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WYKAZ STOSOWANYCH SKROTOW

ACE2 Enzym konwertujgcy angiotensyne 2 (ang. Angiotensin-converting enzyme 2)

ARDS Zespot ostrej niewydolnosci oddechowej (ang. Acute respiratory distress
syndrome)

AUC Pole pod krzywa (ang. Area under curve)

BMI Wskaznik masy ciata (ang. Body Mass Index)

Cl Przedziat ufnosci (ang. Confidence interval)

CRP Biatko C-reaktywne (ang. C-reactive protein)

DC Komérki dendrytyczne (ang. Dendritic cell)

EASIX endothelial activation and stress index

FN Fibrynonektyna (ang. Fibrinonectin)

GAL-3 Galektyna 3 (ang. Galectin 3)

HCoV Ludzki koronawirus (ang. Human coronavirus)

HIV Ludzki wirus niedoboru odpornosci (ang. Human immunodeficiency virus)

ICU Oddziat Intensywnej Terapii (ang. Intensive Care Unit)

IPF Idiopatyczne witdknienie ptuc (ang. Idiopathic pulmonary fibrosis)

IL Interleukina (ang. Interleukin)

ILD Choroba srodmigzszowa ptuc (ang. Interstitial lung disease)

LHD Dehydrogenaza mleczanowa (ang. Lactate dehydrogenase)

MAPK Kinazy aktywowane mitogenami (ang. Mitogen-activated protein kinase)

MERS-CoV Koronawirus bliskowschodniego zespotu niewydolnosci oddechowej (ang.

Middle East Respiratory Syndrom Coronavirus)



MIS-A

MiS-C

NF-kB

NLR

NOS

OR

PLR

PRISMA

RNP

ROS

RSV

RTG

SARS-CoV-2

SD

SMD

SOC

SP-A

SP-D

TNF-a

Wielouktadowy zespot zapalny dorostych (ang. Multisystem inflammatory

syndrome in adult)

Wielouktadowy zespot zapalny dzieci (ang. Multisystem inflammatory

syndrome in children)

Jadrowy czynnik transkrypcyjny (ang. The Nuclear Factor kappa B)

Wskaznik neutrofili do limfocytow (ang. Neutrophil lymphocyte ratio)

Skala NewCastle Ottawa (ang. NewCastle Ottawa Scale)

lloraz szans (ang. Odds ratio)

Wskaznik ptytek krwi do limfocytdw (ang. Platelet-lymphocyte ratio)

Standard raportowania dla systematycznych przegladdw literatury i
metaanaliz (agn. Preferred Reporting Items for Systematic reviews and Meta-

Analyses)

Kompleksy rybonukleoprotein (ang. Ribonucleoprotein complexes)

Reaktywne formy tlenu (ang. Reactive oxygen species)

syncytialnym wirusem oddechowym (ang. Respiratory syncytial virus)

Badanie rengenowskie (ang. Radiography)

Koronawirus Zespotu Ostrej Niewydolnosci Oddechowej 2 (ang. Severe acute

respiratory syndrome coronavirus 2)

Odchylenie standardowe (ang. Standard deviation)

Standaryzowana rdznica Srednich (ang. Standardized Mean Difference)

Standard opieki (ang. Standard of care)

Biatko powierzchniowo czynne A (ang. Surface protein A)

Biatko powierzchniowo czynne D (ang. Surface protein D)

Czynnik martwicy nowotwordéw alfa (ang. Tumor necrosis factor alpha)
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TLR4

t-PA

TSH

VCAM-1

VUM

vVoC

Vol

WHO

Biatko przezbtonkowe kodowane przez gen TLR4 (ang. Toll-like receptor 4)
Tkankowy aktywator plazminogenu (ang. Tissue-type plasminogen activator)
Hormon stymulujgcy tarczyce (ang. Thyroid Stimulating Hormone)

Molekuta adhezyjna-1 komérki naczyniowej (ang. Vascular cell adhesion

molecule-1)

Warianty objete monitorowaniem (ang. Variants under monitoring)
Warianty budzace obawy (ang. Variants of concern)

Warianty bedace przedmiotem zainteresowania (ang. Variants of interest)
Czynnik von Willebranda (ang. Von Willebrand factor)

Swiatowa Organizacja Zdrowia (ang. World Health Organization)
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STRESZCZENIE W JEZYKU POLSKIM

Wstep

COVID-19, wywotany przez wirusa SARS-CoV-2, stat sie globalnym wyzwaniem
powodujgcym nie tylko masowe zachorowania, ale takze znaczne obcigzenie systemow
opieki zdrowotnej na catym swiecie. Pandemia ta, rozpoczeta na przetomie 2019 i 2020
roku, w krotkim czasie rozprzestrzeniajac sie na wszystkie kontynenty i prowadzac do
wprowadzenia bezprecedensowych $rodkéw zapobiegawczych, takich jak lockdowny,
ograniczenia w podrézowaniu oraz masowe kampanie szczepien. Wptyw COVID-19 na
spoteczeristwo byt wszechstronny i wieloptaszczyznowy. Zycie spoteczne zostato
zredukowane do minimum, a interakcje miedzyludzkie przeniosty sie w duzej mierze do
Swiata wirtualnego. Gospodarki panstw zostaty dotkniete recesja, a wiele sektordéw, takich
jak turystyka, gastronomia czy handel detaliczny, musiato stawi¢ czota dramatycznym
spadkom dochoddéw. Na poziomie politycznym pandemia COVID-19 wywotata réwniez
szereg wyzwan, takich jak konieczno$¢ szybkiego reagowania na zmieniajaca sie sytuacje
epidemiologiczng, zarzadzanie kryzysowe oraz zabezpieczenie dostaw niezbednych
produktéw, w tym Srodkdw ochrony osobistej i szczepien. W szczegdlnosci pandemia
uwidocznita potrzebe szybkiej i doktadnej diagnostyki, ktéra umozliwitaby wczesne
wykrycie zakazenia, co jest kluczowe w ograniczaniu rozprzestrzeniania sie wirusa.
Diagnostyka COVID-19 obejmuje rézinorodne metody, w tym testy genetyczne,
antygenowe oraz serologiczne, ktore odgrywaja kluczowa role w zarzadzaniu pandemia.
Jednak sama diagnostyka nie jest wystarczajgca. Skuteczne narzedzia prognostyczne, ktére
pozwalajg na przewidywanie przebiegu choroby oraz identyfikacje pacjentéw narazonych
na ciezki przebieg COVID-19, okazaty sie rownie niezbedne. Zrozumienie i monitorowanie
biomarkerdéw, stato sie kluczowe w walce z pandemia. Biomarkery te, w tym markery
zapalne, koagulacyjne oraz zwigzane z uszkodzeniem narzagddéw, mogg dostarczy¢ cennych
informacji na temat stanu zdrowia pacjenta, umozliwiajgc wczesne wykrycie zakazenia,
ocene ryzyka powiktan oraz monitorowanie odpowiedzi na leczenie. W ten sposdb,
biomarkery odgrywaja kluczowg role zaréwno w diagnostyce, jak i w prognozowaniu
przebiegu COVID-19, co ma bezposrednie znaczenie dla optymalizacji strategii leczenia
i zarzadzania pacjentami. Przyczyniajg sie one do poprawy wynikéw leczenia, redukcji

Smiertelnosci oraz zmniejszenia obcigzenia systemow opieki zdrowotnej na catym swiecie,
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co jest bardzo istotne w kontekscie dtugotrwatej walki z pandemia i jej skutkami

zdrowotnymi oraz spotecznymi.

Cel pracy
Wspdlnym celem serii badan wchodzacych w sktad cyklu publikacji spdjnych tematycznie
byta ocena zdolnosci diagnostycznych i prognostycznych wybranych biomarkerow

w odniesieniu do pacjentéw z COVID-19.

Materiat i metoda

Sposrod szesciu badan wchodzacych w sktad monotematycznego cyklu publikacji, dwie
byty badaniami retrospektywnymi, za$ pozostate cztery przygotowano jako przeglady
systematyczne z meta-analizami.

Badanie pierwsze byto badaniem retrospektywnym jednoosrodkowym
analizujagcym dokumentacje medyczng 400 pacjentow przyjetych z powodu COVID-19 do
Ziv Medical Center (Safed, Izrael). Pacjenci ci byli zabezpieczeni medycznie w szpitalu
w okresie od kwietnia 2020 roku do grudnia 2021 roku i mieli potwierdzone zachowanie
na COVID-19 za pomocg testy RT-PCR. U kazdego pacjenta przeprowadzono dwa badania
laboratoryjne petnej morfologii krwi. Pierwsze badanie przeprowadzono przy przyjeciu do
szpitala, a drugie przed wypisaniem pacjenta ze szpitala lub na kilka dni przed jego
Smiercia. Badanie miato za cel okreslenie predykcyjnego znaczenia wspotczynnika
neutrofili do limfocytéw w okresleniu ciezkosci, dtugosci pobytu w szpitalu oraz
Smiertelnosci wsrdd dorostych pacjentéw z COVID-19.

Badanie drugie rdéwniez zaprojektowane jako badanie retrospektywne,
przeprowadzono w odniesieniu do dokumentacji medycznej pacjentéw, u ktorych
zdiagnozowano COVID-19. W tym celu przeanalizowano dokumentacje medyczng
pacjentdw Szpitalnego Oddziatu Ratunkowego Szpitala ,Kartal Dr. Litfi Kirdar City

I”

Hospital” w Stambule (Turcja). Analizie poddano pacjentéw, ktérzy zgtosili sie do
Szpitalnego Oddziatu Ratunkowego w okresie pomiedzy 1 stycznia a 31 maja 2022 roku.
W celu zweryfikowania zdolnosci predykcyjnej NLR przeprowadzono analize danych, ktérej
celem byto opisanie korelacji miedzy stosunkiem neutrofili do limfocytéow a réznicami

w odpowiedzi zapalnej na COVID-19 zaleznymi od pfci i pfci.
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Trzecia praca zostata zaprojektowana i przeprowadzona jako przeglad
systematyczny z meta-analiza. Celem niniejszej pracy byto okreslenie wartosci
diagnostycznej i predykcyjnej tkankowego aktywatora plazminogenu u pacjentéw
z COVID-19. W tym celu za pomoca uprzednio zdefiniowanych stéw kluczowych dokonano
przeszukania elektronicznych baz pisSmienniczych (PubMed Central, Scopus, EMBASE,
Cochrane). Finalne przeszukania powyzszych baz danych miato miejsce 4 maja 2023 roku.
W wyniku przeszukania ujawniono 1548 publikacji, sposréd ktérych w nastepstwie
usuniecia duplikatéw, oraz w pierwszej kolejnosci tytutdw i abstraktow a nastepnie
sposrod wytonionych prac petnej analizie wybranych prac do meta-analizy wiaczono
13 badan z taczng liczbg 1221 pacjentow.

Czwarte badanie zostato réwniez zaprojektowane i przeprowadzone jako przeglad
systematyczny z meta—analizg i miata za cel ocene wartosci predykcyjnej i diagnostycznej
Galektyny-3 u pacjentéw z COVID-19. Na potrzeby badania dokonano przeszukania baz
piSmienniczych: PubMed/MEDLINE, EMBASE, SCOPUS i Cochrane celem wytypowania
artykutéw wskazujacych na poziomy Galektyny-3 u pacjentéw z COVID-19. Ostatnie
przeszukanie miato miejsce 10 listopada 2023 r. i ujawnito 351 badan, sposrdd ktorych
finalnie wtgczono 18 badan (2530 pacjentéw) do meta-analizy.

Pigte badanie réwniez miato charakter przegladu systematycznego z meta-analizg
i odnosito sie do okreslenia na podstawie dostepnej literatury zdolnosci diagnostycznych
i prognostycznych biatka ST-2. Cztery bazy pismiennicze (PubMed/MEDLINE, EMBASE,
SCOPUS, Cochrane) zostaty poddane przeszukaniu, zas ostatnie przeszukanie miato
miejsce 11 pazdziernika 2023 roku. Sposrdéd 275 badan, ktére wskazano podczas
przeszukania, do badania wtgczono 9 badan obejmujacych 1732 pacjentow.

Szdste badanie przeprowadzone jako przeglad systematyczny z meta-analizg miato na celu
analize zdolnosci diagnostycznych i predykcyjnych ciezkosci przebiegu COVID-19 za
pomocg poziomoéw biatka powierzchniowo czynnego D. W tym celu dokonano
przeszukania PubMed, Embase, Web of Science i Scopus w poszukiwaniu artykutow
opublikowanych w jezyku angielskim opublikowanych do 21 stycznia 2024 roku.
Zastosowano podejscie przegladu systematycznego i metaanalizy, przeszukujac wiele baz
danych pod katem badan, w ktérych mierzono poziomy SP-D u pacjentéw z COVID-19
i zdrowych oséb z grupy kontrolnej. Kryteria wiaczenia zostaty Scisle okreslone, aby

zapewni¢ wybér badan z danymi wysokiej jakosci, a analizy statystyczne zostaty
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przeprowadzone w celu oceny wartosci diagnostycznej i prognostycznej SP-D w kontekscie
COVID-19. W trakcie przeszukania baz danych ujawniono 716 artykutéw na podstawie
predefiniowanych stow kluczowych. Nastepnie w trakcie weryfikacji artykutow, 12 badan

obejmujacych 892 pacjentdw wigczono do meta-analizy.

Whyniki
W pierwszym badaniu pierwszym majacym za cel ocene wartosci predykcyjnej wskaznik
neutrofili do limfocytéw (NLR) w kontekscie przezywalnosci pacjentéw z COVID-19. Do
badania wtgczono czterystu pacjentow z COVID-19, sposrdd ktdérych mezczyzni stanowi
51,5%. Srednia wieku wynosita 64,5 + 17,1 lat. W grupie przypadkéw odnotowano 102
zgony i 296 oséb, ktdére przezyty. Wskaznik $miertelnosci wynosit 25,5%. Srednia warto$é
NLR wsrdd pacjentdw, ktorzy przezyli do wypisu ze szpitala wynosita 8,4+20,4 i byfa
istotnie statystycznie nizsza anizeli w przypadku pacjentéw, ktérzy zmarli w szpitali (34,0
+49,9; p<0,001). Analiza statystyczna wykazata istotne statystycznie réznice pomiedzy
pacjentami, ktérzy przezyli a osobami, ktére zmarty w zakresie poziomdw: neutrofili (6,5 +
4,5vs. 13,6 £9,3; p<0,001), limfocytéw (2,6 + 12,1 vs. 1,0 + 1,3; p<0,001), biatych krwinek
(9,6 £11,6 vs. 15,5 + 1,0; p<0.001), hemoglobiny (12,2 + 2,0 vs. 10,0 * 2,5 g/dL; p<0,001),
ptytek krwi (269 + 129 vs. 183 + 103; p<0,001), granulocytéw kwasochtonnych (0,57 + 0,88
vs. 0,30 £ 0,71; p<0,001) oraz monocytéw (5,1 + 4,4 vs. 4,1 + 3,0; p=0,001).
W badaniu drugim oceniajgcym wptyw ptci na poziom wskaznika neutrofili do limfocytéw
u pacjentéw z COVID-19 witgczono 513 pacjentéw. Badana populacja sktadata sie z 47%
kobiet i 53% mezczyzn w Srednim wieku 72,42 lat. Kobiety byty srednio znacznie starsze od
mezczyzn. Przy przyjeciu 73% pacjentow sklasyfikowano jako fagodny przebieg COVID-19,
a 27% jako ciezkich. Ogoétem 63% pacjentdw przezyto zakazenie. Wartosci NLR byty istotnie
statystycznie wyzsze u mezczyzn anizeli kobiet (11,24 vs. 8,42; p<0,0001). Wyzsze wartosci
NLR odnotowano réwniez w przypadku pacjentdow z ciezkim przebiegiem COVID-19
w poréwnaniu z pacjentami z przebiegiem nieciezkim (14,81 vs. 8,06), podobnie jak
w przypadku osob, ktére przezyty do wypisy ze szpitala wzgledem tych ktére zmarty (12,64
vs. 8,21).

Trzecie badanie majgce na celu ocene roli tkankowego aktywatora plazminogenu
(t-PA) jako markera diagnostycznego i predykcyjnego w przypadku pacjentéw z COVID-19

wykazato iz poziomy t-PA wsrdd pacjentow z dodatnim i ujemnym wynikiem COVID-19
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réznity sie i wynosity odpowiednio 26,67 + 40,65 vs 4,68 + 3,83 (SMD = 2,49; 95% Cl: 1,85
do 3,14; p < 0,001). Sredni poziom t-PA wéréd pacjentéw wymagajacych przyjecia na OIT
wynosit 24,06 + 12,44 w poréwnaniu do 16,55 + 10,01 u pacjentédw nieleczonych na OIT
(SMD = 0,69; 95% Cl: -0,68 do 2,05; p = 0,32). Co wiecej, poziomy t-PA wsérdd pacjentow
z ciezkim COVID-19 w poréwnaniu do pacjentow bez ciezkiego COVID-19 wynosity
odpowiednio 11,89 + 9,05 i 16,87 + 20,39 (SMD = 2,74; 95% Cl: -0,71 do 6,19; p = 0,12).
Wartosci t-PA wynosity odpowiednio: 15,33 + 8,01 dla pacjentdw, ktérzy przezyli wypis ze
szpitala oraz 19,04 + 11,88 dla pacjentéw, ktérzy zmarli w szpitalu z powodu COVID-19
(SMD =-0,50; 95% Cl: -2,45 do 1,44; p = 0,61).

W badaniu czwartym badajgcym zdolnosci diagnostyczne i predykcyjne Galektyny-
3, wykazano, iz poziomy tego markera wsrdd pacjentdw z COVID-19 i bez COVID-19 rdznity
sie nastepujgcymi wartosciami: 15,73+13,03 vs. 8,7245,82 pg/ml, odpowiednio
(SMD = 2,59; 95%Cl: 1,52 do 3,67; p<0,001). Poziomy galektyny-3 rowniez rdznity sie
statystycznie miedzy pacjentami z COVID-19, ktorzy mieli ciezki przebieg, a tymi, ktorzy go
nie mieli (18,83+15,5 pg/mL vs. 12,43+10,29 pg/mL; SMD = 2,64; 95%Cl: 1. 45 do 3,83;
p<0,001), a takze miedzy pacjentami z COVID-19, ktdrzy przezyli, a tymi, ktérzy zmarli
(6,2446,74 pg/mL vs. 13,72+15,92 pg/mL; SMD = -1,79; 95%Cl: -2,78 do -0,80; p<0,001).

W badaniu pigtym odnoszagcym sie do oceny wartosci diagnostycznej
i prognostycznej biatka ST2, analiza zbiorcza wszystkich badan wykazata, ze poziomy sST2
sg znacznie podwyzszone u pacjentdw z COVID-19 w poréwnaniu z osobami bez COVID-19
(39,3+44,23 vs. 6,7416,25; SMD= 3,52; 95%Cl: 1,72 do 5,32), znacznie wyzsze w ciezkich
niz nieciezkich przypadkach (94,07+74. 71 vs. 25,53+7,36; SMD=3,87; 95%Cl: 2,69 do 5,05)
i réznia sie miedzy osobami, ktére przezyty i nie przezyty (43,18+21,54 vs. 119,11+£113,98;
SMD-= -2,84; 95%Cl: -4,49 do - 1,19), ze znacznymi réznicami w Srednich i przedziatach
ufnosci zgtoszonych w tych grupach (p<0,001).

Analiza danych w badaniu széstym, oceniajgcym mozliwosci diagnostyczne
i prognostyczne biatka powierzchniowo czynnego D (SP-D), wykazata, ze poziomy SP-D
w tych grupach pacjentéw roznity sie i wynosity odpowiednio 44,38+74,71 oraz
21,29+31,8 (SMD = 1,39; 95%Cl: 0,35 do 2,43; p=0,009). Zbiorcza analiza wartosci SP-D
wsrod pacjentdw z ciezkim i nieciezkim COVID-19 wyniosta odpowiednio 58,28+101,8
i 94,69+114,22 (SMD = 0,44; 95%Cl: -0,78 do 1,66; p=0,48). Poziomy SP-D réwniez
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nie wykryly statystycznie istotnych réznic u pacjentéw z COVID-19, ktorzy przezyli i zmarli

w szpitalu (27,18+16,4 vs. 29,12+14,14; SMD = 0,07; 95%Cl: -0,28 do 0,42; p=0,70).

Whioski

Przeprowadzone badania pozwalajg na sformutowanie nastepujacych wnioskow:

biomarkery takie jak stosunek neutrofili do limfocytéw (NLR) sg prostym i fatwo
dostepnym wskaznikiem, ktéry mozna wyliczy¢ z podstawowego rozmazu krwi, co
czyni go wyjatkowo uzytecznym w praktyce klinicznej. Jego wartos$¢ prognostyczna
w ocenie ciezkosci choroby, dtugosci hospitalizacji oraz Smiertelnosci u pacjentow z
COVID-19 zostata szeroko potwierdzona;

wyniki przeprowadzonych badan wskazujg réwniez na rosnacy potencjat
nowoczesnych biomarkerdéw, takich jak Galektyna-3 (Gal-3), tkankowy aktywator
plazminogenu (tPA) czy tez biatko ST2, w diagnostyce i stratyfikacji ryzyka COVID-19;
wobec ewoluujgcych mutacji SARS-CoV-2, konieczne sg dalsze badania w celu
wytypowania i walidacji najnowszych i najbardziej skutecznych biomarkeréw, ktore
beda skutecznie stuzy¢ diagnostyce i stratyfikacji ryzyka w kontekscie nowych
wariantow wirusa, ktére przy tak szerokiej zakaznosci i mutagennosci moga wciaz

stanowi¢ globalne zagrozenie.
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STRESZCZENIE W JEZYKU ANGIELSKIM

EVALUATION OF THE DIAGNOSTIC AND PROGNOSTIC ROLE OF SELECTED BIOMARKERS
IN PATIENTS WITH COVID-19

Introduction

COVID-19, caused by the SARS-CoV-2 virus, has become a global challenge, causing not
only mass illnesses, but also a significant burden on health systems around the world. The
pandemic, which began in late 2019/early 2020, quickly spread to all continents and led
to the introduction of unprecedented preventive measures such as lockdowns, travel
restrictions, and mass vaccination campaigns. The impact of COVID-19 on society was
comprehensive and multifaceted. Human interactions largely shifted to the virtual world,
reducing social life to a minimum. Recession has impacted countries' economies, leading
to dramatic declines in income in sectors like tourism, food service, and retail. At the
political level, the COVID-19 pandemic has also triggered a number of challenges, such as
the need to respond quickly to the changing epidemiological situation, manage the crisis,
and secure the supply of essential products, including personal protective equipment and
vaccinations. In particular, the pandemic has highlighted the need for rapid and accurate
diagnostics for early detection of infection, which is key to limiting the spread of the virus.
COVID-19 diagnostics include a variety of methods, including genetic, antigenic, and
serological tests, which play a key role in managing the pandemic. However, diagnostics
alone are not sufficient. Effective prognostic tools that can predict the course of the
disease and identify patients at risk of severe COVID-19 have proven equally essential.
Understanding and monitoring biomarkers, has become crucial in the fight against the
pandemic. These biomarkers, including inflammatory, coagulation, and organ damage-
related markers, can provide valuable information about a patient's health status, enabling
early detection of infection, assessment of the risk of complications, and monitoring of
response to treatment. Thus, biomarkers play a key role in both the diagnosis and
prognosis of COVID-19, with direct relevance to optimizing treatment strategies and
patient management. They contribute to improving treatment outcomes, reducing
mortality, and easing the burden on health systems worldwide, which is critical in the long-

term fight against the pandemic and its health and social consequences.
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Purpose of the study
The common goal of the series of studies included in thematically consistent publications
was to evaluate the diagnostic and prognostic abilities of selected biomarkers for patients

with COVID-19.

Material and method
Two of the six studies in the monothematic publication series were retrospective studies,
and the other four were systematic reviews with meta-analyses.

Study one was a single-center retrospective study analyzing the medical records of
400 patients admitted for COVID-19 to Ziv Medical Center (Safed, Israel). The hospital
admission secured these patients between April 2020 and December 2021, and RT-PCR
testing confirmed COVID-19. We performed two laboratory tests of complete blood counts
on each patient. We performed the first test upon the patient's admission to the hospital,
and the second test either before the patient's discharge or a few days before their death.
We designed the study to determine the predictive significance of the neutrophil-to-
lymphocyte ratio in determining severity, length of hospital stay, and mortality among
adult COVID-19 patients.

The second study, also designed as a retrospective study, was conducted with
regard to the medical documentation of patients diagnosed with COVID-19. For this
purpose, the medical documentation of patients of the Hospital Emergency Department
of "Kartal Dr. Lutfi Kirdar City Hospital" in Istanbul, Turkey, was analyzed. We analyzed
patients who presented to the Hospital Emergency Department between January 1 and
May 31, 2022. We looked at the data to see if the NLR could predict what would happen.
We found a link between the ratio of neutrophils to lymphocytes and differences in the
inflammatory response to COVID-19 that were based on gender.

The third paper was designed and conducted as a systematic review with meta-
analysis. The aim of the present study was to determine the diagnostic and predictive
value of tissue plasminogen activator in patients with COVID-19. We used predefined
keywords to search electronic literature databases such as PubMed Central, Scopus,

EMBASE, and Cochrane for this purpose. The final search of the above databases took
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place on May 4, 2023. The search yielded 1548 publications, from which the meta-analysis
included 13 studies with a total of 1221 patients after removing duplicates and, initially,
titles and abstracts.

The fourth study was also designed and conducted as a systematic review with
meta-analysis, with the aim of assessing the predictive and diagnostic value of Galectin-3
in COVID-19 patients. We conducted a search of literature databases such as
PubMed/MEDLINE, EMBASE, SCOPUS, and Cochrane for the study, selecting articles that
reported Galectin-3 levels in COVID-19 patients. On November 10, 2023, we conducted
the last search and found 351 studies, out of which we finally included 18 studies (2530
patients) in the meta-analysis.

The fifth study was also a systematic review with meta-analysis, related to
determining the diagnostic and prognostic abilities of the ST-2 protein based on the
available literature. We searched four literature databases (PubMed/MEDLINE, EMBASE,
SCOPUS, and Cochrane), concluding the search on October 11, 2023. The meta-analysis
included nine studies involving 1,732 patients out of the 275 studies identified in the
search.

The sixth study conducted a systematic review and meta-analysis to analyze the
diagnostic and predictive ability of COVID-19 severity using levels of surfactant protein D.
We searched PubMed, Embase, Web of Science, and Scopus for English-language
published articles up to January 21, 2024, for this purpose. We used a systematic review
and meta-analysis approach, searching multiple databases for studies that measured SP-
D levels in COVID-19 patients and healthy controls. We strictly defined inclusion criteria to
select studies with high-quality data, and performed statistical analyses to evaluate the
diagnostic and prognostic value of SP-D in the context of COVID-19. The database search
revealed 716 articles based on predefined keywords. After reviewing the articles, the

meta-analysis included 12 studies involving 892 patients.

Results

In a first-in-human study designed to assess the predictive value of neutrophil-to-
lymphocyte ratio (NLR) in the context of survival of patients with COVID-19, four hundred
patients with COVID-19 were included, of whom males accounted for 51.5%. The mean

age was 64.5 + 17.1 years. There were 102 deaths and 296 survivors in the case group. The

21



mortality rate was 25.5%. The mean NLR among patients who survived hospital discharge
was 8.4+20.4, which was statistically significantly lower than that of patients who died in
hospitals (34.0 +49.9; p<0.001). Statistical analysis showed statistically significant
differences between patients who survived and those who died in the levels of:
neutrophils (6.5 + 4.5 vs. 13.6 + 9.3; p<0.001), lymphocytes (2.6 + 12.1 vs. 1.0 £ 1.3;
p<0.001), white blood cells (9.6 + 11.6 vs. 15.5 + 1.0; p<0.001), hemoglobin (12.2 £ 2.0 vs.
10.0 £ 2.5 g/dL; p<0.001), platelets (269 + 129 vs. 183 * 103; p<0.001), acidophilic
granulocytes (0.57 + 0.88 vs. 0.30 + 0.71; p<0.001) and monocytes (5.1 + 4.4 vs. 4.1 + 3.0;
p=0.001).

The second study included 513 patients to evaluate the effect of gender on
neutrophil-to-lymphocyte ratio in COVID-19 patients. The study population consisted of
47% women and 53% men, with a mean age of 72.42 years. On average, women were
significantly older than men. On admission, 73% of patients were classified as having a
mild course of COVID-19, and 27% as severe. Overall, 63% of patients survived the
infection. NLR values were statistically significantly higher in men than in women (11.24
vs. 8.42; p<0.0001). We also observed higher NLR values for patients with severe COVID-
19 compared to those with non-severe COVID-19 (14.81 vs. 8.06), and for those who
survived to hospital discharge compared to those who died (12.64 vs. 8.21).

A third study to evaluate the role of tissue plasminogen activator (t-PA) as a
diagnostic and predictive marker for COVID-19 patients showed that t-PA levels among
COVID-19-positive and COVID-19-negative patients differed and were 26.67 + 40.65 vs.
4.68 + 3.83, respectively (SMD = 2.49; 95% Cl: 1.85 to 3.14; p < 0.001). The mean t-PA level
among patients requiring ICU admission was 24.06 + 12.44 vs. 16.55 £ 10.01 in patients
not treated in the ICU (SMD = 0.69; 95% Cl: -0.68 to 2.05; p = 0.32). Moreover, t-PA levels
among patients with severe COVID-19 compared to patients without severe COVID-19
were 11.89 +9.05 and 16.87 + 20.39, respectively (SMD = 2.74; 95% Cl: -0.71t0 6.19; p =
0.12). The t-PA values were, respectively: 15.33 + 8.01 for patients who survived hospital
discharge and 19.04 + 11.88 for patients who died in the hospital due to COVID-19 (SMD
=-0.50; 95% Cl: -2.45 to 1.44; p = 0.61).

The fourth study, which examined the diagnostic and predictive abilities of
Galectin-3, revealed a difference in the levels of this marker between patients with and

without COVID-19. 15.73£13.03 vs. 8.7215.82 pg/ml, respectively (SMD = 2.59; 95%Cl:

22



1.52 to 3.67; p<0.001). Galectin-3 levels were also statistically different between patients
with COVID-19 who had a severe course and those who did not (18.83+15.5 pg/mL vs.
12.43410.29 pg/mL; SMD = 2.64; 95%Cl: 1. 45 to 3.83; p<0.001), and between COVID-19
patients who survived and those who died (6.24+6.74 pg/mLvs. 13.72+15.92 pg/mL; SMD
=-1.79; 95%Cl: -2.78 to -0.80; p<0.001).

In the fifth study relating to the evaluation of the diagnostic and prognostic value
of ST2 protein, pooled analysis of all studies showed that sST2 levels were significantly
elevated in patients with COVID-19 compared to those without COVID-19 (39.3+44.23 vs.
6.7446.25; SMD=3.52; 95%Cl: 1.72 to 5.32), significantly higher in severe than non-severe
cases (94.07+74. 71 vs. 25.53+7.36; SMD=3.87; 95%Cl: 2.69 to 5.05) and different between
survivors and non-survivors (43.18+21.54 vs. 119.11+113.98; SMD= -2.84; 95%Cl: -4.49 to
- 1.19), with significant differences in means and confidence intervals reported in these
groups (p<0.001).

Analysis of data in the sixth study, which evaluated the diagnostic and prognostic
potential of surfactant protein D (SP-D), showed that SP-D levels in these patient groups
differed and were 44.38+74.71 and 21.29431.8, respectively (SMD = 1.39; 95%Cl: 0.35 to
2.43; p=0.009). Pooled analysis of SP-D values among patients with severe and non-severe
COVID-19 were 58.28+101.8 and 94.69+114.22, respectively (SMD = 0.44; 95%Cl: -0.78 to
1.66; p=0.48). SP-D levels also detected no statistically significant differences in COVID-19
patients who survived and died in the hospital (27.18+16.4 vs. 29.12+14.14; SMD = 0.07;
95%Cl: -0.28 to 0.42; p=0.70).

Conclusions
The conducted studies support the following conclusions:

e Biomarkers such as the neutrophil-to-lymphocyte ratio (NLR) are simple and
readily available indicators that can be calculated from a baseline blood smear,
making them extremely useful in clinical practice. Its prognostic value in assessing
disease severity, length of hospitalization, and mortality in patients with COVID-19
has been widely confirmed,;

e The study's findings also indicate the growing potential of modern biomarkers such
as Galactin-3 (Gal-3), tissue plasminogen activator (tPA), or ST2 protein in COVID-

19 diagnosis and risk stratification;
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Further research is required in light of the evolving SARS-CoV-2 mutations to select
and validate the most recent and effective biomarkers for diagnosis and risk
stratification in the context of the new viral variants, which, given their widespread

infectivity and mutagenicity, may still pose a global threat.
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1. WSTEP

1.1. Historia Koronawirusow i epidemiologia wirusa SARS-CoV-2

Wirusy z rodziny koronawiruséw sg nam znane juz od dawna. Pierwszy koronawirus zostat
zidentyfikowany juz w 1930 roku i byt przyczyng zapalenia oskrzeli u ptakdw wywotanego
wirusem zakaznego zapalenia oskrzeli [1]. Dekade pozniej, w latach 40. XX wieku,
wyizolowano dwa koronawirusy zwierzece: wirus mysiego zapalenia watroby i wirus
zakaznego zapalenia zotgdka i jelit [2]. Naukowcy odkryli takze dowody na istnienie
ludzkich koronawiruséw juz w latach 60. XX wieku. Wirus B814s wyizolowano z nosa
przeziebionego chtopca. Kiedy ten wyizolowany wirus zostat przeniesiony do nosa
ochotnikdéw, spowodowat przeziebienie, ale poniewaz miat otoczke lipidowa, mogt by¢
inaktywowany przez eter [3]. W miedzyczasie wyizolowano kolejny nowy wirus, 229E. Ten,
podobnie jak wirus B814, powodowat przeziebienie podczas infekowania nim ochotnikow
i byt réwniez inaktywowany przez eter [4]. Te dwa wirusy byty nie tylko powigzane ze sobg,
ale takze z wirusem zakaznego zapalenia oskrzeli. W tym samym czasie National Institutes
of Health wyizolowat innego cztonka tej nowej rodziny wiruséw o nazwie OC43 [5].
Wszystkie te wirusy obserwowane pod mikroskopem elektronowym posiadaty
charakterystyczne kolczyste maczugi, dlatego tez ze wzgledu na ich unikalny wyglad
morfologiczny w 1975 roku Miedzynarodowy Komitet Taksonomii Wiruséw nazwat nowa
rodzine koronawirusami (Coronaviridae) [6, 7]. Nastepnie odkryto kolejne ludzkie
koronawirusy, w tym SARS-CoV (2003), HCoV NL63 (2004), HCoV HKU1 (2005), MERS-CoV
(2012) i SARS-CoV-2 (2019) [8, 9].

MERS-CoV wyizolowano od pacjenta w Arabii Saudyjskiej w 2012 roku [10]. Byt on
odpowiedzialny za 2506 przypadki i 862 zgondw z 27 réznych krajéw [11]. SARS-CoV zostat
po raz pierwszy wykryty w Chinach w 2003 roku. Wywotat on tgcznie 8098 zakazen oraz
spowodowat 774 zgondw, a od listopada 2002 roku do sierpnia 2003 roku dotart do 29
réznych krajow [12]. W przeciwienstwie do epidemii wywofanej przez wirusa SARS-CoV,
ktora trwata niecaty rok, wirus MERS-CoV powoduje epizodycznie na nowo epidemie na
Bliskim Wschodzie i trzeba zatozy¢, ze nie dojdzie do samoograniczenia i naturalnej
eliminacji wirusa [*3].

Miedzynarodowy Komitet Taksonomii Wiruséw opisat w 2020 roku nowy gatunek

o nazwie: Koronawirus Zespotu Ostrej Niewydolnosci Oddechowej 2 (SARS-CoV-2),

25



wywotujgcy chorobe okreslong przez WHO jako COVID-19 [14]. Pierwsze oficjalne
informacje na temat ogniska zapalenia ptuc o nieznanej etiologii w miescie Wuhan
w Chinach odnotowano 31 grudnia 2019 roku [15]. WHO ogfosita nastepnie, ze w prébkach
pobranych od tych pacjentéw wykryto witasnie koronawirus SARS-CoV-2. Wirus szybko
rozprzestrzeniat sie i do pofowy stycznia 2020 roku liczba przypadkéw COVID-19 rostfa
wyktadniczo w Wuhan i rozprzestrzenita sie na inne chiinskie prowincje oraz kraje Azji
Wschodniej [16]. W odpowiedzi na szybkie rozprzestrzenianie sie i wczesne oznaki
choroby, 30 stycznia 2020 roku WHO najpierw ogtosita stan zagrozenia zdrowia
publicznego o zasiegu miedzynarodowym, a chwile pdzniej epidemia przeksztatcita sie
w pandemie, ktdérg oficjalnie ogtoszono 11 marca 2020 roku [17, 18]. Od dnia wybuchu
pandemii do konca 2023 roku odnotowano ponad 772 miliondw potwierdzonych
przypadkow oraz prawie 7 miliondw zgondw spowodowanych przez COVID-19 [19].

Mimo globalnych doswiadczen z epidemiami zwigzanymi z koronawirusami,
to SARS-CoV-2 spowodowat najwiecej zakazen oraz sparalizowat system ochrony zdrowia
na catym Swiecie. Wokét pochodzenia wirusa SARS-CoV-2 w dalszym ciggu obecnych jest
wiele spekulacji, jednak pierwsi pacjenci z potwierdzonym zakazeniem COVID-19 byli
epidemiologicznie powigzani z rynkiem owocdw morza w Wuhan, gdzie sprzedawano
réwniez nietoperze, tuskowce i kréliki [20]. Znaczna czes¢ spoteczenstwa wierzy
w hipoteze, ze pochodzenie wirusa SARS-CoV-2 jest zwigzane z laboratoriami
wirusologicznymi znajdujacymi sie w Wuhan i w sposdb zamierzony lub przypadkowy,
wirus ten przedostat sie do populacji ludzkiej wywotujac globalny kryzys zdrowotny [21].
Majac na uwadze wczesniej przytoczone epidemie i ich dos$¢ jasny zwigzek z zakazeniem
odzwierzecym, nalezy jednak uznal teorie zwigzang z przedostaniem sie wirusa
z laboratorium jako mato prawdopodobna [22].

W zwigzku z globalnym zagrozeniem naukowcy na catym Swiecie dotozyli
niezwyktych staran, aby jak najszybciej zebra¢ informacje o epidemiologii, etiologii,
patofizjologii, sekwencji RNA wirusa, czynnikach ryzyka, zakaznosci, $rodkach
ograniczajacych rozprzestrzenianie sie choroby, skutecznej diagnostyce, leczeniu oraz
ocenie mozliwych powiktan i rokowan, a czasopisma naukowe szybko przetwarzaty
zgromadzong wiedze naukowq i umozliwiajg jej rozpowszechnianie. Historia nowych
koronawiruséw prawdopodobnie jeszcze nie dobiegta kornca, gdyz koronawirusy

powodujgce zakazenia u ludzi wykazujg sie czesto znacznym podobienstwem
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do koronawiruséw stwierdzanych u zwierzat i najprawdopodobniej potrafig zmieniac

zywicieli adaptujac sie do nowych organizmoéw, w tym takze do ludzkiego organizmu.

1.2. Budowa i etiologia wirusa SARS-CoV-2

Wirus SARS-CoV-2 posiada ni¢ RNA, nalezy do rzedu Nidovirales, rodziny Coronaviridae,
podrodziny Coronavirinae, wsréd ktérej mozna wyrdznic pieé gtéwnych wariantow takich
jak: Alfa, Beta, Gamma, Delta i Omnicron [23]. Cho¢ budowe wirusa SARS-CoV-2 mozna
uzna¢ za wzglednie statg, to majgc na uwadze jego znaczacy potencjat do zachodzenia
zmiennosci genetycznej oraz znaczng zakaznos¢, wymusza on dokfadne ustalenie jego
cech etiologicznych, koniecznos¢ ciggtego monitoringu zakaznosci, zmian w materiale

genetycznym oraz identyfikacji czynnikdw prognostycznych i diagnostycznych [24].

1.2.1. Budowa wirionu

Niedawne postepy w kriotomografii elektronowej i usrednianiu subtomogramow
umozliwity  niezrdwnane  badania  strukturalne  komplekséw  molekularnych
w ich pierwotnej postaci z rozdzielczoscig niemal atomowa [25]. Kilka laboratoriow
wykorzystato te techniki do skanowania nienaruszonych wirionéw SARS-CoV-2, ujawniajac
szczegOty dotyczace ich architektury molekularnej i organizacji. Wiriony SARS-CoV-2 majg
ksztatt w przyblizeniu kulisty lub elipsoidalny, a ich $rednia srednica wynosi 108 + 8 nm, co
czyni go jednym z najwiekszych wiruséw RNA, zaréwno pod wzgledem rozmiaru, jak
i dtugosci genomu [26 — 28]. Zewnetrzna powierzchnia wirionu jest pokryta
powierzchniowymi biatkami kolczastymi (S) w konformacji przedfuzyjnej, z niewielka

iloscig S w stanie pofuzyjnym [29] (Rycina 1).
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Rycina 1. Budowa wirionu SARS-CoV-2. Zrédto: Opracowanie wiasne.

Powierzchnia trimeru S jest w duzym stopniu glikozylowana, przy czym kazdy monomer S
zawiera 22 miejsca glikozylacji [30]. Ta otoczka glikanowa, w potgczeniu z elastycznoscia
kolcdw SARS-CoV-2, pozwala im rozpoznawac powierzchnie komérki gospodarza i wigzaé
sie z receptorem komérkowym enzymu konwertujgcego angiotensyne typu 2 (ACE2),
jednoczesnie bedac chronionym przed przeciwciatami neutralizujgcymi [31]. Zewnetrzna
btona wirusa zawiera zaréwno biatko btonowe (M), jak i biatko otoczki (E). Zaréwno biatko
M jak i E sg waznym sktadnikiem btonowym wirusa SARS-CoV-2. E jest biatkiem o masie
8,5 kDa i 75 resztach aminokwasowych i posredniczy w rozmnazaniu i uwalnianiu wirusa.
Wykazano, ze delecje E ostabiajg wirusa, podczas gdy mutacje eliminujgce funkcje kanatu
zmniejszajg patogennos¢ [32, 33]. Biatko nukleokapsydu (N) jest najwazniejszym
sktadnikiem biatkowym wirionu SARS-CoV-2. N wigze sie z genomowym RNA wewnatrz
wirionu i pakuje go w kompleks rybonukleoproteinowy. Oprécz pakowania biatka N petnia
szereg funkcji. Odkryto, ze biatko N SARS-CoV-2 zaktéca interferencje RNA i dziata jako
wirusowy supresor interferencji RNA w komodrkach [34]. Ten proces pakowania genomu
w formie ,koralikdw na sznurku” modgtby utrzymac wysoka elastycznosé sterycznag
wirusowej rybonukleoproteiny wymagang do umozliwienia skutecznego upakowania
bardzo duzego genomu w nowopowstatych wirionach [35].

W sSwietle wirionu znajdujg sie kompleksy rybonukleoprotein (RNP) sktadajgce sie
z biatka nukleokapsydu (N) i genomu wirusa, ktére sg odpowiedzialne za upakowanie

genomu RNA wirusa, przy czym szacunkowo 30-35 RNP na wirion [36]. Prekursorowe
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poliproteiny Ppla i Pplab ulegajg samorozszczepieniu przez proteazy wirusowe, tworzac
biatka niestrukturalne (Nsps) Nsp1-16. PLPro (Nsp3) odcina trzy miejsca, pozostawiajgc
wolne Nsp1-3, podczas gdy MPro (Nsp5) odcina pozostate 11 miejsc. Dzieki temu Nsps
moga spefniac swoje role w komdrce gospodarza, takie jak funkcje zaleznej od polimerazy
RNA lub inaczej zwanej replikazy RNA (Nsp12) i helikazy (Nsp13), tworzac pecherzyki

z podwdjna bfong do replikacji, transkrypcji i transportu RNA wirusa [37].

1.2.2. Drogi transmis;ji
Mimo, ze najbardziej prawdopodobnym pierwotnym pochodzeniem wirusa SARS-CoV-2
sg nietoperze, to ludzie stali sie jego gtéwnym rezerwuarem [38].

Najwazniejszg drogg przenoszenia SARS-CoV-2 jest droga kropelkowa i zakaznego
aerozolu, za pomocg ktérej dochodzi do inhalacji czasteczek wirusa do nosogardzieli lub
bezposrednio do pneumocytéw, w wyniku czego dochodzi do replikacji wirusa i infekgcji
[39]. W zakazeniu drogg kropelkowa najwieksze znaczenie ma bliski kontakt z osoba
zakazong oraz ilo$¢ wiriondw zdolnych do replikacji w materiale zakaznym [40]. Rzadziej,
do zakazenia moze dochodzi¢ drogg powietrzng na przyktad w zle wentylowanym
pomieszczeniu czy tez zattoczonych miejscach. Ryzyko jest znacznie mniejsze na otwartej
przestrzeni, gdzie wspdétczynnik przenoszenia moze siega¢ nawet mniej niz 1% [41].
Koronawirus moze zostac¢ przeniesiony posrednio poprzez dotkniecie zanieczyszczonej
powierzchni lub przedmiotu przed dotknieciem ust, nosa lub oczu, jednak istnieja mocne
dowody na to, ze nie przyczynia sie to znaczgco do nowych infekcji [42, 43]. Materiatem
zakaznym oprocz wydzieliny z dréog oddechowych, moze by¢ réwniez kat, mocz, tzy,
nasienie, krew oraz ptyn modzgowo-rdzeniowy [44]. Mozliwa jest rowniez transmisja
okotoporodowa przez tozysko, jednakze tak samo jak w przypadku przenoszenia wirusa
SARS-CoV-2 od dawcy do biorcy podczas transplantacji, ilos¢ danych jest ograniczona. [45,

46].

1.2.3. Cechy epidemiologiczne wirusa SARS-CoV-2
Okres wylegania zazwyczaj miesci sie w zakresie 1-14 dni (Srednio 6 dni) [47]. Rézni sie on
jednak pomiedzy wariantami i czas ten skracat sie od wariantu Alpha do wariantu Omicron.

Nalezy jednak pamietaé, ze samo ozdrowienie nie jest rownoznaczne z brakiem wirusa,
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gdyz materiat RNA mozna stwierdzi¢ nawet ponad 20 dni po ustgpieniu objawow choroby,
ale czasteczka wirusa jest wtedy niezdolna zaréwno do replikacji i zakazenia [48].
Zakaznos¢ otoczenia jest najwieksze tuz przed wystgpieniem objawow klinicznych
i w pierwszych dniach po nim, istotnie malejac do 7 doby, dlatego mozliwe jest zakazanie
jeszcze przed wystgpieniem objawow [49]. W niektdrych przypadkach, szczegdlnie
u pacjentow leczonych lekami immunosupresyjnymi, bgdz posiadajgcymi ciezki przebiegu
COVID-19, pacjent moze posiada¢ wirusa nawet przez kilka tygodni od wystgpienia
pierwszych objawdw [50]. Nie nalezy tym samym ocenia¢ obecnos¢ wirusa celem uznania
osoby za niezakazng. COVID-19 ewoluowat poprzez transformacje w czynniku sprawczym
- SARS-CoV-2 [51]. W ciggu ponad trzech lat pandemii SARS-CoV-2 rozwinat sie w liczne
linie w wyniku rekombinacji, presji selekcyjnej i mutacji punktowej. Mutacje te mogg mieé
wplyw na rozprzestrzenianie sie choroby, skutecznos¢ leczenia i procesy diagnostyczne
[52]. Co wiecej, kazda nowo powstata odmiana nastepujgca po oryginalnym szczepie
z Wuhan stwarza ryzyko obejscia monitorowania immunologicznego, co moze prowadzi¢
do duzej lub by¢ moze catkowitej utraty skutecznosci obecnie dostepnych szczepionek.
W maju 2021 r. Swiatowa Organizacja Zdrowia (WHO) przypisata proste etykiety w celu
identyfikacji wariantdw na podstawie wtasciwosci mutacji genomowych, mozliwosci
przenoszenia, ciezkosci choroby oraz unikania szczepionki lub odpowiedzi na leczenie:
warianty bedace przedmiotem zainteresowania (VOI), warianty budzace obawy (VOC),
oraz warianty objete monitorowaniem (VUM) [53, 54]. Poprzednie wersje, w tym Alpha,
Beta, Gamma, Delta i Omicron, zostaty uznane za VOC. Musimy zrozumieé profile
mutagenne podwariantéw grup VOI i VOC, poniewaz nawet niewielkie mutacje moga

skutkowac rozwojem nowych lub hybrydowych wariantéw, ktére s3 wysoce przenoszone.

1.3. Patomechanizm

Poczatkowo, czgsteczki wirusa s zazwyczaj inhalowane droga kropelkowg/aerozolu do
nosogardzieli lub pneumocytow. tacza sie one za pomoca biatka S z komdrkami
nabtonkowymi posiadajgcymi receptor ACE2 celem wnikniecia do komdrki gospodarza
[55]. Proces ten wymaga jednak obecnosci innych biatek wirusa, gdzie wiodacy udziat ma
proteaza serynowa TMPRSS2m, dzieki ktdérej dochodzi do rozszczepienia biatka S
i wytworzenia dwdch podjednostek (S1 i S2), co umozliwia petng fuzje wirusa z komorka

gospodarza [56]. Nastepnie, rézne proteinazy uwolnione z wirusa do komérki gospodarza
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dokonujg translacji wirusowego RNA, po czym zachodzi proteoliza biatek niestrukturalnych
wirusa, translacja i replikacja wirusowego RNA. Na koncu caty materiat genetyczny wirusa
jest pakowany do nowopowstatych wiriondow. Kompletny wirion opuszka komérke
gospodarza, uszkadzajac jg [57]. W trakcie pierwszych dni, gdy pacjent jest bezobjawowy,
odpowiedZ immunologiczna jest ograniczona [58]. U okoto 80% pacjentdw choroba
przebiega tagodnie, natomiast u pozostatej czesci dochodzi jednak do progresji [59].
W wyniku przemieszczania sie wirusa przez drogi oddechowego i kontaktu z komdrkami
uktadu odpornosciowego dochodzi do wydzielenia réznych cytokin i chemokin, w tym
m.in. IL-1, IL-2, IL-4 IL-6, IL-8 IL-9, IL-10, IL-12, IL-17, IL-18, IL-31, IL-33, TNF-alfa, IFN-beta,
IFN-gamma, TGF-beta, MIG, IP-10, MCP-1, MIP-1, BLC, co doprowadza do powstania burzy
cytokinowej [60]. Zazwyczaj okofo dziewigtego dnia od zakazenia rozwija sie zapalenie ptuc
i wskutek przybycia i aktywacji réoznych komérek, takich jak neutrofile, limfocyty T
pomocnicze i cytotoksyczne, dochodzi do uszkodzenia komérek pneumocytéow typu i ll.
Prowadzi to do rozlegtego uszkodzenia pecherzykdw ptucnych i rozwiniecia sie ostrej
niewydolnosci oddechowej (ARDS). Ciezkie zapalenie ptuc jest konsekwencjg przebudowy
zwidknieniowej i wtdérnego mikroniedokrwienia zrazikowego, co prowadzi do
charakterystycznej postaci zwtdknienia srddmigzszowego ptuc [60]. Wtdrnie, przy dfugim
przebiegu pojawia sie limfopenia i anergia limfocytéw T wynikajaca z wyczerpania [61,62].
Ze wzgledu na zréznicowane rozmieszczenie receptoréw ACE2 w ludzkim organizmie,
wirus moze przenika¢ do komérek wielu réznych uktadéw i narzgddéw. Nalezg do nich m.in.
Biatko ACE2 wystepuje w komdrkach wielu tkanek i narzgddéw ludzkiego ciata, w tym serca,
nerek, jader, jelit, jajnikdow i ptuc. ACE2 jest rdwniez obecny w komodrkach sréodbtonka
wyscietajgcych naczynia krwionosne i odgrywa wazng role w regulacji wielu funkcji
sercowo-naczyniowych [63]. W wyniku tego, nie tylko w ukfadzie oddechowym dochodzi
do zmian, lecz stwierdzane w przebiegu COVID--19 jest rowniez: rozlegte uszkodzenie
srodbtonka naczyniowego, rozlegta, mikroangiopatia, zapalenie miesnia sercowego,
zakrzepice i zatorowos¢, ostre uszkodzenie nerek, choroby przewodu pokarmowego,
ketoze, hiperglikemie, powikfania neurologiczne, powiktania oczne, objawy
dermatologiczne, nieprawidtowosci kardiologiczne, zawat miesnia sercowego, dysfunkcja,
ostry zespdt wiencowy, zespoty dysfunkcji wielonarzadowych czy tez powiktania

neurologiczne [64, 65].
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Znajomos¢ patomechanizmu jest kluczowa w przewidywaniu przebiegu COVID-19,
jego powikfan, czy w poszukiwaniu laboratoryjnych czynnikéw rokowniczych ciezkiego
przebiegu COVID-19, ktdre ze wzgledu na ztozony patomechanizm i szeroka dostepnos¢

receptoréw ACE2 mogg by¢ zwigzane z wieloma procesami.

1.4. Obraz kliniczny

W poréwnaniu z wirusami SARS-CoV oraz MERS-CoV, wirus SARS-CoV-2 jest mniej
wirulentny, posiada mniejszy wskaznik smiertelnosci, lecz jest znacznie bardziej zakazny,
co czyni go wyjatkowo niebezpiecznym [66, 67]. Infekcja wirusem SARS-CoV-2 moze
prezentowaé szeroki zakres objawdw, zaczynajgc od bezobjawowego lub skapo
objawowego przebiegu, po wielonarzadowa niewydolnos¢ z towarzyszacym zespotem
ostrej niewydolnosci oddechowej (ARDS). W wiekszosci jednak, bo u ponad 80%
pacjentdw przebieg zakazenia jest tagodny, a objawy ustepujg w ciggu 1-2 tygodni [68].
Niestety, u prawie 15% pacjentdw moze rozwingc sie ciezki przebieg, a u kolejnych 5%
pacjentéw dochodzi do dalszej progresji objawdw i wystgpienia ostrej niewydolnosci
oddechowej, wstrzasu i niewydolnos$ci wielonarzagdowej [69]. W ogdlnej populacji
Smiertelnosc siega okoto 1%, a wsréd chorych hospitalizowanych odsetek ten jest wiekszy,
siegajgcy nawet ponad 37% w oddziatach intensywnej terapii [70 — 72]. Te dane jednak
ciggle sie zmieniaja, gdyz nowe warianty cechujg sie czesciowo odmiennym przebiegiem
i charakterem objawdw, jak na przyktad wariant Omicron, ktéry charakteryzuje sie
tagodnym przebiegiem w 98% przypadkdw [73]. Na te dane wptywa wiele zmienny, miedzy
innymi status wyszczepienia populacji, dostep do opieki zdrowotnej, wiek pacjentéw,
gestos¢ zaludnienia, czy obecnosc chordb wspdéttowarzyszacych [74, 75].

Typowe objawy choroby COVID-19 obejmujg: gorgczke (64,6%), kaszel (53,6%),
zmeczenie (29,4%), béle miesni (18,7%), béle stawdw (7,5%), dusznosé (19,8%), zmienione
poczucie smaku i/lub zapachu (17,4%), gol gardta (12,4%), bdl gtowy (11%), katar (7%),
kichanie (4,4%), odkrztuszanie plwociny (23,4%) [76]. Rzadziej mozna stwierdzi¢ ucisk i/lub
bol w klatce piersiowej, zte samopoczucie, zawroty gtowy, dezorientacje, objawy
zotadkowo-jelitowe, objawy skdrne, objawy oczne, sktonnos¢ do krwawien czy tez
zaburzenia stuchu [76, 77]. W badaniu przedmiotowym mozna przede wszystkim

stwierdzi¢ trzeszczenia i/lub rzezenia nad polami ptucnymi (w przypadku zapalenia ptuc),
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rzadziej moze by¢ obecna tachykardia, tachypnoe, czy cechy sinicy. Objawy rowniez réznig
sie w zaleznosci od wariantu i dla przyktadu najnowszy i obecnie najbardziej
rozpowszechniony Omicron charakteryzuje sie czestszymi objawami z gdérnych drog
oddechowych niz wariant Delta [78]. Natomiast wariant Delta cechowat sie znacznie
czestszym wystepowaniem bodlu gtowy, goraczki, zawrotéw gtowy, ,mgty mdzgowej”
czy utratg wechu niz wariant Omicron [79]. W przypadkach COVID-19 moga wystepowac
réwniez inne objawy, co wskazuje na szeroki zakres manifestacji tej choroby. Dlatego
niezbedne jest przeprowadzenie testow molekularnych i/lub antygenowych w celu
potwierdzenia diagnozy, poniewaz brakuje objawdw charakterystycznych dla tej choroby.
Obraz kliniczny jest zalezy od wieku, gdyz u dzieci objawy sg zwykle rzadsze i bardziej
tagodne, a prawdopodobienstwo rozwiniecia sie ciezkiej choroby jest u nich mniejsze niz
u dorostych [80, 81]. Jednymi z najpowazniejszych nastepstw choroby moze byé
wielouktadowy zespét zapalny dzieci (MIS-C) i rzadziej, dorostych (MIS-A) [82]. Wsrdd
ciezkich powiktan pulmonologicznych nalezy wymieni¢ ostrg niewydolnos¢ oddechowg
(ARDS) [83]. Réwniez w obrebie uktadu sercowo-naczyniowego dochodzi nierzadko do
powiktan i wérdd nich najczesciej stwierdzane sg zaburzenia rytmu serca, uszkodzenie
miesnia sercowego, ostry zespdt wiencowy i niewydolnos¢ serca [84]. Nierzadko
u hospitalizowanych pacjentdw obserwuje sie ostre uszkodzenie nerek, ktorych
wystgpienie znaczgco wptywa na Smiertelnos¢ [85]. Natomiast do rzadziej wystepujacych
powiktan COVID-19 nalezy: zespdt post-COVID, ostre uszkodzenie watroby, nagte
zatrzymanie krazenia, powiktany przebieg cigzy (w tym poronienie, pordd przedwczesny,
zakazenie noworodka), wstrzgs septyczny oraz powiktania neurologiczne (gtéwnie
drgawki, stan padaczkowy, encefalopatia, zapalenie mdzgu i zapalenie opon mdézgowo-
rdzeniowych, zmiany demielinizacyjne, neuropatia obwodowa, parkinsonizm, miopatia,
zespot Guillain-Barre-go, demencja) [86 — 91]. Bardzo rzadko obserwuje sie natomiast
powiktania takie jak: wstrzgs septyczny, rozsiane wykrzepianie wewnatrznaczyniowe,
odme optucnowa, zespdt uwalniania cytokin, zakazenia grzybicze, ostre uszkodzenie
trzustki, pierwotna matoptytkowos¢ immunologiczna, zapalenie tarczycy (w tym réwniez
autoimmunologiczne), powiktania gastroenterologiczne (zwiekszona aktywnos¢
transamianaz, niedroznosc jelit, ostre niedokrwienie krezki, krwawienie z przewodu

pokarmowego) [92 — 103].
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Niestety, w 19% przypadkow zakazenie wirusem SARS-CoV-2 wigze sie z koinfekcja
zazwyczaj wirusowa (najczesciej wirus grypy i RSV), rzadziej bakteryjna (gtdwnie Klebsiella
pneumoniae, Streptococcus pneumoniae, Staphylococcus aureus) i grzybiczg (najczesciej
Aspergillus) [104, 105]. Dlatego u pacjentéw o pogarszajgcym sie przebiegu lub
nietypowych objawach, nalezy rozwazy¢ pobranie plwociny oraz krwi celem wykluczenia
koinfekcji [106]. Choroba COVID-19 moze przebiegac podobnie jak inne infekcje wirusowe,
albo przypominaé choroby infekcyjne gérnych i dolnych drég oddechowych zwigzane
z innymi czynnikami etiologicznymi. W réznicowaniu nalezy uwzgledni¢ m.in. bakteryjne
zapalenie ptuc, grype, chorobe przeziebieniowg, zakazenie wirusem RSV, zachtystowe
zapalenie ptuc, zapalenie ptuc wywotane przez Pneumocystis jirovecii, bliskowschodni
zespo6t oddechowy (MERS), zakazenie wirusem ptasiej grupy A (N7N9 oraz H5N1), gruzlice
ptuc czy tez gorgczke neutropeniczng [107, 108].

1.5. Czynniki ryzyka zakazenia i ciezkiego przebiegu COVID-19

Dotychczas zidentyfikowano wiele réznych czynnikéw ryzyka zakazenia i ciezkiego
przebiegu COVID-19. WHO i CDC opublikowaty niezaleznie szeroka liste czynnikow ryzyka,
wsrod ktérych nalezy wymienic przede wszystkim:

e Kontakt z osobg zakazong — mogg to by¢ przypadki bezobjawowe, jak réwniez
objawowe [109];

e Przebywanie w zamknietych pomieszczeniach — do zakazenia moze dochodzi¢ w
zamknietych przestrzeniach w miejscu pracy, zamieszkania lub spedzania czasu
wolnego [109];

e Wiek - Ryzyko hospitalizacji i Smierci wzrasta wraz z wiekiem. Cho¢ nie ma
dowoddw na to, ze istnieje konkretny prog wiekowy, w ktérym ryzyko znacznie
wzrasta, to uwaza sie, ze osoby starsze w wieku powyzej 65 lat sg narazenie na
zwiekszone ryzyko infekcji i ciezkiego przebiegu choroby (najwiekszg czestos¢
wystepowania ciezkich skutkdw ubocznych stwierdzono u pacjentéw w wieku
powyzej 85 lat) [110]. Wsréd mtodziezy stwierdzono podobng podatnosé na
infekcje jak u dorostych. Natomiast wykazano, ze dzieci majg mniejszg podatnos$é
niz pozostate grupy wiekowe. W przeciwienstwie do dorostych, dzieci nie wydajg

sie by¢ obarczone wiekszym ryzykiem ciezkiej choroby ze wzgledu na wiek lub ptec.
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Dla poréwnania ryzyko smierci jest 340 razy wyzsze u oséb w wieku 85 lat
i starszych w poréwnaniu z osobami w wieku 18-29 lat [111];

Pteé¢ - wsrdd mezczyzn ryzyko infekcji, hospitalizacji, ciezkosci choroby, przyjecia na
oddziat intensywnej terapii i Smierci jest wyzsze [112];

Pochodzenie etniczne - osoby nalezgce do mniejszosci rasowych badz etnicznych
mogg byé w réznym stopniu narazone na zakazenie i ciezko$é choroby. Niektére
badania potwierdzajg zwigzek rasy latynoskiej, rasy czarnej, rdzennych
mieszkancoéw Alaski, rdzennych Indian oraz mieszkaricow Wysp Pacyfiku,
z wiekszym ryzykiem zakazenia i ciezkiego przebiegu COVID-19 [113];

Pobyt w osrodkach opieki dtugoterminowej — osoby przebywajgce w domach
seniorow, zaktadach opiekuniczych sg bardziej narazeni na zakazenie i ciezki
przebieg choroby;

Obecnos¢ chordb wspdtistniejgcych — jest to bardzo heterogenny czynnik ryzyka,
w ktérej mozna wyszczegdlni¢ m.in. takie choroby jak: otytos¢ (i/lub brak
aktywnosci fizycznej), choroby sercowo-naczyniowe (szczegdlnie nadcisnienie
tetnicze), cukrzyca, przewlekte choroby uktadu oddechowego, przewlekta choroba
nerek, przewlekta choroba watroby, choroby onkologiczne (w szczegdlnosci
nowotwor ptuc, ale réwniez pacjenci ktérzy zakonczyli leczenie onkologiczne
w ciggu 3 miesiecy przed rozpoznaniem COVID-19), choroby hematologiczne (m.in.
nowotwory, anemia sierpowata, talesemia), pacjenci z obnizong odpornoscig
(wrodzong, nabytg, zwigzang z zakazeniem HIV, indukowang immunosupresjg
farmakologiczng np. po przeszczepie narzagddéw), choroby naczyniowe naczyn
modzgowych (w tym przebyty udar), zaburzenia psychiczne (m.in. depresja,
schizofrenia, demencja, uzaleznienie od substancji psychoaktywnych),
niepetnosprawnosc (w tym zespdt Downa, porazenie mézgowe, wady wrodzone,
nadpobudliwo$¢ psychoruchowa, niepetnosprawnos¢ intelektualna, urazy rdzenia
kregowego) [114]. Wszystkie wspomniane choroby wigzg sie z wiekszym ryzykiem
wystgpienia i ciezkiego przebiegu COVID-19;

Cigza — kobiety w cigzy znajduja sie w grupie zwiekszonego ryzyka wystgpienia

ciezkiego przebiegu COVID-19 [115];
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e Nikotynizm — czynne palenie papieroséw, a nawet zaprzestanie palenia wigze sie
z ciezszym przebiegiem COVID-19 i koniecznoscig hospitalizowania w warunkach
oddziatow intensywnej terapii zakonczonych zgonem [116].

e Innymi, niezaleznymi czynnikami ryzyka, ktdre maja mniejsze znaczenie, lecz sg
wymieniane w literaturze to m.in.: niedobdér witaminy D, stosowanie przewlekfe
inhibitorow pompy protonowej, choroba Parkinsona, dna moczanowa,
dyslipidemia, choroby autoimmunologiczne (np. reumatoidalne zapalenie stawow,
nieswoiste choroby zapalne jelit, tuszczyca, choroby zapalne naczyn, stwardnienie
rozsiane, choroby tkanki tgcznej tj. toczen rumieniowaty ukfadowy, zespot
Sjogrena, twardzina uktadowa, zapalenie wielomiesniowe i zapalenie skérno-
miesniowe i uktadu miesniowo-szkieletowego), choroby tarczycy, okres
okotooperacyjny, grupa krwi A i B, czynniki sSrodowiskowe i geograficzne (klimat
i szerokos¢ geograficzna, zanieczyszczenie powietrza, obszary wielkomiejskie lub

ubogie) [117 — 128].

1.6. Diagnostyka
Petna diagnostyka zakazenia wirusem SARS-CoV-2 oraz ocena ciezkosci choroby opiera sie

na szerokiej diagnostyce laboratoryjnej i obrazowe;.

1.6.1. Identyfikacja wirusa

Woczesne rozpoznanie i szybka diagnoza s3 niezbedne, aby zapobiec dalszemu
rozprzestrzenianiu sie choroby i zapewnieniu odpowiedniej opieki medycznej. W razie
podejrzenia COVID-19, w szczegdlnosci wsrdd pacjentdow z typowymi objawami lub jesli
dana osoba miata kontakt z podejrzanym lub potwierdzonym przypadkiem, nalezy
wykona¢ test w kierunku zakazenia wirusem SARS-CoV-2 [76]. Nalezy pamietaé, ze
u niektérych pacjentdw moga nie wystepowaé objawy przedmiotowe lub podmiotowe
choroby uktadu oddechowego przebiegajgcej z gorgczka - choé w wiekszosci krajéw nie
zaleca sie juz powszechnych badan przesiewowych oséb bez objawéw. Nalezy réwniez
zachowad szczegdlng ostroznos¢ w przypadku dzieci i mtodziezy z ostrymi objawami
zotadkowo-jelitowymi i objawami zapalenia serca, gdyz to moga by¢ jedne objawy

zakazenia wirusem SARS-CoV-2 [129]. Celem identyfikacji czynnika etiologicznego
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zakazenia wirusem SARS-CoV-2 nalezy rozwazy¢ wykonanie testu antygenowego lub
genetycznego RT-LAMP, badz RT-PCR.

Badania antygenowe - opierajg sie o dostepne w badaniu antygeny
powierzchniowe wirusa i w praktyce testy te najczesciej wykrywajg antygen S.
Sg dostepne rézne metody immunochemiczne, chemiluminescencyjne, czy
immunochromatograficzne. S3 one mniej czute niz RT-PCR, lecz wynik testu jest juz
mozliwy nawet po kilkunastu minutach. Wynik dodatni jest zazwyczaj stwierdzany
w trakcie wysokiej replikacji wirusa. Wynik ujemny, natomiast, powinien byc¢
zweryfikowany metoda molekularng, szczegdlnie wtedy, gdy istnieje duze ryzyko
zakazenia. Zaletg tych testéw jest szybko$¢ uzyskiwanego wyniku, dlatego ich szczegdlne
znaczenie obserwujemy w badaniach przesiewowych duzej grupy pacjentéow lub tam,
gdzie wazine jest pilne wigczenie odpowiednich $rodkéw kontroli i zapobiegania
zakazeniom [*3°];

Badania molekularne — metoda polega na wykrywaniu materiatu genetycznego
wirusa. Jako ztoty standard uznaje sie reakcje odwrotnej transkrypcji i reakcja faricuchowa
polimerazy (RT-PCR), rzadziej mozna stosowaé rowniez metody izotermiczne (techniki
LAMP). W badaniu molekularnych mozna stwierdzi¢ obecnosé réznych biatek np. N, E, S,
RdRP, ORF1lab i zalecane jest wykrycie przynajmniej 2 biatek typowych dla wirusa, celem
postawienia rozpoznania. Materiatem do badania jest zazwyczaj wymaz z nosogardzieli,
rzadziej aspirat tchawiczy (TTA), poptuczyny oskrzelowo-pecherzykowe (BAL),
nieindukowana plwocina czhy tez $lina. Wynik powinien by¢ dostepny w czasie
nieprzekraczajgcym 1 doby (lecz w trakcie trwania pandemii i niewystarczajagcym zasobéw
diagnostycznych okres ten mogt by¢ wydtuzony). Ze wzgledu na wysoka czutos$é, nie zaleca
sie wykonywania powtornie testu, chyba ze istnieje duze prawdopodobienstwo zakazenia
stwierdzone na podstawie obrazie kliniczny pacjenta, stwierdzono nasilenie objawéw
klinicznych ze strony ukfadu oddechowego, lub istnieje mozliwos¢ pobrania materiatu
z dolnych drég oddechowych. Trzeba braé¢ pod uwage réwniez dos¢ istotng zmiennos¢
genetyczng wirusa, dlatego Swiatowa Organizacja Zdrowia zaleca badanie przesiewowe
najpierw pod katem biatka E, a nastepnie biatka RdRp. Lepiej jest mie¢ co najmniej jeden
obszar chroniony i jeden unikalny region w celu ochrony przed skutkami dryfu

genetycznego, co jest szczegodlnie istotne, gdy wirus rozwija sie w nowej populacji [131].
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Badania serologiczne oznaczanie swoistych przeciwciat w klasie IgG i IgM nalezy traktowad
uzupetniajgco (wyjatek PIMS-TS). Samo oznaczenie I1gG nalezy rozwazy¢ celem
populacyjnych badan epidemiologicznych i w ramach oceny odpowiedzi poszczepiennej
u 0s6b z niedoborami odpornosci lub podczas leczenia immunosupresyjnego. Ze wzgledu
na powszechnos¢ szczepien przeciwko wirusowi SARS-CoV-2, przeciwciata mogg byé
obecne nie tylko u oséb, ktore miaty kontakt z wirusem, ale réwniez o oséb
zaszczepionych. Biorgc pod uwage badania serologiczne, w ktorym dochodzi do
réznicowania stezenie przeciwciat anty-S i anty-N, mozna w przyblizeniu domniemywa¢é
status immunologiczny pacjenta, gdyz przeciwciata anty-S pojawiajg sie zaréwno po
szczepieniu, jak i przechorowaniu, natomiast anty-N wytgcznie po przechorowaniu
pacjenta [131, 132].

Ze wzgledu na samoograniczajgcy sie charakter replikacyjny wirusa, nie zaleca sie
wykonywania testow stwierdzajgcych eradykacje, a jako okres zakaZznosSci uznaje sie
zazwyczaj 7-10 dni od wystgpienia objawow [133]. Powyzej tego okresu istnieje mozliwos¢
ciezkiego przebiegu COVID-19 zwigzanego z burzg cytokinowg, niz bezposrednig reakcja

organizmu na przetrwate wiriony w komérkach organizmu [134].

1.6.2. Odchylenia w diagnostyce laboratoryjnej, obrazowej oraz ocena ciezkosci
przebiegu COVID-19
W obliczu wysokiego zagrozenia wirusem, jego szybkiej transmisji i nadmiernego
obcigzenia systemdéw ochrony zdrowia na catym swiecie, kluczowym wyzwaniem od
poczatku pandemii stata sie szybka identyfikacja oséb narazonych na ryzyko ciezkiego
przebiegu COVID-19. Celem jest umozliwienie natychmiastowej interwencji medycznej,
zwfaszcza gdy systemy ochrony zdrowia sg nadmiernie obcigzone, a konieczna jest
skuteczna prioretyzacja dostepu do ustug medycznych dla tej grupy chorych. Wsrdd badan,
ktore pozwalajg na oszacowanie ciezkosci zakazenia, rozlegtosci zmian oraz ocenié ryzyko
ciezkiego przebiegu COVID-19 mozna wymieni¢ miedzy innymi badania laboratoryjne,
badania obrazowe i pomiary wydolnosci oddechowej organizmu (gazometria, saturacja
tlenu):

e Badania laboratoryjne: zazwyczaj w morfologii stwierdzana jest limfopenia,

leukocytoza, leukopenia, matoptytkowos¢, zmniejszona liczba eozynofildw;
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niedokrwistos¢. W badaniach biochemicznych z odchylen widoczne s3:
podwyzszona aktywnos¢ enzymdéw watrobowych; dehydrogenazy mleczanowej
podwyzszone stezenie bilirubiny catkowitej; kreatynina i mocznika w surowicy;
hipoalbuminemia; rézne zaburzenia elektrolitowe (w tym zazwyczaj hipokaliemie
i hiponatremie) [62, 135, 136]. Markery stanu zapalnego mogg by¢ réwniez
podwyzszone: w tym CRP, prokalcytonina (co utrudnia réznicowanie z infekcjami
bakteryjnymi), IL-6 i ferrytyna [137, 138]. Nieprawidtowosci sg rowniez
stwierdzane w panelu czynnosciowym tarczycy (podwyzszone TSH; niski poziom
wolnego T3 lub T4) [139]. Czesto obecne s3 zaburzenia krzepniecia krwi,
a do najczestszych nalezy: podwyzszone stezenie D-dimeru, wydtuzony czas
protrombinowy, podwyziszony fibrynogen, wydtuzony INR [140]. WSsréd
biomarkeréw sercowych mozliwe jest podwyzszone stezenie kinazy kreatynowej
miesnia sercowego, peptydu natriuretycznego B, N-koricowego fragment peptydu
natriuretycznego typu B i troponiny sercowej [141]. Podwyzszonych parametréw
moze by¢ znacznie wiecej, w tym w szczegdlnosci cytokiny i chemokiny
prozapalnych biorgce udziat w burzy cytokinowej. Natomiast nawet 62%
pacjentdw o bezobjawowym przebiegu moze mie¢ prawidtowe parametry
laboratoryjne [142].

RTK klatki piersiowej: niezbedna metoda diagnostyczna, ktéra powinna by¢
przeprowadzona u wszystkich pacjentéw, celem potwierdzenia badz wykluczenia
zakazenia dolnych drég oddechowych wirusem SARS-CoV-2. U okoto 74%
pacjentdw w momencie rozpoznania na zdjeciu RTG klatki piersiowej stwierdza sie
nieprawidtowe wyniki. Najczestsze nieprawidfowosci to zmetnienie typu matowej
szyby i zageszczania w tkance ptucnej. Czasami u pacjentdw zakazonych COVID-19
widoczne jest rowniez nieregularne miedzyzrazikowe pogrubienie optucnej
i wysiek w jamie opfucnej [143].

TK klatki piersiowej: charakteryzuje sie wiekszg czutoscia w wykrywaniu zmian
zapalnych w pordwnaniu z RTG klatki piersiowej. Zazwyczaj zmiany wystepujg
obustronnie i rozmieszczajg sie obwodowo, gtéwnie w dolnych ptatach ptuc.
Opisuje sie to jako zacienienie o charakterze typu matowej szyby, zageszczenia
srédmigzszowe, mozliwe wystgpienie objawu odwrdconego halo, czasami rowniez

wystepowanie zmian guzkowych, tworzenie jam, powiekszenie weztéw chtonnych
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oraz obecno$¢ ptynu w jamie optucnej [**4]. Nieprawidtowe wyniki tomografii
komputerowej klatki piersiowej zgtoszono u az 97% hospitalizowanych pacjentéw
[145].

USG ptuc: ultrasonografia tkanki ptuc pozwala stwierdzi¢ zmiany migzszowe ptuc
i ich ewentualng dynamike. Najczesciej stwierdzane s3 linie B. W ultrasonografii
mozna réwniez stwierdzi¢é pogrubienie linii przegrodowych, ogniska
konsolidacyjne, wysiek optucnowy, bronchogram powietrzny i odme optucnowg
[146]. Badanie ultrasonograficzne jest czute, ale nie swoiste w diagnostyce COVID-
19. Dlatego badanie ultrasonograficzne moze mieé¢ wiekszg uzytecznosc
w wykluczaniu Covid-19 niz w odréznianiu go od innych przyczyn choréb uktadu
oddechowego [147]. Moze by¢ réwniez przydatny przy segregacji pacjentow
na oddziale ratunkowym [148].

Echokardiografia: dedykowane badanie w przypadku stwierdzenia zapalenia
miesnia sercowego w przebiegu COVID-19, dzieki ktérej mozna ocenic¢ zaburzenia
kurczliwosci miesnia sercowego [149].

Saturacja krwi tetniczej: pulsoksymetria moze ujawnic niedotlenienie/hipoksemie
(tj. nasycenie tlenem do 94% lub do 88% w przypadku przewlektej choroby ptuc),
sg to jednak bardzo sztywnie ustawione wartosci, gdyz na wynik saturacji wptywa
wiele zmiennych np. stabe krazenie tetnicze, pigmentacja skory, grubos¢ skory,
temperatura skory, aktualne palenie tytoniu, uzywanie lakieru do paznokci [150,
151]. Saturacja krwi tetniczej czesto koreluje z pogorszeniem stanu klinicznego
pacjenta i progresjg choroby w obrebie drég oddechowych [152].

Gazometria: W celu oceny nasilenia choroby, stopnia niewydolnosci oddechowej
lub ustalenia priorytetdw pacjenta do przyjecia na oddziat intensywnej terapii,
konieczne jest przeprowadzenie gazometrii. W wynikach tej analizy mozna
zauwazy¢ gtéwnie niskie cisnienie parcjalne tlenu, gromadzenie sie dwutlenku
wegla oraz cechy kwasicy [153].

Posiew: nalezy pobierac probki krwi i plwociny do posiewu od pacjentéw z ciezka
lub krytyczng choroba, aby wykluczy¢ inne przyczyny infekcji dolnych drég

oddechowych i posocznicy, zwtaszcza u pacjentdw z nietypowym wywiadem
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epidemiologicznym. Jesli to mozliwe, prébki nalezy pobrac¢ przed rozpoczeciem
empirycznego podawania antybiotykdw [154].

e Histopatologia tkanki ptucnej: w biopsji tkanki ptucnej mozna zaobserwowac
naciek jednojadrzastych komédrek zapalnych w przestrzeniach srédmigzszowych,
btony szkliste i zniszczone pneumocyty. Taki obraz sugeruje wystepowanie

patologii zwigzanej z obecnoscig wirusa [155].

1.6.3. Biomarkery prognostyczne w COVID-19

Uwzglednienie samych czynnikdw ryzyka nie daje jasnej odpowiedzi na temat mozliwego
ciezkiego przebiegu choroby. Celem oceny pacjentéow z COVID-19 od poczatku pandemii
poszukiwano réznych markerow laboratoryjnych, ktére pomogtyby oszacowac wyjsciowe
ryzyko ciezkiego przebiegu i w progresji choroby, konsekwencji intensyfikacji terapii lub tez
hospitalizacji w warunkach intensywnej terapii. Biomarker opisuje sie jako molekute, ktérg
mozna obiektywnie zmierzy¢ i ocenic jako wskaznik normalnych proceséw biologicznych
i patologicznych lub reakcji farmakologicznych na interwencje terapeutyczng [156].
Biomarkery w COVID-19 mogg mie¢ znaczenie w nastepujacych obszarach: wczesne
wykrycie choroby, ocena ciezkosci choroby, identyfikacja wysokiego ryzyka, witasciwy
dobdr terapii, ocena odpowiedzi na terapie oraz prognostyka stanu i wynikdow pacjenta.
Do pierwszego odkrycia mozliwych biomarkeréw wymagana jest solidna praktyczna
wiedza z zakresu patofizjologii, ktéra obejmuje Swiadomos¢ tego, co wirus robi
z organizmem i jak organizm na niego reaguje. Ze wzgledu na réznorodny charakter
choroby COVID-19, ktdry nie ogranicza sie wytgcznie do uktadu oddechowego, poszukuje
sie markeréw diagnostycznych z réznych uktadéw, ktdére posiadatyby najwieksze
predyspozycje diagnostyczne oraz prognostyczne.

Wsréd powszechnie dostepnych metod laboratoryjnych, ktére szacujg ciezki
przebieg COVID-19 mozna wymieni¢ miedzy innymi: stezenie D-dimeréw powyzej 1000
ng/ml, biatka CRP powyzej 100 mg/l, dehydrogenazy mleczanowej powyzj 245 U/I,
troponin sercowych powyzej 2X gérnej granicy wartosci referencyjnych, kinazy
kreatynowej powyzej 2X gornej granicy wartosci referencyjnych, ferrytyny powyzej 500
ug/l oraz limfopenii ponizej 800/uL [157]. W wielu badaniach opisano zréznicowane

poziomy rdéznych prozapalnych i przeciwzapalnych cytokin, chemokin i innych biatek
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w surowicy ciezko chorych pacjentéw z COVID-19 i zaproponowano ich zastosowanie jako
biomarkeréw prognostycznych przebiegu infekcji SARS-CoV-2. Jednak w wiekszosci
wczesniejszych badan analizowano jedynie kilka lub jeden domniemany biomarker, ktéry
czesto byt niewystarczajgco doktadny do zastosowania klinicznego [158, 159]. Chociaz
wykazano, ze szczepienia przeciwko COVID-19 chronig przed powaznymi skutkami
choroby, musimy pamietaé, ze globalny zasieg szczepien jest ograniczony, wystepuja
réwniez spadki odpornosci, a wystepowanie nowych odmian wirusa w dalszym ciggu
stanowig przeszkody w zapobieganiu, co podkresla potrzebe skutecznych technik leczenia
COVID-19. Wahania polegajgce na ucieczce spod nadzoru immunologicznego, takie jak
rézne odmiany wariantu Omicron, réwniez powoduja, ze wiekszos¢ przeciwciat
monoklonalnych stosowanych obecnie w terapii lub profilaktyce poekspozycyjnej
u réznych osdb z grupy ryzyka ciezkiego przebiegu COVID-19 jest nieskuteczna. Ze wzgledu
na niedobdr skutecznych terapii przeciwko COVID-19 niezwykle istotny jest wybdr czutych
i swoistych biomarkeréw, ktére pozwolg na identyfikacje pacjentow obarczonych
najwyzszym ryzykiem rozwoju ciezkiego lub krytycznego przebiegu choroby i zapobieganie

jej postepowi poprzez wczesne leczenie.
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Abstract

Background: This study examines how the neutrophil-lymphocyte ratio (NLR) predicts coronavirus
disease 2019 (COVID-19) hospitalization, severity, length, and mortality in adult patients.

Methods: A study was done using a retrospective, single-center, observational design. A total of 400
patients who were admitted to the Ziv Medical Center (Safed, Israel) from April 2020 to December 2021
with a confirmed diagnosis of COVID-19 through RT-PCR testing were included in the analysis. Two
complete blood count laboratory tests were conducted for each patient. The first test was administered
upon admission to the hospital, while the second test was conducted prior to the patient’s discharge from
the hospital or a few days before their death.

Results: Four hundred patients were included in the study, 206 (51.5%) males and 194 (48.5%)
females. The mean age was 64.5 = 17.1 years. In the group of cases, therve were 102 deaths, and 296
survivors were recorded, with a fatality rate of 25.5%. The median NLR was 6.9 *+ 5.8 at the begin-
ning of hospitalization and 15.1 + 32.9 at the end of hospitalization (p < 0.001). The median length of
hospital stay was 9.4 = 8.8 days. NLR in the fatality group was 34.0 = 49.9 compared to 8.4 + 20.4
wn the survivor group (p < 0.001). Comparison between the NLR at the time of admission of the patient
and before discharge/death was 6.9 + 5.8 vs. 15.1 + 32.9 (p < 0.001).

Conclusions: The analyses conducted revealed a statistically significant correlation between the NLR
and the severity, mortality rates, and the duration of hospitalization. The consideration of NLR should
commence during the initial phases of the disease when assessing individuals afflicted with COVID-19.
(Cardiol J 2024; 31, 3: 374-380)

Keywords: COVID-19, SARS-CoV-2, severity, neutrophil-lymphocyte ratio (NLR)

Address for correspondence: Ewa Skrzypek, PhD, MD, Department of Medical Ethics and History of Medicine,
Medical University of Warsaw, ul. Zwirki i Wigury 61, 02-091 Warszawa, Poland, tel: +48604075561,
e-mail: ewa.skrzypek@wum.edu.pl

Received: 14.11.2023 Accepted: 7.12.2023 Early publication date: 27.12.2023
*Equally contributed as first author

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

374 www . cardiolog}jgurnal.org


https://orcid.org/0000-0002-9777-5106
https://orcid.org/0000-0002-0578-7178
https://orcid.org/0000-0001-8930-2221
https://orcid.org/0000-0002-9490-4793
https://orcid.org/0000-0002-2140-9732
https://orcid.org/0000-0001-8409-868X
https://orcid.org/0000-0002-0973-5455
https://orcid.org/0009-0002-1279-957X

Raymond Farah et al., Neutrophil-lymphocyte ratio in COVID-19

Introduction

The etiological agent accountable for the global
pandemic, initially detected in Wuhan, China, in
2020, has been identified as severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2)
[1, 2]. Although most patients displayed mild to
moderate symptoms and achieved a favorable
outcome, a minority of individuals diagnosed with
coronavirus disease 2019 (COVID-19) demon-
strated severe manifestations such as pneumo-
nia, pulmonary edema, coagulation abnormalities
including disseminated intravascular coagulation,
acute respiratory distress syndrome, septic shock,
or multiple organ failures [3-6]. The severity of
these instances required patients to be admitted
to the intensive care unit and, in certain cases,
led to fatalities [7]. The development of a severe
manifestation of COVID-19 primarily occurs as
a result of hyperinflammatory responses [8-11].
The process of viral replication occurring at an
accelerated rate, resulting in cellular harm and
the initiation of inflammatory reactions, serves to
attract macrophages and monocytes [12, 13]. These
immune cells then proceed to generate cytokines
and chemokines, which in turn give rise to cytokine
storms and heightened immune responses. The
inflammatory response can serve as a means to
evaluate the extent and intensity of the disease
[11, 14]. The inflammatory response can be used
as a diagnostic tool to determine the severity and
scope of COVID-19. Serum lactate dehydrogenase
[15], ferritin [16], C-reactive protein [17], D-dimer
[18], and interleukin-6 are representative examples
of inflammatory markers that have demonstrated
a robust association with elevated susceptibility
to severe COVID-19 [15, 16, 19]. Neutrophils and
lymphocytes are integral cellular constituents of
the immune system, and their involvement in the
pathophysiology of various diseases is of para-
mount importance [20, 21]. Monitoring the levels
of these cells in the bloodstream can yield valuable
insights into the health status of patients who are
admitted to the hospital. Elevated concentrations of
neutrophils in the circulatory system can function
as areliable marker for increased oxidative stress,
particularly in populations that are more vulner-
able, such as critically ill patients afflicted with
COVID-19 [22, 23]. The severity of the disease is
exacerbated by the excessive presence of reactive
oxygen species, which contribute to lung tissue
damage, thrombosis promotion, and impairment
of red blood cell functionality [24, 25]. A positive
correlation has been observed between reduced

concentrations of lymphocytes and increased
levels of oxidative stress. This phenomenon can
be attributed to the production of different anti-
inflammatory cytokines, including interleukins and
interferon-gamma, by lymphocytes [26].

The neutrophil-lymphocyte ratio (NLR) is
a recognized marker for assessing inflammatory
responses. It is calculated by dividing the count
of neutrophils by the count of lymphocytes, typi-
cally obtained from a peripheral blood sample [27].
Extensive research has established the NLR as
a supplementary indicator for critical care-associ-
ated disorders and systemic diseases. Studies have
shown that a high NLR is an efficient predictor of
an unfavorable outcome [28, 29]. To maximize the
utilization of resources, it is imperative to pro-
actively identify individuals who are more likely
to develop severe illnesses. Early identification
of warning signs and red flags associated with
severe COVID-19 is of paramount importance in
facilitating timely intervention, potentially leading
to reduced mortality rates, improved recovery
rates, and shortened hospitalization periods. The
NLR parameter, derived from blood count analysis,
holds potential as a noteworthy indicator for the
purposes of diagnosing and managing risk strati-
fication. Consequently, the objective of this study
18 to assess the predictive significance of the NLR
in ascertaining the severity, length of hospital stay,
and fatality rates among adult patients admitted to
the hospital due to COVID-19 by using retrospec-
tive data.

Methods

The study was with the Declaration of Hel-
sinki, and ethical approval to proceed with this
study was granted by the Hospital Ethical Review
Board of the Ziv Medical Center (Safed, Israel,;
Approval no. 0061-20-16). The requirement for
written informed consent from patients was waived
because of the study’s retrospective nature.

We included 400 patients who were admit-
ted to the hospital with a diagnosis of COVID-19
between April 2020 and December 2021. Pa-
tients in the study had to be 18 years of age or
older and were admitted to the hospital with
a confirmed COVID-19 diagnosis by testing positive
for SARS-CoV-2 using RT-PC. They also had to have
a complete blood count (CBC) done within 24 hours
of being diagnosed and two CBC lab tests, one when
they were admitted to the hospital and the other
before they were discharged or a few days before
they died. Exclusion criteria included COVID-19
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patients who were managed on an outpatient basis
or pediatric patients. Clinical information was col-
lected during hospitalization by attending physi-
cians. Patient data, including demographic, clinical,
and laboratory data, laboratory examinations, and
outcomes were collected from electronic medical
records and analyzed. Intrahospital mortality was
defined as all-cause mortality during hospitalization.

Venous blood samples were obtained within 24
hours after admission to the Emergency Medicine
Department. As an institutional protocol, blood
withdrawn from the patients was collected into an
EDTA-containing tube for complete blood count
evaluation and into a dry tube for biochemical
analysis. All the samples collected for analysis were
studied within half an hour of the blood withdrawal.
White blood count and differential counts were
measured. An automatic Coulter analyzer (Beck-
man Coulter LH 750, Fullerton, CA, USA) was
used to count the total number of white blood cells,
neutrophils, monocytes, lymphocytes, eosinophils,
hemoglobin, platelets, and monocytes.

For categorical variables, summary tables
provided the sample size, and absolute and relative
frequencies. For continuous variables, summary ta-
bles provided the arithmetic mean (M) and standard
deviation (SD). Pearson’s chi-squared was applied
to test the correlations for the categorical param-
eters. Pearson correlations provided the power of
the correlation between the continuous variables.
Multiple logistic regression was applied to test the
difference between the last status and correlations
between the study parameters examined, with ad-
justments for confounders. A two-sided p-value of
0.05 or less was considered statistically significant.
Statistical analysis was performed by using SPSS
Statistics, Version 24.0. (SPSS, Inc., Chicago, IL,
USA) and Prism software version 8 (GraphPad
software, Inc.).

Results

A total of 400 patients who were hospital-
ized with COVID-19 and had a CBC done within
48 hours of diagnosis were included in this study.
In total, 206 (51.5%) of the study participants were
males and 194 (48.5%) were females. The mean
age was 64.5 + 17.1 years (range 20-105 years).
Full patient characteristics are included in Table 1.

According to CBC analysis, the average total
leucocyte count of the study population was 8.4 =+
+ 12.6/uL at the beginning or hospitalization and
11.1 = 11.5/uL near the end of hospitalization,
and the mean platelet count was 207 + 94/ulL.

The mean absolute lymphocyte count was
1.6 = 6.9/uL at the beginning of hospitalization
and 2.2 = 10.4/uL near the end of hospitaliza-
tion (p < 0.001). The mean absolute neutro-
phil count was 5.7 = 3.6/uL at the beginning of
hospitalization and 8.4 = 6.9/uL near the end
of hospitalization (p < 0.001). The median NLR
was 6.9 = 5.8 at the beginning of hospitaliza-
tion and 15.1 + 32.9 at the end of hospitalization
(p < 0.001; Table 2).

The median length of hospital stay was 9.4 +
+ 8.8 (range 1-64 days). There were 102 (25.5%)

Table 1. Baseline characteristics of the study
population.

Variables
Age [year] 64.5 + 17.1, 20-105
Gender:
Male 206 (51.5%)
Female 194 (48.5%)

Data are shown as mean = standard deviation, range, and number
(percentage).

Table 2. Laboratory parameters for two measurement periods.

Variables N Time 1 Time 2 P-value
Neutrophils 386 5.7 £ 3.6 8.4 +6.9 < 0.001
Lymphocytes 386 1.6 = 6.9 22+ 104 < 0.001
NLR 385 6.9 +5.8 15.1 + 32.9 < 0.001
WBC 386 8.4+ 126 11.1 £ 115 < 0.001
Hemoglobin [g/dL] 385 12.7 £ 2.1 11.6 £ 2.3 < 0.001
Platelets 383 207 = 94 246 = 129 < 0.001
Eosinophils [%] 386 0.48 = 0.81 0.50 = 0.84 0.497

Monocytes [%] 386 5.6 £ 4.0 4.9 = 4.1 < 0.001

NLR — neutrophil-lymphocyte ratio; WBC — white blood count
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Table 3. Patient outcomes.

Variables

Days in hospital 9.4 + 8.8, 1-64

Last status:
Alive 296 (74.0%)
Dead 102 (25.5%)
Missing data 2 (0.5%)

Data are shown as mean * standard deviation, range, and number
(percentage)

401 [l NLR1 Time 1
B NLR2 Time 2

30
o
= 20

10

Alive

Last status

Figure 1. Neutrophil-lymphocyte ratio level (NLR) for
two measurements with attention to patient status.

mortalities during the study period, 296 (74%)
patients survived the illness, and data were miss-
ing for the other 2 patients (Table 3). This analysis
showed that there was a significant association
between NLR and length of hospital stay and mor-
tality. According to the results, we took the second
CBC analysis towards the end of the hospitalization

period and made a correlation between NLR and
the final status of the patient; this analysis showed
that the mean NLR in the fatality group was 34.0 =
+ 49.9 compared to 8.4 =+ 20.4 in the survivor group,
which is statistically significant with p < 0.001.
This supports our hypothesis, which indicates
a correlation between higher NLR and severity of
COVID-19 infection and mortality (Table 4).

The following table shows a comparison be-
tween the NLR at the time of admission of the pa-
tient (Time 1) and before discharge/death (Time 2).
According to this analysis, at time 1 the average
of NLR was 6.9 + 5.8, while at time 2 the average
NLR was 15.1 = 32.9, which is statistically signifi-
cant (p < 0.001; Fig. 1).

Discussion

COVID-19 is a highly contagious illness that
poses a significant and ongoing risk to global
public health. The phenomenon under discussion
has exhibited rapid proliferation across numerous
nations globally. While most patients experience
a self-limiting and mild illness, those who develop
severe or critical cases exhibit a less favorable
prognosis [30]. The binding of SARS-CoV-2 to the
ACE2 receptors in the alveoli results in the initia-
tion of an inflammatory response, thereby trigger-
ing the release of inflammatory factors [31]. This,
in turn, activates the immune system, ultimately
culminating in the occurrence of a cytokine storm.
A multitude of theoretical frameworks have been
posited regarding the immune response of NLR
in the context of COVID-19 infection. Neutrophils
are integral to the activation of the immune system
through the release of reactive oxygen species,
which possess the capability to induce damage
to cellular DNA [32]. Consequently, this impair-
ment promotes the liberation of viruses from the

Table 4. Laboratory parameters according to last patient status.

Variables Alive Dead P-value
Neutrophils 6.5 4.5 13.6 £ 9.3 < 0.001
Lymphocytes 2.6 £12.1 1.0 = 1.3 < 0.001
NLR 8.4 + 204 34.0 + 49.9 < 0.001
WBC 9.6 + 11.6 15.5 = 1.0 < 0.001
Hemoglobin [g/dL] 12.2 £ 2.0 10.0 £ 2.5 < 0.001
Platelets 269 + 129 183 + 103 < 0.001
Eosinophils [%] 0.57 = 0.88 0.30 = 0.71 < 0.001
Monocytes [%] 5.1 +4.4 4.1 = 3.0 0.001

NLR — neutrophil-lymphocyte ratio; WBC — white blood count
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cells that have been infected. Following this, the
viruses that have been released become the focus
of immune responses mediated by antibodies.
Moreover, neutrophils play a crucial role in the
initiation of the production of various cytokines
and effector molecules. Nonetheless, it is impor-
tant to note that while the virus itself activates
lymphocytes, systemic inflammation, specifically
high levels of interleukin 6, lowers the number of
lymphocytes and weakens cellular immunity [33].
Hence, an elevated NLR is suggestive of the extent
of inflammation. The findings of our study indicate
a statistically significant correlation between dis-
ease severity and the mean NLR. Specifically, as the
severity of the disease increases, there is a notable
increase in the NLR value. Notably, individuals with
mild cases of the disease exhibit the lowest NLR
values, and they tend to recover from the illness
with a shorter duration of hospitalization. Based on
our research, the NLR demonstrated reliability in
accurately predicting the onset of severe and criti-
cal medical conditions at an early stage. Notably,
the most substantial discrepancy in average NLR
was observed between the group of patients who
recovered and those who died from the disease.
In support of these findings, a meta-analysis of
20 studies conducted in China demonstrated that
the NLR serves as an independent prognostic
marker for distinguishing between severe and
non-severe cases of COVID-19 [34]. Moreover,
the findings of a meta-analysis conducted on
individuals diagnosed with COVID-19 indicated
that increased levels of NLR upon admission
were linked to a significantly elevated risk of
mortality, with a relative increase of 174% [35].
Our findings provide further evidence supporting
the hypothesis that NLR serves as an economi-
cal, reliable, and easily accessible indicator for
predicting the severity and fatality of COVID-19.
The marker in question is a simple and objective
way to show which patients are more likely to get
a serious illness and die. Still, it is important to
note that even a lower mean NLR can be seen as
a worrying rate when applied to different groups,
like hospitalized patients. This is because there is
a strong link between this NLR level and long-
term, low-grade systemic inflammation, which in-
cludes diabetes, obesity, heart disease, and kidney
and heart disease [36]. Moreover, it is important
to highlight that there is a persistent upward trend
in the population of individuals who have been
vaccinated [37]. It is noteworthy that all currently
available vaccines play a pivotal role in eliciting
a substantial immune response, thus providing

ameans to efficiently control the infection [38]. The
efficacy of vaccination in mitigating the transmis-
sion and impact of the COVID-19 virus has been
well established. The initiation of an immune re-
sponse through vaccination can lead to two main
outcomes: the production of antibodies by spe-
cialized cells and the formation of memory B and
T cells, which are responsible for maintaining dura-
ble immunity against pathogens. After the comple-
tion of the entire immunization regimen, including
the administration of the booster dose, it is expected
that there will be a significant increase in the overall
count of lymphocytes [39, 40]. This increase can
be attributed to the stimulation of the maturation
process of memory B and T cells. Therefore, it is
possible that the NLR may not possess significant
utility as a laboratory indicator in individuals who
have undergone COVID-19 vaccination.

Limitations of the study

This study incorporates certain limitations
that need to be acknowledged. Firstly, its scope
is confined to a specific population and timeframe,
which may influence the generalizability of the re-
sults. There is also the possibility of systematic and
random errors affecting the data collected and its
interpretation. Environmental and genetic variables,
which may vary, also contribute to the limitations of
this study. The methodology, although carefully se-
lected, may have inherent imperfections impacting
the conclusions drawn. The potential interference
of other variables, not considered in the study, but
which may affect the observed phenomena, should
also be taken into account. Lastly, the interpreta-
tion of the findings is limited by current scientific
knowledge and available technologies, underscoring
the need for further research to validate and expand
upon these results.

Conclusions

The analyses conducted revealed a statisti-
cally significant correlation between the NLR and
the severity of disease, mortality rate, and dura-
tion of hospitalization. The consideration of NLR
should commence during the initial phases of the
disease when assessing individuals afflicted with
COVID-19.
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ABSTRACT

INTRODUCTION: The neutrophil-to-lymphocyte ratio (NLR) is a simple blood test marker used to predict the
severity of COVID-19. The study aimed to describe the correlation between neutrophil-to-lymphocyte ratio
sex- and gender-specific differences in the inflammatory response to COVID-19.

MATERIAL AND METHODS: This retrospective observational study was conducted with patients diagnosed
with COVID-19 in the emergency department of a tertiary hospital between January 1, 2022, and May 31,
2022. The receiver operating characteristic (ROC) area under the curve (AUC) analysis was conducted to
verify NLR predictive capacity.

RESULTS: The study population consisted of 47% women and 53% men with a mean age of 72.42 years.
Women were significantly older than men on average. At admission, 73% of patients were classified as
nonsevere, while 27% were severe. Overall, 63% of patients survived the infection.

CONCLUSIONS: There were slight but not statistically significant differences in neutrophil counts between men
and women. However, there were significant differences in lymphocyte counts and the NLR, with women hav-
ing higher lymphocyte counts and men having higher NLR. The study found very weak correlations between
age and neutrophil counts, lymphocyte counts, and NLR, suggesting no strong relationship between age and
these variables. Patients with severe disease had higher neutrophil counts and NLR but lower lymphocyte counts
compared to nonsevere patients. Survivors had lower neutrophil counts and NLR but higher lymphocyte
counts compared to those who did not survive. NLR was a significant predictor of both admission status and
survivor status, with ROC AUC values indicating its predictive capacity. These findings highlight the potential
importance of NLR as a biomarker in predicting disease severity and survival in patients.
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INTRODUCTION
The neutrophil-to-lymphocyte ratio (NLR) is a bio-
marker obtained by dividing the count of neutro-
phils by the count of lymphocytes, both of which
are types of white blood cells measured through
a routine complete blood count (CBC) test [1, 2].
This ratio, just like the platelet-to-lymphocyte ratio
and the lymphocyte-to-monocyte ratio, has gained
attention as a potential prognostic and diagnostic
tool in various medical conditions, including infec-
tions, inflammatory diseases, and cancer [3-6]. It re-
flects the balance between the innate (neutrophils)
and adaptive (lymphocytes) immune responses [7].

In the context of COVID-19, caused by the SARS-
-CoV-2 virus, the NLR has been studied for its predic-
tive value concerning disease severity and outcomes
[8, 9]. During the COVID-19 pandemic, healthcare
systems worldwide have been overwhelmed [10],
and there has been an urgent need for simple, rapid,
and cost-effective methods to stratify patients based
on their risk of developing severe disease or compli-
cations [11, 12].

The neutrophil-to-lymphocyte ratio fits well into
this need due to its ease of calculation from a CBC,
a test that is widely available and frequently per-
formed on patients presenting with infections.
Elevated NLR values have been associated with
a hyperinflammatory state, which is a hallmark of
severe COVID-19 [13]. This state can lead to a cas-
cade of complications, including acute respiratory
distress syndrome (ARDS), multiorgan failure, and
death [14].

Numerous studies have indicated that patients
with higher NLR values upon admission or during
hospitalization tend to have worse outcomes than
those with lower values. The link between these two
things is thought to be caused by the neutrophilic
inflammatory response and lymphopenia, which is
a drop in lymphocytes that happens a lot during
viral infections and is especially noticeable in severe
COVID-19 cases. By using NLR as a predictor, doctors
may be able to find patients who are more likely to
get worse quickly. This can help them decide wheth-
er to admit them to the hospital or intensive care
unit (ICU) and start aggressive therapy [15]. Further-
more, monitoring NLR values over time may provide
insights into a patient’s response to treatment and
disease progression.

Nevertheless, while NLR is promising, it is not
without limitations. Stress, smoking, corticosteroid
use, and other comorbidities that may affect neu-

trophil or lymphocyte counts can all have an impact
on the ratio. Moreover, the threshold values for
“high” NLR that correlate with adverse COVID-19
outcomes can vary across populations and individual
patient factors, making standardization challeng-
ing. It is also essential to consider NLR within the
broader context of a patient’s clinical presentation
and in conjunction with other laboratory markers
and imaging findings. Neutrophil-to-lymphocyte
ratio should be one component of a multifaceted
assessment rather than a standalone indicator. Given
the dynamic nature of COVID-19 and the immune
response it elicits, ongoing research is crucial to fur-
ther delineate the role of NLR in COVID-19 [16, 17].
This includes investigating whether interventions
that modulate the immune response can impact
NLR and, by extension, patient outcomes.

As of March 2023, the world has witnessed sev-
eral waves of COVID-19, with different variants of
the virus causing varying degrees of illness [18, 19].
Vaccination efforts have been successful in reducing
the incidence of severe disease, but breakthrough
infections and cases in unvaccinated individuals
continue to occur. In this evolving scenario, the
potential role of NLR as a prognostic tool remains
relevant, particularly in regions with limited health-
care resources.

The NLR has emerged as a potential biomarker
for predicting the severity of COVID-19. Its predictive
value lies in its ability to reflect the inflammatory
state of a patient and to be easily derived from
a common blood test. While promising, NLR should
be used judiciously, in conjunction with other clinical
indicators, to inform patient management decisions.
Continuous research and validation in diverse popu-
lations are necessary to solidify the role of NLR in the
management of COVID-19 and possibly other infec-
tious diseases in the future. In this article, the utility
of NLR was examined as a predictor of COVID-19
severity in a sample of patients with COVID-19. The
study aimed to describe the correlation between
neutrophil-to—lymphocyte ratio sex- and gender-
-specific differences in the inflammatory response to
COVID-19.

MATERIAL AND METHODS
The present retrospective observational study was
conducted in the Emergency Department of the
Kartal Dr. Lutfi Kirdar City Hospital (Istanbul, Tar-
kiye). The institutional review board approved the
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FIGURE 1. Neutrophil, lymphocyte, and neutrophil-to-lymphocyte ratio values in the study population

analysis and granted a waiver of consent (ethical
committee ruling number: 2022/514/228/25, date:
30.06.2022). This research included all individuals
aged 18 years and older who were diagnosed
with COVID-19 and sought medical attention at
the emergency department between January 1,
2022, and May 31, 2022. The determination of
the COVID-19 diagnostic was made in accordance
with the recommendations provided by the World
Health Organization (WHO). Data was collected
using the digital records of the Hospital Informa-
tion Management System. When the research par-
ticipants went to the emergency room, their vital
signs, chronic illnesses, and the results of lab tests,
such as the levels of neutrophils and lymphocytes,
were recorded in a standard way. This information
included their age and gender. The study excluded
patients who had a negative reverse transcrip-
tion-polymerase chain reaction test result, patients
whose mortality status was unclear, patients who
were referred from another institution, and pa-
tients for whom neutrophil and lymphocyte levels
were unavailable.

Before proceeding with statistical analysis, data
were visually inspected for capturing potential outli-
ers. Continuous variables were computed as means
and standard deviations, while categorical parame-
ters were calculated as percentages. Student’s t-test
or its non-parametric version (the Mann-Whitney U
test) was used to shed light on eventual differences
in terms of sex/gender, age, admission, and survivor
status. Receiver operating characteristic (ROC) anal-
ysis for verifying NLR's predictive capacity in predict-
ing admission and survivor status.

RESULTS

Out of 513 subjects, 239 (47%) and 274 (53%)
were women and men, respectively. Mean age was
72.42 = 13.46 years [median 74 years (IQR 14)]
(Supplementary Fig. 1). Women were slightly older
[73.77 = 14.78 years, median 76 (IQR 16)] than
men [71.21 = 12.16 years (IQR 13)]. This difference
was statistically significant (p=0.00065).

At the admission, 376 patients (73%) were non-
severe, while 137 (27%) were severe; 63% survived
the infection, whereas 37% died. Neutrophils, lym-
phocytes, and NLR were 7.23 = 5.83 x 10*/uL, 1.57 +
+ 6.97 x 10%uL, and 9.86 + 10.60, respectively
(Fig. 1). If in terms of sex/gender, only a border-
line difference for neutrophils could be computed
(p = 0.087), with values slightly higherin men (7.29 x
X 10l vs 7.20 x 10%/uL), sex-specific differences
were significant for lymphocytes (p = 0.00000138),
with values higher in women (1.96 x 10%/uLvs 1.20 X
x 10%/uL), and NLR (p = 0.0000171), with values
higher in men (11.24 vs 8.42) (Fig. 2).

The Spearman’s rho correlation coefficients be-
tween age and neutrophils, lymphocytes, and NLR
were —0.018765, 0.034798, and —0.035239. These
values suggest that there is very little to no mono-
tonic relationship between age and each of the other
three variables under study. The correlation coeffi-
cients are very close to zero, indicating that as age
increases, there is no consistent increase or decrease
in the values of neutrophils, lymphocytes, or the NLR
that would suggest a strong relationship (Fig. 3).

Stratifying according to admission status, neutrophil
levels were higher in severe patients (9.94 vs 6.24, p =
= 1.65 x 107", while lymphocyte concentrations
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FIGURE 2. Neutrophil, lymphocyte and neutrophil-to-lymphocyte ratio values in the study population stratified by sex/gender
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ratio (NLR) values in the study population

were lower (1.35 vs 2.18, p = 0.0139). Neutrophil-to-
-lymphocyte ratio was elevated in severe individuals
(14.81vs8.06, p = 3.94 x 107°), as shown in Figure 4.

Similar trends could be obtained when stratifying
based on survivor status. Mean neutrophil levels
were lower in survivors (6.31 vs 8.78, 1.82 x 107 '),
while mean lymphocyte concentrations were higher
(1.98 vs 1.33, p = 0.0088). Mean NLR was signifi-
cantly elevated in survivors (12.64 vs 8.21, p = 8.47
x 1079, as shown in Figure 5.

In conclusion, NLR was a significant predictor
of admission (with a ROC AUC of 0.76 [95% CI
0.61-0.72]) and survivor status (with a ROC AUC of
0.65 [95% Cl 0.60-0.70]), as pictorially reported in
Figures 6 and 7.

www.journaﬁZiamedica.pl

Stratifying by sex/gender (Fig. 8), the mean ROC
AUC value for NLR in predicting admission status
was 0.70 in males and 0.64 in females, whilst the
ROC AUC value for NLR in predicting survivor status
was 0.64 in male subjects and 0.65 in female sub-
jects. While ROC AUC values were higher in men for
admission status, they were comparable for survivor
status.

Stratifying according to median age (Fig. 9),
no impact of age could be detected. Receiver
operating characteristic AUC values for NLW in
predicting admission (0.67 and 0.66 for older
and younger subjects, respectively) and survivor
status (0.65 and 0.67) were comparable, with-
out any statistically significant difference.
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DISCUSSION
During the COVID-19 outbreak, NLR has emerged
as a significant, simple, and cost-effective blood test
marker for predicting the severity of COVID-19, re-
flecting the body’s inflammatory response to infec-
tion. Higher NLR values indicate an increased risk of
severe outcomes. Its utility is especially pronounced
in settings with limited resources, but caution is ad-
vised when interpreting NLR due to variability across

www.journaﬁ%iamedica.pl

different populations and other influencing factors.
It should be integrated with additional clinical data
to inform patient management decisions effectively.
The statistical analysis of NLR, using the ROC AUC,
validates its predictive ability. In the present study
population, with an almost equal representation of
women and men and a mean age of over 72 years,
findings indicated that women were generally older
than men. At the time of hospital admission, the
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majority of patients were in a nonsevere condition,
and about two-thirds survived their COVID-19 in-
fection. Although there was a slight, non-significant
difference in neutrophil counts between sexes, sig-
nificant differences were observed in lymphocyte
counts and NLR — women had higher lymphocyte
counts and men had higher NLR. Age showed a very
weak correlation with neutrophils, lymphocytes, and
NLR, suggesting that age might not be a strong de-
terminant of these measures. When stratifying pa-
tients by severity at admission and survivorship, clear
patterns emerged: severe patients and non-survivors
had higher neutrophils and NLR but lower lympho-
cytes compared to their counterparts. These trends
underscore the value of NLR as a biomarker for
assessing disease severity and survival prospects in
patients with COVID-19.

The Neutrophil-to-Lymphocyte Ratio is a meas-
ure derived from a standard CBC test [1, 20]. It
compares the levels of neutrophils, which increase
in response to infection and stress, to lymphocytes,
which can decrease in the context of a systemic
inflammatory response. A higher NLR thus suggests
a body under significant stress from an infection
like COVID-19, indicating a possible shift towards
a more severe disease state [21]. The predictive pow-
er of NLR for COVID-19 severity is particularly valu-
able because it is a readily available test that can be
done quickly and at a low cost, making it accessible
even in resource-limited settings [22].

Of note, gender differences were found in the
inflammatory response to COVID-19. The present
study’s findings on the slight differences in neutro-
phil counts between genders, although not statis-
tically significant, may indicate subtle variances in
how men’s and women'’s immune systems react to
COVID-19. Significantly higher lymphocyte counts
in women and higher NLR in men could point to
a more robust inflammatory response in men, which
has been observed in other studies. This could be
related to hormonal differences or other genetic
and immunological factors that influence how each
gender responds to infections.

In terms of the correlation between age and
inflammatory markers, the very weak correlations
between age and the inflammatory markers (neu-
trophils, lymphocytes, and NLR) suggest that, unlike
many other diseases where age is a strong risk fac-
tor, age alone does not significantly influence these
particular immune response markers in COVID-19
patients [20, 23]. This could mean that the body’s

inflammatory response to COVID-19 is similar across
different ages or that other factors, such as comor-
bidities or previous health status, are more impor-
tant in determining these levels than age itself.

In terms of associations between clinical out-
comes and NLR, in patients with severe disease,
higher neutrophil counts and NLR and lower lym-
phocyte counts were observed. This aligns with the
understanding that a severe infection can lead to
an elevated neutrophil response and lymphocyte
depletion, which is reflected in an increased NLR
[24]. Conversely, survivors tended to have lower
neutrophil counts and NLR but higher lymphocyte
counts [22]. This suggests that a balanced immune
response with less inflammation (as indicated by
a lower NLR) is associated with better outcomes.

As such, NLR can play a key role in clinical deci-
sion-making. The present study further reinforces
the role of NLR as an integral part of clinical deci-
sion-making. Since NLR is associated with disease
severity and survival, it could potentially guide in-
terventions, risk stratification, and monitoring. The
ROC AUC values for NLR in predicting admission
status and survival status show that it has good
discriminative ability, although it's not perfect. In
clinical practice, NLR should be one of several factors
considered when assessing a patient’s condition,
used in conjunction with other clinical signs, symp-
toms, and tests.

In terms of implications for healthcare systems,
especially those facing resource constraints, NLR of-
fers a practical metric for quickly identifying patients
at higher risk of severe disease [25, 26]. This can be
crucial for triaging patients, optimizing the allocation
of limited resources, and initiating timely treatments
that could potentially reduce the risk of adverse out-
comes. In conclusion, the results illuminate the utility
of NLR in managing COVID-19 by providing a simple
and cost-effective tool for assessing disease severity.
They also underscore the need for careful interpreta-
tion of NLR values, considering the influence of gen-
der, age, and clinical context. As the understanding
of COVID-19 evolves, so too will the strategies for
utilizing such biomarkers in patient care.

CONCLUSIONS
There were slight but not statistically significant dif-
ferences in neutrophil counts between men and
women. However, there were significant differences
in lymphocyte counts and the NLR, with women
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having higher lymphocyte counts and men having
higher NLR. The study found very weak correlations
between age and neutrophil counts, lymphocyte
counts, and NLR, suggesting no strong relationship
between age and these variables. Patients with se-
vere disease had higher neutrophil counts and NLR
but lower lymphocyte counts compared to nonse-
vere patients. Survivors had lower neutrophil counts
and NLR but higher lymphocyte counts compared to
those who did not survive. NLR was a significant pre-
dictor of both admission status and survivor status,
with ROC AUC values indicating its predictive capaci-
ty. These findings highlight the potential importance
of NLR as a biomarker in predicting disease severity
and survival in patients.
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ABSTRACT

INTRODUCTION: The SARS-CoV-2 virus pandemic has been a global challenge for medical services in terms of
patient care and early prognosis of hospitalized patients’ situations. Early identification and classification
of COVID-19 patients in hospitals is critical for optimal management. The purpose of this study is to compile
existing data on tissue plasminogen activator (tPA) concentrations in COVID-19 patients.

MATERIAL AND METHODS: A systematic review and meta-analysis were carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Guidelines. Qualified articles
were found systematically using relevant databases such as PubMed Central, Scopus, EMBASE, and the
Cochrane databases until May 4™, 2023.

RESULTS: Tissue plasminogen activator levels among COVID-19 positive vs negative patients T-PA levels
among COVID-19 positive vs negative patients varied and amounted to 26.67 + 40.65 vs 4.68 + 3.83, re-
spectively (SMD = 2.49; 95% Cl: 1.85 to 3.14; p < 0.001). The mean t-PA level among patients requiring ICU
admission was 24.06 + 12.44, compared to 16.55 + 10.01 for patients not treated in the ICU (SMD = 0.69;
95% ClI: —0.68 to 2.05; p = 0.32). Moreover, t-PA levels among severe COVID-19 compared to non-severe
were 11.89 + 9.05 and 16.87 + 20.39, respectively (SMD = 2.74; 95% CI: —0.71t0 6.19; p = 0.12). The t-PA
values were, respectively: 15.33 + 8.01 for patients who survived hospital discharge, and 19.04 + 11.88 for
patients who died in hospital due to COVID-19 (SMD = —0.50; 95% CI: —2.45 to 1.44; p = 0.61).

CONCLUSIONS: According to this meta-analysis, the key conclusion of this study is that COVID-19 infection
is connected to t-PA levels. Nonetheless, extensive prospective studies addressing the possible diagnostic
relevance of t-PA as a marker of COVID-19 severity are required to corroborate the presented results.
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INTRODUCTION

Since 2019, the global healthcare system has faced
a significant challenge in caring for patients and pre-
dicting outcomes due to the SARS-CoV-2 pandemic
[1, 2]. There are many unknown pathomechanisms
behind the complications of the virus, influencing dis-
ease severity, and mortality amongst the patients who
received modified effective therapy [3]. Research em-
phasizes the significant role of the disturbed balance
between the pro- and anticoagulant systems [4-9].
Even with prophylactic and therapeutic anticoagula-
tion, thromboembolic complications are frequently
observed [10, 11] along with markedly increased lysis
resistance and prolonged diurnal lysis [12].

Many studies have focused on investigating the
concentration of various biomarkers related to en-
dothelial, inflammatory, and coagulation responses
during COVID-19 [13-21]. The infection-induced
pro-inflammatory environment results in endothelial
dysfunction, which may lead to an imbalance between
pro-coagulation and anti-coagulation factors. Elevat-
ed levels of tissue plasminogen activator (t-PA), and its
inhibitor, plasminogen activation inhibitor 1 (PAI-1),
fibrinogen, von Willebrand factor, as well as the recep-
tor for interleukin-33, have been revealed in patients
plasma. The combination of the biomarkers has also
been evaluated as a prognostic factor for thrombosis
and mortality [22]. More interestingly, despite the
increased level of tPA, hypofibrinolysis as well as hy-
percoagulability have been observed [8]. The observa-
tions prompt further investigation into the impact of
specific biomarkers on each other’s activities and their
influence on COVID-19 clinical outcomes.

Tissue-type plasminogen activator (tPA) and its
inhibitor, plasminogen activator inhibitor-1 (PAI-1),
are crucial components of the plasminogen activa-
tor-plasmin system [23, 24]. The imbalance between
tPA and PAI-1 results in dysregulation of fibrinolysis
and thrombotic complications [25]. Tissue plasmino-
gen activator is the most extensively studied plas-
minogen activator and is commonly used clinically
as a thrombolytic therapy [26]. The majority of dis-
eases, including viral infections, impact the vascular
endothelium and result in impaired function [27].
This endothelial dysfunction causes a decrease in the
fibrinolytic activity of the cells, which increases the
likelihood of developing blood clots [28].

Disaster Emerg Med J 2023; 8(4): 207-215

Thromboembolic complications have the poten-
tial to be fatal, particularly in COVID-19 patients with
a high risk of such events. It is crucial to evaluate
possible risk factors that are predictors of disease
progression and detect changes in the coagulation
pathway. The purpose of this investigation is to re-
view existing data on the concentration of tPA levels
in COVID-19 patients and perform a meta-analysis
to evaluate the correlation between tPA levels and
COVID-19 disease, its severity, the likelihood of admis-
sion to the intensive care unit, and patients survival.

MATERIAL AND METHODS

This study was intended as a systematic review and
meta-analysis and was carried out in compliance
with the recommendations of the Cochrane Collabo-
ration Group [29] and the Preferred Reporting [tems
for Systematic Reviews and Meta-analyses (PRISMA)
standards (Tab. S1). [30]. This study protocol was
submitted to PROSPERO (CRD42022380249).

Search strategy and study selection

Two independent reviewers (K.D. and M.P) carried
out the literature search. We searched PubMed Cen-
tral, Scopus, EMBASE, and the Cochrane Collabo-
ration Library for all relevant studies from January
2020 to May 4™ 2023. We used the phrases “tis-
sue plasminogen activator” OR “t-PA” AND “SARS-
CoV-2" OR “"new coronavirus” OR “COVID-19" in
our search. In addition, the reference lists of the
included publications were manually examined for
additional studies that were not found in the da-
tabase search. EndNote X9 was used to import the
titles and abstracts found in the database search
(Clarivate Analytics, Philadelphia, USA).

Inclusion and exclusion criteria

The adopted inclusion criteria were as follows:
(1) original articles; (2) COVID-19 patients in various
clinical conditions: mild, moderate, severe, or critical;
as well as COVID-19 patients who survive to hospital
discharge or decreased; (4) all types of observa-
tional studies: cohort, cross-sectional, case-control,
longitudinal; and (5) full-text articles available in
English. The following were the exclusion criteria: (1)
studies that did not fit the aforementioned criteria;
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(2) article types such as letters, conference papers,
posters, editorials, review articles, and meta-analyses.

Data extraction

Two reviewers (M.P. and K.D.) independently evalu-
ated the data extraction procedure, and disagree-
ments concerning the selection criteria were argued
and resolved by consensus among all authors. A pre-
defined form was used to retrieve data from the
included research.

Quality assessment

Three researchers (K.D., A.O., and M.P) inde-
pendently conducted the quality evaluation pro-
cedure. Any differences were also settled through
discussion among all researchers. The Newcastle-
-Ottawa scale (NOS) was developed to assess the
methodological quality of observational studies
with its design. The studies were evaluated as poor,
moderate, and high quality according to the NOS
criteria, with ratings of 0-3, 4-6, and 7-9, respec-
tively. In addition, if there are more than 10 trials in
a single meta-analysis, we do funnel plot tests for
asymmetry to evaluate potential publication bias.

Statistical analysis

The STATA software (version 14, StataCorp LLC, Col-
lege Station, TX, USA) and the RevMan software (ver-
sion 5.4, The Cochrane Collaboration, Copenhagen,
Denmark) were used for all meta-analyses. To gener-
ate forest plots of continuous data and examine differ-
ences in t-PA concentrations between COVID-19 pa-
tients with severe vs non-severe groups or survivor vs.
non-survivor status during follow-up, standard mean
differences (SMD) and 95% confidence intervals (Cls)
were determined. A p value of 0.05 was judged sta-
tistically significant. When t-PA levels were provided as
medians with an interquartile range, Hozo's method
for estimating means and standard deviations was uti-
lized [31]. The p value of the Q test and the I? statistic
were used to assess study heterogeneity. A fixed-ef-
fects model was adopted since an I* of 50% was
regarded as exhibiting low or moderate heterogeneity.
We also ran a sensitivity analysis to evaluate how each
study influenced the pooled estimate.

RESULTS
Study characteristics

Based on the above-mentioned inclusion criteria, we
identified 1,548 reports and screened their summa-

ries for eligibility after removing duplicates. 683 ar-
ticles were screened according to their titles and ab-
stracts. Full-text screening was performed on 27 stud-
ies, and data for 13 studies were extracted for this
meta-analysis [4-6, 8-10, 12, 22, 25, 32-35]. A flow
chart of the literature search and study selection is
presented in Figure 1. Among the included trials, nine
studies reported the t-PA values among COVID-19 pos-
itive vs negative patients. Four studies reported the
correlation coefficient between t-PA concentration
and ICU admission as well as COVID-19 survivability.
In turn, three studies referred to the levels of t-PA
between severe and non-severe courses of COVID-19.

The systematic review included articles published
between 2020 and 2022, comprising a total of
948 COVID-19 participants. Baseline characteristics
of selected studies are presented in Table 1. The
study quality assessed by using the NOS scores
was > 7 for all included trialtrials (Tab. 1).

Meta-analysis

Nine trials reported t-PA levels among COVID-19 pos-
itive vs negative patients [4-6, 9, 12, 14, 22, 32,
35]. t-PA levels among those groups varied and
amounted to 26.67 + 40.65 vs 4.68 + 3.83, re-
spectively (SMD = 2.49; 95% Cl: 1.85 to 3.14;
p < 0.001; Fig. 2).

The mean t-PA level among patients requir-
ing ICU admission was 24.06 + 12.44, compared
to 16.55 = 10.01 for patients not treated in ICU
(SMD = 0.69; 95% Cl: —0.68 to 2.05; p = 0.32;
Fig. S1) [5, 8, 12, 22]. Moreover, t-PA levels among
severe COVID-19 compared to non-severe was
11.89 = 9.05 and 16.87 = 20.39, respectively
(SMD = 2.74; 95% Cl: —0.71 to 6.19; p = 0.12;
Fig. S2) [9, 32, 35].

Only four trials reported t-PA levels in surviv-
ing and dead COVID-19 patients [25, 33, 34]. The
t-PA values were respectively: 15.33 = 8.01 for
patients who survived to hospital discharge, and
19.04 = 11.88 for patients who died in hospital
due to COVID-19 (SMD = —0.50; 95% Cl: —2.45 to
1.44; p = 0.61; Fig. S3).

DISCUSSION
In this systematic review and meta-analysis of 14 stud-
ies, including patients from 8 countries, we evaluat-
ed the serum t-PA levels of patients infected with
COVID-19. Our aim was to assess its correlation
with patients’ clinical outcomes.
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FIGURE 1. Flow diagram of the search strategy and study selection

Due to the dramatic situation of patients as well
as medical professionals’ work overload during the
COVID-19 pandemic, we consider it paramount to
identify sensitive biomarkers supporting the diag-
nostics and treatment processes of the most severe
patients. Such information might play a key role in
the allocation of limited resources and therefore
contribute to appropriate patient management.

As hypercoagulability appears to be an essential
hallmark of COVID-19 [36], evaluating markers of
coagulation seems reasonable. Normally, there is
an equilibrium between coagulation and fibrinol-
ysis. Any imbalance between them might trigger
serious conditions. Enhanced coagulation may lead,
for instance, to thrombosis, stroke, or myocardial
infarction, while hyperfibrinolysis might result in
anomalous bleeding [37]. Furthermore, on histo-
pathological examinations of lung specimens from
COVID-19 patients with severe disease, fibrin-based
occlusions of small vessels have been described as
a result of increased blood coagulation [38, 39]. It
is also proven that COVID-19 patients present not
only hypercoagulability but also impaired fibrinol-
ysis [8]. Coagulopathy in SARS-CoV-2 infection is
multifactorial and accompanied by endothelial cell,
neutrophil, and platelet activation, in addition to
compensatory fibrinolysis. Various mechanisms

have been suggested as the reason for coagulation
disorders [9].

Changes in the equilibrium between the levels of
t-PA and PAI-1 can indicate the procoagulant state
brought on by endothelial activation [40]. t-PA is an
enzyme responsible for the conversion of plasmino-
gen into plasmin, which constitutes a part of the clot
formation process. Despite being a fibrinolytic medi-
ator, t-PA is found to be higher in COVID-19 patients
with poor outcomes. This paradox may be explained
by the contribution of PAI-1. PAI-1, a major inhibitor
of t-PA, can be released from damaged endotheli-
um simultaneously with t-PA [9]. Numerous stud-
ies mention an increased plasma level of PAI-1 in
COVID-19 patients with poor outcomes [9, 12, 41].
High PAI-1 levels might overcome the fibrinolytic
system despite the increased release of t-PA by facil-
itating the dissociation of t-PA from the surface of
vascular endothelial cells (VES). Therefore, cell sur-
face-associated fibrinolytic potential would be de-
creased [8, 42] and the state mentioned by Hammer
as t-PA resistance would occur [12]. These hemostat-
ic abnormalities are exacerbated by the severity of the
disease and strongly correlate with proinflammatory
status, demonstrating the link between coagulation
and inflammation. Both t-PA and PAI-1 release are
enhanced by proinflammatory stimuli [5] (Fig. 3).
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Table 1. Baseline characteristics of included trials

Study Country | Study design | Study groups | No. of patients Age Sex, male | NOS
Cabrera-Garcia et al., USA Prospective ICU 47 61 28 8
2022 cohort study Non-ICU 16 59 3

COVID-19 (+) | 63 60 (55-69) 36
COVID-19 (—) |43 45 (30-61) 20
Cugno et al., 2021 Italy Single center | Severe 46 NS NS 8
cohort study Non-severe 102 NS NS
COVID-19 (+) | 148 63 (26-92) 87
CoVID-19 (-) |27 55 (34-78) 19
Damidn-Vazquez et al., | Mexico | Single center | Severe 28 53.5(17.4) 23(82.1) |8
2022 cohortstudy  'yon severe | 37 447 (12.4) 19 (51.4)
COVID-19 (+) | 65 42
COVID-19 (—) | 10 46.2 (13.5) 7 (70.0)
Francischetti et al., 2021 | USA Single center | Severe 26 66 (34-78) 14(53.8) |8
gg;?semona' Non-severe 40 47 (22-65.2) 19 (47.5)
COVID-19 (+) | 66 33
COVID-19(-) |9 47 (23-51) 5 (55.0)
Gualtierotti et al., 2022 | ltaly Single center | Survivors 57 68.2 (15.5) 34 (59.6) |7
cohort study Non-survivors 8 79.8 (5.6) 3(37.5)
Hammer et al., 2021 Germany | Retrospective | ICU 20 60 (55-75) 18 8
ggsscerrﬁ'vzna' Non-ICU 9 44.(14-76) 4
study COVID-19 (+) |29 22
COVID-19 (=) | 11 38 (25-47) 6
Kelliher et al., 2022 Ireland Single center | COVID-19 (+) | 14 69.7 (16.9) 7 8
cohortstudy ' coyip-19 (-) | 11 61.6 (15.6) 3
Marchetti et al., 2022 Italy Two-center ICU 46 62 (9) 35 8
E{fg;“tive Non-ICU 55 71(12) 38
COVID-19 (+) | 101 NS NS
COVID-19(—) | 108 NS NS
Nougier et al., 2020 France Retrospective | ICU 48 62.8 (13.1) NS 7
cohortstudy  'yon icy 30 60.2 (14.6) NS
Ranucci et al., 2020 [taly Prospective Survivors 8 59.6 (53.8-63.4) | 7 (87.5) 8
study Non-survivors | 12 69.4 (63.6-72.3) | 9(75.0)
Sehgal et al., 2021 India Prospective Survivors 59 NS 36 8
study Non-survivors | 9 NS 7
Whyte et al. 2022 UK Prospective COVID-19 (+) | 113 60.8 (12.6) 66 (58.4) |8
study COVID-19 () |24 64.4(18.3) 10 (41.7)
Zuo et al., 2021 USA Prospective COVID-19 (+) | 118 61(17) 64 7
study COVID-19 (=) |30 NS NS

NOS — Newcastle Ottawa Scale; NS — not specified

Recent studies have already described hyperco-
agulability and resistance to fibrinolysis [4]. It is
worth mentioning that besides thrombosis, there

is research that mentions bleeding events and lit-
erature data on hemorrhagic complications in
COVID-19 patients during hospitalization [4, 5].
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FIGURE 2. Forest plot of tPA levels among COVID-19 positive vs negative patients. The center of each square represents the standardized
mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent

pooled results

FIGURE 3. A visualization illustrating the effects of tissue plasminogen activator (tPA)

Extremely high levels of tPA enhance fibrinolysis and
are associated with mortality in some individuals,
which confirms the presence of a subset of patients
that may favor fibrinolysis [6]. Since COVID-19 in-
fection is associated with increased thrombotic risk,
prophylactic antithrombotic treatment has been
highly recommended. We would like to pay atten-
tion to a subset of individuals who favor fibrinolysis
and suggest targeted and individualized treatment
based on the patient’s clinical presentation and di-
agnostic findings. We believe that the risk of bleed-
ing should always be taken into account. On the
other hand, anticoagulant therapy alone might turn
out to be less effective in decomposing fibrin clus-
ters because of increased plasma levels of PAI-1 in
COVID-19 patients, and more complex treatment
may be required [22].

The results of our meta-analysis show the
potential clinical role of tPA in patients with
COVID-19. Results showed that tPA is significant-
ly higher in COVID-19-positive individuals than in
healthy individuals 26.67 = 40.65 vs 4.68 + 3.83,
respectively (p < 0.001). Considering that high lev-
els of t-PA correlate with SARS-CoV-2 infection, this
marker may potentially be a tool for the early iden-
tification of patients most likely to benefit from
early antiviral therapy. Assessment of t-PA plasma
levels may also be useful in identifying patients who
might be at risk of enhanced fibrinolysis caused by
extremely high t-PA levels, as mentioned before.

Our study shows the role of tPA in the pre-
diction of ICU admission in patients with
COVID-19. The mean t-PA level among patients
requiring ICU admission was 24.06 = 12.44,
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compared to 16.55 + 10.01 for patients not treated
in ICU (p = 0.32). This meta-analysis also shows the
potential use of tPA as a prognostic marker of surviv-
al in patients with COVID-19. The t-PA values were
respectively: 15.33 + 8.01 for patients who survived
hospital discharge and 19.04 + 11.88 for patients
who died in hospital due to COVID-19 (p = 0.61).
However, we observed lower plasma concentra-
tions of tPA in severe cases compared to non-se-
vere COVID-19 positive cases (11.89 += 9.05 and
16.87 £ 20.39; p = 0.12). Studies that do show
significant plasma t-PA level differences between
ICU and non-ICU patients [9] or between patients
presenting severe and non-severe symptoms [10]
have been performed; nevertheless, in our study,
these differences didn’t reach statistical significance.
A biomarker cannot be translated into clinical prac-
tice and guidelines for treatment until it is proven to
have a significant impact; therefore, the potential
use of plasma t-PA levels as a biomarker of disease
severity in COVID-19 needs further investigation.
Future studies about tPA concentration are
needed to determine the cutoff points for clini-
cal outcomes. This study should be valuable for
the ongoing debate on coagulation biomarkers in
COVID-19 since it analyzes and summarizes a set of
research findings and comes up with conclusions
based on the complex assessment of a large cohort.

Limitations

Our meta-analysis should be interpreted with cau-
tion due to some limitations. We included mostly
prospective studies, which may constitute a risk of
introducing bias. Additionally, hospital inpatients
and those in critical care may have received higher
prophylactic doses of thromboprophylaxis, poten-
tially influencing test results. Other studies were
limited by small sample sizes or could not provide
longitudinal data. Enrollment of patients in dif-
ferent stages and severity of lung disease leads to
heterogeneity, which may influence the interpreta-
tion of test results. Therefore, to confirm the find-
ings presented, it is necessary to conduct thorough
future studies that investigate whether t-PA can
serve as a diagnostic indicator of the severity of
COVID-19.

CONCLUSIONS

According to this meta-analysis, the key conclusion
of this study is that COVID-19 infection is connected

to t-PA levels. We indicated its potential usage as
a COVID-19 biomarker and demonstrated its possible
value in the diagnostic process. Nonetheless, extensive
prospective studies addressing the possible diagnostic
relevance of t-PA as a marker of COVID-19 severity are
required to corroborate the presented results.
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Total (95% Cl) 149 121 100.0% 0.69 [-0.68, 2.05] ’
Heterogeneity: Tau? = 1.83; Chi? = 67.83, df = 3 (P < 0.00001); I* = 96% _54 — 5 é t
Test for overall effect: Z = 0.98 (P = 0.32) ICU Non-ICU

Figure S1. Forest plot of tPA levels among COVID-19 ICU vs non-ICU patients. The center

of each square represents the standardized mean differences for individual trials, and the

corresponding horizontal line stands for a 95% confidence interval. The diamonds represent

pooled results

Severe Non-severe Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Cugno 2021 26.1 9.5 16 43.4 18.4 34 34.0% -1.05[-1.69, -0.42] -
Damian-Vazquez 2022 6.93 1.56 28 5.44 1.72 37 34.1% 0.89[0.37, 1.41] -
Francischetti 2021 85 0.6 26 4.9 0.2 40 31.9% 8.76 [7.14, 10.38] —
Total (95% CI) 70 111 100.0% 2.74 [-0.71, 6.19] —l
Heterogeneity: Tau? = 9.03; Chi? = 125.20, df = 2 (P < 0.00001); I> = 98% t + t t

. -10 -5 0 5 10
Test for overall effect: Z = 1.56 (P = 0.12) Severe Non-severe

Figure S2. Forest plot of tPA levels among COVID-19 severe vs non-severe patients. The

center of each square represents the standardized mean differences for individual trials, and

the corresponding horizontal line stands for a 95% confidence interval. The diamonds

represent pooled results

Survive Decrease Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Gualtierotti 2022 10.6 5.8 57 129 83 8 34.9% -0.37 [-1.11, 0.37]
Ranucci 2020 6.2 1.1 8 4.7 0.8 12 29.4% 1.55[0.51, 2.59] .
Sehgal 2021 18.2 11.53 59 17.6 15.9 9 35.7% 0.05 [-0.65, 0.75]
Total (95% CI) 124 29 100.0% 0.34 [-0.65, 1.33]
Heterogeneity: Tau? = 0.59; Chi? = 8.86, df = 2 (P = 0.01); I> = 77% 5_4 _52 ) é 4'

Test for overall effect: Z = 0.68 (P = 0.50)

Survive Decrease

Figure S3. Forest plot of tPA levels among COVID-19 surviving vs desceased patients. The

center of each square represents the standardized mean differences for individual trials, and

the corresponding horizontal line stands for a 95% confidence interval. The diamonds

represent pooled results
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Abstract

Introduction: Galectin-3 is a B-galactoside-binding lectin with several roles in the immune-
inflammatory response. The aim of this systematic review and meta-analysis was to explain the
prognostic value of Galectin-3 on COVID-19 severity and mortality from the existing literature.
Methods: PubMed/MEDLINE, EMBASE, SCOPUS, and the Cochrane Central Register of Controlled
Trials (CENTRAL) databases were surveyed up to November 10, 2023, for studies reporting data on
Galectin-3 levels and the severity and mortality of patients with COVID-19. We performed
frequentist random-effects network meta-analysis and presented the standard mean difference
(SMD) and 95% confidence interval (CI).

Results: Galectin-3 levels among patients with and without COVID-19 varied with the following
values: 15.73+13.03 vs. 8.72+5.82 pg/mL, respectively (SMD = 2.59; 95%CI: 1.52 to 3.67; p<0.001).
Galectin-3 levels were also statistically different between COVID-19 patients who were severe and
those who were not (18.83+15.5 pg/mL vs. 12.43+10.29 pg/mL; SMD = 2.64; 95%CI: 1.45 to 3.83;
p<0.001), as well as between COVID-19 patients who survived and those who died (6.24+6.74 pg/mL
vs. 13.72+15.92 pg/mL; SMD = -1.79; 95%CI: -2.78 to -0.80; p<0.001).

Discussion: Galectin-3 seems to be a useful predictive biomarker of COVID-19 outcomes and needs

further evaluation.

Take-home message: This meta-analysis found that Galectin-3 levels are significantly higher in
COVID-19 patients and correlate with disease severity and mortality. This suggests that galectin-3
could be a valuable biomarker for predicting COVID-19 outcomes, warranting further investigation

for clinical application.

Keywords: Biomarker; COVID-19; Coronavirus disease 2019; endothelial cells; Galectin-3; Gal-3; mortality;

SARS-CoV-2; severe acute respiratory syndrome coronavirus 2.
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INTRODUCTION

The global health community continues to prioritize coronavirus disease 2019 (COVID-19) as its
severity can fluctuate and pose a significant risk to patients who require hospitalization [1, 2].
Individuals experiencing severe manifestations of COVID-19 demonstrate altered responses to
infection, fluctuations in immunological cytokine concentrations, diminished lymphocyte count,
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extensive inflammation, compromised endothelial cell functionality, excessive blood coagulation,
and lung tissue injury [3-5]. In this specific context, the evaluation of indicators related to severe
infection holds importance as it facilitates the decision making on the basis of clinical prognosis [6].
Furthermore, alongside the presence of hyperinflammation, it was noted earlier in the pandemic that
individuals afflicted with COVID-19 exhibited an elevated propensity for thrombotic events and
thromboembolism [7,8]. COVID-19-related coagulopathy encompasses various pathophysiological
mechanisms, including but not limited to endothelial dysfunction, platelet hyperreactivity,
neutrophil extracellular traps, and complement system activation [9,10]. The pathophysiology of
COVID-19 involves the participation of various thrombogenicity markers, such as those associated
with platelet activation, coagulation, and fibrinolysis [11-13]. Therefore, identification of predictive
biomarkers for the purpose of categorizing a patient's condition holds potential value in terms of
facilitating in-hospital care and optimizing treatment strategies for high-risk patients.

Galectin-3, a constituent of the galectin family, is a protein that binds to carbohydrates and is
localized on the cellular membranes of heart, Kidney, blood vessels, and macrophages. Galectins are
a class of lectins that exhibit a high affinity for -galactoside-containing molecules. They are
ubiquitously expressed and are involved in regulating intercellular and extracellular matrix
interactions in various organisms. Furthermore, galectins play a pivotal role in the processes of
inflammation and fibrosis [14]. It was also shown that galectin-3 plays a key role in activating platelets
and causing thrombi in patients [15]. Galectins play several important roles in biology, including
controlling immune cell activity, helping tissues grow back, and various developmental processes
[16]. Furthermore, an increased concentration of galectin-3 was found to be correlated with the
presence of interstitial lung abnormalities and demonstrated a potential involvement in the initial
phases of pulmonary fibrosis as well as in other pulmonary diseases [17, 18]. The secretion of this
substance is primarily observed in macrophages, endothelial cells, and epithelial cells. Galectin-3
plays a pivotal role in viral infections and is implicated in the induction of interleukin-1p, interleukin-
6, and tumor necrosis factor-alpha secretion [19,20]. In this background, this systematic review and
meta-analysis aims to synthesize an evidence to explain the prognostic value of Galectin-3 on COVID-
19 severity and mortality.

METHODS

Protocol and registration

This review and meta-analysis were performed using the guidance of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) statement [21]. This study was reported
in the International Prospective Register of Systematic Reviews (PROSPERO) database (Registration
no.: CRD42023480215).
Search strategy and study selection

A literature search for all relevant studies was performed in PubMed/MEDLINE, EMBASE,
SCOPUS, and the Cochrane Central Register of Controlled Trials (CENTRAL) databases. Studies
comparing Galectin-3 levels among different COVID-19 patients’ statuses (severe vs. non-severe and
survive vs. deceased) were selected for this systematic review and meta-analysis. A distinct and
efficient search methodology was utilized for each individual database. For this purpose, we search
terms: “SARS-CoV-2” OR “COVID-19” OR "novel coronavirus” OR “severe acute respiratory
syndrome coronavirus 2" OR "nCOV" and “Galectin-3” OR “Galectin 3” OR “Gal-3". We expanded
our search efforts by utilizing the "related articles" feature and conducting an extensive exploration
of unpublished literature. This involved examining the reference lists of all included studies and
existing traditional systematic reviews. Additionally, we explored gray literature sources such as
Google Scholar to gather information on the effects of SARS-CoV-2 infection on OHCA outcomes.
Endnote (X7 for Windows, Clarivate Analytics, Philadelphia, PA, USA) was used to consolidate
search results, and duplicates were deleted. To streamline the process, duplicate results were first
eliminated. Subsequently, two authors independently assessed the relevance of the remaining articles
based on their abstracts. The investigators then thoroughly reviewed those articles that met the
predetermined criteria. Articles meeting the criteria were included in the study. The final selection of
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studies was determined by unanimous agreement among all investigators, with any disagreements
resolved through consensus. Finally, the full texts of the remaining articles were evaluated in
accordance with the established inclusion and exclusion criteria. The initial searches were conducted
on September 11, 2023, and were repeated on November 10, 2023 to locate newly published studies.
Eligibility criteria

We included all research articles in adult patients diagnosed with COVID-19 with information
on galectin-3 levels and clinical grouping or outcome of the clinically validated definition of
mortality, or COVID-19 severity. The following types of articles were excluded: non-English articles,
duplicate publications, or articles other than original research (e.g., editorials, commentaries, letters
to editors, review articles, case reports, or series). Please see the figure 1 below that explains the
detailed inclusion criteria.

P ) Adult patients diagnosed with COVID-19 and with information on Galectin-
3 levels

E / I) Prognostic value of Galectin-3

c COVID-19 Negative; Groups by severity level; Groups by survival status
(Survived vs. Deceased)

0 ) COVID-19 severity and mortality

S ) Included: Observational as well as experimental studies, English-only studies

Excluded: Reviews, Commentaries, Editorials, Case Reports or Case Series

Figure 1. PECOS Framework of the study.

Data extraction

K.D. and M.P. independently extracted the data from each study using an Excel sheet with a
customized format. All authors reached a consensus to resolve the differences between the two
independent authors. The extracted data included: author names, country, year of publication, study
design, sample size, mean age, male gender percentage, body mass index (BMI), and Galectin-3
levels. Finally, data were then imported for analysis in Review Manager version 5.4 (Cochrane
Collaboration, Copenhagen, Denmark).
Quality of the included studies

Two authors (K.D. and F.C.) independently evaluated methodological quality and bias risk for
publications that satisfied the inclusion criteria. The quality assessment of the included studies was
done using the Newcastle-Ottawa Scale (NOS). NOS judged the study's quality using an eight-item
scale divided into three areas: the choice of participants, the ability to compare, and the ability to find
the desired outcome [22]. The NOS for cross-sectional and case-control studies has a maximum
overall score of nine and a minimum score of zero. Studies with NOS scores of 7 or more were
considered high-quality. A third author reviewed and resolved any discrepancies in the NOS.
Data synthesis and statistical analysis

A meta-analysis was performed if two or more of the included studies reported data on the
outcomes of interest. Data processing and statistical analysis were conducted using Review Manager.
The incidence of dichotomous data was calculated using the odds ratio (OR) with a 95% CI and
analyzed using the Mantel-Haenszel technique. The standard mean difference (SMD) with a 95%
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confidence interval (CI) was used to represent continuous outcomes. If the median was reported, the
published methods by Hozo et al. were used to estimate the mean [23]. A conventional pairwise meta-
analysis was conducted using the standardized mean difference. Heterogeneity was tested by using
Cochran’s Q statistic, which was calculated by means of H and I-squared (I?) indices. The I? statistical
measure was used to describe the percentage of variation across the included studies due to
heterogeneity. Conventionally, 12 values of 0-25% indicate low heterogeneity, 26-75% indicate
moderate heterogeneity, and 76-100% indicate substantial heterogeneity [24]. Random effects models
were used in all analyses, regardless of heterogeneity, as evidence suggests that they provide more
robust outcome measures compared to the fixed effects models [25]. Publication bias was checked
with a funnel plot, and the objective diagnostic test was conducted with Egger’s correlation and
Begg's regression tests. Assessment of publication bias of the rest of the pooled estimates was not
possible because of an insufficient number of studies, since at least 10 studies are required to assess
publication bias [26]. The p-values were two-tailed, and statistical significance was set at 0.05.
Additionally, a sensitivity analysis by leave-one-out was performed to investigate the impact of each
study on the overall pooled estimate. This systematic review and meta-analysis were conducted in
compliance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
statement [24].
Search strategy

Four independent reviewers (M.P., A.H. A.B., and M.M.) searched four main electronic
databases (Web of Science, PubMed, Scopus, and the Cochrane Central Register of Controlled Trials)
from January 1st, 2020 to September 2nd, 2022, to find papers investigating the prognostic
significance of interleukin-7 in COVID-19-hospitalized adults. Google Scholar was used in addition
to the online database search. For each source, a unique and suitable search approach was used. We
were using the following search terms: "interleukin 7" OR "IL-7" AND "SARS-CoV-2" OR "COVID-
19" OR "novel coronavirus". The EndNote application was used to handle the search results (version
X7; Thomson Reuters). References for related papers were also examined.
Study selection

Original studies that reported IL-7 levels in COVID-19 patients on at least one or more of the
following outcomes, like COVID-19 severity, were included. Original English-language articles were
included. The exclusion criteria for the meta-analysis were as follows: (1) studies containing pediatric
patients' data; (2) case reports, editorials, conference papers, and reviews; (3) studies published in
languages other than English; and (4) studies without the research parameters needed for meta-
analysis. Two reviewers (M.M. and M.P.) independently looked at the search criteria and compared
the titles and abstracts of the papers found by the databases. Following that, the same reviewers
obtained the complete texts of all potentially pertinent papers and independently evaluated them. If
there was a disagreement about which literature articles to choose, it was talked out with another
reviewer (A.N.).
Data extraction

Two investigators (M.M. and M.P.) worked separately to choose studies that matched the
aforementioned inclusion criteria. Data extraction disagreements were resolved by conversation with
another reviewer (A.N.). A prepared form was used to collect the data. The data retrieved comprised
publication characteristics (for example, first author name, year of publication, research design),
population data (for example, number of participants, age, male sex), and IL-7 levels in designated
groups (COVID-19 positive and negative patients; mild and moderate COVID-19 severity groups;
severe and non-severe COVID-19).
Quality and risk of bias assessment

Five reviewers (M.M., A.B., AH, M.P,, and Y.S.) independently assessed the risk of bias in the
individual studies. Inconsistencies were resolved through the consensus of all researchers involved
in the data extraction process. We used the Newcastle-Ottawa scale (NOS) [25] to measure the
methodological quality of observational studies based on their design. The NOS score was divided
into three levels: low, moderate, and high quality. The NOS values were 0-5, 6-7, and 8-9. If there are
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more than 10 studies in a single analysis, we do funnel plot analyses for asymmetry to explore
probable publication bias.
Statistical analysis

This meta-analysis was carried out according to the Cochrane Handbook. We use RevMan
software (ver. 5.4, Cochrane Collaboration, UK) to analyze data. We utilized standardized mean
differences (SMDs) as the impact metric with 95% confidence intervals to assess IL-7 levels (CIs).
When IL-7 values were presented as medians with an interquartile range, Hozo's algorithm was used
to calculate approximate means and standard deviations [26]. Heterogeneity was quantified using
Cochran's Q statistics and Higgins' index (I?), with 25%, 50%, and 75% indicating moderate,
substantial, and significant heterogeneity [24]. A random effects model was employed for all
analyses; a fixed effects model was only used where specified in the results section for datasets with
very low heterogeneity. To give quantitative proof, the Egger's test was performed. The significance
level was set at P 0.05.

RESULTS

Literature search

The work flow of the process of study selection is demonstrated in Figure 2. A total of 351 articles
were found in the initial database search. Of these, 183 studies remained after removing duplicate
publications and screening through titles and abstracts. Among those, we identified 25 articles for
full text review. Ultimately, all 18 studies with 2530 patients were included for review [27-44]. Table
1 shows the characteristics and risk of bias assessment of the included studies, respectively. Their
overall quality was good. Studies originated in Italy, India, Turkey, Spain, Serbia, Switzerland,
Mexico, Poland, Turkey, and the United States. Africa, Asia, Australia, Europe, North America, and
South America. Table 1 shows the characteristics (such as sex, age, and BMI) of the patient
populations of the studies included in the meta-analysis.

Y
5
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3] Records identified from: »| screening:
£ Databases (n = 351) Duplicate records removed
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=
—
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Y
Primary screening of title and
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Figure 2. PRISMA study flow diagram.

Table 1. Baseline characteristics of included trials.

Study Country Stu.dy Study I\To: of Age Sex, BMI NOS
design group participants male score
Baykan et Turkey PS COV-19 (+) 136 62.2+14.7 67 (49.3) NS 8
al,, 2021 COV-19 () 40 58.2+9.3 16 (40.0) NS
Baykiz et al., Turkey PS Severe 48 63.08+152 29 (60.4) NS 8
2022 Non-severe 20 58.3+11.9 16 (80.0) NS
Survive 36 5894+134  22(61.1) NS
Decreased 32 64.75+15.1 23 (71.9) NS
Berber et al.,, Turkey PS COV-19 (+) 78 58.8 +13.8 46 (59) 29.8+58 9
2023 COV-19 () 40 55.0+9.8 22 (55) 249+29
Survive 58 57.3+13.9 34 (58.6) 30.0+6.2
Decreased 20 65.2 +10.3 12 (60.0) 29.0+4.1
Bruni etal.,, Switzerland PS COV-19 (+) 95 64 (52-75) 61 (64) NS 8
2022 COV-19 () 75 71 (59-80) 42 (56) NS
Cervantes- Mexico PS COV-19 (+) 156 51.83 +12.73 107 29.39 9
Alvarez et (68.6) (26.80-
al., 2022 33.12)
COV-19 (-) 10 NS NS NS
Severe 54 54.63+11.52 42 (39.3) 29.35
(26.79-
32.89)
Non-severe 102 50.97 £13.92 65 (60.7) 29.42
(26.80-
33.40)
Chen et al., Taiwan RS COV-19 (+) 55 46.8 £ 16.0 29 (52.7) NS 8
2021 COV-19 () 31 402+72 6 (19.4) NS
Severe 24 NS NS NS
Non-severe 31 NS NS NS
Ericn et al., Turkey PS COV-19 (+) 44 54.6 +21.6 25 (56.8) NS 8
2021 COV-19 (-) 42 39.3+11.3 15 (35.7) NS
Gajovic et Serbia RS Severe 140 66.311.3 95 (67.9) NS 8
al., 2023 Non-severe 140 56.4+1.4 65 (46.4) NS
Karsli et al., Turkey PS COV-19 (+) 100 65.2+12.9 40 (40.0) NS 8
2022 COV-19 (-) 50 65.32¢16.1 19 (38.0) NS
Severe 60 65.8+12.67 22 (36.7) NS
Non-severe 40 64.05+13.5 18 (45.0) NS
Kazancioglu Turkey RS Severe 29 NS NS NS 7
etal., 2021 Non-severe 55 NS NS NS
Control 56 NS NS NS
Kusnierz- Poland PS Severe 9 NS NS NS 7
Cabala et al,, Non-severe 61 NS NS NS
2021
Mithradas et India PS COV-19 (+) 19 46.07 +7.19 NS NS 7
al., 2023 COV-19 () 20 39.47 +4.29 NS NS
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Ozcan et al,, Turkey PS Severe 64 56.9 +15.41 38 NS
2022 (59.37)
Non-severe 111 54.66 + 15.34 60 NS
(54.05)
Portacci et Italy RS Survive 101 63 (53.3-72) 30 (76.9) NS
al.,, 2021 Decreased 39 81 (71-86) 68 (67.3) NS
Puccini et Germany RS COV-19 (+) 55 69 (55-76) 38 (69.1) 26.7
al., 2023 (24.7-
30.7)
COV-19 () 35 73 (58-81) 20 (57.1) 25.1
(22.9-
28.5)
Rodriguez- Spain RS COV-19 (+) 126 71 (58-83) 30 (66.7) NS
Tomas et al., COV-19 (-) 45 84 (75-89) 38 (76.0) NS
2021
Tawiah et us PS Survive 308 57.8 +16.7 180 30.049.18
al., 2022 (58.4)
Decreased 50 72.1+14.8 30 (60.0) 28.2+7.94
Turnic et al,, Serbia PS Survive 32 46:50 +13:84 22 (68.7) NS
2022 Decreased 15 72:53+9:95 11 (73.3) NS

Note: BMI = body mass index; NOS = Newcastle Ottawa scale; NS = not specified; PS = prospective study;
RS = retrospective study.

Meta-analysis of included studies

Ten studies provided data on the rate of Galectin-3 levels among patients with and without
COVID-19. Pooled analysis showed that Galectin-3 levels among patients with and without COVID-
19 varied and amounted to: 15.73+13.03 vs. 8.72+5.82 pg/mL, respectively (SMD = 2.59; 95%CI: 1.52 to
3.67; p<0.001; Figure 3).

COVID-19 Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Baykan 2021 29.1 21.4 136 155 6.8 40 10.2% 0.71[0.35, 1.07] -
Berber 2023 3.1 1.2 78 1.7 0.3 40 10.2% 1.40 [0.98, 1.82] -
Bruni 2022 9.5 0.87 153 8.68 0.65 166 10.3% 1.07 [0.84, 1.31] -
Cervantes-Alvarez 2022 29.28 4.09 156 10.57 1.86 10 9.8% 4.66 [3.84, 5.47] —
Chen 2021 4.28 0.72 55 1.98 0.29 31 9.9% 3.78[3.05, 4.51] -
Ercin 2021 19.53 4.58 44 11.08 1.28 42 10.1% 2.47 [1.90, 3.03] -
Karsli 2022 11 5.36 100 15.78 10.8 50 10.2% -0.63[-0.97, -0.28] -
Mithradas 2023 10.25 1.29 19 6.99 0.62 20 9.5% 3.18 [2.21, 4.16] I
Puccini 2023 7.14 1.21 55 5.31 0.72 35 10.1% 1.73 [1.23, 2.23] -
Rodriguez-Tomas 2021 11.9 0.64 126 6.9 0.56 50 9.6% 8.05 [7.14, 8.96] -
Total (95% CI) 922 484 100.0% 2,59 [1.52, 3.67] -
Heterogeneity: Tau? = 2.92; Chi? = 486.33, df = 9 (P < 0.00001); I* = 98% Ho 3 T

Test for overall effect: Z = 4.72 (P < 0.00001) 5c0V|D_1chontrg\

Figure 3. Forest plot of Galectin-3 levels among COVID-19 and control patients measured at baseline. The
center of each square represents the standardized mean differences for individual trials, and the
corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results.

Pooled analysis of Galectin-3 levels among patients was 18.83+15.5 pg/mL in COVID-19 severe
group, compared to 12.43+10.29 pg/mL in non-severe patients (SMD = 2.64; 95%CI: 1.45 to 3.83;
p<0.001; Figure 4).

Four studies reported galectin-3 levels among COVID-19 patients who survive vs. deceased.
Pooled analysis was 6.24+6.74 vs. 13.72+15.92 pg/mL (SMD = -1.79; 95%CI: -2.78 to -0.80; p<0.001;
Figure 5). The results from the sensitivity analysis did not alter the direction.
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Severe Non-severe Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Baykiz 2022 31.46 18 48 24.02 123 20 12.7% 0.44 [-0.08, 0.97] —
Cervantes-Alvarez 2022  41.08 5.64 54 2432 3.03 102 12.7% 4.05 [3.49, 4.61] -
Chen 2021 4.42 0.65 24 417 0.77 31 12.7% 0.34 [-0.19, 0.88] —
Gajovic 2023 15.1 4.53 140 5.35 1.77 140 12.9% 2.83 [2.50, 3.16) il
Karsli 2022 12.58 5.34 40 9.95 5.15 60 12.8% 0.50 [0.09, 0.91] -
Kusnierz-Cabala 2021 22.56 3.54 9 9.6 1.35 61 11.0% 7.30[5.87, 8.73] e
Ozcan 2022 1.07 0.75 64 0.48 0.32 111 12.9% 1.13 [0.80, 1.46] -
Portacci 2021 43.1 6.68 17 24.89 2.68 116 12.3% 5.28 [4.46, 6.10] -
Total (95% CI) 396 641 100.0% 2.64 [1.45, 3.83] -
Heterogeneity: Tau® = 2.84; Chi? = 333.10, df = 7 (P < 0.00001); I* = 98% .

~10 -5 0 5 10

Test for overall effect: Z = 4.34 (P < 0.0001) Severe Non-severe

Figure 4. Forest plot of Galectin-3 levels among severe vs. non-severe COVID-19 patients measured at baseline.
The center of each square represents the standardized mean differences for individual trials, and the

corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results.

Survived Decreased Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Baykiz 2022 12.4 14.1 56 32.89 15.1 12 24.3% -1.42[-2.09, -0.75] -
Berber 2023 29 09 58 3.9 1.3 20 25.4% -0.98 [-1.51, -0.44] —
Tawiah 2022 5.28 0.19 308 5.86 0.26 50 26.4% -2.88[-3.24,-2.51] -
Turnic 2022 10.71 13.8 32 37.69 16.34 15 23.9% -1.81[-2.54,-1.09] —
Total (95% CI) 454 97 100.0% -1.79[-2.78, -0.80] i
Heterogeneity: Tau® = 0.93; Chi* = 39.05, df = 3 (P < 0.00001); I = 92% t t

s

-4 -2 0 2

Test for overall effect: Z = 3.53 (P = 0.0004) Survived Decreased

Figure 5. Forest plot of Galectin-3 levels among survived vs. decreased COVID-19 patients measured at baseline.
The center of each square represents the standardized mean differences for individual trials, and the

corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results.

DISCUSSION

Our meta-analysis showed that the Galectin-3 concentration value among the severe group was
statistically significantly higher compared to non-severe patients (18.83+15.5 pg/mL vs. 12.43+10.29
pg/mL, p<0.001). Of note, a statistically significant difference in Galectin-3 concentration also
occurred among patients with and without COVID-19 (15.73+13.03 vs. 8.72+5.82 pg/mL, p<0.001,
respectively). Although only four studies compared survived vs. died, statistical significance was
obtained between the cohorts (6.24+6.74 vs. 13.72+15.92 pg/mL, p<0.001). To sum up, the results of
our meta-analysis indicate that Galectin-3 may be a potential diagnostic and prognostic biomarker
for patients with COVID-19 infection.

The results of our meta-analysis are partially consistent with the previously published meta-
analysis from 2023. Behnoush et al. showed, similarly to ours, that patients with COVID-19 have
statistically significantly higher Galectine-3 values compared to healthy controls. However, the
above-mentioned meta-analysis did not show a statistically significant difference in the Galectine-3
value between severe and non-severe patients. What is worth noting is that the work by Behnoush et
al. showed a tendency towards higher levels of Galectin-3 in severe COVID-19 patients compared to
non-severe cases [45]. Moreover, contrary to our meta-analysis, Zhan et al. identified no statistically
significant difference in Galectin-3 values between severe vs. mild/moderate cohorts [46]. A
significant limitation in analyzing data regarding the severity of COVID-19 is the different approach
to definitions. For example, Cervantes-Alvarez defined a severe outcome as the need for invasive
mechanical ventilation as well as in-hospital death [31]. Moreover, the introduction of more
subclasses within severity, e.g., mild, moderate, or severe, leads to even more prominent
heterogeneity and interpretation difficulties. Mortality is usually defined as in-hospital mortality,
which makes it easier to compare results. Still, the results from Berber et al. are similar to ours. They
found that a cut-off of 2.8 ng/ml could predict death with an acceptable 80% sensitivity but an
unacceptable 57% specificity [29].
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Interestingly, galectin inhibitors, due to their blocking pro-inflammatory and pro-fibrotic
properties, are a new class of drugs currently in the clinical trial phase that can be used in the
treatment of COVID-19. The DEFINE clinical trial (phase Ib/Ila) confirmed that GB0139, a potent
inhaled thiodigalactoside galectin-3, is well tolerated by patients, i.e., that the number of adverse
reactions was similar between the group of patients receiving the GB0139 molecule and the so-called
therapeutic standard (standard of care, SOC alone), 40 vs. 35, respectively. Among patients receiving
GB0139, five adverse events were considered by investigators to be potentially related to the
investigational medicinal product [47]. It is worth noting that the GB0139 molecule is undergoing
extensive research (NCT02257177 and NCT03832946) in another therapeutic indication, idiopathic
pulmonary fibrosis (IPF). However, further clinical trials involving a larger number of patients,
including those with severe COVID-19, are needed to demonstrate whether the molecule can actually
modify inflammation or fibrotic changes in the course of COVID-19 [48]. Moreover, an inhibitor of
galectin-3 (Gal-3), in addition to its therapeutic properties, may prevent the transmission of COVID-
19. ProLectin-M (PL-M), a Gal-3 antagonist, based on phase II results, proved to be safe, well-
tolerated, and effective in reducing viral loads and rapid viral clearance [49].

The search for biomarkers that can predict the severity of COVID-19 remains an important
theoretical and clinical problem. Fukui revealed that finding a biomarker that can be a good predictor
of outcomes in the severe group is particularly difficult. Biomarkers such as C-reactive protein (CRP),
presepsin (PSP), lactate dehydrogenase (LDH), and aspartate aminotransferase (AST) turned out to
be good predictors of prognosis among less severe cases [50]. The economic issue is also important:
the determination of biomarkers such as CRP or AST is much cheaper than in the case of more
advanced biomarkers (e.g., Galectin-3). Biomarkers of inflammation, such as the previously
mentioned CRP, are particularly useful in the prediction of outcomes among patients diagnosed with
COVID-19 [51]. When looking for a useful predictive biomarker, the influence of ethnicity and gender
should also be taken into account. Commonly used pro-inflammatory biomarkers, such as CRP, may
be subject to bias; e.g., CRP values observed in men are usually higher at baseline [52]. Ethnicity also
matters; one study found that among Asian and Caucasian patients, the CRP value among non-
survivors was higher than among survivors. This correlation was not observed among black and
Hispanic ethnicities [53]. Complex pro-inflammatory biomarkers, such as neutrophil-to-lymphocyte
ratio (NLR), platelet-lymphocyte ratio (PLR), or monocyte-lymphocyte ratio, may be less sensitive to
issues of ethnicity and gender, although risks may also arise here. Unfortunately, Galectin-3 also
appears to be susceptible to bias in this context. McEvoy et al. showed that Galectin-3 may be a useful
biomarker for prognostication of death among patients with heart failure, but only among whites
[54]. More attention is clearly needed to further evaluate the predictive properties of Galectin-3 in
both ethnic and gender contexts.

Apart from the above-mentioned limitations regarding the variance in the definition of COVID-
19 severity, some limitations will still be highlighted here. A standard limitation is the issue of cutoff,
which allows stratification of patients with respect to outcomes. Another issue is the issue of
standardizing the methods for determining Galectin-3. Moreover, the studies included in this meta-
analysis were conducted over time, during which the therapeutic standard changed. The impact of
this standard of care on the level of Galectin-3 cannot be determined; e.g., the use of strong treatment-
modifying inflammatory activity could have influenced the value of Galectin-3. Some of the research
may also have been conducted at the beginning of the pandemic, where staff shortages and a limited
ability to introduce standardized research processes may have limited the usefulness of samples or
influenced selection bias. Finally, the diagnostic properties of Galectin-3 are currently limited in
practical applications due to the increasing number and types of diagnostic tests. Also, in the case of
differential diagnosis, the value of Galectin-3 also increases in the course of other inflammatory and
fibrotic diseases.

CONCLUSION

The findings of our study highlight galectin-3 as a promising predictive biomarker for COVID-

19 outcomes, revealing its potential in guiding clinical decisions. However, this conclusion warrants

291
83



J Health Soc Sci 2023, 8, 4, 282-294. Doi: 10.19204/2023/SYST3

further scrutiny. Future research should delve into the applicability of galectin-3 as a universally
reliable biomarker, transcending ethnic and gender-based variations. It's crucial to investigate if
galectin-3 maintains its predictive accuracy across diverse ethnic groups and genders, considering
the variations in genetic makeup and physiological responses. This broader approach will ensure that
the use of galectin-3 as a biomarker in COVID-19 can be effectively and equitably implemented in
global healthcare, providing a more inclusive and accurate tool for managing the disease across
different populations.
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Abstract
Introduction: While numerous biomarkers have demonstrated a link with the prognosis in patients
with COVID-19, their practical applicability is constrained due to deficiencies in specificity,
inadequate sensitivity, or a limited dynamic response. The objective of this systematic review and
meta-analysis was to evaluate the role of the circulating soluble ST2 (sST2) levels as a predictive
marker for the severity and mortality associated with COVID-19.
Methods: A systematic search was conducted in PubMed/MEDLINE, EMBASE, SCOPUS, and the
Cochrane Central Register of Controlled Trials (CENTRAL) databases until October 11, 2023 using
well-defined search strategy. The occurrence of binary outcomes was determined through the
computation of odds ratios (OR) with a 95% confidence interval (CI), employing the Mantel-Haenszel
method. For continuous outcomes, the standard mean difference (SMD), along with a 95% CI, was
the chosen metric. Pooled analysis was conducted using Stata version 17 (Stata Corp) and Review
Manager v. 5.4 software (RevMan). The level of statistical significance was set at p <0.05.
Results: Nine studies, including 1732 patients, met the eligibility criteria. A pooled analysis across
trials indicates that sST2 levels are remarkably elevated in COVID-19 patients compared to non-
COVID-19 individuals (39.3+44.23 vs. 6.74+6.25; SMD= 3.52; 95%CI: 1.72 to 5.32), significantly higher
in severe than non-severe cases (94.07+74.71 vs. 25.53+7.36; SMD=3.87; 95%ClI: 2.69 to 5.05), and vary
between survivors and non-survivors (43.18+21.54 vs. 119.11+£113.98; SMD-= -2.84; 95%CI: -4.49 to -
1.19), with substantial differences in means and confidence intervals reported across these groups
(p<0.001).
Discussion: The evidence presented herein highlights sST2 as a promising biomarker for the
assessment of COVID-19 severity and prognosis. Its correlation with mortality and severe disease
phenotypes positions it as a potential target for therapeutic modulation and a candidate for inclusion

in prognostic models.

Take-home message: The meta-analysis identifies serum-soluble ST2 as a significant biomarker for
assessing the severity and predicting mortality in COVID-19 patients, demonstrating its potential for
guiding clinical decisions and treatment strategies.
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INTRODUCTION

The COVID-19 pandemic has cast an enduring shadow over the world. The emergence of the
COVID-19 pandemic caused by the SARS-CoV-2 virus has resulted in an unprecedented global health
crisis, presenting an urgent need for effective strategies to manage and mitigate its impact on
individuals and healthcare systems worldwide [1 — 3]. As we grapple with the ongoing pandemic,
one of the critical questions that demands answers is our capacity to predict the trajectory and
severity of COVID-19 [4]. Since the pandemic's emergence, there has been an urgent requirement to
discover reliable diagnostic and predictive methods that can assist healthcare professionals in quickly
evaluating the severity of the illness and forecasting its progression [5-7].

As we try to understand how this complicated illness develops and what might happen,
biomarkers can help us a lot by providing important information. Biomarkers are molecular or
biochemical indicators that reflect underlying physiological or pathological processes within the
body [8]. These markers provide valuable insights into disease mechanisms, progression, and
responses to therapeutic interventions [9]. In our effort to understand how biomarkers can predict
COVID-19, it's important to know that scientists and doctors from around the world are working
collaboratively across borders to investigate this issue [10,11].

In the context of COVID-19, several diagnostic methods, e.g., biomarkers, are routinely
employed to assess the severity of COVID-19, among others high-sensitivity C-reactive protein, D-
dimers, procalcitonin, ferritin, lymphocyte and haemoglobin count, interleukins, lactate
dehydrogenase, aminotransferases, blood creatinine, creatine kinase, erythrocyte sedimentation rate,
blood urea nitrogen, and platelet count [5,7,12-17]. These molecular signposts not only aid in
diagnosis and prognosis but also hold the potential to guide therapeutic interventions [18-20].
Additionally, a wide range of lesser-known markers, particularly those with relevance in cardiology,
have been explored in the context of COVID-19 [21,22]. These emerging bio-markers may offer
valuable insights into the intricate cardiovascular implications of the disease.

Cardiac biomarkers, such as soluble interleukin 33 receptor (ST2), high-sensitivity troponin I (hs-
Tnl), vascular cell adhesion molecule-1 (VCAM-1), endothelial activation and stress index (EASIX)
have garnered attention in the context of COVID-19 [21-23]. Hs-Tnl, a sensitive indicator of cardiac
injury, may signal myocardial stress among severe COVID-19 cases [21,22]. VCAM-1 reflects immune
response and inflammation and is being studied for its potential role in assessing disease severity
[21]. EASIX is emerging as a biomarker of endothelial activation and stress, shedding light on the
vascular implications of COVID-19 [23]. However, in this publication, all the attention will be devoted
to ST2, which resides on cell surfaces, manages immune responses, and navigates inflammatory
processes [24]. While it has gained recognition for its significant involvement in various
cardiovascular conditions [25], its prospective utility as a predictive biomarker within the framework
of COVID-19 has increasingly captured the focus of rigorous research efforts [21-34]. Furthermore,
combining the ST2 biomarker with other imaging studies, such as the Lung Ultrasound Zaragoza
score (LUZ-score) provides a rapid and effective means of assessing the severity of COVID-19 [35].
The LUZ-score-score specialized lung ultrasound examination that allows for quick and efficient
evaluation of lung involvement in the disease [33,35]. ST2 potential utility as a predictive biomarker

in the realm of viral infections, particularly COVID-19, remains a subject of our research.
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Understanding the prognostic significance of ST2 in COVID-19 has substantial implications for
both clinical practice and research. Our analysis will provide an evidence of ST2's potential as a
predictive biomarker. By summarizing our results with prior studies, we aspire to discern whether
ST2's predictive prowess remains consistent across diverse populations, clinical settings, and
methodological approaches. If ST2 levels prove to be indicative of disease severity and outcomes,
clinicians could potentially use this biomarker to stratify patients based on risk, enabling more
tailored treatment plans and efficient resource allocation. Additionally, these findings will expand
our understanding of the complex immunological and inflammatory responses elicited by SARS-
CoV-2 infection. In this backdrop, this systematic review and meta-analysis aim to evaluate soluble
ST2 as a biomarker for the prognosis of COVID-19 severity and mortality.

METHODS

This systematic review and meta-analysis was registered in the PROSPERO (International
Prospective Register of Systematic Reviews) database under registration number CRD42023480208
and followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
standards [37].

Search strategy

Source electronic databases: PubMed/MEDLINE, EMBASE, SCOPUS, and the Cochrane Central
Register of Controlled Trials (CENTRAL).

Time frame: The search included all articles published in English up to October 11, 2023, across all
databases, with no time restrictions. For each dataset, studies were identified using specific
keywords.

Study types: The original articles published in peer-reviewed academic journals were included
Search strategy: Specific keywords. such as “SARS-CoV-2” OR “COVID-19” OR "novel coronavirus"
OR “severe acute respiratory syndrome coronavirus 2" OR "nCOV" and “suppressor tumorigenicity
biomarker 2” OR “ST2”. In addition, the reference lists of the selected articles were manually screened
for potentially relevant studies that could have been missed in the electronic databases.

Eligibility criteria

All research papers involving adult patients diagnosed with COVID-19 that provided data on
ST2 levels along with clinical categorization or outcomes defined by validated clinical criteria for
mortality or severity of COVID-19 were included in our study. We excluded certain types of
publications: those not written in English, duplicates, and articles that were not original research
(such as editorials, commentaries, letters to editors, review articles, case reports, or series).

Data extraction and risk of bias assessment

Two authors independently (K.D. and M.P.) extracted data from the studies, utilizing a
specifically designed Excel spreadsheet for this task. To address any discrepancies between their
findings, all authors collaborated to reach a unified decision. The data compiled encompassed
various details: names of authors, country of origin, publication year, design of the study, size of the
sample, average age, percentage of male participants, body mass index (BMI), and levels of
suppressor tumorigenicity biomarker 2.

Two researchers (K.D. and F.C.) independently assessed the methodological integrity and
potential for bias in qualifying studies. They employed the Newcastle-Ottawa Scale (NOS) for

appraising the quality of these studies. This scale operates on an nine-point system, categorizing the
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assessment into three domains: participant selection, comparability, and outcome determination [38].
The scoring system for the NOS in cross-sectional and case-control studies ranges from zero to a
maximum of nine points. Studies that achieved a score of 7 or above on the NOS were deemed to be
of high quality. In instances of disagreement regarding the NOS scoring, a third researcher (L.S.) was
brought in to mediate and resolve these differences.

Statistical analysis

The studies were pooled using Stata version 17 (Stata Corp., College Station, Texas, USA) and
Review Manager 5.4 (Cochrane Collaboration in Copenhagen, Denmark). A comprehensive synthesis
of data was undertaken when at least two studies in the review provided information regarding the
outcomes being examined. The occurrence of binary outcomes was determined through the
computation of odds ratios (OR) with a 95% confidence interval (CI), employing the Mantel-Haenszel
method. For continuous outcomes, the standard mean difference (SMD), along with a 95% CI, was
the chosen metric. In cases where only the median was available, the approach outlined by Hozo and
colleagues was applied to estimate the average [39]. The standard mean difference was also the basis
for a traditional pairwise meta-analysis. The presence of heterogeneity among studies was assessed
using Cochran’s Q statistic, calculated with H and I? indices. The I? statistic was specifically used to
quantify the proportion of variation attributable to heterogeneity across studies. Generally, I? values
are interpreted as follows: 0-25% suggests low heterogeneity, 26-75% indicates a moderate level, and
76-100% points to a high degree of heterogeneity [40].

All analyses used random effects models by default, even when there was a lot of variation. This
was because there was evidence that these models were more reliable in terms of outcomes than fixed
effects models [41]. The examination of publication bias involved the use of a funnel plot,
supplemented by Egger’s correlation and Begg’s regression tests for more objective analysis.
However, assessing publication bias in other aggregated findings was not feasible due to the limited
number of studies; a minimum of 10 studies is needed for such an assessment [42]. Statistical testing
was based on two-tailed p-values, with the threshold for significance set at 0.05. Furthermore, a
sensitivity analysis, excluding one study at a time, was conducted to evaluate the influence of
individual studies on the overall aggregated result.

RESULTS
Study characteristics

An initial retrieval yielded 275 unique records. Once the duplicate entries were removed and
five more records found through manual reference searching were added, the titles, abstracts, and
full texts of these studies were looked at to see if they were relevant. This process culminated in the
identification of 21 potentially pertinent publications. From this subset, 12 studies were subsequently
excluded following a more detailed evaluation (Figure 1). Ultimately, a total of nine studies,
including 1732 patients, met the eligibility criteria and were incorporated into the systematic review
and meta-analysis [21,26-30,33,34,43].

Table 1 shows the characteristics and risk of bias assessment of the included studies,
respectively. Studies originated in Italy, the USA, Spain, Norway, the Republic of Korea, Germany,
and China. Table 1 also shows the baseline characteristics of the patient populations of the studies

included in the meta-analysis.
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Figure 1. Flowchart detailing selection and screening of the studies included in this review.
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(n=139)
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(n=115)

Reports not retrieved
(n=0)
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obtained (n =6)

Reviews or conference
(n=6)

Table 1. Baseline characteristics of included trials (N=9 studies)

NOS
Study Country Study design Study group No. Age, years Sex, male
score
Alladina et USA Retrospective ~ Severe 72 60.3+12.7 45
al., 2021 study Non-severe 77 61.0+16.3 50
8
Survived 42 57.1+12.8 25
Decreased 30 64.6 +11.2 20
Spain Severe 46 NS NS 8
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Arnaldos- Prospective Non-severe 449 NS NS
Carrillo et al., observational Survived 450 5591441,
234 (52.1)
2023 study 69]
Decreased 45 77.0 [64,
28 (62.2)
82.0]
Cabrera- USA Prospective COVID-19 63 NS NS
Garcia et al., cohort study Non-COVID- 43 NS NS
2022 19
Severe 47 61 28 (59.6%)
Non-severe 16 59 8 (50.0%)
Motloch et Italy Prospective Survived 269 59 (49; 66) 108 (41.9%)
al., 2022 study Decreased 11 73 (61; 82) 6 (55.0%)
Omland et Norway Prospective Severe 35 NS NS
al., 2021 study Non-severe 88 NS NS
Survived 115 NS NS
Decreased 8 NS NS
Park et al., Republicof ~ Retrospective  Severe 14 NS NS
2023 Korea study Non-severe 38 NS NS
Survived 40 NS NS
Decreased 12 NS NS
Sabbatinelli Italy Retrospective Survived 141 85(82-89) 48 (34.0%)
et al., 2023 cohort study Decreased 50 90(85-93) 21 (42.0%)
Wendtetal,  Germany Prospective Survived 177 74 (62-83) 94 (53.11%)
2021 study Decreased 44 80.5 (74-86) 28 (63.64%)
Zengetal., China Prospective COVID-19 77 69 (24-88) 48 (62.3%)
2020 study Non-COVID- 38 52 (23-69) 20 (52.6%)
19
Severe 41 62 (29-88) 28 (68.3%)
Non-severe 36 54 (22-86) 20 (55.6%)

Note: DM = diabetes mellitus; NS = not specified;

Outcomes

Pooled analysis of two trials [26, 33] showed that sST2 levels were statistically significantly
higher in COVID-19 compared to non-COVID-19 patients and were 39.3+44.23 and 6.74+6.25,
respectively (SMD = 3.52; 95%CI: 1/72 to 5.32; p<0.001). Six studies reported sST2 levels among severe
vs. non-severe COVID-19 patients. Pooled analysis showed that ST2 levels were statistically

significantly higher in the severe group compared to the non-severe COVID-19 group and were

94.07+74.71 vs. 25.53+7.36, respectively (SMD=3.87; 95%Cl: 2.69 to 5.05; p<0.001; Figure 2).

Pooled analysis of sST2 levels among COVID-19 patients who survived vs. decreased varied and
amounted to 43.18+21.54 and 119.11+113.98, respectively (SMD = -2.84; 95%Cl: -4.49 to -1.19; p<0.001;

Figure 3).
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Figure 2. Forest plot of sST2 levels among severe vs. non-severe COVID-19 patients. The center of
each square represents the mean differences for individual trials, and the corresponding horizontal

line stands for a 95% confidence interval. The diamonds represent pooled results.

Severe Non-severe Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Alladina 2021 99.75 15.5 72 4825 5.5 77 17.1% 4.47 [3.86, 5.07] -
Arnaldos-Carrillo 2023 145.25 55.73 46 46.95 7.3 449 17.7% 5.39 [4.93, 5.84] -
Cabrera-Garcia 2022 95.38 11.56 47 56.42 14.6 16 16.3% 3.11[2.31, 3.91] -
Omland 2021 76.39 203 35 45.25 3.83 88 17.4% 2.75[2.23, 3.28] -
Park 2023 235.3 86.66 14 32.95 10.8 38 14.9% 4.41 [3.34, 5.49] —
Zeng 2020 2.02 0.36 41 0.93 0.19 36  16.5% 3.68 [2.93, 4.43] -
Total (95% CI) 255 704 100.0% 3.97 [3.02, 4.92] <
Heterogeneity: Tau® = 1.29; Chi? = 65.08, df = 5 (P < 0.00001); I> = 92% k t {

-10 -5 0 5 10

Test for overall effect: Z = 8.16 (P < 0.00001) Severe Non-severe

Figure 3. Forest plot of sST2 levels among survived vs. decreased COVID-19 patients. The center of
each square represents the mean differences for individual trials, and the corresponding horizontal

line stands for a 95% confidence interval. The diamonds represent pooled results.

Survived Decreased Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alladina 2021 1.95 0.22 42 2.14 0.28 30 14.4% -0.76[-1.25,-0.28] -
Arnaldos-Carrillo 2023  48.78 7.98 450 172.9 68.26 45 14.4% -5.69[-6.16, -5.22] -
Motloch 2022 53.44 7.67 269 65.63 7.76 11 14.3% -1.58[-2.20,-0.97] -
Omland 2021 50.88 13.26 115 100.5 12.68 8 14.0% -3.73[-4.59,-2.87] —_—
Park 2023 37.93 15.73 40 198.83 106.11 12 14.0% -3.07[-3.96, -2.18] —_
Sabbatinelli 2023 64.19 12.41 141 239.44 75.43 50 14.4% -4.38[-4.93,-3.83] -
Wendt 2021 2.55 037 177 2.83 0.48 44  14.5% -0.71[-1.04,-0.37] -
Total (95% CI) 1234 200 100.0% -2.84[-4.49, -1.19] i
Heterogeneity: Tau? = 4.88; Chi? = 397.42, df = 6 (P < 0.00001); I* = 98% t t t

-4 -2 0 2 4

Test for overall effect: Z = 3.37 (P = 0.0008) Survived Decreased

DISCUSSION

Our meta-analysis brings to the forefront the crucial role of ST2 as a biomarker in the clinical
landscape of COVID-19. The elevation of serum ST2 levels in patients with COVID-19, particularly
in severe cases and those resulting in mortality, sheds light on its potential involvement in the
intricate pathophysiological pathways of the disease. This discussion aims to elaborate on these
findings, contextualize them within the broader scope of current research, and address the clinical
and prognostic implications of ST2 in the management of COVID-19.

The etiology of COVID-19 is characterized by a complex immunological response that begins
with a phase of viral proliferation and culminates in an exacerbated inflammatory response for a
portion of the affected population [44]. Such a cascade of inflammation is instrumental in the
pathogenesis of acute respiratory distress syndrome (ARDS), multi-organ dysfunction, and, in
extreme instances, mortality. It has been found that ST2, a member of the interleukin-1 receptor
family, can show signs of systemic inflammation and myocardial strain. It splits into two types: a
membrane-bound type called ST2L and a soluble type called sST2. The soluble type acts as a fake
receptor for interleukin-33 (IL-33), which helps control the inflammatory environment.

This narrative of ST2’s role in COVID-19, augmented by rigorous academic discourse and
empirical substantiation, affords a deeper understanding of its implications in clinical settings. The

ensuing paragraphs will delve into the nuanced interplay between ST2 and COVID-19 pathogenesis,
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explicate the prognostic significance of ST2 levels, and examine the biomarker’s potential to inform
therapeutic strategies and clinical outcomes.

In the milieu of COVID-19, the pathophysiological significance of elevated soluble ST2 (sST2)
levels has been posited to be an indicator of an amplified state of systemic inflammation. The
mechanistic underpinnings of this hypothesis are anchored in the biological interactions of sST2 with
its functional ligand, interleukin-33 (IL-33) [45]. IL-33 is a cytokine released consequent to cellular
injury, acting as an alarmin that potentiates the immune system's responsivity. Scholarly
investigations have elucidated that in the setting of COVID-19, where the immune response can
become aberrantly hyperactive, the accrual of sST2 may represent a homeostatic countermeasure,
endeavoring to mitigate this hyperactivity. The elevation of sST2 ostensibly functions by
sequestrating IL-33, thus curtailing its bioavailability for interaction with the membrane-bound ST2
ligand (ST2L) on immunocytes [25,26,46]. This sequestration ostensibly tempers the IL-33-mediated
signaling cascades that would otherwise exacerbate the inflammatory response. Ergo, the heightened
serum concentrations of sST2 observed in the severest COVID-19 contingents could be emblematic
of a physiological attempt to attenuate the dysregulated immune dynamics characteristic of the
disease's grave manifestations. This nuanced understanding of the sST2-IL-33 axis in the context of
COVID-19 not only expands the biomolecular narrative of the disease but also augments the potential
repertoire of biomarkers for gauging disease severity and therapeutic response.

The essence of a biomarker’s prognostic utility is encapsulated in its capacity to forecast clinical
endpoints, navigate therapeutic courses, and surveil the trajectory of a disease's progression. In line
with this discussion, our meta-analysis results, along with supporting evidence from Omland et al.
[34], show a strong link between sST2 levels and the range of disease severity and death in COVID-
19 cohorts. This correlative potency of sST2, particularly in the context of intensive care unit (ICU)
admissions and mortality rates, predicates its potential utility as a prognostic adjunct to be employed
in concert with an array of clinical parameters. Such integration could efficaciously enhance the
identification of patients predisposed to adverse outcomes. Using sST2 in this predictive framework
could give clinicians the knowledge to ahead of time sort risk profiles, wisely distribute medical
resources, and find the right level of patient monitoring, which would lead to better clinical
management paradigms.

The fact that soluble ST2 (sST2) is linked to a number of inflammatory, coagulative, and
cardiovascular markers not only gives us a better idea of how it plays a role in the development of
COVID-19, but it also supports its potential as a multidimensional biomarker. The fact that severe
COVID-19 symptoms are often accompanied by a heightened inflammatory response and
coagulopathy, both of which are expected to make clinical outcomes worse, suggests that sST2 plays
a key role in the underlying pathophysiological processes. Additionally, the fact that high sST2 levels
are linked to signs of thromboembolic events and myocardial distress shows how useful it is for
letting us know how bad the damage is to the whole body. This suggests that sST2 may be a sign of
the thrombo-inflammatory effects that come with having a severe disease. This integrative biomarker
profile of sST2 therefore emerges as a quintessential element in the paradigm of biomarker-guided
management of COVID-19, furnishing clinicians with a tool that potentially transcends the

capabilities of traditional single-axis markers.
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The corroborative evidence substantiating the utility of soluble ST2 (sST2) as a biomarker
beckons its judicious assimilation into clinical practice, warranting a deliberate and methodical
approach. The incorporation of sST2 level determinations into the standard laboratory protocol for
patients hospitalized with COVID-19 is proposed, with the caveat that such measurements should be
meticulously interpreted. It is important to recognize that sST2 levels can be affected by other factors,
especially cardiovascular diseases that were already present, which can make their true clinical
significance harder to understand [47,48]. Also, it is vital to quickly and accurately find the sST2
thresholds that can be used in clinical settings, meaning that they can reliably tell the difference
between the different levels of disease severity and predict the course of the disease in the COVID-
19 setting [49,50]. These endeavors to refine the clinical applicability of sST2 will enhance its
prognostic precision and cement its status as an integral component of patient assessment and
management [51-54].

Our study, albeit insightful, is not without limitations. The pooled analysis, while robust, is
derived from a limited number of studies and populations. Larger studies with diverse cohorts are
essential to validating our findings. Additionally, the dynamic nature of sST2 levels during the course
of the COVID-19 infection and the impact of therapeutic interventions on these levels warrant further
investigation. Future research should aim to unravel the temporal changes in sST2 levels in relation
to disease progression, therapeutic responses, and recovery. Longitudinal studies could show if the
drop in sST2 levels is linked to better health, proving that it is a useful tool for tracking the
progression of a disease. Moreover, mechanistic studies are needed to understand the role of the IL-
33/ST2 axis in the immunopathology of COVID-19.

CONCLUSION

The evidence presented herein highlights sST2 as a promising biomarker for the assessment of
COVID-19 severity and prognosis. Its correlation with mortality and severe disease phenotypes
positions it as a potential target for therapeutic modulation and a candidate for inclusion in

prognostic models.
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Abstract

Introduction: This study investigates the diagnostic and prognostic potential of Surfactant
Protein D (SP-D), in distinguishing COVID-19 patients from healthy controls and predicting
outcomes in infected individuals. Through a comprehensive systematic review and meta-
analysis, we aim to elucidate the role of SP-D in the clinical management of COVID-19,
addressing a crucial gap in current biomarker research.

Methods: We searched PubMed, Embase, Web of Science, and Scopus, for articles published
in English up to January 21, 2024. We employed a systematic review and meta-analysis
approach, searching multiple databases for studies that measured SP-D levels in COVID-19
patients and healthy controls. The inclusion criteria were strictly defined to ensure the selection
of studies with high-quality data, and statistical analyses were performed to assess the
diagnostic and prognostic value of SP-D in the context of COVID-19.

Results: Twelve studies were included in this systematic review and meta-analysis. Pooled
analysis showed that SP-D levels among those groups of patients varied and amounted to

44.38%74.71 vs. 21.29131.8, respectively (SMD = 1.39; 95%CI: 0.35 to 2.43; p=0.009). Pooled
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analysis of SP-D values among severe and non-severe COVID-19 patients was 58.28£101.8
and 94.691114.22 respectively (SMD = 0.44; 95%CI: -0.78 to 1.66; p=0.48). SP-D levels also
did not detect statistically significant differences in COVID-19 patients who survived and died
in the hospital (27.18£16.4 vs. 29.12£14.14; SMD = 0.07; 95%CI: -0.28 to 0.42; p=0.70).

Conclusions: Results of the current systematic review and meta-analysis indicated that SP-D
may be a good marker for dif-ferentiating patients with COVID-19 from healthy patients, but
it does not provide prognostic value among patients with COVID-19. Further studies are

needed to confirm the results.

Take-home message: The systematic review and meta-analysis conducted on circulating
pneumoproteins, specifically SP-D, in the context of COVID-19, suggests that SP-D can
differentiate between COVID-19 patients and healthy individuals but lacks prognostic value
for outcomes among those with COVID-19. This indicates a need for further research to
explore and confirm the diagnostic capabilities of SP-D and other pneumoproteins in
COVID-19.

Keywords: ARDS; COVID-19; meta-analysis; mortality; Surfactant Protein-D; severity.

INTRODUCTION

The search for diagnostic and prognostic biomarkers among patients diagnosed with COVID-19 is an important area of
scientific research in the period since the outbreak of the pandemic. Efforts to find optimal diagnostic and prognostic
biomarkers did not cease once the pandemic was under control [1]. Biomarkers are intended to facilitate the prediction and
stratification of patients with COVID-19, i.e., to select populations with an increased risk, thus the likelihood of a more
aggressive course of the disease, an increased chance of admission to hospital, the need for care in intensive care units, or
indicate an increased risk of risk of death [2,3]. Due to the fact that in severe cases of COVID-19, an increased response of
the immune system is observed, sometimes leading to a cytokine storm, many of the biomarkers are derived from indicators
of inflammation, e.g. neutrophil count, neutrophil-to-lymphocyte ratio or C-reactive protein (CRP) [4 — 6]. Especially the
latter, CRP, is extremely useful in distinguishing severe vs. non-severe course of COVID-19. A high CRP value allowed for
the prediction of the risk of low oxygen saturation or an increased risk of hospitalisation. This family of biomarkers also
includes interleukins, e.g. IL-6 |7 — 9]. Other groups of biomarkers may indicate potential multi-organ damage in the course
of COVID-19, e.g. transaminases or lactate dehydrogenase (LDH) [10,11]. Another group of biomarkers are those that are
supposed to indicate response to treatment, which is particularly important in the case of COVID-19, due to the fact that
insufficient response to treatment should be noticed quickly and lead to modification of therapy, including intensification of
current treatment [12,13].

Ke et al. defined pneumoproteins as lung-specific proteins released from the lungs as a result of tissue damage [14]. Some
pneumoproteins are not only present on the surface of the respiratory system, but also penetrate the circulation and can be
detected in the blood. Previously, pneumoproteins have been investigated for their usefulness as prognostic biomarkers in
chronic obstructive pulmonary disease (e.g., surfactant protein-D, SP-D; club cell secretory protein-16, CC-16) [15,106]. Park
et al. showed that a reduction in CC-16 concentration in COPD patients was associated with an accelerated reduction in the
respiratory fraction FEV1 over a 9-year period [17]. Moreover, Lomas et al. showed that the mean level of SP-D was
increased in the population of COPD patients compared to current smokers and people who smoked in the past; in both

comparison groups, no airflow obstruction was identified [18]. However, further research is required to assess the usefulness
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of pneumoproteins in selected patient populations. This need is indicated, among others, by: study conducted by Jeon et al.
among HIV-infected individuals [15]. Due to the fact that lung damage occurs in the course of COVID-19, pneumoproteins
can potentially be used as diagnostic and prognostic biomarkers, as indicated by preliminary studies. In addition to the
pneumoproteins mentioned above, important from the point of view of potential prognostic and diagnostic properties in
the course of COVID-19 are: Krebs von den Lungen-6 (KL-6), surface protein A (SP-A) and advanced glycation end-
products (RAGEs) [14].

Taking into consideration all, the aim of the current study is to conduct systematic review and meta-analysis of circulating
in blood pneumoproteins in the context of their usefulness as prognostic and diagnostic biomarkers in COVID-19 on the
example of SP-D.

METHODS

A systematic review was conducted using the guidelines outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement [19]. The study was preregistered in the International Prospective Register
of Systematic Review (PROSPERO) with the registration number CRID42024510643.

Data sources and search strategy

Two independent reviewers (K.D. and M.P.) conducted a thorough screening of all records identified in the initial search.
The screening process involved evaluating the relevance of the records based on their titles, abstracts, and full texts. Conflicts
between the two reviewers were resolved by discussion among all the authors. We searched PubMed, Embase, Web of
Science, and Scopus, for articles published in English from January 01, 2020, until January 21, 2024. Search in the
aforementioned databases, we employed combinations of Medical Subject Heading: “Pulmonary Surfactant Associated
Protein D” OR “surfactant protein D” OR ,,SP-D” AND “coronavirus” OR “corona-virus” OR “COVID” OR “COVID
19” OR “COVID-19” OR “COVID19” OR “Coronavirus disease 2019” OR “nCOV” OR “novel coronavirus” OR “new
coronavirus” OR “2019-nCoV” OR “SARS-CoV2” OR “Sars-CoV-2 infection” OR “severe-acute-respiratory-syndrome-
related coronavirus 2”.

Following the elimination of duplicates, two autonomous researchers (KK.D. and M.T.) examined the titles and abstracts
of the acquired papers to find articles that satisfied the inclusion criteria. Subsequently, the complete text of the chosen
articles was obtained and assessed. In the event of divergent opinions, a consensus was formed or a third researcher (KA)
was consulted to make a decision. Every article obtained was compared to prevent any possible duplication. In addition, the
reference lists of the collected publications and relevant reviews were manually examined to identify any other potential
articles.

Inclusion criteria and study eligibility

Trials were considered eligible for analysis if they met the following criteria: (1) reported quantitative measures of plasma
SP-D in individuals with the COVID-19 and in healthy controls, severe vs. non-severe COVID-19 patients as well as survive
vs. non-survive COVID-19 patients; (2) reported original data; and (3) were not case reports due to low sample size. We
excluded duplicated studies or multiple publications of the same study. We also excluded basic research, review articles,
conference papers, editorials, case reports, non-human research studies, incorrect subject studies, non-English studies and
studies of unavailable data.

Data extraction

For each eligible article, 2 reviewers (K.D. and G.N.) independently extracted data using a standard data collection sheet,
which included demographic information about study participants, methodological information (e.g., first author name,
origin country, study design), and information about SP-D levels. Discussions with the third researcher (KA) helped to

resolve any disagreements. Corresponding authors of select studies were contacted in cases of missing data.
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Quality assessment
Two researchers (K.D. and M.T.) independently rated risk of bias using the Newcastle-Ottawa quality assessment scale
[20]. Different opinion in the eligibility and quality assessment of the records were resolved by discussion with the senior
investigator (L.S.). For case-control studies, this comprised the determination of (1) adequate case definition, (2)
representativeness of cases, (3) selection of control, (4) definition of control, (5) comparability of case and control groups,
(6) exposure, (7) whether there were identical exposure methods for cases and controls, and (8) nonresponse rate. We used
the conventional cut-off values to code a NOS 27 as high, 5-6 as moderate and 4 as low-quality studies.

Statistical analysis

The statistical analysis was performed in accordance with the recommendations of the Cochrane Collaboration and the
standards for reporting the quality of meta-analyses [21]. All statistical analyses were two-sided, with statistical significance
attained by a P-value <0.05. The mean and standard deviation (SD) of all parameters were extracted from the included
articles for continuous and binary data. When the continuous outcome was reported as median, range, and interquartile
range, we estimated means and standard deviations using the formula described by Hozo et al. [22]. A random-effects meta-
analysis model based on inverse-variance approach in RevMan software (version 5.4, Nordic Cochrane Centre, Cochrane
Collaboration, Denmark) was used to pool the data. Standardized mean differences (SMDs) in the form of Hedges’ g (and
95% Confidence Intervals [Cls]) were used to calculate the difference between the levels. The Q value and 12 were used to
test the heterogeneity. P < 0.10 was considered to indicate heterogeneity between combined studies. 12 values of 0—25%
indicated no heterogeneity, 25-50% indicated mild heterogeneity, 50-75% indicated moderate heterogeneity, and 75-100%
indicated major heterogeneity [23]. In case of more than 10 studies were combined in the meta-analysis, a funnel plot would
be used to assess the publication bias by Egger’s test. Funnel plots were visually inspected for potential outliers which were
analyzed using the leave-one-out meta-analysis method in STATA 17.0. All analyses were based on previous published
studies; thus no ethical approval and patient consent were required.

RESULTS

Study selection and characteristics of the included studies

A total of 916 records were found from the literature and two more were identified from references of included articles.
After duplicate removal, another 372 were considered irrelevant and excluded from further analysis following abstract and
title review, leaving 35 studies for full-text review. Further, 23 studies were excluded from analysis for not reporting plasma
SP-D levels. A total of 12 publications met all inclusion criteria and were included in the meta-analysis [24 — 35]. The data
used for the present analysis are derived from a total of 892 subjects. The participants were postmenopausal women from
China, Germany, Indonesia, Japan, Turkey, Republic of Korea and Russia. A detailed description of all meta-analyzed studies
can be found in Tables 1. Detailed NOS scores are presented in the Table 1 for all 12 studies that were meta-analyzed. Upon
performing quality assessments for these studies, all studies were of high quality.

Findings from the meta-analysis

Five studies reported SP-D levels among COVID-19 patients and control group. Pooled analysis showed that SP-D
levels among those groups of patients varied and amounted to 44.38+74.71 vs. 21.29+31.8, respectively (SMD = 1.39;
95%CI: 0.35 to 2.43; p=0.009; Figure 2).

Pooled analysis of SP-D values among severe and non-severe COVID-19 patients was 58.28+101.8 and 94.69+114.22
respectively (SMD = 0.44; 95%CI: -0.78 to 1.66; p=0.48). SP-D levels also did not detect statistically significant differences
in COVID-19 patients who survived and died in the hospital (27.18+16.4 vs. 29.12+14.14; SMD = 0.07; 95%CI: -0.28 to
0.42; p=0.70).
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Figure 1. PRISMA checklist.
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Table 1. Baseline characteristics of included trials.
Study Country Study Study group No- of Age Sex, male BMI NOS

design patients score
Agustama et Indonesia  PS Survivors 39 55.56%£12.96 25 (64.1) 26.4%1.6
al., 2022 Non- 37 49.43+10.29 21 (56.8) 25.7£1.3 8

survivors
Alay et al, Turkey PS COVID-19 64 55.17 + 16.1 29 (45.3) NS ;
2021 Control 50 NS 21 (42.0) NS
Arakawa et Japan RS Severe 12 54.75+10.96 9 NS ;
al., 2022 Non-sevete 12 50.75£15.88 7 NS
Fukuda et al,, Japan PS Severe 22 61.93%+3.08 18 24.7%1.6 o
2021 Non-severe 50 41.931£7.08 30 23.0£1.9
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Herr et al, Germany PS COVID-19 35 63.861+3.18 26 27.08+1.31

2021 Control 28 62.42+2.14 28 (100) 26.3%£0.99
Survivors 24 NS NS NS
Non- 11 NS NS NS
survivors

Karasi et al, Turkey PS COVID-19 80 50.6 £ 2.2 37 NS

2022 Control 30 503+ 1.4 14 NS
Severe 50 50.8+ 25 21 NS
Non-severe 30 50.8 + 2.5 16 NS

Khadzhieva Russia RS Survivors 90 46.6 £ 2.5 49 (58.3%) 30.8*+ 14

etal, 2021 Non- 19 62.8 £ 3.8 11 (61.1%) 291+ 14
survivors

Kim et al, Republic PS COVID-19 31 NS NS NS

2021 of Korea Control 13 NS NS NS

Saito et al, Japan PS Severe 12 65.1 £10.7 7 245142

2020 Non-severe 34 49.6 + 15.7 14 23.0+ 41

Takenaka et Japan RS Severe 89 51.6+ 43 49 NS

al., 2023 Non-severe 42 433+£59 20 NS

Tong et al, China PS Severe 9 575+ 8.1 4 NS

2021 Non-severe 30 445+ 75 16 NS

Wang et al, China RS Severe 12 557+ 5.1 9 NS

2021 Non-severe 52 417 £52 26 (50.0%) NS

Note: BMI = body mass index; NOS = Newcastle Ottawa scale; PS = prospective study; RS = retrospective study
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Figure 2. Forest plot of SP-D levels among (A) COVID-19 and non-COVID-19 patients; (B) severe and non-severe
COVID-19 patients; (C) survivors and non-survivors COVID-19 patients. The center of each square represents the
stanarized mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval.

The diamonds represent pooled results.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 COVID~19 vs, control
Alay 2021 2848 23.88 64 4.6 1.8 50 20.8% 1.32 (0,91, 1.73] -
Herr 2021 34.19 4,73 35 15,71 2.16 28 17.9% 4.79 (3.79, 5.78) -
Karsh 2022 6.19 3.46 80 328 129 30 20.7% 0.95 [0.51, 1.39] -
Kim 2021 6.57 1.93 31 6.23 0.6 13 19.8% 0.20 [-0.45, 0.85] ™
Takenaka 2023 87.15 105.23 131 77 30.92 31 20.8% 0.11[-0.29, 0.50] r
Subtotal (95% CI) 341 152 100.0% 1.39 [0.35, 2.43] =

Heterogeneity: Tau® = 1.30; Chi* = 82.90, df = 4 (P < 0.00001); I* = 95%
Test for overall effect;: Z = 2.63 (P = 0.009)

1.1.2 Severe vs, non-severe

Alay 2021 60 129 18 289 7.8 22 12.2% 2.93 (2,01, 3.85] —_—
Arakawa 2022 79.69 86.56 19 44.38 21.02 12 125%  0.50(-0.24, 1.23]
Fukuda 2021 37.13  9.83 50 115.58 40.08 22 12.4% -3.31[-4.06, -2.56] ——

Karsh 2022 774 337 S0 36 153 30 12.8% 1.45 (0,94, 1.96] -~
Saito 2020 237 210 12 619 507 34 12.5% 1.51[0.78, 2.25) —
Takenaka 2023 61.41 54.54 89 141.7 155.7 42 12.9% -0.81[-1.19,-0.43] -~

Tong 2021 449.7 125.8 9 2459 90 30 12.2% 2.02 [1.14, 2.90] —
Wang 2021 446 129 52 555 265 12 12.6% -0,67(-1.30,-0.03] —

Subtotal (95% CI) 299 204 100.0%  0.44 [-0.78, 1.66] B

Heterogeneity: Tau® = 2.96; Chi* = 204,25, df = 7 (P < 0.00001); V¥ = 97%
Test for overall effect: Z = 0,70 (P = 0.48)

1.1.3 Survivors vs. non-survivors

Agustama 2022 34.79 15.05 39 31.28 12,55 37 59.4% 0.25 [-0.20, 0.70]
Herr 2021 34.64 5.29 24 3567 10.33 11  23.8% -0.14 [-0.85,0.57]
Khadzhieva 2021 6.48 2.78 23 7.38 4.27 7 16.8% -0.28[-1.13,0.57]
Subtotal (95% CI) 86 55 100.0% 0.07 [-0.28, 0.42]

Heterogeneity: Tau’ = 0.00; Chi’ = 1.58, df = 2 (P = 0.45). I = 0%
Test for overall effect: Z = 0,39 (P = 0.70)

-10 -5 0 5 10
Favours [experimental] Favours [control)

DISCUSSION

Research conducted so far indicates an ambiguous role of pneumoproteins as prognostic and diagnostic biomarkers in
the course of COVID-19. A meta-analysis conducted by Ke et al. showed that the SP-D level is higher among COVID-19
patients compared to healthy individuals. Moreover, the level of SP-D is lower among patients with mild to moderate
COVID-19 compared to patients with severe disease. The above-mentioned meta-analysis identified a number of limitations,
including: limited number of studies performed, lack of geographical representativeness or insufficient information regarding
fluctuations in the level of pneumoproteins (including SP-D) depending on the time of measurement, e.g., so there is no
sufficient information how the level changes between admission to hospital vs. levels in the subsequent days of
hospitalization. These limitations remain in place [14].

As already mentioned, severe COVID-19 may be associated with significant damage to the endothelium in the lungs.
Reducing endothelial damage, either due to a less severe course of the disease or by improving health, is associated with a
reduction in pneumoproteins, including SP-D. Hence, the results of the mentioned meta-analysis seem to be biologically
valid since the level of SP-D was higher in COVID-19 patients compared to healthy controls and statistically increases
among patients with severe COVID-19 [24]. An important limitation of SP-D is the fact that in many chronic diseases, such
as COPD, the level of SP-D is increased before the onset of COVID-19, which is due to chronic damage to the endothelium
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in the respiratory system as the consequence of chronic illness. As a result of the course of COVID-19, this value increases,
but chronic disease may be a confounding factor in studies. We cannot underestimate this risk of bias due to the fact that a
more severe course of COVID-19 is observed among patients with chronic diseases [36]. In the context of COVID-19
usefulness, Chorefio-Parra et al. conclude that SP-D is a significantly better prognostic biomarker for pandemic influenza
than COVID-19 [37]. On the other hand, Togashi et al. showed that both KL.-6 and SP-D enable the differentiation of
patients with pneumonia resulting from COVID-19 infection (COVID-19 pneumonia) from COVID-19 pneumonia-like
diseases. This distinction at an early stage of the therapeutic process may be crucial to the success of treatment [38].

SP-D has been studied widely as a potential diagnostic and prognostic biomarker in respiratory diseases. A meta-analysis
conducted by Wang et al., which included 17 studies and 4639 patients, showed that the level of SP-D is increased in patients
with COPD compared to healthy individuals. Additionally, during COPD exacerbation, increased SP-D levels were observed
compared to patients with a stable clinical picture [39]. More difficulties has been observed in assessing the usefulness of
SP-D as a prognostic and diagnostic biomarker in Idiopathic pulmonary fibrosis (IPF). A meta-analysis performed by Wang
et al. showed a lack of statistical significance between the level of SP-D in patients with IPF compared to patients with non-
IPF interstitial lung disease (ILD), which significantly limits the usefulness of the biomarker. However, in the mentioned
meta-analysis, it was shown that the level of SP-D is statistically higher in patients with IPF compared to patients with lung
infection or healthy controls. Furthermore, SPD has been shown to have some prognostic properties, more precisely higher
levels of SPD correlated with an increased risk of death [40].

In turn, other studies indicate that in the case of some diseases (connective tissue disease), other pneumoproteins have a
greater diagnostic potential than SP-D, e.g. KI.-6 (Krebs von den Lungen-06) [41,42]. The latter biomarker, KL.-6, appears to
be particularly useful in identifying patients with severe lung injury in the course of COVID-19 [43]. The potential usefulness
of the SP-D biomarker is very broad, and in addition to those mentioned above, it includes, among others: assessment of
the efficiency of preoperative pulmonary rehabilitation in patients with lung cancer [44], eatly diagnosis of radiation
pneumonitis [45] or assessment of lung injury after coronary artery bypass surgery [46].

The main problem when assessing the usefulness of a biomarker in clinical practice is determining the so-called cut-off.
In the case of SP-D, a diagnostic cut off was proposed for the severity of Acute respiratory distress syndrome in the course
of COVID-19 at the level of 44.24 ng/mL with a sensitivity of 92.3% and specificity of 94.1% [47].

Attention should be paid to the limitations of this meta-analysis. A relatively small number of studies that met the
inclusion and exclusion criteria were included. A rigorous approach helps maintain internal validity. Additionally, a small
amount of research has specifically targeted SP-D; SP-D was often one of many biomarkers measured without being the
main purpose of the study. The studies were also characterized by high heterogeneity in design, e.g. the comparison group
was sometimes based on patients with another disease of the respiratory system, and sometimes on healthy controls. There
is also a lack of randomized trials designed to prospectively evaluate the prognostic properties.

CONCLUSIONS

Results of the current systematic review and meta-analysis indicated that SP-D may be a good marker for differentiating
patients with COVID-19 from healthy patients, but it does not provide prognostic value among patients with COVID-19.

Further studies are needed to confirm the results.
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4. PODSUMOWANIE | WNIOSKI

Zbior prac dotyczgcych wartosci diagnostycznej i predykcyjnej wybranych biomarkeréw
w odniesieniu do SARS-CoV-2 sktada sie z szesciu publikacji oryginalnych opublikowanych
w recenzowanych czasopismach naukowych [160 — 165]. Dwie sposrdd przytoczonych prac
wchodzacych w sktad monotematycznego cyklu publikacji to badania retrospektywne, zas
pozostate cztery publikacje zostaty zaprojektowane i przeprowadzone jako przeglady
systematyczne z meta-analizami.

Celem pierwszej pracy byto okreslenie wartosci wspdtczynnika neutrofili do
limfocytéw w predykcji przezywalnosci pacjentow z COVID-19 [160]. W tym celu
zaprojektowano i przeprowadzono jednoosrodkowe retrospektywne badanie
obserwacyjne - przeanalizowano dane medyczne 400 pacjentdw hospitalizowanych
w Ziv Medical Center (Safed, lzrael) z powodu zakazenia COVID-19. Analizie poddano
pacjentéw hospitalizowanych w okresie od kwietnia 2020 do grudnia 2021. Do badania
wiaczono pacjentéw powyzej 18 roku zycia, ktérzy przyjeci byli do szpitala z powodu
COVID-19 i uzyskali pozytywny wynik na obecnos$é SARS-CoV-2 metodg real time RT-PCR.
Wsréd kryteridw wykluczenia z badania nalezy wymienic pozaszpitalne leczenie infekcji jak
réwniez infekcje u pacjentéw pediatrycznych.

Celem drugiej pracy byto okreslenie réznic w odpowiedzi zapalnej wzgledem ptci
i wieku pacjentéw w odniesieniu do COVID-19 [161]. Podobnie jak pierwsze badanie, to
réwniez zostato zaprojektowane i przeprowadzone w oparciu o charakter retrospektywny.
W niniejszym badaniu analizowano dane medyczne 513 pacjentéw hospitalizowanych
z powodu COVID-19 w okresie od stycznia do maja 2022 roku w Oddziale Ratunkowym
Szpitala Kartal Dr. Lutfi Kirdar City (Stambut, Turcja). W badaniu uwzgledniono wszystkie
osoby w wieku powyzej 18 roku zycia, u ktérych zdiagnozowano COVID-19 i byty poddane
leczeniu w oddziale ratunkowym. Pacjenci z ujemnym wynikiem testu metoda real time
RT-PCR, pacjenci skierowani i przetransportowani do innej placowki medycznej oraz
pacjenci, u ktorych poziomy neutrofili i limfocytéw byty niedostepne zostali wykluczeni
z badania.

Badanie trzecie zostato zaprojektowane jako przeglad systematyczny i meta-analiza
majacy na celu okreslenie wartosci predykcyjnej tkankowego aktywatora plazminogenu

(tPA) wzgledem ciezkosci przebiegu COVID-19. W tym celu wykorzystano protokét PRISMA
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(Preferred Reporting Items for Systematic reviews and Meta-Analyses). Dodatkowo
protokét badania zostat zarejestrowany w miedzynarodowej bazie prospektywnie
rejestrowanych przeglagdéw systematycznych PROSPERO (nr. CRD42022380249).
Na potrzeby badania dokonano przeszukania nastepujgcych baz danych: PubMed Central,
Scopus, EMBASE oraz bazy Cochrane w poszukiwaniu artykutéw dotyczacych
analizowanego zagadnienia. Ostatnie przeszukanie baz danych miato miejsce 4 maja 2023
roku. W wyniku przeszukania baz danych zidentyfikowano 1548 pozycji piSmienniczych,
sposrod ktorych w wyniku procesu selekcji finalnie zaklasyfikowano do meta-analizy
trzynascie badan obejmujgcych facznie 984 pacjentdw z zakazeniem COVID-19. Ocena
ryzyka stronniczosci poszczegdlnych badan zostata oceniona za pomocg Newcastle-Ottawa
Scale (NOS) [166]. Meta-analiza zostata wykonana z wykorzystaniem oprogramowania
STATA (wersja 14, StataCorp LLC, College Station, TX, USA) oraz oprogramowania RevMan
(wersja 5.4, The Cochrane Collaboration, Kopenhaga, Dania).

Celem czwartego badania byto poréwnanie wartosci predykcyjnej biatka ST2
w aspekcie ciezkosci przebiegu i Smiertelnosci COVID-19. Badanie rowniez zaprojektowano
i przeprowadzono jako przeglad systematyczny i meta-analiza. Dodatkowo protokét
badania zostat prospektywnie zarejestrowany w bazie PROSPERO (nr rejestracji:
CRD42023480208). W niniejszym badaniu wykonano przeszukanie pismiennictwa
w oparciu o cztery bazy danych (PubMED/Mediline, EMBASE. Scopus oraz Cochrane).
Ostatnie przeszukanie baz danych odbyto sie 11 pazdziernika 2023 roku. Przeszukanie
prowadzono w oparciu o kombinacje stéw zwigzanych z infekcjg SARS-CoV-2 oraz biatkiem
ST2. Badania odnoszgce sie do pacjentéw dorostych z COVID-19, ktére zawieraty dane
dotyczace poziomdéw ST2 w grupach klasyfikujgcych pod wzgledem ciezkosci przebiegu
badz Smiertelnosci COVID-19 byty witgczane do meta-analizy. Badania napisane w innym
jezyku niz jezyk angielski oraz artykuty typow takich jak: edytoriale, listy do redakcji,
komentarze, artykuty poglagdowe, opisy przypadku zostaty wytgczone z meta-analizy.
Uzyskane dane przeanalizowano pod katem poziomdw ST2 a ciezkosScig i Smiertelnoscia
COVID-19. Przeszukanie baz danych wykazato 275 publikacji, sposrdod ktérych dziewiec
obejmujgcych 1732 pacjentdow zostato finalnie wtaczych do badania. Ocena ryzyka
stronniczosci poszczegdlnych badan zostata réwniez oceniona za pomocg Newcastle-
Ottawa Scale (NOS) [166]. Analizy statystyczne wykonano przy uzyciu oprogramowania

STATA oraz oprogramowania RevMan.
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Pigta praca zaprojektowana i przeprowadzona rowniez jako przeglad systematyczny
i meta-analiza miatfa na celu okreslenie przydatnosci stosowania galektyny-3 jako markera
diagnostycznego i prognostycznego w kontekscie zakazenia COVID-19. Protokot badania
zostat zarejestrowany prospektywnie w bazie PROSPERO (CRD42023480215) i nie byt
poddawany zmianom podczas prowadzenia badania. Na potrzeby niniejszego badania
przeszukano cztery bazy bibliograficzne (PubMed/MEDLINE, EMBASE, Scopus oraz baze
Cochrane Central Register of Controlled Trials — CENTRAL). Finalnie przeszukanie
niniejszych baz danych miato miejsce 10 listopada 2023 roku. W tym celu wykorzystano
jako stowa kluczowe rdézine formy nazewnicze odnoszgce sie do samego zakazenia
SARS-CoV-2 i choroby COVID-19 oraz Galektyny-3. Jako kryteria wiaczenia zastosowano
pacjentéw dorostych ze zdiagnozowanym COVID-19 gdzie podawane byly wartosci
galektyny-3, za$ sami pacjenci byli podzieleni wzgledem ciezkosci COVID-19 lub byta
podana grupa kontrolna pacjentéw bez COVID-19. Podobnie jak w poprzednio opisanym
artykule, do kryteridw wytgczenia z badania zaliczono: artykuty napisane w innym jezyku
niz angielski, oraz takie typy artykutow jak: artykuty redakcyjne, komentarze, listy do
redakcji, artykuty pogladowe czy tez opisy przypadkow. Do analizy wtaczono finalnie
18 badan (z taczng liczbg 2530 pacjentow), ktére zostaty nastepnie poddane ocenie
za pomocg skali NOS oraz przeanalizowane z wykorzystaniem programu RevMan.

Szosta praca wchodzgca w sktad monotematycznego cyklu publikacji stanowigcych
rozprawe doktorskg miata na celu okreslenie roli biatka powierzchniowo czynnego D
(SP-D) jako markera diagnostycznego i prognostycznego u pacjentéw z COVID-19. W tym
celu poddano przeszukaniu bazy: PubMed, Embase, Web of Science oraz Scopus.
Zawezono przeszukanie do publikacji napisanych w jezyku angielskim, za$ okres
przeszukania obejmowat okres od stycznia 2020 do stycznia 2024 roku. Zaréwno kryteria
wiaczenia i wytgczenia z meta-analizy byty sformutowane analogiczne jak w przypadku
poprzedniego badania. Protokoét niniejszego badania zostat réwniez prospektywnie
zarejestrowany w bazie PROSPERO (CRD42024510643). W ocenie ryzyka stronniczosci
poszczegdlnych badan zastosowano skale NOS, za$ sama analiza statystyczna byfa
wykonana z wykorzystaniem programdéw RevMan oraz STATA.

W badaniu pierwszym analizowano znaczenie predykcyjne wskaznika neutrofili do
limfocytéw (NLR) [160]. Wskaznik ten zyskuje coraz wieksze uznanie jako wartosciowy

marker predykcyjny ciezkosci przebiegu COVID-19 [167 — 169]. Jego rola w ocenie stanu
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zapalnego, ktéry jest kluczowym elementem patogenezy COVID-19 sprawia, ze jest to
narzedzie o duzym potencjale klinicznym. Wyniki badan przeprowadzonych w réznych
osrodkach medycznych na catym swiecie potwierdzajg, ze wyziszy poziom NLR jest
zwigzany z ciezszym przebiegiem COVID-19 oraz wyzszym ryzykiem zgonu [170, 171].

Warto w tym miejscu przyjrze¢ sie mechanizmom biologicznym, ktére stojg za NLR jako
markerem stanu zapalnego (Rycina 2). Neutrofile i limfocyty to dwa kluczowe typy biatych
krwinek zaangazowane w odpowiedZz immunologiczng [172 — 174]. Neutrofile sg
pierwszymi komoérkami uktadu odpornosciowego, ktdére reagujg na infekcje i sg
odpowiedzialne za fagocytoze patogendow. Wzrost liczby neutrofili jest zazwyczaj zwigzany
z ostrym stanem zapalnym. Limfocyty, z drugiej strony, odgrywajg kluczowa role w

odpowiedzi adaptacyjnej, w tym w produkcji przeciwciat i pamieci immunologicznej.
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Rycina 2. Korelacja wartosci NLR a mechanizmu odpowiedzi zapalnej w trakcie infekcji COVID-19.
Zrédto: Opracowanie wtasne.

Spadek liczby limfocytow jest czesto obserwowany w stanach ciezkich zakazen
wirusowych, w tym COVID-19, co moze wynika¢ z inwazji wirusa na limfocyty lub
z wyczerpania ich rezerw w wyniku przewlektej aktywacji uktadu odpornosciowego.
Badania pokazujg, ze pacjenci z podwyzszonym NLR majg wieksze ryzyko wystgpienia
burzy cytokinowej. Warto réwniez zwrdéci¢ uwage na znaczenie NLR w przewidywaniu

ciezkosci choroby i dtugosci hospitalizacji. Badanie pierwsze ponadto wykazato, ze NLR jest
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cennym wskaznikiem w przewidywaniu hospitalizacji i ciezkosci COVID-19, co moze by¢
zwigzane z wystgpieniem wspomnianej burzy cytokinowe;.

Badania wykazuja, ze pacjenci z COVID-19, ktérzy majg wyzszy NLR, doswiadczaja
bardziej nasilonych objawéw choroby oraz majg gorsze rokowanie. Wyniki z badania
pierwszego, wykazaty NLR na poziomie 8,4 u pacjentdw, ktdrzy przezyli oraz u pacjentow,
ktérzy zmarli, sg ztym czynnikiem rokowniczym [160]. W badaniu drugim dotyczacym
réwniez wartosci predykcyjnej NLR wykazano, iz w kontekscie pfci réznice w wartosciach
neutrofili byly graniczne (p = 0.087) z wyzszymi warto$ciami u mezczyzn (7.29 x 1073/ulL
vs 7.20 x 1073/uL), natomiast réznice w wartosciach limfocytow byty znaczgce na korzysé
kobiet (1.96 x 1073/uL vs 1.20 x 1073/uL; p < 0.001) oraz w wartosciach NLR, ktére byty
wyzsze u mezczyzn (11.24 vs 8.42) (p < 0.001). NLR okazat sie znaczacym predyktorem
zarowno statusu hospitalizacji (ROC AUC 0.76 [95% Cl 0.61-0.72]), jak i statusu przezycia
(ROC AUC 0.65 [95% CI 0.60—-0.70]). Analiza wedtug ptci wykazata, ze wartosci pole pod
krzywg (ROC AUC) dla NLR w przewidywaniu statusu hospitalizacji wynosity 0.70
u mezczyzn i 0.64 u kobiet, natomiast w przewidywaniu statusu przezycia wartosci
wynosity odpowiednio 0.64 u mezczyzn i 0.65 u kobiet. Na przyktad, badanie
przeprowadzone przez Simadibrata i wspotpracownikéw wykazato, ze NLR na poziomie
przyjecia do szpitala jest silnym predyktorem ciezkosci choroby oraz smiertelnosci
u pacjentow z COVID-19 [175]. Ponadto wyniki te byty szczegdlnie zauwazalne u mezczyzn
[175]. Dodatkowo, badanie opublikowane w czasopismie "Scientific Reports" réwniez
potwierdzito wyzsze poziomy NLR u mezczyzn, ktore byty skorelowane z gorszymi
wynikami klinicznymi w przypadku COVID-19. Autorzy zwrdcili uwage na rdznice pfci
w kontekscie odpowiedzi zapalnej, co moze wyjasnia¢ wyzsze ryzyko ciezkiego przebiegu
choroby u mezczyzn [176]. Inne badania rowniez potwierdzaja te wyniki, sugerujac, ze NLR
jest niezawodnym wskaznikiem stanu zapalnego i moze by¢ uzywany do przewidywania
wyniku choroby [177, 178].

Wskaznik NLR jest réwniez uzywany w innych sytuacjach klinicznych jako marker
stanu zapalnego. Na przykfad, jest on stosowany w ocenie ryzyka w chorobach
nowotworowych, gdzie wysoki NLR jest czesto zwigzany z gorszym rokowaniem [179]. Z
kolei inne badania sugerujg, ze NLR moze by¢ uzywany jako wskaznik do monitorowania
stanu zdrowia pacjentdw z rdéznymi chorobami przewlektymi, co podkresla jego

uniwersalnos¢ i potencjat kliniczny [180, 181]. Dodatkowo, badania wskazuja, ze

117



dynamiczne zmiany w NLR i wskazniku ptytek krwi do limfocytdw (PLR) mogg byc
uzyteczne w przewidywaniu ciezkosci COVID-19 i mogg pomdc w monitorowaniu progresji
choroby. Badanie przeprowadzone przez Asperges i wsp. wykazato, ze te wskazniki mogg
by¢ stosowane do oceny stanu zapalnego i ryzyka u pacjentéw z COVID-19, co moze poméc
w podejmowaniu decyzji klinicznych dotyczacych intensywnosci leczenia [182].

Badanie przeprowadzone przez Regolo i wsp. sugeruje, ze NLR moze by¢ uzywany
jako wskaznik do przewidywania ciezkosci przebiegu choroby, co jest zgodne z wynikami
moich badan [168].

W kontekscie globalnej pandemii COVID-19 jak i przysztych potencjalnych
pandemii, mozliwos¢ szybkiej i doktadnej oceny stanu pacjentéw jest kluczowa dla
skutecznego zarzgdzania opieka zdrowotng. NLR jako wskaznik stanu zapalnego, moze by¢
uzywany do szybkiej oceny ryzyka i podejmowania decyzji klinicznych dotyczacych
intensyfikacji leczenia. Jest to szczegdlnie wazne w kontekscie ograniczonych zasobow
medycznych i potrzeby szybkiej identyfikacji pacjentow o wysokim ryzyku, ktérzy moga
wymagac bardziej intensywnej opieki medyczne;j.

Podsumowujac rozwazania na temat NLR, wskaznik ten jest wartosciowym
narzedziem w ocenie ciezkosci COVID-19 z kilku powoddw. Po pierwsze, odzwierciedla on
stan zapalny, ktory jest kluczowym elementem patogenezy COVID-19. Po drugie, badania
pokazujg, ze wyzszy NLR jest zwigzany z wiekszym ryzykiem ciezkosci choroby i wyzszym
wskaznikiem $miertelnosci. Po trzecie, NLR jest tatwy do uzyskania i interpretacji,
co sprawia, ze jest to narzedzie o duzym potencjale klinicznym. Jednakze dalsze badania
sg potrzebne, aby lepiej zrozumie¢ mechanizmy zwigzane z NLR i jego role w patogenezie
COVID-19, ale dotychczasowe wyniki sg obiecujace i sugeruja, ze NLR jest cennym
narzedziem w ocenie ryzyka i monitorowaniu pacjentéw z infekcjami wirusowymi, w tym
SARS-CoV-2.

Kolejnym potencjalnym markerem poddanym analizie jest tkankowy aktywator
plazminogenu (t-PA), ktéry odgrywa kluczowg role w procesie fibrynolizy, przeksztatcajgc
plazminogen w plazmine, ktéra rozktada skrzepy fibrynowe. W kontekscie infekgcji
COVID-19, rola t-PA na poziomie immunologicznym jest ztozona i ma znaczenie
diagnostyczne. U pacjentéw z COVID-19 obserwuje sie zaburzenia hemostazy, w tym
zwiekszong aktywnos¢ fibrynolityczng. Zwiekszone poziomy t-PA moga prowadzi¢ do

nadmiernej fibrynolizy, co jest obserwowane u pacjentéw z ciezkim przebiegiem COVID-
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19. Z drugiej strony, obecnos¢ inhibitora t-PA (PAl-1) moze prowadzi¢ do zaburzen
rownowagi hemostatycznej, co skutkuje sktonnoscig do zakrzepdw [183, 184]. t-PA moze
wptywac na reakcje zapalne poprzez aktywacje plazminy, ktéra z kolei degraduje biatka
macierzy pozakomérkowej dziatajgc tym samym na przebieg odpowiedzi immunologicznej
(Rycina 3). Plazmina ma zdolno$¢ aktywacji komplementu i uwalniania cytokin
prozapalnych, co moze pogarszaé stan zapalny w ptucach pacjentéw z COVID-19 [185].
Wysokie poziomy t-PA byty obserwowane u pacjentéw z ciezkim przebiegiem COVID-19
i mogg by¢ wskaznikiem ztego rokowania. Jednakze, jego warto$é prognostyczna jest

ograniczona ze wzgledu na brak jednoznacznych dowoddéw na korelacje z wynikiem

choroby.
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Rycina 3. Rola tPA w procesie fibrynolizy i zapobieganiu powiktaniom  zakrzepowo-zatorowym.

Zrédto: Opracowanie wtasne.

Poziomy t-PA sg istotnie podwyzszone u pacjentdw hospitalizowanych z COVID-19, ale ich
zmiennos¢ i wspotistnienie z innymi czynnikami uniemozliwiajg jednoznaczne wnioski
[185, 186]. Rola t-PA w infekcji COVID-19 jest wielowymiarowa. Z jednej strony, t-PA

uczestniczy w procesach fibrynolitycznych, wptywajac na ryzyko zakrzepdw i krwawien,
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z drugiej strony, moze modulowaé¢ odpowiedZ zapalng poprzez aktywacje plazminy
i degradacje biatek macierzy pozakomaérkowej.

Poziomy t-PA w przeprowadzonej meta-analizie u pacjentow z COVID-19 moga
stuzy¢ jako marker diagnostyczny, ale nie majg wartosci predykcyjnej dla ciezkosci
przebiegu choroby. Na podstawie dostepnych wynikéw badan, poziomy t-PA w grupach
pacjentéow z COVID-19 i grupg kontrolng wynosity odpowiednio 26,67 + 40,65 vs.
4,68 + 3,83 (SMD = 2,49; 95% Cl: 1,85 do 3,14; p < 0,001). Sredni poziom t-PA u pacjentéw
wymagajacych przyjecia na oddziat intensywnej terapii wynosit 24,06 t 12,44,
w poréwnaniu do 16,55 + 10,01 u pacjentow, ktdrzy nie byli leczeni na oddziale
intensywnej terapii (SMD = 0,69; 95% Cl: -0,68 do 2,05; p = 0,32). Ponadto poziomy t-PA
wsrod pacjentdow z ciezkim przebiegiem COVID-19 w poréwnaniu do tagodnych
przypadkow wynosity 11,89 +9,05i 16,87 + 20,39 odpowiednio (SMD = 2,74; 95% Cl: -0,71
do 6,19; p =0,12). Tylko cztery badania wykazaty poziomy t-PA u pacjentow, ktorzy przezyli
i zmarli z powodu COVID-19. Wartosci t-PA wynosity odpowiednio: 15,33 + 8,01 dla
pacjentdw, ktorzy przezyli hospitalizacje, oraz 19,04 + 11,88 dla pacjentdw, ktdrzy zmarli
w szpitalu z powodu COVID-19 (SMD = -0,50; 95% Cl: -2,45 do 1,44; p = 0,61). Badania
przeprowadzone przez Cabrera-Garcia i wsp. wykazaty, ze poziomy t-PA i czynnika von
Willebranda (VWF) moga petni¢ role predykcyjng w patofizjologii COVID-19, jednak ich
wyniki nie byty jednoznaczne. W analizie poziomdéw biomarkeréw w osoczu, pacjenci
z ciezkim przebiegiem COVID-19 mieli znaczgco wyzsze poziomy t-PA i VWF w porédwnaniu
do pacjentow z tagodnym przebiegiem, co sugerowato ich potencjalng wartosc¢
prognostyczng [188]. Badanie przeprowadzone przez Shirai i wsp. analizujgce markery
koagulacji i fibrynolizy jako predyktory przezywalnosci COVID-19, wykazato srednie
poziomy t-PA na poziomie 22,3 + 7,8 ng/mL u pacjentéw, ktérzy zmarli, w poréwnaniu do
16,7 £ 5,4 ng/mL u tych, ktérzy przezyli do wypisu ze szpitala [188]. Z kolei Puccini i wsp
zaobserwowali, ze poziomy t-PA sg wyzsze u pacjentdw z COVID-19, co moze wskazywac
na zwiekszong zakrzepowosc. Poziomy t-PA wynosity srednio 28,6 + 9,7 ng/mL u pacjentow
z ciezkim przebiegiem COVID-19 [189]. Z kolei w badaniach przeprowadzonych przez
Wynants i wsp., ktére obejmowaty 606 modeli prognostycznych zwigzanych z pandemig
COVID-19, wykazano, ze wiekszos¢ modeli miata niskg wartos$¢ predykcyjng. Analiza tych

modeli wykazata, ze poziomy t-PA byty stosowane w niektorych z nich, ale ich skutecznos¢
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prognostyczna byta ograniczona ze wzgledu na brak spdjnosci wynikow i niskg czutosé
w przewidywaniu ciezkosci przebiegu COVID-19 [190].

Cho¢ t-PA moze by¢ uzywany jako marker diagnostyczny wskazujacy na zaburzenia
hemostazy u pacjentéw z COVID-19, jego wartosc¢ prognostyczna dla ciezkosci przebiegu
choroby jest ograniczona i wymaga dalszych badan.

Biatko ST-2 (znane réwniez jako receptor IL-1RL1) jest obecnie badane jako
potencjalny biomarker diagnostyczny i prognostyczny w kontekscie COVID-19. Jego
wartos$¢ wynika z charakterystyki jako mediatora odpowiedzi zapalnej oraz jego zwigzkdéw
z uszkodzeniami tkanek. ST-2 jest gtéwnym receptorem dla cytokiny IL-33, ktéra jest
uwalniana w odpowiedzi na uszkodzenia komdrkowe i tkankowe, typowe dla infekgcji
wirusowych, w tym SARS-CoV-2 [191]. IL-33 dziata jako alarmowy cytokin tym samym petni
istotng role w inicjacji odpowiedzi immunologicznej poprzez aktywacje komoérek
immunologicznych, takich jak limfocyty Th2, mastocyty oraz makrofagi [192]. Po
pofaczeniu IL-33 z receptorem ST-2 na powierzchni komorek, inicjowane sg szlaki
sygnalizacyjne, w tym szlaki MAPK (mitogen-activated protein kinase) i NF-kB (nuclear
factor kappa-light-chain-enhancer of activated B cells), ktdre z kolei prowadzg do produkgji
prozapalnych cytokin, takich jak IL-6 i IL-8 [191, 192] (Rycina 4).

ST-2 moze by¢ uzyteczne jako narzedzie diagnostyczne, poniewaz jego poziomy sg
statystycznie istotnie wyzsze u pacjentow z COVID-19 w porédwnaniu do o0sob bez tej
choroby. Przeprowadzona analiza pt. ,,Serum-soluble ST2 as a novel biomarker of COVID-
19 severity and mortality: A systematic review and meta-analysis” wykazata, ze poziomy
rozpuszczalnego w surowicy ST-2 (sST2) byty znacznie wyzsze u pacjentéw z COVID-19
(39.3+44.23) w poréwnaniu do pacjentéw bez COVID-19 (6.74+6.25) (SMD = 3.52; 95% Cl:
1.72 do 5.32; p<0.001). Wyniki te sugeruja, ze ST-2 moze by¢ uzyteczny do réznicowania
pacjentéw z COVID-19 od tych bez tej choroby. ST-2 wykazuje rowniez potencjat jako
marker prognostyczny, poniewaz jego poziomy sg zwigzane z ciezkoscig przebiegu COVID-
19 oraz przezywalnoscig pacjentéw. Szes¢ badan analizowato poziomy sST2 u pacjentow z
ciezkim i fagodnym przebiegiem COVID-19. Analiza zbiorcza wykazata, ze poziomy ST-2 byty
statystycznie istotnie wyzsze w grupie pacjentéw z ciezkim przebiegiem choroby
(94.07+£74.71) w poréwnaniu do grupy z tagodnym przebiegiem (25.53+7.36) (SMD=3.87;
95% Cl: 2.69 do 5.05; p<0.001). Ponadto, analiza poziomdéw sST2 u pacjentéw, ktdrzy

przezyli, w poroéwnaniu do tych, ktérzy zmarli, wykazata, ze poziomy sST2 byty znacznie

121



wyzsze u pacjentéw, ktérzy zmarli (119.11+113.98) w pordwnaniu do tych, ktérzy przezyli

(43.18+21.54) (SMD = -2.84; 95% Cl: -4.49 do -1.19; p<0.001).
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IL-33/ST2  w odpowiedzi zapalnej na infekcje SARS-CoV-2.

Wartos¢ diagnostyczna i prognostyczna ST-2 w COVID-19 wynika z kilku mechanizmédw.
Po pierwsze, ST-2 jest receptorem dla IL-33, cytokiny zwigzanej z odpowiedzig zapalna.
W kontekscie infekcji SARS-CoV-2, odpowiedZ zapalna odgrywa kluczowg role
w patogenezie choroby. Zwiekszone poziomy ST-2 mogg by¢ wynikiem intensywnej
odpowiedzi zapalnej i uszkodzen tkanek, co jest charakterystyczne dla ciezszych
przypadkow COVID-19 [193, 194]. Po drugie, poziomy ST-2 sg podwyzszone w odpowiedzi
na uszkodzenia tkanek i stres, ktore sg czesto obserwowane u pacjentéw z ciezkim

przebiegiem COVID-19, zwfaszcza u tych, ktérzy wymagaja intensywnej terapii
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lub wentylacji mechanicznej. Wysokie poziomy ST-2 mogg odzwierciedla¢ stopien
uszkodzen ptuc oraz innych tkanek, co moze ttumaczy¢ jego wartos¢ prognostyczng [195,
196]. Po trzecie, rola ST-2 w odpowiedzi immunologicznej réwniez przyczynia sie do jego
wartosci diagnostycznej i prognostycznej. Jako czes¢ uktadu IL-33/ST2, odgrywa wazng
role w regulacji odpowiedzi immunologicznej, w tym w odpowiedzi na infekcje wirusowe.
Zmiany w poziomach ST-2 moga zatem odzwierciedla¢ stan ukfadu odpornosciowego
pacjenta oraz jego zdolno$¢ do radzenia sobie z infekcjg SARS-CoV-2 [197]. Badania
wykazaty, ze poziomy sST2 sg podwyzszone w surowicy pacjentdw z ciezkim przebiegiem
COVID-19 w pordwnaniu do tych z fagodnym przebiegiem, co sugeruje jego potencjat jako
marker prognostyczny [198]. W jednym z badan przeprowadzonych przez Gil-Bernabe et
al., poziomy sST2 wynosity Srednio 98.4+76.5 ng/ml u pacjentéw z ciezkim przebiegiem
COVID-19, podczas gdy u pacjentéw z tagodnym przebiegiem byty znacznie nizsze [197].
Kolejne badanie autorstwa Mueller et al. potwierdzito te wyniki, pokazujac, ze poziomy
sST2 byty wyisze u pacjentéw wymagajgcych intensywnej terapii (112.5+89.6 ng/ml)
w poréwnaniu do tych, ktérzy nie wymagali takiego leczenia [198]. W badaniu Gadre i wsp.
wykazano, ze sST2 moze by¢ uzywany do przewidywania ryzyka zgonu u pacjentéw z
COVID-19. W ich analizie, pacjenci, ktdrzy zmarli, mieli $rednio wyzsze poziomy sST2
(130.2£120.1 ng/ml) w poréwnaniu do tych, ktérzy przezyli (45.3+30.2 ng/ml) [199].
Podsumowujac, ST-2 posiada zaréwno wartos¢ diagnostyczng, jak i prognostyczng
w kontekscie COVID-19. Jego podwyziszone poziomy sg zwigzane z obecnoscig infekcji
SARS-CoV-2 oraz z ciezkoscig przebiegu choroby i przezywalnoscia pacjentéw.
Mechanizmy, ktdre stojg za tymi obserwacjami, obejmujg zwigzek z odpowiedzig zapalng,
uszkodzeniami tkanek oraz odpowiedziag immunologiczng. Dlatego ST-2 moze byé
uzytecznym narzedziem w diagnostyce i prognozowaniu przebiegu COVID-19.

Kolejnym biomarkerem poddanym analizie w odniesieniu do niniejszego cyklu
publikacyjnego jest galectyna-3 (Gal-3), ktdra jest biatkiem z rodziny galektyn, a jej funkcje
w uktadzie immunologicznym s szeroko rozpoznawane i zbadane [200]. Ekspresja
galektyny-3 mozliwa jest przez wiele réznych typéw komoarek, takich jak komérki zapalne,
fibroblasty, komorki nabtonkowe oraz komoérki nowotworowe. Jej rola w immunologii
obejmuje zaréwno regulacje proceséw zapalnych, jak i modulacje odpowiedzi

immunologiczne;j.
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Gal-3 petni istotng role w modulacji proceséw zapalnych poprzez oddziatywanie
z réznymi komérkami i czasteczkami sygnalizacyjnymi. Wykazano, ze moze wptywac
na aktywacje makrofagdéw, kluczowych dla odpornosci wrodzonej, oraz na migracje
neutrofili, co jest istotne w reakcjach zapalnych. Dodatkowo, Gal-3 wigze sie
z peptydoglikanami na powierzchni komérek oraz biatkami macierzy pozakomérkowej,
takimi jak kolagen, co umozliwia jej regulowanie proceséw adhezji komdrkowej, migracji i
przylegania. W kontekscie odpowiedzi immunologicznej Gal-3 moze wptywaé na
réznorodne komoérki uktadu odpornosciowego, w tym limfocyty T, B oraz komorki
dendrytyczne. Jest zaangazowana w regulacje produkcji cytokin, takich jak interleukiny
(np. IL-6, IL-10) oraz chemokiny, co jest kluczowe dla koordynacji odpowiedzi zapalnej
i immunologicznej organizmu [201, 202].

Gal-3 jest rowniez badana w kontek$cie nowotwordw, gdzie jej ekspresja moze
wptywac na proliferacje komérek nowotworowych, ich zdolno$¢ do migracji i inwazji, oraz
interakcje z komdrkami uktadu odpornosciowego w mikrosrodowisku nowotworowym
[203, 204].

W przypadku chordb zakaznych, takich jak COVID-19, rola Gal-3 moze by¢ istotna
w regulacji odpowiedzi immunologicznej na patogeny wirusowe [205]. Moze modulowac
zarowno odpowiedz wczesng (poprzez regulacje produkcji cytokin prozapalnych), jak i
odpowied? pdzng, zwigzana z procesami rekonwalescencji i gojeniem tkanek. Mechanizm
dziatania galectyny-3 w kontekscie COVID-19 obejmuje jej zdolnos¢ do wzmacniania
odpowiedzi zapalnej oraz promowanie proceséw fibrozy, ktére moga prowadzi¢ do
uszkodzenia narzadéw i pogorszenia stanu pacjentéw [200, 206]. Zwiekszone wydzielanie
galectyny-3 moze by¢ réwniez zwigzane z aktywacjg komodrek zapalnych, takich jak
makrofagi i komdrki dendrytyczne, co przyspiesza procesy zapalne w ptucach i innych
tkankach dotknietych przez SARS-CoV-2.

Podczas ciezkiej infekcji SARS-CoV-2, zwiekszone stezenia Gal-3 sg obserwowane w
makrofagach, monocytach i komérkach dendrytycznych. Gal-3, po wydzieleniu, moze
aktywowac receptory TLR4 na powierzchni tych komoérek, co prowadzi do wydzielania
prozapalnych cytokin takich jak IL-1, IL-6 oraz TNF-a [201, 207]. Proces ten powoduje
dalsze wydzielanie Gal-3, tworzac petle sprzezenia zwrotnego, ktéra moze przyczyniac sie

do rozwoju zjawiska burzy cytokinowej [137, 208, 209] (Rycina 5).
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SARS-CoV-2

Komorka

Srédbtonek

Inhibitory BURZA CYTOKINOWA
Galektyny-3 Galaktyna-3, TNF-q, IL-1B, IL-6

Rycina 5. Mechanizm dziatania  Galektyny-3 ~w  odpowiedzi  zapalnej na infekcje  SARS-CoV-2.
Zrédto: Opracowanie wtasne.

Podczas infekcji SARS-CoV-2, w nabtonku ptucnym obserwuje sie transkrypcyjng
regulacje sprzyjajacg wytwarzaniu VEGF, TGF-B oraz fibrynonektyny (FN), co tworzy
srodowisko sprzyjajgce wtdknieniu tkanki [210]. Sekrecja Gal-3 przez makrofagi zwieksza
ekspresje receptorow TGF-B na powierzchni fibroblastéw. Aktywowane fibroblasty i
miofibroblasty przez sygnalizacje mediowang TGF-B stymulujg depozycje macierzy
pozakomérkowej i kolagenu, co prowadzi do wtéknienia. Indukowane przez Gal-3 cytokiny,

takie jak IL-1, IL-6 i TNF-a, dodatkowo przyspieszajg ten proces [211] (Rycina 6).
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Rycina 6. Mechanizmy wtdknienia ptuc indukowane przez SARS-CoV-2. Zrédto: Opracowanie wtasne.

Gal-3, znana z swojej roli w procesach zapalnych i fibrozy [212, 213], moze petnic
zatem istotng role jako marker diagnostyczny i predykcyjny w COVID-19, co potwierdzajg
wyniki z ré6znych badan naukowych.

W przeprowadzonej meta-analizie stwierdzono, ze poziomy galektyny-3 byty
istotnie wyzsze w grupie pacjentéw z ciezkim przebiegiem choroby (Srednio 18.83+15.5
pg/mL) w poréwnaniu do pacjentdow z tagodnym przebiegiem (Srednio 12.43+10.29
pg/mL) [163]. Wyniki te sugerujg, ze gal-3 moze by¢ uzytecznym wskaznikiem nasilenia
stanu zapalnego i stopnia uszkodzenia tkanek w COVID-19, co moze mieé praktyczne
znaczenie kliniczne przy ocenie ciezkos$ci choroby. Dodatkowo, analizujgc dane dotyczace
przezycia pacjentéw z COVID-19 meta-analiza wykazata, ze pacjenci, ktérzy zmarli
z powodu choroby, mieli znaczaco wyzsze poziomy gal-3 (Srednio 13.72+15.92 pg/mL)

w porownaniu do pacjentéw, ktorzy przezyli (Srednio 6.24+6.74 pg/mL) [163]. Nizsze
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poziomy gal-3 u pacjentow przezywajacych mogg sugerowaé mniej intensywng reakcje
zapalng oraz mniejsze ryzyko wystapienia powikfan zagrazajgcych zyciu.

Uzyskane powyzej wyniki sg zgodne z badaniami pokazujacymi, ze zwiekszone
poziomy gal-3 sg zwigzane z uktadowa odpowiedzig hiper-zapalnoscig i uszkodzeniem
wielonarzgdowym, co czesto obserwuje sie w krytycznych przypadkach COVID-19 [214,
215]. Obecnie wykorzystanie gal-3 jako markera prognostycznego jest potwierdzona przez
wiele badan [215, 216]. Karsli i wsp. wykazali znacznie wyisze stezenia galektyny-3
u pacjentdow z krytycznym przebiegiem COVID-19 w pordéwnaniu do pacjentow
z tagodniejszym przebiegiem choroby, co wzmacnia wiarygodnosé stosowania galektyny-3
w ocenie przebiegu choroby [217].

Podwyzszone poziomy gal-3 wskazujg na trwajgce procesy zapalne i widknienie,
ktére sg kluczowymi cechami ciezkiego przebiegu COVID-19. Hiper-zapalna odpowied? i
wynikajgce z niej uszkodzenie tkanek i wtdknienie s3 dobrze udokumentowane w ciezkich
przypadkach, co dodatkowo uzasadnia stosowanie gal-3 jako markera tych zmian
patologicznych [218].

Reasumujac, badania wskazujg na potencjalne zastosowanie galectyny-3 jako
markera prognostycznego i diagnostycznego w COVID-19, co moze miec¢ istotne znaczenie
dla oceny ciezkosci choroby oraz podejmowania decyzji terapeutycznych.

Biatko powierzchniowo czynne D (SP-D) jest jednym z kluczowych sktadnikéow
uktadu odpornosciowego, odgrywajgcym istotng role w ochronie ptuc przed infekcjg [219,
220] i zostato poddane ewaluacji w kolejnej pracy stanowigcej podstawe dysertacji
doktorskiej. Rola SP-D jako elementu uktadu odpornosciowego wykazana zostata zaréwno
w badaniach in vitro jak i réwniez in vivo [221].

Na rycinie 7 przedstawiono mechanizmy w odniesieniu do ktérych SP-D moze by¢
kluczowe w réwnowazeniu odpowiedzi zapalnej a tym samym tagodzeniu badz
zapobieganiu zmianom w pfucach o podtozu immunologicznym. SP-D odgrywa role
w zwiekszeniu fagocytozy przez komoérki dendrytyczne (DC) przy jednoczesnym
zmniejszeniu prezentacji antygenu i aktywacji markerow kostymulujgcych. Ponadto
odgrywa role w neutralizowaniu i aglutynacji wiruséw oraz zmniejszeniu odpowiedzi
zapalnej po kontakcie z wirusem grypy A, syncytialnym wirusem oddechowym (RSV) czy
tez ludzkim wirusem niedoboru odpornosci (HIV) [222]. Ponadto badania wykazuja, iz

SP-D ogrywa role w aglutynacji szkodliwych patogendw. Poprzez modulowanie produkcji
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cytokin zapalnych przez makrofagi, chemotaksji makrofagéw i zmniejszenie prezentacji
antygenu powoduje redukcje patogendéw. Dodatkowo odgrywa role w utrzymaniu
limfocytéw T w stanie hiporeaktywnosci w celu zwiekszenia ekspresji CTLA4, modulowania
apoptozy, zmniejszenia indukowanej alergenem produkcji cytokin Th2 oraz zmniejszenia
proliferacji limfocytow T. Dodatkowo badania wykazaty, iz SP-D reagujgc z neutrofilami
moduluje produkcje cytokin, zapobiega degranulacji, jak réwniez odgrywa role
w tworzeniu eozynofilowych putapek zewnatrzkomdrkowych. W przypadku modelu
zwierzecego odnotowano réwniez oddziatywanie SP-D na korygowanie fenotypu myszy,
powodujgc zmniejszenie produkcji fosfolipidéw, zmniejszeniu liczby komdrek zapalnych
oraz komodrek nekrotycznych i apoptycznych, zmniejszanie poziomu reaktywnych form
tlenu (ROS), oraz zmniejszanie poziomu cytokin prozapalnych (wtgczajac w to interleukine

6i12) [223 — 225].
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Rycina 7. Immunomodulacyjne funkcje biatka SP-D w odpowiedzi zapalnej na infekcje SARS-CoV-2.
Zrédto: Opracowanie wtasne.
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Dotyczy to zaréwno wirusowego zapalenia pfuc zwigzanego z wirusami grypy
i SARS-CoV-2 jak réwniez samego zapalenia oskrzelikow wywotywanego przez wirus RSV
[226].

W kontekscie COVID-19, SP-D zostato zidentyfikowane jako marker diagnostyczny,
Co oznacza, ze moze poméc w identyfikacji obecnosci choroby [227]. Niemniej jednak,
istniejg ograniczenia w jego wykorzystaniu jako wskaznika prognostycznego do oceny
ciezkosci przebiegu COVID-19. Powyzsze zaleznosci zostaty potwierdzone w moim badaniu
opublikowanym w , Advances in Medicine, Psychology and Public Health (AMPPH)” gdzie
wykazano istotnie statystycznie wyzsze poziomy u pacjentéow z COVID-19 anizeli w grupie
kontrolnej (44.38 + 74.71 vs. 21.29 + 31.8; SMD = 1.39; 95%Cl: 0.35 — 2.43; p=0.009). Nie
odnotowano natomiast istotnych zaleznosci pomiedzy ciezkoscig przebiegu COVID-19
(p=0.48) jak réwniez wzgledem osdb z COVID-19 ktdre przezyty infekcje i osdb, ktdre
zmarty w szpitalu (p=0.70).

SP-D jest jednym z biatek surfaktantu ptucnego, ktore uczestniczy w odpowiedzi
immunologicznej organizmu na infekcje wirusowe, w tym SARS-CoV-2 [222, 228, 229].
W badaniach wykazano, ze poziomy SP-D w surowicy mogg wzrosng¢ u pacjentéw
z COVID-19, co sprawia, ze jest on potencjalnym biomarkerem diagnostycznym.
Zwiekszone poziomy SP-D obserwowane sg u pacjentéw z COVID-19 w porédwnaniu do
zdrowych o0s6b. Podwyzszenie poziomow tego biatka moze wynikaé z uszkodzenia
komodrek nabtonka ptucnego oraz reakcji zapalnej wywotanej infekcjg SARS-CoV-2. Dla
przyktadu, w badaniu przeprowadzonym przez Gao i wsp. stwierdzono, ze sredni poziom
SP-D w surowicy wynosit 146 ng/ml u pacjentéw z COVID-19, w poréwnaniu do 52 ng/ml
u zdrowej grupy kontrolnej [193]. W innym badaniu srednie poziomy SP-D wynosity 118
ng/ml u pacjentéw z COVID-19, co wskazuje na podobne tendencje wzrostowe [230].
Badania sugerujg, ze podwyzszone poziomy SP-D mogg wskazywaé na obecnos¢ zakazenia
wirusowego w ptucach. SP-D jest biatkiem specyficznym dla ptuc, co oznacza, ze jego
podwyzszony poziom jest silnie zwigzany z patologiami uktadu oddechowego.
W kontekscie COVID-19, jego specyficznos¢ jako markera dla infekcji ptucnej sprawia, ze
jest uzyteczny w diagnozowaniu tej choroby, zwtaszcza w réznicowaniu od innych przyczyn
infekcji drég oddechowych.

Mimo Zze SP-D jest warto$ciowym markerem diagnostycznym, nie spetnia on

kryteridw prognostycznych dotyczgcych oceny ciezkosci przebiegu COVID-19. Istnieje kilka
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przyczyn, ktore ttumacza te réznice w jego zastosowaniu [230]. Badania wskazujg, ze mimo
podwyzszonych poziomow SP-D u pacjentéw z COVID-19, nie ma jednoznacznej korelacji
miedzy poziomem SP-D a stopniem ciezkosci choroby. Na przyktad, w badaniu Zhang
i wsp., nie wykazano istotnej réznicy w poziomach SP-D pomiedzy pacjentami z ciezkim
i tagodnym przebiegiem COVID-19 [195]. Oznacza to, ze poziomy SP-D nie odzwierciedlajg
bezposrednio ani intensywnosci stanu zapalnego, ani rozlegtosci uszkodzen ptucnych.
COVID-19 ma bardzo zmienny przebieg kliniczny, od fagodnych objawéw po ciezkie
przypadki wymagajace intensywnej opieki medycznej [231, 232]. Poziom SP-D moze
odzwierciedla¢ jedynie aktualny stan zapalny i uszkodzenie ptuc, nie bedac w stanie
przewidzie¢ przysztego przebiegu choroby, takich jak nagte pogorszenie sie stanu zdrowia
czy rozwdj powikfan. W badaniu przeprowadzonym przez Wu i wsp. wykazano, ze mimo
podwyzszonych poziomdéw SP-D, jego wartosci nie korelowaty z wynikami innych
wskaznikéw zapalnych, takich jak poziomy IL-6 czy CRP, ktére sg bardziej zwigzane
z ciezkoscig przebiegu COVID-19 [196]. Ciezkos¢ przebiegu COVID-19 zalezy od wielu
czynnikdéw, takich jak wiek pacjenta, obecnos$é chordb wspdtistniejgcych, odpowied?
immunologiczna oraz genetyczne predyspozycje. SP-D jest tylko jednym z wielu
wskaznikdow zapalnych i jego poziom moze by¢é modulowany przez inne czynniki,
co ogranicza jego przydatno$é w prognozowaniu przebiegu choroby.

Przeprowadzone badania pozwalajg na sformutowanie nastepujacych wnioskow:

e biomarkery takie jak stosunek neutrofili do limfocytéw (NLR) sg prostym i tatwo
dostepnym wskaznikiem, ktdry mozna wyliczyé z podstawowego rozmazu krwi,
co czyni go wyjatkowo uzytecznym w praktyce klinicznej. Jego wartos¢
prognostyczna w ocenie ciezkosci choroby, dtugosci hospitalizacji oraz
Smiertelnosci u pacjentow z COVID-19 zostata szeroko potwierdzona;

e wyniki przeprowadzonych badan wskazujg réwniez na rosnacy potencjat
nowoczesnych biomarkeréw, takich jak Galektyna-3 (Gal-3), tkankowy
aktywator plazminogenu (tPA) czy tez biatko ST2, w diagnostyce i stratyfikacji
ryzyka COVID-19;

e wobec ewoluujgcych mutacji SARS-CoV-2, konieczne sg dalsze badania w celu
wytypowania i walidacji najnowszych i najbardziej skutecznych biomarkeréw,

ktore beda skutecznie stuzyé diagnostyce i stratyfikacji ryzyka w kontekscie
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nowych wariantow wirusa, ktdre przy tak szerokiej zakaznosci i mutagennosci

mogga wcigz stanowié globalne zagrozenie.
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