causative factors in COVID-19
related OD.

Gustatory disorders commonly observed in COVID-19 have been suggested to result
from impaired flavour perception due to retronasal olfactory dysfunction [25,26]. However,
some studies have shown dysgeusia to be more frequent than OD [17], and expression
of ACE2 receptors at high levels has been found in the oral mucosa [27,28], suggesting a
distinct pathomechanism [27]. Nevertheless, as true gustatory dysfunction is often difficult
to distinguish from OD [3], we chose not to include it in our study.

Smell impairment has been found to be highly associated with SARS-CoV-2 pos-
itivity (OR > 10) [8,26], with high specificity (93-99%), but low-to-moderate sensitivity
(23-48%) [11,29] and has even been assessed to be the strongest predictor of COVID-19 [8,9].
Similarly, in our study self-reported OD achieved specificity of 100%, sensitivity of 42% and
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AUC of 0.71 in predicting SARS-CoV-2 infection, for both the entire, and the age-matched
subjects. According to Karni et al. [30], a quantitative smell assessment (1-10 scale) was
even more effective, with 66% sensitivity, 97% specificity and 0.81 AUC. Similarly, we found
that a maximum reported VAS with a cut-off point of five achieved a higher sensitivity
(64%) and AUC (0.82), with specificity of 100%, indicating a better discriminatory ability
in predicting COVID-19 compared with binary self-assessment of smell (normosmia vs.
OD). However, in the analysis with the 75% youngest patients, the predictive value of
VAS score was lower, with the AUC of 0.68. Huart et al. [31], found that an identification
score of the extended “Sniffin” Sticks” test battery showed good discrimination between
COVID-19 patients and controls, with a 100% sensitivity and 80% specificity. In our study,
the SDOIT models also had a good discriminating ability in predicting COVID-19 with
AUC of 0.8-0.82, sensitivity of 64-80%, and specificity of 71-94% in the entire cohort and
with AUC of 0.75-0.78, sensitivity of 54-85%, and specificity of 71-94% in the age-matched
subjects. Moreover, the combination of SDOIT results and self-reported OD resulted in
improved diagnostic accuracy with AUC of 0.85-0.87, sensitivity of 78-91%, specificity
of 71-94%, PPV of 85-89%, and NPV of 70-80% in the entire cohort and with AUC of
0.84-0.86, sensitivity of 73-88%, and specificity of 71-94% in the age-matched subjects.
These findings support the role of OD as the early marker of COVID-19 [9] and an in-
dication for immediate isolation and laboratory testing, or even retesting when the first
RT-PCR result is negative [32]. It was noteworthy that the sensitivity (91% and 88% for
the entire cohort and the age-matched subjects, respectively) and NPV (80% in both cases)
were highest for the 10-SDOIT-based model), while the specificity for the 8-SDOIT-based
model (79%) was higher than for the 10-SDOIT-based model (71%). Hence, we suggest
than when there is enough time and a satisfactory availability of RT-PCR assay, one should
consider the combination of self-reported OD and 10-SDOIT; however, with limited time
and resources, the combination of 8-SDOIT and self-reported OD seems to be adequate as
a predictor of SARS-CoV-2 positivity and an indication for RT-PCR testing.

Our study had several limitations. First, our sample size was limited, and the results
may be influenced by the single institutional nature of the study. To improve sampling,
the data were acquired over quite a long period of time. Furthermore, the patients were
assessed at different time periods following the onset of infection and some reported
having already recovered. However, this may have led to the underestimation of OD
prevalence and significance, rather than the opposite. Moreover, we did not assess the
recovery pattern of OD. Future follow-up study should be considered. In addition, our
test is not yet validated. However, similarly to Calvo-Henriquez et al. [33], we did not
aim to validate a new method of olfactory evaluation in general, but rather to create a fast
test for predicting COVID-19, hence RT-PCR was used as a gold standard in assessing
diagnostic accuracy. Future studies using validated psychophysical olfactory tests are
needed to validate SDOIT as a method of olfactory function assessment. It is also worth
noting that although our study performed the psychophysical test with the assistance of
an examiner, the simplicity of SDOIT and the labeling of samples with numbers (so the
patient does not know what odors are presented) would permit it to be conducted remotely.
Subjects” answers could then be easily obtained using an online tool, such as Google Forms.
This approach would increase the availability of the test as a screening method.

5. Conclusions

In conclusion, we present a simple, fast, low-cost, and effective SARS-CoV-2 screening
strategy based on combining a survey for new-onset OD with a simple disposable odor
identification test (SDOIT), which may be useful in identifying individuals suspected of
COVID-19 and eligible for isolation and laboratory-testing when possible. Moreover, given
the imperfect sensitivity of RT-PCR, a positive result in the proposed screening method
could be an indication for retesting in cases where the initial SARS-CoV-2-RT-PCR result
was negative. We suggest that when there is enough time and good availability of RT-PCR
assay, one may consider the combination of self-reported OD and 10-SDOIT; however, with
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limited time and resources, the combination of self-reported OD and 8-SDOIT appears to
be adequate as a predictor of SARS-CoV-2 positivity. This approach could be especially
useful in countries with a high number of COVID-19 cases and limited resources to perform
RT-PCR for SARS-CoV-2.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/1jerph181910185/s1, Figure S1: SDOIT test kit example: (A) 10 disposable test paper strips
numbered 1 to 10 enclosed in plastic covers; (B) Odorants (commercially available cinnamon, mint,
lemon, coffee, clove, rose, anise and camphor oil, and deionaised water, numbered 1 to 10) in dropper
bottles. Table S1: The intergroup comparison of objective smell test results for all evaluated odors
(Fisher’s exact test). Table S2: Detailed correlations between self-reported OD and clinical characteris-
tics of COVID-19 patients. Table S3: Detailed correlations between objective OD (according to SDOIT)
and quantitative clinical characteristics of COVID-19 patients; Mann-Whitney test. Table S4: Detailed
correlations between objective OD (according to SDOIT) and qualitative clinical characteristics of
COVID-19 patients; Spearman correlation. Table S5: Correlations between self-reported OD and
general characteristics of the entire cohort (cases and controls, N = 64). Table S6: Correlations between
gender and objective OD (according to SDOIT) of the entire cohort (cases and controls, N = 64);
Mann-Whitney test. Table S57: Detailed results of the ROC analysis.
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Supplementary materials

Table S1. The intergroup comparison of objective smell test results for all evaluated odors (Fisher's exact test).

Cases (11 = 64) Controls (11 =34) Total (11 =98) p-Value
Detection
cinnamon 55 (85.9%) 34 (100%) 89 (90.8%) 0.025
mint 52 (81.3%) 34 (100%) 86 (87.8%) 0.007
lemon 52 (81.3%) 34 (100%) 86 (87.8%) 0.007
coffee 54 (84.4%) 34 (100%) 88 (89.8%) 0.014
clove 54 (84.4%) 34 (100%) 88 (89.8%) 0.014
rose 57 (89.1%) 34 (100%) 91 (92.9%) 0.092
anise 55 (85.9%) 34 (100%) 89 (90.8%) 0.025
camphor 53 (82.8%) 34 (100%) 87 (88.8%) 0.008
alcohol 49 (76.6%) 34 (100%) 83 (84.7%) 0.001
Identification

cinnamon 39 (60.9%) 34 (100%) 73 (74.5%) <0.001
mint 41 (64.1%) 34 (100%) 75 (76.5%) <0.001
lemon 41 (64.1%) 33 (97.1%) 74 (75.5%) <0.001
coffee 44 (68.8%) 31 (91.2%) 75 (76.5%) 0.013
clove 46 (71.9%) 33 (97.1%) 79 (80.6%) 0.002
rose 42 (65.6%) 29 (85.3%) 71(724%) 0.056
anise 45 (70.3%) 33 (97.1%) 78 (79.6%) 0.001
camphor 46 (71.9%) 33 (97.1%) 79 (80.6%) 0.002
alcohol 34 (53.1%) 33 (97.1%) 67 (68.4%) <0.001

Table S2. Detailed correlations between self-reported OD and clinical characteristics of COVID-19 patients.

Self-Reported OD

. Presence of Self-Reported OD at the Presence of Self-Reported OD at Any
Variable

Time of the Survey Time since the Onset of COVID-19
yes (N=21) no(N=43) p-Value yes(N=27) no(N=37) p-Value
Nasal co tion, N (%) yes 11(524) 10(23.3) 0.0413 14 (51.9) 7(189) 0.0123
Al congestion, I (7 no 10(47.6)  33(767) 13(48.1)  30(8L.1)
. o yes 9 (42.9) 10(23.3) 0.187° 14 (51.9) 5(13.5) 0.002%
Rhinorrhea, N (%) no 12(57.1) 33 (76.7) 13(48.1)  32(86.5)
Presence of other symptoms at the time of the survey, N yes 15(71.4) 20 (46.5) 0.1073 17 (63) 18 (48.6) 0.378%
(%) no 6(28.6)  23(53.5) 10 (37) 19 (51.4)
Presence of other symptoms since onset of COVID-19, yes 21 (100) 34 (79.1) 0.025% 27 (100) 28 (75.7) 0.0085
N (%)2 no 0(0) 9 (20.9) 0(0) 9(24.3)
. ] yes 3(14.3) 5(11.6) 15 3(11.1) 5(13.5) 15
; % y
Current smoking, N (%) no 18 (85.7) 38 (88.4) 24(889) 32 (86.5)
y 38. § 5873 . 56. 0583
Former or current smoking, N (%) yes 8(38.1) 21 (488) 0587 8(29.6)  21(56.8) 0.058
no 13(61.9) 22(51.2) 19(704)  16(43.2)
. yes 2(9.5) 6(14) 15 2(74) 6(16.2) 0.450°
Death, N (%) 1o 19(905)  37(86) 25(926)  31(83.8)
ves 7(333)  21(488) 0.365° 7(259) 21(56.8) 0.028°
Need f 7 th L, N (% i i
ced for oxygen therapy, N (%) o 14(667)  22(512) 20741 16(432)
yes 1(4.8) 5(11.6) 0.654° 1(37) 5(13.5) 0.388°
Need for ICU stay, N (% : )
eed for ICU stay, N (%) no 20(952) 38 (88.4) 26(963) 32 (86.5)
TR o yes 1(4.8) 4(9.3) s 1(3.7) 4(10.8) 0.387
Need for invasive ventilation, N (%) o 20 (95.2) 39 (90.7) 26 (96.3) 33 (89.2)
Number of other symptoms at the fime of the survey Mean + SD 17+16 1+14 0.057+ 14+15 11+15 0.2844
ymptoms ¢ T Median (IQR) 1 (0-3) 0 (0-2) 1(0-2) 0 (0-2)
Number of other symptoms since the onset of COVID-  Mean = 5D 42x22 2921 0.040+ 42+19 273+22 0.0134
19 Median (IQR) 4 (3-6) 3 (1-4) 4 (3-5) 3 (1-4)
Time interval between first positive PCR result and time Mean + SD 51+42 76+67 0.2904 6.7+48 71+7 0.615¢
of the survey, days Median (IQR) 3 (2-8) 6 (2-12) 5 (25-12) 4 (2-12)
Duration of infection (from first positive to first N 19 7 0134 - 3 0014
ne 1t(ive PCR resttllt ex(rludin ClE‘EE‘ 1sed lliﬁl‘;ts) Mean+5SD 1747 +10.1221.57 +13.14 16.48+9.12 23.16 + 13.73
& ' § cecedsed pe Median (IQR) 13 (10-215) 16 (14-26) 12 (11-17) 18 (14-28.5)
Duration of hospitalisation (excluding deceased N 19 37 0.862¢ 25 31 0.0604
patients) Mean + SD 19+10.64 20.68 +14.2 16.56 + 10.5 22.97 + 14.28
Median (IQR) 17 (12-23.5) 18 (10-24) 13 (10-19) 18 (15-28)
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MEWS score at the fime of the survev Mean+SD  086+128 086167 0.8374 067+118 1+176 02544
i Median (IQR) 0 (0-1) 0 (0-1) 0 (0-1) 1 (0-1)

Avarage MEWS score Mean+SD 086+149 098+1.32 0.4814 07+135 111+137 0.0814
Median (IQR) 0 (0-1) 1 (0-1) 0 (0-1) 1 (0-2)

Hincluding: fatigue —22 (34.4%), cough —15 (23.4%), fever —2 (3.1%), headache —6 (9.4%), gastrointestinal complaints — 14 (21.9%), nasal
congestion—5 (7.8%), rhinorhhea —5 (7.8%), chills—2 (3.1%), dyspnea—7 (10.9%). 2including: fatigue —45 (70.3%), cough — 25 (39.1%),
fever—24 (37.5%), headache —23 (35.9%), gastrointestinal complaints —23 (35.9%), nasal congestion —21 (32.8%), rhinorhhea —19 (29.7%),
chills— 18 (28.1%), dyspnea—15 (23.4%). * chi-squared test. * Mann-Whitney test, ? Fisher test.

Table S3. Detailed correlations between objective OD (according to SDOIT) and quantitative clinical characteristics

of COVID-19 patients; Mann-Whitney test.

SDOIT, % of Correct Answers

Variable 10-SDOIT 9-SDOIT 8-SDOIT 4-SDOIT
Mean +SD  Median (IQR) Mean+ 5D  Median (IQR) Mean £SD  Median (IQR) Mean+SD  Median (IQR)
a0 889 875 100
: 9+30 £335 4+33, _ 2+
Naoal comse yes 7292304 op q00) 2 (s56-100) 1AL (50-100) 70240 (25-100)
conge-
. 70 . 778 . 75 75
i 3:323 534 8+349 558+ 38.
stion no 63 =32 (45.90) 625=340 (444 88.9) 62.8+34 (37.5.875) 558 +38.1 (25.87.5)
p-value 0188 0.197 0240 0081
90 889 875 100
res 73.7+304 73.1+324 7334321 69.7 +37.8
yes * (50-100) * (56-100) - (56.3-100) * (37.5-100)
Rhinorrhea 80 778 75 75
31+3 254349 5+35. 567+393 .
no 0312322 g gpy  O2FEMI i yggoy  O2OEBLgrg gp5 07 (25-100)
p-value 0.110 0.152 0179 0153
60 667 625 50
Presence of ves 60 +31.2 598+339 60 +33.3 _ 55+373 _
other symptoms (40-90) (38.9-88.9) (37.5-87.5) (25-87.5)
sy < 47 5 5
atthetimeof  no 738313 0 732:338 869 724v348  F 672407 T
R (50-100) (55.6-100) (50-100) (25-100)
: p-value 0.032 0.042 0.042 0.139
80 778 75 75
Presence of yes 067+ 324 66.1+352 60.4 + 349 623+39.1 _
other symptoms (50-90) (55.6-88.9) (50-93.8) (25-100)
) 5 55 5 5
since onset of no 633+292 o0 63+294 56 61.1+315 _2 50 + 39 0
OV (40-90) (44.4-88.9) (37.5-87.5) (25-75)
pvalue 0711 0617 0576 0368
85 833 813 75
' 31 1+35. 8+34. 56+3
Custent smo yes 70=312 G500y  OBLEII gy g1g  BBEERT o lo0e P07 u3g100)
smo-
: 80 7758 75 75
K 5.7+ 32, 5334, 521345 5984395
6 ne 0574321 7 gq  OFEMA 1) ggoy OD2TH 375006 8% (25-100)
pvalue 0.806 0.837 0829 0.745
80 7738 75 75
; 63.1+30.7 62.8+3258 629+328 552+40.3
Former or cur- - ) (40-90) . (44.4-85.9) . 37.5-87.5) e (25-100)
80 77.8 75 75
) . - -
rent smoking no 089+329 (50-100) 679+357 (55.6-100) 679+358 (56.3-100) 65+ 38 (375-100)
p-value 0241 0.259 0308 0335
60 55.6 625 375
res 5 ; 50421, 516423, 6429,
yes 1.2:22 (55-60) 0214 sygss3)  C1OEBE g g5 10627 a5 5
Death 8 889 875
41325 91353 64353 341396 75 (25-
no 6B42325 oo 679235 wisin 76 @rs a0 63436 75 @5-100)
p-value 0.066 0.048 0.047 0.108
6 611 625 50
: 58.9130.6 8332 58.9+32.4 1912357
Need for yes * (47580 7% (52.8-80.6) - (46.9-78.1) * (18.8-75)
¢ a0 889 875 100
: apy 9 3435, : 8435, ~ 9.4 439,
oxygen therapy no 71.9+32 (47.5-100) 71.3+352 (44.4-100) 708 +352 (37.5-100) 69.4+397 (25-100)
pvalue 0.032 0.026 0.035 0.013
60 6Ll 625 50
res 3 717, 8+17. 583+ 34.
Need for 1CU yes 68.3+1 ©0-675  OOTET2 mss ey OBEEZ 571y BIEHMD 45475
C
80 7758 75 75
stay 33, 5.5+ 35 5.3+ 35. 8439,
stay ne 66+ 331 @oony 0BT iaggey OFEIT 75 069y 0EEIE g lon)
p-value 0852 0.700 0.682 0877
60 55.6 625 50
res 6244 60 +6.09 625+88 50+30.6
Need for yes * (60-60) * (55.6-66.7) * (62.5-62.5) * (25-50)
invasive 80 833 75 75
333 3:35 59435 6+40.
ventilation ne 069+ @oony 03BN yygpny BIERT argqgy SOl s 1on)
p-value 0355 0.278 0292 0.485
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Table $4. Detailed correlations between objective OD (according to SDOIT) and qualitative clinical characteristics
of COVID-19 patients; Spearman correlation.

Variable Shor
10-SDOIT 9-SDOIT 8-SDOIT 4-SDOIT

Number of other symptoms at the time of the sur- o -0.28 -0.27 -0.27 -0.19
vey p-value 0.024 0.031 0.033 0.142

Number of other symptoms since the onset of 0 0.06 0.07 0.09 0.14
COVID-19 p-value 0.613 0.575 0.486 0.287

Time interval between first positive PCR result and 0 0.19 0.18 0.19 0.1
time of the survey, days p-value 0.123 0.163 0.141 0.447
Duration of infection (from first positive to first 0 -0.15 -0.14 -0.14 -0.11
negative PCR, excluding deceased) p-value 0.265 0.294 0.319 0.422
Duration of hospitalisation (excluding deceased) p—vglue ;[;) (;}[? 1 600222 Dﬂoz; [-)OU;(;
B ] ] 0 -0.29 0.32 -0.32 -0.25
MEWS score at the time of the survey p-value 0.02 0.011 0.011 0.043
Avarage MEWS score e -0.29 0.3 029 70'7;4
p-value 0.02 0.016 0.018 0.054

Table S5. Correlations between self-reported OD and general characteristics of the entire cohort (cases and controls,

N=64).
Self-Reported OD
Variable Presence of Self-Reported OD at the Presence of Self-Reported OD at Any
Time of the Survey Time since the Onset of COVID-19
Yes (N=21) No (N=43) p-Value Yes (N=27) No(N=37) p-Value
Age Mean + SD 55.1+21.5 46.5+17.7 0.395! 47.6+23.7 48.6+16.7 0.583!
8 Median (IQR) 57 (34-72) 45 (32-60) 45 (24-69.5) 47 (34-62.5)
j female 14(667)  41(53.2) 0.842° 15(556) 40 (56.3) -
; %
Gender, N (%) male 7(333) 36 (46.8) 12(444)  31(437)
_ yes 3(14.3) 5 (11.6) 1 3(11.1) 5(13.5) 1
Current smoking no 18 (85.7) 38 (88.4) 24 (88.9) 32 (86.5)
. . yes 8(38.1) 21 (48.8) 0.5871 8(29.6) 21 (56.8) 0.058!
Current or former smoking o 13 (61.9) 2 (512) 19 (70.4) 15 (43.2)

IMann-Whitney test., 2 chi-squared test, *Fisher test

Table S6. Correlations between gender and objective OD (according to SDOIT) of the entire cohort (cases and
controls, N = 64); Mann-Whitney test.

SDOIT, % of Correct Answers

Variable 10-SDOIT 9-SDOIT 8-SDOIT 4-SDOIT
Mean + SD Median (IQR) Mean+SD  Median (IQR) Mean+SD Median (IQR) Mean+5D Median (IQR)
female 779+304 90 (55-100) 748 +324 77.8+30.6 753+338 78.1+309 73.6 £36.8 73.8 +30.06
- 88.9 (55.6- 889 (72.2- 857 (714- 857 (714-
E 4+ 28, 5— 50— 50~
Gender male 784+289 90 (75-100) 100) 100) 100) 100) 100 (50-100) 100 (50-100)
p-value 0.641 0.676 0.822 0.978
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Table S7. Detailed results of the ROC analysis.

Classifier

Sensitivity

Specifity

PPV

NPV

AUC

Self-reported OD at the
time of the survey

033
(C195% 0.22-0.45)

1
(C195% 1-1)

1
(CI195% 1-1)

0.44
(CI95% 0.4-0.49)

0.66
(C195% 0.61-0.72)

Self-reported OD at the
time of maximum
deterioration

042
(C195% 0.3-0.55)

1
(C195% 1-1)

1
(C195% 1-1)

0.48
(CI95% 0.43-0.54)

071
(CI95% 0.65-0.77)

Maximum VAS

0.64
(CI95% 0.53-0.75)

1
(CI195% 1-1)

1
(CI195% 1-1)

0.6
(C195% 0.53-0.68)

0.82
(C195% 0.76-0.88)

10-SDOIT g
(cut-off at 95% - OD > 1 2 4 e ,0’71 & e bt e
incorrect) (CI195% 0.56-0.78) (CI195% 0.62-0.76) (CI95% 0.79-0.86) (C195% 0.52-0.77) (CI195% 0.74-0.9)
incorrec
10-SDOIT &
(OD =1 incorrect) + self- . ,0'91 G o ~IOE ,0‘83 105 08 95 ‘,]87
feportsd OD (CI95% 0.83-0.97) (CI95% 0.56-0.85) (CI95% 0.79-0.92) (CI195% 0.67-0.93) (CI95% 0.8-0.93)

10-SDOIT
(OD >2 incorrect)

0.59
(C195% 0.47-0.72)

091
(C195% 0.82-1)

0.93
(C195% 0.85-1)

0.54
(CI95% 0.47-0.63)

075
(C195% 0.68-0.83)

10-SDOIT
(OD OD =2 incorrect) +
self-reported OD

0.77
(CI195% 0.66-0.86)

091
(C195% 0.82-1)

0.94
(C195% 0.88-1)

0.67
(CI195% 0.58-0.78)

0.86
(C195% 0.80-0.92)

9-SDOIT

A S 0.77 0.71 083 0.62 0.80
il - e 't) . (C195% 0.55-0.86) (C195% 0.59-0.97) (C195% 0.77-0.97) (C195% 0.5-0.74) (C195% 0.73-0.88)
mncorrec
9-SDOIT

(OD = 1 incorrect) + self-
reported OD

0.88
(C195% 0.83-0.97)

0.71
(CI95% 0.56-0.85)

0.85
(CI955 0.79-0.92)

0.75
(CI95% 0.68-0.93)

0.85
(C195% 0.79-0.92)

9-SDOIT 0.55 0.94 0.95 0.52 0.74
(OD >2 incorrect) (C195% 0.42-0.67) (C195% 0.85-1) (C195% 0.87-1) (C195% 0.46-0.6) (C195% 0.67-0.82)
9-SDOIT

(OD OD =2 incorrect) +
self-reported OD

0.73
(CI195% 0.83-0.97)

094
(C195% 0.56-0.85)

0.96
(C195% 0.79-0.92)

0.65
(CI95% 0.67-0.93)

0.85
(C195% 0.79-0.91)

8-SDOIT
(cut-off at 94% - OD > 1 0.75 0.79 0.87 0.63 0.82
ncorrecty | (C195%0.61-086) (C195% 0.68-0.94) (C195% 0.81-0.96) (C195% 0.53-0.74) (C195% 0.75-0.89)
C C
8-SDOIT

(OD = 1 incorrect) + self-
reported OD

0.86
(CI95% 0.77-0.94)

0.79
(C195% 0.65-0.91)

0.89
(CI95% 0.82-0.95)

075
(C195% 0.64-0.88)

0.87
(C195% 0.81-0.93)

8-SDOIT 0.55 097 097 0.53 0.76
(OD >2 incorrect) (CI195% 0.42-0.67) (CI95% 0.91-1) (CI195% 0.91-1) (CI195% 0.47-0.61) (C195% 0.69-0.83)
8-SDOIT

(OD OD =2 incorrect) +
self-reported OD

0.73
(CI95% 0.62-0.84)

097
(C195% 0.91-1)

098
(C195% 0.93-1)

0.66
(CI95% 0.58-0.76)

0.86
(C195% 0.8-0.92)

4-SDOIT

~ut-off at 88% - > 1 0.64 0.94 0.95 0.58 0.80
(cu _(in‘grre t) s (C195% 0.53-0.75) (C195% 0.85-1) (C195% 0.89-1) (C195% 0.51-0.67) (C195% 0.74-0.87)
C C
4-SDOIT :
(OD = 1 incorrect) + self- 028 0.2% _ _0')6 - o - 9z
reported OD (CI95% 0.67-0.88) (C195% 0.85-1) (CI95% 0.91-1) (CI195% 0.6-0.8) (CI95% 0.82-0.93)
eported
4-SDOIT 042 1 1 0.48 0.72
(OD =2 incorrect) (C195% 0.3-0.53) (C195% 1-1) (CI95% 1-1) (CI195% 0.43-0.53) (CI195% 0.65-0.77)
4-SDOIT

(OD >2 incorrect) + self-
reported OD

0.64
(C195% 0.52-0.75)

1
(C195% 1-1)

1
(C195% 1-1)

0.6
(CI95% 0.52-0.68)

0.82
(C195% 0.76-0.88)
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Figure S1. SDOIT test kit example: (A) 10 disposable test paper strips numbered 1 to 10 enclosed in plastic

covers; (B) Odorants (commercially available cinnamon, mint, lemon, coffee, clove, rose, anise and camphor oil,

and deionaised water, numbered 1 to 10) in dropper bottles.
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Abstract: Since the outbreak of the SARS-CoV-2 pandemic, olfactory disorders have been reported
as a frequent symptom of COVID-19; however, its pathogenesis is still debated. The aim of this
review is to summarize the current understanding of the pathogenesis of smell impairment in the
course of COVID-19 and to highlight potential avenues for future research on this issue. Several
theories have been proposed to explain the pathogenesis of COVID-19-related anosmia, including
nasal obstruction and rhinorrhea, oedema of the olfactory cleft mucosa, olfactory epithelial damage
either within the olfactory receptor cells or the supporting non-neural cells (either direct or immune-
mediated), damage to the olfactory bulb, and impairment of the central olfactory pathways. Although
the pathogenesis of COVID-19-related anosmia is still not fully elucidated, it appears to be mainly
due to sensorineural damage, with infection of the olfactory epithelium support cells via the ACE1
receptor and disruption of the OE caused by immense inflammatory reaction, and possibly with
direct olfactory sensory neurons infection mediated by the NRP-1 receptor. Involvement of the higher
olfactory pathways and a conductive component of olfactory disorders, as well as genetic factors,
may also be considered.

Keywords: olfactory disorders; loss of smell; anosmia; COVID-19; SARS-CoV-2; pathogenesis

1. Introduction

Since the outbreak of the SARS-CoV-2 pandemic, smell impairment has been reported
as a frequent symptom of COVID-19, with reported prevalence ranging widely in the litera-
ture from 5 to 98.3% [1-11]. The association of olfactory disorders (OD) with COVID-19 is
now established, but OD pathogenesis is still debated [12-15].

Odor detection begins with the binding of odorant molecules to odor receptors lo-
calized on the dendritic cilia of the olfactory sensory neurons (OSNs) in the olfactory
epithelium (OE) [16,17]. OSNs axons cross the skull base through the cribriform plate and
form synapses within the olfactory bulb (OB) [16,17]. Olfactory information is sent from
the OB to higher brain centers [16,17].

The OE is a complex tissue consisting of multiple cell types, including OSNs,
sustentacular (SUS) cells, mucus-secreting Bowman'’s gland cells, microvillar cells,
and stem cells including globose and horizontal basal cells. In addition, macrophages
and dendritic cells are present in the OE [18-20]. SUS cells act to structurally support
OSNis, protect OSNs by phagocyting and /or detoxifying potentially harmful agents,
enable odor detection by endocytosis of the olfactory binding protein and odorant
complex, supply OSNs with glucose necessary for high energy olfactory transduction
cascade, and maintain local fluid and electrolyte balance [17,18,21]. The basal cells
can differentiate to replace OSNs during normal turnover or injury [19,20]. Bowman'’s
glands secrete mucus, containing water, salts, mucin glycoproteins, enzymes, antibod-
ies, and odorant binding proteins (OBPs), which transport the hydrophobic odorant
molecules through the mucus to the OSNs cilia [20]. Olfactory dysfunctions can be
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classified into three types: conductive disorders caused by obstruction of the nasal
cavities and subsequent blockage of odorant transmission to the olfactory epithelium
(OE), sensorineural loss caused by damage of the OE or olfactory nerve, and central
dysfunction resulting from damage to the olfactory processing pathway in the central
nervous system (CNS) [16,22].

Loss of the sense of smell due to upper respiratory tract infections (URTI) is primarily
considered a conductive loss secondary to rhinorrhea and mucosal edema, and usually
normalizes as the infection resolves [23]. However, in some cases, loss of smell may persist
after the resolution of UTRI, suggesting a sensorineural disorder known as post-viral olfac-
tory dysfunction (PVOD) [23,24]. PVOD is one of the leading causes of anosmia in adults,
accounting for approximately 11-40% of cases [24-26]. According to previous studies,
several respiratory viruses can cause PVOD, including rhinovirus, parainfluenza virus,
Epstein—Barr virus and some coronaviruses, with previously discovered coronaviruses
accounting for 10-15% of cases [24,25,27].

Several theories have been proposed to explain the pathogenesis of COVID-19-
related anosmia. These include conductive loss of smell due to nasal obstruction and
rhinorrhea, oedema of the olfactory cleft mucosa that prevents odorants from reach-
ing the olfactory epithelium, olfactory epithelial damage, infection of the olfactory
nerves and, through retrograde neuroinvasion, the olfactory bulb, and impairment of
the central olfactory pathways. due to direct viral invasion or indirect injury caused
by hypoxia, endothelial damage, or an abnormal inflammatory response. Damage
to the olfactory epithelium may be caused by direct viral invasion of the olfactory
sensory neurons (OSN), most likely mediated by the neuropilin-1 receptor, or by
infection of the non-neuronal cells of the olfactory epithelium, leading to horizon-
tal viral spread to OSNs or impaired morphological and physiological support of
OSNs [13,17,22,23,28-31].

2. SARS-CoV-2 Cellular Entry Mechanism

To discuss the pathogenesis of COVID-19-related anosmia, the mechanism of SARS-
CoV-2 cellular entry must be elucidated. SARS-CoV-2, similarly to SARS-CoV, utilizes
the S1 domain of its spike (S) protein for attaching the virion to the host cell mem-
brane by binding to the host angiotensin-converting enzyme 2 (ACE-2) receptor [32,33].
This interaction requires cleavage and priming of the S protein by cell proteases, in-
cluding transmembrane protease serine 2 (TMPRSS2) and furin, which allows fusion
between the cellular and the viral membranes, and viral entry into the cell via endocy-
tosis [17,32,34,35]. Alternative SARS-CoV-2 entry mediators have also been suggested,
including receptors and cofactors such as CD147 and neuropilin-1 (NRP1), and activa-
tors such as cathepsin Figure 1 [36-38]. ACE-2 is expressed in multiple cell surfaces
throughout the body, including lung parenchyma, respiratory epithelium, gastrointesti-
nal epithelium, endothelium, arterial smooth muscles, neuronal glial cells, neurons,
renal tubular cells, heart, and lymphoid tissues [33,39-42]. TMPRSS2 was also found
to be expressed in multiple organs, such as in the respiratory tract, salivary glands,
gastrointestinal tract, liver, and kidneys [34,43]. This ubiquitous expression of ACE2 and
TMPRSS2 may explain the pleiotropic effects of SARS-CoV-2 infection [44]. However, the
primary targets of SARS-CoV-2 are the cells manifesting high expression of these proteins,
especially those that co-express ACE2 and TMPRSS2, such as respiratory and olfactory
epithelial cells [17,38]. It is noteworthy that SARS-CoV-2 appears to have a particularly
strong affinity for ACE2, estimated to be 10-to-20-fold higher than for SARS-CoV, which
might explain its particular impact on chemosensory systems [29,33,45].
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Figure 1. SARS-CoV-2 entry. Spike protein domain S1 is pre-activated by the host furin. The
receptor binding domain (RBD) of S1 binds to the ACE2 receptor. Cleavage at 52’ site by the type 2
transmembrane protease (TMPRSS2) causes further structural changes in the spike protein and expose
the fusion peptide (FP) of S2 that enables the fusion of the viral and host cells. The furin-cleaved S1
fragment of the spike protein may also bind directly to neuropilin-1 (NRP-1).

3. The Conductive Pathomechanism of COVID-19-Related Anosmia

Many studies have reported the early onset [2,5,46] and early recovery [4,5,7,8,47 48]
of olfactory disorders (OD) in the course of COVID-19. This could argue in favor of
a conductive mechanism for OD, related to the inflammation of nasal mucosa [9,47].
However, many COVID-19 patients report OD in the absence of nasal obstruction and
rhinorrhea [3,5,6,10,48]. In a study by Chung et al. [47], only 17% of patients with OD
reported nasal symptoms, and minimal inflammatory infiltrates were found in nasal
biopsy specimens. Moreover, many studies have reported no association between the
presence and severity of OD in COVID-19 and nasal symptoms [6,49], and in a study by
Lechien et al. [49], some anosmic COVID-19 patients had normal acoustic rhinometry. In
addition, Haehner at el. [50], found that self-rated changes in nasal airflow were more
pronounced in SARS-CoV-2 negative patients with smell loss compared to SARS-CoV-2
positive patients with OD, while smell deterioration was reported to be more severe by
SARS-CoV-2 positive individuals. These findings suggest that rhinitis and nasal mucosa
obstruction are not the main factors in the development of COVID-19-related OD.

4. Olfactory Cleft Edema

Some imaging studies in anosmic COVID-19 patients show olfactory cleft mucosal
edema that may prevent odorants from reaching the olfactory epithelium, even in the
absence of nasal congestion [51-53]. However, other reports did not reveal significant
olfactory cleft obstruction [54-56], suggesting that it is not the primary mechanism in
COVID-19-related anosmia [12,55,56].

5. Infection of Higher Olfactory Pathways

Another possible pathomechanism for anosmia is the neural hypothesis, suggesting
direct damage to the olfactory nerves, and a retrograde invasion of the olfactory bulb and
higher olfactory pathways in the CNS [57,58].

5.1. The Neuroinvasive Potential of SARS-CoV-2

The neuroinvasive potential of SARS-CoV-2 is supported by various neurological
manifestations of COVID-19 described in the literature [1,59-61]. In a retrospective case
series by Mao et al. [1], 36.4% of 214 SARS-CoV-2-positive patients had neurologic mani-
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festations, including dizziness, headache, impaired consciousness, acute cerebrovascular
disease, ataxia, seizure, smell or taste impairment, vision impairment, nerve pain, and
symptoms of skeletal muscle injury manifestations [1]. In another retrospective study of
814 COVID-19 patients, 57.4% developed neurological symptoms, including myalgias,
headache, dizziness, disorders of consciousness, myopathy, dysautonomia, cerebrovascular
diseases, seizures, movement disorders, encephalitis, Guillain-Barré syndrome, and optic
neuritis [61]. Furthermore, encephalopathy, meningitis, acute transverse myelitis, and
coma have also been reported in the literature [59,60]. It has also been hypothesized that
viral infection of the respiratory center in the medulla oblongata could cause respiratory
failure, which may even occur in the absence of dyspnea [33,41]. Moreover, a study by
Bhattacharjeea et al. [62], found that COVID-19 patients have significantly reduced olfactory
matching abilities, which the authors considered a sign of cognitive impairment, possibly
related to infection in the higher brain centers.

However, the neurological symptoms of COVID-19 do not necessarily indicate a di-
rect viral neuroinvasion, as they may also be due to hypoxic brain injury, cerebrovascular
injury, or immune mediated damage [59,63,64]. Indeed, severe SARS-CoV-2 pneumonia
may lead to systemic hypoxia and hypercapnia, peripheral vasodilatation, and anaerobic
metabolism with an accumulation of toxins and subsequent brain damage due to cere-
bral edema [60,63]. Cerebrovascular injury may result from viral binding to endothelial
ACE2 receptors, which in turn leads to increased luminal pressure and intracranial
hemorrhage. Moreover, cerebrovascular injury may be due to an abnormal inflammatory
response known as the cytokine storm, which involves the overproduction and excessive
release of cytokines, including IL-1§3, IL-6, CXCL10, and TNF«, and increased activation
of T lymphocytes, macrophages, and endothelial cells, leading to a vascular leakage
and an overactivation of the complement system and the coagulation cascade, with
subsequent disseminated intravascular coagulation, thromboembolism, and multiorgan
failure [59,63,64]. Interestingly, IL-6, which has been shown to regulate neuronal and
glial cell activity, may play a role in regulating olfactory neuronal activity, and can also
directly inhibit olfactory function through activating apoptosis using TNF-«, or affecting
signaling by neuropoietin [65]. In a study by Cazzolla et al. [65], OD was correlated with
higher levels of IL-6, and improvement of the olfactory function was associated with
decreased IL-6 levels [65]. However, Sanli et al. [66], reported significantly lower serum
IL-6 levels in COVID-19 patients with OD compared to normosmic subjects, so the role
of IL-6 in the pathogenesis of OD remains unclear.

Some studies reported the presence of SARS-CoV-2 particles in post-mortem brain
examination [67,68] and SARS-CoV-2 RNA was detected by RT-PCR in cerebrospinal fluid
samples [60], supporting the direct brain injury hypothesis, although the brain seems to
contain either the least volume of viral particles of all of the sampled tissues, or no particles
at all [29,68], and RT-PCR positivity does not necessarily prove the presence of whole viral
particles in the cerebrospinal fluid (CSF) [29].

Direct invasion of the CNS could occur either through the hematogenous or the
retrograde neuronal route [1]. In the hematogenous pathway, viruses may reach the
bloodstream due to increased permeability of local blood vessels and epithelial disrup-
tion, and may then enter the brain by one of several ways: invasion of endothelial cells
of the blood-brain-barrier (BBB), paracellular transmigration enabled by increased BBB
permeability caused by the release of inflammatory mediators, crossing of the blood-CSF
barrier in the choroid plexus, or infection of leukocytes capable of passing through the
BBB (the “Trojan horse” mechanism) [54,69-71]. However, according to Li et al. [41], the
hematogenous route of SARS-CoV spread is unlikely since almost no viral particles were
detected in the non-neuronal cells of infected brain areas [41,54], which may also be true
for SARS-CoV-2 [72,73].
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5.2. The Transneuronal Route of CNS Involvement

The olfactory pathway was hypothesized as a potential route for direct viral neuroin-
vasion. In this mechanism, the virus reaches the brain through the olfactory epithelium by
invading peripheral nerve terminals and propagating via axonal transport towards the OB,
from where it may spread trans-synaptically using retrograde and anterograde transport to
other brain areas [1,59,63,74,75]. Alternatively, the virus may pass from the OE through the
olfactory ensheathing cells directly to the CSF surrounding the olfactory nerve bundles and
the OB [20,45].

This transneuronal route of CNS involvement is supported by the post-mortem exami-
nations revealing SARS-CoV-2 viral particles and related damage to be more present in the
OSNs and the OB than in the brainstem [76,77]. Interestingly, it has also been hypothesized
that inflammatory infiltration of the OB with increased INF-I levels may be responsible for
the development of anosmia, and at the same time contributes to the arrest of viral spread
into the brain [75]. The hypothesis of neuronal damage as the causative mechanism in
SARS-CoV-2-related OD is further supported by reports of OB abnormalities in magnetic
resonance imaging (MRI), including features of micro bleeding and oedema, observed
in anosmic COVID-19 patients [78,79]. Moreover, transient cortical hyperintensity in the
right gyrus rectus has been described [78]. Other studies have also shown the reduction
in OB volumes, indicative of its atrophy [53,80]. On the other hand, Akkaya et al. [81]
found no significant difference in OB volumes between anosmic and normosmic COVID-19
patients. However, they observed an association between OB morphology and OD, with
normal, oval or inverted J-shaped OBs (type N) more common in normosmic patients, while
shrunken or flattened OBs (type R) and the presence of asymmetric contour lobulation or
more than one hyperintense focus on T2 images (type D) were dominant in the anosmia
group [81]. In another study, Esposito et al. [82] found no significant difference in OB vol-
ume between the previously SARS-CoV-2-infected hyposmic patients and healthy controls;
however, diffusion and functional MRI revealed an increase in neural connectivity within
the olfactory cortex and functional connectivity of the anterior piriform cortex, indicating a
characteristic brain connectivity response in COVID-19-related hyposmia.

Moreover, several animal studies on previous human coronaviruses support the
neuronal route of infection [74,83]. HCoV-OC43 was reported to be found in mouse
OSNs and OB 3 days after intranasal inoculation and in the brain 4 days post infec-
tion [84]. Moreover, in a study using K18-hACE2 transgenic mice expressing human
ACE2, Netland et al. [81] demonstrated that intranasal infection with SARS-CoV re-
sulted in neuroinvasion through the OB and rapid viral spread to the brain regions
connected to the OB, such as the piriform and infralimbic cortices, the basal ganglia,
and the midbrain, with significant neuronal death [54,83]. Similarly, intranasal admin-
istration of SARS-CoV-2 in mice with the human ACE2 gene caused a rapid infection
of the brain [85]. Additionally, Jiao et al. [86] demonstrated that in rhesus monkeys,
SARS-CoV-2 RNA was detectable in the CSF, the olfactory trigone, and the entorhinal
area on days 1, 4, and 7 after intranasal inoculation, respectively.

However, it should be noted that the studies in mouse models utilized transgenic
mice with human ACE2 that could be ectopically expressed in many cells, including
OSNs, and therefore may not be a reliable model of the viral tropism [28,29]. In-
deed, several sequencing studies found ACE2 and TMPRSS2 to be co-expressed in
non-neuronal cells of the OE rather than in the OSNs [29,38,87]. Moreover, sequencing
and immunostaining studies revealed that OB neurons also do not express detectable
levels of ACE2 [17,29]. Similarly, no significant expression of ACE2 or TMPRSS2 was
found in neurons in the brain [17,29].

Moreover, the higher incidence of anosmia compared with CNS symptoms, as well
as the commonly observed early recovery of OD, argue against the central mechanism of
SARS-CoV2-related OD [47,58,88,89].
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6. Damage to the Olfactory Neuroepithelium

Another mechanism for COVID-19-related anosmia may be sensorineural damage,
with the disruption of the OE.

Indeed, Vaira et al. [88], reported massive olfactory epithelium disruption in a pa-
tient with anosmia persisting for three months after SARS-CoV-2 infection. Similarly, de
Melo et al. [13], in a study of the olfactory neuroepithelium of seven COVID-19 patients
presenting with acute loss of smell, reported the SARS-CoV2 infection in multiple cell types
within the OE, including OSNs, support cells, and immune cells. Interestingly, sampling of
the olfactory mucosa of the patients with long-term anosmia revealed the persistence of
virus transcripts up to 6 months after initial diagnosis, accompanied by the protracted in-
flammation [13]. Moreover, the presence of SARS-CoV-2 in OSNs was shown in intranasally
infected Syrian hamsters [90].

As mentioned above, several sequencing studies found ACE2 and TMPRSS2 to be
co-expressed in non-neuronal cells of the olfactory epithelium, including sustentacular
(support) cells, stem cells, and perivascular cells, rather than in the OSNs [17,38,87]. It
was therefore hypothesized that SARS-CoV-2 infects high-ACE2-expressing non-neuronal
cells of the OE before passing to OSNs [45]. Infection of OSNs may result from horizontal
viral spread from the adjacent support cells or from dissemination of the virus within the
OE after its tissue architecture is disrupted by inflammatory infiltrates [13]. Of note, in
the aforementioned study by Netland et al. [83], SARS-CoV was detected in the OB after
approximately 60 h post inoculation, and subsequent transport in the brain only took a fur-
ther 12-20 h, suggesting that initial replication and accumulation took place within the OE
before the neural invasion [6,45,83]. In addition, in a study by de Melo et al. [13], infection
of the neuroepithelium was associated with the loss of OSN cilia, which are necessary for
odor detection and transduction [13,28], and recovery of olfactory function was observed
after the restoration of cilia in the late phase of infection [13]. Furthermore, Zazhytska
et al. [91], in a study of SARS-CoV-2-infected hamsters and humans, found no depletion in
OSNs, but observed significant and persistent, non-cell autonomous downregulation of the
olfactory receptor and their signaling pathway genes, preceded by reorganization in OSNs
nuclear architecture, indicating that the virus may alter the physiology of OSNs without
their direct infection.

Moreover, as SUS cells play an important role in the structural and functional support
of the OSNs, it appears that their infection could cause impaired olfactory function even
without direct neuronal invasion, by architectural OE damage and lack of physical support,
impaired signaling, ionic imbalance, and initiating an immune response [17,22,28-30].
Indeed, a study by Bryche et al. [28] in a golden Syrian hamster model demonstrated that,
after intranasal instillation, SARS-CoV-2 infected SUS cells, with immense infiltration of the
immune cells, massive and rapid desquamation of the OE and a significant loss of OSN cilia,
but the virus was not detected in the OSNs or OB [28]. This hypothesis is also in agreement
with the relatively rapid recovery of most patients, occurring within weeks after infection,
which may reflect the regenerative capability of the SUS cells. The infection of OE stem
cells, including horizontal basal cells (HBCs), may be responsible for longer lasting OD in
some cases [29,30]. A noteworthy study by Torabi et al. [92] of mucosal samples taken from
COVID-19 patients found increased levels of proinflammatory cytokine TNF-«, and the
activation of an antiviral signaling cascade in the OE is hypothesized in the literature as
reducing the expression of odorant receptors in OSNs [89]. Moreover, the involvement of
Bowman'’s gland can deteriorate mucus production, further affecting odor detection [29].
Indeed, as olfactory receptors turn over every 24 h, but do not contain blood and lymphatic
vessels or exhibit mitosis, their generation and maturation depend on stem cells activated
by growth or transcription factors secreted into nasal mucus from nasal serous glands.
SARS-CoV-2 infects these serous glands, and therefore may cause inhibition of stem cell
activity and subsequent loss of smell [14].

However, it should be noted that although almost no expression of ACE2 is found in
the OSNs, they do express NRP1, which could account for direct OSNs infection [12,13,36].
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Cantuti-Castelvetri et al. [36] found abundant expression of NRP1 in almost all cell types of
the OE, and study of human autopsies revealed that SARS-CoV-2 infected NRP1-positive
cells in the OE and OB. In addition, the same study reported NRP1-mediated transport of
virus-sized particles into the CNS after intranasal inoculation in mice [36]. Moreover, the
expression of NRP1 has also been found in neuronal progenitor cells [12,36], which could
also play a role in the persistent anosmia observed in some COVID-19 patients [12].

Furthermore, although the previously reported rare occurrence of parosmia during
recovery was considered to suggest the absence of damage to peripheral sensory neu-
rons [89,93], it should be noted that its prevalence may have been overlooked in early
reports, due to the short observation period [94]. In a study by Hopkins et al. [94], the
prevalence of parosmia after a median interval of 2.5 months (range 0-6) from the onset
of OD was as high as 43.1% [94], which may indicate the presence of disturbed regrowth
and the domination of immature neurons in the OE [15]. Moreover, Di Stadio et al. [95]
found that 40% of COVID-19 patients with persistent OD reported parosmia, and 16.6% of
the parosmic individuals misperceived odors used during olfactory training. The authors
hypothesized that SARS-CoV-2-induced inflammation of the neuroepithelium and OB may
result in impaired olfactory recovery with aberrant OSNs regeneration and misperception
of odors in the neuroepithelium, as well as altered olfactory receptor mapping in the OB.
Therefore, stimulation of these inflamed areas during olfactory training could increase both
olfactory recovery and parosmia [95].

7. Genetic Link to the Pathomechanism of OD

There may be also a genetic link to the pathomechanism of OD in COVID-19. Indeed,
in a multi-ancestry genome-wide association study of COVID-19-related self-reported loss
of smell or taste, Shelton et al. [96] identified a single associated locus in the vicinity of
the UGT2A1 and UGT2AZ2 genes, encoding uridine diphosphate glucuronosyltransferase
(UGT) enzymes. Interestingly, these enzymes are expressed in the OE and in rats UGT2A1
is involved in metabolizing odorants and olfactory signal termination [96-98]. This argues
for a possible role of the identified genes in the dysfunction of OE cells and the associated
olfactory disorders [96].

8. Conclusions

The pathogenesis of COVID-19 related anosmia is still not fully elucidated; however,
it appears to be mainly due to sensorineural damage, with infection of the OE support cells
via the ACE1 receptor and disruption of the OE caused by immense inflammatory reaction,
and possibly with direct OSNs infection mediated by the NRP-1 receptor. Involvement
of the higher olfactory pathways and a conductive component of OD, as well as genetic
factors, may also be considered.
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Abstract: SARS-CoV-2 variants pose a significant threat to global public health. However, their
influence on disease severity, especially among young adults who may exhibit different clinical char-
acteristics, is debatable. In this retrospective study of 229 young adults hospitalized with COVID-19,
we investigated the differences between Poland’s second and third waves of the pandemic. To
identify potential predictors of severe COVID-19 in young adults, we analyzed patient characteristics
and laboratory findings between survivors and non-survivors and we performed logistic regression
to assess the risk of death, mechanical ventilation, and intensive care unit treatment. We found no
increase in COVID-19 severity comparing the third and second waves of the pandemic, indicating
that the alpha variant had no influence on disease severity. In addition, we found that factors, such as
obesity, comorbidities, lung involvement, leukocytosis, neutrophilia, lymphopenia, higher IG count,
the neutrophil-to-lymphocyte ratio, C-reactive protein, procalcitonin, interleukin-6, D-Dimer, lactate
dehydrogenase, high-sensitive troponin I, creatine kinase-myocardial band, myoglobin, N-terminal-
pro-B-type natriuretic peptide, creatinine, urea and gamma-glutamyl transferase, lower estimated
glomerular filtration rate, albumin, calcium and vitamin D3, possibly a decrease in red blood cell
counts, hemoglobin and hematocrit, and an increase in creatine kinase during hospitalization may be
associated with poor outcomes of COVID-19.

Keywords: COVID-19; SARS-CoV-2; alpha variant; severity; mortality; predictors; young adults

1. Introduction

Coronavirus disease 2019 (COVID-19), declared a pandemic by the World Health
Organization (WHO) on 11 March 2020 [1], is caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2).

SARS-CoV-2 is a highly infectious RNA virus, which utilizes its spike (S) protein
for cellular entry by binding to the host angiotensin-converting enzyme 2 (ACE-2) recep-
tor [2]. This interaction requires the cleavage of the S protein by cell proteases, including
transmembrane protease serine 2 (TMPRSS2) [3].

As of 30 June 2022, 544,324,069 cases of COVID-19 had been reported worldwide,
causing 6,332,963 deaths [4]. In Poland, despite there being low incidence and mortality
rates during the first European wave of the pandemic during the spring of 2020, the second
and the third waves were both associated with high case and mortality rates, with the
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numbers of daily positive SARS-CoV-2 laboratory test results peaking on 7 November 2020
at 27,875 cases and then again on 1 April 1 2021, at 35,251 cases. [5].

By the end of 2020, the emergence of the new variants of SARS-CoV-2, associated with
changes in viral transmissibility, clinical presentation, and/or effectiveness of preventative,
diagnostic, and therapeutic measures, posed a further threat to global public health [6]. This
has prompted researchers and health organizations to characterize the variants of concern
(VOCs), including alpha (B.1.1.7), beta (B.1.351), and later gamma (P.1), delta (B.1.617.2),
and omicron (B.1.1.529) variants [6,7]. Notably, only omicron is still considered a currently
circulating VOC, while the remaining previous VOCs are now labeled by the WHO as
“previously circulating VOCs” [6], by the CDC as “variants being monitored” (VBMs) [7],
and by the ECDC as “de-escalated variants” [8].

The alpha variant (B.1.1.7), first identified in the UK and then spreading worldwide,
was defined by multiple mutations, including changes in the spike protein (N501Y, A570D,
D614G, P681H, T7161, S982A, D1118H, del 69-70, del 144), with case rates increasing from
fewer than 5% of all SARS-CoV-2 infections to more than 60% between November and
mid-December 2020, causing a sharp increase in COVID-19 incidence, hospitalization, and
mortality [9]. In Poland, according to the ECDC report of 15 February 2021, incidence of
the alpha variant among all cases sequenced in the preceding weeks was at 9% [8], while
according to ECDC data on SARS-CoV-2 variants in the EU/EEA [10] only one case of
B.1.1.7 was detected until the end of 2020 (in the week 2020-52), and from the beginning to
the end of January 2021 the incidence of alpha variant was 9.5% (52 reported detections
of B.1.1.7 variant out of 548 sequences carried out), with the overall incidence in weeks
2020-37 to 2021-04, i.e., from 7 September 2020 to 31 January 2021, of 6.5% (53/821), and
then gradually increasing, exceeding 50% in the week 2021-07 (15 February to 21 February
2021) and rapidly rising further to over 90% in March, 2021, with the overall incidence
in weeks 2021-06 to 2021-23 (8 February to 13 June 2021) of 92.4% (15,442/16,709) [10].
These data indicate that the third wave of the COVID-19 pandemic in Poland was mainly
caused by the alpha variant, while the second wave was caused by the previously known
SARS-CoV-2 variants. Hence, one can suspect that the differences between these waves may
indicate the differences between the disease courses depending on the causative variants.

Several studies suggested the alpha variant was more transmissible than the previ-
ously identified SARS-CoV-2 variants [11,12], and this was hypothesized as resulting from
the higher viral load and longer detectability in respiratory secretions, possibly attributable
to mutations of the spike protein, including in the receptor-binding domain and adjacent to
the furin-cleavage site, and therefore affecting viral cell entry [11,13]. Some reports indi-
cated greater disease severity associated with the alpha variant [14-16], however, others
did not find this relationship [13]. Similarly, the widely debated possibility of increased
severity among young people remains unclear [17,18]. Interestingly, Kayano et al. [19]
reported higher odds of severe illness and death in patients infected with alpha variant
compared to preexisting strains, but these results were statistically insignificant among
patients aged <40 years and >79 years old with respect to severe cases and among patients
aged <50 years with respect to deaths. Although the later delta variant is generally con-
sidered to be associated with greater disease severity, data are also inconsistent [20-23].
Nevertheless, the alpha, beta, gamma and delta variants have been de-escalated from being
VOCs, as no longer considered to pose significant risk to public health [24]. Currently
most predominant omicron variant, still labeled as VOC, appears to cause less severe
disease [8,25,26], however, still more data are needed [27].

Although older age is a risk factor for both the incidence and worse prognosis of
COVID-19 [28-32], severe disease and death have also been observed among young
adults [31,33,34]. Moreover, clinical characteristics and laboratory test results in younger
people seem to be different from those in elderly patients [31,34], and this may indicate a
different pathogenesis of COVID-19 in these age groups [34]. Furthermore, although work,
education, and other social settings put young people at a higher risk of SARS-CoV-2 expo-
sure, this age group appears to be less likely to comply with preventative measures [35].
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However, there is limited data available in the literature on the predictors of the severe
course of this disease in young adults [31-34].

The primary aim of this study was to investigate the differences between the course
of disease in young adult inpatients comparing the second and the third waves of the
COVID-19 pandemic in Poland, possibly reflecting differences in the severity of COVID-19
in hospitalized young adults depending on the causative SARS-CoV-2 variant (alpha vs.
wild-type variants). The secondary aim was to identify the potential predictors of severe
course of COVID-19 in this age group.

2. Materials and Methods
2.1. Subjects and Settings

This single-centered, retrospective study of hospitalized young adults with COVID-19
during the second and the third wave of pandemic in Poland was conducted at the
Central Clinical Hospital of the Ministry of the Interior and Administration in Warsaw,
Poland, which was designated by the government for the treatment of patients suffering
from COVID-19.

The inclusion criteria were adults not younger than 18 and not older than 45 years, with
laboratory-confirmed SARS-CoV-2 infection, who were admitted due to severe COVID-19
(i.e., meeting hospital admission criteria for COVID-19, with oxygen saturation of 94% or
less on room air or the need for oxygen therapy [36]) during the second or third waves of the
COVID-19 pandemic in Poland. SARS-CoV-2 infection was diagnosed by either RT-PCR or
rapid antigen test performed on nasopharyngeal samples, following the protocols supplied
by the testing kits” manufacturers (GeneProof SARS-CoV-2 PCR Kit, GeneProof a.s., Brno,
Czech Republic; GeneFinder TM COVID-19 Plus Real Amp Kit; Panbio™ COVID-19 AG
Rapid Test Device, Abbott, Abbot Rapid Diagnostics Jena GmbH, Jena, Germany; Bioeasy
2019-nCoV Ag Fluorescence, Shenzhen Bioeasy Biotechnology Co. Ltd., Shenzhen, China),
all of which have approximately 100% specificity.

Patients admitted for reasons other than COVID-19 (e.g., trauma, other acute condi-
tions, or serious deterioration in the course of chronic diseases) were excluded from the
study. Pregnant women were also excluded due to the possible influence of pregnancy on
the severity of the disease [37] and on the results of potential laboratory predictors [38].

In our study, we defined the beginning of a wave as the first day of an at least 14-day
period as a continuous increase in the 7-day average number of new cases. The end of a
wave was defined as the last day of an at least 14-day period with a continuous decrease in
the 7-day average number of new cases, preceding the start of a new wave. Therefore, the
second wave was defined as the period from 12 September 2020 to 27 January 2021, and the
third wave from 11 February 2021 to 10 June 2021 [5]. It should be noted that, according to
the ECDC data on SARS-CoV-2 variants in the EU/EEA, the incidence of the alpha variant
in Poland from 7 September 2020 to 31 January 2021 was 6.5%, while in the period from
8 February to 13 June 2021, the alpha variant constituted 92.4% of identified strains [10].

2.2. Clinical Outcomes

Data regarding the patient characteristics (including age, sex, smoking status, and
comorbidities), the course of the disease (including the need for Intensive Care Unit
(ICU) admission, respiratory support, vasopressors, continuous renal replacement therapy
(CRRT), complications, and outcome), and laboratory results, imaging results and blood
oxygen saturation (SpO;) were transcribed from electronic medical records and entered into
the database after anonymization. The criteria for ICU admission were acute respiratory
distress syndrome (ARDS), the need for mechanical ventilation (MV), symptoms of shock or
multi-organ failure and impaired consciousness. The laboratory parameters were collected
from two time points: at admission to hospital (+/—2 days, “at admission”) and on the 7th
day of hospitalization (+/—2 days, “7th DOH"). The patients” characteristics in the second
and the third waves were compared. Moreover, to assess the role of potential predictors of
disease severity, we used in-hospital death as the main outcome measure by comparing
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the general and clinical characteristics of the survivors and non-survivors. Additionally, to
assess the differences in disease severity, we analyzed the correlations between the patients’
characteristics and the risk for MV and ICU treatment, and performed logistic regression to
identify factors associated with the risk of death, MV, and ICU treatment.

2.3. Ethical Concerns

The study was approved by the Ethics Committee of the Central Clinical Hospital of
the Ministry of the Interior and Administration in Warsaw (decision number 110/2021,
date of approval 24 August 2021) with a waiver for written informed consent due to
the retrospective nature of the study and the data anonymization. The study was per-
formed in accordance with the ethical standards of the Declaration of Helsinki and its
later amendments.

2.4, Statistical Analysis

As most variables were non-normally distributed, continuous variables were reported
as median and interquartile range (IQR) and compared with a Mann-Whitney U-test,
while categorical variables were presented as the number of patients and percentages and
compared with the chi-squared test or Fisher’s exact test as appropriate. For some of the
quantitative variables both raw data and the groups of ranges were analyzed with the
appropriate tests. The correlations between the variables and the need for MV and the ICU
treatment were examined using the Spearman correlation analysis for continuous variables,
and associations of the nominal variables were investigated with the chi-squared test.
These analyses were performed with R software (version 4.0.4; R foundation for statistical
computing, Vienna, Austria). A two-sided p-value < 0.05 was considered statistically
significant. As there was no adjustment for multiple comparison, these findings should
be considered as exploratory. In cases where outliers were identified, the data were also
analyzed after their elimination and replacement with means to assess their impact on the
results. If this led to a different result, these data are also presented.

Logistic regression analysis was performed using Statistica software (version 13.3;
StatSoft, Poland) to determine the association of patients” characteristics and laboratory
parameters and the risk of death, ICU admission, and mechanical ventilation. Non-linear
data were categorized. Variables with more than 20% of missing values were not considered
in this analysis, and in other cases, missing values were imputed using the Weight of Evi-
dence tool. Univariate analysis was first performed, and significant variables obtained on
admission that were significant in the univariate analysis were further included in stepwise
multivariate logistic regression. ROC (receiver operating characteristic) curve analysis
was conducted to assess the predictive ability of covariates and models in multivariate
logistic regression. Graphical presentation of data was carried out using Statistica software
(version 13.3).

3. Results
3.1. General Characteristics and Comparison of the Second and Third Waves

Briefly, 229 COVID-19 patients were included in our study (172 men and 57 women),
of which 75 patients were attributed to the second wave (59 men and 16 women), and
154 to the third wave (113 men and 41 women) of the COVID-19 pandemic. There was
no significant difference regarding gender distribution between the two analyzed waves
(p = 0.480). The median age in both groups was 40 years (IQR 33.5-42 years in the second
wave and 35-43 years in the third wave, range 20-45 years in both waves), with no
statistically significant difference between the waves. None of the patients was vaccinated
against COVID-19 nor did they have documented previous SARS-CoV-2 infection. The
comparison of the general and clinical patients” characteristics in the two analyzed waves
is summarized in Tables 1, 2 and S1.
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Table 1. Comparison of general patients’ characteristics between the second and the third wave.

P 6 Total Second Wave Third Wave Val
arameter (n = 229) (1 =75) (n =154) p-vaiue
- female 57 (24.89%) 16 (21.33%) 41 (26.62%) o
Sex (n = 229) male 172 (75.11%) 59 (78.67%) 113 (73.38%) 0.480
Age, years (1 = 229) 40 (34-43) 40 (33.5-42) 40 (35-43) 0.392 **
98 (82-109) 0,147
Weight, kg (1 = 160) 100 (84-110) 100 (90-110) (w/o median (V\’/O 0.178)
97.81) ’

31.25 (27.45-33.95)

BML kg/ m? (n = 30.58 (27.07-34.33) (w/o0 median 29.74 (29.6-34.34) 0.316*
154) (w/00.455)
31.02)
Comorbidities (any o ) o o P
of the following) 93 (40.61%) 35 (46.67%) 58 (37.66%) 0.247
Hypertension 34 (14.85%) 9 (12%) 25 (16.23%) 0.517*
Asthma 18 (7.86%) 8 (10.67%) 10 (6.49%) 0.401 *
Comorbidities (1 = Chronic - o o o -
229) arrhythmia 5 (2.18%) 2 (2.67%) 3 (1.95%) 0.664
Diabetes 18 (7.86%) 7 (9.33%) 11 (7.14%) 0.752*
Insulin resistance 6 (2.62%) 2 (2.67%) 4(2.6%) 1w
Dyslipidemia 6 (2.62%) 1(1.33%) 5 (3.25%) 0.667 ***
Hyperthyroidism 9 (3.93%) 3 (4%) 6 (3.9%) 14
Hashimoto disease 7 (3.06%) 2 (2.67%) 5 (3.25%) 1

w/o0: without outliers; * Chi-squared with Yates correction; ** Mann-Whitney U test; *** Fisher’s exact test.
Continuous variables are presented as median (IQR), categorical variables are plesented as 11 (%).

Table 2. Comparison of clinical patients’ characteristics between the second and the third wave.

P ¢ Total Second Wave Third Wave Val
arameter (n = 229) (n=75) (n = 154) p-vatue
Dyspnea 210 (91.7%) 69 (92%) 141 (91.56%) 1*
Fever 195 (85.15%) 66 (88%) 129 (83.77%) 0.517 %
Cough 195 (85.15%) 62 (82.67%) 133 (86.36%) 0.589 *
Fatigue 130 (56.77%:) 40 (53.33%) 90 (58.44%) 0.555 *
Diarrhea 41 (17.9%) 9 (12%) 32 (20.78%) 0.149 *
Nausea or vomiting 27 (11.79%) 0(13.33%) 17 (11.04%) 0774 *
Symptoms (1 = 229) Myalgia 67 (29.26%) 22 (29.33%) -lw (29.22%) 1*
Sore throat 18 (7.86%) 2 (2.67%) 6 (10.39%) 0.076 *
Headache 2 (18.34%) 11 (14.67%) '%1 (20.13%) 0412
Smell and/or taste o 10 - o .
disorders 3 (18.78%) 18 (24%) 25 (16.23%) 0.218
Smell disorders 37 (16.16%) 16 (21.33%) 21 (13.64%) 0.196 *
Taste disorders 7 (16.16%) 15 (20%) 22 (14.29%) 0.339 ***
Hemoptysis 8 (3.49%) 4 (5.33%) 4 (2.6%) 0.444 ***
Percentage of lung involvement on CT,% (1 = 207) 31 (20.5-45) 30 (20-45) 33 (25-50) 0.319 **
Lung involvement on CT > 50% (12 = 207) 51 (24.64%) 13 (20.31%) 38 (26.57%) 0429 *
Death (1 = 229) 16 (6.99%) 8 (10.67%) 8 (5.19%) 0.212 %
Conventional oxygen therapy (1 = 229) 222 (96.94%) 73 (97.33%) 149 (96.75%) 1
HENO (n = 229) 55 (24.02%) 20 (26.67%) 35 (22.73%) 0.624 ***
Mechanical ventilation (1 = 229) 22 (9.61%) 11 (14.67%) 11 (7.14%) 0.115*
ICU admission (1 = 229) 31 (13.54%) 15 (20%) 16 (10.39%) 0.074 *
ICU mortality (1 = 31) 15 (48.39%) 8 (53.33%) 7 (43.75%) 0.862 *

* Chi-squared with Yates correction; ** Mann-Whitney U test; *** Fisher’s exact test. Continuous variables are
presented as median (IQR), categorical variables are presented as 1 (%).
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There were no significant differences between the second and the third wave regarding
weight and BML. It is worth noting that normal BMI (below 25 kg/mz) was found in only
12.34% of patients (n = 19). There were also no significant differences regarding patients’
smoking status.

Ninety-three patients (40.61%) had at least one comorbidity, comprising 35 (46.67%)
and 58 (37.66%) patients from the second and third waves, respectively, and this difference
was not statistically significant. The most common comorbidities were hypertension
(14.85%), asthma (7.86%), and diabetes (7.86%). There were no statistically significant
differences regarding any of the reported comorbidities between the two waves.

The most commonly reported COVID-19 symptoms were dyspnea (91.7%), fever
(85.15%), cough (85.15%), and fatigue (56.77%). Other symptoms included myalgia (29.26%),
smell or taste disorders (18.78%), headache (18.34%), diarrhea (17.9%), nausea and/or
emesis (11.79%), sore throat (7.86%), and hemoptysis (3.49%). There were no statistically
significant differences regarding any of the reported symptoms between the two waves.

The median percentage of lung involvement on computed tomography (CT) was
31%, comprised of 30% in the second wave and 33% in the third wave (p = 0.319). Lung
involvement of at least 50% was found in 24.64% of the patients, comprising 20.31% in the
second wave and 26.57% in the third wave (p = 0.429).

The median period from the onset of symptoms to hospital admission was eight days
(IQR 6-10 days) in the second wave and nine days (IQR 7-11 days) in the third wave
(p=0.074). The median duration of hospitalization among survivors was significantly
longer (p = 0.036) in the second wave (11 days, IQR 9-16 days) compared to the third wave
(10 days, IQR 8-13.25 days).

Regarding medical treatment, 227 patients (99.1%, including 100% in the second
wave and 98.7% in the third wave) received low molecular-weight heparin (LMWH),
222 patients (96.9%, including 98.7% in the second wave and 96.1% in the third wave)
received dexamethasone, 166 patients (72.5%, including 74.7% in the second wave and
71.4% in the third wave) received antibiotics, 59 patients (25.8%, including 25.3% in the
second wave and 26% in the third wave) received remdesivir, nine patients (3.9%, including
3.9% in the second wave and 4% in the third wave) received tocilizumab, and 20 patients
(8.7%, including 9.3% in the second wave and 8.4% in the third wave) received convalescent
plasma, with no significant differences between two waves (Table S1).

Due to the study inclusion criteria (patients requiring hospitalization due to severe
COVID-19) almost all patients required oxygen therapy (96.94% of all patients, comprising
97.33% and 96.75% of the patients from the second and third waves, respectively). Fifty-five
patients (24.02%) required high flow nasal oxygen therapy (HFNO), comprising 20 (26.67%)
and 35 (22.73%) patients in the second and third waves, respectively. Mechanical ventilation
(MV) was necessary in 9.61% of patients, comprising 14.67% and 7.14% in the second and
third waves, respectively. There were no significant differences regarding the need for
conventional oxygen therapy, HFNO, MV, the overall length of oxygen therapy, maximum
oxygen flow in conventional therapy, and HFNO and FiO2 in HFNO between the two
analyzed waves.

Thirty-one patients (13.54%) required ICU admission, comprising 15 patients (20%)
from the second wave and 16 patients (10.39%) from the third wave, with no statistically
significant difference between two waves (p = 0.074). The median period from the onset
of symptoms to ICU admission was 10 days in both groups. There was also no significant
difference regarding the need for vasopressors and CRRT. Sixteen patients (6.99%) died,
comprising eight (10.67%) patients from the second wave and eight (5.19%) patients from
the third wave, with no statistically significant difference between the two waves (p = 0.212).
There was no statistically significant difference in ICU mortality between the groups
(p = 0.862), with rates of 53.33% and 43.75% for the second and third waves, respectively
(Tables 1, 2 and S1).

Leukocyte (white blood cell, WBC), neutrophil and platelet (PLT) counts, neutrophil
and immature granulocyte (IG) percentages, the frequency of leukocytosis (defined as WBC
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count > 10 x 10%/uL) and neutrophilia (defined as neutrophil count > 7 x 10%/uL), the
neutrophil-to-lymphocyte ratio (NLR), prothrombin time (PT) and INR at admission were
higher; and the lymphocyte percentages and activated partial thromboplastin time (APTT)
at admission were lower in the second wave compared with the third wave, while these
differences were not statistically significant at the 7th DOH. C-reactive protein (CRP) at
the 7th DOH was significantly higher in the second wave compared with the third wave.
However, this difference was not statistically significant after the removal of the outliers,
and there was no significant difference between the two waves regarding CRP levels at
admission. Procalcitonin (PCT) was significantly higher, while albumin and myoglobin
were significantly lower in the second wave compared with the third wave at the 7th
DOH, but not at admission. There were no statistically significant differences between the
two waves regarding interleukin-6 (IL-6), ferritin, antithrombin III (AT III), D-Dimer at
admission, fibrinogen, lactate dehydrogenase (LDH), calcium and vitamin D3 levels, nor in
the levels of cardiac, renal, and liver injury markers. However, D-Dimer at the 7th DOH
was significantly higher, and D-Dimer > 500 ug/L FEU at the 7th DOH was significantly
more frequent in the second wave than in the third wave. There were no differences in red
blood cell (RBC) and lymphocyte counts, the frequency of lymphopenia, thrombocytopenia
(defined as PLT count below 150 x 10%/uL), and thrombophilia (defined as PLT count
above 400 x 10%/uL), and hemoglobin and hematocrit levels (Tables 3, 4, S2 and S3).

Table 3. Comparison of patients” laboratory parameters (as continuous variables) between the second
and the third wave.

P " Total Second Wave Third Wave Value *
arameter (1 = 229) (n=75) (n = 154) p-vatue
WBC—at admission, 6.39 (4.53-8.31) 7.48 (5.67-11.2) 5.66 (4.32-7.41) <0.001

x10%/uL (1n = 227)

(w/o0 median 7)

WBC—7. DOH, x10%/uL
(n=187)

8.72 (6.97-10.61)

8.99 (7.11-10.37)

8.68 (6.92-10.64)

0.699 (w/0 0.691)

Neutrophil count—at
admission, x10%/puL
(1 =226)

4.8 (3.17-6.66)

5.82(3.93-9.2)
(w /o median 5.58)

3.98 (2.99-5.92)

<0.001

Neutrophil count—7.
DOH, %103 /uL (1 = 187)

5.5 (4.2-7.36)

5.79 (4.44-7.25)

53 (4.11-7.43)

0.479 (w/0 0.341)

Neutrophil percentage—at
admission, % (n = 226)

77.1 (66.85-83.05)

79.8 (69.7-85.8)

75.7 (65.85-81.05)

0.011 (w/0 0.016)

Neutrophil percentage—7.
DOH, % (n = 186)

62.7 (54.3-73.28)

63.5 (56.8-71.4)

62.4 (53.9-73.5)

0.574

Lymphocyte count—at
admission, x 103/pL
(n =226)

0.94 (0.69-1.24)

0.93 (0.68-1.25)

0.94 (0.7-1.24)

0.700 (w /0 0.690)

Lymphocyte count—7.
DOH, %103 /uL (1 = 186)

1.98 (1.31-2.72)

1.87 (1.3-2.65)

2.05 (1.35-2.83)
(w/o median 2.04)

0.359 (w /o0 0.446)

Lymphocyte
percentage—at admission,
% (n = 226)

15.45 (10.3-23.23)

11.8 (8.1-21.35)

17.2 (12-24.4)
(w/o median 17.1)

0.004 (w /0 0.003)

Lymphocyte percentage—7.

DOH, % (1 = 186)

23.95 (14.75-32.28)

21.7 (12.5-30.3)

244 (16.1-33.1)
(w/o median 24.3)

0.172 (w/0 0.198)

NLR—at admission
(1 =226)

5.04 (2.85-8.23)

6.59 (3.31-10.25)
(w /o median 6.23)

4.36 (2.72-6.69)

0.005 (w/0 0.010)

NLR—7. DOH (1 = 186)

2.66 (1.7-4.93)

2.88 (1.81-6.38)

2.55 (1.6-4.68)

0.275 (w/0 0.209)
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Table 3. Cont.

P ‘ Total Second Wave Third Wave »-Value *
arameter (1t = 229) (11 =75) (11 = 154) p-value
IG count—at admission, 0.03 (0.02-0.07) 0.05 (0.03-0.1) 0.03 (0.02-0.05) 0.001

x103/uL (n = 217)

IG count—7. DOH,
x10%/uL (1 = 186)

0.20 (0,09-0.39)

0.24 (0.08-0.41)

0.16 (0.09-0.39)

0.301 (w /0 0.468)

1G percentage—at

admission, % (1 = 217) 0.6 (0.4-0.9) 0.6 (0.5-1.1) 0.5 (0.4-0.8) 0.027 (w/0 0.020)
1G percentage—7. DOH, % 2.9(1.1-4.2) . )

(11 = 186) 2.2 (1.1-4.05) (w /o median2.79) 2.1 (1.1-3.9) 0.221 (w/0 0.406)
PLT—at admission, ) 237 (196-307.5) - - .

< 10°/uL (n = 227) 217 (164.5-282.5) (w /o median 236) 203 (157.75-168.5) 0.009 (w/0 0.011)

PLT—7. DOH, x10°/uL
(n=187)

396 (326.5-473.5)

394 (326.25-460.5)

400 (339-477)
(w/o0 median 402)

0.534 (w/0 0.374)

CRP—at admission, mg/L
(n=222)

73.2 (35.8-132.5)

87.2 (45-144.95)

63.5 (34.75-121)

0.074 (w/0 0.118)

CRP—7. DOH, mg/L,
(n=187)

8.8 (4.2-28.5)

12.7 (5.35-50.7)

7.55 (3.83-19.9)

0.049 (w/0 0.077)

PCT—at admission,
ng/mL (1 = 205)

0.12 (0.07-0.2)

0.14 (0.08-0.23)

0.11 (0.07-0.19)

0.088 (w/0 0.082)

PCT—7. DOH (1 = 102) 0.08 (0.05-0.17) 0.14 (0.06-0.27) 0.08 (0.05-0.12) 0.023
D-Dimer—at admission, - - . . . -

w1 FEU (1 206) 728 (503-1136.5) 797.5 (566.5-1195.75) 710 (480.5-1118.75) 0.156
D-Dimer—7. DOH, ng/L

FEU, n (%) (1 = 150) 867 (539.5-1556.5) 1399 (823-2763) 793 (512-1238) 0.001
PT—at admission, s 13.2 (12.3-13.8) 13.4 (12.73-14.68) 13 (11.98-13.7) 0.010 w/o 0.018)

(n =198)

(w/013.35)

PT—7. DOH, s (n = 80)

12.2 (11.7-13.03)

12.5 (12-13.6)

12.1 (11.6-12.7)

0.065 (w /o0 0.270)

INR—at admission, s
(n=199)

1.19 (1.1-1.25)

1.22 (1.15-1.33)

1.17 (1.08-1.22)

0.003 (w/o0 0.006)

INR—7. DOH (1 = 80)

1.11 (1.06-1.18)

112 (1.09-1.22)

1.1 (1.05-1.16)

0.082 (w /0 0.060)

APTT—at admission, s
(n =196)

33 (29.78-37.13)

31.7 (28.9-36.4)

33.4 (30.45-37.25)

0.039 (w/0 0.042)

APTT—7. DOH, s (1 = 65) 32.1 (28.2-36.6) 32.5 (28.5-36.4) 31.95 (27.78-38.7) 0.944
Albumin—at admission,

o/dL (1 = 26) 3.34 (3.18-3.65) 3.22 (3.02-3.65) 3.42 (3.27-3.57) 0.315
Albumin—7. DOH, g/dL 3.03 (2.74-3.38) 2.77 (2.65-2.98) 3.38 (3.11-3.42) 0.007

(n=19)

76

* Mann-Whitney U test; w/o: without outliers. All variables are presented as median (IQR).
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Table 4. Comparison of general patients” characteristics between survivors and non-survivors.

Survivors

Non-Survivors

Parameter (1 = 213) (1 = 16) p-Value
B female 51 (23.94%) 6 (37.5%) .
Sex (n = 229) male 162 (76.06%) 10 (62.5%) 0236
Age, vears (11 = 229) 40 (34-43) 41.5 (39.5-43) 0.152 %
e 98 (83-110) 105 (98-123.5) .
Weight, kg (11 =160) (w/0 median 97.81) (w /0o median 104) 0.026 ™ (w/0 0.063)
34.26 (29.59-38.73) _
2 _ Yy 4 A6 #E (a7
BMI kg/m= (n = 154) 29.74 (26.46-33.95) (w /0 median 33.06) 0.019 ** (w /0 0.097)
<05 18 (12.95%) 1 (6.67%) 0.696*
25299 52 (37.41%) 3 (20%) 0.292 *
BMI, ranges (i = 154) 30-34.9 41 (29.5%) 5 (33.33%) 0.771 %
35-39.9 20 (14.39%) 3 (20%) 0472*
>40 8 (5.76%) 3 (20%) 0.077 **
Comorbidities (any of o o .
the following) 82 (38.5%) 11 (68.75%) 0.035
Hypertension 30 (14.08%) 4 (25%) 0.268 *
Asthma 17 (7.98%) 1 (6.25%) 1*
Cee Chronic arrhythmia 3 (1.41%) 2 (12.5%) 0.0471
Comorbidities (n = 229) Diabetes 15 (7.04%) 3 (18.75%) 0.199 *
Insulin resistance 4 (1.88%) 2 (12.5%) 0.058 ***
Dyslipidemia 5 (2.35%) 1 (6.25%) 0.356 ***
Hypothyroidism 8 (3.76%) 1 (6.25%) 0.485 ***
Hashimoto disease 7 (3.29%) 0 (0%) 1+
. Current 11 (7.14%) 2 (20%) 0.182 ***
S =164
moking (1 = 164) Current or former 16 (10.39%) 4 (40%) 0.021*
A Rh+ 12 (25%) 6 (42.86%) 0.315*
A Rh— 3(6.25%) 0 (0%) 1w
B Rh+ 11 (22.92%) 1 (7.14%) 0.267 *
- BRh— 2 (4.17%) 2 (14.29%) 0.217 *+
Blood type (11 = 62) ABRh+ 2 (4.17%) 0 (0%) 1w
AB Rh— 2 (4.17%) 0 (0%) 1w
0 Rh+ 15 (31.25%) 5 (35.71%) 0.755 *
0Rh— 1 (2.08%) 0 (0%) 1w

w/o: without outliers; * Chi-squared with Yates correction; ** Mann-Whitney U test; *** Fisher’s exact test.

Continuous variables are presented as median (IQR), categorical variables are presented as 1 (%).

3.2. Factors Associated with Poor Prognosis

A comparison of the general, clinical, and laboratory characteristics between the
survivors and non-survivors is presented in Tables 4, 5, 6, and 54 and Figures 1 and 2.
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Table 5. Comparison of clinical patients” characteristics between survivors and non-survivors.

Parameter Survivors Non-Survivors p-Value
(n=213) (n=16)

Percentage of lung involvement on CT, % (i1 = 207) 30 (20-44.25) 70 (40-85) <0.001 **
Lung involvement on CT > 50% (1 = 207) 42 (21.65%) 9 (69.23%) 0.001 *
SpO; at admission, % (i = 190) 90 (87-92) 85 (70-89) 0.004 **
Time from the onset of symptoms to hospital admission, days 8 (7-11) 7 (5.5-9) 0.048 **
Conventional oxygen therapy (1 = 229) 206 (96.71%) 16 (100%) 1 o
Maximum oxygen flow (conventional oxygen therapy), 1/min (1 = 214) 6.5 (5-15) 15 (15-15) <0.001 **
HENO (1 = 229) 41 (19.25%) 14 (87.5%) <0.007 ***
Maximum flow—HFNO (1/min; (1 = 55) 60 (55-60) 60 (60-78.75) 0.003 **
Maximum FiO2—HENO,% (n = 55) 90 (78-95) 95 (90.5-98.25) 0.014 **
Mechanical ventilation (1 = 229) 6 (2.82%) 16 (100%) <0.001 *
Extubation; (n = 22) 6 (100%) 0 (0%) <0.007 ***
ECMO (n = 229) 6 (2.82%) 2 (12.5%) 0.100 ***
ICU admission (1 = 229) 16 (7.51%) 15 (93.75%) <0.001 *
Time from the onset of symptoms to ICU admission, days 10 (8.75-13) 10 (8.5-13) 1%
Vasopressors (1 = 229) 6 (2.82%) 15 (93.75%) <0.001 *
CRRT (n = 229) 0 (0%) 5 (31.25%) <0.007 ***

* Chi-squared with Yates correction; ** Mann-Whitney U test; *** Fisher’s exact test. Continuous variables are
presented as median (IQR), categorical variables are presented as i1 (%).

Table 6. Comparison of patients’ laboratory parameters (as continuous variables) between survivors

and non-survivors.

Survivors

Non-Survivors

Parameter (1= 213) (1 = 16) p-Value *

Inflammatory Markers

WBC—at admission, x10%/uL (n = 227) 6.12 (4.5-8.1) 9.43 (6.95-12.99) 0.001
WBC—7. DOH, x10%/uL (i1 = 187) 8.66 (6.84-10.2) 13.33 (10.1-20.67) <0.001
Neutrophil count—at admission, x 103/ uL (n = 226) 4.46 (3.12-6.39) 7.69 (5.21-11.58) 0.001
Neutrophil count—7. DOH, x10%/uL (n = 187) 5.35 (4.11-6.99) 11.69 (7.73-13.64) <0.001
Neutrophil percentage—at admission, (%) (1 = 226) 76.9 (66.33-82) 82.65 (76.88-87.28) 0.007
Neutrophil percentage—7. DOH,% (1 = 186) 61.9 (53.9-70.3) 84.5 (74.2-86.2) <0.001
Lymphocyte count—at admission, x10%/uL (n = 226) 0.93 (0.69-1.24) 0.97 (0.72-1.25) 0.896
Lymphocyte count—7. DOH, x10%/uL (n = 186) 2.07 (1.37-2.79) 0.9 (0.76-1.49) <0.001
Lymphocyte percentage—at admission,% (11 = 226) 16.7 (10.4-23.95) 11.35(7.38-12.3) 0.001
Lymphocyte percentage—7. DOH, % (1 = 186) 24.4 (17.5-32.8) 6.9 (6.4-9) <0.001
NLR—at admission (1 = 226) 4.49 (2.77-7.83) 7.11 (6.52-11.33) 0.002
NLR—7. DOH (n = 186) 2.52 (1.66-4.16) 11.58 (7.42-13.1) <0.001
IG count—at admission, x10%/uL (n = 217) 0.03 (0.02-0.06) 0.09 (0.06-0.14) <0.001
IG count—7. DOH, x103/uL (1 = 186) 0.18 (0.08-0.37) 0.64 (0.33-0.76) 0.001
1G percentage—at admission,% (11 = 217) 0.5 (0.4-0.8) 1.05 (0.7-1.3) <0.001
1G percentage—7. DOH,% (1 = 186) 2.2 (1-3.8) 4.9 (2.6-9.1) 0.009
CRP—at admission, mg/L (n = 222) 70.5 (34.65-126.4) 145.6 (82.11-161.7) 0.006
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Parameter S(:r:izvlo;)s Nor:;ls:rlvel)v ors p-Value *
CRP—7. DOH, mg/L, (n = 187) 7.6 (3.85-18.6) 91.75 (55.73-127.75) <0.001
PCT—at admission, ng/mL (1 = 205) 0.11 (0.07-0.18) 0.39 (0.18-1.22) <0.001
PCT—7. DOH, ng/mL (1 = 102) 0.07 (0.05-0.13) 0.61 (0.29-0.74) <0.001
Ferritin—at admission, ng/mL (1 = 61) 1156 (473-1498) 2128 (1604-2716.75) 0.088
Ferritin—7. DOH, ng/mL (1 = 31) 901.5 (430-1343.25) 1455 (1455-1455) -
IL-6—at admission, ng/mL (1 = 116) 18.5 (6.72-53.78) 106.4 (69.43-160.75) 0.015
IL-6—7. DOH, ng/mL (1 = 53) 7.28 (4.01-19.1) 65.7 (24.35-741.5) 0.041
AT IIl—at admission,% (n = 17) 94.5 (85-100.25) 95 (80.5-117) 0.732
AT III—7. DOH,% (1 = 10) 112 (101.5-117.5) 91 (84.5-95.5) 0.252
Coagulation Parameters
PLT—at admission, x103/uL (i1 = 227) 217 (161-280.5) 225 (194-322.75) 0.253
PLT—7. DOH, x10%/uL (1 = 187) 398 (339.25-473.75) 353 (240-471) 0.334
D-Dimer—at admission, ug/L FEU (n = 206) 712 (487-1123) 991 (728-1593.5) 0.015
D-Dimer—7. DOH, ng/L FEU (1 = 150) 823 (531-1363.25) 1810.5 (1346.75-5268) <0.001
PT—at admission, s (n = 198) 13.2(12.3-13.8) 12.9 (11.98-14) 0.767
PT—7. DOH, s (n = 80) 12.2 (11.7-13.1) 125 (12.05-13) 0.695
INR—at admission (1 = 199) 1.19 (1.11-1.25) 1.14 (1.07-1.27) 0.541
INR—7. DOH (1 = 80) 1.11 (1.06-1.19) 1.12(1.1-1.17) 0.883
APTT—at admission, s (1 = 196) 33.25 (30.2-37.35) 29.25 (27.28-32.45) 0.012
APTT—7. DOH, s (n = 65) 32.1(28.6-35.7) 34.1 (25.88-46.73) 0.750
Fibrinogen—at admission, mg/dL (1 = 62) 598 (501.75-737.75) 531 (392.5-673.75) 0.255
Fibrinogen—7. DOH, mg/dL (1 = 39) 481.5 (385.5-553.5) 613 (410-702) 0.279
RED BLOOD CELL INDICES
RBC count—at admission, x10°/uL (1 = 227) 4.78 (4.53-5.05) 4.95 (4.7-5.08) 0.269
RBC count—7. DOH, x10°/uL (n = 187) 4.77 (4.5-5.06) 3.85 (3.43-4.12) <0.001
Hemoglobin—at admission, g/dL (n = 227_ 14.3 (13.5-15.1) 14.55 (13.15-15.35) 0.699
Hemoglobin—7. DOH, g/dL (n = 187) 14.2 (13.2-15.18) 11.6 (9.4-12.1) <0.001
Hematocrit—at admission,% (n = 227) 41.5 (39.35-44) 43.45 (39.68-44.13) 0.292
Hematocrit—7. DOH,% (n = 187) 41.95 (39.4-44) 35 (30-36.6) <0.001
Non-Specific Tissue Damage and Cardiac Injury Markers
LDH—at admission, U/L (n = 172) 396 (310-533) 783 (591-1257) <0.001
LDH—7. DOH, U/L (n = 46) 387 (250-442) 865 (865-865) -
Myoglobin—at admission, ng/mL (1 = 15) 60 (49-118) 26875 - 0.039
(721.75-3087.25)
Myoglobin—7. DOH, ng/mL (1 = 11) 28 (23.5-76.5) 258.5 (124-300) 0.085
CK—at admission, U/L (n = 142) 240 (114-422.25) 426 (97.25-1860.25) 0.236
CK—7. DOH, U/L (n = 38) 42,5 (26-101.5) 203.5 (195-261) 0.004
CK-MB—at admission, U/L (i = 124) 18 (15-24) 23 (18.85.36.5) 0.022
CK-MB—7. DOH, U/L (n =27) 14 (12-30) 22 (18-30.75) 0.159
NT-proBNP—at admission, pg/mL (1 = 142) 98 (40.5-175.5) 322 (92-1068) 0.012
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Table 6. Cont.
Parameter S(:r;rizvl(;r)s NOI:;IS : TlV61}v o p-Value *

NT-proBNP—7. DOH, pg/mL (1 = 42) 111.5 (47.75-207.75) 429 (205.75-3615.5) 0.001
hs-Tnl—at admission, pg/mL (1 = 153) 3.25(3.2-6.38) 12.5 (47-23.9) 0.001
hs-Tnl—7. DOH, pg/mL (1 = 40) 3.2(1.2-3.2) 26.7 (17-165.15) 0.003
Renal Injury Markers

Creatinine—at admission, mg/dL (1 = 222) 0.9 (0.76-1.03) 0.99 (0.84-1.27) 0.036
Creatinine—7. DOH, mg/dL (n = 169) 0.81 (0.72-0.91) 0.88 (0.55-1.96) 0.616
EGFR—at admission, mL/min (n = 215) 91 (78-103.5) 79.5 (52.75-91.75) 0.011
EGFR—7. DOH, mL/min (1 = 169) 102 (89-117.5) 98 (43.5-139.25) 0.572
Urea—at admission, mg/dL (7 = 209) 27 (21.25-34.75) 37 (27.85-48.5) 0.011
Urea—7. DOH, mg/dL (n = 124) 32 (27-37) 52 (42-81.75) <0.001
Liver Injury Markers

ALT—at admission, U/L (1 = 226) 47 (33-68) 495 (27-88.75) 0.758
ALT—7. DOH, U/L (1 = 150) 100 (62-154) 42 (28.5-47.5) 0.001
AST—at admission, U/L (n = 219) 48 (34.5-70) 53 (39.75-145.5) 0.185
AST—7. DOH, U/L (n = 148) 46 (30-71) 37 (25-44) 0.149
GGT—at admission, U/L (11 = 58) 58 (36.5-137.5) 136 (71-250.5) 0.076
GGT—7. DOH, U/L (1 = 41) 94 (58-191.75) 158 (105-184) 0.690
Total bilirubin—at admission, mg/dL (1 = 165) 0.43 (0.31-0.54) 0.58 (0.37-0.99) 0.055
Total bilirubin—7. DOH, mg/dL (n = 63) 0.44 (0.31-0.6) 0.3(0.25-0.52) 0.211
Other Laboratory Parameters

Albumin—at admission, g/dL (1 = 26) 346 (3.15-3.82) 3.22 (3.19-3.28) 0.211
Albumin—7. DOH, g/dL (1 = 19) 3.36 (3.06-3.44) 274 (2.67-2.9) 0.004
Total calcium—at admission, mmol/L (1 = 42) 2.16 (2.06-2.24) 2.05 (2.02-2.09) 0.049
Total calcium—7. DOH, mmol/L (n = 34) 2.27 (2.2-2.32) 2.08 (1.99-2.17) <0.001
Vitamin D3—at admission, ng/mL (n = 81) 27.7 (19.85-33.85) 18.75 (15.38-25.13) 0.173

Vitamin D3—7. DOH, ng/mL (1 = 6)

2245 (16.7-35.4)

w/o: without outliers; * Mann-Whitney U test. All variables are presented as median (IQR).

There were no significant age (p = 0.152) and sex (p = 0.236) differences between
the survivors and non-survivors. There were also no differences between these groups
regarding the frequencies of any of the blood types. Weight and BMI were higher in the
non-survivors compared to survivors. However, these differences were not significant after

the removal of the outliers.

Comorbidities were more frequent in the non-survivors compared to survivors (68.75%
vs. 38.5%, p = 0.035). Moreover, chronic arrhythmia was significantly more frequent in the
non-survivors than in survivors, while there were no statistically significant differences
in the frequency of insulin resistance, diabetes, hypertension, asthma, hypothyroidism, or
Hashimoto disease. A history of current or former smoking was significantly more frequent
among non-survivors than survivors, while there was no significant difference between
these groups regarding current smoking status.
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Figure 1. Comparison of symptoms frequency between survivors and non-survivors (presented as
percentages, with p-values for each comparison).

Regarding the reported symptoms, fever and cough were significantly more frequent
among the survivors than non-survivors. However, this may be due to the poorer availabil-
ity of data on baseline symptoms in patients who were at the critical stage of COVID-19 at
admission and should be interpreted with caution. There were no significant differences
regarding other initial symptoms, such as dyspnea, fatigue, diarrhea, nausea and vomiting,
myalgia, sore throat, headache, smell and/or taste disorders, and hemoptysis.

The percentage of lung involvement on CT was significantly higher and lung involve-
ment of at least 50% was more frequent in the non-survivors than in survivors.

SpQO; at admission was significantly lower and the maximum oxygen flow needed
in conventional oxygen therapy was significantly higher in the non-survivors than in
survivors. Non-survivors required HFNO, MV, ICU admission, vasopressors, and CRRT
more frequently than survivors.
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Figure 2. Comparison of patients’ laboratory parameters (as categorical variables) between survivors
and non-survivors. Variables are presented as the number of patients and percentages and compared
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with the chi-squared test or Fisher’s exact test as appropriate. p-values are presented for each
comparison. A two-sided p-value < 0.05 was considered statistically significant. Leukocytosis and
NLR > 2 at 7. DOH, and neutrophilia, lymphopenia, CRP > 100 mg/L and PCT > 0.5 ng/mL at
admission and at 7. DOH were found more frequently in non-survivors compared to survivors,
indicating a hyperinflammatory reaction. Moreover, a higher prevalence of D-Dimer levels greater
than 500 pg/L FEU at admission may indicate hypercoagulability, while a higher prevalence of LDH
levels above 500 U/L at admission may reflect more pronounced tissue damage in non-survivors.

WBC count, neutrophil count, neutrophil percentage, NLR, IG count, and IG percent:
age were significantly higher, leukocytosis and neutrophilia were more frequent, and the
lymphocyte percentage was lower in the non-survivors than in survivors, both at admission
and at the 7th DOH. The lymphocyte count was significantly lower, and lymphopenia (de
fined as a lymphocyte count below 0.9 x 10%/uL) and NLR of at least 2 were significantly
more frequent in the non-survivors than in survivors at the 7th DOH, but not at admission

CRP, PCT, and IL-6 levels were significantly higher, and CRP > 100 mg/L and
PCT > 0.5 ng/mL were significantly more frequent in non-survivors compared to sur
vivors at admission and at the 7th DOH. There were no significant differences between
non-survivors and survivors regarding ferritin and AT IIT levels.

D-Dimer at admission and at the 7th DOH was significantly higher and D-
Dimer > 500 ng/L FEU at admission was significantly more frequent in non-survivors com-
pared to survivors. APTT at admission, but not at the 7th DOH, was significantly longer in
survivors compared to non-survivors, while there were no significant differences between
these groups regarding the PLT count, PT, and fibrinogen. LDH levels at admission were
significantly higher and LDH > 500 U/L at admission was significantly more frequent in
non-survivors than in survivors.

There were no significant differences regarding RBC counts and hematocrit and
hemoglobin levels at admission. However, at the 7th DOH these parameters were signifi
cantly lower in the non-survivors than in survivors.

High-sensitive troponin I (hs-Tnl) and N-terminal-pro-B-type natriuretic peptide (NT
proBNP) levels were significantly higher in non-survivors than in survivors at admission
and at the 7th DOH. The creatine kinase-myocardial band (CK-MB) and myoglobin levels
were significantly higher in non-survivors than in survivors at admission, while at the 7th
DOH these differences were not significant. The creatine kinase (CK) levels at the 7th DOH
were significantly higher in non-survivors than in survivors, while this difference was not
significant at admission.

Urea levels were significantly higher in non-survivors than in survivors at admission
and at the 7th DOH, while creatinine levels were significantly higher, and the estimated
glomerular filtration rate (EGFR) was significantly lower in non-survivors than in survivors
at admission, but not at the 7th DOH.

Alanine aminotransferase (ALT) levels at the 7th DOH, but not at admission, were
significantly higher in survivors compared with non-survivors. However, there were
no other statistically significant differences between these groups regarding liver injury
markers, such as aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT)
and/or total bilirubin levels.

Albumin concentrations were significantly lower in non-survivors than in survivors
at the 7th DOH, while this difference was not significant at admission.

Total calcium concentrations were significantly lower in non-survivors than in sur
vivors at admission and at the 7th DOH, while vitamin D3 levels were significantly lower
in non-survivors than in survivors at admission, but not at the 7th DOH.

3.2.1. Correlations between Patients” Characteristics and the Need for MV and
ICU Treatment

Correlations between patients” characteristics and the need for MV and ICU treatment
are presented in Tables 55-57.
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There was a weak association between weight, BMI, BMI above 40 kg/mZ, and co-
morbidities and the need for MV. There were also weak associations between diabetes and
smoking and the need for MV and ICU treatment. There was a positive correlation between
the percentage of lung involvement on CT and the maximum oxygen flow in conventional
oxygen therapy and a negative correlation between SpO; at admission, and the need for
MYV and ICU treatment. The need for HENO, ICU treatment, vasopressors, and CRRT were
associated with the need for MV, and the need for HENO, MV, vasopressors, and CRRT
were associated with the need for ICU treatment.

WBC, neutrophil and IG counts, neutrophil percentage, NLR, CRP, PCT, and IL-6
levels were positively correlated with the need for MV and ICU treatment, and there was an
association between leukocytosis and neutrophilia, CRP > 100 mg/L and PCT > 0.5 ng/mL
(at admission and at the 7th DOH) and the need for MV and ICU treatment. There was also
aweak negative correlation between the lymphocyte count at the 7th DOH and the need for
MYV and ICU treatment, and an association of lymphopenia at the 7th DOH and the need
for MV and ICU treatment. Ferritin levels at admission were positively correlated with the
need for MV, while ferritin levels at the 7th DOH—with the need for ICU treatment. RBC
counts, hematocrit and hemoglobin levels at the 7th DOH were negatively correlated with
the need for MV and ICU treatment.

PLT count and thrombophilia at admission were positively correlated with the need
for MV and ICU treatment, and thrombocytopenia at admission with the need for ICU
treatment. There was a positive correlation between D-Dimer, and an association of D-
Dimer > 500 ug/L FEU (at admission and at the 7th DOH), and the need for MV and
ICU treatment.

There was a positive correlation between LDH levels (at admission and at the 7th
DOH), and an association of LDH > 500 U /L at admission and the need for MV and ICU
treatment. The need for MV and ICU treatment were also correlated positively with the
hsTnl and NT-pro-BNP levels at admission and at the 7th DOH, CK-MB and myoglobin
levels at admission, and CK levels at the 7th DOH, and there was a positive correlation
between CK levels at admission and the need for ICU treatment, but not MV. Urea levels
were correlated positively with the need for MV and ICU treatment, and creatinine levels
at admission with the need for MV. There was a moderate to strong negative correlation
between albumin and calcium concentrations (at admission and at the 7th DOH) and the
need for MV and ICU treatment, and between vitamin D3 levels at the 7th DOH and the
need for ICU treatment.

3.2.2. Predictors of Death in Logistic Regression

Univariate logistic regression revealed that weight > 100 kg, BMI > 40 kg/ mZ2, comor-
bidities, diabetes or insulin resistance, chronic arrhythmia, CK-MB > 20 U/L at admission
and at the 7th DOH, CK > 190 U/L at the 7th DOH, D-Dimer > 500 pg/L FEU at admission
and at the 7th DOH, EGFR < 60 mL/min at admission and at the 7th DOH, GGT > 120 U/L
at admission and at the 7th DOH, hematocrit < 40% at the 7th DOH, hemoglobin < 12 g/dL
at the 7th DOH, creatinine > 1.2 mg/dL at admission and at the 7th DOH, LDH > 500 U/L
at admission, urea > 49 mg/dL at the 7th DOH, NT-proBNP > 190 pg/mL at admission
and at the 7th DOH, RBC count < 4.5 x 106/ uL at the 7th DOH, hsTnl > 34 pg/mL at the
7th DOH, total calcium < 2.1 mmol/L at admission and at the 7th DOH, NLR > 2 at the 7th
DOH, lymphocyte count < 0.9 x 10%/uL at the 7th DOH, lymphocyte percentage < 19% at
the 7th DOH, neutrophil count > 7 x 103/ uL at admission and at the 7th DOH, neutrophil
percentage > 68% at the 7th DOH, WBC count > 10 x 103/ pL at admission and at the 7th
DOH, CRP > 100 mg/L at admission and at the 7th DOH > 100, and PCT > 0.5 ng/mL at
admission and at the 7th DOH, were associated with increased risk of death (Tables 7 and 8).
Comorbidities, WBC count > 10 x 103/HL, and PCT > 0.5 ng/mL were associated with
death in multivariate analysis for variables obtained at admission (Table 8).
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Table 7. Univariate logistic regression analysis of selected laboratory parameters at the 7th DOH for
the prediction of death, mechanical ventilation, and ICU treatment.

Death MV ICU Treatment
Variable
OR 95% CI v OR 95% CI » OR 95% CI v
CK'N][DBOEZO_Z 2683 7A7-9623 <0001  23.09 667-799 <0001 1984 5646978  <0.001

CK > 190—7. DOH 70 15.57-314.86  <0.001 70.96 13.88-362.73 <0.001 40.09 8.14-19745  <0.001
D-Dimer > 500
ng/L FEU—7. 6.94 1.54-31.26 0.012 10.5 2.39-46.05 0.002 10.54 3.1-3
DOH
EGFR < 60
mL/min—7. DOH
GGT > 120 U/L—7.

8 <0.001

i

35.17 5.85-211.54 <0.001 60.59 6.69-548.62 <0.001 37.89 4.26-337.05 0.001

DOH 6.99 2.11-23.14 0.001 6.09 2.02-18.39 0.001 4.96 1.76-14.01 0.003
Hematocrit < ~ == ,_

10%—7 DOH 6.81 2.26-20.51 <0.001 9.08 3.36-24.51 <0.001 5.54 2.5-12.29 <0.001
Hemoglobin < 12 ; ) ; ,_

g/dL—7. DOH 14.21 4.64-43.56 <0.001 17.82 6.34-50.07 <0.001 11.87 4.53-31.1 <0.001

Creatinine > 1.2 , . _
mg/dL—T DOH 23.33 4.68-116.27 <0.001 30.15 5.44-167.16 <0.001 18.85 3.48-102.15 <0.001

Urea > 49—7. DOH 25.6 7.66-85.76 <0.001 179.38 34.75-925.99 <0.001 80.71 16.92-384.95  <0.001

NT-proBNP > . ) _ ) .
190—7. DOH 15.79 4.88-51.09 <0.001 12.57 4.2-37.61 <0.001 73 2.57-20.79 <0.001
RBC <4.5 x . . 5 y
10°/uL—7. DOH 8.7 2.87-26.36 <0.001 11.86 4.35-32.31 <0.001 5.28 2.39-11.67 <0.001
hsTnl > 34

pg/mL—7. DOH 31.82 6.72-150.58 <0.001 38.44 7.17-206.09 <0.001 57.46 6.78-487.27  <0.001

E:’;fiffﬁf;‘géé 3135 7611291 <0.001 3173 7.44-13537 <0001 3409  682-17024  <0.001
NLR > 2—7. DOH 4.46 1.24-16.09 0.023 6.91 1.98-24.06 0.002 11.2 3.3-38.06 <0.001
Lymphocyte count
<09 x 103/ uL—7. 9.23 2.9-29.36 <0.001 7.58 2.6-22.11 <0.001 5.91 2.16-16.2 <0.001
DOH
Lymphocyte
percentage < 13.76 3.77-50.22 <0.001 11.57 4.06-33.04 <0.001 13.54 5.45-33.67 <0.001
19%—7. DOH
Neutrophil count >
7 x 10°/uL —7. 12.21 3.75-39.79 <0.001 11.86 4.35-32.31 <0.001 7.37 3.28-16.57 <0.001
DOH
Neutrophil
percentage > 6.32 2.1-19 0.001 5.22 2.07-13.14 <0.001 7.14 3.14-16.26 <0.001
68%—7. DOH
WBC count > 10 x
10®/uL—7. DOH
CRP > 100
mg/L—7. DOH
PCT > 0.5
ng/mL—7. DOH

5.73 1.98-16.57 0.001 5.2 2.09-12.94 <0.001 3.92 1.81-8.66 <0.001
42,95 9.15-192.85 <0.001 47.83 9.13-250.73 <0.001 28.58 5.61-14554  <0.001

54.44 12.05-246 <0.001 31.73 7.44-135.37 <0.001 34.09 6.82-170.29  <0.001
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Table 8. Univariate and multivariate logistic regression analysis of selected clinical characteristics

and laboratory parameters at admission for the prediction of death.

Univariate Regression

Multivariate Regression

Variable
OR 95% CI p OR 95% CI p

Weight > 100 kg 6.02 2.01-18.09 0.001
BMI > 40 kg/m? 5.91 1.4-27.97 0.016

Comorbidities 3.51 1.18-10.48 0.024 3.96 1.21-12.98 0.023
Diabetes or insulin resistance 46 1.46-14.77 0.009
Chronic arrhythmia 10 1.54-64.83 0.016
CK-MB > 20—at admission 3.08 1.08-8.73 0.035
D-Dimer > 500 png/L FEU—at admission 7.99 1.03-61.65 0.046
EGFR < 60 mL/min—at admission 9.23 2.69-31.67 <0.001
GGT > 120 U/L—at admission 7.92 2.53-24.77 <0.001
Creatinine > 1.2 mg/dL—at admission 4.92 1.54-15.74 0.007
LDH > 500 U/L—at admission 4.8 1.7-13.6 0.003
NT-proBNP > 190 pg/mL—at admission 3.66 1.24-10.81 0.019
Total calcium < 2.1 mmol/L—at admission 8.35 2.47-28.24 <0.001
Neutrophil count >7 x 103/ uL—at admission 6.59 2.27-19.13 <0.001

WBC count > 10 x 10%/ulL—at admission 7.19 2.47-20.81 <0.001 5.8 1.45-16.95 0.003
CRP > 100 mg/L—at admission 3.26 1.14-9.34 0.027

PCT > 0.5 ng/mL—at admission 7.39 2.38-22.94 <0.001 4.96 1.45-16.95 0.011

86

3.2.3. Predictors of MV in Logistic Regression

Univariate logistic regression revealed that weight > 100 kg, BMI > 40 kg/ m2, comor-
bidities, diabetes or insulin resistance, chronic arrhythmia, CK-MB > 20 U/L at admission
and at the 7th DOH, CK > 190 U/ L at admission and at the 7th DOH, D-Dimer > 500 pg/L
FEU at admission and at the 7th DOH, EGFR < 60 mL/min at admission and at the
7th DOH, GGT > 120 U/L at admission and at the 7th DOH, hematocrit < 40% at the
7th DOH, hemoglobin < 12 g/dL at the 7th DOH, creatinine > 1.2 mg/dL at admis-
sion and at the 7th DOH, LDH > 500 U/L at admission, urea > 49 mg/dL at admission
and at the 7th DOH, NT-proBNP > 190 pg/mL at admission and at the 7th DOH, RBC
count < 4.5 x 106/ uL at the 7th DOH, hsTnl > 34 pg/mL at admission and at the 7th DOH,
total calcium < 2.1 mmol/L at admission and at the 7th DOH, NLR > 2 at the 7th DOH,
lymphocyte count < 0.9 x 10%/uL at the 7th DOH, lymphocyte percentage < 19% at the
7th DOH, neutrophil count > 7 x 103/ L at admission and at the 7th DOH, neutrophil
percentage > 68% at the 7th DOH, WBC count > 10 x 103/pL at admission and at the
7th DOH, CRP > 100 mg/L at admission and at the 7th DOH, and PCT > 0.5 ng/mL at
admission and at the 7th DOH, were associated with increased risk of MV (Tables 7 and 9).
BMI > 40 kg/m?, LDH > 500 U/L, WBC count > 10 x 10%/uL, and PCT > 0.5 ng/mL,
were significantly associated with MV in multivariate analysis for variables obtained at
admission (Table 9).

3.2.4. Predictors of ICU Treatment in Logistic Regression

Univariate logistic regression revealed that weight > 100 kg, BMI > 40 kg/ m?, diabetes
or insulin resistance, CK-MB > 20 U/L at admission and at the 7th DOH, CK > 190 U/L
at admission and at the 7th DOH, D-Dimer > 500 ug/L FEU at admission and at the 7th
DOH, EGFR < 60 mL/min at admission and at the 7th DOH, GGT > 120 U/L at the
7th DOH, hematocrit < 40% at the 7th DOH, hemoglobin < 12 g/dL at the 7th DOH,
creatinine > 1.2 mg/dL at admission and at the 7th DOH, LDH > 500 U/L at admis-
sion, urea > 49 mg/dL at the 7th DOH, NT-proBNP > 190 pg/mL at admission and at
the 7th DOH, RBC count < 4.5 x 10°/uL at the 7th DOH, hsTnl > 34 pg/mL at admis-
sion and at the 7th DOH, total calcium < 2.1 mmol/L at admission and at the 7th DOH,
NLR > 2 at the 7th DOH, lymphocyte count < 0.9 x 103/uL at the 7th DOH, lymphocyte
percentage < 19% at admission and at the 7th DOH, neutrophil count > 7 x 10%/uL at
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admission and at the 7th DOH, neutrophil percentage > 68% at admission and the 7th
DOH, WBC count > 10 x 103/uL at admission and at the 7th DOH, CRP > 100 mg/L at
admission and at the 7th DOH, and PCT > 0.5 ng/mL at admission and at the 7th DOH
were associated with increased risk of ICU treatment (Tables 7 and 10). D-Dimer > 500 pg/L
FEU, LDH > 500 U/L, WBC count > 10 x 10%/uL, and PCT > 0.5 ng/mL were significantly
associated with ICU treatment in multivariate analysis for variables obtained at admission
(Table 10).

Table 9. Univariate and multivariate logistic regression analysis of selected clinical characteristics
and laboratory parameters at admission for the prediction of mechanical ventilation.

Univariate Regression Multivariate Regression
Variable
OR 95% CI r OR 95% CI P

Weight > 100 kg 4.96 1.97-12.47 <0.001

BMI > 40 kg/m2 6.35 1.7-23.76 0.006 6.88 1.27-37.45 0.026
Comorbidities 2.84 1.14-7.06 0.025
Diabetes or insulin resistance 5.22 1.87-14.54 0.002
Chronic arrythmia 6.8 1.07-43.13 0.042
CK-MB > 20 at admission 3.48 1.4-8.62 0.007
CK > 190 at admission 2.49 1.02-6.1 0.046
D-Dimer > 500 pg/L FEU—at admission 11.68 1.54-88.62 0.017
EGER < 60—niL/rnin at admission 16.33 5.17-51.57 <0.001
GGT > 120 U/L—at admission 8.53 3.03-23.99 <0.001
Creatinine > 1.2 mg/dL—at admission 7.31 2.65-20.19 <0.001

LDH > 500 U/L—at admission 5.85 2.34-14.62 <0.001 4.67 1.58-13.84 0.005
Urea > 49 at admission 5.24 1.63-16.84 0.005
NT-proBNP > 190 pg/mL—at admission 5.8 2.28-14.77 <0.001
hsTnl > 34 pg/mlL—at admission 14.93 3.66—60.82 <0.001
Total calcium < 2.1 mmol/L—at admission 10.27 3.36-31.42 <0.001
Neutrophil count > 7 x 103/ nlL—at admission 7.54 2.96-19.22 <0.001

WBC count > 10 x 10®/ uL—at admission 10.09 3.91-26.05 <0.001 5.75 1.9-17.37 0.002
CRP > 100 mg/L—at admission 57 2.13-15.22 <0.001

PCT>05 ng/-mL—at admission 13.54 4.87-37.62 <0.001 9.56 2.97-30.92 <0.001

Table 10. Univariate and multivariate logistic regression analysis of selected clinical characteristics
and laboratory parameters at admission for the prediction of ICU treatment.

Univariate Regression Multivariate Regression
Variable
OR 95% CI P OR 95% CI p

Weight > 100 kg 2.57 1.19-5.55 0.017
BMI > 40 kg/m? 4.04 1.11-14.73 0.034
Diabetes or insulin resistance 4.99 1.96-12.74 <0.001
CK-MB > 20 at admission 3.14 1.42-6.98 0.0049
CK > 190 at admission 29 1.33-6.31 0.008

D-Dimer > 500 pg/L FEU—at admission 8.47 1.96-36.53 0.004 5.24 1.15-23.84 0.032
EGFR < 60 mL/min—at admission 9.49 3.15-28.59 <0.001
GGT > 120 U/L—at admission 495 1.86-13.2 0.001
Creatinine > 1.2 mg/dL—at admission 3.32 1.24-8.88 0.017

LDH > 500 U/L—at admission 5.28 2.39-11.67 <0.001 3.35 1.82-16.17 0.002
NT-proBNP > 190 pg/mL—at admission 5.5 2.38-12.67 <0.001
hsTnl > 34 pg/mL—at admission 9.33 2.35-36.97 0.002
Total calcium < 2.1 mmol/L—at admission 6.13 2.09-17.95 0.001
Lymphocyte percentage < 19% at admission 25 3.43-186.95 0.002
Neutrophil count > 7 x 10%/ uL—at admission 7.64 3.39-17.2 <0.001
Neutrophil percentage > 68% at admission 14.66 1.96-109.9 0.009

WBC count > 10 x 10®/ uL—at admission 6.09 2.62-14.17 <0.001 3.69 1.38-9.85 0.009
CRP > 100 mg/L—at admission 472 2.1-10.62 <0.001

PCT > 0.5 ng/mL—at admission 9.35 3.6-24.29 <0.001 542 1.82-16.17 0.002

87



Viruses 2022, 14, 1700

20 of 36

88

Sensitivity

1.0

0.8

o
=}

o
IS

0.2

0.0

3.2.5. ROC Analysis

The combined multivariate regression models for predicting death, MV, and ICU
treatment had area under the curve (AUCs) values of 0.805, 0.836, and 0.846, respectively.
The ROC curves with AUCs of combined models and individual factors are presented in

Figure 3.
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Figure 3. The receiver operating characteristic (ROC) curves with an area under the curve (AUCs) of
individual factors and combined models in multivariate logistic regression analysis for predicting:
(a) death; (b) MV; and (c) ICU treatment. Nominal data (including comorbidities) and categorized
clinical and laboratory parameters obtained at admission and significant in univariate regression were
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included in this analysis. Comorbidities (AUC = 0.651), WBC count > 10 x 103 /uL (AUC = 0.651),
and PCT > 0.5 ng/mL (AUC = 0.650), were associated with death; BMI > 40 l<g/m2 (AUC =0.574),
LDH > 500 U/L (AUC = 0.696), WBC count > 10 x 103/uL (AUC = 0.720), and PCT > 0.5 ng/mL
(AUC = 0.698) were associated with MV, while D-Dimer > 500 ug/L FEU (AUC =0.652),
LDH > 500 U/L (AUC = 0.681), WBC count > 10 x 10%/uL (AUC = 0.657), and PCT > 0.5 ng/mL
(AUC = 0.650), were associated with ICU treatment. The combined multivariate regression models for
predicting death, MV and ICU treatment had the AUC values of 0.805, 0.836, and 0.846, respectively.

4. Discussion

The SARS-CoV-2 alpha variant has been shown to be more transmissible than the wild-
type variants [11,12]. However, its impact on disease severity remains unclear [13-16,18,39].

Challen et al., in a cohort study of 54,906 matched pairs [15], found that the hazard
ratio of death within 28 days associated with infection with the alpha variant, compared
with the wild-type variants, was 1.64. However, this study only included patients older
than 30 years. Moreover, Davies et al. [14] analyzed a dataset of positive SARS-CoV-
2 community tests, identifying 4945 deceased patients with known SGTF status, and
estimated the hazard of death associated with the alpha variant to be 61% (42-82%) higher
than for those with pre-existing variants. Furthermore, Grint et al. [40] found an increased
risk of death in SGTF (S gene target failure, indicating the B.1.1.7 variant) compared to
non-SGTF cases. However, the age range in the youngest group in an age subgroup analysis
was as wide as 0-59 years. Moreover, although an initial analysis of CO-CIN data reported
by NERVTAG [39] did not identify increased in-hospital case-fatality rate associated with
the alpha variant, several other unpublished analyses summarized in NERVTAG were
consistent in reporting increased disease severity in people infected with the alpha variant
compared to variants then considered as non-VOCs [39].

On the contrary, a study by Frampton et al. [13] found no association of severe disease
and death with B.1.1.7 compared to the non-B.1.1.7 lineage in hospitalized COVID-19
patients. Similarly, Brookman et al. [18] found no evidence of a greater disease severity
in children hospitalized during the second wave in England (1 March to 31 May 2020)
compared to the first wave (1 November 2020, to 19 January 2021), which prompted them
to suggest that there is no appreciably different clinical course of the infection with the
B.1.1.7 variant compared to the original variant. It should be noted that these studies
showing no increased severity and mortality associated with the alpha variant only in-
cluded hospitalized patients [13,18,39]. It is therefore also possible that the SARS-CoV-2
alpha variant could have been associated with more severe disease compared to previous
variants, increasing the number of patients severe enough to meet hospital admission
criteria, but had no impact on the in-hospital outcomes, including mortality [39]. Indeed,
Nyberg et al. found that the risk of hospitalization was higher for people infected with the
alpha variant compared with wild-type variants, with an adjusted hazard ratio of hospital
admission of 1.52 [17]. Moreover, although Martin-Blondel et al. reported a greater severity
of the disease associated with the alpha variant in hospitalized patients, this result was
statistically significant when defining severe disease as a WHO-scale > 5 or the need of a
non-rebreather mask, while the differences in the mortality rate and the need for HFNO,
ICU admission and MV or ECMO were not statistically significant [16]. It is also noteworthy
that the alpha variant has been de-escalated from being VOC, indicating that it no longer
poses a significant risk to public health [7].

In our study, we found no significant differences in disease severity or mortality
between the second and third wave patients, which may indicate that in hospitalized
severely ill young adults, the SARS-CoV-2 alpha variant did not increase the incidence
of critical disease or death. Indeed, we found no significant differences between the two
waves regarding mortality and the need for ICU. There were also no differences between
the second and third waves regarding the median percentage of lung involvement on CT at
admission and the need for MV. Therefore, our results indicate that the alpha variant does
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not appear to be associated with worse outcomes in hospitalized young adults than the
wild-type variants.

It is noteworthy that we have found no significant differences between the second
and third waves regarding sex, BMI, smoking status, and comorbidities. Moreover, in
our study WBC, neutrophil and IG counts, IG percentages, NLR and the frequency of
leukocytosis and neutrophilia at admission were higher, and the lymphocyte percentage at
admission was lower in the second wave compared with the third wave, while there were
no significant differences regarding IL-6, CRP, and ferritin levels between these two waves.
Furthermore, although there was no significant difference between waves in terms of PCT
levels at admission, PCT levels at the 7th DOH were significantly higher in the second
wave compared with the third wave. As these markers of hyperinflammation seem to be
associated with a worse outcome, as discussed below, these findings further contradict a
greater disease severity due to the alpha SARS-CoV-2 variant compared to the wild-type
variants. Moreover, high D-Dimer and low albumin levels also appear to be associated
with poor prognosis, and we found no significant differences between waves in terms of
D-Dimer and albumin levels at admission, while at the 7th DOH D-Dimer levels were
even higher and albumin levels lower in the second wave compared with the third wave.
In addition, although myoglobin levels at the 7th DOH were significantly lower in the
second wave compared with the third wave, there were no differences between waves in
other, more cardiac-specific biomarkers. Hence, this finding is not likely to indicate more
pronounced myocardial injury in the third wave.

Regarding the delta variant, although it is generally considered to be associated with
greater disease severity, data are inconsistent [20-23]. Two studies in the UK showed
a greater risk of hospitalization with the delta variant compared to the alpha variant.
However, these studies did not report on disease severity or mortality [41,42]. A study
from Canada compared then-considered VOC and non-VOC strains, and found increased
risk of hospitalization, ICU admission, and death with N501Y-positive variants (alpha,
beta, and gamma variants) and even more pronounced for the delta variant [20]. On the
other hand, a US study comparing children suffering from COVID-19 during the delta vs.
pre-delta eras found no significant difference in hospitalization rates and lower odds of
severe disease [22]. Moreover, Klidser et al. [23] found that illness duration was lower in
those infected with delta compared to alpha variant, though unchanged in unvaccinated
patients, and there was no difference regarding hospitalization.

Omicron variant, currently labeled as VOC, appears to cause less severe disease [8,43],
however, more data are still needed [27]. In a study by Lauring et al. [43] the severity was
higher for delta than alpha, and lower for omicron than delta variants. Sievers et al. [25]
found significantly reduced odds of hospitalization, ICU admission and death in patients
infected with omicron compared to delta variant, whereas Van Goethem et al. [26] reported
significantly lower risk for severe COVID-19 and ICU admission in hospitalized patients
infected with the omicron compared to delta variant, while in-hospital mortality was
not significantly different. Wolter et al. [27] found reduced risk of severe disease among
patients infected with SGTF (as a proxy for the omicron variant) compared with individuals
with earlier delta variant infections, however, the authors did not find the difference in
severity between SGTF and non-SGTF infections diagnosed during the same time period,
and suggested that immunity, due to previous infection, vaccination, or both, may at least
in part account for the reduced severity of omicron compared to delta variant infections.
Indeed, continuously changing vaccination status makes these comparisons of SARS-CoV-2
variants even harder. Furthermore, even in non-vaccinated patients the severity of the
disease may now be more and more frequently affected by other factors, including prior
SARS-CoV-2 infection. Nevertheless, it seems possible that the omicron will share the fate
of the previous variants, and be de-escalated.

SARS-CoV-2 infection may be asymptomatic or symptomatic, with the course of the
disease varying widely from mild to severe to critical. A report by the Chinese Center for
Disease Control and Prevention in the initial period of the pandemic (up to 11 February
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2020), based on 44,500 confirmed COVID-19 cases, showed that mild disease was found
in 81% of cases, severe disease in 14%, and critical disease (with respiratory failure, septic
shock and/or multiple organ failure) in 5%, with an overall case-fatality rate of 2.3% and
no deaths among noncritical patients [30]. Similarly, in a CDC report analyzing cases
reported between 22 January and 30 May 2020, 14% of patients required hospitalization,
2% were admitted to the ICU, and 5% died [44]. It is noteworthy that initially non-severe
COVID-19 patients may progress in approximately a week. In our study, the median time
from the onset of symptoms to hospital admission was eight days in the second wave and
nine days in the third wave, and the median time from the onset of symptoms to ICU
admission was 10 days in both groups. Similarly, in a systematic review by Xie et al. [45],
the median time from the onset of the disease to first hospital admission was seven days,
dyspnea occurred after 5-8 days, and ARDS after 8-9 days, and the median time to [CU
admission was 10.5 days. In young adults, Liu et al. reported a median time from the
onset of symptoms to hospital admission of 11 days and 10 days in the survivors and
non-survivors, respectively [31], while in a study by Owusu et al. this time period was
seven days [46].

Regarding inpatients, in a study of 16,000 adults hospitalized with COVID-19 from
March to December 2020, the percentage of patients admitted to the ICU decreased from
37.8% in March to 20.5% in December, and the overall fatality rate was 11.4% [47]. In
another study [48], out of 2634 patients hospitalized for COVID-19 between 1 March and
4 April 2020, 14.2% were admitted to the ICU and 21% died.

In the general population, certain demographic and clinical features have been associ-
ated with the risk for severe course of COVID-19 including older age [28,29,48-54], male
sex [48,52,53], smoking [53-55], obesity [51-53,55], and other comorbidities [44,55] such
as diabetes [44,51,54,55], hypertension [30,51], heart conditions [30,52,55], chronic respi-
ratory diseases [30,55], chronic kidney disease [52,55], and cancer [20,53,55]. As already
mentioned, data on clinical features and risk factors of severe COVID-19 in young adults
are scarce.

Current evidence indicates that older adults are at risk of having more severe disease.
In a study by Verity et al. [49] the hospitalization rate was 1.04% in patients aged 20-29,
3.43% in patients aged 30-39, 4.25% in patients aged 40-49, 8.16% in patients aged 50-59,
11.8% in patients aged 60-69, 16.6% in patients aged 70-79, and 18.4% in patients aged 80
or over. Luo et al,, after dividing their study population into four age groups, found severe
and critical disease, respectively, in none of the children (18 years or younger), 1.5% and
0.8% of young adults (19-44 years), 6.5% and 6.5% of middle-aged adults (45-64 years), and
12.7% and 20.3% of elderly adults (65 years or older) [50]. Age also appears to be associated
with increased mortality [28,29,48-50]. In the aforementioned study by Verity et al. [49],
the adjusted case-fatality ratio was estimated at 0.06% in patients aged 20-29, 0.15% in
patients aged 30-39, 0.3% in patients aged 40-49, 1.25% in patients aged 50-59, 3.99% in
patients aged 60-69, 8.61% in patients aged 70-79, and 13.4% in patients aged 80 or over.
Williamson et al. [28] found a greater than 20-fold-increased risk of death in patients 80 years
and older compared to 50-59-year-olds. For these reasons, many studies of COVID-19
focus either on general epidemiological data or on older populations [29,33,56]. However,
COVID-19 may also result in severe disease and death in young adults [33,57-59]. In our
study, 13.54% of patients required ICU admission and 7% died, which agrees with other
studies of young adults. Indeed, in a study of 395 patients aged 18-35 years hospitalized for
COVID-19, 21% required invasive mechanical ventilation and 13.9% died [33]. In a study of
SARS-CoV-2-positive 18-45-year-olds, who had presented to emergency departments, 9%
died during hospitalization [57]. Richardson et al. [58] found that the 30-day in-hospital
mortality in COVID-19 patients aged 18-39 years was 4.9%, while Cunningham et al. [59]
found that of the 3222 18-34-year-olds hospitalized for COVID-19, 21% were admitted to
the ICU and mortality was 2.7%. Therefore, it is essential to identify the clinical features
and risk factors for severe COVID-19 in this age group. Of note, we have not found a
significant age difference between survivors and non-survivors, possibly because our study
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only involved young adults. Similarly, in a study by Cunningham et al. [59], the odds of
MYV or death did not vary significantly with age. We believe that studies of young adults
are of great importance due to the small influence of other factors, such as comorbidities, on
the course of infection in this age group, which may be useful in determining the influence
of the causative variant on disease severity.

The male sex of young adults has been related with poor prognosis by some au-
thors [31,35,59], while others have failed to find this relationship [58,60]. In our study,
there was no significant difference between the survivors and non-survivors regarding
sex. However, it should be noted that we observed a male predominance in both waves,
which may indicate that men were more likely to have a disease severe enough to require
hospital admission.

Some studies in young adults found no association of smoking and mortality [33,58,61].
Conversely, in our study, a history of current or former smoking, but not current smoking,
was significantly more frequent among the non-survivors than survivors, and we have
found a weak positive correlation between smoking and the need for MV and ICU treatment.
Moreover, according to the CDC, there is evidence that in the general population smoking is
associated with a higher risk of severe COVID-19 [55]. Therefore, in our opinion, smoking
history should be taken into consideration while assessing the possible risk factors for
severe COVID-19 in young adults.

Higher BMI and obesity have been identified as risk factors for poor prognosis in
young adults in several studies [33,35,57-59,61]. Although we have also found weight
and BMI to be higher in non-survivors compared to survivors, these differences were not
significant after the removal of the outliers. However, it should be noted that in our study of
COVID-19 patients, all of whom were hospitalized due to severe disease, the median BMI
was 30.58 kg/m2 (IOR 27.1-34.3 kg/mz), and normal BMI (below 25 kg/mz) was found in
only 12.34%. Moreover, we have also found a positive correlation between BMI and the
need for MV. Furthermore, weight > 100 kg and BMI > 40 kg/ m? were significant predictors
of death, MV and ICU treatment in univariate logistic regression, and BMI > 40 kg/ m2
was also a significant predictor of MV in multivariate analysis. Therefore, it appears that
overweight or obesity should also be considered risk factors for poor prognosis, possibly
due to their association with other comorbidities, such as reduced lung volumes and
hypercoagulable states [58].

In our study, comorbidities were significantly more frequent in non-survivors com-
pared to survivors, and were associated with the risk of death and MV in univariate
logistic regression, and with the risk of death in multivariate analysis. Similarly, Richard-
son et al. [58] found a Charlson comorbidity index score to be an independent predictor
of in-hospital 30-day mortality in young adults hospitalized for COVID-19. We have also
found that chronic arrhythmia was significantly more frequent in the non-survivors than
in the survivors, while for insulin resistance, diabetes, and hypertension, although their
frequency was greater in non-survivors than in survivors, these differences were not sig-
nificant (p = 0.058, 0.199 and 0.268, respectively). There were no significant differences
in the frequency of asthma, hypothyroidism, and Hashimoto disease (p = 1, 0.485 and 1,
respectively). In univariate logistic regression, having diabetes or insulin resistance was
significantly associated with the risk of death, MV, and ICU treatment, and chronic arrhyth-
mia was significantly associated with the risk of death and MV. Several studies of young
adults have identified diabetes as a risk factor for more severe disease [31,33,35,59-61].
Hypertension has been associated with poor prognosis in some studies [31,33,59,61], how-
ever, others have not found this association [35,58,60]. Similarly, asthma was predictive of
more severe disease in some studies [35,60], but other authors found it was not associated
with increased mortality [33,58]. Additionally, cardiac [33,35] and renal [33,35] conditions
have been identified as related to poor prognosis in some studies, while no association of
thyroid diseases and severe COVID-19 has been found [35,60]. Overall, the association of
comorbidities and the outcome of SARS-CoV-2 infection appears to be less pronounced in
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young adults than in the general population, as a greater number of comorbidities in elderly
patients may lead to a more complex pathogenesis in COVID-19 and its complications [34].

In our study, the percentages of lung involvement and lung involvement of at least
50% on CT were significantly higher in the non-survivors than in survivors. There was
also a weak positive correlation between the percentage of lung involvement and the need
for MV and ICU treatment. This agreed with a study by Ruch et al. [62] which found
that the extent of changes on initial CT was associated with prognosis, with 69.5% of
patients who had lung involvement over 50% having developed severe disease, compared
to 22.9% of patients with lung involvement no greater than 25%. Similarly, in a study
by Annoni et al. [63] the percentage of damaged lung parenchyma volume on CT was
correlated with the course of COVID-19, with average infected lung volume significantly
higher in the non-survivors.

In our study, SpO» at admission was significantly lower in non-survivors than in sur-
vivors, and there was a weak to moderate negative correlation between SpO, at admission
and the need for MV and ICU treatment. Moreover, we found a more frequent need for
HFNO and MV and a higher maximum oxygen flow, in both conventional oxygen therapy
and HFNO, in non-survivors than in survivors. This agreed with previous studies among
young adults reporting an association of respiratory distress and mortality [31,33,34]. Fur-
thermore, as predicted, we found that ICU admission, vasopressors, and CRRT were more
frequent in non-survivors than in survivors.

Current evidence in the general population indicates that a number of laboratory
anomalies may be associated with the risk for severe course of COVID-19 and worse
outcomes, including elevated WBC [29,54,64-69] and neutrophil counts [64-66,68-70], lym-
phopenia [29,52,61,64-66,68-70], elevated NLR [64,66], thrombocytopenia [29,64,68-71], in-
creased inflammatory markers, including CRP [52,64-66,68-71], PCT [29,52,66,68-71], and
ferritin [29,64-66,68-70], and inflammatory cytokines, such as IL-6 [29,64,65,68-70], as well
as organ and coagulation dysfunction markers, including elevated LDH [29,64-66,68-71],
troponin and hs-Tnl [29,31,52,68,69], NT-proBNP [66,68,70], creatinine [29,52,68-71],
CK [29,68,71], liver enzymes [29,65,66,68-71], D-Dimer [29,52,64-71], longer prothrom-
bin time [29,64,65,68,69], and decreased serum albumin levels [29,65,66,68-70]. However,
Luo et al. [50] found many laboratory parameters to be significantly different in younger
compared to older COVID-19 patients, including higher WBC, lymphocyte and PLT counts,
and hemoglobin and albumin levels, and lower levels of CRP, ALT, creatinine, and D-
dimer. Similarly, Liu et al. [31] found many significantly different laboratory parameters
in younger (defined as younger than 60 years old) compared to older COVID-19 patients,
including higher lymphocyte counts and albumin levels, and lower neutrophil counts, NLR,
PT, and levels of CRP, PCT, D-dimer, LDH, creatinine, and NT-proBNP. These differences
are thought to result from higher incidences of organ dysfunctions and comorbidities, as
well as poorer immune responses in older individuals [31,50]. Therefore, the predictors of
severe disease and mortality in younger COVID-19 patients seem to differ from those in
general population.

SARS-CoV-2 infection causes a host immune response, which in most patients will con-
tribute to viral elimination. However, in some cases, the activation of nucleic acid sensors
on lung epithelium and alveolar macrophages triggers the elevated release of cytokine and
other proinflammatory mediators, such as IL-1, IL-6, and tumor necrosis factor-« (TNF-«),
resulting in the recruitment and infiltration of neutrophils, monocytes, and other leuko-
cytes. Moreover, these cytokines stimulate bone marrow to produce and release immature
granulocytes that infiltrate the lungs, further increasing the exuberant inflammatory reac-
tion [72,73]. In addition, recruited neutrophils kill pathogens by producing reactive oxygen
species (ROS) and releasing web-like structures consisting of DNA and antimicrobial agents,
such as and myeloperoxidase and histones, known as the neutrophil extracellular traps
(NETs). However, this may also cause destruction of infected tissue, microthrombosis, and
organ damage [73,74]. Furthermore, the release of cytokines, including IL-6, induces the
synthesis of acute phase proteins, such as CRP, fibrinogen, and ferritin [72], which, in turn,
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may further affect the immune reaction, being able to induce the expression of both pro-
and anti-inflammatory mediators [75,76]. Moreover, the exacerbated inflammatory reaction
may lead to cytokine-induced lymphocyte apoptosis [74,77,78]. Other possible causes of
lymphopenia in COVID-19 include a direct viral infection of ACE2-expressing lymphocytes,
destruction of lymphatic organs, and increased lymphocyte consumption in the infected
tissues [74,77,78]. For these reasons, an elevated neutrophil to leukocyte ratio (NLR) is also
observed in COVID-19 [74]. Indeed, in our study, we found that the WBC, neutrophil, and
IG counts, IG percentages, the incidence of leukocytosis, neutrophilia, and lymphopenia,
NLR, and IL-6 levels were significantly higher in non-survivors than in survivors. There
was also a positive correlation between the WBC, neutrophil an IG count, neutrophil and
IG percentages, leukocytosis, neutrophilia, NLR, and IL-6 levels and the need for MV and
ICU treatment, and a negative correlation between the lymphocyte percentage and the
need for MV and ICU treatment. In addition, CRP was significantly higher and CRP above
100 mg/L was significantly more frequent in non-survivors than in survivors, and there
was also a weak to moderate positive correlation between CRP and the need for MV and
ICU treatment. Furthermore, univariate logistic regression revealed that NLR > 2 and
lymphopenia at the 7th DOH, and neutrophilia, leukocytosis, and CRP > 100 mg/L at
admission and at the 7th DOH were significantly associated with the risk of death, MV and
ICU treatment. In multivariate analysis, CRP > 100 mg/1 and leukocytosis at admission
were significantly associated with death, MV and ICU treatment. Moreover, although we
did not find a significant difference between ferritin levels between non-survivors and
survivors, there was a weak positive correlation between ferritin levels at admission and
the need for MV, and between ferritin levels at the 7th DOH and the need for ICU treatment.

In accordance with our results, some studies in young adults with COVID-19 found
elevated WBC [31,34] and neutrophil counts [31,34], NLR [31] and levels of CRP [31,33,34],
and ferritin [34], as well as decreased lymphocyte counts [31,34,60] in deceased cases
compared to survivor patients, and elevated neutrophil percentages [79] and CRP [61,79]
levels and decreased lymphocyte counts [79] in severe vs. mild patients. However, Alto-
nen et al. [33] found no significant differences in ferritin levels and WBC, neutrophil and
lymphocyte counts between survivors and non-survivors, Zhou et al. [79] found lower
WBC count and no difference in neutrophil count in severe compared to mild patients,
and Maldonado-Cabrera et al. [61] did not observe the increase in NLR in the aggravated
COVID-19 patients. Nevertheless, we suggest that the hyperinflammatory reaction may be
the reason for the severe course of COVID-19 also in young adults. Furthermore, studies
have reported an even stronger influence on poor COVID-19 outcomes of parameters, such
as neutrophilia [31] and lymphopenia [60], in young adults than occurring in the elderly,
which was attributed to a stronger immune response in young adults with a stronger
cytokine storm and hyperinflammatory reaction [31,60].

PCT can be induced directly by bacterial endotoxins and lipopolysaccharides or
indirectly through the release of pro-inflammatory cytokines, such as IL-13, TNF-cc and IL-
6. However, its synthesis may be inhibited by interferon-y (INF-y), with increased in viral
infection. Therefore, PCT is not typically elevated in mild SARS-CoV-2-infection, while its
increase is observed in severe COVID-19, especially due to a bacterial co-infection [80-82].
Moreover, PCT upregulates the leukocyte surface markers, cytokines, and reactive oxygen
species, further aggravating the inflammatory reaction [80]. This is supported by our
study, which found that PCT was significantly higher and PCT above 0.5 ng/mL was
significantly more frequent in non-survivors compared to survivors, and that there was a
positive correlation between PCT, and the need for MV and ICU treatment.

Univariate logistic regression revealed that PCT > 0.5 ng/mL at admission and at
the 7th DOH was associated with increased risk of death, MV and ICU treatment, and
PCT > 0.5 ng/mL at admission was also associated with increased risk of death, MV and
ICU treatment in multivariate analyses. Similarly, other studies of young adult COVID-19
patients have found higher PCT in non-survivors than in survivors [31,33,34].
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Apart from the excessive inflammatory reaction, another possible cause of severe
course and poor prognosis in COVID-19 may be thrombosis and coagulopathy [61]. Several
factors may contribute to coagulation dysfunction in COVID-19, including the cytokine
storm leading to an increased production of platelets and fibrinogen, complement activation,
vascular dysfunction, Renin-Angiotensin-Kallikrein-Kinin systems (RAS-KKS) imbalance,
and excessive intravascular NETs formation by neutrophils [72,73]. This hyperactive
coagulation causes an increase in the level of D-Dimer, a fibrin degradation product [73].
In our study, D-Dimer was significantly higher in non-survivors than in survivors, and
there was a positive correlation between D-Dimer and the need for MV and ICU treatment.
D-Dimer > 500 ug/L FEU at admission was significantly more frequent in non-survivors
compared to survivors and there was also an association of D-Dimer > 500 ng/L FEU
at admission and at the 7th DOH and the need for MV and ICU treatment. Moreover,
univariate logistic regression revealed that D-Dimer > 500 ug/L FEU at admission and at
the 7th DOH were associated with increased risk of death, MV and ICU treatment, and
D-Dimer > 500 ng/L FEU at admission was also significantly associated with the risk of
ICU treatment in multivariate analysis. This accords with the findings of previous studies
of young adults with COVID-19, which have found higher D-Dimer levels in deceased
vs. alive patients [31,34]. Conversely, other studies have failed to find associations of this
marker with mortality [33] and disease severity [61,79]. Some studies have also found
elevated PT [31,34] and APTT [31] in non-survivors, while in a study by Lu et al. [34],
APTT did not differ between the non-survivors and the survivors, and in a study by
Zhou et al. [79] there was no significant difference in PT between mild and severe cases. In
our study, APTT at admission, but not at the 7th DOH, was significantly longer in survivors
compared to non-survivors, while there were no significant differences between these
groups regarding PT. Moreover, although Zhou et al. found higher fibrinogen in severe
vs. mild patients [79], we did not observe this relationship. Furthermore, similar to the
findings of Liu et al. [31], we did not find differing AT III levels between survivors and
non-survivors. It is worth noting that although pro-inflammatory cytokines may increase
platelet production, some authors have also found that severe COVID-19 is characterized
by thrombocytopenia, which may result from viral infection of bone marrow and decreased
platelet production, or increased platelet consumption due to their abnormal activation
by immune complexes or excessive thrombosis [83]. Indeed, in a study of 18-50-year-
olds, Zhou et al. [79] found decreased PLT counts in patients with severe compared to
mild COVID-19. However, we found no significant difference between non-survivors and
survivors regarding PLT counts, which was similar to the results of a study among young
adults by Lu et al. [34] One possible explanation is that, as mentioned, severe COVID-19 can
cause both thrombocytopenia and increased PLT production. Indeed, we have observed a
positive correlation between both thrombophilia and thrombocytopenia and the need for
ICU treatment.

Some evidence indicates that lower RBC counts and hemoglobin may be associ-
ated with a worse outcome [69,84]. However, other authors have not confirmed this
relationship [67,68], including in studies of young adults [34,79]. Interestingly, in our
study, although there were no significant differences regarding RBC counts, hematocrit,
and hemoglobin levels at admission, at the 7th DOH these parameters were signifi-
cantly lower in non-survivors than in survivors, and there was a negative correlation
between RBC counts, hematocrit and hemoglobin levels at the 7th DOH, and the need
for MV and ICU treatment. In addition, univariate logistic regression revealed that RBC
count < 4.5 x10%/ uL, hematocrit < 40%, and hemoglobin <12 g/dL at the 7th DOH were
associated with increased risk of death, MV and ICU treatment. This accords with a study
by Lanser et al. [85] which found a more distinct decrease in hemoglobin levels in pa-
tients with severe COVID-19, and the association of new-onset anemia with a higher risk
of ICU admission, which the authors suggested reflects hyperinflammation leading to
disease progression.
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Another biomarker associated with COVID-19 severity is LDH, an enzyme that is
present in all tissues and released into the blood upon tissue damage, including such
as viral infection, hypoxia, and inflammation-induced injury [86]. In our study, LDH at
admission was significantly higher in non-survivors than in survivors, and there was a
positive correlation between LDH, and the need for MV and ICU treatment. In addition,
LDH > 500 U/L at admission was associated with increased risk of death, MV and ICU
treatment in univariate analyses, and with MV and ICU treatment in multivariate analyses.
This accords with another study in young adults [31]. However, other authors [33,34]
have failed to find this relationship. The elevation of LDH levels may be due to the
multiple organ damage, including renal, myocardial, and liver dysfunction, that has been
observed in severe COVID-19 [71]. This multiorgan damage is likely multifactorial and may
occur either by direct viral invasion through ACE2 receptors expressed in multiple tissues,
including myocardium, renal tubular cells and hepatic tissue, or by indirect injury due to
cytokine storm and systemic inflammation, sepsis, hypovolemia, hypoxemia, oxidative
stress, microvascular thrombosis, and endothelial damage [61,87-91].

According to current evidence, elevation of cardiac injury biomarkers, such as troponin
and hs-Tnl, CK-MB, myoglobin and NT-proBND, is associated with COVID-19 severity and
mortality [87,88,92]. Agreeing with this evidence, in our study, hs-Tnl, CK-MB, myoglobin,
and NT-proBNP were significantly higher in non-survivors than in survivors, and there
was a positive correlation between hs-Tnl, NT-proBND, and CK-MB and the need for MV
and ICU treatment. Moreover, univariate logistic regression revealed that CK-MB > 20 U/L
at admission and at the 7th DOH, NT-proBNP > 190 pg/mL at admission and at the 7th
DOH, and hsTnl > 34 pg/mL at the 7th DOH were associated with increased risk of death,
MV and ICU treatment, and hsTnl > 34 pg/mL at admission—with increased risk of MV
and ICU treatment. These findings are consistent with other studies in young adults that
found higher levels of hs-Tnl [34], CK-MB [31], myoglobin [31,34], and NT-proBNP [31,34]
in deceased vs. alive patients, however, there are other studies that did not find differences
in the troponin levels between survivors and non-survivors [33], nor differences in CK-
MB levels between severe and mild COVID-19 patients [61,79]. We have also observed a
correlation between myoglobin levels, a marker that is less specific to cardiac injury, and
the need for MV and ICU treatment. Interestingly, another non-cardiac specific marker,
CK, was significantly higher in non-survivors than in survivors, but only at the 7th DOH,
and not at admission, and in univariate logistic regression CK > 190 U/L at admission and
at the 7th DOH were associated with increased risk of MV and ICU treatment, but only
CK > 190 U/L at the 7th DOH was associated with the increased risk of death. This might
indicate the progression of muscle damage, including rhabdomyolysis and myocardial
injury [71,92], in the course of COVID-19. CK was also found to be higher in severe than
in mild young adult cases by Zhou et al. [79], but not by Maldonado-Cabrera et al. [61],
and Lu et al. [34] did not find a significant difference in CK levels between deceased and
alive patients.

Acute kidney injury has also been found to be a predictor of mortality and severity in
COVID-19 patients [89-91], and higher levels of serum creatinine and blood urea nitrogen
(BUN) have also been associated with an increase in fatality and severe disease [89,90].
In our study, creatinine and urea levels were significantly higher in the non-survivors
compared to the survivors, and EGFR was significantly lower in non-survivors compared
to survivors. We also observed a positive correlation between creatinine levels and the
need for MV, a positive correlation between urea levels and the need for MV and ICU
treatment, and a negative correlation between EGFR and the need for MV. Furthermore,
univariate logistic regression revealed that EGFR < 60 mL/min at admission and at the 7th
DOH, creatinine > 1.2 mg/dL at admission and at the 7th DOH and urea > 49 mg/dL at
the 7th DOH were associated with increased risk of death, MV and ICU treatment, and
urea > 49 mg/dL at admission with increased risk of MV. Other studies in young adults
have also found higher creatinine [33,34] and urea [31,34] levels in deceased vs. alive
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patients. However, creatinine levels did not differ between non-survivors and survivors in
a study by Liu et al. [31] nor between mild and severe cases in a study by Zhou et al. [79].

Although COVID-19 has also been hypothesized to cause hepatic injury, data on
the association of liver enzyme levels and COVID-19 severity and mortality are incon-
sistent [93-95]. Moreover, hypertransaminasemia observed in some studies may also be
due to myocardial and muscle injury or drug-induced hepatotoxicity [93,96]. In our study,
ALT at the 7th DOH was significantly higher in survivors compared with non-survivors,
however, no other significant differences between these groups regarding ALT, AST, and
total bilirubin levels were found. This is in contrast with a study of COVID-19 young adults
by Liu et al. [31] that reported ALT, AST, GGT, and bilirubin to be significantly higher in de-
ceased vs. alive patients. Moreover, Zhou et al. [79] found elevated AST in severe vs. mild
patients. However, other studies of young adults have found no difference in ALT and AST
levels between survivors and non-survivors [33,34], and Zhou et al. [79] did not observe
any difference in bilirubin levels between severe vs. mild patients. Interestingly, although
there were no significant differences between survivors and non-survivors regarding GGT
level, in univariate logistic regression, we found that GGT > 120 U/L at the 7th DOH was
associated with increased risk of death, MV, and ICU admission, and GGT > 120 U/L at
admission was associated with increased risk of death and MV.

We found albumin concentrations to be significantly lower in non-survivors than
in survivors, and there was a moderate to strong negative correlation between albumin
concentration and the need for MV and ICU treatment. This agrees with a meta-analysis by
Soetedjo et al., which found that hypoalbuminemia was associated with poor prognosis
in COVID-19 patients [97]. Similarly, it agrees with previous studies in young adults,
which found lower albumin levels in deceased vs. alive patients [31,34], and in severe vs.
mild patients [79]. However, decreased albumin levels may not only result from hepatic
dysfunction, but also from prioritizing of acute phase proteins synthesis, cytokine-induced
increase in vascular permeability leading to albumin extravascular escape, and excessive
renal losses due to kidney injury [93,98]. In addition, as albumin has the ability to reduce
tissue-damaging oxidative stress and acts as an anticoagulant due to its ability to bind AT I1I
and inhibit platelet aggregation, hypoalbuminemia may further worsen the prognosis [98].
Hence, the prevalence of liver injury in COVID-19 patients may be overestimated [96].

In meta-analyses, hypocalcemia has been found to be significantly associated with
COVID-19 severity and mortality [99,100]. In a study by Yang et al. [101], low calcium and
phosphorus levels were more prevalent in severe or critical than in moderate COVID-19
patients. The possible mechanisms for a decrease in serum calcium levels in COVID-19
patients include chronic vitamin D deficiency, especially in older patients, hypoalbumine-
mia, renal insufficiency, the imbalance of parathyroid hormone caused by proinflammatory
cytokines, and elevated levels of unsaturated fatty acids that can bind to calcium [99,100].
It is also important to note that calcium is involved in the immune response [99,101]. In
our study, total calcium concentration was significantly lower in the non-survivors than
in survivors and there was a negative correlation between calcium concentration and the
need for MV and ICU treatment. Moreover, univariate logistic regression revealed that
calcium < 2.1 mmol/L at admission and at the 7th DOH were associated with increased
risk of death, MV and ICU treatment.

Furthermore, vitamin D, an important regulator of calcium homeostasis, has an im-
munomodulatory role by influencing the production of antimicrobial peptides, as well
as counteracting the cytokine storm by inhibiting the production of pro-inflammatory cy-
tokines and promoting anti-inflammatory cytokines, controlling T-cell mediated responses,
and modulating the activity of neutrophils and macrophages [102-104]. Several meta-
analyses found vitamin D deficiency to be associated with a higher risk of developing
severe disease, while data regarding its impact on mortality are inconsistent [103-106].
In our study, we found vitamin D3 levels at admission to be significantly lower in non-
survivors than in survivors. Moreover, there was a negative correlation between vitamin
D3 levels at the 7th DOH and the need for ICU treatment.
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Our study has several limitations. Firstly, it was a single-center retrospective study
with a limited sample size that only included severe, hospitalized patients, which may
limit the validity of generalizing its results to the entire young adult population. Therefore,
larger, multi-center, prospective studies are needed. Secondly, because this study is an
observational and exploratory study in which many statistical tests were performed, our
results may be influenced by some false-positive error and confounding factors. Moreover,
because of the retrospective nature of this study and the limited resources of the health
care system at the time, genotypic results of the causative variant were not available.
Hence, conclusions regarding the comparison of the wild-type and alpha variants remain
presumptive. However, the prevalence of the alpha variant in Poland during the period
defined here as the second wave was low (approximately 6.5%), while in the period
defined as the third wave the alpha variant accounted for over 92% of the identified
strains [10]. These data strongly support that the analyzed waves correspond well to the
causative variant.

Therefore, we believe that our study provides valuable data on the impact of infection
with the alpha variant of SARS-CoV-2, compared to with wild-type variants, on the severity
of the disease, which, in our opinion, might also be of importance in the discussion of
the pathogenicity of the next SARS-CoV-2 variants. Noteworthy, none of the patients was
vaccinated nor did they have any previous documented SARS-CoV-2 infection. Moreover,
there were no significant differences between the waves in terms of the medical treatment
used. Hence, we believe that although the variants studied here are no longer dominant,
our results are still relevant, as they may provide valuable information on the mechanisms
involved in SARS-CoV-2 infection not affected by these factors, which is difficult to achieve
in the studies of later variants. Furthermore, most previous studies have focused on
predictors of severe COVID-19 in the general population, with older individuals often
predominating among those hospitalized, while risk factors among younger individuals
appear to be different. In our study, we propose possible predictors of poor COVID-19
outcomes in hospitalized young adults, which may contribute to the early identification of
people in this age group at risk of developing severe disease.

5. Conclusions

In hospitalized young adults, the SARS-CoV-2 alpha variant does not appear to cause
more severe disease than the wild-type variants. Further studies in this age group can be of
great use in establishing the influence of current and potential future VOCs on the disease
severity. We suggest that a number of factors, including obesity, comorbidities, current
or former smoking, the percentage of lung involvement on CT, lower SpQO», leukocytosis,
neutrophilia, lymphopenia, higher IG count, NLR, and higher CRP, PCT, IL-6, D-Dimer,
LDH, hs-Tnl, CK-MB, myoglobin, NT-proBNP, creatinine, urea and GGT levels, lower
EGFR, albumin, calcium and vitamin D3 levels, and possibly a decrease in RBC counts and
hemoglobin and hematocrit levels and an increase in CK levels in the course of hospital-
ization may be associated with poor outcomes of COVID-19. The earlier identification of
young, high-risk patients and appropriate intervention may improve outcomes. As severe
disease and deaths also occur in young adults, health authorities should emphasize the
need for preventative measures and support research on predictors of poor outcomes in
this age group.
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Supplementary Materials

Table S1. Additional data on general and clinical patients’ characteristics between the second and the

third wave.

Total Second wave Third wave
Parameter (N=229) (N=75) (N=154) p-value
18-24.9 kg/m? 19 (12.34%) 5 (10.2%) 14 (13.33%) 0.774%
25-29.9 kg/m? 55 (35.71%) 16 (32.65%) 39 (37.14%) 0.718*
BMI, ranges (N=154) 30-34.9 kg/m? 46 (29.87%) 16 (32.65%) 30 (28.57%) 0.744%
35-39.9 kg/m? 23 (14.94%) 6 (12.24%) 17 (16.19%) 0.691*
> 40 kg/m? 11 (7.14%) 6(12.24%) 5 (4.76%) 0.105%
. B Current 13 (7.93%) 3(5.26%) 10 (9.35%) 0.545%#
Smoking (N=164) Current or former 20 (12.2%) 6 (10.53%) 14 (13.08%) 0.821*
ARh+ 18 (29.03%) 11 (30.56%) 7 (26.92%) 0.978*
A Rh- 3 (4.84%) 2 (5.56%) 1(3.85%) il
B Rh+ 12 (19.35%) 8 (22.22%) 4(15.38%) 0.729%
B Rh- 4 (6.45%) 3(8.33%) 1 (3.85%) 0.633%
Blood type (N=62) AB Rh+ 2 (3.23%) 1(2.78%) 1 (3.85%) 1
AB Rh- 2(3.23%) 1(2.78%) 1(3.85%) 1+
0 Rh+ 20 (32.26%) 9 (25%) 11 (42.31%) 0.245%
0 Rh- 1(1.61%) 1 (2.78%) 0 (0%) 10+
Steroids 222 (96.9%) 74 (98.7%) 148 (96.1%) 0.431%#
Remdesivir 59 (25.8%) 19 (25.3%) 40 (26%) 0.955*
Tocilizumab 9 (3.9%) 3 (4%) 6(3.9%) I
Treatment L
Antibiotics 166 (72.5%) 56 (74.7%) 110 (71.4%) 0.721*
Convalescent plasma 20 (8.7%) 7 (9.3%) 13 (8.4%) 0.980*
LMWH 227 (99.1%) 75 (100%) 152 (98.7%) 0.815*
SpO2 at admission, % (N=190) 90 (87-92) 89 (85.5-92) 90 (87-92) 0.641**
Time from the onset of symptoms to hospital
admission, days (N=229) 8(7-11) 8 (6-10) 9 (7-11) 0074
Duration of hospitalization (excluding deceased),
days (N=212) 10.5 (8-14) 11 (9-16) 10 (8-13.25) 0.036**
Time from hospital admission to death (N=16) 15 (8.75-27.25) 20 (14.5-24.75) 10 (7.25-30.75) 0.329**
Conventional oxvgen therapy (N=229) 222 (96.94%) 73 (97.33%) 149 (96.75%) 1%
Maximum flow — HFNO, 1/min (N=55) 60 (57.5-60) 60 (55-61.25) 60 (60-60) 0.814%*
Maximum FiO2 - HENO, % (N=53) 90 (83.5-95) 94.5 (87.5-95.25) 90 (83.5-95) 0.277+*
Extubation (N=22) 6 (27.27%) 3(27.27%) 3(27.27%) 4
Duration of oxygen therapy
(conventional/HFNO/invasive ventilation), days 8(5-12) 6 (4-10) 0.814*
(N=206)
ECMO (N=229) 8§ (3.49%) 4 (5.33%) 4 (2.6%) 0.444%++
Length of ICU stay (excluding deceased), days (N=16) 9 (6-18.25) 9 (6-25.5) 9 (6-16) 1%
Time from the 01lset§i}?3r&i§$s to ICU admission, 10 (85-13) 10 (8-13) 10 (9-13) 0,524+
Vasopressors (N=229) 21(9.17%) 11 (14.67%) 10 (6.49%) 0.077*
5(2.18%) 3 (4%) 2 (1.3%) 0.334**

CRRT (N=229)

w/o — without outliers; * - Chi-squared with Yates correction; ** - Mann-Whitney U test; *** - Fisher's exact test. Continuous
variables are presented as median (IQR), categorical variables are presented as N (%)
LMWH - Low molecular-weight heparin, CRRT - continuous renal replacement therapy.
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Table S2. Additional data on comparison of patients” laboratory parameters (as continuous variables)
between the second and the third wave.

Parameter

Total
(N=229)

Second wave

(N=75)

Third wave

(N=154)

p-value*

RBC count - at admission, x105/uL (N=227)

4.79 (454-5.05)

4.78 (4.46-5.06)
(w/o median 4.8)

4.79 (4.59-5.05)

0.761 (w/o 0.835)

4.62 (4.37-4.99)

count - 7. DOH, =109 = 72 (4.45-5, 75 (4.5-5.09 . /0 0.3
RBC count - 7. DOH, x107/uL (N=187) 42045500 nder W73 (A5509) 0246 (wjo0321)

Hemoglobin - at admission, g/dL (N=227) 143 (13.45-15.1) 143 (13.35-15.25)  14.35 (13.6-15.03)  0.818 (w/0 0.813)
Hemoglobin - 7. DOH, g/dL (N=187) 14 (13-15) 13.95 (12.8-14.8) 141 (13.2-15.2) 0.239

Hematocrit - at admission, % (N=227)

41.6 (39.35-44.05)

41.2 (39.2-44)

41.7 (39.68-44.03)

0.375 (w/o 0.417)

Hematocrit - 7. DOH, % (N=187)

417 (38.5-44.6)

41.25 (37.3-44.25)

419 (39.4-44.6)

0.094 (w/o 0.128)

Ferritin - at admission, ng/mL (N=61) 1160 (487-1562) 1160 (725.5-1386) 1159 (470.5-1567.25) 0.802 (w/o 0.947)
Ferritin — 7. DOH, ng/mL (N=31) 951 (438-1394) 920 (585.75-1484.5) 951 (438-1323.5) 0.740
IL-6 - at admission, ng/mL (N=116) 20.75 (7.2-56.6) 18.8 (8.22-45) 20.8 (5.56-65.2 0.622
IL-6 - 7. DOH, ng/mL (N=53) 9.1(4.23-21.8) 9.19 (6.11-22.2) 8.45 (2.34-21.05) 0.426
AT III - at admission, % (N=17) 95 (85-101) 93 (76.5-97) 102.5 (95-128) 0.159
AT IIT - 7. DOH, % (N=10) 93 (90.25-108) 91 (82-94.75) 109 (93.75-123) 0.238
Fibrinogen - at admission, mg/dL (N=62) 598 (467-728.25) 646 (510-773) 585 (466-683) 0.278 (w/0 0.191)
Fibrinogen — 7. DOH, mg/dL (N=39) 486 (386-578) 532.5 (385.5-619.75) 477 (410-557) 0.548
LDH - at admission, U/L (N=172) 410 (313-554) 380 (292.25-530.75) 419.5 (324.75-575) 0.178
LDH - 7. DOH, U/L (N=46) 389.5 (256.75-447.25) 397 (353-529.75)  368.5 (243.5-434.5) 0.181
hs-Tnl - at admission, pg/mL (N=153) 3.4 (3.2-7.9) 3.9 (2.55-7.35) 3.2(3.2-7.83) 0.667
hs-Tnl - 7. DOH, pg/mL (N=40) 3.2(2.28-22.1) 2.45(1.08-23.1) 3.2 (3.2-13.25) 0.244
CK - at admission, U/L (N=142) 250.5 (114-457) 207.5 (88.5-465.75)  256.5 (134-452.25) 0.268
CK -7.DOH, U/L (N=38) 69.5 (35.25-197) 83.5 (25.75-225)  67.5 (36.75-129.25) 0.745
CK-MB - at admission, U/L (N=124) 19 (15-25) 19 (15-22) 18 (15-27) 0.998
CK-MB -7. DOH, U/L (N=27) 18 (13.5-30.5) 20 (13.5-30) 15 (14-36) 0.865
NT-proBNP - at admission, pg/mL (N=142) 101.5 (43-192.75) 116.5 (49-234.75)  100.6 (40.75-178.25) 0.524
NT-proBNP - 7. DOH, pg/mL (N=42) 147 (57.75-264.25) 208.5 (66.5-272) 119 (65.25-218.25) 0.247
Myoglobin - at admission, ng/mL (N=15) 118 (54.5-1459) 60 (48-218) 1459 (430.75-2579.5) 0.078
Mvoglobin - 7. DOH, ng/mL (N=11) 150 (37-277) 125 (28-248) 811 (578-1044) 0.034
Creatinine - at admission, mg/dL (N=222) 0.9 (0.78-1.04) 0.92 (0.79-1.06) 0.89 (0.77-1.03) 0.301 (w/o 0.170)
Creatinine — 7. DOH, mg/dL (N=169) 0.82 (0.71-0.91) 0.83 (0.73-0.91) 0.81 (0.71-0.92)  0.634 (w/o 0.840)
EGEFR - at admission, mL/min (N=215) 90 (77-103) 88 (77-102) (‘\,’?01 1535&21:;1123.)16) 0.489 (w/o 0.594)
EGFR - 7. DOH, mL/min (N=169) 101 (89-118) 100.5 (88.5-122.5) 102 (89-115) 0.815 (w/o 0.854)

(w/o median 101.5)

Urea - at admission, mg/dL (N=209)

28 (22-36)

29.5 (23.75-37)

26 (21.35)

0.174 (w/0 0.107)

Urea - 7. DOH, mg/dL (N=124)

33 (28-40)

35.5 (28.5-52.5)

(w/o median 35.29)

32 (27.25-39.75)

0.170 (w/o 0.164)

ALT - at admission, U/L (N=226) 47 (32.25-68.75) 45 (34-62.5) 48 (32-72.5) 0.506 (w/o 0.574)
ALT - 7. DOH, U/L (N=150) 95 (55-68.75) 118 (55-174) 90 (55-140) 0.224

AST - at admission, U/L (N=219) 48 (35-71.4) 45 (33.5-73) 49.5 (36.78-72.25)  0.142 (w/0 0.155)
AST - 7. DOH, U/L (N=148) 45 (30-69.25) 54 (36-71) 41 (29-64.5) 0.181
GGT - at admission, U/L (N=58) 68 (43-152) 92 (46-120.75) 62 (40-152) 0972
GGT - 7. DOH, U/L (N=41) 112 (58-192) 160 (57-208) 93.5 (58-160) 0.408
Total bilirubin - at admission, mg/dL (N=165)  0.43 (0.32-0.57) 0.41 (0.32-0.54) 0.44 (0.33-0.58) 0.440
Total bilirubin - 7. DOH, mg/dL (N=63) 0.42 (0.3-0.6) 0.41 (0.28-0.59) 0.43 (0.3-0.6) 0.605
Total calcium — at admission, mmol/L (N=42) 2.14 (2.04-2.23) 2.13(2.07-2.19) 2.14 (2.04-2.23) 0.959
Total calcium - 7. DOH, mmol/L (N=34) 2.23(2.1-2.28) 2.18 (2.08-2.28) 2.23 (2.1-2.28) 0.743

Vitamin D3 - at admission, ng/mL (N=81)

269 (19.5-33.8)

26.8 (19.75-31.53)

27.7 (19.5-39.2)

0.797 (wj/o 0.894)

Vitamin D3 — 7. DOH, ng/mL (N=6)

22.45 (16.7-35.4)

22,45 (16.7-35.4)
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*- Mann-Whitney U test; w/o — without outliers. All variables are presented as median (IQR).



Table S3. Comparison of patients’ laboratory parameters (as categorical variables) between the second

and the third wave.

Total Second Third wave
Parameter (N=229)  wave (N=75)  (N=154) P~value
<4.5x10%/ul. 54 (23.79%) 12 (16%) 42 (27.63%) 0.077*
WBC ranges - at admission (N=227) 4.5-10 x103/uL. 139 (61.23%) 42 (56%) 97 (63.82%) 0.321%
>10 x10%/ul 34 (14.98%) 21 (28%) 13 (8.55%) <0.001*
<4.5x10%/ul. 7 (3.74%) 4 (6.45%) 3(2.4%) 0.223**
WBC ranges - 7. DOH (N=187) 4.5-10 x10%/ul. 122(65.24%) 37 (59.68%) 85 (68%) 0.336*
>10 x10%/uL 58 (31.02%) 21 (33.87%) 37 (29.6%) 0.670*
< 1.9 x10%/uL 13 (5.75%) 2(2.67%) 11 (7.28%) 0.229**
Neutrophil count ranges - at admission (N=226) 1.9-7 x10°%/uL 160 (70.8%) 45 (60%) 115 (76.16%) 0.018*
>7 x103/uL 53 (23.45%) 28 (37.33%) 25 (16.56%) 0.001*
< 1.9 x10°/uL. 5(2.69%) 3(4.92%) 2 (1.6%) 0.333%*
Neutrophil count ranges - 7. DOH (N=187) 1.9-7 x10°/uL 127 (68.28%) 40 (65.57%) 87 (69.6%) 0.600%*
>7 x10%/uL 54 (29.03%) 18 (29.51%) 36 (28.8%) 1
< 40% 1 (0.44%) 0(0%) 1 (0.66%) 1%
Neutrophil percentage ranges - at admission (N=226) 40-68% 62 (27.43%) 16 (21.33%) 46 (30.46%) 0.197*
>68% 163 (72.12%) 59 (78.67%) 104 (68.87%)  0.165*
<40% 7 (3.76%) 2 (3.28%) 5 (4%) 1**
Neutrophil percentage ranges - 7. DOH (N=186) 40-68% 113 (60.75%) 39 (63.93%) 74 (59.2%) 0.645*%
>68% 66 (35.48%) 20 (32.79%) 46 (36.8%) 0.709*
< 0.9 x103/uL. 103 (45.58%) 34 (45.33%) 69 (45.7%) 1*
Lymphocyte count ranges - at admission (N=226) 0.9-5 x10°/uL 123 (54.42%) 41 (54.67%) 82 (54.3%) 1*
>5 x103/uL 0 0 0 -
<0.9 x10°/ul. 19 (10.22%) 8 (13.11%) 11 (8.8%) 0.513*
Lymphocyte count ranges - 7. DOH, N(%); (N=186) 0.9-5 x10°/uL 165 (88.71%) 53 (86.89%) 112 (89.6%) 0.762*
=5 x10%/uL 2 (1.08%) 0(0%) 2(1.6%) 1**
<19% 138 (61.06%) 51 (68%) 87 (57.62%) 0.173*
Lymphocyte percentage ranges - at admission (N=226) 19-48% 87 (38.5%) 23 (30.67%) 64 (42.38%) 0.119*
>48% 1 (0.44%) 1(1.33%) 0 (0%) 0.332%%
<19% 64 (34.41%) 22 (36.07%) 42 (33.6%) 0.867*
Lymphocyte percentage ranges- 7. DOH (N=186) 19-48% 118 (63.44%) 37 (60.66%) 81 (64.8%) 0.697*
>48% 4(2.15%) 2(3.28%) 2 (1.6%) 0.599**
<150 x103/uL 41 (18.06%) 11 (14.67%) 30 (19.74%) 0.453*
PLT ranges- at admission (N=227) 150-400 x105/ulL 171 (75.33%) 58 (77.33%) 113 (74.34%)  0.743*
>400 x10°3/uL 15 (6.61%) 6 (8%) 9 (5.92%) 0.757*
<150 x103/ul. 2 (1.07%) 1(1.61%) 1(0.8%) 1%
PLT ranges - 7. DOH (N=187) 150-400 x103/ul. 93 (49.73%) 31 (50%) 62 (49.6%) 1*
>400 x103/ul. 92 (49.2%) 30 (48.39%) 62 (49.6%) 0.999*
NLR 22 - at admission (N=226) 206 (91.15%) 69 (92%) 137 (90.73%)  0.946*
NLR 22- 7. DOH (N=186) 118 (63.44%) 43 (70.49%) 75 (60%) 0.218*
CRP 2100 mg/L - at admission (N=222) 82 (36.94%) 33 (44%) 49 (33.33%) 0.158*
CRP 2100 mg/L - 7. DOH (N=187) 9 (4.97%) 6 (10.17%) 3 (2.46%) 0.060**
PCT > 0.5 ng/mL - at admission; (N=205) 22 (10.73%) 10 (14.08%) 12 (8.96%) 0.372*
PCT > 0.5 ng/mL - 7. DOH; (N=102) 10 (9.8%) 5 (14.71%) 5 (7.35%) 0.295*
D-Dimer > 500 pg/L FEU - at admission; (N=206) 154 (74.76%) 47 (83.93%) 107 (71.33%)  0.095*
D-Dimer > 500 ug/L FEU - 7. DOH (N=150) 121 (80.67%) 34 (97.14%) 87 (75.65%) 0.003**
LDH >500 U/L - at admission (N=172) 54 (31.4%) 17 (28.33%) 37 (33.04%) 0.645*
LDH >500 U/L - 7. DOH (N=46) 10 (21.74%) 4 (28.57%) 6 (18.75%) 0.723**

* - Chi-squared with Yates correction; ** - Fisher’s exact test. All variables

are presented as N (%).
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Table S4. Additional data on comparison of general patients’ characteristics between survivors and

non-survivors.

Parameter Survivors Non-survivors p-value
(N=213) (N=16)
<25 18 (12.95%) 1 (6.67%) 0.696*
25-29.9 52 (37.41%) 3 (20%) 0.292*
BML, ranges (N=154) 30-34.9 41 (29.5%) 5 (33.33%) 0.771%
35-39.9 20 (14.39%) 3 (20%) 0.472*
240 8 (5.76%) 3 (20%) 0.077++
A Rh+ 12 (25%) 6 (42.86%) 0.315*
A Rh- 3(6.25%) 0 (0%) e
B Rh+ 11 (22.92%) 1(7.14%) 0.267*
B Rh- 2 (4.17%) 2 (14.29%) 0.217%%
Blood type (N=62) AB Rh+ 2 (4.17%) 0(0%) Prer
AB Rh- 2 (4.17%) 0(0%) 1o
0 Rh+ 15 (31.25%) 5 (35.71%) 0.755%
0 Rh- 1(2.08%) 0 (0%) bhaad

* - Chi-squared with Yates correction; ** - Mann-Whitney U test; *** - Fisher's exact test. Continuous variables are presented as

median (IQR), categorical variables are presented as N (%).
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Table S5. The correlations between patients’ general and clinical characteristics (categorical variables)

and the need for mechanical ventilation and ICU treatment.

Mechanical ventilation ICU treatment
Parameter - -
no yes phi P no yes phi P
female 51(24.64%) 6 (27.27%) 50 (25.25%) 7 (2258%)
Sex (N=229) male 156 (75.36%) 16 (72.73%) "2 990" 148 Ga75%) 24 (77.42%) 02 092
18-24.9 kg/m? 18(13.53%) 1(476%) 0.09 0474 18(1417%) 1(3.7%) 012 0.199*
25-29.9 kg/m? 50 (37.59%) 5(23.81%) 0.1 0327 47(37.01%) 8(29.63%) 0.06 0.613*
BMI, ranges (N=154) 30-34.9 kg/m? 40 (30.08%) 6(2857%) 0.01  1*  38(29.92%) 8 (29.63%) 0 1*
35-39.9 kg/m? 18(1353%) 5(2381%) 0.1 0.318* 17 (13.39%) 6(2222%) 0.09  0.244%
> 40 kg/m? 7(5.26%) 4(19.05%) 0.18 0045  7(551%) 4(1481%) 0.4 0.103*
Comorbidities (any of 79 3 160y 14 (63.64%) 015 0.037* 76 (38.38%) 17 (5484%) 011  0.124*
the following)
Hypertension 30 (14.49%) 4(18.18%) 0.03 0.751% 28 (14.14%) 6(19.35%) 0.05 0.423*
Asthma 17 (821%) 1(455%) 0.04 1%  15(758%) 3(9.68%) 003 0.718*
Comorbidities ~ Chronicarthythmia 3 (145%)  2(9.09%) 0.15 0.074*  4(202%) 1(323%) 003 0520
(N=229) Diabetes 13 (628%) 5(2273%) 018 0019 11 (556%) 7 (22.58%) 022 0.005*
Insulin resistance 4 (1.93%)  2(09%) 0.3 0.104*  4(2.02%) 2(6.45%) 009 0.188*
Dyslipidemia 5(242%) 1(455%) 004 0458  5(253%) 1(323%) 002 0587+
Hypothyroidism 8(3.86%) 1(455%) 0.01 0.604% 7(354%) 2(645%) 005 0350
Hashimoto disease 7 (3.38%) 0(0%) 0.06 1 kia 6 (3.03%) 1(3.23%) 0 | b
, Current 10 (658%) 3(25%) 018 0057 9(6.12%) 4(23.53%) 02  0.032%
Smoking (N=164) (- \entorformer  15(9.87%) 5(4167%) 025 0007 14(952%) 6(3529%) 024 0.008*
Dyspnea 189 (91.3%) 21(95.45%) 0.04  1** 181 (9141) 29 (93.55%) 0.03 1
Fever 182 (87.92%) 13 (59.09%) 0.24 0.002% 174 (87.88%) 21 (67.74%) 0.19  0.011**
Cough 180 (86.96%) 15 (68.18%) 0.16 0.028% 173 (87.37%) 22 (70.97%) 0.16  0.027**
Fatigue 121 (58.45%) 9(40.91%) 0.1 0.176* 116 (58.59%) 14 (45.16%) 0.09  0.227%
Diarthea 40 (1932%) 1(455%) 011 0139 40 (202%) 1(3.23%) 015  0.041*
Nausea or vomiting 25 (12.08%) 2(9.09%) 003 1%  26(13.13%) 1(323%) 011 0.140%
T Myalgia 64(30.92%) 3(13.64%) 0.11 0.148% 61 (30.81%) 6(19.35%) 0.09 0275
yeptoms (N=229) Sore throat 16 (7.73%)  2(09%) 0.01 0.686* 16(8.08%) 2(645%) 0.02  1*
Headache 41 (19.81%) 1(455%) 012 0088 39(197%) 3(9.68%) 009 0275
Smellandfortaste 1 19 350) 3(13.64%) 004 0774 38(19.19%) 5(16.13%) 003 0.874*
disorders
Smell disorders 34 (1643%) 3 (13.64%) 0.02 1%  32(16.16%) 5(16.13%) 0 1*
Taste disorders 34 (1643%) 3(13.64%) 0.02  1**  32(16.16%) 5(1613%) 0 1*
Hemoptysis 7(3.38%)  1(455%) 0.02 0560*  6(3.03%) 2(645%) 006 0.296%
Lung involvement on CT > 50% (%) (N=207) 38 (20.11%) 13 (72.22%) 0.34 <0.001** 35 (19.13%) 16 (66.67%) 0.35 <0.001*
SpO2 at admission <90% (N=190) 77 (44%) 11(73.33%) 0.16 0.055* 74 (43.53%) 14 (70%) 0.16 0.045%
Conventional oxygen therapy (N=229) 200 (96.62%) 22 (100%) 0.06 1% 191 (96.46%) 31(100%) 0.7 0.598*
HFNO (N=229) 36 (17.39%) 19 (36.36%) 048 <0.001* 29(14.65%) 26 (83.87%) 055 <0.001%
Mechanical ventilation (N=229) - - - - 1(0.51%) 21(67.74%) 0.78 <0.001**
ECMO (N=229) 5(242%) 3(13.64%) 0.18 0.032%  6(3.03%) 2(645%) 006 0.296*
ICU admission (N=229) 10 (4.83%) 21 (95.45%) 0.78 <0.001** - E : :
Vasopressors (N=229) 0(0%)  21(9545%) 0.97 <0.001**  1(0.51%) 20 (6452%) 0.76 <0.001*
CRRT (N=229) 0(0%)  5(2273%) 0.46 <0.001**  0(0%)  5(16.13%) 038 <0.001%

* chi-squared test with Yates” correction; ** Fisher’s exact test; All variables are presented as N (%).
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Table S6. The correlations between patients’ general and clinical characteristics and laboratory
parameters (presented as continuous variables) and the need for mechanical ventilation and ICU

treatment.
Mechanical ventilation ICU treatment
Parameter
rho p-value* rho p-value*
Age (N=229) 0.12 0.066 0.04 0.592
Weight (N=160) 0.19 (w/0 0.17)  0.016 (w/0 0.033)  0.14 (w/0 0.12)  0.076 (w/o 0.120)
BMI (N=154) 0.21 (w/0 0.17)  0.009 (w/0 0.040)  0.19 (w/0 0.16)  0.017 (w/o 0.054)
Percentage of lung involvement on CT (N=207) 0.35 <0.001 0.36 <0.001
SpO2 at admission (N=190) 0.25 (w/0 0.15)  <0.001 (w/0 0.034) -0.2 (w/0 0.16) <0.001 (w/o 0.026)
WBC - at admission (N=227) 0.26 <0.001 0.28 <0.001
WBC - 7. DOH (N=187) 0.32 (w/0 0.28) <0.001 0.25 (w/0 0.22)  <0.001 (w/o 0.003)
Neutrophil count - at admission (N=226) 0.27 <0.001 0.3 <0.001
Neutrophil count - 7. DOH (N=186) 0.39 (w/o 0.38) <0.001 0.36 <0.001
Neutrophil percentage - at admission (N=226) 0.2 0.002 (w/o 0.003) 0.27 <0.001
Neutrophil percentage - 7. DOH (N=186) 0.34 <0.001 0.39 <0.001
Lymphocyte count - at admission (N=226) 0.01 (w/o 0.02) 0.898 (w/0 0.821)  0.08 (w/0 0.07)  0.237 (w/o 0.276)
Lymphocyte count - 7. DOH (N=186) -0.25 <0.001 (w/o 0.001) -0.33 <0.001
Lymphocyte percentage - at admission (N=226) -0.24 (w/0 0.23) <0.001 -0.31 <0.001
Lymphocyte percentage - 7. DOH (N=186) -0.43 <0.001 -0.46 <0.001
NLR - at admission (N=226) 0.23 <0.001 (w/0 0.001) 0.3 (w/0 0.31) <0.001
NLR - 7. DOH (N=186) 0.42 (w/0 0.39) <0.001 0.45 (w/o0 0.43) <0.001
IG count - at admission (N=217) 0.32 (w/o 0.30) <0.001 0.35 (w/o 0.32) <0.001
IG count - 7. DOH (N=186) 0.29 (w/0 0.21)  <0.001 (w/0 0.005) 0.20 (w/0 0.13)  0.007 (w/o 0.068)
IG percentage — at admission (N=217) 0.33 (w/0 0.29) <0.001 0.37 (w/o0 0.33) <0.001
IG percentage — 7. DOH (N=186) 0.24 (w/0 0.18)  <0.001 (w/o0 0.016) 0.16 (w/o 0.11)  0.028 (w/o 0.137)
RBC count - at admission (N=227) 0.06 0.363 (w/o 0.400) 0.05 0.420 (w/o 0.473)
RBC count - 7. DOH (N=187) -0.41 (w/o -0.42) <0.001 -0.34 <0.001
hemoglobin - at admission to hospital (N=227) 0.01 0.830 (w/00.923) -0.01 (w/0-0.02) 0.929 (w/o 0.818)
hemoglobin - 7. DOH (N=187) -0.42 <0.001 -0.33 <0.001
hematocrit - at admission (N=227) 0.05 0.435 (w/0 0.472) 0.04 0.537 (w/o0 0.592)
hematocrit - 7. DOH (N=187) -0.36 (w/o -0.37) <0.001 -0.29 (w/0 -0.30) <0.001
PLT - at admission to hospital (N=227) 0.14 (w/0 0.15)  0.038 (w/00.025) 0.19 (w/00.17)  0.003 (w/o 0.012)
PLT - 7. DOH (N=187) -0.04 (w/0-0.01)  0.573 (w/0 0.911)  -0.03 (w/00)  0.683 (w/o 0.975)
CRP - at admission (N=222) 0.29 (w/o0 0.3) <0.001 0.28 (w/0 0.27) <0.001
CRP - 7. DOH (N=181) 0.48 (w/o 0.43) <0.001 0.51 (w/o 0.48) <0.001
Ferritin - at admission (N=61) 0.29 (w/00.3)  0.025(w/00.018) 0.22 (w/00.24) 0.093 (w/o 0.068)
Ferritin - 7. DOH (N=31) 0.12 0.529 0.38 0.037
IL-6 - at admission (N=116) 0.18 0.049 0.11 0.236
IL-6 - 7. DOH (N=53) 0.33 0.015 0.43 0.001
AT III - at admission (N=17) 0.16 0.542 0.12 0.650
AT III - 7. DOH (N=10) -0.29 0.413 -0.29 0.413
PCT - at admission (N=205) 0.38 (w/o 0.039) <0.001 0.37 (w/0 0.39) <0.001
PCT - 7. DOH (N=102) 0.56 <0.001 0.61 <0.001
D-Dimer - at admission (N=206) 0.24 <0.001 (w/o 0.001) 0.27 <0.001
D-Dimer - 7. DOH (N=150) 0.36 <0.001 0.36 <0.001
PT - at admission (N=198) 0.03 (w/0-0.02)  0.672 (w/00.812) 0.12 (w/00.11) 0.093 (w/o 0.126)
PT - 7. DOH (N=80) 0.17 (w/0 0.18)  0.139 (w/0 0.113)  0.26 (w/0 0.28)  0.020 (w/o 0.013)
INR - at admission (N=199) 0.02 (w/0-0.03)  0.768 (w/0 0.780)  0.12 (w/00.07)  0.092 (w/o 0.469)
INR - 7. DOH (N=80) 0.15 (w/0 0.16)  0.183 (w/00.150)  0.25 (w/00.26)  0.028 (w/o 0.109)
APTT - at admission (N=196) -0.13 (w/0-0.12)  0.077 (w/0 0.101) -0.12 (w/0-0.11) 0.091 (w/o 0.128)
APTT - 7. DOH (N=65) 0.09 0.454 0.17 0.167
Fibrinogen - at admission (N=62) -0.08 (w/0 0.04)  0.538 (w/0 0.751) -0.07 (w/0-0.04) 0.574 (w/o 0.740)
Fibrinogen - 7. DOH (N=39) 0.15 0.355 0.14 0.402
LDH - at admission (N=172) 0.37 <0.001 0.35 <0.001




LDH - 7. DOH (N=46) 0.36 0.014 041 0.005
hs-Tnl - at admission (N=153) 0.39 <0.001 0.33 <0.001
hs-Tnl - 7. DOH (N=40) 0.55 <0.001 0.56 <0.001
CK - at admission (N=142) 0.14 0.088 0.17 0.046
CK - 7. DOH (N=38) 0.55 <0.001 043 0.007
CK-MB - at admission (N=124) 0.22 0.014 0.21 0.017
CK-MB - 7. DOH (N=27) 0.35 0.074 0.26 0.186
NT-proBNP - at admission (N=142) 0.29 <0.001 0.32 <0.001
NT-proBNP - 7, DOH (N=42) 0.48 0.001 0.39 0.010
Myoglobin - at admission (N=15) 0.69 0.004 0.39 0.147
Myoglobin - 7. DOH (N=11) 0.60 0.053 0.60 0.053
Creatinine - at admission (N=222) 0.22 (w/o 0.18) 0.001 (w/o0 0.006) 0.11 (w/o 0.11)  0.090 (w/o 0.114)
Creatinine - 7. DOH (N=169) 0.03 (w/o -0.05)  0.695 (w/o 0.485) 0 (w/o-0.07) 0959 (w/o 0.355)
EGFR - at admission to hospital (N=215) -0.24 <0.001 -0.1 0.132
EGFR - 7. DOH (N=169) -0.02 (w/o 0.05)  0.835 (w/00.488)  0.04 (w/o 0.1)  0.598 (w/o 0.204)
Urea - at admission (N=209) 0.28 (w/o 0.24) <0.001 0.26 (w/o 0.25) <0.001
Urea - 7. DOH (N=124) 0.53 (w/o 0.47) <0.001 0.56 (w/0 0.52) <0.001
ALT - at admission (N=226) 0 (w/o -0.01) 0.978 (w/0 0.836)  0.01 (w/00.02) 0.839 (w/o 0.779)
ALT - 7. DOH (N=150) -0.3 <0.001 -0.24 0.003
AST - at admission (N=219) 0.13 0.057 0.09 0.203
AST - 7. DOH (N=148) -0.13 0.124 -0.07 0.365
GGT - at admission (N=58) 0.24 0.064 0.21 0.113
GGT - 7. DOH (N=41) -0.03 0.858 0.01 0.931
Total bilirubin - at admission (N=165) 0.13 0.089 0.16 0.039
Total bilirubin - 7. DOH (N=63) -0.20 0.113 -0.06 0.625
Albumin — at admission (N=26) -0.42 0.032 -0.44 0.025
Total calcium - at admission (N=42) -0.41 0.007 -0.33 0.036
Total calcium - 7. DOH (N=34) -0.51 0.002 -0.49 0.004
Vitamin D3 - at admission (N=81) -0.08 (w/o-0.13)  0.502 (w/0 0.250) -0.02 (w/o -0.07) 0.887 (w/o 0.559)
Vitamin D3 - 7. DOH (N=6) - - -0.83 0.042
Time from the onset of symptoms to hospital
admission (N=229) -0.14 0.034 -0.10 0.441
Maximum flow - HFNO (N=55) 0.27 0.046 0.42 0.002
Maximum FiO2 — HFNO (N=55) 0.29 0.030 0.32 0.019
Time from the onset of symptoms to ICU admission 021 0.057 ) :

(N=31)

w/o — without outliers. * - Spearman’s correlation.
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Table S7. The correlations between patients’ laboratory parameters (presented as categorical variables)
and the need for mechanical ventilation and ICU treatment.

Mechanical ventilation

ICU treatment

Parameter

no ves phi jal no yes phi P

WEC - at admicsion <45 %109yl 51(24.88%) 3(13.64%) 0.08 0361% 50 (25.1%) 4(129%) 01  0.192*
ranges (No227) ' 45-10 x10%/uL 132 (64.39%) 7 (31.82%) 0.2 0.006* 125(63.78%) 14 (45.16%) 0.13  0.075%
>10 x10%/uL 22 (10.73%) 12 (5455%) 0.36 <0.001* 21 (10.71%) 13 (41.94%) 0.3  <0.001**
WEC -7 DOL <4.5 x10%/uL 7(417%)  0(0%) 007 1% 7(443%)  0(0%) 008 0.598
ranges (N=187) 4510 ¥10°/uL 116 (69.05%) 6(31.58%) 0.24 0.003* 109 (68.99%) 13 (44.83%) 0.18  0.021*
10 *10%/uL 45 (26.79%) 13 (68.42%) 0.27 0.001* 42 (26.58%) 16 (35.17%) 022  0.004*
Neutrophil count - at <1.9 %109/l 13(637%)  0(0%) 008 0622% 13(6.67%) 0(0%) 01 0.224%
admission, ranges 1.9-7 %103/l 152 (74.51%) § (36.36%) 0.25 <0.001* 148 (75.9%) 12 (38.71%) 028 <0.001*
(N=226) >7 x103/uL 39 (19.12%) 14 (63.64%) 0.31 <0001 34 (17.44%) 19 (61.29%) 036  <0.001%

_ <1.9 x10%/uL 5(299%)  0(0%) 006 1%  5(3.18%)  0(0%) 007 1%
gggﬁ:gﬁﬁ:[sgj 1.9-7 103l 124 (74.25%) 3 (15.79%) 0.38 <0.001* 117 (74.53%) 10 (34.48%) 031  <0.001*
' >7 x109/uL 38 (22.75%) 16 (84.21%) 0.41 <0.001* 35(22.29%) 19 (65.52%) 035 <0.001*
Neutrophil <40% 1(049%)  0(0%) 002 1% 1(051%)  0(0%) 003 1%
percentage - at 40-68% 62(30.39%) 0(0%) 02 0005 61(31.28%) 1(323%) 022  0.002¢
adm‘z’;;:;ié?“g“ >68% 141 (69.12%) 22(100%) 02 0.005* 133 (68.21%) 30 (96.77%) 022  0.002*
Neutrophil <40% 7(&19%)  0(0%) 007 1™ 7(446%)  0(0%) 008 0598
percentage - 7. DOH, 40-68% 108 (64.67%) 5(2632%) 0.24 0.003* 105 (66.88%) 8 (27.39%) 029  <0.001*
ranges (N=186) >68% 52 (31.14%) 14 (73.68%) 0.27 0.001* 45 (28.66%) 21(72.41%) 033  <0.001%
Lymphocyte count - <0.9 x10°%/uL 94 (46.08%) 9(40.91%) 0.03 0.812* 87 (44.62%0 16 (51.61%) 0.05  0.594%
at admission, ranges 0.9-5 x10%/uL 110 (53.92%) 13 (59.09%) 0.03 0.812¢ 108 (55.38%) 15 (48.39%) -0.05  0.594*

(N=226) 5 x109/ul 0 (0%) 0(0%) - - 0 (0%) 0(0%) - -
Lymphocyte count - <0.9 x10°/uL 12(7.19%) 7(36.84%) 0.2 0.001**  11(7.01%) 8(27.59%) 0.25 0.038*
7. DOLL, ranges 0.9-5 x10%/uL 153 (91.62%) 12 (63.16%) 0.27 0.002% 144 (91.72%) 21 (7241%) 022  0.007*

(N=186) 5 x103/ul 2(1.2%)  0(0%) 004 1% 20127%) 0(0%) 004 1%
Lymphocyte <19% 116 (56.86%) 22 (100%) 0.26 <0.001* 108 (55.38%) 30 (96.77%) 029 <0.001*
percentage - at 19-48% 87 (42.65%)  0(0%) 026 <0.001* 86 (44.1%) 1(3.23%) 029 <0.001*
adm‘?;}:;ig;“ges >48% 1(049%)  0(0%) 002 1%  1(051%)  0(0%) 003 1%
Lymphocyte <19% 47 (28.14%) 17 (89.47%) 0.39 <0.001* 40 (25.48%) 24(82.76%) 0.44 <0.001*
percentage - 7. DOH, 19-48% 116 (69.46%) 2 (10.53%) 037 <0.001* 113 (71.97%) 5(17.24%) 041 <0.001*
ranges (N=186) >48% 1(24%)  0(0%) 005 1%  4(255%)  0(0%) 006 1%
NLR 22 - at admission (N=226) 184 (902%) 22(100%) 0.1 0.231% 176 (90.26%) 30 (96.77%) 0.08 0.324*"
NLR 22- 7. DOH (N=186) 99 (59.28%) 19 (100%) 0.26 0.001* 90 (57.32%) 28 (96.55%) 0.30 <0.001*
PLT - at admission, <150 x103/uL 40 (1951%) 1(455%) 012 0.139" 41Q092%) 0(0%) 019 0.010°
anges (No227) 150-400 109Ul 155 (75.61%) 16 (72.73%) 0.02 09705 147 (75%) 24(77.42%) 0.02  0.947%
400 x10%/uL 10 (4.88%) 5(22.73%) 021 0.008% 8 (4.08%) 7 (2238%) 026 0.001%*
<150 x103/uL 1(0.6%) 1(5.26%) 0.4 0193 1(0.63%) 1(3.45%) 01 0287

PLT_?R]TJ:?;’)mgeS 150-400 x105/ul 85 (50.6%) 8 (42.11%) 0.05 0.646" 80 (50.63%) 13 (44.83%) 0.04 0.709*
400 x10%/uL 82 (48.81%) 10 (52.63%) 0.02 0.941% 77 (48.73%) 15(51.72%) 0.02 0925
CRP>100 mg/L - at admission (N=222) 66 (32.84%) 16 (76.19%) 0.26 <0.001 61 (31.94%) 21 (67.75%) 026  <0.001
CRP>100 mg/L - 7. DOH (N=181) 2(124%)  7(35%) 049 <0001 2(1.32%) 7(24.14%) 039 <0001
PCT > 0.5 ng/mL - at admission (N=205) 12 (6.56%) 10 (45.45%) 039 <0.001** 11(6.32%) 11(3548%) 034 <0.001**
PCT > 0.5 ng/mL — 7. DOH (N=102) 3(357%) 7(38.89%) 045 <0.001% 2(2.63%) 8(30.77%) 041 <0.001%
Dimer> 300 “(iszi,gI'atadmISblon; 133 (71.89%) 21 (100%) 020 0.003% 125 (71.02%) 29 (96.67%) 021 0.001%*
D-Dimer > 500 pg/L FEU — 7. DOLL; (N=150) 101 (77.69%) 20 (13.33%) 0.19 0.014** 93 (76.23%) 28 (100%) 023  0.002*
LDH >500 U/L — at admission (N=172) 41 (26.11%) 13 (36.67%) 0.37 <0.001** 37 (24.5%) 17 (80.95%) 0.40 <0.001%
LDH >500 U/L — 7. DOH (N=46) 8(1905%) 2(50%) 021 0201 6(1579%) 4(30%) 031 0055

* chi-squared test with Yates’ correction; ** Fisher’s exact test; All variables are presented as N (%).
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Table S8. Univariate logistic regression analysis of COVID-19 symptoms for the prediction of death, mechanical

ventilation and ICU treatment.

Symptom death MV ICU treatment
OR  95%CI P OR 95%CI p OR  95%CI P

Dyspnoea 1.39 0.17-11.1 0.202 2 0.25-15.75 0510 1.36 0.3-6.21 0.690
Fever 025 0.09-0.75 0.013 0.2 0.08-0.51 <0.001 029 0.12-0.69 0.005
Cough 025 0.09-0.75 0.013 032 0.12-0.86 0.024 0.35 0.15-0.85 0.021
Fatigue 0.57 0.2-159 0.281 049 0.2-1.2 0.120 058 0.27-1.25 0.164
Dairrhoea 029 0.04-225 0.235 0.2 0.03-1.53 0200 0.13  0.02-1 0.049
Nausea or vomiting 048 0.06-3.78 0486 0.73 0.16-3.3 0.681 0.22 0.03-1.69 0.145
Myalgia 033 0.07-147 0.145 035 0.1-1.24 0103 0.54 0.21-1.38 0.198
Sore throat 0.77 0.1-6.18 0.805 1.19 0.26-557 0.822 0.78 0.17-3.59 0.755
Headache 028 0.04-2.18 0.224 0.19 0.03-1.48 0.113 044 0.13-1.51 0.191
Smell or taste disorders 0.6 0.13-2.74 0.509 0.66 0.19-2.34 0.519 1 0.36-2.79 0.996
Smell disorders 072 0.16-3.34 0.681 0.8 0.23-2.87 0.736 1 0.36-2.79 0.996
Taste disorders 072 0.16-3.34 0681 0.8 0.23-287 0736 0.81 029-2.25 0.685
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NEW AND EMERGING
MEDICAL ENTITIES

Predictors of COVID-19 severity among
pregnant patients
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Marcin Januszewski', Laura Ziuzia-Januszewska?, Alicja A. Jakimiuk?®, Tomasz Oleksik’,
Marek Pokulniewicz', Waldemar Wierzba'*, Krzysztof Koztowski®, Artur J. Jakimiuk"®*

ABSTRACT

Coronavirus disease 2019 (COVID-19) was declared a pandemic and has spread around the globe, unsparingly affecting vulnerable popula-
tions. Effective prevention measures for pregnant women, who are particularly affected, include early identification of those patients at risk
of developing in-hospital complications, and the continuous improvement of maternal-fetal treatment strategies to ensure the efficient use
of health resources. The objective of our retrospective study was to determine which patient biomarkers on hospital admission correlate with
disease severity as measured by disease course classification, the need for oxygen supplementation and higher demand for oxygen, the need for
mechanical ventilation, intensive care unit admission, and length of hospital stay. Analysis of 52 PCR SARS-CoV-2 positive pregnant women
revealed that the median date of hospital admission was the 30" gestational week, with dyspnea, cough, and fever as the leading symptoms.
The presence of diabetes and hypertension predisposed pregnant women to the severe course of illness. Lung involvement shown by CT
scans on admission correlated with the greater clinical severity. The main laboratory predictors of disease progression were lymphocytopenia,
hypocalcemia, low total cholesterol, low total protein levels, and high serum levels of C-reactive protein, ferritin, interleukin-6, glucose, lactate
dehydrogenase, procalcitonin, and troponin 1. Further, research with a larger cohort of pregnant women is needed to determine the utility of

these results for everyday practice.

KEYWORDS: COVID-19; pregnancy; SARS-CoV-2; clinical course; predictors; disease severity; lymphocytopenia; hypocalcemia; low total

protein; inflammation biomarkers

INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
widespread and globally claims more victims with each pass-
ing month [1]. As more alarming data about the characteristics
of new SARS-CoV-2 variants emerge and as we witness the
natural evolution and increased infection rates of COVID-19,
it is increasingly important to be able to prioritize critical care
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services in situations, where the number of patients may be
overwhelming. Prenatal care, which is particularly affected,
deserves special attention and continuous improvement of its
treatment strategies.

The distribution of disease severity in pregnant women is
similar to the distribution seen in non-pregnant populations,
with 86% of pregnant women manifesting mild disease, 9%
severe, and 5% critical [2].

SARS-CoV-2 affects nearly every organ system [3-7], as
well as affecting the mental health of both infected and non-in-
fected pregnant women [8]. Leading symptoms include fever
(88.7%), cough (67.8%), fatigue (38%), and the over-production
of mucus (33.7%) [4]. Severe COVID-19 is characterized by the
development of acute respiratory distress syndrome (ARDS),
hypotensive shock, and multiorgan failure and requires the
patient’s admission to intensive care unit (ICU) and mechani-
cal ventilation [3-5].

Severe disease risk factors include comorbidities, advanced
age, male sex, obesity, and genetic predispositions [3,4,5,9].
Severe COVID-19 is mainly an immune-mediated disorder
triggered by the SARS-CoV-2 infection promoting excessive
inflammation and hypercoagulable states [10].

During pregnancy, physiological adaptations of the respi-
ratory tract, immunomodulation, hypercoagulability, pro-
cesses that increase insulin resistance, and the development
of hypertension, predispose SARS-CoV-2-infected women
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toward a severe course of illness, leading to maternal and fetal
mortality and morbidity [10-14].

Data emerging from meta-analyses in the literature show
that pregnant women may have an increased risk of devel-
oping severe symptoms and a higher risk of pneumonia,
ICU admission, the requirement for invasive ventilation
and extracorporeal membrane oxygenation (ECMO), and
death [15-17].

Moreover, serious adverse outcomes have been observed
among pregnant women with previous coronavirus infections,
namely, severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) [18], influenza [19,20], and
respiratory syncytial virus [21].

There is currently no prognostic biomarker available to
identify pregnant patients who are at imminent risk of a severe
course of COVID-19, with all associated maternal and fetal
complications, and who require immediate medical attention.

The objective of our study was to determine to determine,
in which patient characteristics and laboratory results on hos-
pital admission correlate with disease severity as measured by
disease course classification, the need for oxygen supplemen-
tation and higher demand, the need for mechanical ventila-
tion, ICU admission, and length of hospital stay.

MATERIALS AND METHODS

Study population

This retrospective single-center study was undertaken
in the Department of Obstetrics and Gynecology, at the
Central Clinical Hospital of the Ministry of the Interior and
Administration in Warsaw, Poland. The study group com-
prised 52 pregnant women with COVID-19 who had been
admitted for treatment between 15 May 2020 and 26 April
2021.

Inclusion criteria, similar to admission indications for
pregnant women with COVID-19, were temperature >39°C
despite the use of acetaminophen, respiratory rate >30/min,
SpO, <95% measured at time of admission without oxygen
supplementation, patient requiring oxygen, and critical dis-
ease. COVID-19 was confirmed using a PCR test prior to
admission.

Exclusion criteria were that the patient was admitted to
hospital for obstetric and/or other non-COVID-19-related

reasons.

Clinical course of the disease

According to the guidelines of the Polish Association of
Epidemiologists and Infectiologists, patients were divided into
four cohorts based on the severity of their symptoms and test
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results, corresponding to the relative course of their illness:
mild, moderate, severe, and critical [22].

Mild cases were characteristically clinically stable with
mild upper respiratory tract symptoms. Moderate cases
included clinical indicators as well as lung involvement shown
on imaging. Patients in the severe cohort demonstrated respi-
ratory failure and peripheral SpO, <go%. Those in the critical
cohort were characterized by ARDS, hypotensive shock, mul-
tiorgan failure, and loss of consciousness [22].

Study procedures

On admission, all women underwent complete blood
biochemistry and urine tests, a coagulation profile, and in
cases where moderate, severe, or critical forms of COVID-19
were suspected, a CT chest scan (without contrast) was
performed.

We analyzed the following data: age of patient, body mass
index (BMI), gestational age, initial vital signs and symptoms,
pre-existing comorbidities such as diabetes mellitus, hyper-
tension, hypothyroidism, asthma, and any history of smoking.

Ethical statement

The research project was approved by the local Bioethics
Committee (Decision Numberio4/2021).

Statistical analysis

We used Statistica 13.3 (StatSoft Poland) for our data
analysis. Mean values and standard deviations were used to
describe the study groups. In case of skewed distributions,
the median was calculated as a measure of central tendency,
and the scatter of data was shown in relation to the 25" and
75" percentiles. Qualitative variables were presented as per-
centages. Spearmans rank correlation was used to assess cor-
relation. In case of qualitative variables, the Chi-square test was
used to compare the frequencies of the studied characteristics.
Differences were considered statistically significant at p < 0.05.
Logistic regression was performed to analyze the association
of patient characteristics and laboratory parameters and the
risk of severe-to-critical disease. Non-linear data were cate-
gorized. Variables with more than 20% of their values missing
were not considered in this analysis, in other cases, missing
values were analyzed as a separate category. Comparisons
between the four disease severity groups were performed
using the Kruskal-Wallis test followed by pair-wise compar-
ison using Dunn’s post foc test for continuous variables, and
Pearsons chi-square test for categorical variables. As there
was only one patient with a critical course of the disease, the
severe and critical groups were combined in the analysis as a

new grouping, severe-to-critical disease.
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RESULTS

Gestational age ranged from 17 to 37 weeks. Four patients
were at 17-22 weeks of gestation, 14 were at 24-28, 17 were at
20-33, 15 were at 34-36, and 2 patients were at >37 weeks of ges-
tation. The mean age of the patients was 31.9 + 4.79 years. Mean
BMI at admission was 28.36 (9.88) kg/m?* None of the patients
reported a history of smoking. Symptoms on admission were:
dyspnea (n = 48, 92.31%), cough (n = 47, 90.38%), fever (n = 33,
63.46%), fatigue and muscle aches (n = 22, 42.31%), smell and
taste disorders (n = 14, 26.92%), headache (n = 12, 23.08%),
sore throat (n = 6, 11.54%), and nasal discharge (n = 5, 9.62%).
Coexisting diseases were diabetes (n = 9,17.65%), hypertension
(n = 5,10.00%), hypothyroidism (n = 18, 35.29%), and asthma
(n =2, 3.85%). Mild, moderate, severe, and critical COVID-19
accounted for n = 9 (17.31%), n = 25 (48.08%), n = 17 (32.69%),
and n = 1(1.92%) cases, respectively. The main outcomes mea-
sured were length of hospitalization (median = 8 [range = 2-23]
days), the need for oxygen supplementation (n = 42, 80.77%),
median oxygen flow rate (median = 4 [range = 0-15]), require-
ment for high-flow therapy (n = 9, 17.31%), and the need for
[CU admission (n = 2, 3.85%). There were no cases of tracheal
intubation, mechanical ventilation, or ECMO. The median
lung involvement seen by CT imaging was 20% (IQR = 11),
ranging from 1% to 60%. The most common abnormalities
shown in the laboratory results that were elevated C-reactive
protein (CRP) (94.23%), elevated D-dimer (90.63%), elevated
interleukin 6 (IL-6) (88.46%), elevated fibrinogen (88%), hypo-
proteinemia (66.67%), decreased vitamin D (62.22%), elevated
lactate dehydrogenase (LDH) (56%), hyperglycemia (48.78%),
anemia (48.08%), elevated alkaline phosphatase (ALP)
(46.15%), elevated aspartate aminotransferase (AST) (40.38%),
lymphopenia (38.46%), neutrophilia (30.77%), elevated alanine
transaminase (ALT) (30%), and elevated bile acids (35.71%).
Dataregarding patients’ characteristics, clinical course param-
eters, and laboratory abnormalities are presented in Table 1.

Main predictors of severe course of illness

Diabetes as a comorbidity was correlated with the
need for high-flow oxygen therapy and higher oxygen flow.
Hypertension was correlated with oxygen flow demand
during hospitalization. The percentage of lung involvement
correlated with four of the six main outcomes: the severity
of the course of the COVID-19, the oxygen flow (I/min), the
need for high-flow oxygen therapy, and the need for ICU
admission (Table 2).

Lymphocytopenia, low levels of serum calcium, total
cholesterol and total protein levels, high levels of serum
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TABLE 1. Clinical characteristics of 52 pregnant COVID-19
patients

Variable Cases
Age, years (n=52)

Mean+SD 31.944.79
Hbd, weeks (n=52)

Median (IQR) 30(7)
Hbd, ranges, n (%); (n=52)

<26 12 (23.08)

27-30 15(28.85)

31-33 8(15.38)

34-36 15 (28.85)

237 2(3.85)
Weight, kg (n=43)

Median (IQR) 77 (26)
Body mass index, kg/m? (n=43)

Median (IQR) 28.36 (9.88)

1 (1.96%)
18 (35.29%)
5 (10.00%)
9 (17.65%)

Preeclampsia, n (%)
Hypothyroidism, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Severity, n (%)

1 - Mild ilness 9(17.31%)

2 - Moderate illness 25 (48.08%)

3 - Severe illness 17 (32.69%)

4 - Critical illness 1(1.92%)
Length of hospitalisation, days (n=52)

Median (IQR) 8(6)
Percentage of lung involvement on CT, % (n=34)

Median (IQR) 20(11)
Time from the onset of COVID-19 symptoms, days (n=51)

Median (IQR) 7(6)
Oxygen flow, [/min (n=52)

Median (IQR) 4(4.5)
Need for oxygen supplementation, n (%) 42 (80.77%)
Need for invasive ventilation, n (%) 0 (0.00%)
Need for high-flow oxygen therapy, n (%) 9(17.31%)

Need for ICU admission, n (%)
Hemoglobin (g/dl) (n=52)

2 (3.85%)

Median (IQR) 12(L.1)
Leukocytes, x10°/ul (n=52)

Median (IQR) 7.7 (3.23)
Lymphocytes, x10°/ul (n=52)

Median (IQR) 097 (0.32)
Neutrophils, «10°/ul (n=52)

Median (IQR) 58(3.11)
Platelets (x10°/ul)

Median (IQR) 184.5 (58.5)
ALP, U/L (n=42)

Median (IQR) 117 (63)
AST, U/l (n=52)

Median (IQR) 28 (18.5)
APTT, s (n=49)

Median (IQR) 337 (55)
ALT, U/l (n=50)

Median (IQR) 24 (24)
Bilirubin, mg/dl (n=49)

Median (IQR) 046 (0.51)
NT pro-BNP, pg/ml (n=44)
Median (IQR) 29.5(39)

(Contd...)
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TABLE 1. (Continued)

Variable Cases

Calcium, mmol/l (n=43)

Mean+SD 2.16+0.09
Total cholesterol, mg/dl

Mean+SD 188.51:56.09
CK, U/l (n=50)

Median (IQR) 61.5(69)
CRP. mg/l (n=52)

Median (IQR) 46.95 (52.4)
D-dimer, g/l FEU (n=32)

Median (IQR) 1178 (515.5)
Ferritin, ng/ml (n=50)

Median (IQR) 83.5(109)
Fibrinogen, mg/dl (n=50)

Median (IQR) 553 (225)
GGTP, U/L (n=50)

Median (IQR) 16 (20)
Glucose, mg/dl (n=41)

Median (IQR) 92(17)
Creatinine, mg/dl (n=50)

Median (IQR) 0.52(0.17)
Lactate dehvdrogenase, U/l (n=50)

Median (IQR) 226.5(91)
Magnesium, mg/dl (n=46)

Median (IQR) 1.74(0.16)
Lactates, mmol/l (n=42)

Median (IQR) 1.17 (0.71)
Procalcitonin, ng/ml (n=51)

Median (IQR) 0.14(0.19)
INR (n=51)

Median (IQR) 1 (0.08)
Total protein, g/dl (n=51)

Median (IQR) 6.13(0.6)
Urea, mg/dl (n=52)

Median (IQR) 11(5)
Uric acid, mg/dl (n=50)

Median (IQR) 42(1.7)
Vitamin D3 25(OH), ng/ml (n=45)

Mean+SD 27.15£10.82
Interleukin 6, pg/ml (n=52)

Median (IQR) 26.5(31.6)

High-sensitive troponin I, ng/ml (n=52)
Median (IQR)

=

(2.15)

ul

ICU: Intensive care unit; BMI: Body mass index; ALP: Alkaline phos-
phatase; AST. Aspartate aminotransferase; APPT: Activated partial
thromboplastin time; ALT: Alanine aminotransferase; CK: Creatinine
kinase; CRP: C-reactive protein; GGTP: Gamma-glutamyl transpepti-
dase; LDH: Lactate dehydrogenase; INR: Internationalized normalized
ratio; IL-6: Interleukin 6; Hs-Tnl: High-sensitivity troponin |

CRP, ferritin, 1L-6 glucose, LDH, procalcitonin (PCT), and
high-sensitivity (hs) troponin | predicted a severe course of
illness as measured by disease course classification, the need
for oxygen supplementation, higher demand for oxvgen sup-
plementation, length of hospital stay, the need for mechani-
cal ventilation, and [CU admission. The results are presented
in Table 3. Patients” characteristics and laboratory markers
compared across four severity categories are presented in
Table 4. Univariate logistic regression revealed that diabetes
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TABLE 2. Correlation of comorbidities and COVID-19 severity
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TABLE 3. Correlations of patient’s general and clinical characteristics and COVID-19 outcomes

Need for oxygen Need for high-flow

Need for ICU Length of hospitalization Oxygen flow (I/min)

/ariable supplementation oxygen therapy admission (days)
Yes No p-value” Yes No p-value® Yes No p-value” n P p-value” n p p-value™

Weight 35 8 0.302 36 7 0.236 2 1 <0.001 43 0123 0433 43 0252 0.103
Body mass index 35 8 0302 36 7 0.104 42 1 <0001 43 0.31 0403 43 0283 0.066
Age 42 10 0918 43 9 0475 50 2 0.73 52 0.026 0.856 52 -0.135 0.341
Length of hospitalization 42 10 <0001 43 9 <0001 50 2 0.183 52 065671  <0.001
(days)
Percentage of lung 31 3 0237 27 7 0013 33 1 <0.001 34 0321 0064 34 045 0.008
involvement on CT (%)
Hemoglobin 42 10 0.591 43 9 0.195 50 2 0.386 52 -0.253 0.07 52 -0.163 0.248
Leukocytes 42 10 0.758 43 9 0.52 50 2 041 52 -0252 00717 52 -0.055 0.7
Lymphocytes 42 10 0.021 43 9 0.058 50 2 0.573 52 -03 0.031 52 -0471 <0.001
Neutrophils 2 10 0623 43 9 0924 50 2 0.317 52 0044 0309 52 0077 0.585
Platelets 42 10 0.265 43 9 0431 50 2 0.045 52 -0.2 0.164 52 -014 0.323
ALP 34 8 0912 35 7 0.947 40 2 0.794 42 -0.082 0.604 42 -0.123 0438
AST 42 10 0.706 43 9 0.46 50 2 0.905 52 0415 0.002 52 0153 0.28
APTT 39 10 0.064 40 9 0.97 7 2 0.034 49 0.109 0456 49 02 0.168
ALT 40 10 0.409 41 9 0.318 48 2 0.864 50 0233 0.103 50 0075 0.607
Bilirubin 39 10 0.171 40 9 0.352 47 2 0463 49 0.042 0.777 49 -0.006 0.965
NT pro-BNP 35 9 0.819 38 6 0.514 43 1 <0.001 4“4 0074 0633 4 0.029 0.851
Calcium 34 9 0.22 36 7 0.176 41 2 0.199 43 -0421 0.005 43 -0491 <0.001
Total cholesterol 32 9 0004 35 6 0268 40 1 <0001 41 -0401 0009 41 -0543 <0001
CK 40 10 0.641 41 9 0.901 448 2 0.32 50 0.065 0.653 50 0.097 0.502
CRP 42 10 <0.001 43 9 0.111 50 2 0.633 52 0.28 0.044 52 0511 <0.001
D-dimer 31 1 <0.001 23 9 0.869 30 2 0.847 32 -0.154 0.399 32 -0.101 0.583
Ferritin 40 10 0.056 41 9 0.054 48 2 0.216 50 0423 0.002 50 0328 0.02
Fibrinogen 40 10 0.641 41 9 0.71 48 2 0.392 50 -0.249 0.082 50 -0.041 0.778
Gamma-glutamyl 40 10 0.074 41 9 044 8 2 0.826 50 0.206 0.151 50 0.168 0.242
transpeptidase
Glucose 32 9 0.012 36 5 0.003 41 0 <0.001 41 0388 0.012 41 0518 <0.001
Creatinine 40 10 0.765 41 9 0.502 48 2 0.276 50  -0.192 0.182 50  -0.136 0.347
Lactate dehydrogenase 40 10 0022 41 9 00244 48 2 0.367 50 0426 0002 50 0374 0.007
Magnesium 37 9 0311 37 9 0.683 4“4 2 0.816 46 0187 0214 46 0.127 0402
Lactates 33 9 0.092 37 5 0.52 42 0 <0.001 42 0276 0.077 42 0283 0.07
Procalcitonin 41 10 0.001 42 9 0.005 49 2 0.056 51 0.509 <0.001 51 0573 <0.001
PT 41 10 0419 42 9 0.118 49 2 048 51 0.1 0495 51 0305 0.029
Total protein 41 10 0.019 42 9 0.069 49 2 0.245 51 -0406 0.003 51  -0485 <0.001
Urea 42 10 0.149 43 9 0417 50 2 0.018 52 0.046 0.744 52 -0.114 0.42
Uric acid 40 10 0.711 42 8 0.631 49 1 <0.001 50 -0.036 0.804 50 -0.129 0.372
Vitamin D3 25(OH) 35 10 0.697 39 6 0.987 45 0 <0.001 45 0035 0818 45 0.052 0.734
Troponin | 42 10 0.365 43 9 0.156 50 2 0.386 52 0111 0435 52 0285 0.041
Interleukin 6 42 10 <0.001 43 0.018 50 2 1 52 0422 0.002 52 0618 <0.001
Time from the onset of 41 10 0055 43 8 0.55 49 2 0.98 51 0257 0069 51 0218 0.124
COVID-19 symptoms
(days)
Oxygen flow (I/min) 42 10 <0001 43 <0.001 50 2 0.030 52 0.658 <0.001
High-flow oxygen therapy 9 0 <0.001 0 <0.001 7 2 0.889 9 0008 0983 9
— flow (I/min)
High-flow oxygen therapy 9 0 <0.001 0 9 <0001 7 2 0.667 9  -0068 0862 9
- FiO,

*U-Mann-Whitney test corrected for continuity; **Spearman test. ICU: Intensive care unit; BMI: Body mass index; ALP: Alkaline phospha-
tase; AST: Aspartate aminotransferase; APPT: Activated partial thromboplastin time; ALT: Alanine aminotransferase; CK: Creatinine kinase;
CRP: C-reactive protein; GGTP: Gamma-glutamyl transpeptidase; LDH: Lactate dehydrogenase; PT: Prothrombin time; IL-6: Interleukin 6

(odds ratio [OR] 10.18, 95% CI 1.83-56.54; p = 0.008), gesta-
tional age < 32 weeks (OR 5,95% Cl 1.36-18.43; p = 0.016), lung
involvement on CT imaging > 20% (OR 5.8, 95% CI 1.54-21.81,
P = 0.009), lymphocyte count < 1(x10*/pl) (OR 27.43, 95%
CI 3.26-231.58; p = 0.002), calcium level < 215 (mmol/l) (OR
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556, 95% CI 1.61-19.22; p = 0.007), CRP > 75(mg/l) (OR 9.11,
095% Cl 2.38-34.85; p = 0.001), IL-6 > 60 (pg/ml) (OR 16.5, 95%
Cl 1.8-151.58; p = 0.013), procalcitonin > o0.2(ng/ml) (OR s5.11,
95% Cl 1.49-17.56; p = 0.010), LDH > 270 (U/]) (OR 3.73, 95%
Cl 1.04-13.45; p = 0.044), total cholesterol < 180 (mg/dl) (OR
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TABLE 4. Association of patients’ characteristics and COVID-19 severity

Course severity of COVID-19 (1-4)

Variable

1 3-4 H p-value
Age, years 32(31-35) 33(29-33) 31(29-35) 0.406 0.816
Gestational age, weeks 33(26-35) 32(29-34) 28 (26-31) 4433 0.109
Weight, kg 725 (61.5-86.5) 76 (71-84) 92.5 (68-102) 3.099 0.212
Body mass index, kg/m* 25.7: 2743 (25.65-30.08) 3371 (26.17-37.64) 3.69 0.158
Percentage of lung involvement on CT, % - 165 (10-20) 25 (19.5-41) 0 1 (p#4-0.028)
Hemoglobin, g/dl 12(11.9-124) 12(11.6-12.6) 11.65 (11-12.1) 2727 0.256
Leukocytes, x10°/uL. 7.7 (54-8.95) 7.75 (6.59-9.34) 7.73 (5.21-8.88) 0.586 0.746
Lymphocytes, x10°/ul. 1.12 (0.88-1.32) 1.1 (092-1.1) 0.85 (0.8-0.93) 10.702 0.005 (p¥*4=0.006)
Neutrophils, x10°/uL 5.53 (4.19-6.97) 578 (5.1-7.81) 6.09 (3.98-7.5) 0.883 0.643
Platelets, x10°/ul. 188 (179-192) 191 (165-249) 176.5 (145-200) 1.324 0.515
Alkaline phosphatase, U/ 112 (95-165) 137 (95-158) 94 (89-126) 3.145 0.207
Aspartate aminotransferase, U/l 26 (19-28) 31(22-39) 26 (19-54) 1.908 0.385
Activated partial thromboplastin time, s 31.5(31.2-35.6) 34.1 (31.7-35.8) 34.35 (32-39.45) 1.352 0.507
Alanine aminotransferase, U/l 30 (19-31) 22 (12.5-40.5) 26 (13-59) 0.236 0.889
Bilirubin, mg/dl 0.55(0.21-0.81) 0.38(0.3-0.78) 053 (0.26-0.71) 0.017 0.991
NT pro-BNP, pg/ml 31(23-39.5) 29 (16-48) 44 (16-128) 0.277 0.871
Calcium, mmol/I 222 (2.16-2.29) 219 (2.12-2.22) 211 (2.07-2.14) 9.875  0.007 (p'*=0.020; p**=0.027)

221 (203-262.5)
62(21-78)
184 (11.4-40.8)
1721 (1046-2396)
59 (37-72)

Total cholesterol, mgdl
Creatine Kinase, U/l
C-reactive protein, mg/!
D-dimer, pg/l FEU
Ferritin, ng/ml

196 (180-206)
60 (27-95.5)
48 (38.3-66.3)
1186.5(1029-1396)
84 (50.5-146.5)

Fibrinogen, mg/dl

Gamma-glutamyl transpeptidase, U/l

Glucose, mg/dl
Creatinine, mg/dl

lactate dehydrogenase, U/
Magnesium, mg/dl

Lactates, mmol/l

Procalcitonin, ng/ml
Prothrombin time, s

Total protein, g/dl
Urea, mg/dl
Uric acid, mg/dl

Vitamin D3 25(OH), ng/ml

Troponin [, ng/ml

Interleukin 6, pg/ml

410 (392-596)
10 (6-16)

84 (80-92)
051 (0.49-0.65)
203 (189-210)
1.69 (1.67-1.76)
1(0.82-1.31)
0.07 (0.05-0.08)
1.01 (0.96-1.04)
643 (6.13-6.66)
12(11-14)
4.3 (3-4.6)
25.2 (23-33.6)
14(1.1-2)
15.2(5.92-17)

590.5 (457.5-663)
19(11.5-29.5)
90 (86-97)
0.52 (047-0.61)
235 (195.5-267.5)
1.74 (1.64-1.8)
1.17 (0.95-1.68)
0.14 (0.09-0.22)
0.98 (0.97-1.01)
634 (6.04-6.47)
11(9-14)
4.2(3.6-5.7)
29.1 (16-34.6)
28(0.8-3.2)
28 (14.6-36.9)

1605 (122-194) 11.051 0.004 (p'**=0.003)
56 (32-99) 0.061 0.970
86.15 (36.9-126.5) 12.980 0.002 (p'2=0.045; p'**<0.001)
1088.5 (828-1386) 1.288 0.525
130 (75-188) 6.761 0.034 (p**4-0.028)
519 (467-683) 241 0.299
17 (9-33) 3223 0.200

101.5 (94-113) 7627 0.022 (p**4-0.027)
0.5 (0.41-0.6) 1.174 0.556
245 (198-289) 4.039 0.132
1.77 (1.67-1.98) 1451 0484
1.33 (0.95-1.86) 2.183 0.336
0.24(0.14-0.5) 16626 <0.001 (p'?=0.026; p'**<0.001)
1.05(1-1.11) 7.013 0.030 (p**1=0.025)
5.84 (5.65-6.1) 13283 0.001 (p"**=0.011; p"*=0.003)
11(8-14) 1.040 0.595
3.8(2.7-4.75) 3.696 0.158
26 (19.1-30) 0.907 0.635
32(1.6-6.8) 6.624 0.036
46.55 (22.9-65.7) 12,509 0.002 (p***-0.001)

Data are presented as median (interquartile ranges). P values were calculated using the Kruskal-Wallis test (df=2 for all variables) followed
by Dunn’s post hoc test. p¥/? values indicate the comparison between course severity 1 (mild disease) and 2 (moderate disease); p** values
indicate the comparison between course severity 1 (mild disease) and 3-4 (severe or critical disease); p%>* values indicate the comparison

between course severity 2 (moderate disease) and 3-4 (severe or critical disease). ICU: Intensive care unit; BMI: Body mass index;
ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; APPT: Activated partial thromboplastin time; ALT: Alanine aminotransferase;
CK: Creatinine kinase; CRP: C-reactive protein; GGTP: Gamma-glutamyl transpeptidase; LDH: Lactate dehydrogenase; PT: Prothrombin time;

IL-6: Interleukin 6

5.65,95% Cl 1.53-20.93; p = 0.010), total protein level < 6.3 (g/dl)
(OR 9, 95% CI 1.79-45.34; p = 0.008), hs-troponin I > 6 (ng/ml)
(OR 12.69, 95% CI 1.35-119.34), and glucose > 99 (mg/dl) (OR
6,95% Cl 1.48-24.27; p = 0.012) were associated with increased
risk of severe-to-critical COVID-19.

DISCUSSION

In our study, the median date of the pregnant wom-
ens hospital admission was the 30" gestational week
(range = 17-37" week). Because COVID-19 is an immune-me-
diated intracellular viral infection, it may pose a threat during
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pregnancy due to the special immunological adaptations that
improve a pregnant womans tolerance to the fetal semi-al-
lograft late in the second trimester and the increased inflam-
matory response in the third trimester [10,14,23-25]. In addi-
tion, hypertension, diabetes, and cardiovascular diseases that
develop during the third trimester may predispose pregnant
women to the severe course of illness. Therefore, we advise
vaccination in the second trimester for maternal and fetal
benefits [26].

We found that median lung involvement was 20%, with a
range of 1-60%, and as lung involvement at the time of admis-
sion correlated with 4 of the 6 main outcomes — the severity
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of the course of the COVID-19 disease, oxygen flow (I/min),
the need for high-flow oxygen therapy, and the need for ICU
admission — lung involvement may be considered as a pre-
dictor of disease aggravation. Based on the pathophysiology
of COVID-19 progression, it seems like a truism to claim that
the greater lung involvement is, the greater the severity of
the disease, which is corroborated in our findings. However,
the previous studies in pregnant women report contrasting
results: One indicating greater lung involvement among
pregnant women, and another reporting that lung involve-
ment was similar in both pregnant and non-pregnant sub-
jects [27,28].

Several previous studies have attempted to determine
which laboratory parameters correlate with disease sever-
ity among pregnant women with COVID-19. Those studies
found that subjects’ laboratory results largely mirrored those
in the adult non-pregnant population, especially regarding
lymphopenia and inflammation parameters.

Severe COVID-19 is associated with higher levels of
inflammatory markers than in mild disease. Therefore, track-
ing these markers may permit early identification of patients at
risk of disease progression. Likewise, a link between increased
cardiac markers and disease aggravation with a few potential
pathomechanisms is well established in the literature [29)].
COVID-19 can cause direct or indirect heart injury: cardio-
myocyte viral infection, cytokine-mediated systemic inflam-
mation, supply-demand mismatch, and micro- and macrovas-
cular thrombosis [29-31].

Lymphopenia has been identified as the most distinctive
predictive parameter [32-34]. In a study by Lombardi et al,,
lymphocyte values at admission correlated with the oxygen
need. CRP levels were found to be the inflammatory bio-
marker that better mirrored the course of the disease than
D-dimer or ferritin levels, which were not reliable predictors
of a poor outcome [32]. The retrospective study of 217 preg-
nant women with COVID-19 by Bozkurt et al. showed that
elevated LDH, CRP, IL-6, and ferritin levels coupled with low
albumin levels on hospital admission were predictive param-
eters for a more severe course of illness, and that elevated
serum levels of blood urea nitrogen and creatine were the
most predictive parameters for ICU admission [35]. Data sup-
port that the hosts immune system overreaction (cytokine
storm syndrome or cytokine release syndrome) may play an
important role in the pathogenesis of SARS [36]. SARS-CoV
infection may lead to hyper-induction of the immune system,
causing increased levels of cytokines, e.g., [L-6 and chemo-
kines, all of which have been observed in SARS patients.
However, there are also contradicting results [37]. Data have
shown that IL-6 levels are also significantly higher in COVID-
19 patients with severe disease compared with those with a
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non-severe condition. Therefore, IL-6 is a prognostic marker
for serious COVID-19 cases in pregnant [38] and non-preg-
nant cohorts [39-41].

Our study identified a positive correlation between exact
glucose values at admission and poorer patient outcomes.
This observation suggests that the elevated blood sugar lev-
els we observed may be the result of physiological stress trig-
gered by the disease. COVID-19 disrupts glucose regulation,
rendering poor glycemic control, and necessitating particu-
larly careful management in patients with diabetes [42,43].
Indeed, prior work has shown that even in cases of well-con-
trolled pre-existing diabetes, hyperglycemia was commonly
observed in acutely ill hospitalized patients and linked to
adverse outcomes [44,45]. It seems that COVID-19 may lead
to high blood glucose levels in patients with normal glycemic
status by modulating immune and inflammatory responses,
directly affecting morbidity and mortality [46-48]. In a study
by Charoenngam et al. in patients without a history of dia-
betes, hyperglycemia on the day of admission was shown to
have a statistically significant association with mortality, ICU
admission, intubation, acute kidney injury, and severe sep-
sis/septic shock, after adjusting for potential confounders.
Therefore, it could be a strong indicator of a high inflamma-
tory burden, leading to a higher risk of severe COVID-19 [49].
Thereby, we recommend that clinicians pay more attention to
the blood glucose status of pregnant women with COVID-19,
even those who may not have been diagnosed with diabetes
prior to admission.

In our study, calcium serum levels were negatively cor-
related with three measured clinical outcomes: the length
of hospitalization (days), the severity of the course of
COVID-19 (1-4), and oxygen flow (I/min). These findings
were consistent with previously published reports which
have showed that low serum calcium levels are associated
with disease severity and a poor prognosis for patients with
COVID-19 [50-53]. In a study by Zhang et al. low serum cal-
cium levels were the most predictive feature of COVID-19
diagnosis of all models tested [54]. The cause of hypocalce-
mia in COVID-19 patients is not clear. It is commonly found
in the laboratory results in patients diagnosed with viral
infections and pneumonia [55], and several mechanisms
may be suggested. Firstly, the pro-inflammatory cytokines
in COVID-19 patients inhibit parathyroid hormone (PTH)
secretion, and the resulting impaired response to PTH causes
an imbalance of calcium levels [56]. According to the previ-
ous studies, levels of the disease progression indicators CRP,
PCT, IL-6, and D-dimer are found to be significantly higher in
COVID-19 patients with hypocalcemia. When this is coupled
with calcium serum levels which are negatively correlated
with these indicators, it means that these patients may have
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a greater inflammatory response [50,51,53]. Secondly, the
occurrence of hypocalcemia may be associated with calcium
inflow due to hypoxemic tissue damage. Another theory is
that modification of calcium levels is crucial for the survival
and replication of the SARS-CoV-2, since calcium is used in
virus structure formation, entry, gene expression, virion mat-
uration, and release [57]. Pregnancy also often leads to vita-
min D deficiency resulting in hypocalcemia due to impaired
intestinal absorption and thus an inadequate intake of cal-
cium [58]. Finally, calcium is predominantly bound to albu-
min in plasma, and a decrease in serum albumin or total pro-
tein levels, mainly occurring in the third trimester, will cause
hypocalcemia [59].

Our work showed that low total protein serum levels are
a predictive factor for both a longer time to clinical improve-
ment and a greater severity of disease, and as such this pre-
dictor can provide useful information for clinicians caring
for pregnant women with COVID-19. Several mechanisms
were proposed, including anti-oxidative and anti-inflamma-
tory values of albumin [60,61], downregulation of albumin
and prealbumin caused by the cytokine storm [62], and dys-
regulation of the immune system triggered by low protein
serum levels [63]. The previous studies have indicated that
serum albumin [64-66], prealbumin [62], and total protein
levels are poor prognosis parameters among non-pregnant
cohorts [63]. As mentioned earlier, total protein and albumin
levels decrease because of the physiological processes of preg-
nancy during the third trimester. This condition poses a major
threat to pregnant SARS-CoV-2 infected women as outlined
ina study by Bozkurt et al. [35].

Our study showed that on admission, disrupted total cho-
lesterol levels correlate with a greater severity of disease and
with five out of the six main outcomes: the length of hospital-
ization (days), the severity of the course of COVID-19 (1-4),
oxygen flow (I/min), the need for oxygen supplementation,
and the need for ICU admission. The role of cholesterol in
immunity is well established in numerous observational
studies. In addition, dynamic changes in lipid levels caused
by SARS-CoV-2 might be explained by several hypotheses.
Firstly, the production of apolipoproteins and lipoproteins
might be impaired by liver damage [67] and cytokine activ-
ity [68], and secondly, capillary leakage may occur, relocating
them to extravascular compartments [69]. A study by Wei et
al. demonstrated that patients with COVID-19 develop hypo-
lipidemia during early stages of the disease and that abnormal-
ities in lipid metabolism progressively became worse in associ-
ation with the severity of the disease [70]. Lower levels of total
cholesterol, low-density lipoprotein, and high-density lipopro-
tein (HDL) were linked to higher mortality rates and poorer
prognoses in patients with COVID-19 [70-73]. Moreover,
high CRP/HDL-C ratios were established as an independent
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predictor of in-hospital mortality [74]. However, none of these
previously published studies involved pregnant women.

The main limitations of our investigation include its
single-center nature, as well as its small and homogeneous
cohort of patients. Moreover, we evaluated markers on
admission, and not their response to disease progression and
treatment.

CONCLUSION

Pregnant women with COVID-19 were hospitalized
during their second or third trimester, with dyspnea, cough,
and fever as leading symptoms. Concomitant conditions,
including diabetes and hypertension, modified the course
of illness. CT chest scan at initial presentation may enable
medical services required by pregnant patients infected
with SARS-CoV-2 to be prioritized. Lymphocytopenia,
hypocalcemia, low total cholesterol, low total protein levels,
and high serum levels of CRP, ferritin, IL-6, procalcitonin,
hs-troponin I, LDH, and glucose measured on hospital
admission are good predictors of disease severity and may
lead to early identification of patients at risk for developing
complications, thereby improving optimization and pre-
vention efforts in this cohort. Further, research with a larger
patient sample and risk models is needed to provide use-
ful information for effective health resource management
during the COVID-19 pandemic.
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5. PODSUMOWANIE

5.1. Wyniki oceny czesto$ci wystepowania zaburzen wechu u pacjentow z COVID-19
oraz ich wartosci predykcyjnej w ocenie prawdopodobienstwa zakazenia SARS-CoV-2

Do badania wiaczono 64 hospitalizowanych pacjentow z COVID-19 oraz 34
zdrowych ochotnikow. Najczestszymi objawami COVID-19 (innymi niz zaburzenia
wechu) byly: zmeczenie (70,3%), kaszel (39,1%), goraczka (37,5%), bole glowy (35,9%)
oraz dolegliwosci zotadkowo-jelitowe (35,4%). Uposledzenie droznosci nosa wystepowato
u 32,8%, a katar u 29,7% pacjentow z COVID-19. Zaburzenia wechu wystapily wczesniej
niz inne objawy U 14,8% chorych, jednoczes$nie z innymi objawami u 11,1%, za$ pozniej
niz inne objawy u 74,1%. W czasie badania 25,9% pacjentow zgtaszalo catkowity powrot
wechu, 55,6% podawalo brak poprawy, za$§ 18,5% zglaszatlo nasilenie zaburzen
powonienia. Czg¢stos¢ odczuwanych subiektywnie zaburzen wechu byta istotnie wyzsza
u pacjentow z COVID-19 niz w grupie kontrolnej, przy czym niedawne wystapienie
zaburzen wechu i ostabienie powonienia wystepujace w chwili badania zglaszato
odpowiednio 32,8% i 42,2% pacjentéw zakazonych SARS-CoV-2, podczas gdy wszystkie
osoby w grupie kontrolnej zglaszaly normosmie. Srednia punktacja w wizualnej skali
analogowej (VAS, ang. visual analogue scale) byta rowniez wyzsza w grupie badanej niz
w grupie kontrolnej. Jako ze grupy badana i kontrolna roznity si¢ pod wzgledem wieku,
przeanalizowano dodatkowo wystgpowanie zaburzen wechu dla podgrupy 75%
najmtodszych pacjentow z COVID-19, w ktorej wiek nie byt istotnie rézny niz w grupie
kontrolnej. Roznice w ocenie zmystu powonienia pomiedzy tymi grupami pozostaty
wysoce istotne statystycznie, przy czym w podgrupie 75% najmtodszych pacjentow
niedawne wystgpienie zaburzen wechu i ostabienie powonienia wystepujace W chwili
badania zgtaszato odpowiednio 29,2% i 41,7% badanych.

U wszystkich osob biorgcych udziat w badaniu dokonano psychofizycznej oceny
wechu. Sredni odsetek prawidlowych odpowiedzi (dla wszystkich 10 probek, w tym proby
bezzapachowej), prawidlowo wykrytych zapachéow oraz prawidlowo zidentyfikowanych
zapachow w grupie badanej w poroéwnaniu do grupy kontrolnej wynosit odpowiednio
65,6% vs. 95,8%, 83,5% vs. 100% i 66,3% vs. 95,6%. W poréwnaniu grupy kontrolnej
z podgrupa 75% najmlodszych pacjentow z COVID-19 roznice pozostaty wysoce istotne
statystycznie, przy czym w tej podgrupie s$redni odsetek prawidlowych odpowiedzi
wyniost 74,2%, sredni odsetek prawidtowo wykrytych zapachow — 85,4%, za$ prawidlowo
zidentyfikowanych zapachow — 72,9%.

Dla wszystkich substancji zapachowych nizsze wartosci p dla réznic pomigdzy
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grupami stwierdzano dla identyfikacji niz dla rozpoznawania zapachow. Uwzgledniajac
wyniki rozpoznawania kazdej spo$rod badanych substancji wonnych, stworzono dwa
dodatkowe, skrécone modele testu psychofizycznego, jeden z o§mioma, a drugi z czterema
wybranymi zapachami, jak opisano powyzej. Srednia punktacja uzyskana w tescie
psychofizycznym byla znacznie nizsza w grupie badanej niz w grupie kontrolnej
(p < 0,001) dla wszystkich ocenianych modeli. Przy przyjeciu punktu odciecia dla
rozpoznania zaburzen wechu jako wartoéci ponizej 10. percentyla wynikéw uzyskanych w
grupie kontrolnej, ostabienie powonienia w modelach SDOIT-10, SDOIT-9, SDOIT-8
i SDOIT-4 w grupie badanej vs. w grupie kontrolnej stwierdzono odpowiednio u 59,4% vs.
8,8%, 54,7% vs. 5,9%, 54,7% vs. 2,9% i 64,1% vs. 5,9% pacjentow. Zaobserwowano
istotng Kkorelacje pomigdzy zaburzeniami wechu stwierdzanymi na podstawie kazdego
z czterech modeli testu psychofizycznego a subiektywnym ostabieniem powonienia
zglaszanym przez pacjentow w chwili badania. Jednoczesnie nalezy podkresli¢, ze wyniki
ankiety wskazywaly na nizsza czesto$¢ ostabienia powonienia niz testy psychofizyczne,
a zatem czesto$¢ zaburzen wechu w ocenie subiektywnej jest prawdopodobnie
niedoszacowana, co wskazuje na istotng rolg metod psychofizycznych w ocenie zmystu
wechu w COVID-19. Co wigcej, wérod osob Oceniajgcych subiektywnie swoj wech jako
prawidtowy, w modelach SDOIT-10, SDOIT-9, SDOIT-8 i SDOIT-4 testu
psychofizycznego stwierdzono zaburzenia powonienia odpowiednio w 51,2%, 46,5%,
46,5% i 55,8% przypadkow. Nie zaobserwowano istotnych réznic pomiedzy mezczyznami
I Kkobietami odnosnie zarowno subiektywnych, jak i stwierdzanych w testach
psychofizycznych zaburzen wechu.

W grupie badanej uposledzenie drozno$ci nosa wystepowato czgs$ciej u chorych
z subiektywnymi zaburzeniami we¢chu niz u pacjentdw z normosmig, za$ czestos¢ kataru
byla istotnie wyzsza u pacjentow zglaszajacych niedawne wystgpienie zaburzen wechu niz
u 0sOb z normosmia, podczas gdy w przypadku ostabienia powonienia wystgpujacego
w chwili badania rdéznica ta nie byla istotna statystycznie. Nie stwierdzono istotnych
korelacji pomigdzy objawami ze strony nosa a wynikami SDOIT.

Pacjenci z gorszymi wynikami psychofizycznych testow wechowych mieli wyzsza
punktacje w skali MEWS i byli dluzej hospitalizowani, a wyniki modeli SDOIT-9 oraz
SDOIT-8 byly istotnie gorsze u pacjentow, ktorzy podzniej zmarli, nie stwierdzono zas
korelacji pomiedzy dhugoscig hospitalizacji, punktacja MEWS oraz czestoscig zgonow
a zglaszanym przez pacjentow subiektywnym ostabieniem powonienia. Konieczno$é

suplementacji tlenu obserwowano rzadziej u pacjentow zglaszajacych niedawne
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wystgpienie zaburzen wechu, ale czesciej U pacjentoOw z nizszymi wynikami SDOIT.

Stwierdzenie zaburzen wechu na podstawie testu psychofizycznego dla kazdego
z czterech modeli SDOIT byto istotnie zwigzane z pozytywnym wynikiem badania RT-
PCR w kierunku zakazenia SARS-CoV-2 (z OR dla modeli SDOIT-10, SDOIT-9, SDOIT-
8 i SDOIT-4 wynoszacymi odpowiednio 15,1, 19,3, 39,8 i 28,5). W analizie ROC
niedawne wystapienie subiektywnych zaburzen we¢chu w predykcji zakazenia SARS-CoV-
2 miato czuto$¢ rowna 42%, swoistos¢ rowng 100%, PPV réwng 100% oraz NPV réwna
48%, z AUC wynoszacym 0,71. W testach psychofizycznych, przy zdefiniowaniu
zaburzen wechu jako wartosci ponizej 10. percentyla wynikéw uzyskanych w grupie
kontrolnej, najlepszym predyktorem okazat si¢ model SDOIT-4, z czuto$cig rowng 64%,
swoistoscig rowna 94%, PPV réwna 95%, NPV réwng 63% oraz AUC wynoszacym 0,8.
Jednakze dla wszystkich modeli SDOIT optymalnym punktem odcigcia dla rozpoznania
zaburzen wechu w analizie ROC, wyznaczonym z wykorzystaniem metody stycznej, byto
udzielenie co najmniej jednej nieprawidtowej odpowiedzi, z AUC > 0,8 dla wszystkich
modeli. Jeszcze wyzszg skutecznos¢ diagnostyczng osiggnigto dla klasyfikatorow
taczacych wyniki SDOIT i subiektywnej oceny wechu (przy czym za predyktor COVID-19
uznano tu wystapienie zaburzen wechu w co najmniej jednej metodzie, to jest w ocenie
subiektywnej i/lub w tescie psychofizycznym). W celu zminimalizowania ryzyka
niewykrycia COVID-19, co mogtoby prowadzi¢ do braku izolacji osob faktycznie
zakazonych, jako najlepsze predyktory wybrano ostatecznie dwa klasyfikatory
z najwickszym AUC i najwyzsza czuto$cia, taczace zgtaszanie przez pacjenta niedawnego
wystgpienia subiektywnych zaburzen wechu i/lub:

1. udzielenie co najmniej jednej nieprawidtowej odpowiedzi w modelu SDOIT-10

(z AUC réwnym 0,87, czutoscig rowng 91%, swoistoscig rowng 71%, PPV rowng

85% i NPV rowng 80%) albo

2. nieprawidlowe zidentyfikowanie co najmniej jednego zapachu w modelu

SDOIT-8 (z AUC réwnym 0,87, czuto$cig rowng 86%, swoisto$cig rowng 79%,

PPV réwng 89% i NPV réwng 75%).

Ponadto w celu wyeliminowania wptywu wieku pacjentow na wyniki, analiz¢ ROC
wykonano tez dla porownania grupy kontrolnej i podzbioru 75% najmtodszych pacjentow
z grupy badanej. Analiza grup dopasowanych pod wzgledem wieku réwniez wykazata, ze
przy zdefiniowaniu zaburzenh wechu w SDOIT jako wartosci ponizej 10. percentyla
wynikoéw uzyskanych w grupie kontrolnej najlepszym predyktorem wystgpienia zakazenia
SARS-CoV-2 byl model SDOIT-4 (z czutoécig réwng 54%, swoistoscig rowna 94%, PPV
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rowng 93%, NPV rowng 59% oraz AUC réwng 0,75), jednak przy wyznaczeniu
optymalnego punktu odciecia metodsg stycznej, najlepsza definicjg zaburzen we¢chu we
wszystkich modelach SDOIT okazato si¢ by¢ podanie co najmniej jednej nieprawidtowej
odpowiedzi, z AUC > 0,75 dla wszystkich modeli. Podobnie jak w przypadku catej proby,
tu rowniez modele taczace wyniki SDOIT i subiektywng ocen¢ powonienia pozwalaty
osiggna¢ wyzsza skuteczno$¢ diagnostyczng, a jako najlepsze predyktory wybrano
ostatecznie dwa klasyfikatory z najwickszym AUC 1 najwyzsza czulo$cia, laczace
zglaszanie przez pacjenta niedawnego wystapienia subiektywnych zaburzen wechu i/lub:

1. udzielenie co najmniej jednej nieprawidtowej odpowiedzi w modelu SDOIT-10

(z AUC réwnym 0,85, czutoscig rowng 88%, swoistoscig rowng 71%, PPV rowna

81% 1 NPV rowng 80%) albo

2. nieprawidlowe zidentyfikowanie co najmniej jednego zapachu w modelu

SDOIT-8 (z AUC rownym 0,86, czutoscig rowng 83%, swoistoscig roéwng 79%,

PPV rowng 85% i NPV rowng 77%).

Ograniczeniami przedstawionego badania s3 jego jednoosrodkowy charakter oraz
ograniczona wielko$¢ proby. Co wigcej, ocena wechu odbywata si¢ W roznym odstepie
czasu od rozpoznania zakazenia, a czg$¢ pacjentow zglaszala w chwili badania
subiektywng poprawe wechu. Fakty te moglyby jednak prowadzi¢ raczej do
niedoszacowania niz do przeszacowania czestosci zaburzen wechu w COVID-19, a tym
samym ich znaczenia diagnostycznego. Ponadto nie oceniano rokowania odnos$nie
poprawy wechu. Z tego powodu wskazane jest przeprowadzenie dalszych badan
z dtuzszym okresem obserwacji. Co wigcej, zastosowany test psychofizyczny (SDOIT) nie
zostal zwalidowany, a zaburzenia wechu oceniano w nim na podstawie identyfikacji
zapachow, bez oceny ich dyskryminacji czy progu ich odczuwania. Nalezy jednak
zauwazy¢, ze celem badania nie byla walidacja nowego testu do oceny funkcji zmystu
wechu, a stworzenie szybkiego testu przesiewowego dla predykcji wystapienia zakazenia
SARS-CoV-2. Z tego powodu jako ztoty standard w ocenie przydatnosci diagnostycznej
zastosowano test RT-PCR, a w projekcie uwzgledniono rozpoznawanie zapachow jako
najprostszy do przeprowadzenia i jednoczesnie wiarygodny element badania zmystu
powonienia. Niemniej jednak w przysztosci przydatna bytaby walidacja SDOIT jako testu
diagnostycznego w ocenie funkcji wechu. Warto jednocze$nie podkreslic, ze choc
w prezentowanym badaniu test psychofizyczny wykonywano w asyscie badacza, prostota
SDOIT umozliwia réwniez jego przeprowadzenie zdalne, co mogloby dodatkowo

zwiekszy¢ jego dostepnos¢ jako metody przesiewowe;.
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5.2. Wyniki podsumowania aktualnej wiedzy na temat patogenezy zaburzen wechu
w przebiegu COVID-19

Cho¢ opisywane w literaturze wczesny poczatek oraz wczesne ustgpowanie
zaburzen wechu w przebiegu COVID-19 moglyby przemawia¢ za przewodzeniowym
patomechanizmem anosmii, U wielu pacjentow zakazonych SARS-CoV-2 ostabienie
powonienia wystepuje pomimo braku uposledzenia droznosci nosa czy kataru, co
wskazuje, iz nie sa one gtdéwnymi czynnikami w rozwoju zaburzen wechu w przebiegu tej
choroby [76,77,78]. Podobnie w literaturze opisywano wystepowanie w badaniach
obrazowych obrzeku S$luzoéwki okolicy wechowej, ktory moglby utrudnia¢ dotarcie
substancji zapachowych do nabtonka we¢chowego nawet przy zachowanej drozno$ci nosa
[79,80], jednak w innych pracach nie potwierdzono tych doniesien [81,82], co przemawia
przeciwko jego zasadniczej roli w patogenezie ostabienia powonienia.

Innym mozliwym patomechanizmem anosmii jest uszkodzenie struktur
nerwowych, w tym neuronéw wechowych, opuszki wechowej oraz wyzszych osrodkow
wechowych [83,84]. Zdolnos¢ SARS-CoV-2 do neuroinwazji potwierdzaja szeroko
opisywane w literaturze objawy neurologiczne COVID-19 [85]. Bezposrednie zajgcie
osrodkowego uktadu nerwowego moze odbywaé si¢ na drodze krwiono$nej badz droga
szlakow nerwowych [84]. W pierwszym przypadku wirus moze wnika¢ do krazenia
przekraczajac barier¢ krew-mozg poprzez zakazenie komorek $rodblonka w jej obrebie,
przenikanie przez przestrzen zewnatrzkomorkowg wskutek zwigkszonej przepuszczalnosci
tej bariery, wywotanej uwolnieniem mediatorow zapalnych, przenikanie w obrebie splotow
naczyniowkowych lub zakazenie leukocytow zdolnych do przechodzenia przez te barierg
(w tzw. mechanizmie ,,konia trojanskiego™) [86,87]. Z kolei w mechanizmie neuroinwazji
przez drogg wechowa wirus dociera do mozgu wskutek wnikania przez nabtonek wechowy
I zajecia obwodowych zakonczen nerwowych, a nastepnie propagacji drogg transportu
aksonalnego poprzez neurony wechowe w Kierunku opuszki wechowej, skad moze
rozprzestrzenia¢ si¢ trans-synaptycznie do innych obszaréw mozgu [84,85,88].
Alternatywnie wirus moze przenika¢ z nablonka wechowego bezposrednio do plynu
moézgowo-rdzeniowego otaczajacego peczki nerwowe i opuszke wechowag [15]. Za
neuroinwazja poprzez droge wechowa przemawia stwierdzana w badaniach posmiertnych
wigksza liczba czastek wirusa SARS-CoV-2 oraz bardziej nasilone uszkodzenia w obrebie
neuronéw wechowych i opuszki wechowej niz w pniu mozgu. Ponadto w badaniach

rezonansu magnetycznego u pacjentow z COVID-19 opisywano nieprawidtowosci

131



w obrebie opuszki wechowej, w tym cechy mikrokrwotokéw, obrzgk, zmniejszenie
objetosci opuszki wskazujace na jej atrofie lub inne zmiany jej morfologii [89-93]. Co
wigcej, W badaniach SARS-CoV-2 oraz wezesniej wystepujacych ludzkich koronawirusow
na modelach zwierzecych, wykazano zakazenie mozgowia po donosowej aplikacji wirusa
[94-96]. Nalezy jednak zauwazy¢, ze badania na modelu mysim prowadzone sg na
zwierzetach transgenicznych z ludzkim receptorem ACE2 mogacym ulega¢ ektopowej
ekspresji w wielu komoérkach, w tym w neuronach wechowych, przez co model ten moze
nie by¢ w petni wiarygodny w ocenie tropizmu wirusa [20,97]. Rzeczywiscie, w badaniach
z wykorzystaniem sekwencjonowania stwierdzono koekspresje ACE2 i TMPRSS2
w komorkach pozanerwowych nabtonka wechowego, nie za§ w neuronach wechowych,
opuszce wechowej czy mozgu [3,20,98]. Ponadto objawy neurologiczne COVID-19
nickoniecznie wskazujag na bezposrednig neuroinwazjg, ale moga wynika¢ roéwniez
z uszkodzenia moézgu spowodowanego hipoksja, zaburzeniami naczyniowymi lub
nadmierng reakcjg immunologiczng [99]. Co wigcej, cho¢ w niektorych badaniach
stwierdzono obecno$¢ czastek wirusowych w preparatach posmiertnych mozgu [100] oraz
RNA SARS-CoV2 w ptynie mozgowo-rdzeniowym [47], liczba kopii wirusa w moézgu
wydaje si¢ najmniejsza sposrod ocenianych tkanek, a w czgsci prac w ogdle nie stwierdza
si¢ jego obecnosci, za$ dodatni wynik RT-PCR niekoniecznie §wiadczy o obecnos$ci catych
czastek wirusowych w ptynie moézgowo-rdzeniowym [20]. Przeciwko zasadniczej roli
uszkodzenia osrodkowego uktadu nerwowego w patomechanizmie anosmii przemawia
rébwniez znacznie wigksza czesto$¢ wystepowania uposledzenia powonienia niz innych
objawow neurologicznych oraz powszechnie obserwowane szybkie ustegpowanie zaburzen
wechu [76,78].

Innym prawdopodobnym mechanizmem powstawania anosmii w przebiegu
COVID-19 jest uszkodzenie czuciowo-nerwowe, z zaburzeniem struktury nabtonka
wechowego. Rzeczywiscie, zakazenie SARS-CoV-2 stwierdza si¢ w wielu typach
komorek nablonka wechowego, w tym w obrebie neuronéw wechowych, komorek
podporowych oraz komorek uktadu immunologicznego [101]. Jak wspomniano,
koekspresjc ACE2 i TMPRSS2 obserwuje si¢ W przewazajacej mierze w obrebie
pozanerwowych komorek nabtonka wechowego, takich jak komorki podporowe,
podstawne oraz okotonaczyniowe, nie za§ w neuronach wechowych [3,12,98]. Zakazenie
neuronow jest zatem prawdopodobnie poprzedzone infekcjg komorek pozanerwowych,
ktéra moze nastepnie prowadzi¢ do horyzontalnego rozprzestrzeniania si¢ wirusa do

neurondw wechowych z przylegajacych komoérek podporowych, a takze do zniszczenia
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struktury nabtonka wechowego przez naciek zapalny, utatwiajacego szerzenie si¢ wirusa
[101]. Co wigcej, zakazenie komorek pozanerwowych moze zaburza¢ funkcje neuronow
wechowych nawet bez ich bezposredniego zakazenia poprzez uszkodzenie architektoniki
nabtonka wechowego 1 brak prawidlowej funkcji podporowej, a takze zaburzenie szlakow
sygnatowych, zaburzenia jonowe oraz nadmierng odpowiedz immunologiczng
[12,19,20,97]. Hipoteze te potwierdza stosunkowo szybkie ustepowanie zaburzen wechu,
trwajace zwykle do kilku tygodni po zachorowaniu, co moze odzwierciedla¢ zdolnosci
regeneracyjne komorek podporowych, podczas gdy za diluzej trwajace zaburzenia
odpowiada¢ moze uszkodzenie komoérek podstawnych [20].

Nalezy jednak zauwazy¢, ze cho¢ neurony wechowe niemal nie wykazujg ekspresji
receptora ACE2, obserwuje si¢ w nich ekspresj¢ receptora NRP1, ktory moze by¢
odpowiedzialny za bezposrednie zakazenie tych komorek [4,101,102]. Co wigcej,
ekspresje receptora  NRP1 stwierdzono roéwniez w obrgbie nerwowych komorek
progenitorowych, co mogtoby odpowiada¢ za obserwowane w czeSci przypadkow
utrzymywanie si¢ anosmii po przechorowaniu COVID-19 [4,102]. Ponadto opisywane
wczesniej rzadkie wystepowanie parosmii po przebyciu COVID-19 prawdopodobnie
wynikato z poczatkowego niedoszacowania jej czestosci, podczas gdy obecnie ocenia si¢
ja na okoto 40% [103,104]. Jedna z hipotez odnos$nie mechanizmu powstawania parosmii
mowi, ze zapalenie neuroepithelium i opuszki wechowej wywotane zakazeniem SARS-
CoV-2 moze powodowac nieprawidlowg regeneracj¢ neuronéw wechowych, prowadzaca
do zaburzenia odbierania bodzcéw zapachowych w nablonku wechowym
i nieprawidlowego mapowania receptorow w obrebie opuszki wechowej [104].

Mozliwe jest réwniez genetyczne podloze zaburzen wechu w COVID-19, z
prawdopodobng rola genow UGT2A1 i UGT2A2, kodujacych enzym difosfo-
glukuronozylotransferaze urydyny (UGT) i ulegajacych ekspresji w nabtonku wechowym,
ktore moga odgrywac role w metabolizowaniu substancji zapachowych oraz terminacji

wechowych szlakow sygnatowych [105,106].
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5.3. Wyniki badania wptywu wariantu SARS-CoV-2 (wariantu alfa w porownaniu do
wariantow wczesniej wystepujacych) na ciezkos¢ przebiegu COVID-19 oraz
potencjalnych demograficznych, klinicznych 1 laboratoryjnych predyktoréw

ciezkiego przebiegu choroby w populacji hospitalizowanych mlodych dorostych.

Do badania wilaczono 229 pacjentow z COVID-19, w tym 75 pacjentow
hospitalizowanych podczas drugiej fali oraz 154 pacjentow hospitalizowanych podczas
trzeciej fali pandemii. Najczgséciej zglaszanymi objawami COVID-19 byly: duszno$é
(91,7%), goraczka (85,2%), kaszel (85,2%) i ostabienie (56,8%). Wsrod innych objawow
wystepowaly: bole migsniowe (29,3%), zaburzenia wechu i/lub smaku (18,8%), bol glowy
(18,3%), biegunka (17,9%), nudnosci i/lub wymioty (11,8%), bdl gardta (97,9%) oraz
krwioplucie (3,5%). Nie stwierdzono istotnych réznic pomigdzy falami pandemii
w zakresie zglaszanych objawow, pici, wskaznika masy ciala (BMI, ang. body mass
index), palenia tytoniu i choréb wspotistniejacych.

Mediana zaj¢cia migzszu plucnego przez zmiany zapalne w badaniu tomografii
komputerowej (TK) wynosita 31%, w tym 30% w drugiej fali i 33% w trzeciej fali
pandemii. Mediana czasu od wystgpienia objawoéw do przyjecia do szpitala wynosita
w drugiej fali 8 dni (IQR 6-10 dni), za§ w trzeciej fali 9 dni (IQR 7-11 dni). Jako ze
kryterium wiaczenia do badania byta hospitalizacja spowodowana cigzkim przebiegiem
COVID-19, niemal wszyscy pacjenci (96,9%) wymagali suplementacji tlenu. Tlenoterapia
wysokoprzeptywowa (HFNO, ang. high flow nasal oxygen therapy) byta zastosowana
u 24% chorych, wentylacja mechaniczna byta konieczna u 9,6%, 13,5% pacjentow
wymagato przyjecia do OIT, a 7% zmarto. Smiertelno$¢ w OIT wyniosta 48,4%. Nie
stwierdzono istotnych réznic pomi¢dzy badanymi falami pandemii pod wzglgdem odsetka
zajetego migzszu plucnego, konieczno$ci suplementacji tlenu, HFNO, wentylacji
mechanicznej, przyjecia do OIT oraz $miertelnosci. Wyniki te wskazuja, ze u mtodych
dorostych hospitalizowanych z powodu ci¢zkiego przebiegu COVID-19 wariant alfa
SARS-CoV-2 nie zwigksza ryzyka krytycznego przebiegu choroby i zgonu. Co wigce],
w drugiej fali obserwowano wigkszg liczbe leukocytow, neutrofilow i niedojrzatych
granulocytow, wiekszy oOdsetek niedojrzatych granulocytow, wyzszy stosunek liczby
neutrofilow do liczby limfocytow (NLR, ang. neutrophil-to-lymphocyte ratio) oraz
wigksza czestos¢ leukocytozy i neutrofilii przy przyjeciu do szpitala, zas odsetek
limfocytow przy przyjeciu do szpitala byt nizszy niz u pacjentow z trzeciej fali. Nie

stwierdzono natomiast istotnych roznic pomiedzy falami w zakresie st¢zenia interleukiny-6
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(IL-6), CRP i ferrytyny. Ponadto, cho¢ nie zaobserwowano istotnych réznic w stezeniu
PCT przy przyjeciu do szpitala, jej st¢zenie w 7. dniu hospitalizacji bylo istotnie wyzsze
u pacjentow z drugiej fali niz w fali trzeciej. Jako ze powyzsze wskazniki nadmiernej
reakcji zapalnej sa prawdopodobnie zwigzane z ci¢zszym przebiegiem choroby, jak
opisano ponizej, obserwacje te rowniez przemawiajg przeciwko ciezszemu przebiegowi
zakazenia wariantem alfa SARS-CoV-2 w poréwnaniu z wariantami wczesniejszymi. Co
wigcej, cho¢ nie zaobserwowano istotnych réznic W zakresie stezen D-Dimeru i albuminy
przy przyjeciu do szpitala, w 7. dniu hospitalizacji stezenie D-Dimeru bylo wyzsze,
a albuminy nizsze w drugiej fali w porownaniu z falg trzecig, przy czym wysokie stezenie
D-Dimeru i niskie stezenie albuminy sg rowniez prawdopodobnie zwigzane z gorszym
rokowaniem. Ponadto, cho¢ stezenie mioglobiny w 7. dniu hospitalizacji bylo nizsze
w drugiej niz w trzeciej fali pandemii, to nie zaobserwowano istotnych roéznic pomigdzy
falami w zakresie innych, bardziej swoistych markeréw uszkodzenia mig$nia sercowego.
Nie stwierdzono rowniez istotnych roznic pomigdzy falami w zakresie stezen antytrombiny
11 (AT II), fibrynogenu, LDH, wapnia, witaminy D3 oraz markerow uszkodzenia nerek
I watroby.

Poréwnujac pacjentow, ktorzy przezyli, z pacjentami, ktorzy zmarli w przebiegu
hospitalizacji, nie stwierdzono istotnych réznic w zakresie wieku, pici czy grupy krwi.
Cho¢ masa ciata i BMI byly wyzsze u pacjentow, ktdrzy zmarli, roznice te nie byly istotne
po wyeliminowaniu z analizy obserwacji odstajgcych. Nalezy jednak zauwazy¢, ze w tym
badaniu, do ktérego wtaczono jedynie pacjentow hospitalizowanych z powodu cigzkiego
przebiegu COVID-19, mediana BMI wynosita 30,6 kg/m? (IQR 27,1-34,3 kg/m?),
a jedynie u 12,3% chorych obserwowano jego prawidtowe wartoéci (18-25 kg/m?). Co
wigcej, stwierdzono dodatnig korelacje pomiedzy BMI a koniecznoscig wentylacji
mechanicznej. Ponadto, w jednoczynnikowej analizie regresji logistycznej masa ciata >
100 kg oraz BMI > 40 kg/m? stanowity istotne predyktory zgonu, konieczno$ci wentylacji
mechanicznej i przyjecia do OIT, a BMI > 40 kg/m? stanowit réwniez istotny predyktor
konieczno$ci wentylacji mechanicznej w analizie wieloczynnikowej (OR = 6,9). Wydaje
si¢ zatem, ze nadwaga 1 otyto$¢ powinny by¢ brane pod uwage jako predyktory gorszego
rokowania, prawdopodobnie z powodu ich zwigzku z innymi chorobami
wspotistniejacymi, zmniejszong objetoscia ptuc oraz sktonnoscia do nadkrzepliwosci.

Pacjenci, ktorzy po6zniej zmarli, istotnie czgsciej zglaszali w wywiadzie palenie
tytoniu (w przesztosci lub obecnie), zaobserwowano roéwniez stabg dodatnig korelacje

pomiedzy nikotynizmem w wywiadzie a konieczno$cig wentylacji mechanicznej
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I przyjecia do OIT, co wskazuje, ze palenic tytoniu réwniez nalezy rozwazaé jako
potencjalny czynnik ryzyka ciezkiego przebiegu COVID-19 u milodych dorostych.
U pacjentow zmartych istotnie czegsciej obserwowano roéwniez wystepowanie chorob
wspotistniejacych (68,75% w porownaniu do 38,5% pacjentow, ktorzy przezyli), a ich
obecno$¢ byta istotnic zwigzana z ryzykiem zgonu i wentylacji mechanicznej
w jednoczynnikowej analizie regresji logistycznej, a takze z ryzykiem zgonu w modelu
wieloczynnikowym (OR = 4). U pacjentow, ktorzy zmarli, istotnie cze$ciej obserwowano
przewlekle zaburzenia rytmu serca, nie stwierdzono zas istotnych réznic w czestosci
insulinoopornosci, cukrzycy, nadci$nienia tetniczego, astmy, niedoczynnos$ci tarczycy oraz
choroby Hashimoto. W regresji logistycznej, w analizie jednoczynnikowej, obecno$é
cukrzycy lub insulinoopornosci w wywiadzie byla istotnie zwigzana z ryzykiem zgonu,
wentylacji mechanicznej i przyjecia do OIT, za$§ przewlekte zaburzenia rytmu serca —
z ryzykiem zgonu i wentylacji mechanicznej. Ogodlnie jednak zwigzek chordb
wspotistniejacych z rokowaniem w przebiegu zakazenia SARS-CoV-2 wydaje si¢ by¢
stabiej wyrazony niz w populacji ogdlnej, jako ze wigksza liczba choréb wspoélistniejacych
U 0s6b starszych moze prowadzi¢ do bardziej ztozonych patomechanizméw w przebiegu
COVID-19 i jej powiktan [44].

Odsetek zajecia ptuc przez zmiany zapalne stwierdzany w TK byt istotnie wyzszy,
a zajecie ponad 50% migzszu plucnego bylo istotnie czgstsze u pacjentow, ktorzy zmarli.
Stwierdzono rowniez staba dodatnig korelacje pomigdzy odsetkiem zajgcia phuc
a koniecznos$cig wentylacji mechanicznej i przyjecia do OIT. SpO2 przy przyjeciu do
szpitala byta istotnie nizsza U pacjentéw, ktorzy zmarli. Zaobserwowano rowniez ujemna
korelacj¢ pomiedzy SpO2 przy przyjeciu do szpitala a konieczno$cig wentylacji
mechanicznej i hospitalizacji w OIT. Pacjenci, ktorzy zmarli, czesSciej wymagali HFNO,
wentylacji mechanicznej, przyjecia do OIT, wlewu amin presyjnych oraz ciaglej terapii
nerkozastepczej (CRRT, ang. continuous renal replacement therapy).

Zakazenie SARS-CoV-2 wywotuje odpowiedz immunologiczng gospodarza, ktora
u wigkszosci pacjentow prowadzi do eliminacji wirusa. Jednakze w niektorych
przypadkach wywotana zakazeniem aktywacja makrofagow pecherzykowych powoduje
zwickszone uwalnianie cytokin, takich jak IL-1, IL-6 i czynnik martwicy nowotworu-a
(TNF-a, ang. tumor necrosis factor alpha), oraz innych mediatorow prozapalnych, co
okres$lane jest mianem ,burzy cytokinowej”. Prowadzi to do rekrutacji i naciekania
neutrofilow, monocytow i innych leukocytow. Cytokiny stymulujg tez szpik kostny do

produkcji i uwalniania niedojrzalych granulocytow, ktore naciekaja ptuca, dodatkowo
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nasilajac nadmierng reakcje¢ zapalng [9,30,32]. Ponadto, uwalnianie cytokin, w tym IL-6,
indukuje synteze biatek ostrej fazy, takich jak CRP, fibrynogen i ferrytyna [32], co z kolei
moze dalej modulowaé¢ reakcje immunologiczng, zwigkszajac ekspresje¢ mediatorow
zarowno prozapalnych, jak i przeciwzapalnych [107,108]. Nasilona reakcja zapalna moze
réwniez prowadzi¢ do indukowanej cytokinami apoptozy limfocytow [31,109,110]. Inne
mozliwe przyczyny limfopenii w COVID-19 obejmujg bezposrednie zakazenie wirusowe
limfocytow, wykazujacych ekspresje¢ ACE2, uszkodzenie narzadow limfatycznych oraz
zwigkszone zuzycie limfocytow w zakazonych tkankach [31,109,110]. Z tych powodow
w COVID-19 obserwuje sie rowniez podwyzszony stosunek liczby neutrofilow do liczby
limfocytow (NLR) [31]. Potwierdzaja to wyniki przedstawionego badania, w ktérym liczba
leukocytow, neutrofilow oraz niedojrzatych granulocytow, odsetek niedojrzatych
granulocytow oraz czgstos¢ leukocytozy, neutrofilii, limfopenii, a takze NLR 1 stgzenie IL-
6, byly istotnie wyzsze u pacjentow, ktorzy zmarli. Co wigcej, u pacjentow tych mediana
stezenia CRP byla istotnie wyzsza i istotnie czesciej obserwowano stezenie CRP powyzej
100 mg/l. Zaobserwowano rowniez dodatnig korelacje pomiedzy liczbg leukocytow,
neutrofilow oraz niedojrzatych granulocytow, odsetkiem neutrofilow
i niedojrzatych granulocytéw, czestoscig leukocytozy i neutrofilii, NLR oraz stezeniem IL-
6 i CRP, a koniecznos$cig wentylacji mechanicznej i przyjecia do OIT, oraz ujemng
korelacje pomiedzy odsetkiem limfocytéw a koniecznoscia wentylacji mechanicznej
I przyjecia do OIT. W jednoczynnikowej analizie regresji logistycznej NLR > 2
i limfopenia w 7. dniu hospitalizacji, a takze neutrofilia, leukocytoza i stezenie CRP > 100
mg/l przy przyjeciu do szpitala i w 7. dniu hospitalizacji, byly istotnie zwigzane
z ryzykiem zgonu, wentylacji mechanicznej i przyjecia do OIT, a w analizie
wieloczynnikowej leukocytoza przy przyjeciu do szpitala stanowita istotny predyktor
zgonu, koniecznosci wentylacji mechanicznej i przyjecia do OIT (z OR rownymi
odpowiednio 5,8, 5,75 i 3,7). Co wigcej, cho¢ nie stwierdzono istotnych réznic w zakresie
stezenia ferrytyny pomiedzy pacjentami, ktorzy zmarli, a tymi, ktorzy przezyli,
zaobserwowano stabg pozytywng korelacje pomig¢dzy stezeniem ferrytyny przy przyjeciu
do szpitala a konieczno$cig wentylacji mechanicznej oraz pomigdzy stezeniem ferrytyny
w 7. dniu hospitalizacji a koniecznos$cig przyjecia do OIT.

Prokalcytonina moze by¢ indukowana bezposrednio przez endotoksyny
i lipopolisacharydy bakteryjne lub posrednio poprzez uwalnianie cytokin prozapalnych,
takich jak IL-1B, TNF-a i IL-6. Z drugiej strony jej synteza moze by¢ hamowana przez
interferon-y (INF-y), ktorego stezenie wzrasta podczas infekcji wirusowych. Z tego
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powodu stezenie PCT nie jest typowo podwyzszone podczas zakazenia SARS-CoV-2
o tagodnym przebiegu, wzrasta za$ podczas ci¢zkiej postaci COVID-19, zwlaszcza
wskutek koinfekcji bakteryjnych [111-113]. Potwierdza to zaobserwowane w obecnym
badaniu wyzsze st¢zenie PCT i czestsze wystgpowanie stezenia PCT > 0,5 ng/ml
u pacjentow, ktorzy zmarli, a takze dodatnia Kkorelacja pomiedzy st¢zeniem PCT
a konieczno$cia wentylacji mechanicznej 1 przyjecia do OIT. Co wigcej, zarowno
w jednoczynnikowej, jak i wieloczynnikowej analizie regresji logistycznej, stezenie PCT
przy przyjeciu do szpitala > 0,5 ng/ml bylo istotnie zwigzane z ryzykiem zgonu,
koniecznosci wentylacji mechanicznej i przyjecia do OIT (z OR w analizie
wieloczynnikowej rownymi odpowiednio 5, 9,6 i 5,4).

Cho¢ nie zaobserwowano istotnych roéznic w zakresie liczby erytrocytow, poziomu
hematokrytu oraz ste¢zenia hemoglobiny przy przyjeciu do szpitala, parametry te w 7. dniu
hospitalizacji byly istotnie nizsze u pacjentow, ktorzy zmarli, a takze zaobserwowano ich
ujemng korelacj¢ z koniecznos$cig wentylacji mechanicznej i1 przyje¢cia do OIT. Co wigcej,
w jednoczynnikowej analizie regresji logistycznej liczba erytrocytow < 4.5 x108/pul,
poziom hematokrytu < 40% oraz stezenie hemoglobiny < 12 g/dl w 7. dniu hospitalizacji
byly istotnie zwigzane z ryzykiem zgonu, wentylacji mechanicznej i przyjgcia do OIT.
Zaobserwowany rozwoj niedokrwistosci w przebiegu COVID-19 moze rowniez
odzwierciedla¢ nadmierng reakcje zapalng prowadzaca do progresji choroby [114].

Kolejnymi przyczynami cigzkiego przebiegu i niekorzystnego rokowania
w COVID-19 sa prawdopodobnie zakrzepica i koagulopatia. Do zaburzen uktadu
krzepnigcia w przebiegu zakazenia SARS-C0oV-2 moga przyczyniac¢ si¢ takie czynniki, jak:
burza cytokinowa prowadzaca do zwigkszonej produkcji ptytek krwi i fibrynogenu,
aktywacja dopelniacza, dysfunkcja naczyn, zaburzenia roéwnowagi uktadow renina-
angiotensyna / kalikreina-kinina (RAS-KKS, ang. Renin-Angiotensin-Kallikrein-Kinin
systems) oraz nadmierne wewngtrznaczyniowe wytwarzanie przez neutrofile tzw.
zewnatrzkomorkowych putapek neutrofilowych (NET, ang. neutrophil extracellular traps)
[30,32]. Stan nadkrzepliwosci prowadzi do wzrostu stezenia D-Dimeru, bedacego
produktem degradacji fibryny [30]. Potwierdzajg to wyniki przeprowadzonego badania,
w ktérym stwierdzono istotnie wyzsze stgzenie D-Dimeru i1 czgstsze wystepowanie
stezenia D-Dimeru > 500 pg/l przy przyjeciu do szpitala u 0sob, ktore zmarty, a takze
dodatni zwigzek pomiedzy stezeniem D-Dimeru > 500 ug/l a koniecznosciag wentylacji
mechanicznej i przyjecia do OIT. Co wigcej, jednoczynnikowa analiza regres;ji logistyczne;j

wykazala, ze stezenie D-Dimeru > 500 pg/l byto zwigzane z ryzykiem zgonu, wentylacji
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mechanicznej i przyjecia do OIT, a w analizie wieloczynnikowej stezenie D-Dimeru przy
przyjeciu do szpitala > 500 ug/l bylo istotnie zwigzane z ryzykiem przyjecia do OIT (OR =
5,2). Nie stwierdzono natomiast istotnych réznic pomiedzy pacjentami, ktorzy zmarli
a tymi, ktorzy przezyli, w zakresie liczby ptytek krwi. Wynika to prawdopodobnie z faktu,
ze w ciezkim przebiegu COVID-19 moze wystgpowaé zarowno trombocytopenia,
wywotana zakazeniem szpiku, jak i zwigckszona produkcja ptytek krwi indukowana przez
cytokiny prozapalne [115]. Rzeczywiscie, W przedstawionym badaniu zar6wno
trombocytopenia, jak i1 trombofilia, wykazywaly dodatnia korelacj¢ z koniecznoscia
przyjecia do OIT.

Kolejnym biomarkerem zwigzanym z ci¢zko$cig przebiegu COVID-19 jest LDH,
enzym obecny we wszystkich tkankach i uwalniany do krwi podczas ich uszkodzenia,
ktére moze by¢ wywotane infekcja wirusowa, hipoksja oraz nadmierng reakcja zapalna
[116]. Potwierdzaja to wyniki przedstawionej pracy, w ktorej u pacjentow, ktorzy zmarli,
zaobserwowano wyzsza aktywno$¢ LDH przy przyjeciu do szpitala, a takze stwierdzono
dodatnig korelacje miedzy aktywnoscia LDH a koniecznoscig wentylacji mechanicznej
i przyjecia do OIT. Co wigcej, jednoczynnikowa analiza regresji logistycznej wykazata, ze
aktywno$¢ LDH > 500 U/l byla zwigzana z ryzykiem zgonu, wentylacji mechanicznej
i przyjecia do OIT, a w analizie wieloczynnikowej aktywnos¢ LDH przy przyjeciu do
szpitala > 500 U/l byta istotnie zwigzana z ryzykiem wentylacji mechanicznej i przyjecia
do OIT (z OR roéwnym odpowiednio 4,7 i 3,4). Zwigkszona aktywno$¢ LDH moze
wynikaé¢ z niewydolno$ci wielonarzagdowej obserwowanej w cigzkich postaciach COVID-
19, w tym z dysfunkcji nerek, migsnia sercowego oraz watroby.

Doniesienia naukowe wskazuja, ze podwyzszone stezenia markerow uszkodzenia
miesnia sercowego, takich jak wysokoczuta troponina I (hs-Tnl, ang. high-sensitive
troponin 1), izoenzym sercowy kinazy kreatynowej (CK-MB, ang. creatine kinase-
myocardial band), mioglobina i N-koncowy propeptyd natriuretyczny typu B (NT-
proBNP, ang. N-terminal-pro-B-type natriuretic peptide), zwigzane sa z wigksza
ciezkoscig COVID-19 i z wyzsza $miertelnoscig [117]. Rzeczywiscie, stgzenia hs-Tnl, CK-
MB oraz NT-proBNP byly istotnie wyzsze u pacjentow, ktéorzy zmarli, a takze
obserwowano ich dodatnig korelacje z koniecznoscia wentylacji mechanicznej i przyjecia
do OIT. Co wigcej, jednoczynnikowa analiza regresji logistycznej wykazala, ze stezenia
CK-MB > 20 U/l i NT-proBNP > 190 pg/ml przy przyjeciu do szpitala oraz w 7. dniu
hospitalizacji, a takze stgzenie hsTnl > 34 pg/ml w 7. dniu hospitalizacji byly zwigzane

z wyzszym ryzykiem zgonu, wentylacji mechanicznej i przyjecia do OIT, a st¢zenie hsTnl
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> 34 pg/ml przy przyjeciu do szpitala — z wyzszym ryzykiem wentylacji mechanicznej
i przyjecia do OIT. Zaobserwowano roéwniez dodatnig korelacj¢ pomiedzy st¢zeniem
mioglobiny, bedacej markerem mniej swoistym dla uszkodzenia migénia Sercowego,
a ryzykiem wentylacji mechanicznej i przyjecia do OIT. Co ciekawe, aktywnos¢ CK,
innego markera nieswoistego dla uszkodzenia kardiomiocytéw, byla istotnie wyzsza
u pacjentow zmartych jedynie w pomiarach dokonanych w 7. dniu hospitalizacji, ale nie
przy przyjeciu do szpitala. Jednoczynnikowa analiza regresji logistycznej wykazata z kolei,
ze aktywno$¢ CK > 190 UJ/l, zaréwno przy przyjeciu do szpitala, jak i w 7. dniu
hospitalizacji, zwigzana byla ze zwickszonym ryzykiem wentylacji mechanicznej
i przyjecia do OIT, jednak predyktorem zgonu byta jedynie aktywnos¢ CK > 190 U/l w 7.
dniu hospitalizacji. Moze to oznaczac, ze wzrost aktywnosci CK odzwierciedla progresje
choroby.

W literaturze istniejg rowniez doniesienia wskazujace, ze predyktorem cigzkiego
przebiegu COVID-19 oraz zwigzanych z nim zgondw jest ostre uszkodzenie nerek [118].
Potwierdzaja to wyniki przedstawianego badania, w ktérym stwierdzono wyzsze st¢zenia
Kreatyniny i mocznika oraz nizszy szacowany wskaznik przesgczania klebuszkowego
(EGFR, ang. estimated glomerular filtration rate) u osob, ktore zmarty. Zaobserwowano
rowniez dodatnig korelacje pomiedzy stezeniem kreatyniny a konieczno$cig wentylacji
mechanicznej i pomiedzy st¢zeniem mocznika a koniecznos$cig wentylacji mechanicznej
I przyjecia do OIT, a takze ujemng korelacje pomiedzy EGFR a koniecznoscig wentylacji
mechanicznej. Co wigcej, w jednoczynnikowej analizie regresji logistycznej stwierdzono,
ze EGFR < 60 ml/min oraz kreatynina >1,2 mg/ml przy przyjeciu do szpitala i w 7. dniu
hospitalizacji, a takze stezenie mocznika > 49 mg/dl w 7. dniu hospitalizacji byly istotnie
zwigzane z ryzykiem zgonu, wentylacji mechanicznej 1 przyjecia do OIT, za$ stezenie
mocznika > 49 mg/ml przy przyjeciu do szpitala — z ryzykiem wentylacji mechanicznej.

Pomimo doniesien literaturowych, iz COVID-19 powoduje rowniez uszkodzenie
watroby, dane odnosnie zwigzku aktywno$ci enzymoéw watrobowych z ciezkoscia
przebiegu choroby i zwigzang z nig $miertelno$cig pozostaja niespojne [119-121]. Co
wigcej, obserwowana w niektorych badaniach hipertransaminazemia moze wynikac¢
rowniez Z uszkodzenia mieéni 1 kardiomiocytow Iub hepatotoksycznosci lekow
stosowanych w COVID-19 [122]. W przedstawionym badaniu nie zaobserwowano
istotnych roznic w zakresie ALT, aminotrasferazy asparaginianowej (AST, ang. aspartate
aminotransferase) oraz bilirubiny catkowitej przy przyjeciu do szpitala pomiedzy osobami,

ktore przezyly, a tymi, ktore zmarty. Co ciekawe, cho¢ nie stwierdzono réznic pomiedzy
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pacjentami, ktorzy przezyli i tymi, ktorzy zmarli, w zakresie aktywno$ci gamma-—
glutamylo-transferazy (GGT, ang. gamma-glutamyl transferase), w jednoczynnikowej
analizie regresji logistycznej aktywno$¢ GGT > 120 U/l byla zwigzana ze zwigkszonym
ryzykiem zgonu oraz wentylacji mechanicznej. St¢zenie albuminy w 7. dniu hospitalizacji
byto istotnie nizsze u pacjentéw, ktorzy zmarli. Zaobserwowano roéwniez ujemng korelacje
pomiedzy stezeniem albuminy a koniecznos$cig wentylacji mechanicznej i przyjecia do
OIT. Hipoalbuminemia w przebiegu COVID-19 moze wynika¢ jednak nie tylko
z dysfunkcji watroby, ale tez z priorytetyzacji syntezy bialek ostrej fazy, indukowanej
przez cytokiny zwigkszonej przepuszczalno$ci naczyn, prowadzacej do ucieczki albumin
do przestrzeni zewngtrznaczyniowej, oraz zwiekszonej utraty albuminy z moczem,
spowodowanej uszkodzeniem nerek [119,123].

Stezenie wapnia catkowitego bylo istotnie nizsze u pacjentéw, ktorzy zmarli.
Stwierdzono réwniez ujemna korelacje pomigdzy stezeniem wapnia a konieczno$cig
wentylacji mechanicznej i przyjecia do OIT. Co wigcej, jednoczynnikowa analiza regresji
logistycznej wykazata, ze stezenie wapnia nizsze niz 2,1 mmol/l zwigzane bylto z ryzykiem
zgonu, wentylacji mechanicznej i przyjecia do OIT. Wyniki te sg zgodne z doniesieniami
naukowymi, jako ze w metaanalizach wykazano zwigzek hipokalcemii ze zwigkszong
cigzkoscia choroby i $miertelnoscig w przebiegu COVID-19, prawdopodobnie ze wzgledu
na role wapnia w odpowiedzi immunologicznej [124,125]. Ponadto witamina D, bedaca
istotnym regulatorem homeostazy wapnia, wykazuje dziatanie immunomodulacyjne
poprzez wptyw na produkcj¢ peptydéw antybakteryjnych, hamowanie produkcji cytokin
prozapalnych i promowanie cytokin przeciwzapalnych, kontrole odpowiedzi
immunologicznej zaleznej od komoérek T oraz modulacje aktywnosci neutrofilow
I makrofagow [126-128]. Co ciekawe, w prezentowanym badaniu stezenie witaminy D3
przy przyjeciu do szpitala bylo istotnie nizsze u pacjentow, ktorzy zmarli, a takze
zaobserwowano ujemng korelacje pomigdzy stezeniem witaminy D3 w 7. dniu
hospitalizacji a koniecznoscig przyjecia do OIT.

W analizie ROC choroby wspdtistniejace (AUC = 0,65), liczba leukocytow >
10x10%/ul (AUC = 0,65) oraz PCT > 0,5 ng/ml (AUC = 0,65) stanowity predyktory zgonu;
BMI > 40 kg/m? (AUC = 0,57), aktywno$¢ LDH > 500 U/l (AUC = 0,7), liczba
leukocytow > 10x10%ul (AUC = 0,72) oraz PCT > 0,5 ng/ml (AUC = 0,7) — predyktory
koniecznosci wentylacji mechanicznej, za$ stezenie D-Dimeru > 500 ug/l FEU (AUC =
0,65), aktywno$é LDH > 500 U/l (AUC = 0,68), liczba leukocytow > 10x10%/ul (AUC =
0,66) oraz PCT > 0,5 ng/ml (AUC = 0,65) — predyktory przyjecia do OIT. Catkowite AUC
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wieloczynnikowych modeli regresji logistycznej dla predykcji zgonu, wentylacji
mechanicznej i przyjecia do OIT wynosity odpowiednio 0,81, 0,84 i 0,85.

Przedstawione badanie ma pewne ograniczenia. Po pierwsze, bylo to badanie
jednoosrodkowe o stosunkowo niewielkiej liczebnosci proby, do ktorego wtaczono jedynie
pacjentow hospitalizowanych z powodu ci¢zkiego przebiegu COVID-19, co moze
ogranicza¢ mozliwos$¢ generalizacji jego wynikoOw na catg populacje mtodych dorostych.
Z tego powodu konieczne sg wicksze, wieloosrodkowe badania prospektywne. Po drugie,
jako ze bylo to badanie obserwacyjne i eksploracyjne, z duzg liczba przeprowadzonych
testow statystycznych, moze ono by¢ obarczone ryzykiem wynikow fatszywie dodatnich
oraz wplywem innych czynnikow zakldcajacych. Ponadto, z uwagi na retrospektywng
natur¢ badania 1 ograniczone zasoby systemu opieki zdrowotnej w czasie jego
prowadzenia, nie wykonywano badan genetycznych w kierunku okreslenia wariantu
SARS-CoV-2. Nalezy jednak zauwazy¢, ze W Polsce czestos¢ wystepowania wariantu alfa
SARS-CoV-2 w okresie zdefiniowanym w dysertacji jako druga fala pandemii byta niska
(okoto 6,5%), podczas gdy w okresie zdefiniowanym jako trzecia fala wariant alfa stanowit
ponad 92% identyfikowanych szczepow wirusa [54], co wskazuje, ze analizowane fale
dobrze koresponduja z wariantami sprawczymi SARS-CoV-2. Co wigcej, zaden
z pacjentow nie byl wczesniej zaszczepiony przeciwko SARS-CoV-2 ani nie miat
w  wywiadzie udokumentowanego przebytego zakazenia tym wirusem. Nie
zaobserwowano rowniez istotnych roznic w zakresie stosowanej terapii pomigdzy
badanymi falami. Z tych powodéw, cho¢ omawiane tu warianty SARS-CoV-2 nie sg juz
dominujace, wyniki badania mogg wcigz by¢ istotne, jako ze dostarczaja one cennych
informacji na temat mechanizméw zwigzanych z zakazeniem SARS-CoV-2 bez
zaklocajacego wptywu wymienionych wyzej czynnikow, €O jest niezmiernie trudne do
osiggni¢cia w badaniach wariantow pozniejszych. Warto rowniez zauwazy¢, ze wigkszos¢
wczesniejszych badan koncentrowata si¢ na predyktorach cigzkiego przebiegu COVID-19
w populacji ogdlnej, przy czym czesto w badanych prébach pacjentéw hospitalizowanych
przewazaly osoby starsze, podczas gdy czynniki ryzyka u mtodych dorostych wydajg si¢
by¢ inne, a znalezienie predyktorow niekorzystnego rokowania w tej grupie wiekowej
moze przyczyni¢ si¢ do wczesniejszej 1 lepszej identyfikacji oséb o podwyzszonych

ryzyku cigzkiego przebiegu choroby.
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5.4. Wyniki badania predyktorow ciezkiego przebiegu COVID-19 w grupie kobiet
ciezarnych.

Do badania wlaczono 52 kobiety cigzarne. Sredni BMI pacjentek przy przyjeciu do
szpitala wynosil 28,4 kg/m?. Do objawéw COVID-19 obserwowanych przy przyjeciu do
szpitala nalezaty: duszno$¢ (92,3%), kaszel (90,4%), goraczka (63,5%), ostabienie i bole
migsniowe (42,3%), zaburzenia wechu i/lub smaku (26,9%), bol gtowy (23,1%), bol gardta
(11,5%) oraz katar (9,6%). Najczeséciej obserwowanymi chorobami wspotistniejgcymi
byly: niedoczynno$¢ tarczycy (35,3%), cukrzyca (17,7%), nadci$nienie tetnicze (10%)
I astma (3,9%). Lagodny, umiarkowany, ciezki i krytyczny przebieg COVID-19
obserwowano odpowiednio u 17,3%, 48,1%, 32,7% i 1,9% chorych. Mediana czasu
trwania hospitalizacji wyniosta 8 dni. Konwencjonalna tlenoterapia (przez wasy tlenowe
albo maske tlenowg) byta konieczna u 80,8% pacjentek, 17,3% z nich wymagato
tlenoterapii wysokoprzeptywowej (HFNO), za§ w 3,9% przypadkéw konieczne byto
przyjecie do OIT. Mediana odsetka zajecia migzszu ptucnego przez zmiany zapalne
wynosita 20% (przy zakresie 1-60%). Najczesciej obserwowanymi nieprawidtowosciami
w badaniach laboratoryjnych byly: podwyzszone stezenia CRP (94,2%), D-Dimeru
(90,6%), 1L-6 (88,5%) i fibrynogenu (88%), hipoproteinemia (66,7%), obnizone st¢zenie
witaminy D3 (62,2%), podwyzszona aktywnos¢ LDH (56%), hiperglikemia (48,4%),
niedokrwisto$¢ (48,1%), podwyzszona aktywnos¢ fosfatazy alkalicznej (ALP, ang.
alkaline phosphatase; 46,2%), podwyzszona aktywno$¢ AST (40,4%), limfopenia (38,5%),
podwyzszone stezenie kwasow zotciowych (35,7%), neutrofilia (30,8%) oraz
podwyzszona aktywno$¢ ALT (30%). Zaobserwowano zwigzek pomiedzy wystepowaniem
nadci$nienia tetniczego a koniecznos$cig zastosowania wyzszych przeptywow tlenu oraz
pomigdzy wystgpowaniem Cukrzycy a konieczno$cig stosowania wyzszych przeptywow
tlenu i HFNO. Odsetek zajgtego przez zmiany zapalne migzszu ptucnego w TK wykazywat
dodatnig korelacje ze stopniem cigezkosci przebiegu COVID-19, maksymalnym
przeptywem tlenu w tlenoterapii, a takze koniecznoscig zastosowania HFNO oraz
przyjecia do OIT. Limfopenia, nizsze stgzenia wapnia, cholesterolu catkowitego i1 biatka
catkowitego, a takze wyzsze stezenia CRP, ferrytyny, IL-6, glukozy, LDH, PCT i hs-Tnl,
byty predyktorami cigzkiego przebiegu COVID-19, wptywajac na stopien cigzkosci
choroby, konieczno$¢ suplementacji tlenu i zastosowania wyzszych jego przeptywow,
dlugos$¢ hospitalizacji, a takze konieczno$¢ zastosowania wentylacji mechanicznej
I przyjecia do OIT. W jednoczynnikowej analizie regresji logistycznej czynnikami ryzyka
wystgpienia ciezkiego lub krytycznego przebiegu COVID-19 byty: cukrzyca (OR = 10,2),
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wiek cigzowy ponizej 32 tygodni (OR = 5), odsetek zaj¢tego przez zmiany zapalne
migzszu phucnego > 20% (OR = 5,8), liczba limfocytéow < 1x10%/ul (OR = 27,4), oraz
poziomy CRP > 75 mg/l (OR =9,1), IL-6 > 60 pg/ml (OR = 16,5), PCT > 0,2 ng/ml (OR =
5,1), LDH > 270 U/l (OR = 3,7), hsTnl > 6 ng/ml (OR = 12,7), wapnia catkowitego < 2,15
mmol/l (OR = 5,6), cholesterolu catkowitego < 180 mg/dl (OR = 5,7), biatka catkowitego <
6,3 g/dl (OR = 9) oraz glukozy > 99 mg/dl (OR = 6). Wskazniki te mogg stanowi¢ zatem
predyktory cigzkiego przebiegu COVID-19, pozwalajac na wczesng identyfikacje
pacjentek obarczonych wysokim ryzykiem progresji choroby. Rzeczywiscie, jak
wspomniano wyzej, podwyzszone markery stanu zapalnego i limfopenia czesto towarzysza
burzy cytokinowej, powszechnie obserwowanej w cigzkiej postaci COVID-19.
Nieprawidtowa odpowiedz immunologiczna moze rowniez wptywaé na zlg kontrole
glikemii, co powinno sktania¢ klinicystow do zwracania szczegdlnej uwagi na poziom
glukozy we krwi podczas cigzy, zarowno u kobiet z cukrzyca w wywiadzie, jak
I U pacjentek wczesniej zdrowych [129-132]. Na wystepowanie hipoproteinemii moze
mie¢ wplyw zarowno spadek wytwarzania albuminy i prealbuminy wywotany przez burzg
cytokinowa [133], jak i wzrost zapotrzebowania na biatko w okresie cigzy [134]. Zmiany
w gospodarce lipidowej moga z kolei wynika¢ z uposledzonej produkcji apolipoprotein
i lipoprotein wskutek uszkodzenia watroby oraz aktywnos$ci cytokin, a takze z tzw.
»przecieku naczyniowego” (ang. capillary leak), powodujacego ucieczke lipidow do
kompartmentow pozanaczyniowych [135,136].

Glowne ograniczenia przedstawionego badania stanowig jego jednoosrodkowy
charakter oraz niewielka, do$¢ jednorodna grupa pacjentek. Z tego powodu konieczne sg

dalsze badania nad predyktorami ci¢zkiego przebiegu COVID-19 u cigzarnych.
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6. WNIOSKI

1. Na podstawie wynikow stworzonego na potrzeby tego badania prostego,

jednorazowego psychofizycznego testu wechowego wykazano, ze w przebiegu

COVID-19 czesto obserwuje si¢ zaburzenia wechu, a ich wystapienie jest zwigzane

z wysokim prawdopodobienstwem rozpoznania zakazenia SARS-CoV-2, przez co

objaw ten stanowi dobry predyktor COVID-19, przy czym:

a. jako ze subiektywne wystepowanie anosmii lub hiposmii zgtaszato 32%-

44% chorych, podczas gdy w tescie psychofizycznym stwierdzono je u
55%-64% pacjentow, ocena subiektywna prowadzi prawdopodobnie do
niedoszacowania czestosci wystepowania zaburzen wechu, co wskazuje na
istotng role metod psychofizycznych oceny zmystu powonienia w przebiegu
COVID-19;

subiektywne ostabienie wechu nie ma zwigzku z cigzkosécig przebiegu
COVID-19, natomiast w przypadku testow psychofizycznych, cho¢ ich
gorsze wyniki byly zwigzane z pewnymi wyktadnikami cigzkiego przebiegu
choroby, konieczne sg wigksze, wieloosrodkowe, prospektywne badania;
wykazano, ze subiektywne zaburzenia wegchu majg wysoka swoistosé, ale
niskg lub umiarkowang czuto$¢ w predykcji wystapienia zakazenia SARS-
CoV-2, podczas gdy metody psychofizyczne charakteryzuje zaréwno
wysoka swoistos¢é, jak i czulo$¢, a polgczenie wynikéw testu
psychofizycznego z informacjami uzyskanymi z wywiadu pozwala na
dalsze zwigkszenie ich  doktadnosci diagnostycznej W  ocenie
prawdopodobiefnstwa zakazenia SARS-CoV-2. Umozliwia to stworzenie
niedrogiego i efektywnego skriningu w kierunku COVID-19, opartego na
polaczeniu ankiety oceniajacej niedawne wystgpienie zaburzen wechu i
wynikow  prostego, jednorazowego testu identyfikacji zapachow,
pozwalajac na odpowiednio wczesne skierowanie pacjentow ze
stwierdzonym w ten sposob wysokim prawdopodobienstwem zakazenia
SARS-CoV-2 na izolacje i, w miar¢ mozliwosci, odpowiednie badania
laboratoryjne. Moze mie¢ to szCzegodlne znaczenie w krajach o wysokim
odsetku zachorowan i ograniczonych zasobach, powodujacych zmniejszenie

mozliwos$ci powszechnego wykonywania testow RT-PCR.

2. Na podstawie przegladu literatury stwierdzono, ze w patogenezie anosmii

w przebiegu COVID-19 decydujaca rolg pelni prawdopodobnie uszkodzenie
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czuciowo-nerwowe, ktore wynika z zakazenia poprzez receptor dla ACE2 komorek
podporowych nabtonka wechowego, majacych istotne znaczenie w prawidlowym
funkcjonowaniu neuronéw wechowych, a takze prawdopodobnie z bezposredniego
zakazenia neuronow wechowych poprzez receptor dla NRP1. Cho¢ obserwowane
zwykle w COVID-19 wczesny poczatek i wczesne ustepowanie zaburzen wechu
moglyby sugerowac ich przewodzeniowy charakter, brak objawow zapalenia blony
sluzowej nosa u wigkszosci pacjentow przeczy dominujacej roli niedroznosci nosa
W powstawaniu anosmii zwigzanej z zakazeniem SARS-CoV-2. Innymi
czynnikami moggcymi mie¢ udzial w patogenezie zwigzanych z COVID-19
zaburzen wechu mogg by¢ zajecie wyzszych odcinkéw drogi wechowej oraz

czynniki genetyczne.

. W grupie mtodych dorostych hospitalizowanych z powodu cigzkiego przebiegu

COVID-19 wariant alfa SARS-CoV-2 nie wigzal si¢ z gorszym rokowaniem |

cigzszym przebiegiem choroby niz warianty wczesniejsze.

. W grupie mtodych dorostych hospitalizowanych z powodu ci¢zkiego przebiegu

COVID-19 z niekorzystnym rokowaniem zwigzanych moze by¢ wiele czynnikow,
takich jak: otylos¢, obecno$¢é chordb wspdtistniejacych, nikotynizm w wywiadzie,
wyzszy odsetek zajecia przez zmiany zapalne migzszu plucnego w obrazach
tomografii komputerowej, nizsza saturacja krwi obwodowej tlenem (SpO>),
leukocytoza, neutrofilia, limfopenia, wigksza liczba niedojrzatych granulocytow,
wyzszy stosunek liczby neutrofilow do liczby limfocytow (NLR), wyzsze stgzenia
CRP, PCT, IL-6, D-Dimeru, LDH, hs-Tnl, CK-MB, mioglobiny, NT-proBNP,
kreatyniny, mocznika i GGT, nizszy EGFR oraz nizsze st¢zenia albuminy, wapnia i
witaminy D3, a takze spadek liczby erytrocytow, st¢zenia hemoglobiny i poziomu
hematokrytu oraz wzrost aktywnosci CK w przebiegu choroby. Okreslenie tych
czynnikéw rokowniczych moze pozwala¢ na wczesng identyfikacje pacjentow z
grupy wysokiego ryzyka progresji COVID-19, pozwalajac na zastosowanie
odpowiednich strategii postgpowania. Jako ze ci¢zki przebieg choroby, a nawet
zgony, moga wystgpowac¢ rowniez w populacji mlodych dorostych, instytucje
opieki zdrowotnej powinny podkreslac potrzebe Stosowania  $rodkow
zapobiegawczych i1 wspiera¢ dalsze badania nad niekorzystnymi czynnikami

rokowniczymi w tej grupie wiekowej.

. W grupie pacjentek ciezarnych wymagajacych hospitalizacji z powodu COVID-19

niekorzystnymi  czynnikami  rokowniczymi  sa:  wystgpowanie  chorob



wspotistniejacych, takich jak nadci$nienie tetnicze i cukrzyca, wyzszy odsetek
zajecia przez zmiany zapalne migzszu plucnego w obrazach tomografii
komputerowej, a takze szereg nieprawidtowosci w badaniach laboratoryjnych,
takich jak limfopenia, hipokalcemia, hipoproteinemia, niskie st¢zenie cholesterolu
catkowitego oraz podwyzszone stezenia CRP, PCT, IL-6, ferrytyny, LDH, hs-Tnl i
glukozy. Okreslenie takich czynnikow moze pozwoli¢ na identyfikacje kobiet
ciezarnych bedacych w grupie wysokiego ryzyka ci¢zkiego przebiegu choroby, a
przez to na wczesniejsze wdrozenie wlasciwego postgpowania u tych pacjentek i

popraw¢ rokowania zarowno u matki, jak i u ptodu.
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V. OPIS W JEZYKU ANGIELSKIM

1. INTRODUCTION

Coronavirus disease 2019 (COVID-19), declared a pandemic by the World Health
Organization (WHO) on March 11, 2020 [1], is caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2).

SARS-CoV-2 is a highly infectious RNA virus, which utilizes its spike (S) protein for
cellular entry by binding to the host angiotensin-converting enzyme 2 (ACE2) receptor.
This interaction requires the cleavage of the S protein by cell proteases, including
transmembrane protease serine 2 (TMPRSS2) and furin, which allows fusion between the
cellular and the viral membranes, and viral entry into the cell via endocytosis [2].
Alternative SARS-CoV-2 entry mediators include receptors and cofactors such as CD147
and neuropilin-1 (NRP1), and activators such as cathepsin [3,4,5]. ACE2 is expressed in
multiple cell surfaces throughout the body, including lung parenchyma, respiratory
epithelium, gastrointestinal epithelium, endothelium, arterial smooth muscles, neuronal
glial cells, neurons, renal tubular cells, heart, and lymphoid tissues [6,7]. TMPRSS2 was
also found to be expressed in multiple organs, such as in the respiratory tract, salivary
glands, gastrointestinal tract, liver, and kidneys [5]. This ubiquitous expression of ACE2
and TMPRSS2 may explain the pleiotropic effects of SARS-CoV-2 infection. However,
the primary targets of SARS-CoV-2 are the cells manifesting high expression of these
proteins, especially those that co-express ACE2 and TMPRSS2, such as respiratory and
olfactory epithelial cells [3].

SARS-CoV-2 infection may be asymptomatic or symptomatic, with the course of the
disease varying widely from mild to moderate to severe to critical [8]. Similarly, Polish
Association of Epidemiologists and Infectiologists distinguishes four stages of the disease.
The oligosymptomatic stage, corresponding to the mild form of the disease, is
characterised by non-specific symptoms such as fever, chills, cough, dyspnoea, fatigue,
myalgia, headache, sore throat, rhinorrhea, conjunctivitis, anorexia, nausea, vomiting,
diarrhea, abdominal pain and loss of smell (anosmia) and / or taste (ageusia), but without
hypoxia. In the fully symptomatic stage, corresponding to moderate disease, the clinical
and radiological features of pneumonia with peripheral oxygen saturation (SpOz) below
94% on room air are also observed. Severe COVID-19 is characterized by respiratory

failure, mostly due to cytokine storm, while in critical disease acute respiratory distress
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syndrome (ARDS), hypotensive shock and multi-organ failure develop, requiring
admission to an intensive care unit (ICU) and the use of mechanical ventilation [9].

Of note, the aforementioned symptoms of mild COVID-19 may be useful in
identifying patients at increased risk of SARS-CoV-2 infection, which may be important
for earlier referral for diagnostic testing. In a meta-analysis evaluating the utility of
symptoms in predicting COVID-19, cough had a sensitivity of 62.4%, but low specificity
(45.4%), fever had a sensitivity of 37.6% and a specificity of 75.2%, dyspnoea had a
sensitivity of 23.3 % and a specificity of 75.7%, and fatigue had a sensitivity of 40.2 % and
a specificity of 73.6%. Interestingly, anosmia, ageusia, and anosmia or ageusia were
characterized by sensitivities below 50% but high specificities of over 90% (a sensitivity of
26.4%, 23.2% and 39.2%, and a specificity of 94.2%, 92.6% and of 92.1% for anosmia,
ageusia, and anosmia or ageusia, respectively) [10], which may be particularly useful in
screening. Indeed, SARS-CoV-2 appears to have a particularly strong affinity for ACE2,
highly expressed in the olfactory epithelium, estimated to be 10-to-20-fold higher than for
SARS-CoV [11], which might explain its particular impact on chemosensory systems.
However, although the association of olfactory disorders (OD) with COVID-19 is now
established, the pathogenesis of OD is still debated.

Odor detection begins with the binding of odorant molecules to odor receptors
localized on the dendritic cilia of the olfactory sensory neurons (OSNSs) in the olfactory
epithelium (OE) [12,13]. The OE is a complex tissue consisting of multiple cell types,
including OSNs, sustentacular (SUS) cells, mucus-secreting Bowman’s gland cells, and
basal cells [12]. SUS cells act to structurally support OSNs, protect OSNs by detoxifying
potentially harmful agents, enable odor detection by participating in the transfer and
removal of unnecessary odor molecules, supply OSNs with glucose necessary for high
energy olfactory transduction cascade, and maintain local fluid and electrolyte balance
[12,14]. The basal cells can differentiate to replace OSNs during normal turnover or injury.
Bowman’s glands secrete mucus, containing water, salts, mucin glycoproteins, enzymes,
antibodies, and odorant binding proteins (OBP), which transport the hydrophobic odorant
molecules through the mucus to the OSN cilia [15]. OSN axons cross the skull base
through the cribriform plate and form synapses within the olfactory bulb (OB), from where
olfactory information is transmitted to higher brain centers [12,13].

Olfactory dysfunctions can be classified into three types: 1) conductive disorders
caused by obstruction of the nasal cavities and subsequent blockage of odorant

transmission to the OE, 2) sensorineural loss caused by damage of the OE or olfactory
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nerves, and 3) central dysfunction resulting from damage to the olfactory processing
pathway in the central nervous system [13]. Loss of the sense of smell due to upper
respiratory tract infections is primarily considered a conductive loss secondary to
rhinorrhea and mucosal edema, and usually normalizes as the infection resolves. However,
in some cases, loss of smell may persist after the resolution of upper respiratory tract
infections, suggesting a sensorineural disorder known as post-viral olfactory dysfunction
(PVOD) [16,17]. PVOD is one of the leading causes of anosmia in adults, accounting for
approximately 11-40% of cases [18]. Several respiratory viruses can cause PVOD,
including rhinovirus, parainfluenza virus, Epstein—Barr virus and some coronaviruses [17].

Regarding the pathogenesis of COVID-19-related anosmia, several theories have been
proposed. These include conductive loss of smell due to nasal obstruction and rhinorrhea,
oedema of the olfactory cleft mucosa that prevents odorants from reaching the olfactory
epithelium, olfactory epithelial damage, infection of the olfactory nerves and, through
neuroinvasion, the olfactory bulb, and impairment of the central olfactory pathways due to
direct viral invasion or indirect injury caused by hypoxia, endothelial damage, or an
abnormal inflammatory response. Similarly, damage to the olfactory epithelium may be
caused by direct viral invasion of the OSNs, most likely mediated by the NRP1 receptor, or
by infection of the non-neuronal cells of the olfactory epithelium, leading to horizontal
viral spread to OSNs or impaired morphological and physiological support of OSNs
[4,12,16,19,20,21].

As mentioned above, high incidence of OD in COVID-19 prompted researchers to
hypothesize that new-onset smell impairment could serve as a potential predictor of SARS-
CoV-2 infection. Notably, most of the early studies on COVID-19-related anosmia were
based on self-assessment of OD, which tends to underestimate its true prevalence due to
recall bias and subjects not being aware of their smell impairment, especially while
experiencing other, severe symptoms such as respiratory distress [13,22,23]. Indeed,
several meta-analyses showed a higher overall prevalence of OD when using objective
compared with subjective assessment methods (72.1%—77% vs. 44.5%-53%, respectively)
[23-25]. However, psychophysical olfactory tests are time consuming, expensive, and
require standardized laboratory settings, and thus, they are difficult to perform during a
pandemic [24]. Moreover, disposable tests are preferable to reduce the risk of viral
contamination [26]. For these reasons, efforts should be made to develop quick, simple,

affordable, disposable and reliable tests for screening for SARS-CoV-2 infection.
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A report by the Chinese Center for Disease Control and Prevention in the initial
period of the pandemic, up to 11 February 2020, based on 44,500 confirmed COVID-19
cases, showed that mild disease was found in 81% of cases, severe disease in 14% and
critical disease in 5%, with an overall case-fatality rate of 2.3% [27]. Similarly, in a
Centers for Disease Control and Prevention (CDC) report analyzing cases reported
between January and May 2020, 14% of patients required hospitalization, 2% were
admitted to the ICU, and 5% died [28]. It is noteworthy that initially non-severe COVID-
19 patients may progress in approximately a week [29].

Severe COVID-19 is mainly an immune-mediated disorder triggered by the SARS-
CoV-2 infection, promoting an exuberant inflammatory reaction (known as the cytokine
storm) and hypercoagulability, and causing destruction of infected tissues,
microthrombosis, and organ damage [30-32]. Certain demographic and clinical features
have been associated with the risk for severe course of COVID-19 including older age,
male sex, smoking, obesity, and other comorbidities [33,34]. Moreover, a number of
laboratory anomalies may be associated with the risk for severe course of COVID-19 and
worse outcomes, including leukocytosis, neutrophilia, lymphopenia, thrombocytopenia,
increased inflammatory markers, including C-reactive protein (CRP), procalcitonin, and
ferritin, and inflammatory cytokines, such as interleukin-6 (IL-6), as well as organ and
coagulation dysfunction markers, including elevated lactate dehydrogenase (LDH),
troponin, N-terminal-pro-B-type natriuretic peptide (NT-proBNP), creatinine, creatine
kinase (CK), liver enzymes, D-Dimer, longer prothrombin time, and hypoalbuminemia
[35-39].

Although older age is a risk factor for both the incidence and worse prognosis of
COVID-19, severe disease and death have also been observed among young adults [40-
42]. Notably, although work, education, and other social settings put young people at a
higher risk of SARS-CoV-2 exposure, this age group appears to be less likely to comply
with preventative measures [43]. Moreover, clinical characteristics and laboratory test
results in younger people seem to be different from those in elderly patients, and this may
indicate a different pathogenesis of COVID-19 in these age groups [40,43]. However, data
on clinical features and risk factors of severe COVID-19 in young adults are scarce.

Another particular group of patients are pregnant women. The distribution of disease
severity in pregnant women is similar to the distribution seen in non-pregnant populations,
with 86% of pregnant women manifesting mild disease, 9% severe, and 5% critical [44].

However, it should be noted that physiological adaptations of the respiratory tract,
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hypercoagulability, immunomodulation that improve a pregnant woman’s tolerance to the
fetal semi-allograft in the second trimester and the increased inflammatory response in the
third trimester, as well as the susceptibility to insulin resistance, diabetes, hypertension and
cardiovascular diseases, predispose SARS-CoV-2-infected pregnant women toward a
severe course of illness, which may cause worse maternal and fetal outcomes [46-48].
Indeed, data emerging from literature suggest that pregnant women may have an increased
risk of developing severe symptoms and a higher risk of pneumonia, the need for ICU
admission and mechanical ventilation, and death [49,50].

Another phenomenon relevant to the discussion on predictors of COVID-19 severity
was the emergence of the new variants of SARS-CoV-2, associated with changes in viral
transmissibility, clinical presentation, and / or effectiveness of preventative, diagnostic, and
therapeutic measures, which by the end of 2020 posed a further threat to global public
health [51]. This has prompted researchers and health organizations to characterize the
Variants of Concern (VOCs), including alpha (B.1.1.7), beta (B.1.351), and later gamma
(P.1), delta (B.1.617.2) and omicron (B.1.1.529) variants [51,52].

The alpha variant (B.1.1.7), first identified in the UK and then spreading worldwide,
was defined by multiple mutations, including changes in the spike protein (N501Y,
A570D, D614G, P681H, T7161, S982A, D1118H, del69-70, del144), with case rates in the
UK increasing from fewer than 5% of all SARS-CoV-2 infections to more than 60%
between November and mid-December 2020, causing a sharp increase in COVID-19
incidence, hospitalization, and mortality [53]. In Poland, according to European Centre for
Disease Prevention and Control (ECDC) Data on SARS-CoV-2 variants in the EU/EEA
only one case of B.1.1.7 was detected until the end of 2020, and from the beginning to the
end of January 2021 the incidence of alpha variant was 9.5 % (with the overall incidence
from September 7, 2020 to January 31, 2021, of 6.5%), and then gradually increasing,
exceeding 50% in the week 2021-07 (February 15 to February 21, 2021) and rapidly rising
further to over 90% in March, 2021 [54].

Several studies suggested the alpha variant was more transmissible than the
previously identified SARS-CoV-2 variants [55,56], and this was hypothesized as resulting
from the higher viral load and longer detectability in respiratory secretions, possibly
attributable to mutations of the spike protein, including in the receptor-binding domain and
adjacent to the furin-cleavage site, and therefore affecting viral cell entry [55,57]. Some
reports indicated greater disease severity associated with the alpha variant [58-60],
however, others did not find this relationship [57]. Similarly, the widely debated possibility
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of increased severity of the infection with this variant among young people remains
unclear [61,62]. Moreover, although the later delta variant is generally considered to be
associated with greater disease severity, data are also inconsistent [63-65]. Notably, only
omicron is still considered a currently circulating VOC, while the remaining previous
VOCs are now labeled by WHO as “previously circulating VOCs” [51], by CDC as
"variants being monitored" (VBMSs) [52], and by ECDC as “de-escalated variants” [66].
Currently most predominant omicron variant appears to cause less severe disease [67,68],
however, still more data are needed [69]. Moreover, continuously changing vaccination
status makes these comparisons of SARS-CoV-2 variants even harder. Furthermore, even
in non-vaccinated patients the severity of the disease may now be more and more
frequently affected by other factors, including prior SARS-CoV-2 infection. Nevertheless,
with newly emerging SARS-CoV-2 variants and as we witness natural evolution and
subsequent waves of pandemics, that may overburden health systems once again, the
ability to quickly identify infected individuals and to prioritize medical management, with

particular focus on the possibility of critical course, remains a key issue.
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2. AIMS

1.

To evaluate the prevalence of olfactory disorders in COVID-19 and their predictive
value in assessing the probability of SARS-CoV-2 infection using a simple,
disposable and reliable olfactory screening test created for this study.

To summarize the current understanding of the pathogenesis of olfactory disorders
in the course of COVID-19 based on critical review of current literature.

To investigate the impact of the causative SARS-CoV-2 variant (alpha vs. previous
variants) on COVID-19 severity in young adults hospitalized due to severe
COVID-19.

To identify the potential adverse prognostic factors in young adults hospitalized
due to severe COVID-109.

To identify the potential adverse prognostic factors in pregnant women hospitalized
for COVID-19.
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3. MATERIAL AND METHODS

3.1. Material and methods to evaluate the prevalence of olfactory disorders in
COVID-19 patients and their predictive value in assessing the probability of SARS-
CoV-2 infection

3.1.1. Material

The study of the prevalence of olfactory disorders in COVID-19 and their
predictive value in assessing the probability of SARS-CoV-2 infection included 64
COVID-19 patients hospitalized between April and August 2020 at the Central Clinical
Hospital of the Ministry of the Interior and Administration in Warsaw and 34 healthy
volunteers.

The inclusion criteria for the case group were adults (>18 years old) with SARS-
CoV-2 infection diagnosed by RT-PCR (reverse-transcription polymerase chain reaction)
performed on nasopharyngeal samples. The control group consisted of healthy adult
volunteers with no symptoms of upper respiratory tract infection or COVID-19 (other than
recent OD, which was not queried for to avoid selection bias). Although a negative test
result for SARS-CoV-2 was not an inclusion criterion for the control group, the total
number of individuals diagnosed with COVID-19 from the beginning of the pandemic to
the end of August 2020 was lower than 0.18% of the Polish population [70], hence the risk
of infection in asymptomatic volunteers was considered to be very low. The exclusion
criteria were age below 18 years of age, pregnancy, a history of pre-existing OD, head
trauma, rhinosinusitis, or other chronic nasal disease, and inability to complete the
questionnaire due to a history of neurocognitive disorders, an altered state of
consciousness, or the need for intensive care and / or invasive ventilation at the time of the
survey. Voluntary written informed consent was obtained from all participants. The study
was approved by the Ethics Committee of the Central Clinical Hospital of the Ministry of

the Interior and Administration in Warsaw.

3.1.2. Methods

3.1.2.1. Clinical Outcomes
All participants completed a questionnaire regarding: 1) general demographic data,
2) medical history: comorbidities, chronic medication use, tobacco addiction, and pre-

existing OD, 3) the course of COVID-19: date of first symptoms, nasal and general
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symptoms, and 4) olfactory function: subjective assessment of sense of smell (descriptive —
as “normal”, “decreased”, or “none at all” — and using the visual analogue scale, from O -
normal sense of smell to 10 - no sense of smell); the onset and persistence of OD. Any data
missing from the forms and information regarding the course of the disease were
transcribed from the electronic medical records. The physiological parameters were
assessed at least once a day using the modified early warning score (MEWS) [71] adapted
by the hospital therapeutic committee by including SpO> and need for oxygen

supplementation.

3.1.2.2. Psychophysical Evaluation

The psychophysical olfactory evaluation was performed concurrently with the
questionnaire on all participants, using the simple disposable odor identification test
(SDOIT) developed for the purpose of this study. Ten disposable test paper strips
numbered 1 to 10, nine of which contained well-known pure odorants (commercially
available cinnamon, mint, lemon, coffee, clove, rose, anise and camphor essential oils and
disinfectant alcohol) and the remaining one with an odorless control (deionized water)
were each enclosed in plastic covers so the odors did not mix. Upon removal of the covers,
each odor was presented to a patient at 30-second intervals to prevent olfactory
desensitization. The odorants used in the study were selected to include both unimodal
odors, with little or no trigeminal stimulation, and bimodal odors, with mixed stimulation
of the olfactory and trigeminal nerve. For each odor strip, patients were asked to indicate
whether they detected an odor and if so, to identify the odor (using a forced choice format,
with 4 given options per test odorant).

Four SDOIT models were analyzed: 1) SDOIT-10, evaluating the number of
correct answers (correct identification of nine odors and reporting of no odor detection in
an odorless sample); 2) SDOIT-9 evaluating the number of identified odors out of nine
odorants; 3) SDOIT-8 evaluating the number of identified odors out of eight chosen
odorants (cinnamon, mint, lemon, coffee, clove, anise, camphor, and alcohol)—excluding
odorant showing no significant differences between cases and controls in initial analysis
(rose); and 4) SDOIT-4 evaluating the number of identified odors out of four odorants
showing the highest intergroup differences in initial analysis (cinnamon, mint, lemon, and
alcohol).

OD was defined as identifying a number of odors below the 10th percentile of the

results from the control group, i.e. at least 2 incorrect answers in SDOIT-10, SDOIT-9 and
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SDOIT-8 and at least 1 incorrect answer in SDOIT-4. Other components of olfaction such
as odor threshold and odor discrimination were not assessed in order to maximize the

simplicity and minimize the time necessary for the assessment.

3.1.2.3. Statistical Analysis

Usual descriptive statistics were used. Fisher’s exact test was used to compare self-
reported OD and the Mann—Whitney U test was used to compare the SDOIT results
between cases and controls. To assess the correlation between the self-report olfactory
function and SDOIT results, Fisher’s exact test and the Chi-square test were used. In cases,
the Spearman correlation coefficient was used to test the correlation between clinical
features and OD in the case where the studied variables were quantitative, the Mann-
Whitney U test to study differences between qualitative and quantitative variables, and the
Fisher’s exact test for two qualitative variables. Statistical analysis was performed with R
software (version 3.6.0, R Foundation for Statistical Computing, Vienna, Austria). A level
of p < 0.05 was used to determine statistical significance. The receiver operating
characteristic (ROC) curves were plotted and the area under the ROC curve (AUC)
analysis was performed to assess the utility of selected classifiers in predicting SARS-
CoV-2 positivity. The sensitivity, specificity, positive predictive value (PPV), and negative

predictive value (NPV) of these predictors were evaluated.

3.2. Material and Methods for summarizing current knowledge on the pathogenesis
of olfactory disorders in the course of COVID-19

In order to summarize the current knowledge on the pathogenesis of olfactory
disorders in the course of COVID-19, a critical, non-systematic review of the current
literature was carried out. During the review, PubMed database and Google Scholar were
searched using the terms ,,COVID-19" or ,,SARS-CoV-2" and ,,olfactory" or ,,smell" or
»anosmia™ or ,,parosmia" or "neuroinvasive" or "neurological”. Articles pre-selected based
on the evaluation of titles and abstracts were then analyzed in full to select relevant papers.
The reference lists of these studies were hand-searched to include additional publications
relevant to the topic in the review. Only articles published in English were included in the

review.
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3.3. Material and Methods in the study of the differences between the course of
COVID-19 in hospitalized young adults depending on the causative SARS-CoV-2
variant (alpha vs. previous variants) and demographic, clinical and laboratory
predictors of severe disease course in hospitalized young adults

3.3.1. Material

The single-center, retrospective study of hospitalized young adults, aged 18 to 45
years, hospitalized for COVID-19 during the second and the third wave of pandemic in
Poland was conducted at the Central Clinical Hospital of the Ministry of the Interior and
Administration in Warsaw. The second wave was defined as the period from 12 September
2020 to 27 January 2021, and the third wave from 11 February 2021 to 10 June 2021. 229
COVID-19 patients (172 men and 57 women) were included in this study, of which 75
patients (59 men and 16 women) were attributed to the second wave, and 154 (113 men
and 41 women) to the third wave of the COVID-19 pandemic. The median age in both
groups was 40 years. The inclusion criteria were adults not younger than 18 and not older
than 45 years?, with SARS-CoV-2 infection diagnosed by either RT-PCR or rapid antigen
test performed on nasopharyngeal samples, who were admitted due to severe COVID-19
(i.e., meeting hospital admission criteria for COVID-19, with oxygen saturation of 94% or
less on room air or the need for oxygen therapy). Pregnant women and patients admitted
for reasons other than COVID-19 (e.g., trauma, other acute conditions, or serious
deterioration in the course of chronic diseases) were excluded from the study. The study
was approved by the Ethics Committee of the Central Clinical Hospital of the Ministry of
the Interior and Administration in Warsaw with a waiver for written informed consent due

to the retrospective nature of the study and the data anonymization.

3.3.2. Methods
3.3.2.1. Clinical Outcomes

Data regarding the patient demographic and clinical characteristics (including age,
sex, smoking status, comorbidities, the course of the disease, complications, SpO, the

need for Intensive Care Unit (ICU) admission, respiratory support, vasopressors,

2 Although there is no consensus in the literature on the definition of "young adults," and the upper limit of
this age range is usually lower [72], a number of studies on SARS-CoV-2 infection have adopted similar
broader criteria, including those aged 45 and under [73,74,75]. Such an age criterion is supported by the
study of COVID-19 patients, which found a lower incidence of death and the need for ICU admission in
individuals aged 18-45 years than in the group of patients older than 45 years, and this cut-off point for age
was confirmed in the sensitivity analysis [74].
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continuous renal replacement therapy), as well as laboratory and imaging results, were
transcribed from electronic medical records and entered into the database after
anonymization. The laboratory parameters were collected from two time points: at
admission to hospital (+/—2 days) and on the 7th day of hospitalization (+/—2 days).

3.3.2.2. Statistical Analysis

The patients’ characteristics were compared between the second and the third
waves of COVID-19 pandemic in Poland and between survivors and non-survivors.
Continuous variables were compared with a Mann—Whitney U test, while categorical
variables were compared with the chi-squared test or Fisher’s exact test as appropriate. The
correlations between the patients’ characteristics and the risk for MV and ICU treatment
were analyzed using the Spearman correlation analysis for continuous variables, and
associations of the nominal variables were investigated with the chi-squared test. To
identify factors associated with the risk of death, MV, and ICU treatment logistic
regression was also performed, and ROC curve analysis was conducted to assess the
predictive ability of covariates and models in multivariate logistic regression. Analyses
were performed with R software (version 4.0.4; R foundation for statistical computing,
Vienna, Austria) and Statistica software (version 13.3; StatSoft, Poland). A level of p <

0.05 was used to determine statistical significance.

3.4. Material and Methods in the study of the potential predictors of severe COVID-

19 in pregnant women.

3.4.2. Material

The single-center, retrospective study was conducted at the Central Clinical
Hospital of the Ministry of the Interior and Administration in Warsaw. The study group
comprised 52 pregnant women with COVID-19 admitted to hospital between 15 May 2020
and 26 April 2021. The mean age of the patients was 31.9 + 4.79 years. Gestational age
ranged from 17 to 37 weeks. Inclusion criteria were similar to admission criteria for
pregnant women with COVID-19, including temperature >39°C despite the use of
acetaminophen, respiratory rate >30/min, SpO2 <95% on room air, the need for oxygen
therapy, and critical disease. SARS-COV-2 infection was confirmed using RT-PCR test
prior to admission. Patients admitted for obstetric and/or other non-COVID-19-related

reasons (such as trauma, other acute conditions, or serious deterioration in the course of
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chronic diseases) were excluded from the study. The study was approved by the Ethics
Committee of the Central Clinical Hospital of the Ministry of the Interior and

Administration in Warsaw.

3.4.2. Methods
3.4.2.1. Clinical Outcomes

Data regarding the patient characteristics (including age, body mass index, smoking
status, and comorbidities), gestational age, the course of the disease (including symptoms,
vital signs, the need for ICU admission, and respiratory support), as well as laboratory and
imaging (chest computed tomography) results at admission were transcribed from

electronic medical records and entered into the database after anonymization.

3.4.2.2. Statistical Analysis

Continuous variables were compared with a Mann-Whitney U test, while
categorical variables were compared with the chi-squared test or Fisher’s exact test as
appropriate. As there was only one patient with a critical course of the disease, the
severe and critical groups were combined in the analysis. Comparisons between these
three disease severity groups (mild, moderate and severe-to-critical) were performed
using the Kruskal-Wallis test followed by Dunn’s post hoc tests for continuous
variables, and chi-square test for categorical variables. The correlations of continuous
variables were assessed using the Spearman analysis. Univariate logistic regression was
performed to identify factors associated with severe-to-critical disease. Analyses were
performed with Statistica software (version 13.3; StatSoft, Poland). A level of p < 0.05 was
used to determine statistical significance.
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4. SUMMARY

4.1 Results of the evaluation of the prevalence of olfactory disorders in COVID-19
patients and their predictive value in assessing the probability of SARS-CoV-2
infection

A total 64 cases and 34 controls were included in the study. The most prevalent
symptoms of COVID-19 (other than OD) were fatigue (70.3%), cough (39.1%), fever
(37.5%), headache (35.9%), and gastrointestinal complaints (35.4%). Nasal congestion was
reported by 32.8% and rhinorrhea by 29.7% of those with COVID-19. OD appeared before
(14.8%), simultaneously (11.1%), or after (74.1%) the presentation of other COVID-19
symptoms. At the time of the evaluation, 25.9% of patients reported complete recovery of
olfactory function, 55.6% reported no recovery, and 18.5% reported worsening. The
frequency of self-reported smell impairment was significantly higher in COVID-19
patients, with 32.8% and 42.2% of patients reporting current and recent OD, respectively,
while all the control subjects reported normosmia. The mean VAS score for smell
deterioration was significantly higher in cases compared with controls. As there was a
difference between cases and controls in terms of age, self-reported OD and
psychophysical test scores were also analyzed for the subset of 75% youngest COVID-19
patients whose age did not differ significantly from the control group. The inter-group
differences remained highly significant, with 29.2% and 41.7% of 75% youngest COVID-
19 patients reporting current and recent OD, respectively.

The psychophysical evaluation was performed for all the study subjects. Mean
percentages of correct answers (for all 10 samples, including the non-odorant sample),
detected odors and identified odors in cases vs. controls were 65.6% vs. 95.8%, 83.5% vs.
100%, and 66.3% vs. 95.6%, respectively. In the comparison of controls and the subset of
75% youngest COVID-19 patients the differences remained highly significant, with mean
percentages of correct answers, detected odors and identified odors in 75% youngest
patients being 74.2%, 85.4% and 72.9%, respectively.

For all odors, lower p-values were achieved for identification than for detection.
Considering the identification results for each odor separately, two additional, shortened
psychophysical test models were created, one with eight and the other with four selected
odorants, as described above. In the intergroup comparison, the mean scores in all four
models were significantly lower in cases than in controls (p < 0.001 for all models). Taking
the cut-off value at the 10th percentile of the results in controls, we found OD in 59.4% vs.
8.8%, 54.7% vs. 5.9%, 54.7% vs. 2.9% and 64.1% vs. 5.9% of cases vs. controls, for
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SDOIT-10, SDOIT-9, SDOIT-8 and SDOIT-4, respectively. There was a significant
correlation between the current self-reported OD and psychophysically assessed OD in all
the SDOIT models. Notably, the results of the questionnaire indicated a lower prevalence
of olfactory impairment than psychophysical tests, which indicates that self-assessment of
olfactory function in COVID-19 tends to underestimate the prevalence of anosmia,
highlighting the importance of psychophysical smell assessment in COVID-19 patients.
Moreover, subjectively normosmic COVID-19 patients showed OD at psychophysical
evaluation in 51.2%, 46.5%, 46.5% and 55.8% of cases for SDOIT-10, SDOIT-9, SDOIT-
8 and SDOIT-4, respectively. There were no significant gender differences in self-reported
olfactory function and psychophysical test results.

Within the COVID-19 group, nasal obstruction was more prevalent in patients
reporting OD compared with normosmic subjects and rhinorrhea was more prevalent in
patients reporting recent OD, but not current OD. No significant correlation was found
between nasal symptoms and SDOIT scores.

Patients with worse psychophysical test results had higher MEWS scores and were
hospitalized longer, and SDOIT-9 and SDOIT-8 scores were significantly lower in patients
who later died, while there were no correlations between the length of hospitalization,
MEWS score and death with self-reported OD. The need for oxygen supplementation was
less frequent in patients reporting recent OD, but more frequent in patients with lower
SDOIT scores.

OD was significantly associated with SARS-CoV-2 positivity in all SDOIT models,
with odds ratios (OR) of 15.1, 19.3, 39.8 and 28.5 for SDOIT-10, SDOIT-9, SDOIT-8 and
SDOIT-4, respectively. In the ROC analysis, self-reported recent OD achieved sensitivity
of 42%, specificity of 100%, PPV of 100%, NPV of 48% and AUC of 0.71 for predicting
SARS-CoV-2 positivity. Psychophysical evaluation, when defining OD as the score below
the 10th percentile of healthy subjects, found SDOIT-4 to be the best classifier, with
sensitivity of 64% and specificity of 94%, PPV of 95%, NPV of 63% and AUC of 0.8.
However, the optimal cut-off point calculated in the ROC analysis for all SDOIT models
was at least one incorrect answer with AUC of at least 0.8 for all models. The combination
of SDOIT results and self-reported OD (with any OD, either subjective or assessed based
on psychophysical test, indicating COVID-19) further improved the diagnostic accuracy.
To minimize the risk of patients suspected of infection eligible for isolation not being
detected, classifiers with the highest AUC and the highest sensitivity were selected as the
best predictors of COVID-19, combining self-reported OD and/or OD defined in SDOIT
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as:
1. at least one incorrect answer in SDOIT-10 (with AUC of 0.87, sensitivity of 91%,
specificity of 71%, PPV of 85% and NPV of 80%); or

2. at least one misidentified odor in SDOIT-8 (with AUC of 0.87, sensitivity of 86%,
specificity of 79%, PPV of 89% and NPV of 75%).

ROC analysis for controls and the subset of 75% youngest COVID-19 patients was
also performed to eliminate the potential impact of age. Similarly to the results of the
analysis for the entire cohort, the analysis of age-matched group showed the SDOIT-4 to
be the best classifier when defining OD as the score below the 10th percentile of healthy
subjects, with sensitivity of 54% and specificity of 94%, PPV of 93%, NPV of 59% and
AUC of 0.75, but the optimal cut-off point calculated in the ROC analysis for all SDOIT
models was at least one incorrect answer with AUC of at least 0.75. The combination of
SDOIT results and self-reported OD improved the diagnostic accuracy. The best predictors
of COVID-19, with the highest AUC and sensitivity, were these combining self-reported
OD and/or OD defined in SDOIT as:

1. at least one incorrect answer in SDOIT-10 (with AUC of 0.85, sensitivity of 88%,
specificity of 71%, PPV of 81% and NPV of 80%); or

2. at least one misidentified odor in SDOIT-8 (with AUC of 0.86, sensitivity of 83%,
specificity of 79%, PPV of 85% and NPV of 77%).

The limitations of this study were its single-center nature and limited sample size.
Furthermore, the sense of smell were assessed at different time periods following the onset
of infection and some patients reported having already recovered. However, this may have
led to the underestimation of OD prevalence and significance, rather than the opposite.
Moreover, the recovery pattern of OD was not assessed. Future follow-up study should be
considered. In addition, SDOIT is not yet validated and only odor identification without
evaluating discrimination or detection threshold were assessed. However, the aim was not
to validate a new method of olfactory evaluation in general, but rather to create a fast test
for predicting COVID-19, hence RT-PCR was used as a gold standard in assessing
diagnostic accuracy and identification was chosen as the simplest and most accurate
element of olfactory testing. Nevertheless, future studies are needed to validate this Simple
Disposable Odor Identification Test as a method of olfactory function assessment. It is also
worth noting that although this study performed the psychophysical test with the assistance
of an examiner, its simplicity would permit it to be conducted remotely. This approach

would increase the availability of the test as a screening method.
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4.2 Results of the summary of the current knowledge on the pathogenesis of olfactory
disorders in the course of COVID-19

Although the early onset and early recovery of OD in the course of COVID-19
reported in some studies could argue in favor of a conductive mechanism for anosmia,
many COVID-19 patients report OD in the absence of nasal obstruction and rhinorrhea,
suggesting that they are not the main factors in the development of COVID-19-related OD
[76,77,78]. Similarly, some imaging studies in anosmic COVID-19 patients show olfactory
cleft mucosal edema that may prevent odorants from reaching the olfactory epithelium,
even in the absence of nasal congestion [79,80], however, other reports did not confirm
this finding [81,82], suggesting that it is not the primary mechanism of anosmia.

Another possible pathomechanism of anosmia is the neural hypothesis, suggesting
damage to the olfactory nerves, the olfactory bulb and higher olfactory brain centers
[83,84]. The neuroinvasive potential of SARS-CoV-2 is supported by various neurological
manifestations of COVID-19 described in the literature [85]. Direct invasion of the central
nervous system could occur either through the hematogenous or the neuronal route [84]. In
the hematogenous pathway, viruses may reach the bloodstream due to invasion of
endothelial cells of the blood-brain-barrier (BBB), paracellular transmigration enabled by
increased BBB permeability caused by the release of inflammatory mediators, crossing of
the blood-cerebrospinal fluid barrier in the choroid plexus, or infection of leukocytes
capable of passing through the BBB (known as the “Trojan horse” mechanism) [86,87].
Another potential route for direct viral neuroinvasion is the neuronal route through the
olfactory pathway. In this mechanism, the virus reaches the brain through the olfactory
epithelium by invading peripheral nerve terminals and propagating via axonal transport in
OSNs towards the OB, from where it may spread trans-synaptically to other brain areas
[84,85,88]. Alternatively, the virus may pass from the OE through the olfactory
ensheathing cells directly to the cerebrospinal fluid surrounding the olfactory nerve
bundles and the OB [15]. This transneuronal route of CNS involvement is supported by the
post-mortem examinations revealing SARS-CoV-2 viral particles and related damage to be
more present in the OSNs and the OB than in the brainstem. Moreover, magnetic
resonance imaging studies reported OB abnormalities, including features of micro bleeding
and oedema, the reduction in OB volumes, indicative of its atrophy, or changes in OB
morphology, observed in COVID-19 patients [89-93]. Furthermore, several animal studies
on SARS-CoV-2 and previous human coronaviruses have shown infection of the brain

after intranasal inoculation of the virus [94-96]. However, it should be noted that the

166



studies in mouse models utilized transgenic mice with human ACE2 that could be
ectopically expressed in many cells, including OSNSs, and therefore may not be a reliable
model of the viral tropism [20,97]. Indeed, several sequencing studies found ACE2 and
TMPRSS?2 to be co-expressed in non-neuronal cells of the OE rather than in the OSNs and
the neurons in the OB and the brain [3,20,98]. Moreover, the neurological symptoms of
COVID-19 do not necessarily indicate a direct viral neuroinvasion, as they may also be
due to hypoxic brain injury, cerebrovascular injury, or immune mediated damage [99]. In
addition, although some studies reported the presence of SARS-CoV-2 particles in post-
mortem brain examination [100] and SARS-CoV-2 RNA was detected by RT-PCR in
cerebrospinal fluid samples [47], the brain seems to contain either the least volume of viral
particles of all of the sampled tissues, or no particles at all, and RT-PCR positivity does not
necessarily prove the presence of whole viral particles in the cerebrospinal fluid [20].
Furthermore, the higher incidence of anosmia compared with CNS symptoms, as well as
the commonly observed early recovery of OD, argue against the central mechanism of
SARS-CoV2-related OD [76,78].

Another mechanism for COVID-19-related anosmia may be sensorineural damage,
with the disruption of the OE. Indeed, in anosmic COVID-19 patients, SARS-CoV2
infection was found in multiple cell types within the OE, including OSNs, support cells,
and immune cells [101]. As already mentioned, ACE2 and TMPRSS2 are co-expressed in
non-neuronal cells of the olfactory epithelium, including sustentacular cells, stem cells, and
perivascular cells, rather than in the OSNs [3,12,98]. Therefore, it was hypothesized that
SARS-CoV-2 infects high-ACE2-expressing non-neuronal cells of the OE before passing
to OSNSs. Infection of OSNs may result from horizontal viral spread from the adjacent
support cells or from dissemination of the virus within the OE after its tissue architecture is
disrupted by inflammatory infiltrates [101]. Furthermore, infection of non-neuronal cells
within the OE may alter the physiology of OSNs without their direct invasion, by
architectural OE damage and lack of physical support, impaired signaling, ionic imbalance,
and initiating an excessive immune response [12,19,20,97]. This hypothesis is also in
agreement with the relatively rapid recovery of most patients, occurring within weeks after
infection, which may reflect the regenerative capability of the SUS cells. The infection of
OE stem cells may be responsible for longer lasting OD in some cases [20].

However, it should be noted that although almost no expression of ACE2 is found
in the OSNs, they do express NRP1, which could account for direct OSNs infection

[4,101,102]. Moreover, the expression of NRP1 has also been found in neuronal progenitor
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cells, which could play a role in the persistent anosmia observed in some COVID-19
patients [4,102]. Furthermore, although the previously reported rare occurrence of
parosmia during recovery was considered to suggest the absence of damage to peripheral
sensory neurons, its prevalence may have been overlooked in early reports, while in later
studies it was estimated to be about 40% [103,104]. It has been hypothesized that SARS-
CoV-2-induced inflammation of the neuroepithelium and OB may result in impaired
olfactory recovery with aberrant OSNs regeneration and misperception of odors in the
neuroepithelium, as well as altered olfactory receptor mapping in the OB [104].

Moreover, there may be a genetic link to the pathomechanism of OD in COVID-19,
with the possible role of the UGT2A1 and UGT2A2 genes, encoding uridine diphosphate
glucuronosyltransferase (UGT) enzymes, which are expressed in the OE, and may be
involved in metabolizing odorants and olfactory signal termination [105,106].

4.3. Results of the study of the differences between the course of the disease in
hospitalized young adults depending on the causative SARS-CoV-2 variant (alpha vs.
previous variants) and demographic, clinical and laboratory predictors of severe
course of COVID-19 in hospitalized young adults

229 COVID-19 patients were included, of which 75 patients were attributed to the
second wave , and 154 to the third wave of the COVID-19 pandemic. The most commonly
reported COVID-19 symptoms were dyspnea (91.7%), fever (85.2%), cough (85.2%), and
fatigue (56.8%). Other symptoms included myalgia (29.3%), smell or taste disorders
(18.8%), headache (18.3%), diarrhea (17.9%), nausea and/or emesis (11.8%), sore throat
(7.9%), and hemoptysis (3.5%). There were no statistically significant differences between
the waves regarding any of the reported symptoms, sex, body mass index (BMI), smoking
status, and comorbidities.

The median percentage of lung involvement on computed tomography (CT) was
31%, comprised of 30% in the second wave and 33% in the third wave. The median period
from the onset of symptoms to hospital admission was eight days (IQR 6-10 days) in the
second wave and nine days (IQR 7-11 days) in the third wave. Due to the study inclusion
criteria (patients requiring hospitalization due to severe COVID-19) almost all patients
(96.9%) required oxygen therapy, while 24% required high flow nasal oxygen therapy
(HFNO). Mechanical ventilation (MV) was necessary in 9.6% of patients, 13.5% of
patients required ICU admission, and 7% died. The ICU mortality was 48.4%. There were

no significant differences between the two waves regarding the median percentage of lung
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involvement on CT at admission, the need for conventional oxygen therapy, HFNO, MV,
and ICU treatment, and mortality. These results indicate that the alpha variant does not
appear to be associated with worse outcomes in hospitalized young adults than the wild-
type variants. Moreover, leukocyte (white blood cell, WBC), neutrophil and immature
granulocyte (IG) counts, IG percentages, the neutrophil-to-lymphocyte ratio (NLR) and the
frequency of leukocytosis and neutrophilia at admission were higher, and the lymphocyte
percentage at admission was lower in the second wave compared with the third wave,
while there were no significant differences regarding interleukin-6 (IL-6), C-reactive
protein (CRP), and ferritin levels at admission between these two waves. Furthermore,
although there was no significant difference between waves in terms of procalcitonin
(PCT) levels at admission, PCT levels at the 7th day of hospitalization were significantly
higher in the second wave compared with the third wave. As these markers of
hyperinflammation seem to be associated with a worse outcome, as discussed below, these
findings further contradict a greater disease severity due to the alpha SARS-CoV-2 variant
compared to the wild-type variants. Moreover, high D-Dimer and low albumin levels also
appear to be associated with poor prognosis, and we found no significant differences
between waves in terms of D-Dimer and albumin levels at admission, while at the 7th day
of hospitalization D-Dimer levels were even higher and albumin levels lower in the second
wave compared with the third wave. In addition, although myoglobin levels at the 7th day
of hospitalization were significantly lower in the second wave compared with the third
wave, there were no differences between waves in other, more cardiac-specific biomarkers.
There were also no statistically significant differences between the two waves regarding
antithrombin 111 (AT I11), fibrinogen, lactate dehydrogenase (LDH), calcium and vitamin
D3 levels, nor in the levels of renal and liver injury markers.

There were no significant age and sex differences between the survivors and non-
survivors. There were also no differences between these groups regarding the frequencies
of any of the blood types. Although weight and BMI were higher in non-survivors
compared to survivors, these differences were not significant after the removal of the
outliers. However, it should be noted that in this study of COVID-19 patients, all of whom
were hospitalized due to severe disease, the median BMI was 30.6 kg/m? (IQR 27.1-34.3
kg/m?), and normal BMI (18-25 kg/m?) was found in only 12.3%. Moreover, there was a
positive correlation between BMI and the need for MV. Furthermore, weight > 100 kg and
BMI > 40 kg/m? were significant predictors of death, MV and ICU treatment in univariate

logistic regression, and BMI > 40 kg/m? was also a significant predictor of MV in
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multivariate analysis (OR = 6.9). Therefore, it appears that overweight or obesity should
also be considered risk factors for poor prognosis, possibly due to their association with
other comorbidities, reduced lung volumes and hypercoagulable states.

A history of current or former smoking was significantly more frequent among the
non-survivors than survivors, and there was a weak positive correlation between smoking
and the need for MV and ICU treatment. Therefore, smoking history should be taken into
consideration while assessing the possible risk factors for severe COVID-19 in young
adults. Comorbidities were also significantly more frequent in the non-survivors compared
to survivors (68.75% vs. 38.5%), and were associated with the risk of death and MV in
univariate logistic regression, and with the risk of death in multivariate analysis (OR = 4).
Chronic arrhythmia was significantly more frequent in the non-survivors than in survivors,
while there were no statistically significant differences in the frequency of insulin
resistance, diabetes, hypertension, asthma, hypothyroidism, or Hashimoto disease. In
univariate logistic regression, having diabetes or insulin resistance was significantly
associated with the risk of death, MV, and ICU treatment, and chronic arrhythmia was
significantly associated with the risk of death and MV. Overall, the association of
comorbidities and the outcome of SARS-CoV-2 infection appears to be less pronounced in
young adults than in the general population, as a greater number of comorbidities in elderly
patients may lead to a more complex pathogenesis in COVID-19 and its complications
[44].

The percentage of lung involvement on CT was significantly higher and lung
involvement of at least 50% was more frequent in the non-survivors than in survivors.
There was also a weak positive correlation between the percentage of lung involvement
and the need for MV and ICU treatment. SpO at admission was significantly lower in non-
survivors than in survivors, and there was a negative correlation between SpO: at
admission and the need for MV and ICU treatment. Moreover, non-survivors required
HFNO, MV, ICU admission, vasopressors, and continuous renal replacement therapy
(CRRT) more frequently than survivors.

SARS-CoV-2 infection causes a host immune response, which in most patients will
contribute to viral elimination. However, in some cases, the activation of alveolar
macrophages triggers the elevated release of cytokines, such as IL-1, IL-6, and tumor
necrosis factor-a (TNF-a), and other proinflammatory mediators, known as a "cytokine
storm”. This results in the recruitment and infiltration of neutrophils, monocytes, and other

leukocytes. Moreover, these cytokines stimulate bone marrow to produce and release
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immature granulocytes that infiltrate the lungs, further increasing the exuberant
inflammatory reaction [9,30,32]. Furthermore, the release of cytokines, including IL-6,
induces the synthesis of acute phase proteins, such as CRP, fibrinogen, and ferritin [32],
which, in turn, may further affect the immune reaction, being able to induce the expression
of both pro- and anti-inflammatory mediators [107,108]. The exacerbated inflammatory
reaction may also lead to cytokine-induced lymphocyte apoptosis [31,109,110]. Other
possible causes of lymphopenia in COVID-19 include a direct viral infection of ACE2-
expressing lymphocytes, destruction of lymphatic organs, and increased lymphocyte
consumption in the infected tissues [31,109,110]. For these reasons, an elevated
neutrophil-to-lymphocyte ratio (NLR) is also observed in COVID-19 [31]. Indeed, WBC,
neutrophil, and IG counts, IG percentages, the incidence of leukocytosis, neutrophilia, and
lymphopenia, NLR, and IL-6 levels were significantly higher in non-survivors than in
survivors. In addition, CRP was significantly higher and CRP above 100 mg/L was
significantly more frequent in non-survivors than in survivors. There was also a positive
correlation between the WBC, neutrophil and IG count, neutrophil and IG percentages,
leukocytosis, neutrophilia, NLR, and IL-6 and CRP levels and the need for MV and ICU
treatment, as well as a negative correlation between the lymphocyte percentage and the
need for MV and ICU treatment. Furthermore, univariate logistic regression revealed that
NLR > 2 and lymphopenia at the 7th day of hospitalization, as well as neutrophilia,
leukocytosis, and CRP > 100 mg/L at admission and at the 7th day of hospitalization were
significantly associated with the risk of death, MV and ICU treatment. In multivariate
analysis, leukocytosis at admission was significantly associated with death, MV and ICU
treatment (with OR of 5.8, 5.5 and 3.7, respectively). Moreover, although there was no
significant difference between ferritin levels between non-survivors and survivors, there
was a weak positive correlation between ferritin levels at admission and the need for MV,
and between ferritin levels at the 7th DOH and the need for ICU treatment.

PCT can be induced directly by bacterial endotoxins and lipopolysaccharides or
indirectly through the release of pro-inflammatory cytokines, such as IL-1p, TNF-a and
IL-6. However, its synthesis may be inhibited by interferon-y (INF-y), increased in viral
infection. Therefore, PCT is not typically elevated in mild SARS-CoV-2-infection, while
its increase is observed in severe COVID-19, especially due to a bacterial co-infection
[111-113]. Indeed, PCT was significantly higher and PCT above 0.5 ng/mL was
significantly more frequent in non-survivors compared to survivors, and there was a
positive correlation between PCT, and the need for MV and ICU treatment. Moreover,
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univariate and multivariate logistic regression revealed that PCT > 0.5 ng/mL at admission
was associated with increased risk of death, MV and ICU treatment (with OR in
multivariate regression of 5, 9.6 and 5.4, respectively).

Interestingly, although there were no significant differences regarding RBC counts,
hematocrit, and hemoglobin levels at admission, at the 7th day of hospitalization these
parameters were significantly lower in non-survivors than in survivors, and there was a
negative correlation between RBC counts, hematocrit and hemoglobin levels and the need
for MV and ICU treatment. In addition, univariate logistic regression revealed that RBC
count < 4.5 x10%puL, hematocrit < 40%, and hemoglobin < 12 g/dL at the 7th day of
hospitalization were associated with increased risk of death, MV and ICU treatment. This
new-onset anemia may also reflect hyperinflammation leading to disease progression
[114].

Another possible causes of severe course and poor prognosis in COVID-19 may be
thrombosis and coagulopathy. Several factors may contribute to coagulation dysfunction in
COVID-19, including the cytokine storm leading to an increased production of platelets
and fibrinogen, complement activation, vascular dysfunction, Renin-Angiotensin-
Kallikrein-Kinin systems (RAS-KKS) imbalance, and excessive intravascular neutrophil
extracellular traps (NETs) formation by neutrophils [30,32]. This hyperactive coagulation
causes an increase in the level of D-Dimer, a fibrin degradation product [30]. Indeed, D-
Dimer was significantly higher and D-Dimer > 500 pg/L FEU at admission was
significantly more frequent in non-survivors than in survivors, and there was an association
between D-Dimer and D-Dimer > 500 pg/L FEU, and the need for MV and ICU treatment.
Furthermore, univariate logistic regression revealed that D-Dimer > 500 pg/L FEU was
associated with increased risk of death, MV and ICU treatment, and D-Dimer > 500 pg/L
FEU at admission was also significantly associated with the risk of ICU treatment in
multivariate analysis (OR = 5.2). No significant difference between non-survivors and
survivors regarding PLT counts were found. One possible explanation is that severe
COVID-19 can cause both thrombocytopenia, due to viral infection of bone marrow, and
increased PLT production, induced by the pro-inflammatory cytokines [115]. Indeed, we
observed a positive correlation between both thrombophilia and thrombocytopenia and the
need for ICU treatment.

Another biomarker associated with COVID-19 severity is LDH, an enzyme that is
present in all tissues and released into the blood upon tissue damage, including such as

viral infection, hypoxia, and inflammation-induced injury [116]. Indeed, LDH at admission
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was significantly higher in non-survivors than in survivors, and there was a positive
correlation between LDH, and the need for MV and ICU treatment. In addition, LDH >
500 U/L at admission was associated with increased risk of death, MV and ICU treatment
in univariate analyses, and with MV and ICU treatment in multivariate analyses (OR of 4.7
and 3.4, respectively). The elevation of LDH levels may be due to the multiple organ
damage, including renal, myocardial, and liver dysfunction, that has been observed in
severe COVID-19.

According to current evidence, elevation of cardiac injury biomarkers, such as
high-sensitive troponin I (hs-Tnl), creatine kinase-myocardial band (CK-MB), myoglobin,
and N-terminal-pro-B-type natriuretic peptide (NT-proBNP), is associated with COVID-19
severity and mortality [117]. Indeed, hs-Tnl, CK-MB, NT-proBNP levels were
significantly higher in non-survivors than in survivors, and there was a positive correlation
between hs-Tnl, NT-proBNP, and CK-MB and the need for MV and ICU treatment.
Moreover, univariate logistic regression revealed that CK-MB > 20 U/L at admission and
at the 7th day of hospitalization, NT-proBNP > 190 pg/mL at admission and at the 7th day
of hospitalization, and hsTnl > 34 pg/mL at the 7th day of hospitalization were associated
with increased risk of death, MV and ICU treatment, and hsTnl > 34 pg/mL at admission —
with increased risk of MV and ICU treatment. We have also observed a correlation
between myoglobin levels, a marker that is less specific to cardiac injury, and the need for
MV and ICU treatment. Interestingly, another non-cardiac specific marker, CK, was
significantly higher in non-survivors than in survivors, but only at the 7th day of
hospitalization, and not at admission, and in univariate logistic regression CK > 190 U/L at
admission and at the 7th day of hospitalization were associated with increased risk of MV
and ICU treatment, but only CK > 190 U/L at the 7th day of hospitalization was associated
with the increased risk of death. This might indicate that the increase in CK activity
reflects disease progression.

Acute kidney injury has also been found to be a predictor of mortality and severity
in COVID-19 patients [118]. Indeed, creatinine and urea levels were significantly higher in
the non-survivors compared to the survivors, and EGFR was significantly lower in non-
survivors compared to survivors. There was also a positive correlation between creatinine
levels and the need for MV, a positive correlation between urea levels and the need for MV
and ICU treatment, and a negative correlation between EGFR and the need for MV.
Furthermore, univariate logistic regression revealed that EGFR < 60 mL/min at admission

and at the 7th day of hospitalization, creatinine > 1.2 mg/dL at admission and at the 7th
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day of hospitalization and urea > 49 mg/dL at the 7th day of hospitalization were
associated with increased risk of death, MV and ICU treatment, and urea > 49 mg/dL at
admission with increased risk of MV.

Although COVID-19 has also been hypothesized to cause hepatic injury, data on
the association of liver enzyme levels and COVID-19 severity and mortality are
inconsistent [119-121]. Moreover, hypertransaminasemia observed in some studies may
also be due to myocardial and muscle injury or drug-induced hepatotoxicity [122]. In this
study, no significant differences between survivors and non-survivors were found
regarding ALT, AST, and total bilirubin levels at admission. Interestingly, although there
were no significant differences between survivors and non-survivors regarding GGT level,
in univariate logistic regression GGT > 120 U/L was associated with increased risk of
death and MV. Albumin concentrations at the 7th day of hospitalization were significantly
lower in non-survivors than in survivors, and there was a negative correlation between
albumin concentration and the need for MV and ICU treatment. However, decreased
albumin levels may not only result from hepatic dysfunction, but also from prioritizing of
acute phase proteins synthesis, cytokine-induced increase in vascular permeability leading
to albumin extravascular escape, and excessive renal losses due to kidney injury [119,123].

Total calcium concentration was significantly lower in the non-survivors than in
survivors and there was a negative correlation between calcium concentration and the need
for MV and ICU treatment. Moreover, univariate logistic regression revealed that calcium
< 2.1 mmol/L at admission and at the 7th day of hospitalization were associated with
increased risk of death, MV and ICU treatment. This is in agreement with the results of
meta-analyses showing hypocalcemia to be significantly associated with COVID-19
severity and mortality, possibly due to its role in the immune response [124,125].
Furthermore, vitamin D, an important regulator of calcium homeostasis, has an
immunomodulatory role by influencing the production of antimicrobial peptides, as well as
counteracting the cytokine storm by inhibiting the production of pro-inflammatory
cytokines and promoting anti-inflammatory cytokines, controlling T-cell mediated
responses, and modulating the activity of neutrophils and macrophages [126-128].
Interestingly, vitamin D3 levels at admission were significantly lower in non-survivors
than in survivors and there was a negative correlation between vitamin D3 levels at the 7th
day of hospitalization and the need for ICU treatment.

In ROC analysis, comorbidities (AUC = 0.65), WBC count > 10x10%/uL (AUC =
0.65), and PCT > 0.5 ng/mL (AUC = 0.65), were associated with death; BMI > 40 kg/m?
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(AUC = 0.57), LDH > 500 U/L (AUC = 0.7), WBC count > 10x10%uL (AUC = 0.72), and
PCT > 0.5 ng/mL (AUC = 0.7) were associated with MV, while D-Dimer > 500 pg/L FEU
(AUC = 0.65), LDH > 500 U/L (AUC = 0.68), WBC count > 10x10%uL (AUC = 0.66),
and PCT > 0.5 ng/mL (AUC = 0.65), were associated with ICU treatment. The combined
multivariate regression models for predicting death, MV and ICU treatment had the area
under the curve (AUC) values of 0.81, 0.84, and 0.85, respectively.

This study had several limitations. Firstly, it was a single-center retrospective study
with a limited sample size that only included severe, hospitalized patients, which may limit
the validity of generalizing its results to the entire young adult population. Therefore,
larger, multi-center, prospective studies are needed. Secondly, because this study is an
observational and exploratory study in which many statistical tests were performed, results
may be influenced by some false-positive error and confounding factors. Moreover,
because of the retrospective nature of this study and the limited resources of the health care
system at the time, genotypic results of the causative variant were not available. However,
the prevalence of the SARS-CoV-2 alpha variant in Poland during the period defined here
as the second wave of pandemic was low (approximately 6.5%), while in the period
defined as the third wave the alpha variant accounted for over 92% of the identified strains
[54]. These data strongly support that the analyzed waves correspond well to the causative
variants. Noteworthy, none of the patients was vaccinated nor did they have any previous
documented SARS-CoV-2 infection. Moreover, there were no significant differences
between the waves in terms of the medical treatment used. Hence, although the variants
studied here are no longer dominant, these results may still be relevant, as they may
provide valuable information on the mechanisms involved in SARS-CoV-2 infection not
affected by these factors, which is difficult to achieve in the studies of later variants.
Furthermore, most previous studies have focused on predictors of severe COVID-19 in the
general population, with older individuals often predominating among those hospitalized,
while risk factors among younger individuals appear to be different, and finding the
predictors of poor COVID-19 outcomes in this age group may contribute to the early

identification of individuals at risk of developing severe disease.
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4.4. Results of the study of the potential predictors of severe COVID-19 in pregnant
women

The study included 52 pregnant patients. Mean BMI on admission was 28.4 kg/m?.
Symptoms on admission were: dyspnea (92.3%), cough (90.4%), fever (63.5%), fatigue
and myalgia (42.3%), smell and taste disorders (26.9%), headache (23.1%), sore throat
(11.5%), and nasal discharge (9.6%). Most common comorbidities were hypothyroidism
(35.3%), diabetes (17.7%), hypertension (10%), and asthma (3.9%). Mild, moderate,
severe, and critical COVID-19 accounted for 17.3%, 48.1%, 32.7%, and 1.9% of cases,
respectively. Median length of hospitalization was 8 days. Conventional oxygen therapy
(either through an oxygen nasal cannula or an oxygen mask) was necessary in 80.8% of
patients, 17.3% of patients needed HFNO and 3.9% needed ICU admission. None of the
patients required mechanical ventilation. The median lung involvement on CT was 20%
(with a range of 1%-60%). The most common laboratory abnormalities were elevated CRP
(94.2%), D-dimer (90.6%), IL-6 (88.5%) and fibrinogen (88%), hypoproteinemia (66.7%),
decreased vitamin D (62.2%), elevated LDH (56%), hyperglycemia (48.8%), anemia
(48.1%), elevated alkaline phosphatase (ALP) (46.2%), elevated AST (40.4%),
lymphopenia (38.5%), elevated bile acids (35.7%), neutrophilia (30.8%), and elevated
alanine transaminase (ALT; 30%). Hypertension was correlated with higher oxygen flow,
while diabetes was correlated with higher oxygen flow and the need for HFNO. The
percentage of lung involvement on CT was correlated with the severity of COVID-19, the
oxygen flow, and the need for HFNO and ICU admission. Lymphocytopenia, low levels of
serum calcium, total cholesterol and total protein levels, as well as high levels of serum
CRP, ferritin, IL-6, glucose, LDH, PCT, and hs-Tnl predicted a severe course of illness as
measured by disease severity, the need for oxygen supplementation and higher oxygen
flow, length of hospital stay, and the need for mechanical ventilation and ICU admission.
Univariate logistic regression revealed that diabetes (OR = 10.2), gestational age < 32
weeks (OR = 5), lung involvement on CT > 20% (OR = 5.8), lymphocyte count <
1x10%/pL (OR = 27.4), CRP > 75 mg/L (OR = 9.1), IL-6 > 60 pg/mL (OR = 16.5), PCT >
0.2 ng/mL (OR = 5.1), LDH > 270 U/L (OR = 3.7), hs-Tnl > 6 ng/mL (OR = 12.7),
calcium level < 2.15 mmol/L (OR = 5.6), total cholesterol < 180 mg/dL (OR = 5.7), total
protein level < 6.3 g/dL (OR =9), and glucose > 99 mg/dL (OR = 6) were associated with

increased risk of severe-to-critical COVID-19. Therefore, these indicators may serve as the
predictors of severe disease, enabling an early identification of patients at risk of disease
progression. Indeed, as already mentioned, higher inflammatory markers levels and
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lymphopenia are observed in cytokine storm, commonly seen in severe COVID-19.
Moreover, COVID-19 may cause poor glycemic control by modulating an immune
response. This should prompt clinicians to pay special attention to glycemic levels during
pregnancy, both in patients with a history of diabetes and in previously healthy women
[129-132]. Hypoproteinemia may be caused by both the decrease in albumin and
prealbumin production induced by the cytokine storm [133], and the physiological increase
in protein requirements during pregnancy [134]. Changes in lipid levels in COVID-19 may
result from impaired production of apolipoproteins and lipoproteins due to liver damage
and cytokine activity, as well as capillary leak causing lipid relocation to extravascular
compartments [135,136].

The main limitations of this study include its single-center nature, as well as its
small and homogeneous cohort of patients. Therefore, further research is needed to identify
potential predictors of severe COVID-19 in pregnancy.
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5. CONCLUSIONS

1. Based on the results of the simple, disposable psychophysical olfactory test, created

2.

for the purpose of the study, it was shown that olfactory disorders are common in
COVID-19 and seem to be highly associated with SARS-CoV-2 positivity, making
this symptom a good predictor of COVID-19, whereas:

a. as anosmia or hyposmia was self-reported by 32%-44% of patients, while it

was found in 55%-64% of patients in the psychophysical test, self-
assessment of olfactory function tends to underestimate the prevalence of
OD, which highlights the importance of psychophysical smell assessment in
COVID-19 patients;

. self-reported anosmia does not seem to be related to the severity of COVID-

19, while for psychophysical tests, although their worse results were
associated with some factors indicative of severe disease, larger, multi-
center, prospective studies are needed,;

self-reported OD was observed to have high specificity, but low-to-
moderate sensitivity in predicting SARS-COV-2 infection, while
psychophysical evaluation appears to have both high specificity and
sensitivity. Moreover, the combination of psychophysical tests results and
self-reported OD results in improved diagnostic accuracy in predicting
SARS-CoV-2 infection. This enables the development of a fast, affordable,
and effective SARS-CoV-2 screening strategy based on combining a survey
for new-onset OD with a simple disposable odor identification test,
allowing for early identification of the individuals suspected of COVID-19
and eligible for isolation and laboratory-testing when possible. This
approach could be especially useful in countries with a high number of
COVID-19 cases and limited resources to perform RT-PCR for SARS-
CoV-2.

In a review of the literature, it was found that the pathogenesis of COVID-19
related anosmia appears to be mainly due to sensorineural damage, with infection
of the OE support cells via the ACE2 receptor, affecting the function of the
olfactory neurons, and possibly with direct OSN infection mediated by the NRP1
receptor. Although early onset and early recovery of anosmia observed in most
COVID-19 patients could argue in favor of conductive mechanism of OD, most

patients do not present nasal symptoms, suggesting that is not the main factors in

179



180

the development of OD in SARS-CoV-2 infection. Involvement of the higher
olfactory pathways and genetic factors may also be considered.

In young adults hospitalized for severe COVID-19, the SARS-CoV-2 alpha variant
was not associated with a worse prognosis and a more severe course of the disease

than the previous variants.

In young adults hospitalized for severe COVID-19, a number of factors, including
obesity, comorbidities, smoking, the percentage of lung involvement on CT, lower
SpO2, leukocytosis, neutrophilia, lymphopenia, higher IG count, NLR, and higher
CRP, PCT, IL-6, D-Dimer, LDH, hs-Tnl, CK-MB, myoglobin, NT-proBNP,
creatinine, urea and GGT levels, lower EGFR, albumin, calcium and vitamin D3
levels, and possibly a decrease in RBC counts and hemoglobin and hematocrit
levels and an increase in CK levels in the course of hospitalization may be
associated with poor outcomes of COVID-19. The identification of these factors
may allow for earlier identification of high-risk patients and appropriate
intervention. As severe disease and deaths also occur in young adults, health
authorities should emphasize the need for preventative measures and support
research on predictors of poor outcomes in this age group.

In pregnant patients hospitalized due to COVID-19, comorbidities, such as
hypertension and diabetes, higher lung involvement on CT and a number of
laboratory parameters measured at hospital admission, including lymphopenia,
hypocalcemia, hypoproteinemia, low total cholesterol, as well as higher CRP, PCT,
IL-6, ferritin, LDH, hs-Tnl and glucose levels, appear to be adverse prognostic
factors in the course of COVID-19. The identification of such factors may help
identify pregnant patients at risk of severe disease, allowing for the earlier
implementation of appropriate management in these patients and improvement of

both maternal and fetal outcomes.
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VIII. OPINIE KOMISJI BIOETYCZNEJ

1. Ocena czestosci wystepowania zaburzen wechu u pacjentéw z COVID-19 oraz ich
wartoS$ci predykcyjnej w ocenie prawdopodobienstwa zakazenia SARS-CoV-2.

Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzetach
przy Centralnym Szpitalu Klinicznym MSWiA w Warszawie
ul.Woloska 137, 02-507 Warszawa
email; komisja etykita cskmswia pl tel, +48-22-5081681 fax, +48-22-5081881

Przewodniczacy Komisji: prof. dr hab.n.med. Robert J. Gil

DECYZJA NR 37/2020
z dn. 03.04.2020r.

Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzetach przy CSK MSWiA w
Warszawie na posiedzeniu w dniu 03 kwietnia 2020 r.

- zapoznala si¢ z projektem nowego badania pt.
wZaburzenia wechu w COVID-19(zakazenie wirusem SARS CoV-2)"

ktorego badaczem jest lek. Laura Ziuzia- Januszewska Kliniki Otolaryngologiczna Centralnego
Szpitala Klinicznego MSWiA w Warszawie.

dotyczacych: - wniosek o wyrazenie opinii o projekcie eksperymentu medycznego przez
Komisj¢ Bioetyczng CSK MSWiA w Warszawic.

Po zapoznaniu si¢ 2 caloscig dokumentacji* zgodnie z zasadami ICH-GCP Komisji Bioetycznej
CSK MSWiA w Warszawie

- wyrazita zgode na przeprowadzenic badania zgodnie z przedstawionvm protokotem

Pl’Zé\\OdplCZi}c\ K()ﬁlml Etyki

Prof. dr h/ é’y] ;&rt Gil

Warszawa, 03.04.2020 r.

1
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Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzetach
przy Centralnym Szpitalu Klinicznym MSWiA w Warszawie
ul. Woloska 137, 02-507 Warszawa
email: konusja etvkiacskimswia pl tel, +48-22-5081681 fax, +48-22-5081881
Przewodniczacy Komisji: prof. dr hab.n.med. Robert J. Gil

*Do Komisji Etyeznej wplhvnely nastepujace dokumenty:

. Wniosek
2. Protoksol
3. Zzoda Dvrektora na preeprowadzenie badania

2

Komisja Ervki | Nadzor nad Badaniani na Lodasch 1 Zwierzetach prov Centralnym Szpitalu Klinicznvm MSWiA
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Zalgeznik nr 1 do Decvzii nr 372020 z dn. 03.04.2020r.

SKEAD KOMISIJI ETYCZNEJ PODEJMUJACEJ DECYZIJE

Prof. dr hab. n. med. CSK MSWiA

Robert Gil Kardiolog Klinika Kardiologii Inwazyjnej

- Przewodniczacy i

Ks. Dariusz Cempura Ksiadz Parafia $w. Jana Chrzcicicla w Ceglowie
|- z-ca przewodniczacego

Prof. dr hab. n. med. CSK MSWiA
Edward Franek Endokrynolog Klintka Choréb Wewnetrznych
Endokrynologii 1 Diabetologii

Prof. dr hab. n. med. Ginckolog-poloznik | CSK MSWiA
Michal Powolny Klinika Ginekologii i Poloznictwa

CSK MSWiA

Prof. dr hab. n.med. Chirurg Klinika Chirurgii Ogolnej i Naczyniowej
Piotr Andziak

Prof. dr hab. n. med. CSK MSWiA

Maria Barcikowska Neurolog Klintka Neurologii

I
Komisja Btk Nadzoru nad Badaniami na T adziach | Zwierzetach pray Centealnyvin Szpitalu Klinicznym MSWiA
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Zatgeznik ne [ do Decyzfi ne 37:2020 = dn, 03.04.2020r,

Prof. dr hab. n. med.
Andrzej Rydzewski

Nefrolog

CSK MSWiA
Klinika Choréb Wewnetrznych, Nefrologii
1 Transplantologii

Prof. dr hab. n.med,
Grazyna Rydzewska -

Specjalista Chorob
Wewnetrznych

CSK MSWiIA
Klinika Choréb Wewnetrznych

Wyszkowska I Gastrocenterologii

Mgr farm. ‘ CSK MSWiA

Irena Szoszkiewicz Farmaceuta Apteka Szpitalna

Mec.

Jaroslaw Kocznur Prawnik

Dr n. med. CSK MSWiA

Jolanta Kolakowska Kardiolog (ddzial Rehabilitacji Kardiologiczngj
Dr hab. n. o zdr. Adam | Farmakolog

Fronczak 'kliniczny
: Bozenna
‘Majewska
Pielegniarka

|
|
L

-

Komisia Etvki | Nadzoru nad Badaniami na Ludziach i Zwicrzetach orev Centrulnvm Sznitalu Klinieznvm MSWiIA
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2. Badanie wplywu wariantu SARS-CoV-2 (wariantu alfa w poréwnaniu do
wariantow wczesSniej wystepujacych) na ciezko$¢ przebiegu COVID-19 oraz
identyfikacji demograficznych, klinicznych i laboratoryjnych predyktoréw ci¢zkiego
przebiegu choroby w populacji hospitalizowanych mlodych dorostych.

Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzetach
przy Centralnym Szpitalu Klinicznym MSWid w Warszawie
ul.Woloska 137, 02-507 Warszawa
email: komvisjaetvki dicskmswia.pl 8], +48-47-T221681
Preewodniczgey Komisji: prof, d= hsb.n.med. Robert 1. Gil

DECYZJA NR 110/2021
Z dn. 24.08.2021r.

Komisja Etyki i Madzoru nad Badaniami na Ludziach | Zwierzetach przy CSK MSWiA
w Warszawie na posiedzeniu w dniv 24,08.2021r.

- zaimznnlu sig z projektem nowego badania klinicznego:

Tytul badania: ,Przebieg COVID-12 u mbodych doroslych podezas drugicj i trzeciej fali pandemii
COVID-19 w Polsce™

Oérodek badawezy: Klinika QOtolanymgologii CSK MSWiA
Gliwny badacz: lek, Laura Ziuzia-Januszewska

Badanie wlasne.

dotyczacy: - wniosek o wyrakenie zgody na przeprowadzenie hadania.

Po zapoznaniu sig ¢ calodels dokumentacji* zgodnie z zasadami ICH-GCP Komisja Etyki
- wyrazila zgode na preeprowsdzenie badania,

W ramach niniejszego zerwolenia badania moga by¢ prowadzone w trakeie wadne) polisy
ubcapicczeniowe

Przewodniczacy Komisji Fyki

vs

Prof. dr hab. nned: Robert Gil

Warszawa, 01.09.202] .

1
Komisja Eryki i Madzons nad Badan ol na Ludsach i Zwicragach prey © pimalu Klinjernym MEWLA
wl, Wobcakoa |37, 02-507 Warsmawa, tel. #4547 Tﬂtﬁ-ﬂl_

emgil: komisja etykiFesiomewis pl
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Komisja Etyki i Nadzorn nad Badaniami na Ludziach i Zwierz¢tach

przy Centralnym Szpitalu Klinicznym MSWiA w Warszawie
ul Weboska 137, 02-507 Warszaaa
email: komisjaetyki@eskmewia,pl vel. +48-47-T221681
Preewodnicaky Komisji: prof. dr hab.n.med. Robert 1. Gil

*Do Komisji E w i :

1. Wniosek do dyrektora CSK MSWiA o wyraienie wgody na presprowadzenie badania
whasnego — zgoda,

2, Wniosek Komisji Bioetycznej przy CS5K MSWIA w Warszawic o wyrahenic opini
dotyczgeej przeprowadzenie badania whasnego .

3. Protokot badania.

2
Komisgja Etyki i Nadrora mad Bodanissi na Ludziach | Zwierzgtach proy Centralaym Szpitala Klsicomm MEWiA
ul. Wioboaka 137, D2-507 Warkziwa, 1], +48-47-T22 1681
eindil: komiga, e ckrmswiapl
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Zat. 1

Przewodniczacy:
prof. dr hab. n. med. Robert Gil
ks. Dariusz Cempura

prof. dr hab. n. med. Edward Franek
prof. dr hab. n. med. Michat Powolny
prof. dr hab. n. med. Piotr Andziak

dr n. med. Matgorzata Dorobek

prof. dr hab. n. med. Andrzej Rydzewski
prof. dr hab. n. med. Grazyna Rydzewska- Wyszkowska
dr n. med. Jolanta Kotakowska

dr hab. n. o zdr. Adam Fronczak

dr n. med. Zbigniew Kr6l

dr hab. n. med. Adam Sybilski

mgr farm. Irena Szoszkiewicz

mec. Jarostaw Kocznur

piel. lic. Bozenna Majewska
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10.

11.

14.

15.

. Dr. hab. n. med. Adam SYBILSKI

. Mec, Jarostaw KOCZNUR

2al. 2

Uprzejmie informuje, ie dnia 24.08.2021r, nastepujgce osoby wziely udziat
w posiedzeniu Komisji Etyki i Nadzoru nad Badaniami na Ludziach | Zwierzetach

przy CSK MSWiIA w Warszawie:

Prof. dr hab. n. med. Robert GIiL

Prof. dr hab. n med. Piotr ANDZIAK

Ks. Dariusz CEMPURA

Prof. dr hab. n med, Edward FRANEK

Prof. dr hab. n med. Michal POWOLNY

Prof. dr hab. n med. Graiyna RYDZEWSKA-WYSZKOWSKA
Prof. dr hab. n med. Andrze] RYDZEWSKI

Dr. n. med. Malgorzata DOROBEK

Dr. n. med. Jolanta KOLAKOWSKA

Dr. hab. n. o zdr. Adam FRONCZAK

Dr. n med. Zbigniew KROL

Mgr. Farmacji Irena SZOSZKIEWICZ

Piel. Bozenna MAJEWSKA
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3. Badanie predyktorow ci¢zkiego przebiegu COVID-19 w grupie kobiet ci¢zarnych.

Badanie przeprowadzone zostalo w ramach wiekszego projektu oceniajacego rdzne aspekty
zakazenia SARS-COV-2 u kobiet cigzarnych, przy czym w protokole badania uwzgledniono réwniez
okreslenie potencjalnych predyktoréw cigzkiego przebiegu COVID-19 u kobiet ciezarnych.

Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierz¢tach
przy Centralnym Szpitalu Klinicznym MSWiA w Warszawie
ul.Wotoska 137, 02-507 Warszawa
email: komisja.etyki@cskmswia.pl tel. +48-47-7221681

Przewodniczacy Komisji: prof. dr hab.n.med. Robert J. Gil

DECYZJA NR 104/2021
z dn. 24.08.2021r.

Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzetach przy CSK MSWiA
w Warszawie na posiedzeniu w dniu 24.08.2021r.

- zapoznala si¢ z projektem nowego badania klinicznego:

Tytul badania: ,,Poréwnanie przebiegu hospitalizacji kobiet cigzarnych z COVID-19 do kobiet nie
cigzarnych i przebiegu porodu kobiet SARS CoV-2 dodatnich i ujemnych™.

Osrodek badawczy: Klinika Poloznictwa, Chorob Kobiecych i Ginekologii Onkologicznej CSK
MSWiA

Gléwny badacz: prof. dr hab. n. med. Artur Jakimiuk

Badanie wlasne.

dotyczacy: - wniosek o wyrazenie zgody na przeprowadzenie badania.

Po zapoznaniu si¢ z caloscia dokumentacji* zgodnie z zasadami ICH-GCP Komisja Etyki

- wyrazila zgode na przeprowadzenie badania.

W ramach niniejszego zezwolenia badania moga by¢ prowadzone w trakcie waznej polisy
ubezpieczeniowej

parertAnNICZACY
\

Przéwodniczacy KomisjiFEtyki

) " /é/Robert Gil

Warszawa, 01.09.2021 r.

1
Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzgtach przy Centralnym Szpitalu Klinicznym MSWiA
ul. Woloska 137, 02-507 Warszawa, tel. +48-47-7221681
email: komisja.etyki@cskmswia.pl
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Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierz¢tach
przy Centralnym Szpitalu Klinicznym MSWiA w Warszawie
ul.Woloska 137, 02-507 Warszawa
email: komisja.etyki@cskmswia.pl tel. +48-47-7221681

Przewodniczacy Komisji: prof. dr hab.n.med. Robert J. Gil

*Do Komisji Etycznej wplynely nastepujace dokumenty:

1. Wniosek do dyrektora CSK MSWiA o wyrazenie zgody na przeprowadzenie badania
whasnego — zgoda.

2. Wniosek Komisji Bioetycznej przy CSK MSWiA w Warszawie o wyrazenie opinii

dotyczacej przeprowadzenie badania wlasnego .

3. Protokot badania.

2
Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzgtach przy Centralnym Szpitalu Klinicznym MSWiA
ul. Woloska 137, 02-507 Warszawa, tel. +48-47-7221681
email: komisja.etyki@cskmswia.pl
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“isia Efyki i Nadzory nad Bacaniami

na Ludziach i 2wiefzgtach _
przy Centralny Gzpitzlu Klinicznym MSWIA
Ly d y

Zat. 1

w War

zawie
02 507 Warszawa ul. Wotoska 137
> A

Skiad Komisii Etykii N ru nad iamina L i h

prof. dr hab. n. med. Robert Gil
Z wodni 0:

ks. Dariusz Cempura

C owie:

prof. dr hab. n. med. Edward Franek
prof. dr hab. n. med. Michal Powolny
prof. dr hab. n. med. Piotr Andziak

dr n. med. Malgorzata Dorobek

prof. dr hab. n. med. Andrzej Rydzewski
prof. dr hab. n. med. Grazyna Rydzewska- Wyszkowska
dr n. med. Jolanta Kolakowska

dr hab. n. o zdr. Adam Fronczak

dr 1. med. Zbigniew Krél

dr hab. n. med. Adam Sybilski

mgr farm. Irena Szoszkiewicz

mec. Jaroslaw Kocznur

piel. lic. Bozenna Majewska

zefach
icznym MSWIA
«a 137

199



200

tadsre ned E

W d

P Zweerzgtach

gl Welosha !

Zat. 2

Ubrzejmie informuje, Ze dnia 24.08.2021r. nastepujace osoby wziely udziat

w posiedzeniu Komisji Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzetach

10.

11.

12.

13.

14.

15:

przy CSK MSWiA w Warszawie:

Prof. dr hab. n. med. Robert GiL

Prof. dr hab. n med. Piotr ANDZIAK

Ks. Dariusz CEMPURA

Prof. dr hab. n med. Edward FRANEK
Prof. dr hab. n med. Michat POWOLNY

Prof. dr hab. n med. Grazyna RYDZEWSKA-WYSZKOWSKA

Prof. dr hab. n med. Andrzej RYDZEWSKI
Dr. n. med. Matgorzata DOROBEK
Dr. n. med. Jolanta KOLAKOWSKA
Dr. hab. n. o zdr. Adam FRONCZAK
Dr. n med. Zbigniew KROL
Dr. hab. n. med. Adam SYBILSKI
Mec. Jarostaw KOCZNUR
Mgr. Farmacji Irena SZOSZKIEWICZ

Piel. Bozenna MAJEWSKA




IX. OSWIADCZENIA WSPOLAUTOROW PUBLIKACJI OKRESLAJACE
INDYWIDUALNY WKLAD KAZDEGO Z NICH W ICH POWSTANIE

Ad. Publikacja 1.: Ziuzia-Januszewska L, Dobrzynski P, Slaczka K, Ciszek J, Krawiec L., Wierzba

W, Zaczynski A. Simple Disposable Odor Identification Tests for Predicting SARS-CoV-2

Positivity. Int J Environ Res Public Health. 2021;18(19):10185. doi: 10.3390/ijerph181910185.
Warszawa, 24.08.2022 r.

lek. Laura Ziuzia-Januszewska

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Simple Disposable Odor Identification Tests for Predicting
SARS-CoV-2 Positivity” oswiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:
opracowanie koncepcji i zaprojektowanie badania, rekrutacj¢ pacjentéow do badania,
przeprowadzanie testow wechowych oraz badan ankietowych, stworzenie bazy danych,
analizg bazy danych, interpretacje wynikéw, stworzenie tresci artykutu oraz akceptacje
ostatecznej wersji artykutu.

Mo6j udziat procentowy w przygotowaniu publikacji okreslam jako 86 %.

Jednoczednie wyrazam zgod¢ na wykorzystanie w/w pracy jako cze$¢ mojej rozprawy

doktorskiej.
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Warszawa, 24.08.2022 r.

Drn.med. Pawel Dobrzyiski

OSWIADCZENILE

Jako wspolautor pracy pt. .Simple Disposuble Odor Identification Tests tor Predicting
SARS-CoV-2 Positivity™ oswiadezam, iz moj wiasny wiklad merytoryezny w przygotowanie.
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w  lormie publikacii
SNoOwWI:
nadzor merytoryezny oraz akeeptacja ostatecznej wersji artykulu.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 3 %.

Wkiud lek. Luury Ziuzia-Januszewskicj w powstawanie publikac)i okreslam juko 86 %,

cbejmowal ons opracowunie koneepeji 1 zaprojektowanie badania. rekrutacje pacjentow do
badania, przeprowadzanic testow wechowyeh oruz budun ankictowyceli. stworzenie buzy
danyeh. unalize bazy danych, interpretacje wynikow, stworzenic tresei artykulu oraz

akeeplagje ostateczne) wersji artykulu,

Jednocezesnie wyrazam zgode na wykorzystanic w/w pracy jako czgs¢ rozprawy doktorskic)

[ek. Laury Ziuzia-Januszewskiej

........ Wl S A RSN AR

(podpis vswiadezajacego)
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Warszawa, 24.08.2022 r.

.

lek. Krzysztol Slgczka

OSWIADCZENIE

Jako wspdlautor pracy pt. .Simple Disposable Odor Identiticution Tests for Predicting
SARS-CoV-2 Positivity™ odwiadezam, iz moj wlasny wklad merytoryezny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:
przeprowadzanie testow wechowych oraz badan unkictowych.

MOj udzial procentowy w przygotowaniu publikucji okreslam juko 3 4.

Wklad lek. Laury Ziuzia-Januszewskiej w powstaavanic publikacji okreslam juko 86 %,

obejmowal on: opracowanie koncepeji i zaprojextowanie badania. rekrutacje pacjentow do
badania. przeprowadzanic testow wechowych uruz badan ankictowy el stworzenic buzy
danych, analize bazy dunych, interpretacje wynikOw, stworzenic wesei artvkualu oz

akeeptacje ostatecznej wersji artykulu.

Jednoezesnie wyrazam zgode na wykorzystanic w/iw pracy jako czes¢ rozprawy doktorskie]

lek. Laury Ziuzia-Januszewskie]

|

(podpis odwiadezajacego)
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Warszawa, 24.08.2022 r.

lek. Jaromir Ciszek

OSWIADCZENIE

Jako wspolautor pracy pt. .Simple Disposuble Odor Identilicadon Tests for Predicting
SARS-CoV-2 Positivity™ o$wiadcezam, iz moj wlasny wklad merytorvezny w przygotowaliie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w  lormie  publikacji
SLNOWI:
przeprowadzanie testow wechowych oraz badan ankietowyceh.

MOj udzial procentowy w przygotowaniu publikucji okreslam jako 2 Y.

v

Wklad lek. Laury Ziuzia-Januszewskiej w powstwanice publikacji okreslam jako 86 %.

obejmowal on: opracowanie koncepeji i zaprojestowanie badania. rekrutacje pacjentow do
badania, przeprowadzanic testow wechowyceh oraz budan ankictowyel. stworzenie buzy
dunych, analize bazy dunych, interpretacje wynikow, stworzenie wesel artykulu oruz

akeeplacje ostateeznej wersji artykulu.

Jednoezesnie wyrazam zgode na wykorzystanie w/w pracy jako czg3¢ rozprawy doktorskicj

[ek. Laury Ziuzia-Januszewskiej

oo

(poudpis uswiadezajyeego)
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Warszawa, 24.08.2022 r.

lek. Lukasz Krawiec

OSWIADCZENIE

Jako wspétautor pracy pt. ,,Simple Disposable Odor Identification Tests for Predicting SARS-
CoV-2 Positivity” o§wiadczam, iz méj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
przeprowadzanie testow wechowych oraz badan ankietowych.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad lek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okre§lam jako 86 %,

obejmowat on: opracowanie koncepcji i zaprojektowanie badania, rekrutacje pacjentéw do badania,
przeprowadzanie testow wechowych oraz badan ankietowych, stworzenie bazy danych, analiz¢ bazy
danych, interpretacj¢ wynikéw, stworzenie tresci artykutu oraz akceptacjg ostatecznej wersji artykuh.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy Jjako cz¢s¢ rozprawy doktorskiej lek. Laury
Ziuzia-Januszewskiej

(podpis oéwiadczajacego)

............ e

205



206

Warszawa, 24.08.2022 r.

Prof. dr hab. n. med. Waldemar Wierzba

OSWIADCZENIE

Jako wspolautor pracy pt. ..Simple Disposible Odor Identificaton Tests for Predicting
SARS-CoV-2 Positivity™ oswiadezam, iz moj wlusny wklad merytoryezny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienic pracy wo lormie publikacji
SLANOWI:
nadzor mervioryezny oraz akeeptacja ostatecznej wersji artykulu.

Mo udzial procentowy w przygotowaniu publikacji okreslam juko 2 ¢,

Wklad lek. Laury Ziuziu-Junuszewskiej w powstawanie publikacji okresluim juko 86 %,

obepmowal ons opracowaanie koneepeji i zaprojextowanie badania, rekrutacje pacjentdow do
badania. przeprowadzanice testow wechowyeh oruz badan ankictowyceh. stworzenic buzy

| Y ® : )
danyeh, analize bazy danych, interpretacje wynikow, stworzenie wesei artykuiu oraz

akeeptacje vstateezne) wersji artykulu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskice)

lek. Laury Ziuzia-Junuszewskiej

(podpis oswiadezujacego)



Warszawa, 24.08.2022 r,

Dr . med. Artur Zaczyniski

OSWIADCZENIE

Jako wspélautor pracy pt. ..Simple Disposuble Odor Identitication Tests for Predicting
SARS-CoV-2 Positivity” oswiadezam, iz moj wlusny wklad merytoryezny w przygotowaiie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
SLANOWi:
nudzor merytoryezny oruz akeeptacja ostateczne) wersji artykulu.

MOoj udzial procentowy w przygotowaniu publikacji okreslam juko 2 %.

Wklad lek. Laury Ziuzia-Januszewskiej w powstawauie publikacji okreslam juko 86 %,

obeimowal on: opracowanie koncepeji i zaprojestowanie badania, rekrutacje pacjentow do
budania. przeprowadzanic testow weehowyceh vruz badan ankictow, chi. stworzenie buzy
danych, analize bazy dunych, interpretacie wynikOw, stworzenic tresel artykulu oruz

akeeptacje ostatecznej wersji artykulu.

Jednoczesnic wyrazam zgode na wykorzystanic wiw pracy jako czese rozpiuwy doktorskic]

lek. Laury Ziuzia-Januszewskiej

ZASTEPCA DYRE
ds. MEDYCZN

Centr mala Klinicafiedo !\&SWiA
) Warszawic
------ dr . med: Artur Zaczyriski

(podpis vswiadezujacego)
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Ad. Publikacja 2: Ziuzia-Januszewska L, Januszewski M. Pathogenesis of Olfactory
Disorders in COVID-19. Brain Sci. 2022;12(4):449. doi: 10.3390/brainsci12040449.

Warszawa, 24.08.2022 r.

lek. Laura Ziuzia-Januszewska

OSWIADCZENIE

Jako wspoétautor pracy pt. ,Pathogenesis of Olfactory Disorders in COVID-19”
o$wiadczam, iz méj whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
opracowanie koncepcji pracy, zebranie i interpretacje pi$miennictwa, stworzenie tresci
artykutu oraz akceptacja ostatecznej wersji artykutu.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 92 %.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ mojej rozprawy

doktorskie;j

7]
(podpis o$wiadczajacego)
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Warszawa, 24.08.2022 r.

dr n. med. Marcin Januszewski

OSWIADCZENIE

Jako wspétautor pracy pt. »Pathogenesis of Olfactory Disorders in COVID-19” o$wiadczam, iz
moj wlasny wklad merytoryczny w  przygotowanie, przeprowadzenie i opracowanic badan oraz
przedstawienie pracy w formie publikacji stanowi:

udzial w interpretacji pi$miennictwa oraz akeeptacja ostatecznej wersji artykutu.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 8 %.

Wktad lek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okreslam jako 92 %,

obejmowal on: opracowanie koncepcji pracy, zebranie i interpretacj¢ pi$miennictwa, stworzenie tresci
artykutu oraz akceptacije ostatecznej wersji artykutu,

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako ¢z¢s¢ rozprawy doktorskiej lek. Laury
Ziuzia-Januszewskiej

/ (podpis o$wiadczajacego)
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Ad. Publikacja 3: Ziuzia-Januszewska L, Januszewski M, Sosnowska-Nowak J,
Janiszewski M, Dobrzynski P, Jakimiuk AA, Jakimiuk AJ. COVID-19 severity and
mortality in two pandemic waves in Poland and predictors of poor outcomes of SARS-
CoV-2 infection in hospitalized young adults. Viruses. 2022;14(8), 1700;
https://doi.org/10.3390/v14081700

Warszawa, 24.08.2022 r.

lek. Laura Ziuzia-Januszewska

OSWIADCZENIE

Jako wspétautor pracy pt. ,,COVID-19 severity and mortality in two pandemic waves
in Poland and predictors of poor outcomes of SARS-CoV-2 infection in hospitalized young
adults” o$wiadczam, iz m6j whasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
opracowanie koncepcji i zaprojektowanie badania, rekrutacja pacjentéw do badania,
tworzenie bazy danych, analiza bazy danych, interpretacja wynikéw, stworzenie tresci

artykutu oraz akceptacja ostatecznej wersji artykutu.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 85 %.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ mojej rozprawy

doktorskie;j.

(podpis oéwﬁdczajgcego)
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Warszawa. 24.08.2022 r.

dr n. med. Marcin Januszewski

OSWIADCZENIE

Jako wspétautor pracy pt. ,,COVID-19 severity and mortality in two pandemic waves in Poland
and predictors of poor outcomes of SARS-CoV-2 infection in hospitalized young adults™ o$wiadczam, iz
moj wiasny wklad merytoryezny w przygotowanie, przeprowadzenie i opracowanic badan oraz
przedstawienie pracy w formie publikacji stanowi:

rekrutacja pacjentéw do badania, tworzenie bazy danych oraz analiza bazy danych.

Mgj udziat procentowy w przygotowaniu publikacji okreslam jako 4 %.

Wkiad lek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okreslam jako 85 %,

obejmowal on: opracowanie koncepcii i zaprojektowanie badania, rekrutacie pacientéw do badania,
tworzenie bazy danych, analize bazy danych, interpretacje wynikow, stworzenie tresci artykutu oraz
akceptacje ostatecznej wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej lek. Laury
Ziuzia-Januszewskiej.

(podpis oswiadczajacego)
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Warszawa, 24.08.2022 r.

lek. Joanna Sosnowska-Nowak

OSWIADCZENIE

Jako wspotautor pracy pt. ,,COVID-19 severity and mortality in two pandemic waves in Poland
and predictors of poor outcomes of SARS-CoV-2 infection in hospitalized young adults” o$§wiadczam, iz
moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badaf oraz
przedstawienie pracy w formie publikacji stanowi:
rekrutacja pacjentéw do badania oraz tworzenie bazy danych.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 3 %.

Wkiad lek. Laury Ziuzia-Januszewskiej w powstawanic publikacji okreslam jako 85 %,
obeimowat on: opracowanie koncepcii i zaprojektowanie badania, rekrutaci¢ pacijentéow do badania,

tworzenie bazy danych, analize bazy danych, interpretacje wynikéw, stworzenie treéci artykutu oraz
akceptacjg ostatecznej wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej lek. Laury

Ziuzia-Januszewskiej.

| bl /Lo\me (NW_JZA

(podpis o$wiadczajacego)
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Warszawa, 24.08.2022 r.

lek. Mariusz Janiszewski

OSWIADCZENIE

Jako wspolautor pracy pt. .COVID-19 severity and mortality in two pandemic waves
in Poland and predictors ol poor outcomes ol SARS-CoV-2 infection in hospitalized young
adults™ oswiadezam, iz moj wlasny wklad merytoryezny w przygotowanie. przeprowadzenie i
opracowanic badan oraz przedstawienic pracy w tormie publikacji stanowi:

rekrutacia pacjentdw do badania.

MO) udzial procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wklad lek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okreslam juko 83 %,

obejmowal on: opracowanie koneepeji i zaprojektowanie badania, rekrutacje pacjentow do
badania, tworzenie bazy duanych, analizg bazy dunych, interpretacje wynikow, stworzenie
resci artykulu oraz akeeptacje ostatecznej wersji urtykulu.

Jednoczesnie wyrazam zgode na wykorzystanic w/w pracy jako czgs¢ rozprawy doktorskic]

lek. Laury Ziuzia-Januszewskiej.

(podpis 0swiadezujacewo)
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Warszuawai, 24.08.2022 r,

dr n. med. Pawel Dobrzynski

OSWIADCZENIE

Jako wspolautor pracy pt. ..COVID-19 severity and mortality in two pandeniic waves
in Poland and predictors ol poor outcomes of’ SARS-CoV-2 infection in hospitalized young
adults™ o$wiadezam, iz moj wlasny wklad merytoryezny w przygotowanie, przeprowadzenic i
opracowanic badan oraz przedstawienic pracy w lormic publikacji stanowi:

nadzor merytloryczny oruz akeeptacja ostatecznej wersji artykulu.

MO0j udzial procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wklad lek. Laury Ziuzia-Junuszewskiej w powstaaanic publikaci okreslam juko 835 %,

obejmowal on: opracowanie koncepeji i zaprojektowanie badania, rekrutacje pacjentow do
badania. tworzenie bazy danych, analiz¢ bazy danych, interpretacje wynikow. stworzenie
wresei artykulu oraz akeeptacje ostatecznej wersji artykulu.

Jednoezesnie wyrazam zgode na wykorzystunic w/w pracy jako czgs¢ rozprawy doktorskicj

[ck. Laury Ziuzia-Januszewskiej.

(podpis oswiadezajaeego)



Warszawa, 24.08.2022 r.

lek. Alicja Jakimiuk

OSWIADCZENIE

Jako wspotautor pracy pt. ,,COVID-19 severity and mortality in two pandemic waves
in Poland and predictors of poor outcomes of SARS-CoV-2 infection in hospitalized young
adults™ oswiadczam, iz moj whasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

rekrutacja pacjentow do badania.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wktad lek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okreslam jako 85 %,

obejmowat on: opracowanie koncepcji i zaprojektowanie badania, rekrutacje pacjentéw do
badania, tworzenie bazy danych, analiz¢ bazy danych, interpretacj¢ wynikow, stworzenie
tresci artykutu oraz akceptacje ostatecznej wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Laury Ziuzia-Januszewskiej.

(podbis oswiadczajacego)
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Warszawa, 24.08.2022 r.

Prof. dr hab. n. med. Arwur Jakimiuk

OSWIADCZENIE

Jako wspolautor pracy pt. ,,COVID-19 severity and mortality in two pandeniic waves
in Poland und predictors ol poor outcomes of SARS-CoV-2 infection in hospitalized youny
adults™ oswiadezam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenic |
opracowanic badan oraz przedstawienie pracy w lormie publikacji stanowi:

nadzor merytoryezny oraz akeeptacja ostateczne] wersji urtykalu.

MOj udziul procentowy w przygotowaniu publikacji okreslam juko 2 %,

Wklad lek. Laury Ziuzia-Januszewskiej w powstaavanice publikacii okreslam jako 85 %,

obepmowal on: opracowanie koneepeji i zaprojektowanic badania, rekrutacje pacjentow do
budania, tworzenie bazy danych, analizg bazy dunych, interpretacje wynikow. stworzenic
wresei artykulu oraz akeeptacje ostatecznej wersji wriykulu,

lednoczesnie wyrazam zgodg na wykorzystanic w/w pracy jako czesé rozprawy doktorskigj

lek. Laury Ziuzia-Januszewskiej.




Ad. Publikacja 4: Januszewski M, Ziuzia-Januszewska L, Jakimiuk AA, Oleksik T,
Pokulniewicz M, Wierzba W, Kozlowski K, Jakimiuk AJ. Predictors of COVID-19
severity among pregnant patients. Bosn J Basic Med Sci. 2022. doi:
10.17305/bjbms.2022.7181

Warszawa, 24.08.2022 r.

lek. Laura Ziuzia-Januszewska

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Predictors of COVID-19 severity among pregnant patients”
o$wiadczam, iz mdj wihasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

tworzenie bazy danych, analiza bazy danych, interpretacja wynikéw, tworzenie treéci artykutu

oraz akceptacja ostatecznej wersji artykutu.
M¢j udziat procentowy w przygotowaniu publikacji okreslam jako 35 %.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ mojej rozprawy
doktorskie;j.

/) N N/ ‘
. = ] it
AUV ) AL MZLA. .. rj.u.%u.bkﬁ.w.%’{*b\

(podpis os'Wiadczajqcego)
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Warszawa, 24.08.2022 r.

dr n. med. Marcin Januszewski

OSWIADCZENIE

Jako wspolautor pracy pt. ,Predictors of COVID-19 severity among pregnant patients”
oSwiadczam, iz mdj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienic pracy w formie publikacji stanowi:

opracowanie koncepcji i zaprojektowanie badania, rekrutacja pacjentck do badania, tworzenie bazy

danych, analiza bazy danych, interpretacja wynikéw, stworzenie tresci artykutu oraz akceptacja
ostatecznej wersji artykutu.

MGj udziat procentowy w przygotowaniu publikacji okreslam jako 45 %.

Wkiad lek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okreslam jako 35 %,

obeimowal on: tworzenie bazy danych, analize bazy danych, interpretacje wynikow, tworzenie tresci
artykuhu oraz akceptacje ostatecznej wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej lek. Laury
Ziuzia-Januszewskiej.

.M) /:/:‘""b
/ (podpis oswiadczajacego)
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Warszawa, 24.08.2022 r.

lek. Alicja Jakimiuk

OSWIADCZENIE

Jako wspdlautor pracy pt. ,.Predictors of COVID-19 severity among pregnant paticents™
oswiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenic i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

tworzenie bazy danych.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 3 %.

Wklad lek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okreslam jako 35 %.

obejmaowal on: tworzenie bazy danych, analizg bazy danych, interpretacje wynikow.
tworzenie tresei artykulu oraz akeeptacje ostatecznej wersji artykulu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskicj

lek. Laury Ziuzia-Januszewskiej.

Ao To sk

(podpis o&\‘

adezajgceego)
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Warszawa, 24.08.2022 r,

lek. 'l“om:ys? Oleksik

OSWIADCZENIE

Jako wspolautor pracy pt. ,.Predictors of COVID-19 severity among pregnant patients™
oswiadezam. iz mdj wlusny wklad merytoryczny w o przygotowanie, przeprowadzenic i
opracowanice badan oraz przedstawienie pracy w formie publikacji stanowi:

rekrutacja pacjentek do badania.
Mo udzial procentowy w przygotowaniu publikucji okreslam juko 3 %.

Wkilud lek. Laury Ziuzia-Junuszewskie) w powsti vunic publikaci okreslam jako 33 %,

obefinowal ou: tworzenie bazy danych, analizg buzy danych, interpretacje wynikow,
tworzenie tresei artykulu oraz akeeptacjg ostateczuej wersji artykulu.

Jednocezesnie wyrazam zgode na wykorzystanie wiw pracy jako czesé rozprawy doktorskicj

lek. Laury Ziuzia-Januszewskie).

A\
o LE\LN‘Z N

(podpis oswiadezajacego)
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Warszawa, 24.08.2022 ¢

lek. Marek Pokulniewicz

OSWIADCZENIE

Jako wspoélautor pracy pt. ..Predictors of COVID-19 severity among pregnant patients”™
oswiadezam, iz méj wlasny wklad merytoryczny w przygotowanic, przeprowadzenie i
opracowanic badan oraz przedstawienie pracy w lormiie publikacji stanowi:

rekrutacju pacjentek do badania.

M0j udzial procentowy w przygotowaniu publikacji okreslam juko 3 %.

Wklad lek. Laury Ziuzia-Januszewskiej w powstavuuie publikuc)y okrestam jako 35 %,

Simowal on: tworzenie bazy danych, analize buzy danych. interpretacjg wynikow,
Lworzenie resei artykulu oraz akeeptacjg ostatecznej wersji artykulu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako €zgs¢ rozprawy doktorskiej

lck. Laury Ziuzia-Januszewskie).
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TPOUNIs oswiadezajgeego)
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Warszawa, 24.08.2022 r.

Prof. dr hab. n. med. Waldemar Wierzba

OSWIADCZENIE

Juko wspolautor pracy pt. Predictors of COVID-19 severily among preghant paticnts”
odwindezam, iz moj wlusny wklad merytoryezuy w o praygotow anic, przeprowadzenic |
opracowanic badan oraz przedstawicnic pracy W tormie publikacji stanowi

nadzor merytoryezny oraz akeeptacja ostatecznej wersji artykulu.

u

M6j udzial procentowy w przygotowaniu publikucji okreslam juko 3 .

Wklud lek. Laury Ziuzia-Junuszewskicj w powstaaainie publikacji okreslam jako 35 Y,

obejmowal on: tworzenie bazy danych, analizg buzy danych, interpretacjg wyikow,
tworzenie tresei artykulu oraz akeeptacjg ostatecziej wersji artykulu.

Jednoezesnie wyrazam zgodg na wykorzystanic w/Av pracy jako ¢z rozprawy doklorskicj

lek. Laury Ziuzia-Januszewskiej.

(podpis vswiadezujyeego)
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Warszawa, 24.08.2022 r.

Krzysztol Kozlowski

OSWIADCZENIE

Jako wspotautor pracy pt. ..Predictors of COVID-19 severity among pregnant patients”
oswiadezam. iz moj wlasny wklad merytoryezny w przygotowanic, przeprowadzenic i
opracowanie badan oraz przedstawienie pracy w lormie publikacji stanowi:

nadzor merytoryezny oraz akeeptacja ostateczne wersji artykulu.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 3 %.

Wklad Iek. Laury Ziuzia-Januszewskiej w powstawanie publikacji okreslam jako 35 %,

obejmowal on: tworzenie bazy danych, analiz¢ buzy danych, interpretacje wynikow,
tworzenie tresci artykulu oraz akeeptacje ostatecznej wersji artykulu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. Laury Ziuzia-Januszewskiej.

(podpis oswiadezajacego)
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Warszawa, 24.08.2022 r.

Prof dr hab. n. med. Artur Jakimiuk

OSWIADCZENIE

Jako wspolautor pracy pt. ..Predictors of COVID-19 severity among pregnant patients”
oswiadezam. iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenic i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

nadzor merytoryezny oraz akeeptacja ostatecznej wersji artykulu.

Moj udzial procentowy w przygotowaniu publikacji okreslam juko 3 %.

Wklad lek. Laury Ziuzia-Januszewskiej w powsta aunie publikacji okreslam jako 35 %.

obejmowal on: tworzenie bazy danych, analiz¢ bazy danych, interpretacje wynikow.
tworzenie tresci artykulu oraz akceeptacje ostateczuej wersji artykulu.

Jednoezesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Laury Ziuzia-Januszewskiej.

£ (podpis géwiadezajaceco)
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