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2.0moéwienie rozprawy doktorskiej

2.1 Wprowadzenie

Pod koniec roku 2019 zidentyfikowano nieznany dotad wirus SARS-CoV-2, ktérego
szybkie rozprzestrzenianie si¢ spowodowato pojawienie si¢ ogromnej liczby zakazen,
przyczyniajac si¢ do $mierci milionéw ludzi na catym $wiecie'. Dnia 11 marca 2020 roku
Swiatowa Organizacja Zdrowia (WHO) oglosita pandemi¢ wywolywanej przez ten wirus
choroby COVID-19, ktéora mimo wprowadzonych radykalnych obostrzen oraz rozpoczecia
szczepien ochronnych, do tej pory nie zostala uznana za zakonczona, a hospitalizacje z powodu

zakazenia tym koronawirusem caly czas wystepuja.

Pomimo oficjalnie potwierdzonych ponad 750 miliondw przypadkoéw zakazen wirusem
SARS-CoV-2 na calym $wiecie, rzeczywista czesto$¢ wystepowania infekcji pozostaje
nieznana ze wzgledu m.in. na wystgpowanie zakazen bezobjawowych oraz r6zne mozliwosci
diagnostyki, w tym szeroko dostepng mozliwos¢ zakupienia 1 wykonania testow antygenowych

nie podlegajacych obecnie obowiazkowi zgloszenia 48,

Natychmiast po identyfikacji wirusa wysitki koncernéw farmaceutycznych
skoncentrowane zostaly na badaniu kolejnych lekow majacych stuzy¢ do jego zwalczenia,
jednak opcje terapeutyczne w tej infekcji pozostaja nadal bardzo ograniczone’. Pandemia
SARS-COV-2 stanowi wielowymiarowy problemem, dlatego tak wazne jest przeciwstawianie
si¢ patogenowi poprzez prowadzanie badan nad immunologia COVID-19 oraz analizg

czynnikéw wptywajacych na przebieg zakazenia.

Dzigki wiedzy o przebiegu infekcji innymi koronawirusami oraz wiedzy na temat
rozwoju odpowiedzi uktadu odporno$ciowego na koronawirusy, udato si¢ opracowac
szczepionki przeciw COVID-19, ktorych skuteczno$¢ w zmniejszaniu zakaznosci 1 tagodzeniu
przebiegu choroby zostata potwierdzona™. Mimo to, w Polsce peten cykl szczepien przebyto
niespetna 57% Polakow’. Odpowiedz serologiczna i zwiazek z objawami klinicznymi sa wazne
dla zrozumienia patogenezy COVID-19. Kinetyka odpowiedzi przeciwcial po infekcji wirusem
SARS-CoV-2 i po szczepieniu jest szeroko opisywana w naukowej literaturze’. Wickszo$¢
badan wskazuje, ze cigzki przebieg COVID-19 wyzwala wczesniejszg i bardziej intensywng
odpowiedZz immunologiczna, a badania rozwoju odpowiedzi po szczepieniu wykazuja wyzsze

miana przeciwcial u osob, ktére przebyty zakazenie niz u 0sob nie chorujacych wczesniej na



7101 - Dotychczasowe wyniki badan kohortowych potwierdzajg

chorobe koronawirusows.
ochronne dziatanie przeciwciat bedacych wynikiem przebycia naturalnej infekcji przez pie¢ do
o$miu miesigcy, podczas gdy firmy farmaceutyczne okreslity czas trwania odpowiedzi
immunologicznej szczepionki na sze$¢ miesiecy po podaniu drugiej i trzeciej dawki'>!?.
Duzym problemem w strategii ochrony populacji poprzez szczepienia pozostajg
nowopowstajace mutacje wirusa SARS-CoV-2 i brak wiedzy jak daleko mozna ekstrapolowac
obserwacje z infekcji jednym wariantem na inny wariant. W zwigzku z tym badania miana
przeciwcial 1 czasu trwania odpowiedzi immunologicznej w réznych fazach pandemii wydajg

si¢ by¢ niezbgdne do zrozumienia mechanizmoéw ochronnych przeciwciat anty-SARS-CoV-2.

Sam przebieg zakazenia nadal pozostaje nie do konca wyjasniony. Do dzi$ nie jest jasne,
dlaczego niektore osoby przechodza infekcje bezobjawowo lub skapoobjawowo, inne za$
rozwijaja pelnoobjawowg chorobe czg¢sto wymagajaca wsparcia oddechowego, nierzadko
zakonczong zgonem. Dlatego od poczatku pandemii podejmowane sa proby identyfikacji

14,15

predyktorow przebiegu zakazenia'™'°. W S$wiatowej literaturze znajduje si¢ caly szereg

publikacji wskazujacy na zwigzek otylosci z ryzykiem rozwoju cig¢zkiej choroby

16,17

koronawirusowe;j Inng ciekawg obserwacja jest korelacja stosunku wytwarzanych

przeciwciat anty-N/anty-RBD z przebiegiem zakazenia wirusem SARS-CoV-2'8,

Stabo poznane pozostajag natomiast ewentualne zwigzki pomie¢dzy narazeniem na
zakazenie 1 cigzki przebieg COVID-19, a innymi chorobami infekcyjnymi, na jakie jest
narazona cz¢$¢ spoteczenstwa. Szczegélnie dotyczy to zakazen chronicznych, na przyktad,
mimo duzego rozpowszechnienia boreliozy na $wiecie, dotychczas nie przedstawiono badan
pozwalajacych oceni¢ zwigzek choroby z Lyme ze zwigkszonym ryzykiem zakazenia SARS-
CoV-2 lub z ciezkim przebiegiem COVID-19'. Diagnostyka zakazenia kretkiem Borrelii jest
trudna ze wzgledu na nieswoiste objawy choroby, mnogo$¢ szczepdéw bakteryjnych oraz
trudnos$¢ w interpretacji badan serologicznych pacjentow, poniewaz sama seropozytywnos¢ nie
jest wystarczajaca do rozpoznania czynnej boreliozy, a przeciwciata mogg utrzymywac si¢

20.21 - Badanie

przez dhlugi czas nawet po pomyslnym leczeniu przeciwdrobnoustrojowym
obecno$ci przeciwciat §wiadczacych o kontakcie z kretkiem Borrelii u 0séb zakazonych
koronawirusem oraz okreslenie ich ewentualnej korelacji z cigzkoscig przebiegu zakazenia
wirusem SARS-CoV-2 dostarcza nowych, nieznanych dotad informacji na temat podatnosci na

COVID-19 o0s6b, u ktorych mogta wystepowac choroba z Lyme.

Infekcja nowo odkrytym koronawirusem czesto jest opisywana w grupie pacjentow

onkologicznych. Choroba nowotworowa zostata juz opisana jako niezalezny predyktor



zwiekszonego ryzyka $mierci u pacjentdow zakazonych SARS-CoV-222. Pacjenci onkologiczni
sa uwazani za populacje szczegdlnie narazong na rozwdj ci¢zszych objawéw COVID-19, co
prawdopodobnie wynika z ogdlnoustrojowego stanu immunosupresyjnego spowodowanego
rozrostem guza, efektami leczenia przeciwnowotworowego, a takze cze¢sto obserwowanym
ogdlnym zlym stanem zdrowia®>**. Analiza wptywu danych diagnostycznych i symptomow
rejestrowanych w momencie przyjecia do szpitala na ryzyko zgonu pacjentéw onkologicznych

z COVID-19 moze wspomoc klinicystow w opiece nad tg grupa chorych.

Mimo, ze w przedstawionych badaniach ujetych w tej rozprawie doktorskiej
dominujacymi wariantami wirusa w Polsce byly warianty Alfa i Delta, z uwagi na duza
dynamike rozprzestrzeniania si¢ choroby, kolejne mutacje drobnoustroju, a takze r6znorodno$¢
osobnicze] odpowiedzi humoralnej, szerokie badania czynnikow wptywajacych na poziom
przeciwcial, przebieg choroby oraz analizy czasu trwania odpowiedzi uktadu odpornosciowego

wydaja si¢ by¢ podstawa dla zrozumienia patogenezy choroby COVID-19.

2.2 Cel badan:

Glownym celem badan jest analiza przeciwciat skierowanych przeciwko SARS-CoV-2
wytworzonych w wyniku infekcji tym wirusem lub szczepienia oraz analiza przebiegu choroby

COVID-19 w zaleznosci od okreslonych stanow chorobowych.
Cele szczegbdtowe:

1. Celem pierwszej publikacji jest ocena dynamiki zmian poziomu przeciwciat
specyficznych do SARS-CoV-2 w okresie 7 miesiecy u wybranej grupy pacjentow
bioracych udziat w przesiewowym badaniu populacji Dolnego Slaska (Budziar i
in.)? (follow-up). W badaniu tym uwzgledniony zostal wczesniej zidentyfikowany
kontakt z wirusem i zaktualizowany status szczepienia. Porownano zmiany poziomy
przeciwcial w czasie, uwzgledniajac decyzje o przyjeciu szczepien przeciwko
SARS-CoV-2. Badanie obejmuje tez ocen¢ 1 porownanie kinetyki przeciwciat u
pacjentow hospitalizowanych z powodu COVID-19 w zaleznos$ci od cigzkosci
przebiegu choroby.

2. Celem drugiej publikacji jest ocena ewentualnego zwigzku miedzy wystgpowaniem

podwyzszonych poziomow przeciwciat przeciwko Borrelia burgdorferi, a



przebiegiem choroby COVID-19 ws$rdd osob: (i) hospitalizowanych z powodu
cigzkiego przebiegu zakazenia koronawirusem, (ii) osob, ktére przeszty zakazenie
koronawirusem bezobjawowo lub skapoobjawowo, a fakt zakazenia potwierdzono
ujawniajgc przeciwciala przeciwko SARS-CoV-2 podczas badania przesiewowego
(Budziar i in.)?, a takze (iii) u pacjentow, u ktérych serologicznie potwierdzono
brak przebytej infekcji SARS-CoV-2.

3. Celem trzeciej pracy jest analiza wptywu poszczeg6lnych danych diagnostycznych
1 symptomow rejestrowanych przy przyjeciu do szpitala z powodu COVID-19 na
ryzyko zgonu wsrdd pacjentow onkologicznych. Analiza ta identyfikuje czynniki
ztego rokowania, ktorych rejestracja i monitorowanie moze by¢ konieczne w opiece

nad grupg chorych onkologicznych.

2.3 Materiaty i metody

2.3.1 Materialy i metody pierwszego artykutu

Badanie to jest kontynuacja badania przesiewowego przeciwciat anty-SARS-CoV-2
przeprowadzonego 15 i 22 maja 2021 r. w populacji Dolnego Slaska u zdrowych oséb, ktore
nie byly wcze$niej szczepione przeciwko COVID-19 i nigdy nie mialy stwierdzonego
pozytywnego wyniku diagnostycznego dla infekcji SARS-CoV-2%°. W okresie od maja do
grudnia 2021 r. wystgpita czwarta fala COVID-19, z udziatem wariantu Delta ocenianym na
prawie 100% od potowy pazdziernika do kofica roku?®. Probki krwi do ponownej oceny
przeciwcial anty-SARS-CoV-2 pobrano we Wroctawiu 11 grudnia 2021 r., czyli okoto 7
miesiecy po pierwszym badaniu. Sposrdéd 501 oséb przebadanych pod katem przeciwciat
SARS-CoV-2 w maju 2021 r. uczestnicy zostali wlaczeni do badania kontrolnego z
uwzglednieniem wczesniejszego statusu serologicznego okreslonego w pierwszym badaniu
oraz statusu szczepienia. Z badania wykluczono osoby, u ktorych potwierdzono diagnostycznie
zakazenie wirusem SARS-CoV-2 migdzy majem a grudniem 2021 r. oraz uczestnikow, ktorzy
byli czgsciowo lub w pelni zaszczepieni, ale mniej niz 4 tygodnie przed 11 grudnia 2021 r.
Grupy badane zostaly ujednolicone pod wzgledem parametréw demograficznych. Sposrod 218
wstepnie wybranych uczestnikow, 109 potwierdzito swoja dyspozycyjnos¢ we wskazanym
czasie 1 zgodzito si¢ na udzial w badaniu. Ze wszystkimi uczestnikami przeprowadzono wywiad
pod katem mozliwej diagnozy COVID-19, aktualnych objawéw infekcji, a takze palenia,

wzrostu 1 wagi.



Do badania wybrano nastepujace grupy:

Grupa 1 (N-, V-): Uczestnicy seronegatywni w kierunku przeciwciat SARS-CoV-2 w maju
2021 r. (anty-NCP-ujemni), nieszczepieni; N = 38

Grupa 2 (N-, V+): Uczestnicy seronegatywni w kierunku przeciwcial SARS-CoV-2 w maju

2021 r. (anty-NCP-ujemni), w pelni zaszczepieni przed grudniem 2021 r.; N =29

Grupa 3 (N+, V-): Uczestnicy seropozytywni w kierunku przeciwcial IgG swoistych dla
SARS-CoV-2 w maju 2021 r. (anty-NCP-IgG dodatni) i nieszczepieni; N = 25

Grupa 4 (N+, V+): Uczestnicy seropozytywni na obecnos¢ przeciwcial IgG swoistych dla
SARS-CoV-2 w maju 2021 r. (anty-NCP-IgG dodatni), w pelni zaszczepieni przed grudniem
2021 r; N=17

W badaniu tym analizowano roéwniez poziomy przeciwcial anty-SARS-CoV-2 u
nieszczepionych pacjentow hospitalizowanych z powodu COVID-19 (N = 47) w
jednoimiennymszpitalu zakaznym w Bolestawcu (Polska). Préby krwi pobierano w
okreslonych punktach czasowych po szacowanym zakazeniu, tj. w dniu 5, w dniu 10, w dniu
15, w dniu 30 i w dniu 90. W zaleznos$ci od przebiegu choroby pacjentow podzielono na 3
grupy: przebieg tagodny (N = 21, pacjenci niewymagajacy terapii wspomagajacej uktad
oddechowy), przebieg umiarkowany (N = 13, pacjenci wymagajacy nieinwazyjnej terapii
wspomagajacej uktad oddechowy/maski), przebieg ciezki/krytyczny (N = 12, pacjenci
wymagajacy terapii wspomagajgcej uktad oddechowy z uzyciem kaniuli donosowej o wysokim
przeplywie lub intensywnej nieinwazyjnej terapii oddechowej -BiPAP/CPAP lub inwazyjne;j

wentylacji mechanicznej).

Identyfikacj¢ serologiczng zakazenia SARS-SoV-2 przeprowadzono za pomoca: testow
Microblot—Array COVID-19 IgG (TestLine Clinical Diagnostics s.r.0.). Badanie to oceniato
przeciwciala IgG swoiste dla wirusowego biatka nukleokapsydu (NCP) i domeny wigzace]

receptor w biatku kolca wirusa (RBD).
Analizy statystyczne przeprowadzono za pomocg GraphPad Prism 9.
2.3.2 Materiaty i metody drugiego artykutlu
W badaniu tym wybrano nastepujace grupy:

Grupa 1 (pacjenci hospitalizowani) tzn. uczestnicy z ci¢zkim przebiegiem choroby COVID-

19 hospitalizowani w szpitalu w Bolestawcu; ci pacjenci wymagali albo i) przejSciowej,



nieinwazyjnej terapii oddechowej, ii) terapii oddechowej wspomaganej kaniula donosowg o

wysokim przeptywie, lub iii) inwazyjnej wentylacji mechanicznej (N =31);

Grupa 2: uczestnicy z tagodnym lub bezobjawowym zakazeniem wirusem SARS-CoV-2,
ktérzy byli leczeni w domu lub nie byli §wiadomi zakazenia, nie byli rowniez szczepieni
przeciwko COVID-19, ale zostali zidentyfikowani jako seropozytywni wobec przeciwciat anty-

SARS-CoV-2% (N =28);

Grupa 3 (kontrolna) tzn. uczestnicy bez diagnozy i historii choroby COVID-19,
nieszczepieni przeciwko COVID-19 i zidentyfikowani jako seronegatywni wobec przeciwcial

anty-SARS-CoV-2% (N =28).
Badane grupy zostaty uzgodnione pod wzgledem parametrow demograficznych.

Identyfikacj¢ serologiczng zakazenia wirusem SARS-CoV-2 przeprowadzono za pomocg
testu Microblot—Array COVID-19 IgG (TestLine Clinical Diagnostics s.r.0.); macierz zawiera
wybrane fragmenty specyficznych antygenow NCP, RBD i Spike S2 wirusa SARS-CoV-2.

Serologiczng identyfikacje zakazenia Borrelia spp. przeprowadzono z uzyciem testow
Microblot-Array Borrelia IgG 1 Microblot-Array Borrelia IgM (TestLine Clinical Diagnostics
$.1.0.); macierze zawieraja specyficzne antygeny Borrelia spp.: VISE B. afzelii, VISE B. garinii,
VISE B. burgdorferi sensu stricto, p83, p58, p41 B. afzelii, p41 B. burgdorferi sensu stricto,
p39, OspB, OspA B. afzelii, OspA B. garinii, OspA B. burgdorferi sensu stricto, OspC B.
afzelii, OspC B. garinii, OspC B. burgdorferi sensu stricto, OspC B. spielmanii, OspE, NapA i
pl7. Obejmuja one rowniez antygeny specyficzne dla Anaplasma phagocytophilum (p44,
OmpA i Asp62), rekombinowany antygen TpN17 (IgG) i EBV p18 (IgM).

Analizy statystyczne przeprowadzono przy uzyciu GraphPad Prism 9.
2.3.3 Materialy i metody trzeciego artykutu

W badaniu tym przeanalizowano dokumentacj¢ medyczng pacjentow hospitalizowanych z
powodu COVID-19 z rozpoznaniem nowotworu zlosliwego z przerzutami lub bez przerzutow
(n=151) w Uniwersyteckim Szpitalu Klinicznym oraz szpitalu tymczasowym dziatajagcym pod
nadzorem Uniwersyteckiego Szpitala Klinicznego we Wroctawiu. Grup¢ kontrolng stanowito
151 dopasowanych demograficznie 0osdb hospitalizowanych z powodu COVID-19 bez historii
choroby nowotworowej. Badanie mialo charakter retrospektywny. Dane wszystkich pacjentow
zostaly zebrane w okresie od marca 2020 r. do sierpnia 2021 r i zdeponowane w bazie danych

chronionej hastem.
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Dane dotyczace umieralnosci uzyskano z elektronicznej dokumentacji medycznej oraz

Urzedu Stanu Cywilnego na dzien 1 sierpnia 2021 r.

Analizy statystyczne przeprowadzono przy uzyciu TIBCO Software Inc. (2017), Statistica

(system oprogramowania do analizy danych), wersja 13.

2.4 Omowienie wynikow

2.4.1 Wyniki pierwszego artykutu

Dynamika serokonwersji przeciwko SARS-CoV-2 w populacji polskiej w okresie od maja

do grudnia 2021 r.

W grupie 1 (N-, V-) znalezliSmy 29% (11 z 38) uczestnikow z pozytywnym wynikiem
przeciwcial IgG swoistych dla SARS-CoV-2. Uwidacznia to odsetek niezarejestrowanych
zakazen, ktore wystapily uuczestnikéw populacji migdzy majem a grudniem 2021. Dziesig¢¢ z
tych os6b  skutecznie wytworzylo przeciwciata anty-RBD IgG, najwazniejsza frakcje
przeciwcial chroniaca przed zakazeniem ze wzgledu na ich potencjat neutralizujacy'?. Jednak
$redni wzrost poziomu IgG w tej grupie byt bardzo staby, co jest zgodne z faktem, ze wigkszo$¢

grupy nie miata kontaktu z antygenami wirusa SARS-CoV-2.

W grupie 2 (N-, V+) 93% (27 z 29) uczestnikéw uzyskato wynik pozytywny na obecnos¢
przeciwcial IgG swoistych dla SARS-CoV-2 w grudniu, wszystkie te osoby rozwingty
przeciwciala anty-RBD IgG. Zaobserwowano bardzo silny wzrost mediany ilo$ciowej anty-
RBD IgG (od 0,398 do 809,6 U/ml), potwierdzajac dobra skuteczno$¢ szczepien w
indukowaniu wytwarzania przeciwciat ukierunkowanych na RBD. Poréwnanie przeciwciat
anty-NCP IgG, czyli specyficznych do antygendéw wirusa nieuwzglednionych w szczepieniu,
w grupie | (nieszczepionej) i grupie 2 (szczepionej) pokazuje, Zze znacznie wigcej 0sob zostato
zakazonych SARS-CoV-2 migdzy majem a grudniem w grupie pierwszej (odpowiednio 26% 1

7% ).

W grupie 3 (N+, V-) 76% (19 z 25) uczestnikéw pozostato dodatnich pod wzgledem
jakichkolwiek frakeji IgG swoistych dla SARS-CoV-2 rowniez w grudniu, a 13 z nich (52%)
miato wykrywalne anty- RBD IgG. Jednak mediana wartosci tej potencjalnie neutralizujace;j
wirusa frakcji IgG znacznie spadta z 922,5 U/ml w maju do 202,7 U/ml w grudniu (co byto

bardzo zblizone do ujemnej warto$ci odcigcia testu: 210 U/ml), pokazujac w ten sposob, ze
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potencjat ochronny frakcji IgG swoistej dla SARS-CoV-2 wyindukowany w populacji przed

majem pod koniec roku byt juz bardzo ograniczony.

W grupie 4 (N+V+) 100% (17 z 17) uczestnikow uzyskato pozytywny wynik testu na
obecnos¢ IgG anty-SARS-CoV-2. W tej grupie zaobserwowano takze najwyzsze poziomy IgG
swoistych dla RBD, zaré6wno jako warto$¢ mediany, jak i jako maksymalng indywidualng

warto$¢ osiagnigta w dowolnej grupie.

Warto zauwazy¢, ze szczepienie (dostgpnymi w Polsce preparatami) zapewnia jedynie
immunizacj¢ anty-RBD, gdyz antygeny reprezentujagce NCP nie sg zawarte w preparatach.
Dlatego anty-NCP IgG moze powsta¢ w wyniku zakazenia wirusem SARS-CoV-2, ale nie w
wyniku szczepienia, co wyraznie wskazuje, u ktorych uczestnikéw badania doszio do

zakazenia.

Zgodnie z oczekiwaniami, wysoka skuteczno$¢ szczepienia w indukcji przeciwciat
specyficznych dla RBD wykazano w obu zaszczepionych grupach. Ogoélny poziom anty-RBD
IgG byl najwyzszy u 0sob, ktore wezesniej (przed majem 2021 r.) byly zakazone SARS-CoV-
2, a nastgpnie zdecydowatly si¢ na szczepienie. Ta obserwacja podkresla pozytywna role
szczepien w utrzymaniu przeciwwirusowej ochrony immunologicznej u rekonwalescentow i

jest zgodna z innymi badaniami'!.
Serokonwersja u pacjentéw hospitalizowanych z powodu COVID-19

W grupie 47 pacjentow hospitalizowanych z powodu COVID-19 przeanalizowaliSmy
kinetyke IgG w pigciu roznych punktach czasowych: dzien 5, dzien 10, dzien 15, dzien 30 i

dzien 90 po zakazeniu, od poczatku objawow.

Od 10 dnia obserwowano wzrost zard6wno przeciwcial anty-RBD IgG, jak i anty-NCP IgG,
ktore osiagnely wysoki poziom w 30 dniu po zakazeniu i pozostaly na wysokim poziomie w 90
dniu po zakazeniu. Dostepne pisSmiennictwo wskazuje na wczesniejsza 1 bardziej intensywna
odpowiedZ immunologiczna u pacjentéw z ciezkim przebiegiem choroby koronawirusowej'!;
w naszym badaniu mediany obu typoéw przeciwcial byly wyzsze w grupie chorych z cigzkim

przebiegiem choroby, ale bez istotnos$ci statystycznej (p>0,05).

Analizujgc stosunek anty-N/anty-RBD IgG u kazdego pacjenta we wszystkich punktach
czasowych, stwierdzili§my, ze w 15 1 30 dniu po zakazeniu wysoki stosunek dodatnio korelowat
z szansg na tagodny przebieg choroby (p <0,05). Te wyniki sg zgodne z doniesieniami

literaturowymi prezentujacymi podobne tendencje w bezobjawowych 1 lekkich przypadkach
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COVID-19'8. Réwniez otytosé dodatnio korelowata z ciezkoscia choroby (p = 0,0163), co z
kolei zwigkszato ryzyko umiarkowanego lub ciezkiego przebiegu choroby (p = 0,005).

2.4.2 Wyniki drugiego artykutu

Testy wykazaly, ze wszyscy pacjenci hospitalizowani z powodu choroby COVID-19 mieli
pozytywny wynik przeciwciat IgG swoistych dla Borrelia burgdorferi (31 z 31). U pacjentow
z fagodnym/bezobjawowym COVID-19 stwierdzono 19 przypadkéw dodatnich (z 28), a wérod
uczestnikow nigdy nie zakazonych SARS-CoV-2 stwierdzono tylko 8 przypadkéw dodatnich
(z 28).

Pacjenci z cigzkim przebiegiem COVID-19 wykazywali wyzsze poziomy przeciwciat
przeciwko wybranym antygenom Borrelia zarowno w poréwananiu do dwoch pozostatych
grup jak 1 do grupy osob niezakazonych. Ta obserwacja sugeruje, ze wczesniejsza ekspozycja
na Borrelia czyni pacjentdw bardziej podatnymi na cigzki COVID-19 w przypadku zakazenia

SARS-CoV-2.

Dodatkowo pacjenci z cigzkim przebiegiem COVID-19 wykazywali rowniez znacznie
wyzsze poziomy IgG swoistych dla antygenéw Anaplasma, podczas gdy Anaplasma jest czgsto
przenoszona razem z Borrelig przez kleszcze. To dodatkowo potwierdza sugestie, ze

zwigkszone ryzyko COVID-19 jest zwigzane z historig ukgszen kleszczy.

Dodatkowo, modelowanie statystyczne wykazalo, ze prawdopodobienstwo hospitalizacji z
powodu COVID-19 ro$nie wraz z liczbg stwierdzonych pozytywnych frakcji przeciwcial IgG
skierowanych przeciwko poszczegdlnym antygenom Borrelia odczytanych jako pozytywne u

danego pacjenta.

Inna analiza wykazata wzrost prawdopodobienstwa hospitalizacji z powodu COVID-19
wraz ze wzrostem poziomu przeciwciat IgG rozpoznajacych OspB, OspC B. burgdorferi sensu

stricto 1 OspC B. spielmanii.

U wielu pacjentow zaobserwowaliSmy przeciwciata ukierunkowane na rézne gatunki (np.
B. burgdorferi sensu stricto, a jednoczesnie B. afzelii i/lub B. garinii). Moze to odzwierciedlac¢
pewna reaktywno$¢ krzyzowa przeciwcial, ale prawdopodobnie moze wynika¢ z koinfekcji

wiecej niz jednym gatunkiem, co zgodnie z literaturg moze rowniez wystapi¢*’.
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Chociaz badanie to wykazato istotng korelacje¢ miedzy poziomem przeciwciat
skierowanych przeciwko Borrelia w surowicy a cigzko$cig przebiegu COVID-19 obserwowang
u tych samych 0s6b, nie mozna zalozy¢, ze korelacja wskazuje na zwigzek przyczynowy. Nie
mozna wykluczy¢, ze istnial niezidentyfikowany czynnik pierwotny, ktory powodowat u tych
pacjentow zarowno wiekszg podatnos$¢ na zakazenie Borrelig, jak i na ciezki przebieg COVID-

19.

Jednym z mozliwych wyjasnien badanej zalezno$ci moze by¢ bardziej szczegotowy wglad
w mechanizmy ukltadu odpornosciowego, a doktadniej szlak receptora Toll-like (TLR).
Badania wskazuja, ze szlak TLR pos$redniczy w uwalnianiu mediatoréw stanu zapalnego w

ludzkich monocytach stymulowanych zywymi kretkami B. burgdorferi®®.

Analogicznie,
opisano role receptoréw TLR w zakazeniu SARS-CoV-2, w ktorym szlak ten przyczynia si¢ do
eliminacji wirusow, ale moze tez zaszkodzi¢ pacjentowi posredniczac w zbyt silnej aktywacji
stanu zapalnego, prowadzacej do zniszczenia tkanek i niewydolnoéci narzadow?’. Sugeruje to,
ze kostymulacja zaréwno przez B. burgdorferi, jak i SARS-CoV-2 moze skutkowaé jeszcze
silniej wzbudzong nadmierng odpowiedzig zapalng i wyzszym ryzykiem ci¢zkiego przebiegu

COVID-19. Jednak hipoteza ta wymaga dalszej weryfikacji w przysztych badaniach.
2.4.3 Wyniki trzeciego artykutu

Do 1 sierpnia 2021 r. w Szpitalu Uniwersyteckim we Wroctawiu z powodu COVID-19

hospitalizowano 151 pacjentéw z udokumentowang choroba nowotworowa.

Mediana wieku pacjentow onkologicznych wynosita 68 lat (min.—maks.: 17-95); 50,33%
(76/151) stanowily kobiety. U stu dziesigciu pacjentow (72,85%) rozpoznano nowotwor

zto$§liwy bez przerzutow, a u 41 (27,15%) choroba byta rozsiana.

Wielowymiarowe modele proporcjonalnego hazardu Coxa uzyskano dla nastepujacych
kategorii: Dane pacjenta, Choroby wspdlistniejqce, Objawy przedmiotowe rejestrowane przy
przyjeciu, Leki stosowane przed hospitalizacjg i Wyniki badan laboratoryjnych wykonane przy
przyjeciu. Dzigki modelom opracowanym dla pacjentéw onkologicznych zidentyfikowalismy
nastepujace zmienne rejestrowane przy przyjeciu, ktore byly powigzane ze znacznie
zwigkszonym ryzykiem zgonu: pte¢ meska, obecno$¢ przerzutow w chorobie nowotworowe;j,
zaburzenia $§wiadomos$ci (senno$¢ lub splatanie), §wisty/furczenia/rzgzenia drobnobankowe,

liczba krwinek biatych (WBC) [103/uL] i neutrofili [10°/uL].
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Nasze wyniki sg zgodne z doniesieniami naukowymi, wskazujgcymi, ze pte¢ meska jest
uznana jako czynnik ryzyka zgonu zarowno w populacji ogoélnej, jak i onkologicznej u chorych
z COVID-19'32, W naszej analizie rowniez obecno$é przerzutowej choroby nowotworowej
jest zmienna, ktora istotnie wptywa na ryzyko zgonu (HR = 1,95), co oznacza, ze wystgpowanie

przerzutéw zwigksza ryzyko zgonu o 95% w poréwnaniu z chorymi bez przerzutow.

Ciekawg obserwacjg pozostaje diagnoza zaburzen §wiadomosci przy przyjeciu do szpitala,
ktora sugeruje, ze klinicysci, widzac pacjentdow z objawami neurologicznymi, powinni
podejrzewaé zakazenie koronawirusem, aby uniknaé opdznionej diagnozy’. Z kolei fenomeny
ostuchowe oraz podwyzszona liczba neutrofili s parametrami, ktéore moga wskazywaé na

ciezkie zakazenie uktadu oddechowego, réwniez wywolane przez wirusa SARS-CoV-231-2,

Nalezy podkresli¢, ze wszystkie nasze badania byly przeprowadzone w momencie,
kiedy dominujagcym wariantem koronawirusa byly warianty Alfa i1 Delta, a pierwszy
zarejestrowany w Polsce przypadek obecnie dominujacego wariantu Omikron pojawit si¢ po
zakonczeniu zbierania naszych danych (16.12.2021)**. Do chwili obecnej w obrocie w krajach
Unii Europejskiej sg dostepne szczepionki zaktualizowane w stosunku do nowej mutacji, a sam
koncern Pfizer-BioNTech o$wiadczyt, ze trzy dawki szczepionki przeciw COVID-19 generujg
wystarczajacg ilo§¢ przeciwciat, by chroni¢ przed infekcja nowym wariantem koronawirusa
Omikron**. Doniesienia naukowe dotyczace czwartej dawki szczepienia zapewniaja, ze jest ona
bezpieczna 1 uznana za skuteczng w zmniejszaniu krotkoterminowego ryzyka powiklan
zwigzanych z COVID-19 wsrdd osob, ktore otrzymaty trzecig dawke co najmniej 4 miesigce
wezesniej*®. Dodatkowo maksymalna immunogenno$¢ szczepionek mRNA jest osiggana po

trzech dawkach, a obnizajacy sie poziom przeciwciat mozna przywroci¢ po czwartej dawce?®.

Wobec ogromnej skali epidemii oraz szybkosci mutacji wirusa wszystkie badania
skupiajace si¢ immunogennosci i poszukiwaniu czynnikow wptywajacych na cigzkos¢
zakazenia stanowig cenne zrddto informacji i moga by¢ przydatne dla opracowania nowych
zalecen dotyczacych szczepien i prognozowania podatnos$ci na ciezki przebieg choroby

koronawirusowe;j.
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2.5 Wnioski:

1. Specyficzne przeciwciala skierowane przeciwko SARS-CoV-2, ktore rozwinely sie po
infekcji nie moga by¢ uznane za istotny czynnik odpornosci populacyjnej 7 miesiecy
pdzniej.

2. Czynnikiem zapewniajacym dobry poziom odpornosci populacji na COVID-19 sa
szczepienia.

3. Najwyzszy poziom ochrony osiggni¢to w grupie rekonwalescentow, ktorzy przyjeli
pely cykl szczepien, co nalezy uzna¢ za efekt spodziewany z uwagi na natozenie si¢
stymulacji uktadu odpornosciowego przez antygeny wirusowe pochodzace ze
szczepionki oraz wytworzone w czasie infekcji.

4. Moga istnie¢ powigzania mie¢dzy obecnoscig przeciwciat przeciwko Borrelia
burgdorferi a ci¢zszym przebiegiem choroby COVID-19.

5. Badania przesiewowe w kierunku przeciwcial skierowanych przeciwko Borrelii moga
przyczyni¢ si¢ do doktadnej oceny zagrozenia koniecznos$cia hospitalizacji pacjentow
zakazonych SARS-CoV-2.

6. Czynnikami ztego rokowania zarejestrowani w momencie przyjecia do szpitala w
grupie pacjentdéw onkologicznych hospitalizowanych z powodu COVID-19 sa: pte¢
meska, przerzuty w chorobie nowotworowej, S$wisty/rzezenia drobnobankowe,
zaburzenia $wiadomosci (senno$¢/splatanie), a takze mata liczba biatych krwinek i

wysoka liczba neutrofili zarejestrowanych przy przyjeciu.
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Abstract

The immune response and specific antibody production in COVID-19 are among the key
factors that determine both prognostics for individual patients and the global perspective for
controlling the pandemics. So called “dark figure”, that is, a part of population that has been
infected but not registered by the health care system, make it difficult to estimate herd immu-
nity and to predict pandemic trajectories. Here we present a follow up study of population
screening for hidden herd immunity to SARS-CoV-2 in individuals who had never been posi-
tively diagnosed against SARS-CoV-2; the first screening was in May 2021, and the follow
up in December 2021. We found that specific antibodies targeting SARS-CoV-2 detected in
May as the “dark figure” cannot be considered important 7 months later due to their signifi-
cant drop. On the other hand, among participants who at the first screening were negative
for anti-SARS-CoV-2 IgG, and who have never been diagnosed for SARS-CoV-2 infection
nor vaccinated, 26% were found positive for anti-SARS-CoV-2 IgG. This can be attributed to
of the “dark figure” of the recent, fourth wave of the pandemic that occurred in Poland shortly
before the study in December. Participants who were vaccinated between May and Decem-
ber demonstrated however higher levels of antibodies, than those who undergone mild or
asymptomatic (thus unregistered) infection. Only 7% of these vaccinated participants dem-
onstrated antibodies that resulted from infection (anti-NCP). The highest levels of protection
were observed in the group that had been infected with SARS-CoV-2 before May 2021 and
also fully vaccinated between May and December. These observations demonstrate that
the hidden fraction of herd immunity is considerable, however its potential to suppress the
pandemics is limited, highlighting the key role of vaccinations.
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Introduction

The new virus SARS-CoV-2 identified at the end of 2019, through its rapid spread, has caused
a global epidemic, overloading or even paralyzing healthcare systems worldwide [1]. To date,
efforts directed at therapeutic options for coronavirus disease remain limited, which is why it
is so important to target the fight against the pathogen by understanding COVID-19 immu-
nology, which should translate into reducing the spread of SARS-CoV-2 and ending the pan-
demic [2, 3].

Despite over 440 million confirmed cases of COVID-19, the true prevalence of infection
remains significantly underestimated due to a fraction of asymptomatic and oligosymptomatic
infections as well as to limited abilities of robust diagnostics worldwide [4-7]. The serological
response and the association with clinical symptoms are important in understanding the path-
ogenesis of COVID-19 [8]. The kinetics of antibody responses after COVID-19 are increas-
ingly described in the literature to date, with early data showing divergent results regarding
antibody responses in groups differing in disease severity. Most of the immunological studies,
however, show that severe COVID-19 triggers an earlier and more intense immune response
in hospitalized patients [8-10]. Many studies focus on assessing the immune response after
vaccination, typically showing higher antibody titers in convalescents than in healthy individu-
als. The results of cohort studies that are currently available confirm the protective effect of
natural infection. This protection persists for five to eight months, while pharmaceutical com-
panies have defined the expected duration of the immune response of the vaccine as six
months after the second dose [11]. Also, a significant decrease in antibody levels in COVID-
19-patients more than 6 month after being discharged from the hospital has been observed
(12].

Due to the rapid spread of the epidemic, there is still insufficient knowledge about safe and
effective vaccination strategies, and it is not known which vaccination strategies will be most
beneficial [11]. More complex is the question of how far observations from infections with one
SARS-CoV-2 variant can be extrapolated to a different one. In view of the above, studies on
antibody titers and the duration of the immune response in different groups of individuals
appear to be necessary to understand and predict the protective mechanisms of anti-SARS--
CoV-2 antibodies in COVID-19.

Here we present a follow-up study for a population screening for SARS-CoV-2 specific anti-
bodies in Polish citizens (N = 501) who had never been positively diagnosed with or vaccinated
against SARS-CoV-2 [7]. In that group we identified a significant, hidden fraction of individu-
als who had developed anti-SARS-CoV-2 antibodies. In this study we evaluated IgG specific to
viral nucleocapsid protein (NCP) and to receptor binding domain within spike protein (RBD)
7 months after the first screening for SARS-CoV-2 antibodies, seeking to understand how the
antibody levels change with time in patients who were affected by an asymptomatic to a mild
course of infection (non-hospitalized). We include an additional immunological factor, vacci-
nation, since a part of that group was vaccinated during 7 months after the first screening for
SARS-CoV-2 antibodies. We also include observation of kinetics on the same types of antibod-
ies in patients hospitalized due to COVID-19.

Material and methods
Population screening (inclusion/exclusion criteria)

This study is a follow-up of the anti-SARS-CoV-2 antibody screening completed on 15 and 22
May 2021 in healthy individuals who had not been previously vaccinated against COVID-19
and had never been positively diagnosed for SARS-CoV-2 infection [7]. In the period between
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May and December 2021 the fourth wave of COVID-19 occurred, with the Delta variant con-
tribution assessed as almost 100% from mid-October until the end of the year. That wave
peaked around 28th November to 10th December, with 7-day averages exceeding 23 000 con-
firmed SARS-CoV-2 infections [13].

The blood samples for re-evaluation of the anti-SARS-CoV-2 antibodies were collected in
Wroclaw (Poland) on December 11, 2021, that is approximately 7 months after the first testing.
Out of 501 people screened for SARS-CoV-2 antibodies in May 2021, participants were
included in the follow-up study considering previous serological status as identified in the first
study and status of vaccination. Those who were affected by diagnosed COVID-19 between
May and December 2021 and participants who were partially vaccinated or fully vaccinated
but less than 4 weeks before December 11, 2021 were excluded; two doses of Pfizer-BioNTech,
Moderna or Astra Zeneca vaccine, or a single dose with the Johnson & Johnson vaccine were
considered the full vaccination. Groups were also unified for demographic parameters. Out of
218 preselected participants, 109 confirmed their availability in the indicated time, agreed to
participate in the repeated testing, and entered the study (Fig 1).

MAY
( 501 donors
continuation
DECEMBER
( 109 donors
non-infected before infected before
May 2021 May 2021

< 67 donors ) ( 42 donors )

GO G ©

non-infected before non-infected before infected before May, infected before May,

May, non- May, vaccinated non-vaccinated vaccinated between
vaccinated between petween May and  between May and May and December

Fig 1. The flow chart presenting recruitment of participants.

https://doi.org/10.1371/journal.pone.0274095.9001
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Information on participants’ comorbidities was available from data completed at the first
screening on May 2021. All participants were interviewed for possible COVID-19 diagnosis,
for current infection symptoms, as well as smoking status, their height and weight.

The following groups were selected:

Group 1 (N-, V-): Participants seronegative for SARS-CoV-2 antibodies in May 2021 (anti-
NCP-negative), non-vaccinated; N = 38

Group 2 (N-, V+): Participants seronegative for SARS-CoV-2 antibodies in May 2021 (anti-
NCP-negative), fully vaccinated before December 2021; N = 29

Group 3 (N+, V-): Participants seropositive for SARS-CoV-2-specific IgG antibodies in May
2021 (anti-NCP-IgG positive) and non-vaccinated; N = 25

Group 4 (N+, V+): Participants seropositive for SARS-CoV-2-specific IgG antibodies in May
2021 (anti-NCP-IgG positive), fully vaccinated before December 2021; N = 17

Of note, all vaccinated participants took the vaccination individually; therefore they could
be vaccinated at different time points within May and December, and with different types of
vaccines; most of them were vaccinated with the Pfizer vaccine (65%, 30 out of 46). Also, we
aimed to select groups with the highest possible similarity of demographic parameters, either
when compared between groups or when compared to the overall parameters of the whole Pol-
ish population. However, availability of participants who could meet these requirements was
limited. A comparison of the demographics of the study groups with each other and with the
general Polish population is presented in the S1 and S2 Figs.

Patients hospitalized due to COVID-19

Anti-SARS-CoV-2 antibody levels were also analysed in non-vaccinated patients hospitalised
for COVID-19 (over 18 years old, N = 47) in the specialized COVID-19 hospital in Boleslawiec
(Poland). Blood samples were collected at specific time points after the estimated infection, i.e.
at day 5, at day 10, at day 15, at day 30, and at day 90. Depending on the course of the disease,
patients were assigned to 3 groups: mild (N = 21, no assisted respiratory therapy required),
moderate (N = 13, transient, non-invasive assisted respiratory therapy required/a mask), and
severe/critical (N = 12, assisted respiratory therapy with the nasal high-flow cannula or inten-
sive non-invasive assisted respiratory therapy -BiPAP/CPAP or invasive mechanical ventila-
tion). A comparison of the demographics of this group with the general Polish population is
presented in the S3 Fig.

Blood samples

Blood samples were collected in test tubes (BD SST II Advance), left to clot for 1 hour at room
temperature (RT), and separated from the clot by centrifugation (15 min, 2000 g, RT) and
then stored at— 20°C for further use.

Serological diagnostic tests

Microblot-Array COVID-19 IgG and Microblot-Array COVID-19 IgA (TestLine Clinical
Diagnostics s.r.0); cat.no. COVGMA96, LOT 0100060496 and cat. no. COVAMA96, LOT
0100066601; the arrays contain selected parts of the specific antigens NCP and RBD of SARS--
CoV-2 virus. According to the manufacturer’s information, IgG-detecting microblot-array
demonstrates diagnostic sensitivity 98.7% and diagnostic specificity 99.3%, IgA-detecting
microblot-array demonstrates diagnostic sensitivity 98.3% and diagnostic specificity 96.2%.
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The tests have been standardized against the 1st WHO international standard for anti-SARS--
CoV-2 immunoglobulin (human): NIBSC code: 20/136, and cut-off for results have been vali-
dated by the manufacturers as follow: less than 185 U-negative, 185-210 U-borderline/
inconclusive, more than 210 —positive. The regulatory status of this test in European Union is
IVD CE (the device complies with the European In-Vitro Diagnostic Devices Directive (IVDD
98/79/EC)).

Bioethics statements

The study was conducted in accordance with the principles of the Declaration of Helsinki. The
research was approved by the local Bioethical Commission of the Regional Specialist Hospital
in Wroclaw (approval number: KB/02/2020, policy No. COR193657). During the individual
interview, all information about the study was provided and written consent was obtained
from each participant. The written consent was accepted by the local Bioethical Commission
of the Regional Specialist Hospital in Wroclaw (approval number: KB/02/2020).

Statistical methods

Categorical variables are presented as absolute numbers and percentages in relation to the
population under investigation. For quantitative variables, arithmetic means, first quartile
(Q25%), median, third quartile (Q75%) and range of variability (extremes) were calculated. To
determine the significance of differences between experimental subgroups, a one-way analysis
of variance (ANOVA) and the Welsh test were performed. To assess differences in antibody
levels between time points the t-test was used. Simple linear or logistic regression was used to
assess the effect of selected variables on antibody levels and vaccination decisions. Chi” test,
Fisher’s test and ordinal logistic regression were used to calculate the relationship between
obesity, anti-RBD/anti-NCP index and severity of the disease. Ordinal logistic regression was
calculated using the MASS package in R programming language [14, 15]. When appropriate,
p-values were adjusted using the false discovery rate (FDR) method [16]. Outliers (points) on
box-and-whiskers plot where determined by Tukey method [17]. Statistical analyses were per-
formed by GraphPad Prism 9.

Results

Dynamics of anti-SARS-CoV-2 seroconversion in Polish population
between May and December 2021

Four groups of participants were investigated: (1) (N-, V-) seronegative for SARS-CoV-2 anti-
bodies in May 2021, non-vaccinated until December 2021, (2) (N-, V+) seronegative for
SARS-CoV-2 antibodies in May 2021 but fully vaccinated between May and December 2021,
(3) (N+, V-) seropositive for SARS-CoV-2-specific IgG antibodies in May 2021 but non-vacci-
nated until December 2021, (4) (N+, V+) seropositive for SARS-CoV-2-specific IgG antibodies
in May 2021 and vaccinated between May and December 2021. Blood sera from these partici-
pants were used to determine levels of antibodies targeting SARS-CoV-2: NCP-specific or
RBD-specific IgG, both qualitative (positive/negative) and quantitative (units per millilitre, U/
ml) analysis was conducted.

In group 1 (N-, V-) we found 29% (11 out of 38) participants positive for SARS-CoV-2-spe-
cific IgG (Table 1). This highlights the rate of unregistered SARS-CoV-2 infections that
occurred between May and December in these participants. Twenty-six percent (10 out of 38)
efficiently developed anti-RBD IgG, the most important antibody fraction in protection from
COVID-19 due to their neutralizing potential [11]. However, the median increase of IgG levels
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Table 1. Individuals identified as positive for anti-SARS-CoV-2 antibodies in the population without registered SARS-CoV-2 infections.

Group 1 (N = 38) negative for anti- Group 2 (N = 29) negative for Group 3 (N = 25) positive for anti- Group 4 (N = 17) positive for
NCP IgG in May. non-vaccinated | anti-NCP IgG in May. vaccinated | NCP IgG in May. non-vaccinated | anti-NCP IgG in May. vaccinated

IgG | total 11 (29%) 27 (93%) 19 (76%) 17 (100%)
positive
anti-NCP 10 (26%) 2 (7%) 11 (44%) 3 (18%)
anti-RBD 10 (26%) 27 (93%) 13 (52%) 17 (100%)
IgA | total 8 (21%) 16 (55%) 13 (52%) 17 (100%)
positive
anti-NCP 3 (8%) 0 (0%) 0 (0%) 2 (12%)
anti-RBD 7 (18%) 15 (52%) 12 (48%) 17 (100%)

The number of positive individuals and respective fraction (%) are presented. Antibodies were identified in blood samples after separation of blood sera by clotting and
centrifugation. Microblot-Array testing was applied to qualify IgG level as positive or negative according to the cut-off given by the manufacturer, NCP-nucleocapsid

protein, RBD-receptor binding protein.

https://doi.org/10.1371/journal.pone.0274095.t001

in this group was very weak, consistent with the fact that the majority of the group had no
effective contact with SARS-CoV-2 (Table 1, S1 Table, Fig 2).

In group 2 (N-, V+), 93% (27 out of 29) of participants were found positive for SARS-CoV-
2-specific IgG in December, with the same fraction of individuals who developed anti-RBD

IgG (Table 1). This included a very strong increase of the anti-RBD IgG quantitative median
(from 0.398 to 809.6 U/ml) (Fig 2, S1 Table), demonstrating the good efficacy of RBD-target-
ing antibody production after vaccination. Of note, vaccination provides anti-RBD immuniza-
tion only, since antigens representing NCP are not included. Anti-NCP IgG can be developed
in people who have been infected by SARS-CoV-2. Comparison of anti-NCP IgG in group 1
(non-vaccinated) and in group 2 (vaccinated) reveals that markedly more individuals were
infected with SARS-CoV-2 between May and December in the first group (26% and 7%,
respectively) (Table 1).

In group 3 (N+, V-), 76% (19 out of 25) of participants remained positive for any fractions
of SARS-CoV-2-specific IgG also in December, and 13 of them (52%) presented detectable
anti-RBD IgG (Table 1). However, the median value of this potentially virus neutralizing IgG
fraction markedly decreased from 922.5 U/ml in May to 202.7 U/ml in December (which was
very close to the negative cut-off value of the assay: 210 U/ml) (Fig 2, S1 Table), thus demon-
strating that the potential of SARS-CoV-2-specific IgG developed before May in protection
against repeated infection at the end of the year was very limited (if any).

In group 4 (N+V+) 100% (17 out of 17) of participants tested positive for anti-SARS-CoV-2
IgG (Table 1). In this group also the highest levels of RBD-specific IgG were observed, both as
the median value and as a maximum individual value achieved in any group (Fig 2, S1 Table).

Overall levels of SARS-CoV-2 specific IgA revealed a similar tendency as IgG in all groups,
though in most cases fewer individuals were positive for the investigated antibody fractions
than those positive for IgG (Table 1).

Seroconversion in patients hospitalized due to COVID-19

Seroconversion was further investigated in 47 unvaccinated patients hospitalized for COVID-
19, since in this group time after infection could be estimated with a relatively high accuracy,
thus making a reference for the general population (unregistered infections). Patients were cat-
egorized into three groups: (1) those showing a disease of mild severity, (2) those with a disease
of moderate severity, and (3) those with a severe to critical course of the disease.
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Fig 2. Comparison of SARS-CoV-2-specific IgG between May and December 2021 in population without
registered SARS-CoV-2 infections. Antibodies were identified in blood samples after separation of blood sera by
clotting and centrifugation. Microblot-Array testing was applied to quantify IgG level (U/ml), NCP-nucleocapsid
protein, RBD-receptor binding protein. One-way analysis of variance (ANOVA) showed month to be a statistically
significant factor (p<0.05) and Welsh’s t-test was used for comparisons between May and December results: median
values are presented (dash), with quartiles 1 and 3 (boxes), and minimum/maximum values (whiskers) after outlier
elimination (Tukey method), dots represent outliers; ns—p>0.05; *~p<0.05; **~p<0.01; *** - p<0.001; ****~
p<0.0001.

https://doi.org/10.1371/journal.pone.0274095.9002

We did not find any significant differences in the antibody responses between infected
male and female patients (54 Fig, S2 Table); thus further analyses were conducted without gen-
der grouping. We analysed the IgG kinetics at five different time points: day 5, day 10, day 15,
day 30, and day 90 after infection estimated from symptoms onset.

From day 10, we observed an increase in both anti-RBD IgG and anti-NCP IgG antibodies,
which reached high levels on post-infection day 30 and remained at high levels on post-infec-
tion day 90 (Fig 3). Available literature indicates an earlier and more intense immune response
in patients with a severe course of coronavirus disease [10]; here the median values of both
types of antibodies were higher in the group of patients with a severe course of the disease, but
without statistical significance (p>0.05).

Interestingly, by analysis of the anti-N/anti-RBD IgG ratio in each patient at all time points,
we found that at day 15 and 30 after infection, a high ratio correlated positively with chance of
a mild course of the disease (p<0.05). Our observation in the hospitalized individuals is in line
with literature reports presenting similar trends in asymptomatic and light COVID-19 cases
[18]. Also, obesity correlated positively with the disease severity (p = 0.0163), which increased
the risk of moderate or severe course of the disease (p = 0.005). Study reports confirm that obe-
sity increases the risk of both COVID-19-related hospitalisations and death [19].

Discussion

Among the structural proteins of the SARS-CoV-2 virus, spike protein containing the receptor
binding domain (RBD) and nucleocapsid protein (NCP) have been found the most immuno-
genic, thus being first-choice targets for SARS-CoV-2 diagnostics. Evaluation of antibodies tar-
geting RBD has also the highest potential for assessing possible immunological protection
against SARS-CoV-2 infection, due to the neutralising potential of this antibody fraction.
NCP-specific antibodies, in turn, are efficient markers of previous exposure to the virus and
infection, and they are typically developed in parallel to those targeting RBD [9, 20, 21]. Of
note, vaccination (with mRNA or adenoviral vector-based preparations available in Poland)
provides anti-RBD immunization only, since antigens representing NCP are not included in
the preparations. Therefore anti-NCP IgG can be developed as a result of SARS-CoV-2 virus
infection but not vaccination, giving a clear indication that the infection occurred.

In this study we found a considerable fraction (26%) of anti-NCP IgG positive individuals
in the population that had never been diagnosed for COVID-19 either before May 2021 or
between May and December 2021. This reflects the considerable ‘dark figure’ of unregistered
or even undiagnosed SARS-CoV-2 infections that however affect herd immunity. The same
individuals (thus also 26%) demonstrated positive levels of anti-RBD IgG induced by the infec-
tion. Interestingly, the ‘dark figure’ from the previous pandemic waves, which was assessed in
patients representing the same geographical region in May 2021, was highly comparable, at
25.6% [7]. Since pandemic waves before May 2021 in Poland were caused by the Alpha variant
of the virus, while between May and December 2021 the Delta variant dominated, our observa-
tion indicates that the ‘dark figure’ has not changed with the SARS-CoV-2 variant. Of note, in
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Fig 3. Kinetics of induction of SARS-CoV-2-specific IgG in hospitalized COVID-19 patients; anti-NCP IgG- fraction of IgG specific to nucleocapsid
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respiratory therapy, moderate-patients with limited support of non-invasive assisted respiratory therapy (mask), severe/critical-patients with intensive
non-invasive assisted respiratory therapy or invasive mechanical ventilation, D5-D90—days from 5 to 90 representing estimated number of days after

onset of infection. Antibodies were identified in blood samples after separation of blood sera by clotting and centrifugation. Microblot-Array testing was

applied to quantify IgG level (U/ml). T-test between each time point sample for anti-NCP and anti-RBD IgG titers was applied, #- 0.1 < p < 0.5; *-p<0.05; **~
p<0.01; *** = p<0.001.

https://doi.org/10.1371/journal.pone.0274095.9003

group 2 (vaccinated, no previous infection), anti-NCP IgG was only observed in 2 individuals
(7%), thus showing the efficacy of vaccination also in controlling unregistered or undiagnosed
(probably asymptomatic to mild) infections with SARS-CoV-2 (Table 1).

As expected, high efficacy of vaccination for the induction of RBD-specific antibodies was
revealed in both vaccinated groups (Table 1), although in 2 individuals (both vaccinated with

adenoviral vector vaccines in August or September) no anti-SARS-CoV-2 antibodies were

detected in December 2021. The literature so far confirms a decrease in the humoral response
after vaccination over time, and studies comparing available vaccine types showed a consider-
able decrease at 8 months of follow-up for the J&]J/Janssen vaccine [22, 23]. Recommendations
of the European Medicines Agency (EMA) and the European Centre for Disease Prevention
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and Control (ECDC) based on the analysis of available scientific evidence report higher immu-
nogenicity and the associated increased efficacy of SARS-CoV-2 vaccines when a heterologous
vectored/mRNA vaccine regimen is used, in comparison to immunization with a homologous
adenoviral vector vaccines [24, 25]. This may suggest that in our 2 participants the level of pro-
tective antibodies fell to an undetectable level. Considering the relatively short time after vacci-
nation (3-4 months), they also may belong to non-responders, that is, patients who do not
develop antibodies after vaccination [26].

The overall level of anti-RBD IgG was highest in the individuals who previously (before
May 2021) were infected with SARS-CoV-2, and then they decided to take vaccination. All
these participants (100%) were positive for anti-RBD IgG (Table 1), also demonstrating the
highest levels of these antibodies, markedly higher than those in the individuals also infected
with SARS-CoV-2 before May but not vaccinated (groups 3 and 4 in Fig 2). This observation
highlights the positive role of vaccination in maintaining antiviral immunological protection
in convalescents, and it is consistent with other studies. Trougakos et al. (2021) reported higher
antibody titers induced by vaccination in those who recovered from COVID-19 than in
healthy individuals [10]. Here we observed the same effect in individuals affected by asymp-
tomatic to mild (and unregistered) infections.

This follow-up study was extended with an analysis of whether information that was given
to participants on their serological status in May (n = 501) affected their further decisions on
vaccination. No correlation was found between levels of anti-NCP or anti-RBD antibodies in
May and vaccination/non-vaccination later (p>0.4), thus indicating that serological informa-
tion given to participants had nether an encouraging nor a discouraging effect on them.

Due to the reports confirming the relationship between obesity, smoking, and lower anti-
body titres following COVID-19 vaccination [27], we performed analyses that showed no
influence of BMI, smoking, or allergies on the level of produced antibodies in the studied
groups (simple linear, Welsh test). However, the lack of correlation may be affected by the rela-
tively small size of available subpopulations that were investigated, since other studies in larger
cohorts demonstrated slightly reduced seroconversion in individuals with obesity [28, 29]. The
small cohort size in our study was a limitation that may negatively affect detection of poten-
tially significant factors that affect seroconversion. On the other hand, our cohort was limited
due to agreeing demographic parameters between groups, thus removing potential demo-
graphical bias of results. Of note, in case of non-hospitalized participants, self-reporting of
their BMI parameters (participants declared their weight and height) might however create an
intrinsic bias in that matter. Data on the number of smokers and allergies as well as the distri-
bution of BMI in the studied groups are presented in the S3 and 54 Tables.

We further analysed kinetics of antibody induction in patients hospitalized due to COVID-
19. None of these patients were subjected to cytokine inhibitors, to exclude potential effects on
seroconversion. In hospitalized patients estimation of time of infection could be much better,
and a clear increase of RBD- and NCP-specific antibodies within 2-4 weeks after infection was
demonstrated, without significant differences between groups (mild, moderate, severe) (Fig 3).
Our overall observation is consistent with the study by Yamayoshi et al. (2021) where IgG titers
against RBD proteins S and N peaked around 20 days after the onset of the disease, then gradu-
ally decreased and lasted for several months after the disease onset [30]. This observation
sheds a light on the potential time that could have passed between asymptomatic or oligo-
symptomatic infections that resulted in seroconversion in unregistered convalescents. This
time was probably between 2 weeks and a few months from the infection.

This observation suggests that antibodies observed in the general population (unregistered
cases) could result mainly from the very recent, fourth pandemic wave in Poland, which
started in mid-October and peaked around 28th November to 10th December, with 7-day
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averages exceeding 23 000 confirmed SARS-CoV-2 infections [13], thus making approximately
605 cases per one million citizens. This study further demonstrates that epidemiological analy-
sis based on detection of anti-SARS-CoV-2 seroconversion allows for relatively rapid detection
of recent cases, and it has a limited window of a few months after the pandemic peak of
infections.

Conclusions

In this study we continued population screening for hidden herd immunity to COVID-19 ini-
tiated in May 2021 [7], and we found that specific antibodies targeting SARS-CoV-2 that
developed before May 2021 cannot be considered important 7 months later, in December
2021. The only factor that provided a good level of population immunity to COVID-19 was
vaccination. The highest levels of protection were however achieved in the group that had
been infected with SARS-CoV-2 before May 2021 and also fully vaccinated between May and
December. This effect should be considered expected, since in that case the infection probably
plays the role of an additional dose of viral antigens that boost the immune response. The so-
called ‘dark figure’ of unregistered cases of SARS-CoV-2 infections remains relatively high at
26%, with an evident contribution of the very recent, fourth wave of the pandemic that
occurred in Poland shortly before the study in December.

Supporting information

S1 Fig. Demographics in the serological screening of population without registered SARS--
CoV-2 infections: Demographic parameters of participants found positive for anti-SARS--
CoV-2 IgG in each investigated group compared to general demographic parameters of
the group. Antibodies were identified in blood samples after separation of blood sera by clot-
ting and centrifugation. Microblot-array testing was applied to determine IgG level in each
participants and positive/negative result was qualified according to the validated test.

(PDF)

S2 Fig. Demographics in the serological screening of population without registered SARS--
CoV-2 infections: Demographic parameters of each investigated group compared to gen-
eral demographic parameters of the whole country.

(PDF)

$3 Fig. Demographics in patients hospitalized due to COVID-19.
(PDF)

S4 Fig. IgG specific to SARS-CoV-2 in non-vaccinated patients hospitalized due to
COVID-19: Female and male comparison. Anti-NCP- antibodies specific to nucleocapsid
protein N, anti-RBD- antibodies specific to receptor binding domain within spike protein S1
region. Antibodies were identified in blood samples after separation of blood sera by clotting
and centrifugation. Microblot-array testing was applied to determine IgG level (U/ml). Median
values are presented (dash), with quartiles 1 and 3 (boxes), and minimum/maximum values
(whiskers) after outlier elimination (Tukey method), dots represent outliers; p>0.05 by Welsh
test.

(PDF)

S1 Table. Distributions of quantitative variables of measurements for IgG specific to
SARS-CoV-2 NCP and RBD in patients: Group 1: Anti-NCP IgG negative and non-vacci-
nated patients; group 2: Anti-NCP IgG negative and vaccinated patients; group 3: Anti-
NCP IgG positive and non-vaccinated patients; group 4: Anti-NCP IgG positive and
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vaccinated patients. NCP-nucleocapsid protein, RBD-receptor binding protein, Min-mini-
mal value, Max-maximum value, Q25%-lower quartile, Q75%-upper quartile.
(PDF)

$2 Table. Distributions of quantitative variables of measurements for IgG specific to
SARS-CoV-2 NCP and RBD in groups of hospitalized patients in selected days. D5-D90 -
days from 5 to 90 representing estimated number of days after onset of infection; NCP-nucle-
ocapsid protein, RBD-receptor binding protein, Min-minimal value, Max-maximum value,
Q25%-lower quartile, Q75%-upper quartile.

(PDF)

$3 Table. Number and percentage of smokers and allergies in studied groups.
(PDF)

$4 Table. Distribution of BMI index in the study groups.
(PDF)

S5 Table. Statistical analysis of differences in average anti-RBD IgG levels detected in
groups of hospitalized patients in selected days. D5-D90 -days from 5 to 90 representing
estimated number of days after onset of infection, t-test was used, p-values (adjusted) are pre-
sented.

(PDF)

S6 Table. Statistical analysis of differences in average anti-NCP IgG levels detected in
groups of hospitalized patients in selected days. D5-D90 —days from 5 to 90 representing
estimated number of days after onset of infection, t-test was used, p-values (adjusted) are pre-
sented.

(PDF)
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Predictors for the risk of severe COVID-19 are crucial for patient care and control of the disease. Other
infectious diseases as potential comorbidities in SARS-CoV-2 infection are still poorly understood.
Here we identify association between the course of COVID-19 and Lyme disease (borreliosis), caused
by Borrelia burgdorferi transmitted to humans by ticks. Exposure to Borrelia was identified by multi-
antigenic (19 antigens) serological testing of patients: severe COVID-19 (hospitalized), asymptomatic
to mild COVID-19 (home treated or not aware of being infected), and not infected with SARS-CoV-2.
Increased levels of Borrelia-specific IgGs strongly correlated with COVID-19 severity and risk of
hospitalization. This suggests that a history of tick bites and related infections may contribute to the
risks in COVID-19. Though mechanisms of this link is not clear yet, screening for antibodies targeting
Borrelia may help accurately assess the odds of hospitalization for SARS-CoV-2 infected patients,
supporting efforts for efficient control of COVID-19.

Borreliosis, also known as Lyme disease, is a zoonosis caused by the bacterium Borrelia burgdorferi transmit-
ted to humans by ticks. A characteristic symptom of infection is the skin rash called erythema migrans, which
however occurs in only 60-80% of infected persons, with a delay of 3-30 days after the tick bite. Other typical
symptoms are non-specific, including fever, mild headaches, muscular-articular pain, and fatigue. Thus, a con-
siderable number of cases of Borrelia infection can be overlooked, while if left untreated, infection can spread
to joints, the heart, and the nervous system"?. Subjective symptoms may persist or recur for at least six months
after a patient was infected, even after antimicrobial treatment>*. So-called ‘chronic Lyme disease, sometimes
with severe manifestations, remains controversial, lacking clearly recognized or demonstrated significance for
a patient’s health®.

The diagnostics of Borrelia infection is challenging, primarily due to the multitude of bacterial strains that
may cause the infection. In Eurasia, Borrelia burgdorferi sensu lato includes various spirochete species: B. burg-
dorferi sensu stricto (s.s.), B. afzelii, B. garinii, B. bavariensis, B. japonica, B. lusitaniae, B. sinica, B. spielmanii, B.
tanukii, B. turdi, B. valaisiana, B. yangtze, B. bissettii, and B. carolinensis. Within the area of this study (Central
Europe), the predominant species as the causative agents of borreliosis are Borrelia afzelii and Borrelia garinii,
less frequently Borrelia burgdorferi s.s.°® . B. spielmanii has also been found in an animal reservoir, postulated
as an appropriate antigenic component in diagnostic tests in Europe®’.

Serological testing of patients’ sera with antigens representing pathogenic species of Borrelia is the major
approach in diagnostics'’, even though seropositivity alone is not sufficient for a diagnosis of active borreliosis,
since antibodies may persist for long after treatment of the disease and they can be detected even in individuals
after a successful treatment **. Proper interpretation of a patient’s clinical status is difficult due to different life
strategies of B. burgdorferi; these are related to their antigenic variability, which is in turn linked to adaptation to
different environmental conditions, their intracellular residence, and their hiding in immunologically privileged
areas'2 Presence of antibodies targeting multiple antigens of Borrelia, however, indicates that an individual has
been infected, without a clear indication of whether the infection has been eradicated or it is still active. Thus,
serological testing remains the major tool available for epidemiological studies!.
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The emergence of COVID-19, a new disease caused by the previously unknown SARS-CoV-2 virus, is linked
to still very high uncertainty about factors that determine the clinical manifestation and course of this disease.
The course of COVID-19 ranges from asymptomatic or mild to severe or fatal with fulminant development and
dramatic symptoms. Some crucial conditions in COVID-19 have been revealed, including comorbidities such as
diabetes, cardiovascular diseases, cancer, pulmonary disorders, and immunological disorders, but also obesity,
advanced age, and others!*-°. Infectious diseases, however, have been much less recognized as comorbidities in
SARS-CoV-2 infection and their potential effect on the risk of severe COVID-19 is poorly understood. Particu-
larly, the possible association between Lyme disease and COVID-19 disease has not been established, in spite
of indications that flu-like symptoms reported in both Lyme disease and COVID-19 can be very similar'. One
available case report by Shutikova et al. (2021) describes a patient with disseminated Borrelia infection (start-
ing in mid-2019), after an unsuccessful first round of antibiotic treatment (early 2020), who was infected with
SARS-CoV-2 (mid-2020). Anti-COVID-19 treatment included umifenovir, hydroxychloroquine, azithromycin,
and ceftriaxone, and it resulted in suppression of borreliosis, as manifested by the first decrease of anti-Borrelia
IgG in diagnostics. However, that report was not dedicated to possible effects of borreliosis on the course of
COVID-19". Piotrowski and Rymaszewska (2022) pointed out a reduced number of cases of Lyme disease reg-
istered during the COVID-19 pandemic in Poland, and they concluded that it may result from limited outdoor
activities in the lockdown, but possibly also from poor access of patients to the overburdened health care system'®.

Further studies, for instance on the potential association of borreliosis with increased risk of SARS-CoV-2
infection or with severe COVID-19, have not been reported so far. In this study we analyzed a wide range of
anti-Borrelia IgG and IgM antibodies (targeting 19 antigens derived from Borrelia spp.) in patients represent-
ing three different types of clinical history: severe COVID-19 (hospitalized), asymptomatic to mild COVID-19
(home treated or not aware of being infected), and not infected with SARS-CoV-2, to identify potential associa-
tion between previous exposure to Borrelia spp. and the risk of SARS-CoV-2 infection or severe COVID-19.

Results

A multi-antigen Microblot-Array for the diagnostics of Borrelia species was conducted in three groups of patients:
with severe COVID-19 (hospitalized), with asymptomatic to mild COVID-19 (home treated or not aware of being
infected), and those not infected with SARS-CoV-2. Demographic parameters of the investigated population
were different to general demographic parameters of the whole country population, due to the imbalanced rep-
resentation of hospitalized COVID-19 patients, who tend to be elderly. The studied groups, however, were agreed
for concordant demographic parameters without statistically significant differences (Supplementary Figs. S1
and S2). The testing revealed that all patients hospitalized due to COVID-19 disease were positive for Borrelia
burgdorferi-specific IgG (31 out of 31). In patients with mild/asymptomatic COVID-19, 19 positive cases were
found (out of 28), and in participants never infected with SARS-CoV-2 only 8 positive cases were found (out of
28) (as assessed according to the manufacturer’s instructions for array interpretation).

For 6 out of 19 Borrelia antigens tested, severe COVID-19 patients demonstrated significantly higher spe-
cific IgG serum levels than any other group of patients: VISE B. garinii, p41 B. burgdorferi sensu stricto, OspB,
OspA B. burgdorferi sensu stricto, OspC B. garinii, and OspC B. burgdorferi sensu stricto. For a further 10
Borrelia antigens, severe COVID-19 patients also demonstrated significantly higher specific IgG serum levels
than participants not infected with SARS-CoV-2: VIsE B. afzelii, VISE B. burgdorferi sensu stricto, p58, p41 B.
afzelii, p39, OspA B. garinii, OspC B. afzelii, OspC B. spielmanii, Nap A and p17 (Fig. 1, all p-values are listed in
Supplementary Table S1, numbers of patients testing positively for each antigen-specific IgG are listed in Sup-
plementary Table S2). This observation suggests that previous exposure to Borrelia renders patients more prone
to severe COVID-19 in case of SARS-CoV-2 infection.

Severe COVID-19 patients also demonstrated significantly higher levels of IgGs specific to Anaplasma anti-
gens (OmpA and Asp62) (Fig. 1), while Anaplasma is often co-transmitted with Borrelia by ticks. This further
supports the suggestion that increased risks in COVID-19 are linked to a history of ticks bites and related
infections.

Testing for Borrelia-specific IgM revealed that among patients hospitalized due to COVID-19 disease, 24 (out
of 31) were positive for Borrelia burgdorferi-specific IgM, while in mild/asymptomatic patients and in participants
never infected with SARS-CoV-2 only 13 (out of 28) and 15 (out of 28) positive cases were found, respectively.
Significant differences between groups of patients in their IgM reactivity with the tested antigens were found
for OspA B. burgdorferi sensu stricto and OspE; for these antigens severe COVID-19 patients demonstrated
significantly higher specific IgM levels than the two other groups of patients. Also for OspC B. spielmanii, severe
COVID-19 patients demonstrated significantly higher specific IgM levels than the group of participants seron-
egative to SARS-CoV-2 (Fig. 2, all p-values are listed in Supplementary Table S3, numbers of patients testing
positively for each antigen-specific IgM are listed in Supplementary Table S4).

Logistic regression was used as a model for testing the association between number of Borrelia antigens
recognized by patients’ IgG (predictor variable) and hospitalization due to COVID-19 infection (response vari-
able). We found that the odds (probability) of hospitalization for COVID-19 increase with each positive read
for a Lyme disease-related antigen for IgG antibodies (p <0.05, Fig. 3) but not for IgM (Supplementary Fig. S3).
Post-hoc analysis of selected antigens (Osp proteins, p41, and VIsE) was also included; multivariate analysis
showed that odds of hospitalization increased with increasing levels of IgG antibodies targeting OspB, OspC B.
burgdorferi sensu stricto, and OspC B. spielmanii (logistic regression, p <0.05) (Supplementary Table S5. For IgM
antibodies, the same association was observed for antibodies targeting OspC B. spielmanii and OspE (logistic
regression, p <0.05) (Supplementary Table S6).
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Figure 1. Serum levels of Borrelia-specific IgG in patients representing three different types of clinical history
for COVID-19: severe (hospitalized), asymptomatic to mild (home treated or not aware of being infected), and
not infected with SARS-CoV-2 (seronegative). Each row represents one sample from a patient (numbers from
1 to 87). Highlighted in red - antigens for which IgG reactivity was significantly different between hospitalized
patients and two other groups, highlighted in orange — antigens for which IgG reactivity was significantly
different between hospitalized patients and those not infected with SARS-CoV-2, diagnostic results-
identification of positive (magenta) or negative (white) diagnosis for Borrelia IgG as assessed according to the
manufacturer’s instructions for array interpretation. Description of all antigens is given in Table 1.
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Figure 2. Serum levels of Borrelia-specific IgM in patients representing three different types of clinical history
for COVID-19: severe (hospitalized), asymptomatic to mild (home treated or not aware of being infected), and
not infected with SARS-CoV-2 (seronegative). Each row represents one sample from a patient (numbers from
1 to 87). Highlighted in red - antigens for which IgM reactivity was significantly different between hospitalized
patients and two other groups, highlighted in orange - antigens for which IgM reactivity was significantly
different between hospitalized patients and those not infected with SARS-CoV-2, diagnostic results-
identification of positive (magenta) or negative (white) diagnosis for Borrelia IgG as assessed according to the
manufacturer’s instructions for array interpretation. Description of all antigens is given in Table 1.
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Figure 3. A model for association between number of Borrelia antigens recognized by patients’ IgG (predictor
variable) and hospitalization due to COVID-19 infection (response variable). Size of dots represents number of
patients hospitalized or not. Logistic regression (line) was applied (odds ratio=1.47, p=0.0002).

Discussion

In this study we investigated potential correlations between detected antibody levels indicating exposure to
Borrelia and the risk of increased severity of COVID-19. Previous exposure to Borrelia was identified by multi-
antigenic serological testing, and it revealed that increased levels of Borrelia-specific IgGs strongly correlated
with COVID-19 severity and with the risk of hospitalization (Fig. 1 and 3, Supplementary Tables S1 and S2).
For Borrelia-specific IgMs, correlations were weaker and mostly insignificant (Fig. 2 and Supplementary Fig. S3,
Supplementary Tables S3 and S4).

Typically, pathogen-specific IgM increases at the early stage of infection, while IgG development takes more
time. In borreliosis, at the early stage of infection (2-4 weeks) the immunological system detects only a few
antigens of Borrelia, e.g. p41 (flagellin) and Osp proteins (outer surface proteins), targeted by IgM antibodies.
Borrelia-specific IgGs, in turn, can be observed several weeks after the tick bite, and their increased serum con-
centration can remain for a long time, even after the resolution of clinical symptoms. OspC, OspA, and p41 are
considered the most immunogenic proteins of B. burgdorferi'®-?!; consistently, in this study IgGs targeting these
antigens were also the most frequent and they reached the highest levels (Fig. 1). Other important targets for IgG
diagnostics include VisE, p83, p58, and p17 -1, also detected in this study. Interestingly, in many patients we
observed antibodies targeting different species (e.g. B. burgdorferi sensu stricto, and at the same time B. afzelii,
and/or B. garinii). This may reflect some cross-reactivity of antibodies, but likely it may result from co-infections
with more than one species, which according to the literature may also occur 22, Also, severe COVID-19 patients
demonstrated significantly higher levels of IgG specific to Anaplasma (Fig. 1), which is often co-transmitted with
Borrelia by ticks. This further supports the suggestion that increased risks in COVID-19 are linked to a history
of tick bites and related infections (Fig. 4).

Important limitations should be considered for a full understanding of this study’s results. First, diagnostics
of Lyme disease (active borreliosis) is still difficult and often unclear. Laboratory testing should be considered in
conjunction with potential exposure and compatible clinical symptoms'’; data on patients’ history of tick bites
and on potential borreliosis-related symptoms were not available here. Particularly severe COVID-19 patients
under intensive care were not able to give them. Thus, in the investigated group at least some individuals may
demonstrate immunological memory of previous Borrelia infection/s but not an active disease. On the other
hand, difficulties with rapid and unambiguous diagnosis may lead to some Borrelia-infected patients going
untreated, with the pathogen affecting their health condition even for a long time.

Second, although this study demonstrated a significant correlation between serum levels of anti-Borrelia
antibodies and COVID-19 severity observed in the same individuals, a correlation cannot be assumed to indicate
causation. One cannot exclude that there was an unidentified primary factor that in these patients caused both
higher vulnerability to Borrelia infection and to severe COVID-19. This could possibly be immunodeficiency,
other physiological disorders or comorbidities. Of note, patients in the severe COVID cohort were likely to have
more comorbidities than those in the other two groups. For instance, obesity has been indicated as associated
with the risk of COVID-19-related hospitalizations and death”. In Lyme disease, obesity was associated with
attenuated and delayed IgG responses to B. burgdorferi, thus suggesting less efficient protection from adaptive
immunity in obese individuals®*. Since these patients demonstrated an efficient antibody response to SARS-
CoV-2 (Fig. 1), this issue calls for further research. Demographic parameters, in turn, have been agreed between
groups (Supplementary Fig. S2), so for instance elderly age was not a contributing factor here.

Alternatively, prolonged Lyme disease might affect the immune system, decreasing its efficacy in antiviral
responses in the viral infection. This has never been demonstrated yet, though important effects that Borrelia
may have on the immune system have been described®*?. Furthermore, one of the possible explanations for
studied relationship may be a more detailed insight into the mechanisms of the immune system, more specifi-
cally the Toll-like receptor pathway (TLR), whose innate immunity receptors recognize ligands derived from
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Figure 4. Risks in COVID-19 are linked to a history of tick bites and related infections.

bacteria, fungi, and viruses?”. Studies indicate that the TLR pathway mediates, at least in part, the release of
inflammatory mediators in human monocytes stimulated with live B. burgdorferi spirochetes®. Similarly, the
role of TLR receptors has been described in SARS-CoV-2 infection, which contributes to the elimination of
viruses, but it can also harm the host due to persistent inflammation and tissue destruction®. Particularly, B.
burgdorferi has been demonstrated to interact with TLR1/TLR2 heterodimers with resulting stimulation of
inflammatory response, including increased inflammatory cytokine markers, like IL-6 and TNF-a*%. The same
molecular pathway is targeted by SARS-CoV-2, where stimulation via TLR1 and TLR2 has been indicated as the
key factor of excessively upregulated cytokine response and its harmful effects within severe COVID-19"*". This
suggests that co-stimulation from both B. burgdorferi and SARS-CoV-2 may result in even more pronounced
excessive inflammatory response and a higher risk of severe COVID-19. This hypothesis needs to be further
verified in future studies.

In spite of above mentioned important reservations and considerations, a strong link between detected anti-
Borrelia antibodies and COVID-19 severity was observed in this study (Fig. 1, 2, and 3). This was further sup-
ported by post-hoc analysis of IgG targeting selected antigens of Borrelia. These antigens included Osp proteins,
p41, and VISE, being highly immunogenic'®-*! and important in the life cycle of spirochetes; they are engaged in
bacterial colonization of ticks and mammals, virulence, and immune evasion by Borrelia®*~**. The analysis with
multivariant logistic regression revealed that increased levels of IgG targeting Osp proteins (only) can be signifi-
cant predictors of hospitalization due to COVID-19; in this study OspB, OspC B. burgdorferi sensu stricto, and
OspC B. spielmanii demonstrated significance in this model (Supplementary Fig. S4, Supplementary Table S5).

To the best of our knowledge, this is the first observation that suggests links between Lyme disease and
COVID-19 prognostics. Screening for antibodies targeting Borrelia may contribute to accurately assessing the
odds of hospitalization for SARS-CoV-2 infected patients. Though mechanisms of this association are not clear
yet, it may help in establishing optimal treatment schedules and in efficient predictions of individual patients’
prognostics, supporting efforts for efficient control of COVID-19.

Methods

Participants. Group I (hospitalized) Participants with severe COVID-19: infection with SARS-CoV-2 con-
firmed with PCR diagnostics, hospitalized due to their poor condition (Healthcare Centre in Bolestawiec); these
patients required either i) transient, non-invasive assisted respiratory therapy, ii) assisted respiratory therapy
with the nasal high-flow cannula, or iii) invasive mechanical ventilation (N=31);

Group 2 (asymptomatic/mild) Participants with mild or asymptomatic COVID-19, who were treated at home
or unaware of being infected, non-vaccinated against COVID-19 but identified as seropositive to anti-SARS-
CoV-2 antibodies * (N =28);

Group 3 (control) Participants without diagnosis and history of COVID-19 disease, non-vaccinated against
COVID-19 and identified as seronegative to anti-SARS-CoV-2 antibodies* (N=28). The studied groups were
agreed for concordant demographic parameters.
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Antigen Description

VISE Ba

VISE Bg Expressed part of variable major protein-like sequence, significant for IgG antibody response, species-specific antigen
VISE Bs

A4p83 Main extracellular protein (product of p100 degradation)

p58 OppA-2 (oligopeptide permease 2) - membrane transporter, is considered a marker of disseminated stage of Lyme disease
p41 Ba

41 Bs Internal flagellin, highly specific antigen of early antibody response

P39 BmpA (glycosaminopeptide receptor) — marker of late IgG antibody response

OspB Outer surface protein B, marker of late stage of infection, considered a marker of Lyme arthritis

OspA Ba

OspA Bg Outer surface protein A, highly specific marker of Borrelia infection in IgG class

OspA Bs

OspC Ba

OspC Bg

OspC B Outer surface protein C — main antigen of early antibody response, immunodominant marker of IgM antibody response
OspC Bsp

OspE Outer surface protein E

NapA Neutrophil activating protein A - strong immunogen, main marker of Lyme arthritis pathogenesis

p17 DbpA (decorin-binding protein A) - outer membrane protein

p44 Anaplasma phagocytophilum — main marker of human granulocytic anaplasmosis antibody response

OmpA Outer membrane protein A of Anaplasma phagocytophilum; peptidoglycan-associated lipoprotein, significant virulence marker
Asp62 Surface protein - membrane transporter

TpN17 Highly specific membrane protein of Treponema pallidum

VCA-p18 Viral capsid antigen p18 — important marker of EBV infection

Table 1. Antigens tested in this study; Ba — B. afzelii, Bg — B. garinii, Bs — B. burgdorferi sensu stricto, Bsp — B.
spielmanii (modified from manufacturer’s instructions: BioVendor Group, TestLine Clinical Diagnostics, Brno,
Czech Republic, Microblot-Array Manual).

Blood samples. Serum was collected into tubes (BD SST II Advance), left for 1 h at room temperature (RT)
to clot and separated from the clot by centrifugation (15 min, 2000 g, RT), and then stored at -20 °C for further
use.

Bioethics statements. The research was approved by the local Bioethical Commission of the Regional
Specialist Hospital in Wroclaw (approval no. KB/02/2020, policy no. COR193657) and the procedures were in
line with the Declaration of Helsinki. During the interview, all information about the study was provided and
written informed consent was obtained from each study participant.

Serological diagnostic tests. Serological identification of SARS-SoV-2 infection was conducted with:
Microblot—Array COVID-19 IgG (TestLine Clinical Diagnostics s.r.0.); the array contains selected fragments of
specific NCP, RBD and Spike S2 antigens of SARS-CoV-2 virus. According to the manufacturer’s information,
this IgG-detecting microblot-array demonstrates diagnostic sensitivity 98.7% and diagnostic specificity 99.3%.
The tests have been standardized against the 1st WHO international standard for anti-SARS-CoV-2 immuno-
globulin (human): NIBSC code: 20/136 and regulatory status of this test in European Union is IVD CE (the
device complies with the European In-Vitro Diagnostic Devices Directive (IVDD 98/79/EC).

Serological identification of Borrelia spp. infection was conducted with: Microblot-Array Borrelia IgG and
Microblot-Array Borrelia IgM (TestLine Clinical Diagnostics s.r.0.); the arrays contain specific antigens of Bor-
relia spp.: VISE B. afzelii, VISE B. garinii, VISE B. burgdorferi sensu stricto, p83, p58, p41 B. afzelii, p41 B. burg-
dorferi sensu stricto, p39, OspB, OspA B. afzelii, OspA B. garinii, OspA B. burgdorferi sensu stricto, OspC B.
afzelii, OspC B. garinii, OspC B. burgdorferi sensu stricto, OspC B. spielmanii, OspE, NapA, and p17. They also
include antigens specific for Anaplasma phagocytophilum since this pathogen is often co-transmitted from ticks
to a host together with Borrelia spp. (p44, OmpA and Asp62), recombinant antigen TpN17 (IgG) and EBV p18
(IgM) to exclude false-positive reads that might result from cross-reactivity to Treponema pallidum or Epstein-
Barr virus. A description of all investigated antigens is presented in Table 1. According to the manufacturer’s
information, IgG-detecting microblot-array demonstrates diagnostic sensitivity: 97.3% for Borrelia, 92.0% for
Anaplasma, 98.3% for Treponema, and diagnostic specificity 98.0% for Borrelia, 100.0% for Anaplasma, 100.0%
for Treponema. IgM-detecting microblot-array demonstrates diagnostic sensitivity: 94.6% for Borrelia, 95.0%
for Anaplasma, 100.0% for EBV, and diagnostic specificity 95.8% for Borrelia, 100.0% for Anaplasma, 98.0%
for EBV. Regulatory status of these tests in European Union is IVD CE (the device complies with the European
In-Vitro Diagnostic Devices Directive (IVDD 98/79/EC).
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Statistical methods. Statistical significance of differences between groups in serum levels of Borrelia spp.
antibodies (factor with 3 levels) was tested with one-way ANOVA with the assumption of non-equal SD and
Gaussian distribution (Brown-Forsythe and Welch ANOVA test). Dunnett’s T3 multiple comparisons test was
used to determine the significance of differences between each pair of groups (GraphPad 9).

Logistic regression analysis was used to assess the risk of severe COVID-19 disease (hospitalization, out-
come variable) depending on the presence or levels of antibodies against Borrelia antigens (predictor variable,
main effects and intercept only). Spearman’s test was used to calculate correlations between levels of antibodies.
Statistical analyses were performed using GraphPad Prism 9 (version 9.1.3 for Windows, GraphPad Software,
San Diego, California USA, www.graphpad.com). Graphs representing boxplots were plotted with the middle
line representing the median; upper and lower border of a boxplot are the 75th and 25th percentile respectively.
Whiskers represent the maximum and minimum (max/min) read (Tukey method, as plotted by GraphPad 9).
Dots represent reads outside of the max/min range (outliers). Statistical tests were two-tailed.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary
information files].
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Abstract: Background: Oncology patients are a particularly vulnerable group to the severe course
of COVID-19 due to, e.g., the suppression of the immune system. The study aimed to find links
between parameters registered on admission to the hospital and the risk of later death in cancer
patients with COVID-19. Methods: The study included patients with a reported history of malignant
tumor (n = 151) and a control group with no history of cancer (1 = 151) hospitalized due to COVID-
19 between March 2020 and August 2021. The variables registered on admission were divided
into categories for which we calculated the multivariate Cox proportional hazards models. Results:
Multivariate Cox proportional hazards models were successfully obtained for the following categories:
Patient data, Comorbidities, Signs recorded on admission, Medications used before hospitalization
and Laboratory results recorded on admission. With the models developed for oncology patients, we
identified the following variables that registered on patients” admission were linked to significantly
increased risk of death. They are: male sex, presence of metastases in neoplastic disease, impaired
consciousness (somnolence or confusion), wheezes/rhonchi, the levels of white blood cells and
neutrophils. Conclusion: Early identification of the indicators of a poorer prognosis may serve
clinicians in better tailoring surveillance or treatment among cancer patients with COVID-19.
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1. Introduction

The rapidly spreading SARS-CoV-2 virus has caused dramatic global difficulties,
concern, and a death toll exceeding 6 million people so far [1]. In turn, cancer has been the
second leading cause of death in the world for years [2]. Oncology patients are regarded
as a population highly vulnerable to SARS-CoV-2 infection and the development of more
severe COVID-19 symptoms, which is possibly due to the systemic immunosuppressive
state caused by tumor growth and by the effects of anticancer treatment, as well as often
observed poor health status in general [3,4]. Furthermore, there are several similarities
between cancer and COVID-19 with respect to risk factors for severe disease, which have
been elucidated by Zong et al. at the molecular level [5,6]. These include overproduction of
cytokines (e.g., interleukin-6 [IL-6] and type I interferon [IFN-I]), involvement of androgen
receptors and immune checkpoint signaling [5,6]. They have been shown to affect the
incidence and severity of both diseases [5,6]. These reports emphasize the seriousness of
COVID-19 infection in oncology patients.

Since the pandemic’s beginning, attempts have been made to identify the predictors
of the course of infection [7-9]. The initially published studies were designed to support
medical decisions. At the same time, the first prognostic models had a high risk of bias,
mostly due to the unrepresentative selection of patients from the control group [8]. Among
the data available to date, risk factors for death/severe disease in patients with COVID-
19 have been shown to include age, male sex, smoking, and comorbidities including a
coexisting cancer diagnosis [9,10].

The number of reports on prognostic factors focusing on oncology patients with
COVID-19 is increasing and important factors identified so far, besides male sex and age,
are metastatic cancer, renal impairment or heart disease [11-13]. The clinical features and
epidemiology of COVID-19 differ widely among different countries and during different
phases of the pandemic; therefore, further extending available data is the key for full under-
standing of the medical problem and for reliable predictions for all oncology patients [10].
Currently, when an increase in hospitalizations due to coronavirus infection is again being
observed, a retrospective analysis of the variables recorded on hospital admission in a
group of oncological patients with COVID-19 may help to identify risk factors of death. In
practice, it will draw clinicians” attention to specific signs and symptoms presented by a
patient or indicated by laboratory diagnostics on admission, which may translate into more
adequate treatment of the patient.

The aim of this study was to find links between the characteristics of cancer patients
hospitalized for COVID-19, including diagnostic parameters registered on admission to the
hospital, and the risk of later death in these patients. We aimed to improve the recognition
of poor prognosis factors, the registration of which may be necessary for the care of this
group of patients.

2. Materials and Methods
2.1. Study Design and Participants

The study was designed as a retrospective analysis of real-life cohorts. We analyzed
medical records of patients hospitalized due to COVID-19 with a reported history of
malignant tumor with or without metastases (1 = 151). The control group consisted of
151 demographically matched people hospitalized due to COVID-19 with no history of
cancetr.

Data of all patients were collected between March 2020 and August 2021 and deposited
in the password-protected database. The records were retrieved from the electronic medical
records, which is the software operating in the University Hospital in Wroclaw and in
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the temporary hospital (operated from 9 March 2021 to 31 May 2021) run under the
responsibility of the University Hospital.

Mortality data were obtained from electronic medical records and the Civil Registry
Office (the governmental institution which registers births, marriages, and deaths in Poland)
on 1 August 2021.

According to WHO recommendations, a positive nasopharyngeal swab obtained
on admission determined by real-time reverse transcriptase-polymerase chain reaction
(RT-PCR) or by an antigen testing was considered confirmed SARS-CoV-2 virus infection.

2.2. Ethical Statement

The study protocol was approved by the Institutional Review Board and Ethics Com-
mittee of Wroclaw Medical University, Wroclaw, Poland (No: KB-444/2021). The routine
data were collected retrospectively and anonymized. The Bioethics Committee approved
the publication of anonymized data.

2.3. Statistical Methods

In order to determine the factors (variables) affecting the risk of death, all patients
(n = 302) were divided according to their outcome (dead or alive). The possible differences
were established with Chi-square or Mann-Whitney U test, as appropriate, and the effect
size calculated, using Vargha and Delaney’s A (K) for the Mann-Whitney test, and Odds
Ratio for the Chi-square test [14]. A p-value < 0.05 was considered to determine the study-
relevant variables exclusively, which were taken in further statistical analysis (Table S1).

Then, each variable registered on admission to the hospital was assigned to one of 6 cat-
egories: (i) patient data, (ii) comorbidities, (iii) signs (parameters measured/examined by a
doctor) registered on admission, (iv) symptoms registered on admission, (v) medications
used before hospitalization, (vi) laboratory results recorded on admission.

We analyzed the risk factors for death in both groups separately: Oncology Group:
patients hospitalized for COVID-19 with cancer (n = 151); Non-Oncology Group: patients
hospitalized for COVID-19 without cancer (control group) (n = 151).

For the categories patient data, comorbidities, symptoms recorded on admission,
signs recorded on admission, medications used before hospitalization—the multivariate
Cox proportional hazards models were calculated using the “all effects” method. For
the category laboratory results recorded on admission, variables with low number of
observations (<100) were excluded and we calculated the Cox model using “the best subset
collection method” as a method of selecting variables. The proportionality assumption was
met for all calculated Cox models. Finally, we generated graphs of the Breslow survival
function.

Additionally, in order to find significant statistical differences between the variables
registered on admission between the group of cancer patients and the group of patients
without cancer, we performed the Chi-square or Mann-Whitney U tests.

Statistical analyses were performed using TIBCO Software Inc. (Palo Alto, CA, USA)
(2017), Statistica (data analysis software system), version 13.

3. Results
3.1. Clinical Characteristics of Oncological Patients

Up to 1 August 2021, 151 patients with documented cancer were hospitalized due to
COVID-19 at the University Hospital in Wroclaw.

The median age of these oncology patients was 68 (min—max: 17-95); 50.33% (76/151)
were women. A hundred and ten patients (72.85%) had been diagnosed with a malignant
tumor without metastases, and 41 of them (27.15%) had disseminated disease. Table 1
presents the clinical and demographic characteristics of the study groups. Table S2 contains
the additional data on the clinical characteristics of oncology patients.
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Table 1. Clinical and demographic characteristics on oncological and non-oncological patients

hospitalized due to COVID-19. The table presents only variables included in the study (variables
affecting the risk of death with p < 0.05 are presented in Table S1).

Patients with Cancer

Patients without Cancer

Variable n Q1 Median Q3  Average n Q1 Median Q3  Average p*
Patient data

Alive (1 August 2021)  65/151 - - - - 87/151 - - - - 0.011

Female 76/151 - - - - 76/151 - - - - 1.000

Male 75/151 - - - - 75/151 - - - - 1.000

Age 151 61.00 69.00 78.00 67.78 151 61.00 69.00 78.00 67.78 1.000

Age > 60 years 121/151 66.00  73.00  80.00 73.24 121/151 66.00  73.00  80.00 73.24 1.000

Age < 60 years 30/151 40.75  48.00  55.00 45.77 30/151 40.75  48.00  55.00 45.77 1.000

Comorbidities
Previous Myocardial 20/151 } ) } ) 24/151 ) ) ) . 0514
Infraction

Previous Coronary 45,157 - - - 20/151 - - - - 0.369
Revascularization

Asthma 2/151 - - - - 9/151 - - - - 0.032

Chronic Kidney 18/151 - - - - 27/151 - - - - 0.146

Disease
Hemiplegia 5/151 - - - - 11/151 - - - - 0.123
Signs recorded on admission

SBP [mmHg] 120 114.50 130.00 14230 130.40 137 120.00 130.00 145.00 132.40 0.181

cozlcli)s::riss 17/150 - - - - 21/151 - - - - 0.501

Uncomsclous ot 5150 - - - - 3/151 - - - - 099

Uirlft(l)lrll)zcti:cllls, 5/150 - - - - 8/151 - - - - 0.402

Wheezes/Rhonchi 22/151 - - - - 15/151 - - - - 0.219

Medication used before hospitalization
LMWH 18/151 - - - - 10/151 - - - - 0.112
Laboratory results recorded on admission

WBC [103/uL] 149 5.90 7.41 10.50 10.46 151 5.51 7.46 11.67 11.01 0.795

Lymphocytes [103/ul] 102 0.56 0.83 1.27 0.95 147 0.66 0.97 1.48 1.29 0.023

Neutrophils [10% /uL] 103 3.98 5.98 8.90 7.55 148 3.24 5.78 9.41 6.97 0.563

HGB [g/dL] 149 1020  11.90 13.20 11.73 151 1090 12.80  13.90 12.45 0.003

Potassium [mmol /L] 148 3.65 4.10 4.50 4.14 151 0.05 0.11 0.36 1.37 0.480

CRP [mg/L] 149 1649 6870 139.36 9231 151 14.18 4140 116.84 80.68 0.100

PCT [ng/mL] 105 0.07 0.18 0.72 1.35 145 0.05 0.11 0.36 1.37 0.037

INR 141 1.04 1.13 1.27 1.34 146 1.03 1.16 1.29 1.28 0.647

Urea [mg/dL] 143 29.00 41.00 66.00 57.34 151 29.00 4400 72.00 58.25 0.671

Creatinine [mg/dL] 148 0.79 0.96 141 1.49 151 0.77 1.02 1.46 1.47 0.619
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Patients with Cancer Patients without Cancer
Variable Q1 Median Q3 Average n Q1 Median Q3 Average p*
Laboratory results recorded on admission
.GFR ) 148 46.50 70.50 90.00 70.66 150 42.00 67.00 94.00 68.79 0.597
[ml/min./1.73 m#]
Bilirubin [mg/dL] 115 0.50 0.60 1.00 1.18 140 0.40 0.60 0.90 0.78 0.409
GGTP [U/L] 108 24.50 40.50 120.00 124.30 141 25.00 42.00 87.00 73.56 0.301
p *—statistical difference between the group of cancer patients and the group of patients without cancer, calculated
with the Chi-square or Mann-Whitney U tests. SBP: systolic blood pressure; LMWH: Low-molecular-weight
heparin (standard prophylactic dose 4000 IU); WBC: White blood cells; HGB: Hemoglobin; CRP: C-reactive
protein; PCT: Procalcitonin; INR: International Normalized Ratio; eGFR: Estimated Glomerular Filtration Rate;
GGTP: Gamma-glutamyl Transferase.
3.2. Factors Registered on Admission to the Hospital Affecting the Risk of Death
Multivariate Cox proportional hazards models were successfully obtained for the fol-
lowing categories: Patient data, Comorbidities, Signs recorded on admission, Medications
used before hospitalization and Laboratory results recorded on admission (Table 2). With
the models developed for oncology patients, we identified the following variables regis-
tered on patients’ admission that were linked to significantly increased risk of death. They
are: male sex, presence of metastases in neoplastic disease, impaired consciousness (somno-
lence or confusion), wheezes/rhonchi, the levels of white blood cells (WBC) [103 /uL] and
neutrophils [103/uL] (Table 2).
Table 2. Multivariate Cox proportional hazards models. Significant factors marked with bold.
Patients with Cancer Patients without Cancer
Variable p HR 95% CIHR 95% CIHR HR 95% CIHR 95% CI HR
Lower Upper Lower Upper
Model [—Patient data
Age 0.0009 1.030 1.012 1.048 0.0009 1.036 1.015 1.058
Sex (F) 0.0263 0.610 0.394 0.943 0.0964 0.656 0.399 1.078
Tumor with metastases 0.0029 1.959 1.258 3.052 — — — —
Model [I—Comorbidities
Previous Myocardial 0.0695 1837 0.953 3540 01616  1.677 0.813 3.461
Infarction
Previous Coronary 01904  1.682 0.772 3.664 09889  1.006 0.441 2.295
Revascularization
Asthma 0.7491 1.381 0.191 9.973 0.1153 0.202 0.028 1.478
Chronic Kidney Disease 0.4798 1.253 0.670 2.342 0.0206 1.960 1.109 3.464
Hemiplegia 0.3806 1.584 0.566 4.429 0.0763 1.983 0.930 4.226
Model III—Signs recorded on admission
SBP 0.1014 0.992 0.982 1.002 0.3969 0.994 0.979 1.009
Impaired consciousness g 5591 3739 1.997 7.002 07572 1.127 0.527 2412
(somnolence or confusion)
Unconscious, not intubated 0.1923 2.598 0.619 10.911 0.1128 3.749 0.732 19.195
Unconscious, intubated 0.3696 1.709 0.530 5.508 0.0086 3.261 1.350 7.876
Wheezes/Rhonchi 0.0136 2.084 1.163 3.732 0.7087 1.172 0.510 2.694
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Table 2. Cont.

Patients with Cancer

Patients without Cancer

Variable LT HR e Upper
Model IV—Medications used before admission
LMWH 0.0523 1.768 0.994 3.144 0.3115 1.544 0.666 3.583
Model V—Laboratory results recorded on admission
WBC [103/uL] 0.0179 0.833 0.716 0.969 0.1544 1.060 0.978 1.149
Lymphocytes [10% /uL] 0.7275 1.148 0.529 2.491 0.2290 0.747 0.465 1.201
Neutrophils [10? /uL] 0.0058 1.263 1.070 1.491 0.4346 0.960 0.867 1.063
HGB [g/dL] 0.7917 0.977 0.821 1.163 0.4266 0.950 0.837 1.078
Potassium [mmol/L] 0.2420 1.517 0.755 3.052 0.2254 1.345 0.833 2172
CRP [mg/L] 0.0872 1.004 0.999 1.009 0.9194 1.000 0.996 1.004
PCT [ng/mL] 0.3510 1.049 0.948 1.162 0.0749 1.036 0.996 1.077
INR 0.9575 1.022 0.465 2.245 0.9108 0.978 0.663 1.442
Urea [mg/dL] 0.1288 1.008 0.998 1.019 0.5545 1.003 0.994 1.012
Creatinine [mg/dL] 0.1504 0.734 0.482 1.119 0.6836 1.070 0.773 1.481
GFR 0.7924 0.998 0.985 1.012 0.6550 0.997 0.985 1.010
Bilirubin [mg/dL] 0.1158 1.413 0.918 2.174 0.3690 1.283 0.745 2.208
GGTP [U/L] 0.4975 0.999 0.995 1.002 0.3276 1.002 0.998 1.005

Survival probability

SBP: systolic blood pressure; LMWH: Low-molecular-weight heparin (standard prophylactic dose 4000 IU);
WBC: White blood cells; HGB: Haemoglobin; CRP: C-reactive protein; PCT: Procalcitonin; INR: International Nor-
malized Ratio; eGFR: Estimated Glomerular Filtration Rate; GGTP: Gamma-glutamyl Transferase; CI: Confidence
Interval. The p value was calculated in Cox models and is used to reject the null hypothesis that HR = 1.

We also generated Breslow survival function graphs for the models (Figures 1-3 and
Figure S1A-G). Survival curves for non-cancer patients are shorter as no deaths have been
recorded beyond the last marked data point. Figures 1-3 show the variables that are the
strongest predictors in our study: sex and the presence of metastases; wheezes/rhonchi;
and impaired consciousness (somnolence or confusion) recorded on admission to the

hospital.
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Figure 1. Survival analysis of patients with COVID-19: without cancer (blue); with cancer but without

metastases (yellow); with cancer with metastases (red). (A) women; (B) men.
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Figure 2. Survival analysis of patients with COVID-19 and impaired consciousness (somno-
lent/confusion) on admission to the hospital: (A) patients without cancer (blue); (B) patients with

cancer (red).
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Figure 3. Survival analysis of patients with COVID-19 and wheezes/rhonchi on admission to the
hospital: (A) patients without cancer (blue); (B) patients with cancer (red).

4. Discussion

The World Health Organization has not announced the end of the pandemic so far,
and there is more information about the growing number of COVID-19 infections in Europe
(October 2022). The clinical picture of COVID-19 remains heterogeneous, and it is not
entirely clear why some patients have a mild course of the disease and others are affected
by a severe one [10]. Previous publications have shown that patients with malignant
tumors are particularly vulnerable to severe disease, as evidenced by the activities of global
societies of oncology updating their guidelines on an ongoing basis [15,16].

Cancer has already been described as an independent predictor of death in SARS-
CoV-2 infected patients [10]. In a case—control study from an Italian group, the mortality of
oncology patients with COVID-19 was significantly higher than those without neoplasm
disease [10,17]. In our study, the Breslow plots for the variables assessed in our models
indicate in most cases that oncology patients with COVID-19 have a lower chance of
survival (Figures 1-3 and Figure SIA-G). In addition, the presence of a metastatic solid
tumor is a variable that significantly influences the risk of death (HR = 1.95), which
means that the occurrence of metastases increases the risk of death by 95% compared to
non-metastatic patients (Table 2). It should be noted that we did not analyze the direct
cause of deaths, which in both groups could be the result of a diagnosed infection or
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comorbidities. However, previous reports show that patients with neoplasm, apart from
being more susceptible to SARS-CoV-2 infections, are at an increased risk of more severe
sequelae [13,18]. Furthermore, cancer itself is a heterogeneous disease, where, besides the
treatment type, primary tumor subtype, age, sex and stage also play a role [19].

We observed that the male sex was a variable that increased the odds of death in the
cancer group (HR = 0.61) (Table 2). This observation is consistent with scientific evidence
showing male gender as a factor of death risk both in the general and in the oncologic
populations with COVID-19 [9,10,13]. Our study demonstrates that being a woman re-
duces the risk of death by almost 40% in patients with neoplasm and coronavirus disease
(Figure 1). The differences between males and females are observed not only in suscepti-
bility to disease, but also in resilience to stress conditions and overall life expectancy [20].
Gender-related differences in the immune system, sex hormone environment and other
unknown causes may be contributing factors to the high mortality rate of males under
stressful conditions, including COVID-19 [20].

Other variables mentioned as factors of poor prognosis both among oncology patients
and in general are age and comorbidities [11,21]. In our study, we successfully obtained
the multivariate Cox proportional hazards model for comorbidities, but no disease was a
variable that affected the risk of death in patients with both COVID-19 and cancer. In turn,
age significantly influences the risk of death in our two investigated groups, therefore we do
not present this variable as a cause of death in cancer patients; it represents a risk factor for
patients with COVID-19 both with and without cancer. One of the more thorough systemic
reviews conducted by Zhang et al. (2021) also indicates that sex (male) and age (elderly)
appear to be risk factors associated with poorer prognostics in oncology patients [22]. In
contrast to the oncology group, chronic kidney disease and intubation in the control group
were found to be the indicators of poor prognosis.

Wheezes and rhonchi are signs of auscultation that may indicate inflammatory lesions
in the lungs and are one of the criteria for the diagnosis of bronchitis or pneumonia [23,24].
The occurrence of the above symptoms in patients with COVID-19 infection may indicate
severe respiratory disease [25]. We calculated that the presence of such symptoms on
admission doubles the risk of death in our cancer patients, and the generated curve shows
a lower survival chance in this COVID-19 patient group (Figure 3). The literature confirms
that severe pneumonia is frequent in cancer patients with COVID-19 and leads to high mor-
tality [26]. Although rales are considered the most common symptom at chest auscultation
in COVID-19 patients [27] and were identified in 26 oncology patients (Table 52), they were
not a variable affecting the risk of death (p = 0.709). Lung tumors are considered a risk
factor for developing this condition [26]. A recent updated study of survival in patients
with COVID-19 disease and lung cancer, which included more than 21,000 patients, found
that lung cancer modifies COVID-19 prognosis in terms of disease progression and mortal-
ity [28]. However, among our patients, there were only 12 participants with primary lung
cancer (Table S2) and we did not identify those who presented lung metastases, because
the purpose of our study was to examine patients with any malignant tumors.

Impaired consciousness ranging from somnolence to confusion, delirium, stupor and
coma has also been reported in patients with COVID-19 [29]. Moreover, there are reports
that patients with more severe infections present symptoms such as impaired consciousness,
and the study by Mao et al. (2020) suggests that clinicians, when seeing patients with
neurologic manifestations, should suspect severe acute respiratory syndrome coronavirus
infection to avoid delayed diagnosis [30]. According to our results, the occurrence of
such symptoms significantly increases the risk of death in oncology patients (HR = 3.74)
compared to the non-tumor group (Table 2, Figure 2). The remaining variables assessing
consciousness are included in the Cox model, but do not represent risk factors of death in
oncology patients (Table 2).

The analyses we performed showed an increased mortality risk in patients with
elevated neutrophil count on admission. Oncological patients usually develop neutropenia
during treatment with chemotherapy or as a result of comorbidities [31], but the release of
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neutrophil chemoattractant elements and the resulting neutrophil recruitment is a global
host response to viral infection [32]. The analyses conducted so far have shown that COVID-
19 patients present an increasing number of neutrophils during the severe phase [32].
Moreover, neutrophils as the marker of acute inflammation are associated with poor
outcomes [33].

Both cancer and COVID-19 are related to increased risk of venous thromboembolic
events, and D-dimer is considered a marker for early warning of disease severity and
increased risk of death in patients with coronavirus infection [5,34]. In our study, D-
dimer and the prothrombin index were variables affecting the risk of death (p = 0.0001 and
p = 0.0420, respectively), but due to the number of observations they were not included in
our model and, therefore, were not considered as factors of poor prognosis.

There are scientific reports on steroid therapy in patients with cancer and COVID-19
that indicate that continuing dexamethasone treatment after COVID-19 diagnosis may
increase survival and improve prognosis in COVID-19, as opposed to discontinuing treat-
ment after COVID-19 infection [35]. Among our oncology patients, only eight took oral
steroids before hospitalization, seven of them continued treatment during hospitalization,
and four died. Oral steroid use before hospitalization was not a variable affecting the risk
of death in our patients (p > 0.05).

Importantly, this work was conducted as a registry of all cases hospitalized due
to COVID-19 in the University Hospital in Wroclaw and in its branch (one of the most
important temporary hospitals in Lower Silesia). Furthermore, multivariate Cox propor-
tional hazards models developed herein showed results that were consistent with previous
observations. The study, however, has a number of limitations that should be mentioned.

Firstly, we had no data available on cancer treatment, so there is a lack of analysis
of treatment steps and disease activity; we also did not analyze the risk according to the
type of cancer and the site of metastasis. Admittedly, Monnari et al. (2021) indicated
that cancer patients, especially those with active cancer, have a higher risk of severe
COVID-19 development; however, the research of Dai et al. (2020) shows that COVID-19
patients with both active treatment and just cancer history have a higher risk of developing
severe events than non-cancer COVID-19 patients. They concluded that a malignant
tumor had a lifetime effect on patients, and that cancer survivors need routine observation
after primary treatment [12]. Furthermore, the analysis by Zhang et al. (2021) showed
some interesting results. Primarily, there was no statistically significant difference in
the increased risk of severe events in patients with lung cancer compared with other
solid tumors [22]. Moreover, cancer patients receiving chemotherapy or other anticancer
therapies did not show an increased risk of severe events with COVID-19 compared to
patients not receiving active treatment [22]. Additionally, considering only patients with
active cancer, the analysis showed that treatment (including chemotherapy, immunotherapy,
targeted therapy, radiotherapy or surgery) was not associated with an increased risk of
worse prognosis [22].

Secondly, the size of the study group and the number of data recorded on admission
limited the possibility of analyzing the variables. This is due to the study’s retrospective
design and the fact that most hospitalizations occurred during the second and third waves
of the pandemic, where data input to the electronic system had a lower priority than patient
survival. During these waves, a huge overload of the health care system occurred and
patients were hospitalized in different wards not only with an internal medicine profile,
including a temporary hospital, which became an important part of the strategy to fight
the pandemic. A total of 270 doctors, 155 nurses, 100 doctors-in-training and many other
medical workers who worked in various departments of the University Clinical Hospital
on a daily basis were recruited to work there, and the involvement of physicians of various
specialties provided comprehensive care to patients whose multiple diseases and clinical
conditions required the cooperation of a multi-specialist team of medical professionals.
In our facility, the approach to each patient was individualized, and only laboratory tests
necessary to start the therapeutic process were ordered on admission.
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In this research, as in other papers on similar topics, original analyses were performed,
taking into account local specificity, a different set of predictors, and especially concomitant
disease. For example, the study by Tiutan et al. (2022) showed that procalcitonin is a
prognostic factor in cancer patients with COVID-19; however, this study did not take into
account the survival time, and the observation time (death during or within 30 days of
hospitalization) was also different [36]. Another interesting paper by Torres-Ruiz et al.
(2021) also varied from our study, because each patient had the same set of lab tests
performed on admission, blood samples were stored which improved the data availability,
and the Cox model was used to predict both progression in COVID-19 and death, while we
focused on death only [37].

In spite of these limitations, the results obtained in this study may provide valuable
guidance on the course of hospitalization of cancer patients with COVID-19. We believe
that the insights in this study will help to better understand the effects of SARS-CoV-2
infection in cancer patients.

5. Conclusions

In the face of the another observed increase in hospitalizations due to COVID-19
infection, early identification of diagnostic factors linked to poor prognosis may help
clinicians in better tailoring surveillance or treatment among oncology patients with COVID-
19. This study specifically revealed that these factors are: male sex, tumor metastasis,
wheezes/rhonchi, and impaired consciousness (somnolence/confusion), as well as low
white blood cell count and high neutrophils count registered on admission. Our results
may help develop prognostic models or be used to compare the results of other studies,
which will translate into improved treatment management, better prognosis and better care
in this group of patients.
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/ /www.mdpi.com/article/10.3390/jem12030878/s1, Table S1: The variables affecting the risk of
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Survival analysis of patients with COVID-19 and previous myocardial infarction. (C) Survival analysis
of patients with COVID-19 and previous coronary revascularization. (D) Survival analysis of patients
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6. Streszczenie w jezyku polskim

Zidentyfikowany pod koniec 2019 roku wirus SARS-CoV-2 spowodowal globalng
epidemi¢ paralizujgc systemy opieki zdrowotnej oraz systemy gospodarcze na calym $wiecie.
Mimo podjecia wszelkich prob ograniczania rozprzestrzeniania si¢ patogenu Swiatowa
Organizacja Zdrowia (WHO) nadal nie oglosita konca pandemii, a ogromna liczba zakazen
1 zgondw Swiadczy o jej szczegdlnie dramatycznym przebiegu. Wobec duzej dynamiki
rozprzestrzeniania si¢ wirusa oraz pojawiajacych sie¢ kolejnych mutacji patogenu, wszystkie
badania czynnikow wplywajacych na poziom przeciwciat rozpoznajagcych SARS-CoV-2, ich
wplyw na przebieg choroby oraz analizy kinetyki odpowiedzi uktadu odpornosciowego
dostarczaja waznych informacji dla zrozumienia patogenezy choroby COVID-19 i s3 niezbedne

dla prowadzenia czynnej walki z rozprzestrzenianiem wirusa SARS-CoV-2.

Pierwsza praca sposréd cyklu prezentuje wyniki badania kontynuacyjne do
populacyjnego badania przesiewowego w kierunku przeciwcial swoistych wobec SARS-CoV-
2 u obywateli Polski u ktorych nigdy nie zdiagnozowano choroby COVID-19 ani ktérzy nigdy
nie byli zaszczepieni przeciwko SARS-CoV-2. W tym badaniu oceniono przeciwciata IgG
specyficzne dla wirusowego biatka nukleokapsydu (NCP) i domeny wigzacej receptor w biatku
kolca (RBD) 7 miesigcy po pierwszym badaniu przesiewowym starajac si¢ zrozumie¢, jak
zmieniajg si¢ poziomy przeciwciat w czasie u pacjentow dotknigtych bezobjawowym lub
tagodnym przebiegiem zakazenia (nichospitalizowanych). Uwzgledniono dodatkowy czynnik
immunologiczny jakim sg szczepienia. W pracy zaprezentowano rowniez obserwacj¢ kinetyki
tych samych typow przeciwcial u pacjentow hospitalizowanych z powodu COVID-19. Analizy
objely rowniez badanie otytosci 1 jej wptywu na przebieg choroby.

Druga publikacja analizuje szeroki zakres przeciwcial IgG i IgM specyficznych
wzgledem patogenu Borrelia (celujacych w 19 antygendw pochodzacych z Borrelia spp.) u
pacjentoOw reprezentujacych trzy rézne typy historii klinicznej: cigzki COVID-19 (pacjenci
hospitalizowani z konieczno$cia wspomagania funkcji oddechowych), bezobjawowy do
tagodnego COVID-19 (osoby leczace si¢ w domu lub nieswiadome zakazenia) oraz osoby
niezakazone wirusem SARS-CoV-2, celem zidentyfikowania potencjalnego zwigzku mig¢dzy
wczesniejsza ekspozycja na Borrelia spp. oraz ryzykiem ci¢zkiego przebiegu choroby COVID-
19.

Trzeci artykut wchodzacy w sktad cyklu prezentuje powigzania migdzy charakterystyka

pacjentow onkologicznych hospitalizowanych z powodu COVID-19, w tym parametrami
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diagnostycznymi zarejestrowanymi przy przyjeciu do szpitala, a ryzykiem pdzniejszego zgonu.
Celem pracy byto znalezienie czynnikow zlego rokowania, ktorych identyfikacja moze pomoc

klinicystom w lepszym dopasowaniu leczenia wsérdd pacjentéw onkologicznych z COVID-19.

Powyzsze badania wykazaty, Zze poziom specyficznych przeciwcial skierowanych
przeciwko SARS-CoV-2, ktére rozwinely si¢ po infekcji ulegt zmniejszeniu 1 nie moze by¢
uznany za chronigcy przed zakazeniem 7 miesigcy pdzniej oraz ze gtownym czynnikiem
zapewniajagcym dobry poziom odpornosci populacji na COVID-19 sg szczepienia. Ponadto,
moga istnie¢ powigzania mig¢dzy wczesniejszg ekspozycja na kretka z rodzaju Borrelia a
p6zniejszym przebiegiem choroby COVID-19, a badania przesiewowe w kierunku przeciwciat
skierowanych przeciwko Borrelii moga przyczyni¢ si¢ do oceny szans na hospitalizacje
pacjentow zakazonych SARS-CoV-2. Ostatnie badanie wykazalo, ze czynnikami ztego
rokowania zarejestrowanymi w momencie przyjecia do szpitala w grupie pacjentow
onkologicznych hospitalizowanych z powodu COVID-19 s3: pte¢ meska, przerzuty w chorobie
nowotworowej, §wisty/rzezenia drobnobankowe, zaburzenia §wiadomosci (senno$¢/splatanie),
a takze mata liczba biatych krwinek 1 wysoka liczba neutrofili zarejestrowanych przy przyjeciu.
Weczesna identyfikacja parametrow zwigzanych ze ztym rokowaniem moze pomoc klinicystom

w lepszej opiece nad hospitalizowanymi pacjentami.
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7. Streszczenie w jezyku angielskim

Identified at the end of 2019, the SARS-CoV-2 virus has caused a global
epidemic, paralyzing healthcare and economic systems around the world. Despite all
attempts to contain the spread of the pathogen, the World Health Organization (WHO)
has still not declared the end of the pandemic, and the huge number of infections and
deaths testifies to its particularly dramatic course. In view of the high dynamics of the
spread of the virus and the emerging mutations of the pathogen, all studies of the factors
influencing the levels of antibodies recognizing SARS-CoV-2, their impact on the
course of the disease and analyses of the kinetics of the immune system response
provide important information for understanding the pathogenesis of COVID-19 disease
and are necessary for the active fight the spread of SARS-CoV-2 virus.

The first paper in the series presents the results of a follow-up study to the
population screening for SARS-CoV-2-specific antibodies in Polish citizens who have
never been diagnosed with COVID-19 or who have never been vaccinated against
SARS-CoV-2. This study evaluated IgG antibodies specific to the viral nucleocapsid
protein (NCP) and spike protein receptor binding domain (RBD) 7 months after the
initial screening, seeking to understand how antibody levels change over time in
asymptomatic or mildly infected patients (non-hospitalized). An additional
immunological factor, which is vaccination, has been taken into account. The paper also
presents the observation of the kinetics of the same types of antibodies in patients
hospitalized due to COVID-19. The analyzes also included the study of obesity and its
impact on the course of the disease.

The second publication analyzes a broad range of Borrelia pathogen-specific
IgG and IgM antibodies (targeting 19 antigens derived from Borrelia spp.) in patients
with three different types of clinical history: severe COVID-19 (patients hospitalized
with respiratory support), asymptomatic to mild COVID-19 (individuals treated at home
or unaware of infection) and SARS-CoV-2 uninfected individuals to identify a potential
link between previous exposure to Borrelia spp. and the risk of severe COVID-19
disease.

The third article in the series presents the links between the characteristics of
oncology patients hospitalized due to COVID-19, including diagnostic parameters
recorded on hospital admission, and the risk of later death. The aim of the study was to
find factors of poor prognosis, the identification of which may help clinicians to better

match treatment among oncology patients with COVID-19.
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The above studies showed that the level of specific antibodies targeted against
SARS-CoV-2 that developed after infection decreased and cannot be considered as
protective against infection 7 months later and that the main factor ensuring a good level
of immunity of the population to COVID-19 is vaccination. In addition, there may be
associations between previous exposure to the Borrelia spp. and the later course of
COVID-19 disease, and screening for antibodies targeted against Borrelia may
contribute to the assessment of the chances of hospitalization of patients infected with
SARS-CoV-2. A recent study showed that the factors of poor prognosis registered at
the time of admission to the hospital in a group of oncology patients hospitalized due to
COVID-19 are: male gender, metastases in cancer, wheezing/crackles, impaired
consciousness (drowsiness/confusion), as well as low white blood cell count and high
neutrophil count recorded on admission. Early identification of parameters associated

with poor prognosis may help clinicians better care for hospitalized patients.
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8. Opinia Komisji Bioetycznej
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OPINIA KOMISJI BIOETYCZNEJ
przy Wojewddzkim Szpitalu Specjalistycznym we Wroclawiu
Osérodek Badawczo-Rozwojowy
51-124 Wroctaw ul. Kamienskiego 73A tel. (071) 32 70 196

KB/02/2020

Dzialajac na podstawie art. 29 ustawy z dnia 5 grudnia 1996 r. o zawodzie lekarza
(Dz. U. z 1997 r. Nr 28 poz. 152 wraz ze zm.), Zarzgdzenia Ministra Zdrowia i Opieki
Spolecznej z dnia 11 maja 1990 r. w sprawie szczegdlowych zasad powotywania
i funkcjonowania oraz trybu dziatania Komisji Bioetycznych (Dz. U. Nr 47 poz. 480)
oraz zgodnie z zasadami zawartymi w GCP (Good Clinical Practice) oraz w Deklarac)i
Helsinskiej Komisja Bioetyczna przy Wojewodzkim Szpitalu Specjalistycznym we
Wroclawiu Osrodku Badawczo-Rozwojowym w dniu 05.05.2020 r. przeanalizowala wniosek
Zlozony przez prof. Wojciecha Witkiewicza i dr hab. Krystyn¢ Dabrowska w sprawie
badania pt.. ,ldentyfikacja obecnosci i specyficznoSci przeciwcial rozpoznajacych
mikroorganizmy niepatogenne i patogenne dla czlowieka, ze szczegélnym
uwzglednieniem przeciwcial specyficznych do SARS-CoV-2 w prébach krwi
pochodzacych od oséb podejrzanych o zakazenie lub oséb chorych na COVID-19"”,

Po zapoznaniu si¢ ze ztozonym wnioskiem i uzyskaniu odpowiedzi na pytania oraz w
wyniku tajnego glosowania, Komisja Bioetyczna podjeta uchwale o pozytywnym
zaopiniowaniu tego wniosku.

Kierownik badania zobowiazany jest do przechowywania wszystkich dokumentow
dotyczacych badania przez okres 20 lat od chwili zakorficzenia badania.

Od niniejszej uchwaly mozna sie odwotaé do Odwolawczej Komisji Bioetycznej przy
Ministrze Zdrowia, za posrednictwem Komisji Bioetycznej przy Wojewddzkim Szpitalu
Specjalistycznym we Wroctawiu Osrodku Badawczo-Rozwojowym w terminie 14 dni od daty

otrzymania niniejszej opinii.

Przewodniczacy Komisji Bioetyczne]

Prof. dr hab. Zbigniiew Hruby

Otrzymuja:
1. Wnioskodawca projektu
2. Kierownik jednostki organizacyjnej,
w ktérej projekt bedzie realizowany.
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KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 444/2021

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powotana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 278/XVI R/2020 z dnia
21 grudnia 2020 r. oraz dzialajagca w trybie przewidzianym rozporzadzeniem Ministra
Zdrowia i Opieki Spotecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie
ustawy o zawodzie Iekarza z dnia S grudnia 1996 . (Dz.U. nr 514 z 2020 r.) w sktadzie:

dr Joanna Birecka (psychiatria)

dr Beata Freier (onkologia)

dr hab. Tomasz Fuchs (ginekologia, potoznictwo)

prof. dr hab. Dariusz Janczak (chirurgia naczyniowa, transplantologia)
dr hab. Krzysztof Kaliszewski (chirurgia endokrynologiczna)
dr prawa Andrzej Malicki (prawo)

dr hab. Marcin Maczynski (farmacja)

Urszula Olechowska (pielegniarstwo)

prof. dr hab. Leszek Szenborn (pediatria, choroby zakazne)
prof. dr hab. Andrzej Szuba (choroby wewnetrzne, angiologia
ks. prof. Andrzej Tomko (duchowny)

prof. dr hab. Mieszko Wieckiewicz (stomatologia)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnoélaskiej Izby Lekarskiej)
dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jerzego Rudnickiego (chirurgia, proktologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
PO zapoznaniu si¢ z projektem badawczym pt,

»Analiza czynnikéw demograficznych, Klinicznych i biochemicznych oraz ich wptyw na
odlegte rokowania u pacjentéw chorych na COVID-19"

o Y ]
ym

KSMI ABIOETYC,
pizy Uniwessytacie M
ul.J M%Tck%w}b \hgom 4 7 Wroolaw
L J. M JLRIENCTS
tol. 71784 10 14, 71 184 17 10

e-inall. bloa umw.edu.,
6 4 hitp/fsww.uimw. u.pmow/e.



Zgloszonym przez dr hab. Katarzyn¢ Madziarsks, zatrudniong w Uniwersyteckim Szpitalu
Klinicznym we Wroctawiu i Szpitalu Tymczasowym przy ul. Rakietowej we Wroclawiu oraz
ziozonymi wraz z wnioskiem dokumentami, w tajnym glosowaniu postanowila wyrazié
zgode na przeprowadzenie badann w Uniwersyteckim Szpitalu Klinicznym we Wroctawiu pod
warunkiem zachowania anonimowoéci zgromadzonych danych.

Uwaga: Badanie to zostalo objgte ubezpieczeniem odpowiedzialno$ci cywilnej Uniwersytetu
Medycznego we Wroclawiu z tytutu prowadzonej dziatalnosci.

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwolania do Komisji Odwolawczej za posrednictwem Komisji Bioetycznej UM we

Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego realizowanego z dziatalnosci statutowej.

Wroclaw, dnia |3~ maja 2021 r. o Komsaa e»omczfaﬂ S

Uniwersytecie
Sléw Siaskich
ul. J. Mikubicza-R 7
1o LT84 10 14 71 Bz 10 o
hito:/Asww.umw. sdu.pity
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9. Oswiadczenia wspolautorow
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Alina Szewczyk-Dabrowska Wroctaw, 28.01.2023
Katedra i Zaktad Medycyny Rodzinnej

Uniwersytet Medyczny we Wroclawiu,

ul. Syrokomli 1, 51-141 Wroclaw

Wojewodzki Szpital Specjalistyczny we Wroclawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a.

51-124 Wroclaw

OSWIADCZENIE

Os$wiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dagbrowskiej, Wiktorii Budziar.
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka. Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytutem ,, Dynamics of anti-SARS-ColV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopismie PLOS ONE (2022 Sep 9;17(9):¢0274095.
doi: 10.137/journal.pone.0274095) mdj udzial polegal na: opracowaniu koncepcji badania,
zaprojektowaniu i zbudowaniu grup badawczych, zebraniu danych, analizie formalnej.
prowadzeniu badan, przeprowadzeniu analiz statystycznych, interpretacji wynikow.
wizualizacji, zebraniu pi$miennictwa naukowego, napisaniu oraz zredagowaniu manuskryptu

pracy, udzieleniu odpowiedzi recenzentom.
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Prof. dr. hab. Krystyna Dgbrowska Wroctaw, 28.01.2023
Wojewoddzki Szpital Specjalistyczny we Wroctawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroctaw

Instytut Immunologii i Terapii Doswiadczalne;j

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroctaw

OSWIADCZENIE

Os$wiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level ” opublikowanej w czasopismie PLOS ONE (2022 Sep 9;17(9):¢0274095. doi:
10.1371/journal.pone.0274095) mdj udziat polegal na: md; udziat polegat na merytorycznym
nadzorze w przygotowaniu planu badawczego i realizacji badania, uzyskaniu finansowania, a

takze korekcie manuskryptu pracy i pomocy w odpowiedzi recenzentom.

Oswiadczam rowniez. ze lek. Alina Szewczyk-Dgbrowska wniosta najwigkszy wklad w

powstanie powyzszego manuskryptu.
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dr. n. med. Urszula Grata-Borkowska Wroctaw, 28.01.2023
Katedra i Zaklad Medycyny Rodzinnej

Uniwersytet Medyczny we Wroctawiu,

ul. Syrokomli 1, 51-141 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dgbrowskiej pod
tytulem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopi$mie PLOS ONE (2022 Sep 9:17(9):¢0274095.
doi: 10.1371/journal.pone.0274095) moj udzial polegal na: merytorycznym nadzorze i

ostatecznym zatwierdzeniu manuskryptu.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwiekszy wklad w

powstanie powyzszego manuskryptu.
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Prof. dr hab. n. med. Wojciech Witkiewicz Wroctaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroctawiu,

Osdrodek Badawczo-Rozwojowy, Kamienskiego 73a,

51-124 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz,
Zuzanny Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza,
Artura Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pod tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual
patients and at the population level” opublikowane]j w czasopismie PLOS ONE (2022 Sep
9:17(9):¢0274095. doi: 10.1371/journal.pone.0274095) méj udzial polegat na: moj udziat
polegal na: uzyskaniu finansowania projektu badawczego, nadzorze medycznym oraz

ostatecznym zatwierdzeniu manuskryptu.

Oswiadczam réwniez, Ze lek. Alina Szewczyk-Dabrowska wniosta najwiekszy wkiad w

powstanie powyzszego manuskryptu.
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Wiktoria Budziar Wroclaw. 28.01.2023

Wojewddzki Szpital Specjalistyczny we Wroclawiu,
Osrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dgbrowskiej, Wiktorii Budzar.
Krzysztofa Banieckiégo, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
KaZmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, ‘Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytulem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowane] w czasopi$émie PLOS ONE (2022 Sep 9;17(9):€0274095.

doi: 10.1371/journal.pone.0274095) méj udzial polegal na: uczestniczeniu w wykonywaniu

testow serologicznych.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosla najwigkszy wklad w
powstanie powyzszego manuskryptu.
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Dr Zuzanna Kazmierczak Wroclaw, 28.01.2023
Wojewaddzki Szpital Specjalistyczny we Wroclawiu,

Ofrodek Badawczo-Rozwojowy, Kamiefiskiego 73a, 51-124 Wroctaw

Instytut Immunologii i Terapii Doswiadczalnej

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level " opublikowanej w czasopismie PLOS ONE (2022 Sep 9;17(9):€0274095. doi:
10.137 l/journal.pone.0274095) m¢j udzial polegal na: uczestniczeniu w wykonywaniu testow

serologicznych.

Odwiadczam réwniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwickszy wklad

(4 pabia WWMWZ

w powstanie powyzszego manuskryptu.
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Alcksandra Pikies Wroclaw, 28.01.2023
Zaklad Opieki Zdtowotnej w Bolestawet,

ul. Jeleniogorska 4, §9-700 Bolestawice

OSWIADCZENIE

Odwiadczam, #¢ w pracy autorstwa: Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar,

Krzysztofa Banicckiego, Aleksandry Pikics, Marka Harhali, Natalii Jgdruchniewicz, Zuzanny
Ka#mierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopliémie I?LQS ‘ON,E (2022 Sep 9;17(9):¢0274095.
doi: 10.1371/journal.pone.0274095) méj udzial polegal na: zebraniu prob surowic oraz
dl'!:lych medycznych do badania. %

Oéwiadczam rowniez, ze lek. Alina '-Sz_ewi:z-yli-bqbrowska- wniosta najwigkszy wkiad w
powstanie powyzszego manuskryptu. | S T
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Krzysztol Banteckl Wroclaw, 28.01,2023
Zaklad Opicki Zdrowotne) w Boleslaweu,

ul. Jeleniogorska 4, §9-700 Boleslawlec

OSWIADCZENIE

Oéwiadczam, 2¢ w pracy outorsiwa: Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmicrezak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytulem ,, Dynamics of anti-SARS-CoV-2 seroconversion In individual patients and at the
population level” opublikowanej w czasopiémie PLOS ONE (2022 Sep 9;17(9):e0274095,

doi: 10.1371/journal.pone.0274095) méj udzial polegal na: zebraniu préb surowic oraz
danych medycznych do badania,

Oéwiadczam rowniez, 2e lek. Alina Szewczyk-Dabrowska wniosta najwigkszy wkiad w

powstanie powyzszego manuskryptu,
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ArturNahoreckll o Wroctaw, 28.01.2023
ki '

Zak}ad 0p1ek1 Zdrowomc_] w Bolestawcu,
ul ‘Jelemdgarska 4, 59-700 Bolestawiec

hadavwemeao yad e

OSWIADCZENIE

Oséwiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
KaZmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dgbrowskiej pod
tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopismie PLOS ONE (2022 Sep 9;17(9):e0274095.
doi: 10.1371/journal.pone.0274095) moéj udziat polegat na: uzyskaniu finansowania projektu
badawczego, nadzorze medycznym oraz ostatecznym zatwierdzeniu manuskryptu.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwigkszy wkiad w

powstanie powyzszego manuskryptu.
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Kami Barczyk Wroctaw, 28.01.2023
Zak}ad Opieki Zdrowotnej w Bolestawcu,
ul. Jeleniogérska 4, 59-700 Bolestawiec

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dgbrowskiej pod
tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopi$mie PLOS ONE (2022 Sep 9;17(9):€0274095.
doi: 10.1371/journal.pone.0274095) moéj udziat polegal na: uzyskaniu finansowania projektu

badawczego, nadzorze medycznym oraz ostatecznym zatwierdzeniu manuskryptu.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosla najwickszy wkiad w

powstanie powyzszego manuskryptu.
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Tomasz Klimek Wroclaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroctawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dgbrowskiej. Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
KaZmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytulem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopismie PLOS ONE (2022 Sep 9:17(9):0274095.
doi: 10.1371/journal.pone.0274095) moj udzial polegal na: pomocy w organizacji i

przeprowadzeniu badania serologicznego z udzialem zdrowych dawcow.

Oswiadczam rowniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwickszy wkiad w

powstanie powyzszego manuskryptu.
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Mgr inz. Katarzyna Gembara Wroclaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroctawiu,

Ogrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroctaw

[nstytut Immunologii i Terapii Do§wiadczalnej

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
KaZmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytulem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopismie PLOS ONE (2022 Sep 9:17(9):€0274095. doi:
10.1371/journal.pone.0274095) mdj udziat polegat na: uczestniczeniu w wykonywaniu testow

serologicznych.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwiekszy wkilad w

powstanie powyzszego manuskryptu.
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Marek Harhala Wroctaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroctawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroclaw

Instytut Immunologii i Terapii Doswiadczalne;j

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopismie PLOS ONE (2022 Sep 9;17(9):€¢0274095.
doi: 10.1371/journal.pone.0274095) méj udzial polegat na: nadzorze nad analizg statystyczng

i wizualizacjg oraz pomocy udzieleniu odpowiedzi recenzentom.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dagbrowska wniosta najwigkszy wklad w

powstanie powyzszego manuskryptu.

dr mgr inz. Marek Harhala
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Dr Natalia Jedruchniewicz Wroctaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroclawiu,

Oérodek Badawczo-Rozwojowy, Kamienskiego 73a,

51-124 Wroctaw

OSWIADCZENIE

OsSwiadczam, ze w pracy autorstwa: Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar,
Krzysztofa Banieckiego, Aleksandry Pikies, Marka Harhali, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojcieccha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Urszuli Graty-Borkowskiej oraz Krystyny Dabrowskiej pod
tytutem ,, Dynamics of anti-SARS-CoV-2 seroconversion in individual patients and at the
population level” opublikowanej w czasopiémie PLOS ONE (2022 Sep 9;17(9):¢0274095.
dot: 10.1371/journal.pone.0274095) modj udzial polegal na: pomocy w organizacji i

przeprowadzeniu badania serologicznego z udziatem zdrowych dawcow.

Oéwiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosla najwiekszy wkiad w

powstanie powyzszego manuskryptu.
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Alina Szewczyk-Dabrowska Wroclaw, 28.01.2023
Katedra i Zaktad Medycyny Rodzinnej

Uniwersytet Medyczny we Wroctawiu,

ul. Syrokomli 1, 51-141 Wroclaw

Wojewoddzki Szpital Specjalistyczny we Wroclawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a,

51-124 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego. Kamila Barczyka, Marleny Klak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopismie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/s41598-022-20202-x) mdj udzial polegal na: opracowaniu
koncepcji badania, zaprojektowaniu i zbudowaniu grup badawczych, uporzadkowaniu
danych. analizie formalnej. prowadzeniu badan, przeprowadzeniu analiz statystycznych,
interpretacji wynikow, wizualizacji, zebraniu pi$miennictwa naukowego, napisaniu oraz

zredagowaniu manuskryptu pracy, udzieleniu odpowiedzi recenzentom.
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Prof. dr. hab. Krystyna Dabrowska Wroclaw, 28.01.2023
Wojewddzki Szpital Specjalistyczny we Wroctawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroctaw

Instytut Immunologii i Terapii Do$wiadczalnej

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Kiak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopi$mie Scientific Reports ( 2022 Sep 24:12(1):15944.
doi: 10.1038/s41598-022-20202-x) moj udzial polegal na: merytorycznym nadzorze w
przygotowaniu planu badawczego i realizacji badania, uzyskaniu finansowania, a takze

korekcie manuskryptu pracy i pomocy w odpowiedzi recenzentom.

Oswiadczam rowniez, ze lek. Alina Szewczyk-Dagbrowska wniosta najwigkszy wklad w

powstanie powyzszego manuskryptu.

Prof. dr hab. Krystyna Dgbrowska I’ ﬁj

kierownik g
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dr. n. med. Urszula Grata-Borkowska Wroctaw, 28.01.2023
Katedra i Zaklad Medycyny Rodzinnej
Uniwersytet Medyczny we Wroctawiu,

ul. Syrokomli 1, 51-141 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej. Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Klak. Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. , Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopismie Scientific Reports (2022 Sep
24;12(1):15944. doi: 10.1038/s41598-022-20202-x) méj udziat polegal na: merytorycznym

nadzorze 1 ostatecznym zatwierdzeniu manuskryptu.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwiekszy wkiad w

powstanie powyzszego manuskryptu.
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Prof. dr hab. n. med. Wojciech Witkiewicz Wroclaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroctawiu,

Os$rodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroctaw

OSWIADCZENIE

Oswiadczam, Ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej. Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Kiak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. , Correlation between COVID-19 severity and previous exposure of
patients to Borrelia spp.” opublikowanej w czasopismie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/541598-022-20202-x) méj udzial polegat na: m¢j udzial
polegal na: uzyskaniu finansowania projektu badawczego, nadzorze medycznym oraz

ostatecznym zatwierdzeniu manuskryptu.
Oéwiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwigkszy wklad w
powstanie powyzszego manuskryptu.
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Wiktoria Budziar Wroclaw. 28.01.2023

Wojewodzki Szpital Specjalistyczny we Wroclawiu,
Oérodek Badawczo-Rozwojowy, Kamieniskiego 73a, 51-124 Wroclaw

OSWIADCZENIE

Oséwiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej. Wiktorii Budziar. Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kasmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Klak, Urszuli Graly-Borkowsldej oraz Krystyny

Dgbrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients

to Borrelia spp.” opublikowane) W czasopi$mie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/s41598-022-20202-x) moj udzial polegal na: uczestniczeniu W

wykonywaniu testow serologicznych.

Oéwiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosla najwigkszy wklad w

powstanie powyZszego manuskryptu.

Duoor ok
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Marek Harhala Wroctaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroctawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroctaw

Instytut Immunologii i Terapii Doswiadczalnej

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies. Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Kiak, Urszuli Graty-Borkowskiej oraz Krystyny
Dagbrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopi$mie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/s41598-022-20202-x) mdj udzial polegal na: nadzorze nad

analizg statystyczng i wizualizacjg oraz pomocy udzieleniu odpowiedzi recenzentom.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwigkszy wklad w

powstanie powyzszego manuskryptu.

dr mgr inz. Matek Harhala
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Dr Zuzanna Kazmierczak Wroclaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroclawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroclaw

Instytut Immunologii i Terapii Doswiadczalnej

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Klak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopismie Scientific Reports (2022 Sep 24:12(1):15944.
doi: 10.1038/s41598-022-20202-x) mdj udzial polegal na: uczestniczeniu w wykonywaniu

testow serologicznych.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwigkszy wklad

;W M Mmd%@g/

W powstanie powyzszego manuskryptu.
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Alcksandra Pikies wrwlaﬂ,.'28,01.2023

Zaklad Opicki Zdrowotnej w Bolestaweu,
ul, Jeleniogdrska 4, 59-700 Bolestawiee

OSWIADCZENIE .

_Dabrowskiej, Wiktorii Budziar, Marka
Natalii Jedruchniewicz, Zuzanny

Oéwiadezam, ze w pracy autorstwa Aliny Szewczyk
Harhali, Krzysztofa Banieckicgo, Aleksandry Pikies,
Kahnierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Kiak, Urszuli Graty-Borkowskiej oraz Krystymy
Dabrowskiej pt. ,, Carre!an-‘on between COVID-19 severity and previous exposure of patienis
1o Borrelia spp.” opublikowanej w czasopi$mie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/541598-022-20202-x) méj udziat polegat na: zebraniu préb

surowic oraz danych medycznych do badania.

Oéwiadczam réwniez, ze lek. Alina Szewmyk«ﬁdbmwﬁk; Wn'liostn najwickszy wkiad w

Pl

powstanie powyzszego manuskryptu.
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Krzysztof Baniecki Wroctaw, 28.01.2023

7aklad Opieki Zdrowotnej w Bolestawceu,

ul. Jeleniogorska 4, 59-700 Bolestawiee

OSWIADCZENIE

Oéwiadczam, 2¢ w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Wiktorii ‘Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kasmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Klak, Urszuli Graty-Borkowskiej oraz Krystyny
Dgbrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopi$mie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/s41598-022-20202-x) méj udzial polegal na: zebraniu préb
surowic oraz danych medycznych do badania.

Oéwiadczam réwniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwigkszy wkiad w

powstanie powyzszego manuskryptu. -
\
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Artur Nahorecki Wroctaw, 28.01.2023
Zaklad Opicki Zdrowotnej w Boleslaweu,
ul. Jeleniogdrska 4, §9-700 Bolestawiec

OSWIADCZENIE

Odwiadczam, 2e w pracy autorstwa Aliny Szewezyk-Dgbrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckicgo, Aleksandry Pikies, Natalii Jgdruchniewicz, Zuzanny
Kafmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckicgo, Kamila Barczyka, Marleny Klak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. .. Correlation between COVID-19 severity and previous exposure of Paff""‘
to Borrelia spp." opublikowanej w czasopidmic Scientific Reports (2022 Sep
24;12(1):15944, doi: 10.1038/541598-022-20202-x) méj udzial polegal na: zebraniu préb
surowic oraz danych medycznych do badania.

Oéwiadczam réwniez, e lek. Alina Szewczyk-Dabrowska wniosia najwigkszy wkiad w
powstanie powyZszego manuskryptu.
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Kami Barczyk Wroclaw, 28.01.2023
Zaktad Opieki Zdrowotnej w Bolestawcu,
ul. Jeleniogoérska 4, 59-700 Bolestawiec

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
KaZmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Ktak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. , Correlation between COVID-19 severity and previous exposure of patients
fo Borrelia spp.” opublikowanej w czasopi$émie Scientific Reports (2022 Sep
24;12(1):15944. doi: 10.1038/541598-022-20202-x) mdj udziat polegal na: uzyskaniu

finansowania projektu badawezego, nadzorze medycznym oraz ostatecznym zatwierdzeniu
manuskryptu.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwigkszy wkiad w
powstanie powyzszego manuskryptu.
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Tomasz Klimek Wroctaw, 28.01.2023
Wojewodzki Szpital Specjalistyczny we Wroctawiu,

Ogrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Klak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopi$mie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/s41598-022-20202-x) modj udzial polegal na: pomocy w

organizacji i przeprowadzeniu badania serologicznego z udzialem zdrowych dawcow.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwiekszy wklad w

powstanie powyzszego manuskryptu.
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Mgr inz. Katarzyna Gembara Wroctaw, 28.01.2023
Wojewddzki Szpital Specjalistyczny we Wroclawiu,

Osérodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroctaw

Instytut Immunologii i Terapii Do$wiadczalnej

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar,
Marka Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Kilak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopi$mie Scientific Reports ( 2022 Sep 24;12(1):15944.
doi: 10.1038/s41598-022-20202-x) m¢j udziat polegat na: uczestniczeniu w wykonywaniu

testow serologicznych.

Oswiadczam rowniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwiekszy wklad w

powstanie powyzszego manuskryptu.
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dr n. med. Marlena Klak Wroclaw, 28.01.2023
Waojewodzki Szpital Specjalistyczny we Wroclawiu,

Osrodek Badawczo-Rozwojowy,

ul. H. Kamienskiego 73a,

51-124 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej. Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego. Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego. Kamila Barczyka, Marleny Klak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. ., Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp. " opublikowanej w czasopismie Scientific Reports ( 2022 Sep 24:12(1):15944.
doi: 10.1038/s41598-022-20202-x) moj udzial polegal na: uczestniczeniu w wykonywaniu

testow serologicznych.

Oswiadczam rowniez, ze lek. Alina Szewczyk-Dabrowska wniosla najwiekszy wklad w

powstanie powyzszego manuskryptu.
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Dr Natalia Jedruchniewicz Wroctaw, 28.01.2023
Wojewddzki Szpital Specjalistyczny we Wroctawiu,

Odrodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Wiktorii Budziar, Marka
Harhali, Krzysztofa Banieckiego, Aleksandry Pikies, Natalii Jedruchniewicz, Zuzanny
Kazmierczak, Katarzyny Gembary, Tomasza Klimka, Wojciecha Witkiewicza, Artura
Nahoreckiego, Kamila Barczyka, Marleny Klak, Urszuli Graty-Borkowskiej oraz Krystyny
Dabrowskiej pt. ,, Correlation between COVID-19 severity and previous exposure of patients
to Borrelia spp.” opublikowanej w czasopis$mie Scientific Reports (2022 Sep
24:12(1):15944. doi: 10.1038/s41598-022-20202-x) moj udzial polegal na: pomocy w

organizacji i przeprowadzeniu badania serologicznego z udzialem zdrowych dawcow.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwigkszy wklad w

powstanie powyzszego manuskryptu.
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Alina Szewczyk-Dabrowska Wroclaw, 28.01.2023
Katedra i Zaktad Medycyny Rodzinnej

Uniwersytet Medyczny we Wroctawiu,

ul. Syrokomli 1, 51-141 Wroctaw

Wojewaddzki Szpital Specjalistyczny we Wroctawiu,

Osrodek Badawczo-Rozwojowy, Kamienskiego 73a,

51-124 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupinskiej, Urszuli Graty-Borkowskiej, Janusza
Sokotowskiego, Katarzyny Kili$-Pstrusinskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michala Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej w  Journal of  Clinical Medicine (2023, 12, 878.
https://doi.org/10.3390/jcm12030878) méj udzial polegal na: opracowaniu koncepcji badania,
zaprojektowaniu 1 zbudowaniu grup badawczych, uporzadkowaniu danych, analizie
formalnej, prowadzeniu badan, przeprowadzeniu analiz statystycznych, interpretacji
wynikow, zebraniu pismiennictwa naukowego, napisaniu oraz zredagowaniu manuskryptu

pracy, udzieleniu odpowiedzi recenzentom.

cAns. Rew CZZé- L i

/)
96 e wall s ¥ W 7)\\_ |



Prof. dr. hab. Krystyna Dgbrowska Wroctaw, 28.01.2023
Wojewddzki Szpital Specjalistyczny we Wroctawiu,

Osérodek Badawczo-Rozwojowy, Kamienskiego 73a, 51-124 Wroclaw

[nstytut Immunologii i Terapii Doswiadczalnej

im. Ludwika Hirszfelda Polskiej Akademii Nauk,

Weigla 12, 53-114 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy. Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupinskiej, Urszuli  Graty-Borkowskiej, Janusza
Sokolowskiego, Katarzyny Kili§-Pstrusinskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michata Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19”
opublikowane;j w  Journal of  Clinical Medicine (2023, 12, 878.
https://doi.org/10.3390/jcm12030878) mdj udzial polegal na: wprowadzeniu poprawek
merytorycznych 1 jezykowych do pierwotnej oraz konicowej wersji manuskryptu oraz pomocy

w odpowiedzi recenzentom.

Oswiadczam rowniez, ze lek. Alina Szewczyk-Dgbrowska wniosta najwigkszy wkilad w

powstanie powyzszego manuskryptu. i
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dr. n. med. Urszula Grata-Borkowska Wroctaw, 28.01.2023
Katedra i Zaklad Medycyny Rodzinnej
Uniwersytet Medyczny we Wroclawiu,

ul. Syrokomli 1, 51-141 Wroctaw

OSWIADCZENIE

Os$wiadczam, ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery 1 Witkiewicz, Magdaleny Krupinskiej, Urszuli Graty-Borkowskiej, Janusza
Sokotowskiego, Katarzyny KilisOPstrusinskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michata Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej w Journal of  Clinical Medicine (2023, 12, 878.
https://doi.org/10.3390/jem12030878) moéj udzial polegal na: merytorycznym nadzorze

1 ostatecznym zatwierdzeniu manuskryptu.

Oswiadczam roéwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwickszy wklad w

powstanie powyzszego manuskryptu.
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prof. dr. hab. n. med. Mirostaw Banasik Wroclaw, 28.01.2023
Klinika Nefrologii i Medycyny Transplantacyjnej

Uniwersytet Medyczny we Wroclawiu,

ul. Borowska 213, 50-556 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupifskiej, Urszuli Graty-Borkowskiej, Janusza
Sokolowskiego, Katarzyny Kilis-Pstrusinskiej, Barbary Adamik. Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michala Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19”
opublikowanej w  Jourmal of  Clinical Medicine (2023, 12, 878.
https://doi.org/10.3390/jcm12030878) méj udzial polegal na: wsparciu przy koncepcji pracy

oraz zastosowanej metodologii .

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwickszy wklad w

powstanie powyzszego manuskryptu.
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dr. hab. Krzysztof Kujawa Wroclaw, 28.01.2023
Centrum Analiz Statystycznych

Uniwersytet Medyczny we Wroclawiu,

K. Marcinkowskiego 2-6, 50-368 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupinskicj, Urszuli Graty-Borkowskiej, Janusza
Sokolowskiego, Katarzyny Kilis-Pstrusinskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michala Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ., Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej w  Journal of  Clinical Medicine (2023, 12,  878.
https://doi.org/10.3390/jcm12030878) méj udzial polegal na: uporzadkowaniu bazy danych
klinicznych, nadzorze nad analizami statystycznymi oraz pomocy w odpowiedzi recenzentom.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosla najwickszy wklad w

powstanie powyzszego manuskryptu.
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dr. n. farm. Agnieszka Matera-Witkiewicz Wroclaw, 28.01.2023
Pracownia Przesiewowych Testéw Aktywnosci Biologicznej

i Gromadzenia Materialu Biologicznego

Uniwersytet Medyczny we Wroctawiu,

ul, Borowska 211a, 50-556 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupinskiej, Urszuli Graty-Borkowskiej, Janusza
Sokolowskiego, Katarzyny Kili§-Pstrusiniskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michala Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej W Journal of  Clinical Medicine (2023, 12 878.
https://doi.org/10.3390/jem12030878) moj udzial polegat na: konsultacji w ustaleniu analizy

statystycznej oraz sprawdzeniu wersji roboczych, wersji konicowej oraz jej akceptacji.

O$wiadczam rowniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwigkszy wklad w

powstanie powyzszego manuskryptu.
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dr. hab. n. med. Michat Pomorski Wroclaw, 28.01.2023
Klinika Ginekologii i Poloznictwa
Uniwersytet Medycezny we Wroctawiu,

ul. Borowska 213, 50-556 Wroclaw

OSWIADCZENIE

omwm,"'éx w prat\:).v"autorstwa ’Ali'ny ‘Sie@cﬂk-qumwsHej, Mirostawa Banasika,
Krystyny qurowsklej, Knysztofa Ku_;awy, Wo_:cnecha Bombali, Agaty Sebastian, Agnieszki
Matery Wimemcz, Magdaleny I(mpiﬁskle_],_ Urszuli . Graty-Borkowskiej, Janusza
Soko%owsiucgo l(aiarzyny Kilis Pstrusu’zskxcj, Barbary Adamxk Adriana Doroszko,
K:zysz:ofa Kal:szewsklego Lﬁcha&a Pomo:sktego, Mnrcma Pmtns:emcza, ’Ewy Anity
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dr. hab. i med, Marcin Protasiowics Wroclaw, 28,01 2023
Istvat Chordh Serea
Uniwersytet Madyesny we Wroclawiu,

ul. Borowska 213, 50-556 Wroclkaw

OSWIADCZENI:

Oswiadezam, 7¢ w pracy autorstwa Aliny Srzewezyk-Dybrowskicj, Mirostawa Banasika,
K:}'sl}-'-n}' Dabrowskicy, Krvyszofa Kujawy, Wojciccha Bombali, Agaty Scbastian. Agnicszki
Matery -Witkiowicy, Magdaleny Krupiiskicj, Urszuli Graty-Borkowskicj,  Janusza
Sokolowskicgo, Katarzyny Kilis-Pstrusiiiskicj. Barbary Adamik, Adriana Doroszko,
Kreysatofa Kaiiszc\\-&'kicgo,- Michala Pomorskicgo, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskicj Pl Assessment of clinical indicators registered on
admission 1o the hospital related 10 mortality risk in cancer patients with COVID-19~
opublikowanej w  Journal  of  Clinical Medicine (2023, 2. 87
https-:.ffdui.org“!G.S'B‘)O{icm}z'm(lﬂmj mdj udsal polegal na: wspoh
utworzeniv bazy danych klinicznyeh oras opiece nad chorvini
Uniwersyteckim Sepitalu Klinicznym we Wroctawiu

Kizidle w opracowaniuy,
hospitalizowanymi w

C$wiadezam rownier, 7 lck. Alina Smwcy'.)'kﬁl)quwska whiosta ngjwi;’-kszy wklad w

powstanic powyzszego manuskrypty, s
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dr. n. med. Agata Sebastian Wroclaw, 28.01.2023

Klinika Reumatologii i Chordb Wewnetrznych
Uniwersytet Medyczny we Wroclawiu,

ul, Borowska 213, 50-556 Wroclaw

OSWIADCZENIE

Oswiadezam, 7e w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Miroslawa Banasika,
Krystyny Dabrowskicj, Krzysztofa Kujawy, Wojciecha Bombali,‘Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny ~Krupinskicj, Urszuli Graty-Borkowskiej, Janusza
Sokolowskiego, Katarzyny Kili$-Pstrusifiskiej, Barbary Adamik, Adriana Doroszko.
Krzysztofa Kaliszewskiego, Michala Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskicj pL. . Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-18"
opublikowanej w  Joumal of Clinical Medicine (2023, 12, 878.
hitps://doi.org/10.3390/jcm12030878) méj udzial polegal na: wspétudziale w utworzeniu bazy
danych klinicznych oraz opiece nad chorymi hospitalizowanymi w Uniwersyteckim Szpitalu

Klinicznym we Wroclawiu
Oswiadczam réwniez, 2¢ Iek. Alina Szewczyk—qutpwska' wniosta najwigkszy wkiad w

powstanie powyzszego manuskryptu.
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Prof. dr. hab. n. med. Adrian Doroszko Wroctaw, 28.01.2023
Katedra i Klinika Choréb Wewngtrznych, Zawodowych
i Nadcisnienia Tgtniczego
Uniwersytet Medyczny we Wroclawiu,
ul. Borowska 213, 50-556 Wroclaw

OSWIADCZENIE

Oswiadczam, 2e w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Materv-Witkiewicz, Magdaleny Krupinskiej, Urszuli Graty-Borkowskiej, Janusza
Sokotowskiego, Katarzyny Kili§-Pstrusinskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michala Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskicj oraz Katarzyny Madziarskiej pt. ,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej w  Journal of  Clinical Medicine (2023, 12. 878.
hups://doi.org/10.3390/jcm 12030878) méj udziat polegal na: wspotudziale w utworzeniu bazy
danych klinicznych oraz opiece nad chorymi hospitalizowanymi w Uniwersyteckim Szpitalu
Klimscznym we Wroclawiu

Oswiadezam rownie2, #e lek. Alina Sacwczyk-Dgbrowska waiosts najwickszy wkiad w
powMERIC Powy Iaago manuskey piu.
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Wojciech Bombala © Wroclaw, 28.01.2023
Centrum Analiz Statystyeznych

Uniwersytet Medyczny we Wroctawin,

K. Marcinkowskiego 2-6, 50-368 Wroctaw

OSWIADCZENIE

Oswiadezam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombaty, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupinskiej, Urszuli Graty-Borkowskiej, Janusza
Sokotowskiego. Katarzyny Kilis-Pstrusinskiej. Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michata Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,.,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej w  Journal of  Clinical Medicine (2023, 12 878.
https://doi.org/10.3390/jcm12030878) méj udziat polegat na: uporzadkowaniu bazy danych

klinicznych, nadzorze nad analizami statystycznymi oraz pomocy w odpowiedzi recenzentom.

Oswiadezam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosla najwiekszy wkiad w

powstanie powyzszego manuskryptu.
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dr. hab. n. med, Barbara Adamik, prof, UMW Wroclaw, 28.01.2023
Klinika Anestezjologii i Intensywnej Terapii
Uniwersytet Medyezny we Wroctawiu,

ul. Borowska 213, 50-556 Wroctaw

OSWIADCZENIE

Oswiadezam, ze w pracy autorstwa Aliny Szewczyk-Dabrowskiej, Miroslawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupinskiej, Urszuli Graty-Borkowskiej.  Janusza
Sokotowskiego, Katarzyny Kilis-Pstrusinskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michata Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej W Journal of  Clinical Medicine (2023, 12, 878.
https://doi.org/10.3390/jcm12030878) moj wklad polegal na wspoludziale w utworzeniu bazy
danych klinicznych.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwickszy wkiad w

powstanie powyzszego manuskryptu.
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Magdalena Krupinska - Wroclaw, 28.01.2023
Pracownia Przesiewowych Testow Aktywnosci Biologicznej

i Gromadzenia Materiatu Biologicznego

Uniwersytet Medyczny we Wroclawiu,

ul. Borowska 211a. 50-556 Wroclaw

OSWIADCZENIE

Oswiadczam. ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Mirostawa Banasika,
Krystyny Dgbrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz. Magdaleny Krupifiskiej, Urszuli ~ Graty-Borkowskiej, Janusza
Sokolowskiego, Katarzyny Kilis-Pstrusifiskiej, Barbary Adamik, Adriana Doroszko.
Krzysztofa Kaliszewskiego, Michata Pomorskiego, Marcina Protasiewicza, Fwy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej W Journal of  Clinical Medicine (2023, 12, 878.
https://doi.org/10.3390/jem12030878) méj udzial polegal na: konsultacji w ustaleniu analizy

statystycznej.

Oswiadczam réwniez, 7e lek. Alina Szewczyk-Dgbrowska wniosta najwigkszy wklad w

powstanie powyzszego manuskryptu.
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Prof. dr hab. n. med. Krzysztof Kaliszewski Wroctaw, 28.01.2023
Klinika Chirurgii Ogolnej, Maloinwazyjnej i Endokrynologicznej

Uniwersytet Medyczny we Wroclawiu,

ul. Borowska 213, 50-556 Wroctaw

OSWIADCZENIE

O$wiadczam, ze w pracy autorstwa Aliny Szewczyk-Dgbrowskiej, Mirostawa Banasika,
Krystyny Dabrowskiej, Krzysztofa Kujawy, Wojciecha Bombali, Agaty Sebastian, Agnieszki
Matery-Witkiewicz, Magdaleny Krupinskiej, Urszuli Graty-Borkowskiej, Janusza
Sokotowskiego, Katarzyny Kili§-Pstrusinskiej, Barbary Adamik, Adriana Doroszko,
Krzysztofa Kaliszewskiego, Michata Pomorskiego, Marcina Protasiewicza, Ewy Anity
Jankowskiej oraz Katarzyny Madziarskiej pt. ,,Assessment of clinical indicators registered on
admission to the hospital related to mortality risk in cancer patients with COVID-19"
opublikowanej w  Journal of  Clinical Medicine (2023, 12, 878.
https://doi.org/10.3390/jem12030878) moj udziat polegat na wspétudziale w utworzeniu bazy
danych klinicznych oraz opiece nad chorymi hospitalizowanymi w Uniwersyteckim Szpitalu

Klinicznym we Wroclawiu.

Oswiadczam réwniez, ze lek. Alina Szewczyk-Dabrowska wniosta najwiekszy wklad w

powstanie powyzszego manuskryptu.
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