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4. Wykaz stosowanych skrotow

ACE-2 (ang. angiotensin-converting enzyme 2) — enzym konwertujacy angiotensyne 2

ADE (ang. antibody — dependent enhancement)- zjawisko wzmocnienia zaleznego od

przeciwciat
ARDS (ang. acute respiratory distress syndrome) — zespoét ostrej niewydolnosci oddechowej
CMIA (ang. chemiluminescent immunoassay) — test chemiluminescencji immunologicznej

COVID-19 (ang. coronavirus disease 2019) — ostra choroba zakazna uktadu oddechowego

wywotana infekcjg wirusem SARS-CoV-2
CRS (ang. cytokine release syndrome)- sztorm cytokinowy

ECLIA (ang. electrochemiluminescence)- elektrochemiluminescencja, metoda diagnostyczna

pozwalajgca na wykrywanie przeciwciat

EIA (ang. enzyme immunoassay) — test immunologiczny enzymatyczny

Ep (ang. envelope protein) biatko ptaszcza wchodzace w sktad wirusa SARS-CoV-2

FAB (ang. fragment antigen-binding region) region przeciwciata, ktéry taczy sie z antygenem

Fc (ang. fragment crystallizable region) region przeciwciata, odpowiedzialny za aktywacje

kolejnych elementéw uktadu odpornosciowego



Komodrki NK (ang. natural killer) komorki wchodzgce w sktad uktadu odpornosciowego,

posiadajgce cechy naturalnej cytotoksycznosci

MEWS (ang. modified early warning score) zmodyfikowana skala wczesnego ostrzegania,

uzywana do szacowania przebiegu zachorowania

MIA (ang. magnetic immunoassay) magnetyczny test immunologiczny, metoda badania

poziomu przeciwciat

Mp (ang. peptide megapool) biatko membranowe wchodzace w sktad budowy wirusa SARS-

CoV-2
Nabs (ang. neutralizing antibodies) przeciwciata neutralizujgce

Np (ang. nucleocapsid protein) biatko nukleokapsydu, wchodzgce w sktad budowy wirusa SARS-

CoV-2

gPCR (ang. quantitative polymerase chain reaction) ilosciowa metoda reakcji faricuchowej

polimerazy
PCR (ang. polymerase chain reaction) reakcja tancuchowa polimerazy
RTG zdjecie rentgenowskie

RT-PCR (ang. real time polymerase chain reaction) reakcja taricuchowa polimerazy w czasie

rzeczywistym

SARS-CoV-2 (ang. severe acute respiratory syndrome coronavirus 2) drugi wirus ciezkiego

ostrego zespotu oddechowego
Sp (ang. spike protein) biatko kolca, wchodzgce w sktad wirusa SARS-CoV-2

TMPRSS2 (ang. transmembrane protease, serine 2) proteaza transbtonowa seryny, enzym

wykazujgcy aktywnosc seryny 2

WHO (ang. World Health Organization) Swiatowa Organizacja Zdrowia



5. Streszczenie w jezyku polskim

SKUTECZNOSC LECZENIA OSOCZEM OZDROWIENCOW ORAZ WYBRANE ASPEKTY
ODPOWIEDZI IMMUNOLOGICZNEJ W PRZEBIEGU CHOROBY COVID-19

Pandemia choroby COVID-19, ktdra zostata wywotana przez koronawirusa SARS-CoV-2,
zostata ogtoszona przez Swiatowa Organizacje Zdrowia 11 marca 2020 roku. Pierwsze przypadki
choroby zostaty zaobserwowane w chinskim miescie Wuhan w listopadzie 2019 roku. Nowy
patogen nazwano SARS-CoV-2, zostat wyizolowany oraz zidentyfikowany w styczniu 2020 roku.
Pierwszy przypadek zachorowania na COVID-19 w Polsce zostat potwierdzony w dniu 4 marca
2020 roku. Wirus SARS-CoV-2 jest jednoniciowym wirusem RNA dodatniej polaryzacji, nalezy do
rodziny Coronaviridae. Ma sferyczny ksztatt i liczne biatka kolca na powierzchni, czemu
zawdziecza charakterystyczny wyglad korony oraz swojg nazwe. Jest blisko spokrewniony
z innymi koronawirusami, takimi jak SARS-CoV oraz MERS-CoV. Wirus SARS-CoV-2 posiada
wysoki potencjat mutacji, co skutkuje identyfikowaniem szerokiej gamy réznych wariantéw wraz
z czasem trwania pandemii, takimi jak Alfa, Beta, Gamma, Delta czy Omicron. Objawy COVID-19
mogg sie rézni¢, jednak najczestsze z nich to gorgczka, kaszel, bol gtowy, uczucie zmeczenia i bél

miesni. Okoto jedna trzecia oséb zainfekowanych nie wykazuje zadnych objawdw.



Cel

Badanie miato na celu ocene efektdw terapii osoczem ozdrowiencéw pacjentdw chorych
na COVID-19, hospitalizowanych w szpitalu MSWiA. W ramach obserwacji, oceniano réowniez
wptyw takich czynnikdw jak choroby towarzyszace oraz wiek na efekty zastosowanej terapii.
Dodatkowym celem byta ocena dtugosci trwania odpowiedzi immunologicznej w postaci
przeciwciat neutralizujgcych 1gG, skierowanym przeciwko podjednostkom S1/S1 wirusa SARS-

CoV-2.

Materiat i metody

W badaniu skutecznosci terapii osoczem ozdrowiencéw, leczenie to otrzymato 102
pacjentéw. Osocze pochodzito od grupy 49 dawcéw — ozdrowiencow. Badanie trwato od 24
kwietnia 2020 roku do 28 sierpnia 2020 roku. Kryteria kwalifikujgce do bycia dawcg osocza
pokrywaty sie z kryteriami dawstwa krwi przyjetymi przez Ministerstwo Zdrowia, musieli mie¢
potwierdzong infekcje wirusem SARS-CoV-2 oraz stwierdzone wyleczenie potwierdzone dwoma
ujemnymi wynikami testow PCR. Kryterium wigczenia do terapii osoczem ozdrowiencow
obejmowato zdiagnozowanie aktywnej choroby COVID-19, potwierdzone dodatnim wynikiem
testu PCR. Od jednego dawcy mozna byto pozyskac¢ do trzech jednostek osocza, planowano
$rednig objetos¢ jednostki wynoszgcg 200 ml. Poziom przeciwciat neutralizujgcych byt mierzony
za pomocy testu Liaison SARS-CoV-2 S1/S2 1gG. W trakcie badania 56 pacjentom podano jedng
jednostke osocza, 38 otrzymato dwie jednostki, a 8 pacjentom podano trzy jednostki osocza

ozdrowiencow. Pierwszorzednym punktem koncowym byto zmniejszenie Smiertelnosci.

Drugie badanie skupiato sie na zdeterminowaniu czasu i sity odpowiedzi
immunologicznej w grupie ozdrowiencow COVID-19. W badaniu wzieto udziat 38 pacjentow,
ktérzy byli jednoczesnie dawcami osocza w pierwszym badaniu. Obserwacja trwata od 15 marca
2020 roku do 26 czerwca 2021 roku. Pomiar poziomu przeciwciat odbywat sie
w dwumiesiecznych interwatach. Oba badania odbyty sie w Centralnym Szpitalu Klinicznym

MSWiA w Warszawie. W trakcie trwania obserwacji dominujgcym wariantem wirusa byt wariant
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B.1.1.7 — wariant Alpha , charakterystyczny dla pierwszej fazy pandemii. Obserwacja dtugosci
trwania odpowiedzi humoralnej na pierwotng infekcje byta zaprzestana m.in.

z powodu wprowadzenia masowych szczepien ochronnych przeciwko wirusowi SARS-CoV-2.

Wyniki

W badaniu oceniajgcym efekty dziatania osocza ozdrowiencow wykazano znacznie
mniejszg Smiertelno$¢ w grupie pacjentdw przyjmujacych t3 metode leczenia (13,7%
Smiertelnosci w grupie pacjentdow przyjmujgcych osocze w poréwnaniu do 34,3% Smiertelnosci
w grupie kontrolnej). Badanie oceniajgce efekty leczenia osoczem ozdrowiencéw wykazato
wyzszg korzysé kliniczng w grupie pacjentdw, u ktorych osocze ozdrowiencow zostato podane
na wczesnym etapie choroby (do 72 godzin od momentu wystgpienia objawdw), u pacjentéw
z ciezkim przebiegiem choroby oraz chorobami towarzyszagcymi, w szczegdlnosci
z niewydolnoscig krgzenia i aktywng chorobg nowotworowg. W drugim badaniu, oceniajgcym
dtugos¢ odpowiedzi humoralnej w przebiegu zachorowania na COVID 19 wykazano, ze po 12
miesigcach od zakazenia ponad 56% obserwowanych pacjentéw wykazywato ochronny poziom

przeciwciat neutralizujgcych.

Whioski

Leczenie osoczem ozdrowienncow okazato sie skuteczng terapig, obnizajgca Smiertelnosc.
Badanie pozwolito okreslic grupe pacjentéw, ktéra odniosta najwyzszg korzys¢ kliniczng
z zastosowanego leczenia- byli to pacjenci z ciezkim przebiegiem COVID-19 oraz ci z chorobami
towarzyszgcymi. Obserwacja dtugosci trwania odpowiedzi humoralnej pacjentéw po przebytej
infekcji COVID-19 wykazata, ze konieczne jest stosowanie dawki przypominajacej szczepienia
przeciwko COVID-19, w szczegdlnosci w grupie pacjentéw z deficytami odpornosci oraz

chorobami towarzyszgcymi w wywiadzie.
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6. Streszczenie w jezyku angielskim

EFFECTIVENESS OF CONVALESCENT PLASMA THERAPY AND SELECTED ASPECTS OF THE
IMMUNE RESPONSE DURING COVID-19

COVID-19 pandemic, caused by the SARS-CoV-2 coronavirus, was declared by the World
Health Organization on March 11, 2020. The first cases of the disease were observed in Chinese
city of Wuhan in November 2019. The new pathogen was named SARS-CoV-2, isolated and
identified in January 2020. The first confirmed case of COVID-19 in Poland was reported on
March 4, 2020. The SARS-CoV-2 virus is a single-stranded positive-sense RNA virus and belongs
to the Coronaviridae family. It has a spherical shape with numerous spike proteins on its surface,
giving it a characteristic crown-like appearance, from which it derives its name. It is closely
related to other coronaviruses such as SARS-CoV and MERS-CoV. The SARS-CoV-2 virus has
a high mutation potential, resulting in identification of wide range of many variants such as
Alpha, Beta, Gamma, Delta, and Omicron. The COVID-19 symptoms can vary but the most
common ones include fever, cough, headache, fatigue, and muscle pain. Approximately one-
third of infected individuals do not show any symptoms. Neutralizing antibodies have the ability

to bind and destroy the virus.

Objective

The study aimed to evaluate the effects of convalescent plasma therapy in the group of
COVID-19 patients hospitalized at the MSWIA hospital. As part of the observation, the impact
of factors such as comorbidities and age on therapy’s effectiveness was also assessed. An
additional objective was to evaluate the duration of the immune response in the form of I1gG

neutralizing antibodies directed against the S1/52 subunits of the SARS-CoV-2 virus.
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Material and methods

In the study assessing the effectiveness of convalescent plasma therapy, a total of 102
patients received the treatment. The plasma was obtained from a group of 49 convalescent
donors. The study took place from April 24, 2020, to August 28, 2020. The criteria for qualifying
as a plasma donor aligned with the blood donation criteria set by the Ministry of Health, with
the additional requirement that candidates had to be male and have confirmed SARS-CoV-2
infection, along with documented recovery confirmed by two negative PCR test result. Each
donor could provide up to three units of plasma. The level of neutralizing antibodies was
measured using the Liaison SARS-CoV-2 S1/S2 IgG test. During the study, 56 patients received
one unit of plasma, 38 received two units, and 8 patients received three units of convalescent

plasma.

The second study aimed to determine the duration and strength of the immune
response in a group of COVID-19 convalescent individuals. It involved 38 patients who were also
plasma donors in the previous study. The observation took place from March 15, 2020, to June
26, 2021. The measurement of antibody levels was conducted at the Central Clinical Hospital of
The Ministry of the Interior Affairs and Administration in Warsaw. During the observation, the
predominant variant of the virus was the B.1.1.7 variant — Alpha, characteristic of the first phase
of the pandemic. The observation of the duration of the humoral response to the primary
infection was discontinued, among other reasons, due to the introduction of mass COVID-19

vaccinations.
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Results

In the study evaluating the efficacy of convalescent plasma therapy, a significantly lower
mortality rate was observed in the group of patients receiving this treatment (13.7% mortality
in the plasma group compared to 34.3% mortality in the control group). The study also
demonstrated a higher clinical benefit in group of patients, who received convalescent plasma
at an early stage of the disease (within 72 hours of symptom onset), in the group of patients
with severe course of COVID-19 and in group of patients with comorbidities, especially with
presence of cardiac insufficiency and active cancer. In the second study, which evaluated the
duration of the humoral immune response in COVID-19 convalescent patients, it was found that
after 12 months from infection, over 56% of observed patients still had a protective level of

neutralizing antibodies.

Conclusions

The convalescent plasma treatment has proven to be an effective therapy, reducing
mortality. This study also allowed to identify a group of patients who benefited the most — group
of patients with severe COVID-19 and those with underlying medical conditions. Second study
showed that administering a booster dose of COVID-19 vaccine is necessary, especially in the

group of patients with immunodefiencies and pre-existing medical conditions.

14



7. Wstep

7.1 Poczatek epidemii COVID-19 w Polsce i na Swiecie

Pandemia choroby COVID-19 wywofanej przez koronawirusa SARS-CoV-2 zostata
ogtoszona przez Swiatowa Organizacje Zdrowia (WHO) w dniu 11 marca 2020 roku. Pierwsze
zachorowania na dotychczas nieznang chorobe zostaty raportowane w chifnskim miescie Wuhan
w listopadzie 2019 roku [1]. Pierwszy przypadek pacjenta z rozpoznang infekcjg wirusa SARS-
CoV-2 datuje sie na 17 listopada 2019 roku [2]. Pdzniejsze analizy powigzaty dwie trzecie
rozpoznanych zachorowan z bezposrednig okolicg targu rybnego Huanan, zlokalizowanego
w dzielnicy Jianghan w Wuhan [3][4]. Nowy koronawirus zostat wyizolowany i rozpoznany 7
stycznia 2020 roku, 10 stycznia opublikowano publicznie genom wirusa. 31 stycznia 2020 roku
we Wtoszech zostali zdiagnozowani pierwsi pacjenci chorujgcy na COVID-19 — byto to dwdch
turystow podrdzujgcych z Chin. 19 marca 2020 roku ilos¢ przypadkdw infekcji wirusem SARS-
CoV-2 w tym panstwie byta juz wieksza, niz ilos¢ zachorowan w Chinach, natomiast od 26 marca
panstwem  z najwiekszg iloscig potwierdzonych zakazen staty sie Stany Zjednoczone. Pierwsze
prace nad szczepionkg zaczety sie w marcu 2020 roku, po serii badan klinicznych szczepionka

BNT162b2 zostata dopuszczona do uzytkowania w Wielkiej Brytanii 2 grudnia 2020 roku.

Pierwszy potwierdzony przypadek zachorowania na COVID-19 w Polsce zostat potwierdzony
w dniu 4 marca 2020 roku w szpitalu w Zielonej Gérze. W zwigzku z powyzszym, w dniu 14 marca
2020 roku zostat ogtoszony na terenie Polski stan zagrozenia epidemicznego, natomiast w dniu
20 marca 2020 roku zaczat obowigzywac w Polsce stan epidemii. W dniu 16 marca 2020 roku
21 placéwek leczniczych zostato przeksztatconych w tak zwane szpitale jednoimienne, ktorych

zadaniem byta opieka nad pacjentami chorymi na COVID-19.
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7.2 Wirus SARS-CoV-2- budowa

Wirus SARS-CoV-2 jest jednoniciowym, ostonkowym wirusem RNA o dodatniej
polaryzacji ssSRNA(+)[5]. Wielkos¢ wiriondw wacha sie w przedziale 60-140 nanometrow. Nalezy
do rodziny Coronaviridae, rodzaju Betacoronavirus i podrodzaju Sarbecovirus, jak inne
odzwierzece koronawirusy. Wirus zawdziecza nazwe swojej charakterystycznej budowie —
posiada sferyczny ksztatt oraz liczne biatka kolca (S) tworzgce charakterystyczng korone,
widoczng pod mikroskopem elektronowym. Jest on jednym z siedmiu znanych ludzkich
koronawiruséw [6]. Jest blisko skorelowany z innymi, wysoko zarazliwymi wirusami — SARS-CoV,
oraz MERS-CoV. Genom SARS-CoV-2 jest w 79 % podobny do genomu SARS-CoV, oraz w 50 %
do genomu MERS-CoV [7]. Sekwencja RNA SARS-CoV-2 sktada sie z okoto 30 tysiecy zasad
azotowych, co czyni go jednym z najwiekszych, znanych wiruséw RNA [8]. Wirus SARS-CoV-2 jest
zbudowany z czterech gtéwnych biatek — biatko kolca (Sp), biatka ptaszcza (Ep), biatka
membranowego (Mp), oraz biatka nukleokapsydu (Np). Jednostka Np jest odpowiedzialna za
stabilizacje materiatu genetycznego wirusa, natomiast Sp, Ep, Mp razem tworzg otoczke wirusa.
Biatko S sktada sie z dwdch podjednostek — S1 oraz S2, ktore sg odpowiedzialne za proces
wejscia do komorki gospodarza, co jest rowniez scisle zwigzane z funkcjg receptorow ACE2
[9][10]. Podjednostka S1 przytgcza sie do receptora ACE-2, nastepnie podjednostka S2 przy
pomocy enzymu TMPRSS2 inicjuje fuzje z btong komérki gospodarza poprzez endocytoze [11].
Wykazano wysokg ekspresje TMPRSS2 w poszczegdlnych tkankach, w szczegdlnosci w obrebie
nabtonka nosa, ptuc oraz drzewa oskrzelowego, co ttumaczy szczegdlny tropizm wirusa SARS-
CoV-2 do wyzej wymienionych tkanek [12]. Pod wptywem katepsyny L dochodzi do uwolnienia

materiatu genetycznego do wnetrza komorki.

Fakt, ze wirus SARS-CoV-2 jest wirusem RNA, skutkuje wysokim potencjatem
powstawania nowych mutacji. Wykazano, ze w procesie replikacji wirusa, kazda mutacja pojawia
sie co 10 tysiecy par nukleotyddéw [13]. Do tej pory zidentyfikowano tysigce rdoznych wariantéw

genetycznych, z ktorych najwieksze znaczenie majg warianty:

- Alfa B.1.1.7, wariant ten zostat zidentyfikowany w Wielkiej Brytanii we wrzesniu 2020 roku.

- Beta B.1.351, wariant zostat zidentyfikowany w RPA w Maju 2020 roku
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- Gamma P.1, zidentyfikowany w Brazylii w listopadzie 2020 roku.

- Delta B.1.617.2, zidentyfikowany w Indiach w paZzdzierniku 2020 roku.

- Omicron B.1.1.529, po raz pierwszy zidentyfikowanym w Botswanie w listopadzie 2021 roku

[14].

- XBB.1.5, wariant, ktéory w styczniu 2023 roku stanowit 28% potwierdzonych przypadkow

w Wielkiej Brytanii.

- XBB.1.16, wariant po raz pierwszy zidentyfikowany w styczniu 2023 roku. Zaobserwowano, ze
w przypadku tego subwariantu, jednym z dominujgcym objawdw infekcji jest zapalenie

spojowki.

Pomimo mnogosci wykrytych wariantdéw, opisywane przeze mnie badania miaty miejsce
w poczatkowej fazie pandemii, kiedy dominujgcym wariantem byt wariant B.1.1.7, dlatego nie

poréwnywano roznic w odpowiedzi immunologicznej poszczegdlnych wariantéw.

7.3 Choroba COVID-19 — objawy i odpowiedz immunologiczna

Okoto jedna trzecia pacjentéw zainfekowanych wirusem SARS-CoV-2 nie rozwinie
objawow chorobowych [15]. Nalezy zaznaczyé, ze wystepujgce objawy zmieniaty sie wraz
Z pojawieniem sie nowych, dominujgcych wariantdw wirusa, ponizsze umowienie objawéw
bedzie dotyczyto wariantdéw wystepujacych w pierwszej fazie pandemii. Wsrdd objawowych
infekcji, 81 % pacjentoéw rozwineto tagodne objawy, 14 % okreslono jako ciezszy przebieg
choroby (najczesciej zwigzany z hipoksjg, dusznoscia, czesto zwigzany z zajeciem ponad 50 %
migzszu ptuc w badaniach radiologicznych), natomiast stan 5 % pacjentow okreslono jako
krytyczny (zwigzany z pobytem na oddziatach intensywnej terapii oraz z niewydolnoscig
wielonarzagdowa) [16]. Transmisja wirusa odbywa sie gtownie drogg kropelkowg, w wyniku
kaszlu lub kichniecia [17]. Wykazano, Zze nosiciele mogg zarazac tg drogg nawet 4-5 dni przed
wystgpieniem pierwszych objawdw choroby [18]. Okres wylegania wirusa wynosi od 2 do 14

dni, $rednio 5 dni [19].
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Objawy ze strony uktadu oddechowego to najczestsze objawy COVID-19. Z raportow
ECDC na lipiec 2020 roku wynika, ze u 63 % wszystkich pacjentow wystapit kaszel, 60 %

doswiadczyto kataru. Anosmia lub hyposmia, trwajgca ponad 30 dni wystgpita u 20 % pacjentow

[20].
Objaw Czesto$¢ wystepowania
Gorgczka 88 %
Bl gtowy 70 %
Kaszel 63 %
Uczucie zmeczenia 38%

BSI miesni lub stawdw 15%

Bol gardta 14 %
Nudnosci i wymioty 5%
Biegunka 4%

Tabela 1. Czestos¢ wystepowania poszczegdlnych objawdw u pacjentéw chorych na COVID-19, dane na

podstawie bazy 55924 pacjentéw z Chin [21].

Wykazano rowniez obecnos¢ wielu innych objawodw oraz wczesnych powiktart COVID-19,
takich jak: koagulopatie, arytmie, zapalenie miesnia sercowego, zaburzenie funkcji
kognitywnych, encefalopatie, psychozy, udary krwotoczne oraz niedokrwienne, biegunka,
wymioty [22][23][24]. Na wczesnym etapie pandemii zwrdcono uwage na zwiekszone ryzyko

wystgpienia ciezkiego przebiegu choroby u pacjentdéw z chorobami wspodttowarzyszgcymi,
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w szczegolnosci z cukrzycy typu I, POChP, nadcisnieniem tetniczym oraz z aktywnymi chorobami

rozrostowymi [25].

Istotnym problemem klinicznym jest patogeneza ciezkiego przebiegu COVID-19. Badanie
na tamach Virology Journal, opublikowane w 2022 roku wykazato, ze istotny udziat
w patogenezie ARDS w przebiegu COVID-19 majg w szczegdlnosci IL-6, IL-1, IL-17, oraz TNF-a
[26]. Ciezki przebieg COVID-19 okazat sie mie¢ zwigzek wiasnie z silng odpowiedzig
immunologiczng w przebiegu sztormu cytokinowego (CRS), anizeli wysokim stezeniem wirusa
w tkankach [27]. Badania post-mortem wykazaty u pacjentéw z ciezkim przebiegiem infekcji
SARS-CoV-2 znaczng apoptoze limfocytdw, co powigzano z makrofagami pobudzonymi przez IL-
6 [28]. Badania powigzujg objawy ze strony innych uktadéw niz uktad oddechowy z ekspresja

receptorow ACE-2, w szczegdlnosci w obrebie tkanek serca, mozgu, watroby, nerek [29].

7.4 Diagnostyka COVID-19

Podstawowg metodg diagnostyki COVID-19 sg testy genetyczne PCR, oparte na
wykrywaniu RNA wirusa. Materiat genetyczny jest wykrywany przy uzyciu reakcji taicuchowej
polimerazy z odwrotng transkrypcjg. Proces ten polega na powieleniu DNA z cDNA pozyskanego
z RNA wirusa. Proces ten jest powtarzany setki tysiecy razy, az do uzyskania wystarczajgcej ilosci
kopii materiatu genetycznego. Odmiana gPCR (real-time PCR) pozwala wykona¢ badanie
W czasie rzeczywistym, natomiast badanie RT-PCR jest badaniem iloSciowym. Materiat do
badania genetycznego mozna pozyskac¢ z wymazow z nasogardzieli lub gardta, ze sliny, plwociny.
Wykazano, ze czuto$¢ dla wymazu z jamy nosa wynosi 62 %, 71 % dla plwociny, natomiast 32 %
w wypadku wymazu nosogardzieli. Wadg tego typu testéw jest dtugi czas trwania badania, ktéry

trwa kilka godzin.

Kolejnym rodzajem testow w diagnostyce COVID-19 sg testy antygenowe. Antygeny sg
specyficznymi biatkami na powierzchni wirusa SARS-CoV-2, z reguty testy antygenowe sg
specyficzne wobec biatek S. Sg to testy oparte na technologii immunochromatografii, czas
potrzebny do uzyskania wyniku jest zdecydowanie szybszy niz w przypadku testow genetycznych
i wynosi miedzy 15 a 30 minut. Testy antygenowe sg najszerzej uzywang metodg diagnostyczng,

jest to metoda tania i szybka, natomiast cechuje sie mniejszg swoistoscig w poréwnaniu do
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metody PCR. Materiat do badania rowniez pozyskuje sie za pomocg wymazu z nosa,
nosogardzieli oraz ze $liny. Metaanaliza 64 badan Cochrane wykazata srednig czuto$¢ badania

na poziomie 72 % u pacjentdow objawowych oraz 58 % u pacjentdw bezobjawowych.

Testy serologiczne sg badaniami, ktére majg na celu wykrycie specyficznych przeciwciat
celowanych przeciwko wirusowi SARS-CoV-2. Komercyjnie, najszerzej wykonywane testy
serologiczne sg badaniami w kierunku przeciwciat IgM oraz 1gG. Zdecydowang korzyscig
w poréwnaniu z poprzednimi metodami diagnostycznymi jest duzo dtuzszy czas wykrywanych
przeciwciat od momentu zainfekowania, ktéry moze trwaé nawet kilka miesiecy w wypadku

przeciwciat w klasie IgG. Testy te mogg by¢ wykonywane réznymi metodami: EIA, CMIA, MIA,

ECLIA.
Metoda diagnostyczna | Czutosc Swoistos¢ Okno diagnostyczne (dni od infekcji)
PCR 73 % 99.7 % 1-9
Testy antygenowe 65.3 % 99.4 % 2-5
Testy serologiczne 86-100 % 58 -84 % 10-260

Tabela 2. Poréwnanie wybranych metod w diagnostyce COVID-19.

Metody obrazowania radiologicznego nie sg rekomendowane w diagnostyce COVID-19,
natomiast specyficzne zmiany, typowe dla COVID-19, takie jak obraz matowej szyby, kostki
brukowej, pasmowate zmiany, konsolidacje zapalne sg istotne w progrnozowaniu ciezkiego
przebiegu choroby. Picchi z zespotem wykazat, ze w grupie 193 pacjentéw chorych na COVID-

19, 190 z nich miato zmiany zapalne w badaniu HRCT.

7.5 Odpowiedz humoralna w przebiegu COVID-19

Przeciwciata (Ig), obok komdrek dendrytycznych, limfocytow B i limfocytow T odgrywajg

znaczacg role w prezentacji patogenu komodrkom efektorowym. Przeciwciata sg biatkami
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w ksztafcie litery Y, ktérych gtdéwng funkcjg jest identyfikacja oraz niszczenie patogendw.
Wiekszos¢ przeciwciat sktada sie z czterech fancuchéw polipeptydowych — dwdch tancuchéw
ciezkich oraz dwodch tancuchéw lekkich. Istotnym rejonem przeciwciat sg rejony FAB, w sktad
ktérych wchodzg regiony Fy, ktore faczg sie z antygenem. Potgczenie przeciwciat z patogenem
odgrywa istotng role w procesie opsonizacji, co stanowi pierwszy etap odpowiedzi humoralnej,
doprowadzajac do fagocytozy. Proces opsonizacji oraz sygnalizowania proceséw humoralnych
innym cytokinom prozapalnym dokonuje sie za pomocg regionu Fc przeciwciata. Pobudzenie
regionu Fc przeciwciata wydaje sie rowniez mie¢ istotne znaczenie w procesie zjawiska
wzmocnienia zaleznego od przeciwciat (ADE), ktére wydaje sie mieé istotne znaczenie
w powstawaniu burzy cytokinowej. Podjednostki S oraz N stanowig gtéwny cel przeciwciat
skierowanym przeciwko wirusowi SARS-CoV-2, jednak przeciwciata przeciwko biatku N nie sg
w stanie neutralizowaé wirusa, w przeciwienstwie do tych, skierowanych przeciwko biatku S
[30]. Przeciwciata neutralizujgce (NAbs) oddziatujg z innymi elementami uktadu
odpornosciowego, takimi jak fagocyty, komadrki NK, przyczyniajac sie do neutralizacji wirusa.
Wykazano, ze przeciwciata, ktore tgcza sie z podjednostkami RBD, oraz H2 biatka S, indukuja
efektywniejszg odpowiedZ immunologiczng [31]. Udowodniono, ze najwiecej przeciwciat
neutralizujgcych ma powinowactwo do podjednostki S2. Pacjenci z ciezszym przebiegiem
COVID-19 produkuja wiekszg ilos¢ przeciwciat neutralizujgcych, niz ci, z lzejszym przebiegiem.
Wyzsze poziomy przeciwciat neutralizujgcych obserwowano u ptci meskiej. Wykazano rowniez,
Ze pacjenciz opdzniong odpowiedzig immunologiczng doswiadczali gorszego przebiegu choroby
[32]. Sredni czas serokonwersji dla IgG wynosi 10 dni, 8 dni dla IgM [33]. Udowodniono, ze
pierwszymi, specyficznymi przeciwciatami, ktdre pojawiajg sie w wyniku infekcji sg przeciwciata
w klasie IgA, pojawiajg sie juz w pierwszym tygodniu choroby. Podwyzszony poziom przeciwciat
lgM zaczynajg spadaé¢ w ciggu miesigca od poczatku infekcji, IgA zanikajg srednio po 6
tygodniach, natomiast podwyzszony poziom specyficznych IgG moze utrzymywac sie nawet
przez rok. Krotszy okres serokonwersji byt obserwowany u pacjentéw z ciezszym przebiegiem
choroby oraz u pacjentdw starszych (po 65 roku zycia). Dotychczasowe badania wykazuja, ze
podwyzszone miana przeciwciat utrzymujg sie przez co najmniej 9 miesiecy od momentu
zachorowania, znacznie dtuzej u pacjentow, ktérzy przyjeli szczepienie przeciwko COVID-19 [34].
Wedtug dostepnych badan klinicznych, przeciwciata neutralizujgce sg produkowane przez
dojrzate, jak i niedojrzate limfocyty B, najprawdopodobniej w wyniku procesu przekazywania

informacji odnos$nie antygendow naiwnym limfocytom przez ich bardziej dojrzate formy [35].

21



Wyzsze miano przeciwciat w klasie IgA jest obserwowano u pacjentéw z dominacjg objawdw

jelitowych COVID-19 [36].

7.6 Przeciwciata monoklonalne w terapii COVID-19

Pierwszym przeciwciatem monoklonalnym, dopuszczonym do leczenia COVID-19 byt
tixagevimab/cilgavimab, ktéry wuzyskat warunkowg autoryzacje przez FDA w Stanach
Zjednoczonych. Jest to lek w postaci iniekcji domiesniowej, stosowany jako profilaktyka
poekspozycyjna. W pierwszych badaniach obserwowano spadek $Smiertelnosci w poréwnaniu
do grupy placebo (9% vs. 12%). W pdzniejszym etapie pandemii autoryzacja zostata wycofana
z powodu nieskutecznosci wzgledem pdzniejszych wariantéw [37]. Casirivimab/imdevimab
wykazat znaczacg, ponad 68 procentowg redukcje odsetka hospitalizacji w porownaniu do
placebo, natomiast zostat wycofany z listy zalecanych terapii COVID-19 przez WHO w styczniu

2023 z powodu utraty skutecznosci [38].

Wysoki potencjat mutacji powoduje, ze terapie przeciwciatami monoklonalnymi sg
terapiami, ktére mogg mieé¢ wysokga skutecznos¢ przeciwko okreslonym wariantom, natomiast
szybko tracgcymi skutecznosé. Nie zmienia to faktu, ze zdolno$¢ szybkiego opracowywania tego
typu form leczenia moze przynies¢ potencjalne korzysci w potencjalnych przysztych

pandemiach.

7.7 Uzasadnienie potaczenia publikacji w jeden cykl

Cykl publikacji sktada sie z trzech artykutow — jednej pracy pogladowe]j oraz dwéch prac
oryginalnych dotyczgcych czasu trwania odpowiedzi immunologicznej u ozdrowiencéw oraz

zastosowania terapii osoczem ozdrowiencéw w terapii COVID-19.

Prace oryginalne wykazaty, ze terapia osoczem ozdrowiencow wigzata sie z wysoka
skutecznoscig leczenia, zwtaszcza wtedy, gdy byta zastosowana na wczesnym etapie leczenia.

Udato sie udowodni¢, ze zaawansowany wiek, przebyty zawat miesnia sercowego, aktywna
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choroba nowotworowa oraz dtugos¢ hospitalizacji wigzaty sie z gorszym przebiegiem choroby.
W trakcie oznaczania poziomu przeciwciat neutralizujgcych u ozdrowiericow wykazano wysokie
ich stezenie przez 6 oraz 12 miesiecy od momentu zachorowania w duzej grupie pacjentow.
Powyzsze wnioski pozwalajg na lepsze zrozumienie odpowiedzi immunologicznej w przebiegu

choroby COVID-19 oraz pozwalajg wyciggna¢ wnioski z kontekscie przysztych pandemii.

8. Zatozenia i cel pracy

1) Ocena skutecznosci i bezpieczenstwa leczenia osoczem ozdrowiencéw oraz identyfikacja

grupy pacjentéw, u ktérych zastosowana terapia pozwoli przynies¢ najwiekszy efekt kliniczny.

2) Ocena czasu utrzymywania sie odpornosci po podaniu osocza ozdrowiencow oraz po

przebytej infekcji COVID-19.

3) Ocena wptywu wieku, chordéb towarzyszgcych oraz ciezkosci zachorowania na dtugosc¢

trwania odpowiedzi immunologicznej u pacjentdw po przebytej infekcji wirusem SARS-CoV-2.

9. Materiati metody

Do badania skutecznosci terapii osoczem ozdrowiencow zostato zakwalifikowanych 102
pacjentow, ktérym podano wspomniane leczenie. Osocze pozyskano od grupy 49 dawcow —
ozdrowiencow. Badanie rozpoczeto 24 kwietnia 2020 roku, natomiast zakonczono 28 sierpnia
2020 roku. Kryteria kwalifikacji do bycia dawcg osocza byty analogiczne do kryteriow kwalifikacji
do dawstwa krwi celem pozyskania preparatow krwiopochodnych, opublikowanych przez

Ministerstwo Zdrowia, dodatkowo kandydaci:

- musieli mie¢ udowodniong infekcje SARS-CoV-2 pojedynczym dodatnim testem PCR, oraz

stwierdzone wyleczenie choroby, poswiadczone podwdjnie ujemnym testem real-time PCR.

Kryterium wiaczenia do terapii osoczem ozdrowiencow byto zdiagnozowanie aktywnej
choroby COVID-19, poswiadczone dodatnim wynikiem testu PCR, zebranego z materiatu

pochodzacego z nosogardzieli, uzyskanie co najmniej dwdch punktow w zmodyfikowanej skali
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wczesnego ostrzegania MEWS, objawowa posta¢ choroby COVID-19 oraz uwidocznienie
w badaniach obrazowych (TK lub RTG) charakterystycznych dla COVID-19 zmian ptuc. Zatozono,
ze od jednego dawcy mozna pozyskac do trzech jednostek osocza po 200 ml kazda. Pozyskane
osocze byto inaktywowane za pomocg systemu Mirasol [39]. Poziom przeciwciat
neutralizujgcych byt mierzony z uzyciem testu Liaison SARS-CoV-2 S1/S2 IgG firmy Diasorin,
pozwalajgcym na iloSciowe oznaczenie swoistych przeciwciat, skierowanym przeciwko
podjednostkom S1 oraz S2 na powierzchni patogenu dzieki zastosowaniu metody
immunochemioluminescencji posredniej. Metoda ta cechowata sie wysokg specyficznoscig
(96%) oraz swoistoscig (90.3%) [40][41]. Osocze mogto by¢ pobrane co najmniej po 14 dniach
od momentu zdiagnozowania COVID-19. 56 pacjentom podano jedng jednostke osocza, 38
otrzymato dwie jednostki, natomiast 8 pacjentom podano 3 jednostki osocza. Odstep miedzy
kazdorazowym podaniem osocza wynosit co najmniej 24 godziny. Badanie odbyto sie w szpitalu
CSK MSWiA w Warszawie, ktory od dnia 16 marca 2020 roku funkcjonowat jako tzw. Szpital
Jednoimienny. Pierwszorzednym punktem koricowym badania wptywu dziatania osocza
ozdrowiencow byt wskaznik Smiertelnosci. Drugorzedowymi punktami korncowymi byta dtugosc
czasu podfaczenia pacjenta do respiratora, dtugosé pobytu na oddziale intensywnej terapii,

catkowity czas hospitalizacji i czas eliminacji wirusa SARS-CoV-2 z organizmu chorego.

Do obserwacji w drugim badaniu, oceniajgcym czas oraz site odpowiedzi
immunologicznej w grupie ozdrowiencow witgczono 38 pacjentdw. Pacjentdw wytoniono
z grupy dawcoéw osocza ozdrowiencow. Obserwacje rozpoczeto 15 marca 2020 roku,
zakoniczono 26 czerwca 2021 roku. Przebieg choroby u 28 pacjentdéw wigzat sie z wystgpieniem
tagodnych objawdw, u 10 z nich przebieg choroby wymagat hospitalizacji, co scharakteryzowano
jako ciezki przebieg choroby. Pierwszy pomiar poziomu przeciwciat byt dokonywany mniej
wiecej 2 tygodnie od momentu zdiagnozowania choroby, ale nie pdZniej niz po 8 tygodniach.
Kolejne pomiary poziomu przeciwciat odbywaty sie w dwumiesiecznych interwatach.
Zaszczepienie przeciwko COVID-19 skutkowato wytgczeniem pacjenta z obserwacji. Na

przeprowadzenie obydwu badan uzyskano zgode Komisji Bioetycznej.
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hospitalization significantly increased the risk of death in both groups. Our study shows that CP affords
better outcomes when administrated in the earlier stage of high-risk COVID-19 disease.
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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a single-strand ribonucleic acid (RNA) virus similar to
severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1)
which caused the 2002-2004 SARS outbreak (van Doremalen
et al., 2020). During earlier MERS-CoV and SARS-CoV-1 out-
breaks, many therapeutic possibilities were explored. Among
them, convalescent plasma (CP) was proven to be one of the
treatments that reduces mortality (Mair-Jenkins et al., 2015;
Cheng et al., 2005). Nearly 18 years later, a similar challenge is
being faced on an incomparably larger scale. Many effective
treatments used during the SARS-CoV-1, MERS-CoV, and Ebola
outbreaks produce no significant effect on SARS-CoV-2 infec-
tion, including lopinavir-ritonavir (Cao et al., 2020), tocilizumab
(Radbel et al., 2020), and chloroquine (Cortegiani et al., 2020).
Therefore, the need to investigate other treatment potentialities
remains (Zhang and Liu, 2020; Depfenhart et al, 2020).
Convalescent plasma, a passive immunization strategy, has
been used effectively to prevent and treat epidemic infections
for more than 100 years (Mair-Jenkins et al., 2015; Marson et al.,
2020). Studies based on previous outbreaks proved good efficacy
and no significant side effects (Van den Berg et al.,, 2020;
Wooding and Bach, 2020). It has been described that the use of
CP in SARS-CoV and avian influenza, an H5N1 virus infection,
decreased viral load in the respiratory tract (Hung et al., 2011;
Kong and Zhou, 2006). Convalescent plasma contains antiviral
neutralizing antibodies, which are crucial in virus clearance.
Other putative mechanisms underpinning the possible thera-
peutic effect of convalescent plasma include an overly active
immune system (cytokine storm, Th1/Th17 ratio, complement
activation) (Tobaiqy et al., 2020). As possibly shown in this
study, viremia peaks in the first week of infection; therefore, it
may be critical to administrate CP in the early stage of the
disease. Convalescent plasma obtained from COVID-19 patients
contains high titers of SARS-CoV-2 neutralizing antibodies.
Antibodies play an essential role in communicating the presence
of a pathogen to immune effector cells. Neutralizing antibodies
interrupt viral entry into the human cell, attacking one of the
functional subunits of S glycoprotein, and play a crucial role in
the direct neutralization of the virus (Lindholm et al., 2020).
Moreover, neutralizing antibodies can activate immune cells,
such as dendritic cells, T-cells, B-cells, and other mechanisms of
the immune system. High titers of virus-neutralizing antibodies
present in plasma after COVID-19 may offer therapeutic value
(Rojas et al., 2020; Rajendran et al., 2020).

Objectives

This study's main aim was to investigate the efficacy and safety
of treatment with convalescent plasma transfusion in a group of
severe COVID-19 patients, hospitalized at a tertiary center.

Study design and setting

This single-center prospective observational cohort study of
204 patients took place in the Central Clinical Hospital of the
Ministry of Internal Affairs in Warsaw, Poland, from April 24 to
September 28, 2020.
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Participants

Donors

Eligibility criteria for 49 plasma donors were in accordance with
the Minister of Health Regulations in force in Poland regarding the
collection of blood from blood donor candidates and blood donors.

Additional eligibility criteria are as follows:

- male sex,

- positive test for SARS-CoV-2 (Real-Time PCR method for SARS-
CoV-2 RNA detection), and

- a double-negative SARS-CoV-2 test with a minimum 24 -h
interval between the two tests

(Real-Time PCR method for detecting SARS-CoV-2 RNA).

Recipients
Inclusion criteria:

- Detection of SARS-CoV-2 RNA in the reverse transcription-
polymerase chain reaction (gene targets RdRp, E, and N) from
nasopharyngeal swabs,

- Modified Early Warning Score (Smid et al., 2020) (MEWS) > 2,

- Clinical manifestation compatible with COVID-19, and

- Findings compatible with COVID-19 in either chest X-ray or CT.

From April 24 to September 28, 2020, CP was administered to
102 patients hospitalized in the Central Clinical Hospital of the
Ministry of Internal Affairs in Warsaw, Poland, which had been
converted into a single-purpose hospital customized for COVID-19
patients only. Every patient was subjected to a physical examina-
tion before CP administration.

Methods

As soon as ten days after a study participant tested negative two
times, the participant's plasma was collected. Convalescent plasma
to be used for transfusion was tested to confirm compatibility with
the ABO blood type. Each plasma donation produced one to three
units (200 milliliters [ml] each). If the titer of IgG antibodies
indicated the need for subsequent plasma collection, it occurred
after a minimum of 14 days. The TRIMA Accel separator, using
automatic apheresis, was used to obtain the plasma. Plasma was
treated to inactivate biological pathogens (system Mirasol) (Kwon,
2014).

The level of neutralizing antibodies was measured using a
Liaison SARS-CoV-2 S1/S2 IgG test (Diasorin) for quantitative
determination of IgG anti-S1 and IgG anti-S2 specific antibodies to
SARS-CoV-2 - an indirect chemiluminescence immunoassay
(CLIA), normal values < 15 AU/ ml, that had been proven effective
in a comparison of six SARS-CoV-2 immunoassays with micro-
neutralization (specificity/sensitivity 96%/90.3%) (Stromer et al.,
2020; Bonelli et al., 2020).

Patients in the CP group received their first 200-ml infusion of
CP no later than the fourteenth day after a COVID-19 diagnosis.
Some patients received more than one infusion: 56 patients
(54.9%) received one (200 ml) infusion, 38 (33.95%) received two
(400ml), and eight patients (7.1%) received three (600 ml)
infusions. All subsequent infusions were administered with a
24 -h interval in between. The decision regarding administered
plasma volume (more than 200 ml) was made depending on the
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patient's general condition. The control group (102 propensity-
matched patients) was selected from a cohort of 336 COVID-19
patients at a single hospital.

Convalescent plasma was administrated in parallel with a
standard regimen of care. The Bioethics Committee granted
approval for this study (agreement number 40/2020 of 03/04/
2020). Before administering CP, patients had to sign an informed
consent form to participate in the clinical trial. The consent form
included information on the study's protocol and possible side
effects of CP. Copies of signed forms are stored together with
patients’ medical records in the hospital.

Variables

Our study's primary endpoint was mortality rate, and the
secondary outcomes were the requirement of a ventilator, length of
ventilator needs, length of intensive care unit (ICU) stay, overall
hospitalization duration, and SARS-CoV-2 elimination time.

Levels of SARS-CoV-2 neutralizing antibodies were assessed in
the donor blood.

Additionally, factors associated with mortality in SARS-CoV-2
patients were identified using logistic regression analysis.

Statistical analysis

Propensity-score matching (PSM) analysis was used to balance
baseline confounders between plasma and non-plasma groups.
Data from previous COVID-19 CP studies led to the assumption of a
28% death rate, indicating a sample size of 95 patients per each of
two groups (190 total study participants) would be needed. This
number was determined to be large enough to achieve a power of
90% to detect a 65% difference in death rates between the two
study groups (28% - 65% = 18pp) with a two-sided p-value of 0.05.
The control group was chosen from a cohort of 336 COVID-19
patients in one hospital. This method maintains the comparability
of the two exposure groups in terms of baseline characteristics. For
each patient, we used logistic regression to predict the probability
(propensity score) of plasma. Variables in propensity-score
estimation included sex, age, hypertension, arrhythmia, cardiac
insufficiency, diabetes, chronic dialysis, diagnosed cancer, and/or
recent stroke. The nearest-neighbor approach was used to match
propensity scores. There were no issues with missing data for
variables used in PSM. There was no missing data for sex and age;
one out of 438 patients had missing data for the remaining
variables. A patient from the plasma group was excluded from the
final analysis before the start of patient matching and data analysis.

Table 1

Baseline characteristics of the unmatched and matched cohorts by plasma treatment.
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Since the issue of missing data was marginal, no missing data
imputation method was applied.

To define the control group, nominal variables were presented as
n (% frequency of group), continuous variables as mean (SD -
standard deviation), or median (range), depending on the normality
of data distribution. Based on the visual assessment of histograms,
skewness, and kurtosis values, the Shapiro-Wilk test verified data
normality. Groups were compared with either the chi-square testor
Fisher exact test for nominal variables and with the t-test or Mann-
Whitney U test for continuous variables, as appropriate. Addition-
ally, MD (mean or median difference) with a 95% confidence interval
was calculated for continuous variables. Relative risk (RR) with a
95% confidence interval was calculated for nominal variables.
Survival curves were prepared using the Kaplan-Meier approach,
and a comparison of survival between groups with and without
plasma treatment was made using the log-rank test. Additional
analysis using logistic regression was conducted to identify
parameters impacting death in COVID-19 patients. Initially,
univariate models were calculated using all parameters. Subse-
quently, variables with p <0.25 demonstrated in the univariate
model were included as predictors into the final multivariate model,
as recommended by Hosmer and Leweshow (Hosmer and
Lemeshow, 2000). The stepwise method of adding predictors to
the final model was used. All OR (odds ratios) mentioned in the text
come from the multivariate model. Final model validation included
the 2 test, R? Nagelkerke coefficient, and Hosmer and Lemeshow
goodness of fit (GOF) test. Finally, ROC curves using Youden's
criterium for a cut-off point were calculated for continuous
parameters significant in logistic regression. All tests were two-
sided, with « = 0.05. Statistical analysis was conducted using the R
package, version 3.5.4 (Benedetto et al., 2018).

Results

Table 1 quantifies the propensity-score characteristics used to
match CG and PG. As described in the statistical analysis section,
the groups were comparable in terms of the baseline character-
istics. Variables included in the propensity-score estimation
included sex, age, hypertension, arrhythmia, cardiac insufficiency,
diabetes, dialysis, active cancer, and active stroke. The nearest-
neighbor approach was used in propensity-score matching.
Hypertension was the most frequently observed comorbidity
(54.9% and 52.9%), arrhythmia and cardiac insufficiency were
second and third most frequent, and more than 13% of patients had
an active neoplastic disease. Only less than 2% of patients had no
other conditions.

Unmatched Propensity-matched
Patients without plasma Plasma treated group P Patients without plasma Plasma treated group p
treatment treatment
N 336 103 102 102
Sex, female, n (%) 164 (48.8) 46 (44.7) 0.461 40 (39.2) 45 (44.1) 0.478
Age, years, mean (SD) 68.86 (17.56) 62.80 (15.60) 0.002 62.74 (20.55) 63.04 (15.48) 0.905
No other conditions, n (%) 7 2 2 2 NS
(2.08) (1.94) (1.96) (1.96)
Mean MEWS 2.66 253 0.004 2.59 2.54 0.384
score
Hypertension, n (%) 173 (51.5) 54 (52.9) 0.797 56 (54.9) 54 (52.9) 0.779
Arrhythmia, n (%) 90 (26.8) 18 (17.6) 0.061 16 (15.7) 18 (17.6) 0.707
Heart failure, n (%) 115 (34.2) 15 (14.7) < 0.001 15 (14.7) 15 (14.7) > 0.999
Diabetes, n (%) 82 (24.4) 24 (23.5) 0.857 26 (25.5) 24 (23.5) 0.745
Dialysis, n (%) 24 (7.1) 3(2.9) 0.159 6(5.9) 3(29) 0.498
Stroke active, n (%) 11 (33) 0(0.0) 0.075 0(0.0) 0(0.0) > 0.999
Cancer active, n (%) 60 (17.9) 14 (13.7) 0.324 14 (13.7) 14 (13.7) > 0.999

Groups were compared with the chi-square test or Fisher exact test for nominal variables or t-test for continuous variables (age).
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Table 2

Plasma treatment (PG) and propensity-matched non-plasma treatment control group (CG) analysis.
Characteristic CG PG Relative risk or median (mean) P

difference (95% CI)
n Level n Level

Deaths, n (%) 102 35(34.3) 102 14 (13.7) 2.50 (1.43, 4.36) 0.001
Ventilator, n (%) 102 22 (21.6) 102 12 (11.8) 1.83 (0.96, 3.50)% 0.060
Intensive care stay, n (%) 102 25 (24.5) 102 23 (22.5) 1.09 (0.66, 1.78) 2 0.741
Ventilator time, days, median (range) 22 6.00 (1.00, 29.00) 12 8.00 (1.00, 28.00) —2.00 (-6.00, 4.00)! 0.701
Hospitalization time, days, median (range) 101 13.00 (0.00, 59.00) 101 20.00 (0.00, 63.00) —7.00 (-10.00, -5.00)" <0.001
SARS-CoV-2 elimination time, days, mean (SD) 64 18.63 (10.39) 82 2222 (11.50) 3.59 (-7.23, 0.04)" 0.053
Use of corticosteroids, n (%) 102 11 (10.8) 102 27 (26.5) 0.41 (0.21;0.77) 0.007

Groups were compared with a chi-square test for dichotomous variables and a t-test (elimination time) or Mann-Whitney U test (ventilator time, hospitalization time) for
continuous variables, depending on distribution normality. Mean or median differences between groups were calculated as non-plasma group minus plasma group with 95%
confidence interval for continuous variables, a relative risk with 95% confidence interval was calculated for nominal variables.

As shown in Table 2, the mortality rate in CG was 34.3%, while,
in PG, the mortality rate was 13.7% (p=0.001). However,
hospitalization time was significantly longer in the PG group (13
vs. 20 days, p < 0.001). The requirement of respiratory treatment in
CG was 21.6% compared to 11.8% in PG; however, this tendency did
not reach statistical significance (p =0.06).

There were no significant differences in ICU stay, SARS-CoV-2
elimination time, and ventilator treatment time for both groups.

Cumulative death incidence for the entire study group
(plasma + matched control group) at five days was 8.0%, Clgs
(4.2%,11.7%). By day ten, death rates had risen to 13.8% Clgs (8.8%,
18.5%). On day 20, the death rate was 24.4% Clgs (17.4%, 30.8%). The
rate had risen to 36.8% Clgs (22.6%; 48.8%) by day 40 and, at the
study's end (60 days), the death rate had risen to 76.3% Clgs (0.0%,
94.8%). The log-rank test confirmed statistically significant differ-
ences in the cumulative incidence of death between the plasma
and no-plasma groups (p < 0.001) (Fig. 1).

Cumulative incidence of death in patients with eliminated
SARS-CoV-2 was 7.4%, Clgs (0.0%, 16.4%).

Parameters predicting death in SARS-CoV-2 patients were
identified using logistic regression analysis (Table 3). Age was
found to significantly increase the risk of death, based on both
univariate and multivariate models (OR = 1.14 Clgs [1.09; 1.22], p <
0.001). Presence of cardiac insufficiency or active cancer signifi-
cantly increased the risk of death, based on both univariate and
multivariate models, respectively OR = 12.00 Clgs (2.81; 62.88),p =
0.001 for cardiac insufficiency and OR =29.29 Clys (6.08; 199.06),
p < 0.001 for active cancer. Ventilator use also increased the risk of
death, based on both univariate and multivariate models,
OR=267.96 Clgs (40.82; 3222.89), p< 0.001. On the other hand,
application of plasma and hospitalization time in days were
decreasing the risk of death, both in univariate and multivariate
models, respectively, OR=0.25 Clgs (0.06; 0.91), p= 0.041 for
plasma application and OR=0.90 Clys (0.85; 0.95), p< 0.001 for
hospitalization time. The presence of arrhythmia, diabetes, stay in
ICU, and ventilator use length significantly increased the risk of
death in univariate models only. Other variables (sex, hyperten-
sion, dialysis, SARS-CoV-2 elimination time) were not significant in
the model. Multivariate model evaluation using %> test confirmed
that all variables jointly are significant (p< 0.001). The R?
Nagelkerke coefficient was at a high level (75%), indicating the
model's good quality. Additional assessment with Hosmer and
Lemeshow GOF test (p= 0.527) also confirmed a good fit of the
model to the data.

As shown in Table 4, plasma application time from the
beginning of hospitalization was correlated with respiratory
treatment time, strongly indicating earlier administration of
plasma resulted in a ventilator being needed for a shorter length
of time (Spearman's correlation ratio was 0.41 [p < 0.001], which is
a moderate correlation). No statistical correlation was found
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Fig. 1. Kaplan-Meier cumulative incidence of death in patients with SARS-CoV-2
with and without plasma treatment.

between hospitalization time, mortality, and ventilator need
depending on the plasma dose.

As shown in Fig. 2, the sooner plasma is administered, the lower
the cumulative incidence of death. At five days, cumulative
incidence of death was 12.2%, Clys (4.2%; 19.6%); at ten days 21.5%,
Clgs (5.9%; 44.5%). During the study in total, the cumulative
incidence of death was found to be 47.7%, Clgs (0.0%; 77.0%). Fig. 2
includes only patients from the plasma group. Its objective was to
present survival depending on the timing of the 1°* administration
of plasma (Fig. 3).

Donors

The mean level of NBas in the donor group was 142.75
(SEM + 12.0057). Two of 44 donors had no NBas detected.

Discussion

This study compares mortality and other endpoints between
patients treated with convalescent plasma (PG), and a propensity-
score matched control group (CG) of patients hospitalized in the
same medical facility and demonstrates a significantly lower
mortality rate in the PG (13.7% vs. 34.3% in CG, p=0.001). A recent
randomized PlasmAr study (Simonovich et al., 2020) suggest no
significant differences in mortality rate between patients treated
with convalescent plasma and those who received placebo;
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Fig. 3. Histogram for plasma administration time (from positive COVID test to 1%
plasma administration in days).

significance. The small number of study participants in each group
probably influenced this finding. For this study, a single unit of
donated plasma measured between 200 ml and 300 ml. Recent
trials in China increased the dose to a maximum of 2,400 ml (Ye
et al.,, 2020). When outcomes of the two studies are compared,
there is no significant difference between them. The maximum
dose in this study was 600 ml, and we are suggesting this was
sufficient since no statistical correlation was found between
hospitalization time, mortality, and ventilator need in relation to
the size of plasma dose.

In our study, contrary to various other publications (Abolgha-
semi et al., 2020), we were not able to demonstrate shortened
hospitalization in the PG group. This finding is likely a result of
significantly higher mortality rates in the control group when
linked to shorter hospitalization time. Another influence could be
that this study involved administering multiple doses of plasma;
this dosing regimen started a median of 14 days after admittance to
the hospital.

Early reporting from the United States (US) Food and Drug
Administration suggests viral neutralizing antibody titers should
be at least 1:160. A Chinese publication found that SARS-CoV-2
neutralizing antibody levels correlate with the severity of COVID-
19 pneumonia (Chen et al., 2020). This finding could explain the
high level of donor NBas in our study as all donors were recruited
while hospitalized for COVID-19, therefore known to carry a
moderate to severe viral load. Robiani et al. found 18% of donors
with no neutralizing antibodies, whereas we found only 4.55%.
With these studies in mind, it is noteworthy to consider routinely
documenting the NBas level of all plasma donors; since the science
of NBas kinetics is still in its infancy, it is perhaps imperative to
document donor NBas levels at this time. Furthermore, donated
plasma may be of enhanced value to plasma recipients when the
plasma donor has personally experienced moderate or severe
COVID disease.

This trial took place during the early days of the COVID-19
pandemic when there were no effective treatment options yet
available. Now, enough time has elapsed that multiple studies on
potential treatment options are in publication. Some studies
involved comparing various potential treatments against each
other, such as comparing CP outcomes to those of dexamethasone.
In the Roback study, some patients received more than one
therapeutic agent, for example, giving one patient both antiviral
medications and steroids (Roback and Guarner, 2020). This
approach makes it difficult to disentangle the specific clinical
responses derived when multiple elements are compared in a
study or to single out the beneficial properties of an individual
treatment plan.

214

International Journal of Infectious Diseases 105 (2021) 209-215

This study found CP administration to be safe; only one study
participant experienced a side effect (mild and temporary skin
rash). This finding is in keeping with a study done in the US that
produced similar results (Joyner et al, 2020). Other adverse
reactions reported in various studies include immunological
reactions or increased risk of infection at the transfusion site;
these reactions are typical responses to the transfusion of blood
products, including plasma. As at the tertiary hospital, baseline
mortality in patients during standard treatment was high, a finding
that may be similar in other COVID-19 studies.

The primary limitation of this study was a lack of randomiza-
tion, which was replaced by PSM analysis. The decision not to
randomize in our study was based on ethical considerations at the
beginning of the pandemic; however, this analysis's results were
based on population groups of sufficient size and advanced
statistics, as described in the methodology.

In summary, convalescent plasma transfusion seems to be a safe
and effective therapy for SARS-CoV-2 infection in a group of high-
risk patients. Moreover, our study's results suggest that early
administration may be crucial for an optimal outcome. This study
demonstrated that age, presence of cardiac insufficiency, active
cancer, the requirement of a ventilator, and/or the length of
hospitalization significantly increased the death risk in the studied
group. Randomized prospective trials in the subgroup of high-risk
patients are still needed.
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Abstract

Introduction: The aim of this study was to investigate the persistence of SARS-CoV-2 neutralizing
antibodies (NAbs) one year after contracting COVID-19.
Material and methods: The study included 38 patients — 34 men and 4 women — suffering from

COVID-19 between March 15 and May 26, 2020. The median age in the group was 31 years, ranging

from 22 to 67 years. The levels of neutralizing antibodies were measured at three time-points — baseline,

6 months, and 12 months. The primary endpoint was a post-infection positive result for NAbs (> 15 AU/ml;
Liaison SARS-CoV-2 S1/S2 IgG quantitative test) 12 months after infection.

Results: The median level of NAbs after 12 months was 26.5 AU/ml. At the end of observation
(12 months), 21 of the 38 patients had a NAbD level of >15 AU/ml (positive). The median antibody half-

life was 5.8 months.

Conclusions: A high percentage of the patients maintained positive levels of antibodies 6 and
12 months after COVID-19 infection. The dynamics of the antibody level decline suggests the need for

booster vaccination at least once a year.

Key words: COVID-19, SARS-CoV-2, vaccination.

Introduction

Severe acute respiratory coronavirus 2 (SARS-CoV-2),
the pathogen responsible for the COVID-19 outbreak, is
one of seven known human coronaviruses, which were first
discovered in 1965 [1]. SARS-CoV-2 has four structural
proteins: a spike (S), an envelope (E), a membrane (M),
and a nucleocapsid (N). The S and N proteins are the key
viral structural proteins and the main targets of antibody
response after infection. The S protein is divided into two
units — S1 and S2 — which are responsible for entry into
the host cell [2]. The antibody response to these spike pro-
tein units was used to develop the neutralizing antibody

(Cent Eur J Immunol 2023; 48 (2): 1-5)

(NAb) COVID-19 tests. Antibodies play an essential role
in communicating the presence of a pathogen to immune
effector cells. NAbs can activate immune cells, such as
dendritic cells, T-cells, B-cells, and other mechanisms
of the immune system. Huang et al. [3] reviewed 491 pa-
pers related to human coronavirus immunity and reported
that MERS-CoV neutralizing antibodies were detected up
to 60 weeks after symptom onset. Cao et al. [4] described
the long-term dynamics for immunoglobulin G (IgG) and
NAbs over the course of a 3-year study on SARS-CoV.
The SARS-CoV-2 virus genome is 74.5% similar to that
of the SARS-CoV genome [5] and 50% similar to that
of the MERS-CoV genome [6]. According to Deng ez al. [7],
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primary SARS-CoV-2 exposure protects against reinfec-
tion, which is important in the context of acquiring herd
immunity. The COVID-19 immunoglobulin M (IgM)-anti-
body response occurred earlier than the IgG response
(4 days vs. 7 days); the IgM antibodies reached a peak on
day 20, while the IgG antibodies peaked on day 25. Howev-
er, IgM is detectable 3 weeks after infection, while the IgG
response is maintained for much longer [8]. Long et al.
[9] reported higher IgG and IgM titers in the group of pa-
tients with severe disease than in those with a mild course.
In relation to the research conducted so far, it seems that
the immunity against SARS-CoV-2 is sustained for a long
period of time. Duysburgh et al. [10] reported the presence
of NAbs in 91% of health workers at least 120 days after
the onset of the first symptoms. The COVID-19 pandemic
is the first one in which we have the opportunity for wide-
spread use of a mRNA vaccination as a weapon against
the virus [11]. These modern mRNA-based vaccines have
proven to be a breakthrough in the fight against pathogens
because the time from research to commercial use is mea-
sured in months, not years [12]. SARS-CoV-2 glycoprotein
S receptor-binding domain (RBD) mutations are leading to
an escape from the protective potential of vaccines, which
is a major threat, especially in the most vulnerable popula-
tions [13]. Knowledge of the SARS-CoV-2 antibodies’ dis-
appearance would help us identify the need for and the time
of intervals between booster vaccinations.

The main aim of the study was to assess NAbs’ half-life
time and to investigate the level of antibodies in a group
of patients 12 months after the onset of COVID-19.

Material and methods

This single-center prospective observational cohort
study of 38 patients took place in the Central Clinical
Hospital of the Ministry of Internal Affairs in Warsaw,
Poland.

Participants

The 38 patients participating in this observational study
had COVID-19; 34 were men (87.2%) and 4 were wom-
en (12.8%). The patients were COVID-19 convalescents
who were donating plasma. The eligibility criteria were
in accordance with the Minister of Health’s regulations;
a positive test for SARS-CoV-2 was required (real-time
PCR method for SARS-CoV-2 RNA detection), as was
a double-negative SARS-CoV-2 test with a minimum 24-h
interval between the two tests. In this study, we assumed
that patients with a mild form of the disease did not re-
quire hospitalization, as opposed to those with moderate
or severe disease. Accordingly, 10 of them had developed
a moderate or severe course of illness, while 28 had mild
symptoms. Observation of NAbs took place from March
15, 2020 to June 26, 2021.

Methods

The first measurement of antibodies was made at least
2 weeks after recovery (confirmed by two negative PCR
tests), but no later than 8 weeks after recovery. NAD lev-
el was measured using a DiaSorin Liaison SARS-CoV-2
S1/S2 IgG test for quantitative determination of IgG S1
and IgG S2 antibodies specific to SARS-CoV-2 — an in-
direct chemiluminescence immunoassay (negative val-
ues were < 15 AU/ml). Subsequent measurements took
place at 2-month intervals. The observation period lasted
12 months; vaccination against COVID-19 finished the ob-
servation. Patients who received convalescent plasma treat-
ment were not included in the study. The Bioethics Com-
mittee granted approval for this study (agreement number
40/2020 from April 3, 2020).

Statistical analysis

The levels of antibodies at different time-points are
presented as continuous variables and as dichotomous
variables (< 15 and > 15). Half-life was calculated using
the pkexamine procedure in STATA 9.2 (Stata Corporation,
College Station, TX, USA). The normality of the distri-
bution was verified with the Shapiro-Wilk test, based on
a visual assessment of histograms and the values of skew-
ness and kurtosis. Because the data were not normally dis-
tributed, the levels of antibodies are presented as medians
(Q1; Q3) with 95% confidence intervals (Cls). The frequen-
cies of antibodies at a level greater than 15 are presented
as counts (n [% frequency]) with 95% confidence intervals
for proportions, using binomial exact calculation. All val-
ues below the lower detection limit were replaced by half
of the corresponding detection limit. Also, all values above
the upper detection limit were replaced by the product
of the upper detection limit value and a factor of 1.2 [14].
Additionally, the percentage change in antibody levels vs.
baseline levels was calculated, also with 95% Cls. Finally,
the correlation between age and antibody level at different
time-points as well as the change vs. baseline were veri-
fied using Spearman’s correlation coefficient. The statis-
tical analysis was conducted with the software package R,
version 4.0.5 (http://cran.r-project.org).

Results

The study group included 38 patients — 34 men (89.5%)
and 4 women (10.5%). The median age in the group was
31 years (27-39) with a range of 22 to 67 years.

Ten patients (26.3%) had moderate or severe
COVID-19 (they required hospitalization and oxygen
therapy); 28 of the patients (73.7%) had mild symptoms
of COVID-19. The mean level of neutralizing antibodies
on first measurement was 134.5 AU/ml in the group of pa-
tients with mild symptoms and 186.4 AU/ml in the group
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of patients with a moderate or severe course of illness
(Fig. 3).

The median level of neutralizing antibodies in the first
measurement was 122 AU/ml; for the last measurement it
was 26.5 AU/ml.

As can be seen, the median antibody half-life in our
group of patients was 5.8443 months (range: 1.8439 to
27.1701).

There was no significant correlation between age and
antibody level, nor in the change in antibody level vs.
baseline (p > 0.05 for all time-points; Table 3).

Discussion

In this study we evaluated the change of the SARS-
CoV-2 neutralizing antibody level in a one-year period.
Globally, societies are trying to overcome the SARS-
CoV-2 pandemic with the use of recently developed vac-
cines, which present a strong immune response against
the virus [15, 16]. Unfortunately, despite the availability
of effective vaccinations, a part of the population will not
use this method of prevention. According to Zhao er al.
[17], the humoral response seems to have a significant in-
fluence on protection against COVID-19. In contrast to
the specific IgM, which disappears around 12 weeks after
the onset of symptoms [18], IgG has a much longer du-
ration. Previous studies found high titers of NAbs even
6 months after the onset of COVID-19 symptoms [19].

Among the 38 patients, 21 (56.75%) presented a pro-
tective level of SARS-CoV-2 antibodies 12 months after
infection. Liu et al. [20] found a difference between dis-
ease severity and antibody level, which was also visible in
our study. Despite the difference between age and disease
severity [21], we found no significant correlation between
age and antibody level. However, our study revealed a cor-
relation between disease severity and antibody level, which
can be found in other studies [22]. According to our find-
ings, the protective antibody level seems to be high for
even longer than one year for most convalescent patients,
but more research is needed to prove it. The fact that not
all patients presented at the ideal time was a significant
obstacle; therefore, the study assumed a one-month toler-
ance period.

The important variable to be determined is the pro-
tective level of NAbs. Khoury et al. [23] determined that
the estimated 50% protective neutralization level (which
equates to a 50% lower risk of getting sick) was 20.2%
of the mean convalescent level. According to these find-
ings, our convalescents’ 50% protective neutralization
level was 34.37 AU/L. This level was maintained in 70%

Table 2. Antibody half-life

NEAT! promotes sepsis acute kidney injury

Table 1. Antibody levels in the study group

Antibody level N  Median (Q1; Q3) 95% CI for median

Baseline 38 122 (56.1; 173) 61.2-140.7

2 months 13 84.75(44.8; 210.5) 57.7-166.1

4 months 13 49.6 (40.2; 134.6) 23.7-136.1

6 months 15 42.9 (15;93) 16.4-90.5

10 months 13 52.8(8.2;134) 7.5-190.3

12 months 38 26.5(8; 62) 14.2-42.6
50044 .

400+ .

300 .

L]
200
L]
100 l;l
0
2m 4m

6m 10 m 12m

Neutralizing antibody (AU/ml)

Baseline

Fig. 1. Change in neutralizing antibody levels

of our patients after 6 months of observation, and in 32%
of them after 12 months.

Our study showed no significant correlation between
age and SARS-CoV-2 neutralization antibody level,
but most available studies show much higher mortali-
ty in the group of elderly patients [24, 25]. The greater
number of comorbidities appears to be the most likely
cause of the increased mortality in this group of patients.
Moreover, nutritional status seems to play a crucial role
in the defense against the virus; patients with nutritional
deficiencies seems to be more susceptible to infectious
diseases, which can lead to harmful consequences [26].
Our research results presented in this article prove that
the mean level of neutralizing antibodies was higher in
the group of patients with a moderate or severe course
of COVID-19 illness than in the group of patients with
mild symptoms (186.4 AU/ml vs. 134.5 AU/ml). The anti-
gen specific T cell response also appears to play a large
role in COVID-19 immunity. However, T-cell response
could be different from the SARS-CoV-2 neutralizing
antibody level. Studies published so far show that SARS-
CoV-2-specific CD8* and CD4* T cells were identified in
70% and 100% of COVID-19 patients, respectively [27].

N Median (Q1; Q3) 95% CI for median Range
Antibody half-life (months) 38 5.8443 (4.2667; 9.1299) 5.04305-7.298629 1.8439-27.1701
Central European Journal of Immunology 2023; 48(2) 3
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Table 3. Correlation between age and antibody level

Correlation with age  Spearman’s coefficient (rho) ¥4

Antibody level

Baseline 0.16 0.351

6 months 0.36 0.145

12 months 0.14 0.415

100

80 I
70
60 ~e
50
40
30
20

Baseline 6 months 12 months

Fig. 2. Percentage change in the number of patients testing
positive for SARS-CoV-2 neutralizing antibodies

200

150

strains such as Omicron prove the same protection period
[31]. Further assessment of NADb levels in the Polish pop-
ulation has been hampered by the fact that 47% of the pop-
ulation had received at least the first dose of a COVID-19
vaccination by July 27, 2021. Our group of patients seems
to extrapolate to the population of vaccinated patients.
It is worth noting that the type of selected vaccine can
make a great difference. According to Rogliani er al. [32],
adenovirus-vector-based, mRNA-based, and inactivated
SARS-CoV-2 vaccines are superior to the plant-derived
virus-like particle and SARS-CoV-2 recombinant spike
glycoprotein nanoparticle vaccines. Additionally, the CD8*
T cell response was eliciting relatively narrowly in the
group of vaccinated patients compared to patients suffering
from COVID-19 [27].

Conclusions

Our latest results along with the publications cited
above prove that the SARS-CoV-2 vaccination booster
should be indicated, especially for patients with risk factors
such as advanced age and comorbidities. Due to the proven
antibody half-life, it seems reasonable to use such vaccina-
tions at least once a year, more often in high-risk groups.
Moreover, patients with a history of COVID-19 disease
will get the most benefits.

Funding source

The study was supported by the National Center for
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NADb level (AU/ml)
IS)
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w
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Fig. 3. Antibody level in two groups of patients: severe vs.
mild or moderate course of COVID-19

Mild patients

According to Ibarrondo et al. [28], the kinetics of neutral-
izing antibodies after vaccination is very similar to that
observed after natural infection. However, NAD levels de-
cline more rapidly in vaccinated people with no history
of SARS-CoV-2 infection. Dimeglio et al. found a differ-
ence in NAD kinetics in two groups of patients: vaccinated
people with no history of infection and vaccinated people
with previous infection. In the first group, the protection
time was approximately 309 days, while in the second
group it was 714 days [29]. Our research team previously
reported that among COVID-19 patients, comorbidities
such as active cancer, hypertension, arrhythmia, and car-
diac insufficiency correlated with a higher mortality rate
[30]. The fact that our patients were infected with the pri-
mal strain of the SARS-CoV-2 virus seem to be a limitation
in our study. However, recent studies relating to the newest

The authors declare no conflict of interest.

References

1. Bradburne AF, Bynoe ML, Tyrrell DA (1967): Effects
of a “new” human respiratory virus in volunteers. Br Med J
3:767-769.

V’kovski P, Kratzel A, Steiner S, et al. (2021): Coronavirus

biology and replication: implications for SARS-CoV-2. Nat

Rev Microbiol 19: 155-170.

. Huang AT, Garcia-Carreras B, Hitchings MDT, et al. (2020):
A systematic review of antibody mediated immunity to coro-
naviruses: kinetics, correlates of protection, and association
with severity. Nat Commun 11: 4704.

4. Cao WC, Liu W, Zhang PH, et al (2007): Disappearance
of antibodies to SARS-associated coronavirus after recovery.
N Engl J Med 357: 1162-1163.

. Zhang W, Du RH, Li B, et al. (2020): Molecular and serolog-

ical investigation of 2019-NCoV infected patients: implica-

tion of multiple shed-ding routes. Emerg Microbes Infect 9:

386-389.

Zhu Z, Lian X, Su X, et al. (2020): From SARS and MERS to

COVID-19: a brief summary and comparison of severe acute

respiratory infections caused by three highly pathogenic hu-

man coronaviruses. Respir Res 21: 224.

N

w

w

=

4 Central European Journal of Immunology 2023; 48(2)

35



36

~

=]

Nel

—_
=1

20.

2

—

22.

2!

w

2

=

25.

. Deng W, Bao L, Liu J, et al. (2020): Primary exposure to

SARS-CoV-2 protects against reinfection in rhesus macaques.
Science 369: 818-823.

. Liu C, Yu X, Gao C, et al. (2021): Characterization of anti-

body responses to SARS-CoV-2 in convalescent COVID-19
patients. J Med Virol 93: 2227-2233.

. Long QX, Liu BZ, Deng HJ, et al. (2020): Antibody responses

to SARS-CoV-2 in patients with COVID-19. Nat Med 26:
845-848.

. Duysburgh E, Mortgat L, Barbezangeet C, et al. (2021): Per-

sistence of IgG response to SARS-CoV-2. Lancet Infect Dis
21:163-164.

. Taubenberger JK, Morens DM (2006): 1918 influenza:

the mother of all pandemics. Emerg Infect Dis 12: 15-22.

. Lurie N, Saville M, Hatchett R, et al. (2020): Developing

Covid-19 vaccines at pandemic speed. N Engl J Med 382:
1969-1973.

. Cosar B, Karagulleoglu ZY, Unal S, et al. (2022): SARS-

CoV-2 mutations and their viral variants. Cytokine Growth
Factor Rev 63: 10-22.

. MikSova D, Filzmoser P, Middleton M (2020): Imputation

of values above an upper detection limit in compositional

data. Comput Geosci 136: 104383.

. Folegatti PM, Ewer KJ, Aley PK, et al. (2020): Safety and

immunogenicity of the ChAdOx1 NCoV-19 vaccine against
SARS-CoV-2: a preliminary report of a phase 1/2, single-
blind, randomised controlled trial. Lancet 396: 467-478.

. Prompetchara E, Chutitorn K, Tanapat P (2020): Immune re-

sponses in COVID-19 and potential vaccines: lessons learned
from SARS and MERS epidemic. Asian Pac J Allergy Immu-
nol 38: 1-9.

. Zhao J, Yuan Q, Wang H, et al. (2020): Antibody responses

to SARS-CoV-2 in patients with novel coronavirus disease
2019. Clin Infect Dis 71: 2027-2034.

. WuJ, Liang B, Chen C, et al. (2021): SARS-CoV-2 infection

induces sustained humoral immune responses in convalescent
patients following symptomatic COVID-19. Nat Commun
12: 1813.

. Liu C, Yu X, Gao C, et al. (2021: Characterization of anti-

body responses to SARS-CoV-2 in convalescent COVID-19
patients. J Med Virol 93: 2227-2233.

Liu ZL, Liu Y, Wan LG, et al. (2020): Antibody profiles in
mild and severe cases of COVID-19. Clin Chem 66: 1102-
1104.

. Liang J, Nong S, Jiang L, et al. (2021): Correlations of dis-

case severity and age with hematology parameter variations in
patients with COVID-19 pre- and post-treatment. J Clin Lab
Anal 35: €23609.

Imai K, Kitagawa Y, Tabata S, et al. Antibody response pat-
terns in COVID-19 patients with different levels of disease
severity in Japan. ] Med Virol 93: 3211-3218.

. Khoury DS, Cromer D, Reynaldi A, et al. (2021): Neutral-

izing antibody levels are highly predictive of immune pro-
tection from symptomatic SARS-CoV-2 infection. Nat Med
27:1205-1211.

. Aguila»Gordo D, Martinez-Del Rio J, Mazoteras-Murioz V,

et al. (2021): Mortality and associated prognostic factors in
elderly and very elderly hospitalized patients with respiratory
disease COVID-19. Rev Esp Geriatr Gerontol 56: 259-267.
Liu XQ, Xue S, Xu JB, et al. (2022): Clinical characteristics
and related risk factors of disease severity in 101 COVID-19
patients hospitalized in Wuhan, China. Acta Pharmacol Sin
43: 64-75.

2

2

2!

[

29.

3

—_

32.

Central European Journal of Immunology 2023; 48(2)

=

N

NEAT]I promotes sepsis acute kidney injury

Guillin OM, Vindry C, Ohlmann T, et al. (2019): Selenium,
selenoproteins and viral infection. Nutrients 11: 2101.
Grifoni A, Weiskopf D, Ramirez SI, et al. (2020): Targets
of T cell responses to SARS-CoV-2 coronavirus in humans
with COVID-19 disease and unexposed individuals. Cell 181:
1489-1501.e15.

. Ibarrondo FJ, Hofmann C, Fulcher JA, et al. (2021): Primary,

recall, and decay kinetics of SARS-CoV-2 vaccine antibody
responses. ACS Nano 15: 11180-11191.

Dimeglio C, Herin F, Da-Silva I, et al. (2021): Post-vaccina-
tion severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) antibody kinetics and protection duration. Clin Infect
Dis 75: €924-e925.

Tworek A, Jarofi K, Uszyfiska-Katuza B, et al. (2021): Con-
valescent plasma treatment is associated with lower mortality
and better outcomes in high-risk COVID-19 patients — pro-
pensity-score matched case-control study. Int J Infect Dis 105:
209-215.

. Chemaitelly H, Nagelkerke N, Ayoub HH, et al. (2022): Du-

ration of immune protection of SARS-CoV-2 natural infection
against reinfection in Qatar. J Travel Med 29: taac109.
Rogliani P, Chetta A, Cazzola M, et al. (2021): SARS-CoV-2
neutralizing antibodies: a network meta-analysis across vac-
cines. Vaccines (Basel) 2021; 9: 227.



COVID-19 humoral response
COVID-19 - odpowiedz humoralna

Adam Tworek! %7, Andrzej Rydzewski??, Grazyna Rydzewska'“, Martyna Gtuszek-Osuch#,
Konrad Lewandowski?

IClinical Department of Internal Medicine and Gastroenterology with Inflammatory Bowel Disease Unit, Central Clinical Hospital
of the Ministry of the Interior and Administration, Warsaw, Poland

2Department of Internal Medicine, Nephrology and Transplantation Medicine, Central Clinical Hospital of the Ministry of Interior
and Administration, Warsaw, Poland

*Centre of Postgraduate Medical Education, Warsaw, Poland

“Collegium Medicum, Jan Kochanowski University, Kielce, Poland

Medical Studies/Studia Medyczne 2023; 39 (3): 296-303
DOI: https://doi.org/10.5114/ms.2023.131679

Key words: SARS-CoV-2, neutralizing antibodies, immune response, COVID-19 therapy, cytokine storm.

Stowa kluczowe: SARS-CoV-2, przeciwciata neutralizujace, odpowiedZ immunologiczna, leczenie COVID-19, sztorm
cytokinowy.

Abstract

This article reviews studies on SARS-CoV-2 antibodies, including neutralizing antibodies (NAbs) and post-vaccination re-
sponse. The SARS-CoV-2 virus is closely related to SARS-CoV and MERS-CoV, sharing 79% and 50% of its genome sequence
with them, respectively. Antibodies are crucial in identifying and destroying pathogens such as viruses, and understanding
virus-specific antibodies can help end pandemics quickly. The SARS-CoV-2 virus uses the spike protein to enter human cells
via the angiotensin-converting enzyme 2 receptor (ACE2). The immune response to the virus involves various components,
including dendritic cells, T cells, B cells, and NAbs. Seroconversion, antibody kinetics, and immune response after COVID-19
vaccination are essential factors in understanding the virus and developing treatments. Neutralizing antibody therapies
have been explored as potential treatments, but the emergence of viral variants challenges their long-term development.
Lessons learned from antibody-based therapies can influence future strategies for treating emerging infectious diseases.

Streszczenie

Niniejszy artykut jest przegladem dotychczasowych badari dotyczacych odpowiedzi humoralnej przeciwko COVID-19, ze
szczegdlnym uwzglednieniem przeciwciat neutralizujacych (NAbs). Wirus SARS-CoV-2 jest blisko spokrewniony z wirusa-
mi SARS-CoV i MERS-CoV, dzielac z nimi odpowiednio 79% i 50% sekwencji genomu. Przeciwciata odgrywaja kluczowa
role w identyfikowaniu i niszczeniu patogendéw, takich jak wirusy, a zrozumienie przeciwciat specyficznych dla wirusa moze
przyspieszy¢ zakonczenie pandemii. Wirus SARS-CoV-2 za pomocg biatka kolca wnika do ludzkich komérek za posrednic-
twem receptora enzymu konwertujgcego angiotensyne 2 (ACE2). Terapie oparte na przeciwciatach neutralizujacych wraz
z coraz nowszymi wariantami wirusa staja si¢ coraz mniej skuteczne.

Introduction March 11, 2020. By July 2020, more than 300,000 peo-

ple had died because of COVID-19 and the virus had

The SARS-CoV-2 virus, which caused the COVID-19  spread around the world. We witnessed a very rapid
pandemic, has been the subject of a vast number reaction by the scientific community: by January 5,
of studies around the world. In this article, we review 2020, the Wuhan Institute of Virology had sequenced

current studies regarding SARS-CoV-2 antibodies,
including neutralizing antibodies (NAbs) and post-
vaccination response. According to Pekar et al. [1],
the first human-to-human transmission took place
in mid-October or mid-November 2019. The World
Health Organization (WHO) announced a public
health emergency of international concern on January
30,2020 and the COVID-19 pandemic was declared on

the whole virus genome [2], starting the large-scale
race for a COVID-19 vaccine. This sequencing took
place just one week after the first case, which was re-
ported on December 31, 2019. The first COVID-19 hu-
man vaccine trials began in March 2020. After numer-
ous studies, the BNT162b2 vaccine was finally allowed
for commercial use on December 2, 2020 - initially by
the United Kingdom’s Medicines and Healthcare prod-

Medical Studies/Studia Medyczne 2023; 39/3

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).

License (http://creativecommons.org/licenses/by-nc-sa/4.0/)

37



38

COVID-19 humoral response

ucts Regulatory Agency (MHRA), and subsequently by
other countries’ regulatory agencies. More than one
billion COVID-19 vaccine doses had been adminis-
tered globally by April 2021.

The SARS-CoV-2 virus is closely related to two
highly pathogenic coronaviruses: severe acute respi-
ratory syndrome coronavirus (SARS-CoV) and Middle
East respiratory syndrome coronavirus (MERS-CoV).
The novel coronavirus shares 79% of its genome se-
quence with SARS-CoV and 50% with MERS-CoV [3].
Despite their differences, these viruses have one thing
in common: they have jumped the immunology bar-
rier and started human-to-human transmission.

Antibodies (along with dendritic cells, T cells, and
B cells) play a crucial role in communicating the pres-
ence of a pathogen to immune effector cells. An anti-
body, also known as immunoglobin (Ig), is a heavy,
Y-shaped protein used to identify and destroy patho-
gens such as bacteria and viruses. Most antibodies are
composed of four polypeptide chains — two copies
of a heavy chain and two copies of a light chain — con-
nected by disulfide bonds [4]. Moreover, an antibody
is also separated into two antigen-binding fragments
(FAB) contacting domains and forming a characteris-
tic Y shape. The F region is the subregion of FAB that
binds to an antigen. There are two identical antibody-
binding sites on a single antigen, which allows it to
bind strongly to a multivalent antigen and to form
antibody complexes. This plays a crucial role in acti-
vating other parts of the immune system. Being aware
of this virus’s specific antibodies could facilitate ef-
forts to end this and future pandemics quickly.

SARS-CoV-2 structure and mechanism
of entry into cells

The SARS-CoV-2 virus is built of various proteins:
membrane (M), envelope (E), nucleocapsid (N), and
spike (S). The N protein holds the virus’s RNA genome.
Together, the E, S, and M proteins create the viral en-
velope. The mechanism of entry into human cells is
closely related to the angiotensin-converting enzyme
2 receptor (ACE2) [5, 6]. Coronaviruses use the ho-
motrimeric spike glycoprotein, which is divided
into S1 and S2 subunits on the envelope, to bind to
their receptors. SARS-CoV-2 enters human cells with
the mediation of the spike protein, which is duplicated
multiple times on the surface of the virus. The S1 sub-
unit binds to the ACE2 receptor, while the S2 subunit
binds to the cell membrane, initiating peptide-mediat-
ing membrane fusion. The mechanism of SARS-CoV-2
membrane fusion is very similar to that proposed
for HIV membrane fusion [7]. At this stage, the first
cellular immune mechanisms can be observed. Toll-
like receptors (TLRs) are responsible for producing
type I interferons once they recognize the virus [8].
Among these TLRs, TLR7 and TLR8 play a special role:
they bind single-stranded viral RNA and induce pro-
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inflammatory cytokines. These two TLRs are expressed
mostly in the lung, brain, skin, and lymphoid tissues.

Antibody response in COVID-19 patients

In the early stage of the pandemic, Zhang et al.
were the first to establish a specific SARS-CoV-2 an-
tibody detection test [9]. Moreover, they noted that
a molecular diagnosis based on oral swabs detected
only 50% of COVID-19 cases; in contrast, the serol-
ogy test detected almost 100% of the positive cases.
After infection, the S and N proteins are the main
targets of the immune response. According to Sun
et al., the antibody response was more chaotic and less
linear in ICU patients than in non-ICU patients [10].
N protein antibodies, unlike the S protein antibod-
ies, are unable to neutralize the virus [11]. NAbs in-
teract with other parts of the immune system, such
as phagocytes or natural killer cells, facilitating effec-
tive neutralization of SARS-CoV-2. Apart from their
protective function, these antibodies can induce
a harmful antibody-dependent enhancement (ADE),
which was observed in the previous SARS-COV pan-
demic. ADE is mediated by the Fc receptors (FcRs)
found on many immune cells, such as monocytes,
macrophages, and B cells [12]. Furthermore, during
the SARS-CoV pandemic, ADE in macrophages led to
elevated levels of tumor necrosis factor and IL-6 [13].
Another conclusion drawn from the SARS-CoV pan-
demic is the fact that antibodies targeting different
S-protein epitopes have different potential to induce
ADE. Antibodies targeted to the receptor-binding do-
main (RBD) or the H2 domain of the S protein induced
a better antibody response in non-human primates,
while antibodies targeting other S protein domains
were related to a higher risk of ADE. Moreover, recent
studies have found a correlation between antibody ki-
netics and disease severity. Rijkers et al. observed that
patients with a severe form of the disease developed
a robust antibody response to SARS-CoV-2, including
IgG and IgA antibodies. Patients with mild symptoms
experienced a modest antibody response [14]. Ren
et al. also reported a clear link between the dynam-
ics of antibody production and disease severity. A de-
layed antibody response was associated with a more
severe course of the disease, in contrast to the earlier
response characteristic of patients with a mild form
of the disease [15].

Seroconversion and antibody kinetics

A longitudinal prospective study of 1000 patients
conducted by Yadav et al. reported that the median
time for seroconversion was 10 days for IgG and 8 days
for IgM [16]. Severe cases of COVID-19 tended to have
an earlier seroconversion than mild ones. According
to other studies, the combination of SARS-CoV-2 IgG
and IgM antibodies was observed in 75% of patients;
IgM peaked in the second week of infection, while IgG
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Table 1. Comparison of SARS-CoV-2 antigen tests [31-33]

Antibody test Sensitivity Specificity
ELISA - DiaSorin 90-97% 90%
Maglumi—nCoV CLIA 82-83% 88-93%
Biosynex BSS test 83-95% 88-75%
Abbott Panbio LFT test 72% 100%
PCL COVID-19 Ag FIA test 69.8% 94.1%

peaked in the third week [17]. This seroconversion
rate differs from other studies, which reported values
between 70% and 90%. This is most likely related to
different laboratory methods. Zhang et al. found that
among ICU patients, the seroconversion time for both
IgG and IgM antibodies was up to one month [18]. Ac-
cording to Agarwal et al., there was no difference in
seroconversion rate according to age, comorbidities,
or treatment groups [19]. No correlation between an-
tibody levels and sex was proven. The duration that
antibodies are present among convalescents is a very
important issue from a public health perspective. Ac-
cording to Hedges et al., 50% of subjects maintained
a high level of neutralizing antibodies for at least
6 months. The participants with the highest starting
titers had the longest-lasting response, up to 12 months
after the diagnosis. In this group, the antibody re-
sponse after SARS-CoV-2 vaccination was much higher
and lasted longer than in the convalescent patients [20].
Achiron et al. reported that a protective level of NAbs
lasted at least 9 months in a group of convalescents [21].
According to most studies, anti-spike protein and
anti-RBD antibodies showed the highest neutralizing
potential [22]. The available data indicate that NAbs
are produced by many B cells with little or no affin-
ity maturation required [23-25]. These data also sug-
gest that SARS-CoV-2 NAbs are developed from naive
B cells instead of pre-existing cross-reactive memory
B cells. Although there is no evidence of a correlation
between age and NAb levels, Varona et al. observed
that among patients older than 45 years, NADb levels
were more stable than among younger patients [26].

COVID-19 antibody tests

The rapid spread of SARS-CoV-2 in society created
an urgent need to develop fast diagnostic methods. An-
tibody tests seem to be a great alternative to expensive,
time-consuming PCR methods. Even though antibody
tests do not detect active disease, they do have some
advantages over nucleic acid tests and antigen tests. First
of all, they have a much longer detection window. An-
other advantage is the fact that the distribution of an-
tibodies in the blood is more uniform than the viral
load in respiratory samples, which may cause false nega-
tives with PCR. Antibody tests may be applied in con-
valescent plasma donor research to determine the level
of protection in patients with immune deficits, or it can
simply be supplementary in the diagnosis of COVID-19.
Currently, neutralization assays seem to be the standard
method for these measurements. Moreover, the role
of this test is to evaluate the diagnostic performance
of binding antibody tests, which is the most popular
antibody test method. Binding antibody tests have been
developed to detect immunoglobins IgA, IgM, and IgG,
including ELISA, ICG assay, electrochemiluminescence
immunoassay (ECLIA), CLIA with enzyme or non-en-
zyme labels, fluorescence immunoassay (FIA), LFIA,
protein microarrays, biosensors, and immunofluores-
cence assays (IFA) [27]. There are a few reasons for false
positives, one of which is the cross-reactivity towards
the SARS-CoV, MERS-CoV, HCoV-HKU1, HCoV-OC43,
HCoV-229E, HCoV-Alphal, dengue, and hepatitis B vi-
ruses [28-34] (Tables 1, 2).

Immune response after COVID-19
vaccination

According to the literature, the BNT162b2 vaccine
induces a moderate level of anti-S1 IgA and IgM af-
ter two doses, though a strong IgG response was ob-
served [35]. Wheeler et al. investigated the dynamics
of the antibody response by comparing four vaccina-
tions. The first dose of vaccination induced an immune
response two weeks after injection. A second dose
resulted in a 100-fold increase in antibodies in every

Table 2. Potential reasons for false results from COVID-19 NAb-based tests [34]

False positive test result

Autoantibodies: Endogenous antibodies that react
with self-antigens or assay components may
be present

Cross-reactivity: Antibodies targeting similar epitopes
on different antigens may bind to the target antigen
nonspecifically

SARS-CoV-2 vaccination is IgG-positive long after
an initial infection

Exogenous factors: e.g., high concentrations of nasal
spray, non-specific binding, or contamination

False negative test result

Prozone phenomenon: High NADb titers can lead
to the formation of antigen/antibody complexes that
do not precipitate

Immunosuppression: Conditions such as AIDS or
immunosuppressive therapies can impair the immune
system’s ability to produce detectable levels of NAbs

Early test implementation: In the early stages of infection
or post-vaccination, the immune system may not have
generated sufficient NAbs to be detected

Exogenous factors e.g., sample degradation,
or contamination

Medical Studies/Studia Medyczne 2023; 39/3

39



40

COVID-19 humoral response 299
Table 3. Factors influencing the immune response to SARS-CoV-2 vaccination [46-51]
Age Advanced age is associated with immunosenescence, a decline in immune system function

Immunosuppression

Genetic factors

Nutritional status

Comorbidities

Prior SARS-CoV-2

that can result in a reduced ability to generate a robust immune response to vaccinations

Conditions such as HIV/AIDS or the use of immunosuppressive therapies can impair
the immune system’s capacity to mount an effective response to the vaccine

Inter-individual genetic variability, particularly in genes related to immune system function,
can influence the strength and duration of the immune response to vaccination

Malnutrition, micronutrient deficiencies, or an imbalance in essential nutrients can
compromise immune system function and affect the response to vaccination

Certain underlying medical conditions, such as diabetes, chronic kidney disease, or
autoimmune disorders, can impair immune function and affect vaccine response

The presence of pre-existing immunity due to previous SARS-CoV-2 infection may impact
infection the immune response to COVID-19 vaccination, increasing the response

group, including the patients who had not responded
after the first dose. Their antibody levels were signifi-
cantly higher than those of the convalescent group. Ac-
cording to Martinez-Baz et al., the incidence of symp-
tomatic COVID-19 infection was three times lower in
the patients vaccinated with the second dose vs. pa-
tients vaccinated only once (15.5% vs. 5.1%) [36]. Inter-
estingly, RBD and S1 antibody levels were much higher
after the second dose than any levels after the first
dose. This could mean that the first dose of vaccina-
tion could induce an immunologic response, even
among patients who exhibited no increase in antibod-
ies after the first vaccination. According to Ibarrondo
et al., a sharp increase in antibodies was observed in
convalescents after the first dose, but there was no fur-
ther rise after the second one [37]. Tada et al. observed
lower seroconversion related to SARS-CoV-2 vaccina-
tion during anti-CD20 monoclonal antibody and fin-
golimod therapy in a group of patients with multiple
sclerosis [38]. A weaker post-vaccination immunologic
response was also observed in a group of patients with
active cancer [39]. Moreover, it was also observed that
the dynamics of falling antibody levels was similar in
convalescents and vaccine recipients, with a 90% loss
within 90 days [40].

Tada et al. compared NAD titers after vaccination
with the mRNA vaccines BNT162b2 and mRNA-1273
versus adenoviral vector-based single-dose Ad26.
COV2.S vaccination. The study reported much higher
neutralization titers in the mRNA-based vaccines [38].
However, some recent studies have demonstrated that
combining ChAdOx1nCoV-19 adenoviral vector vac-
cine with the previous BNT162b2 proved to be effec-
tive against the new variants of concern [40-43].

An important question is how the new variants
of the virus affect the ability to produce specific NAbs.
Muik et al. found that after two doses of BNT162b2
vaccine, Omicron-neutralizing titers were reduced 22-
fold compared to the primary version of SARS-CoV-2
[41]. The level of NAbs significantly increased one
month after a third dose of vaccination. This could
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mean that there is a need for a third dose, as well as
for vaccines adapted to newer variants of this corona-
virus. Khoury et al. reported that the neutralization
level required for 50% protection against detectable
SARS-CoV-2 was 20.2% of the mean convalescent
level in seven different cohorts [42]. Larger decreases
in NAD titers were reported among younger patients,
those previously vaccinated against influenza and
those with no previous COVID-19 infection [44-51]
(Table 3).

Neutralizing antibody therapies for
COVID-19

The COVID-19 pandemic has compelled society
to explore new technologies to treat active infec-
tions. Drugs based on neutralizing antibodies appear
to be a promising avenue. The first antibody-based
drug granted emergency use authorization (EUA) in
the USA was tixagevimab/cilgavimab, a combination
of monoclonal antibodies administered via intra-
muscular injection for pre-exposure prophylaxis. In
the group of patients receiving this treatment, a lower
mortality rate was observed (9% compared to 12%
in the placebo group). However, in February 2023,
the FDA revoked the authorization due to its ineffica-
cy against the XBB.1.5 subvariant [52]. A phase 3 study
of casirivimab/imdevimab reported a 70% reduc-
tion in hospitalizations when administered at a daily
dose of 1200 mg and a median duration of symptoms
that was four days shorter. Despite these findings,
the WHO advised against the use of casirivimab/im-
devimab in the 13th version of the COVID-19 Thera-
peutic Guidelines, released on January 13, 2023 [53].

The most significant challenge for neutralizing
antibody therapies in treating COVID-19 patients is
the emergence of viral variants. The increased resis-
tance of new SARS-CoV-2 variants, such as Omicron,
to neutralizing antibodies limits the long-term de-
velopment of this treatment approach. A potential
solution could involve targeting conserved sites less
likely to mutate. Zhou et al. reported that targeting
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the S2 stem-helix fusion region of the spike protein
yielded comparable effectiveness while reducing
the risk of mutation at this epitope [54]. Our experi-
ence treating COVID-19 with neutralizing antibodies
provides valuable insight that may be highly appli-
cable in addressing the inevitable future pandemics.
The lessons learned from developing and implement-
ing antibody-based therapies can inform and expedite
the creation of effective treatments for emerging in-
fectious diseases.

Pathological antibody response

Although the humoral response is aimed at com-
bating the SARS-CoV-2 virus, unwanted reactions
have also been observed. It has long been known that
NADs activate specific immune complexes, leading to
cytokine storm [55]. Recent studies have demonstrat-
ed that an IgG-specific immune complex was detect-
ed in the vascular walls of the lungs in 6 severe cases
[56]. These specific IgG complexes are associated with
acute respiratory distress syndrome in the most severe
cases. Some publications have reported incorrect gly-
cosylation in the Fc region of S1/S2 IgG antibodies in
critical patients [57, 58]. This incorrect glycosylation in
immune complexes can lead to the excitation of mac-
rophages with FcyRIIIa or FcyRIIa, which in turn can
lead to cytokine storm and the secretion of cytokines
such as IL-6 or tumor necrosis factor. Another un-
wanted effect caused by IgG-specific immune com-
plexes is platelet-mediated thrombosis [59]. According
to Bastard et al., at the onset of critical disease, 101
of 987 patients with life-threatening COVID-19 pneu-
monia had neutralizing IgG autoantibodies against
interferon-w (13 patients), against the 13 types of IFN-
a (36 patients), or against both (52 patients) [59]. For
comparison, those autoantibodies were detected in
only 4 out of 1227 healthy individuals. Other stud-
ies have also reported that autoantibodies against im-
munomodulatory proteins such as cytokines, chemo-
kines, and cell-surface proteins have been observed in
severe COVID-19 patients. This may indicate a signifi-
cant role for the proteins in critical COVID-19 patho-
genesis. Membrane attack complexes have been found
in the liver, kidney, hearts, and lungs of patients with
severe disease. SARS-CoV-2 can induce the comple-
ment activation pathway in a few ways: classical, lec-
tin, and alternative pathways. Higher levels of IgG1
and IgG3 were found, as were higher levels of the ac-
tivated complement components C3a, C3b, C4b, and
C5a. This concentration of the complement activation
pathway was related to disease severity [60].

Conclusions

The humoral response against SARS-CoV-2 pre-
sented in this article is just a part of the immune re-
sponse, which includes cell-mediated immunity and
the innate immune system. Our knowledge about this

pathogen is growing every day. On the other hand,
its ability to mutate rapidly is a serious global public
health threat. We still need additional studies, as this
knowledge may be crucial in future global pandemics
as well.
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11. Podsumowanie i wnioski

2)

Wykazano istotng redukcje $miertelnosci w grupie pacjentéw, ktéra otrzymata leczenie
osoczem (odsetek $miertelnosci 13.7% w grupie, ktdra otrzymata leczenie osoczem,
natomiast 34.3% w grupie kontrolnej).

Wieksze korzysci odnotowano w grupie pacjentdw z ciezszym przebiegiem choroby,
u chorych, u ktérych terapie podano w pierwszych dniach choroby (do 72 godzin od
momentu postawienia rozpoznania) oraz u tych, u ktérych wspdtwystepujg choroby
towarzyszace, a zwtaszcza niewydolnos¢ krazenia oraz aktywna choroba nowotworowa.
Wyzszy poziom przeciwciat neutralizujgcych zaobserwowano u dawcéw osocza
z ciezszym przebiegiem COVID-19.

W grupie pacjentdow po przebytym COVID-19, poddanych obserwacji, u 56.75% z nich
zaobserwowano ochronny poziom przeciwciat neutralizujgcych po 12 miesigcach od
zdiagnozowania choroby, co przemawia za koniecznoscig stosowania szczepien
przypominajgcych przeciwko COVID-19, zwtaszcza w grupie pacjentow z niedoborami

odpornosci oraz z chorobami towarzyszacymi.
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13. Opinia Komisji Bioetycznej

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

DECYZJA NR 40/2020
z dn. 03.04.2020r.

Komiq'aEtykiiNadzomnadBadminnimLudziad:iZwiemMyzyGKMSme
Warszawie na posiedzeniu w dniu 03 kwietnia 2020 r.

- zapoznala si¢ z projektem nowego badania pt.

:MMW,WWWWWMWMH
pmmmwlmmmumzmwmmu
2"

ktérego badaczem jest prof. dr hab.n.med Grazyna Rydzewska-Wyszkowska Kierownik Kliniki
Chor6b Wewnetrznych i Gastroenterologii Centralnego Szpitala Klinicznego MSWiA w Warszawie.

dolquqch:-Oceaawpiywnpoduhmmdewnm&onUyldabu
rokowanie u pacjentéw z objawami, aktywnym zakazeniem SARS-CoV-2.

Po zapoznaniu si¢ z caloscig dokumentacii® zgodnic z zasadami ICH-GCP Komisji Bioetycznej
CSK MSWiA w Warszawie

Warszawa, 03.04.2020 r. Komls)

Komegje Bryki i N a8l Bad ma Lods | Zwierzgtach pezy Cengralnym Szpatadu Klinicavym MSWiA
ul. Wolosks 137, 02-507 Warssawn, tel. Mm-ml_éll. fax +48-22-508 1381
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Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzeiach

przy Centralnym Szpitalu Klinicznym MSWIA w Warszawie
ul- Wodoska 137, 02-507 Warszawa
email: komisja civkifmeskmswiapl el +48-22-308 1681 fax_ +48-22-5081881
Przewodniczacy Komisji: prof. dr hab.n.med. Robert 1. Gil

*Do Komisii i dokumenty:

l. Wniosck
2 Protokodl
3. Zpoda Dyrekiom na preeprowadrenie badamia

2
Komings Eryic 1 Madeom nad Badenismi na Ludrinch i Zwiersgtach prey Centralbmym Szpitalu Klimcemm MSWA
ol Wodoska 137, 02-507 Warszawa, tel, +48-22-5081681, fax, -+48-22-50K1 RR1
it ko stpkigicsh il



Komisja Etyki i Nadzoru nad Badaniami na Ludziach i Zwierzgtach

przy Centralnym Szpitalu Klinicznym MSWiA w Warszawie
ul.Woloska 137, 02-507 Warszawa
email: konusja etyki@eskmswiapl tel, +48-22-5081681 fax, +48-22-5081881
Preewodniczacy Komisji: peof. dr hab.n.med. Robert J. Gil

Informacja

Posicdzenie Komisji Bioetycznej przy CSK MSWIiA w Warszawie w dniu 03.04.2020¢.
odbylo si¢ w tzw. formie hybrydowej. Obecni na sali posiedzenia byli:

Prof. Robert J. Gil

Prof, Grazyna Rydzewska

Prof. Andrzej Rydzewski

Prof. Edward Franck

Prof. Piotr Andziak

Dr hab.med. Malgorzata Dorobek
Mgr Irena Szoszkiewicz
Lek.med. Jolanta Kotakowska
Mec. Jarostaw Koczur

Natomiast faczyli si¢ on-line:

Ksigdz Dariusz Cempura
Prof, Michat Powolny

Dr hab.med. Adam Fronczak
Piel. Lic. Bozena Majewska

Glosowanic odbylo si¢ w oparciu o system internetowy (www.interaankicty.pl)
umozliwiajacy tajne oddawanie gloséw, Wydanie stosownych ankiet dolaczone do aktualnego
posiedzenia.

Komms Fnyk  Nadoors ned Redaniumns sa | udsach | 7 gtach prry Centralimyns Sspitady Klinloenym MSWIA
ul Wolssks 157, 02-507 Warszawa, tef. +48-22-508 1681, fax, +48-22-508188 1
camail komisg eevki@cskmswia pl
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Zalgeznik w | do Decysji ne 407020 2 dn. 03.04,2020r,

SKLAD KOMISJI ETYCZNEJ PODEJMUJACEJ DECYZIE

Prof. dr hab. n. med.

CSK MEWiA

Endokrynologii i Diabetologii

Prof. dr hab. n. med.
| Michal Powolny

| Prof. dr hab. n.med.
‘ﬁmamu.k
|

Maria Barcikowska

CSK MEWiA
Klinika Ginekologii i Polodnictwa

Ginekolog-poloznik

CSK MSWiA

Chirurg Klinika Chirurgii Ogdlnej i Naczyniowej
CSK MSWiA

Neurolog Klinika Neurologii

Robert Gil Kardiolog Klinika Kardiologii Inwazyjnej
= Preewodnicegey
Ks. Dariusz Cempura Ksigdz Parafia sw. Jana Chreciciela w Ceglowie
- #-ca preewodnicegcego
‘ |
FProf. dr hab. n. med. CSK MSWIA
Edward Franek Endokrynolog Klinika Chordb Wewngtrzmych

Ml#hﬂllmﬂmumlzmmﬁwsﬂﬁim MEWLA
ul. Wodceen 137, 00-307 Wasszawa, tel. +48-22-S081581, G +48-27- 5081841
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Zalgcznik nr 1 do Decyzji nr 4072020 = dn. 03.04 2020,

I
Prof. dr hab. n. med. CSK MSWiA
Andrzej Rydzewski Nefrolog Klinika Chorob Wewnetrznych, Nefrologii
i Transplantologii

\

Prof. dr hab. n.med, Specjalista Choréb = CSK MSWiA

Grazyna Rydzewska-  Wewnetrznych Klinika Choréb Wewngtrznych
Wyszkowska I Gastroenterologii

Mgr farm. CSK MSWiA

Irena Szoszkiewicz Farmaceuta Apteka Szpitalna

|

Mec.

Jaroslaw Kocznur Prawnik

Dr n. med. CSK MSWiA
Jolanta Kolakowska Kardiolog | Oddzial Rehabilitacji Kardiologiczne)
Dr hab. n. 0 zdr. Adam  Farmakolog

Fronczak i kliniczny

Bozenna

Majewska

Piel¢gniarka

Komisgn Envks | Nadzoru sad Badassas s Lodzach | Zwicragtach przy Centmlaym Sipmalu
wl Wolesks lﬁ.&—mmuﬁ_‘l—n-ml_ﬂl,i& +48-22-5081331

2

Klinicamm MSWIA

il koemsgs etykisac skmswia pl
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Zalgeznik nr 2 do Decyzji nr 40/2020 z dn. 03.04.2020 r

Jednoczesnie przypominamy o obowigzku zglaszania badan do
Centralnej Ewidencji Badan Klinicznych mieszczgcej si¢ w Warszawie przy
Urzgdzie Rejestracji Produktéow Leczniczych, Wyrobow Medycznych
i Produktéw Biobéjezych, Al Jerozolimskie 181C, 02-222 Warszawa
tel. 492 11-00

Oséwiadczam, 2e podezas badania i po jego zakoriczeniu dostarcz¢ Komisji:

I. Wszelkie zmiany w protokole /aneksy/ majace wplyw na przebieg
oraz oceng badania

2. Wszystkie przypadki powaznych zdarzer niepozadanych

3. Zawiadomienie o przyczynach przedwczesnego zakonczenia

badania
4. Raport koncowy
podpis badacza
Komasia Exyks » Nedoors mad Badaniami na Lodsiach § Zwi pinch przy Cestralnym Saphale Klinicenym MSWIA

ol Wkoska 17, 02-507 Warsaawa, fel, +48.22- 5001681, fas. +48.22-908 188
emall: komesia etykid cskmwia pl



14. Oswiadczenia wspotautoréw i autora

Warszawa, 26.06.2023

Prof. dr hab. n. med. Graiyna Rydzewska
Oséwiadczenie

Jako wspdtautor pracy pt. ,COVID-19 humoral response” Medical Studies/Studia Medyczne

oéwiadczam, iz méj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i

opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie

koncepcji i metodologii badania, gromadzenie bazy danych oraz przygotowanie manuskryptu.
Méj udzial procentowy w przygotowaniu publikacji okreélam jako 10%.

Wkiad Adama Tworka w powstanie publikacji okrelam jako 70 %.

Obejmowat on: opracowanie koncepcji i metodologil badania oraz przygotowanie

manuskryptu,

Jednoczeénie wyratam 2gode na wykorzystanie w/w pracy jako czqéé rozprawy doktorskiej
lek. Adama Tworka,

MMM,W
HSWA
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Warszawa, 26.06.2023

Lek. Krzysztof Jaron

Oswiadczenie

Jako wspdtautor pracy pt. ,Convalescent plasma treatment is associated with lower
mortality and better outcomes in high-risk COVID-19 patients - propensity-score matched
case-control study” International Journal of Infectious Diseases 2021 Apr;105:209-215.
oswiadczam, iz mé) whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: opracowanie
koncepcji i metodologii badania, przeprowadzenie badania i nadzér nad jego uczestnikami,
gromadzenie bazy danych, analiza statystyczna, opracowanle wynikéw oraz przygotowanie
manuskryptu,

Méj udziat procentowy w praygotowaniu publikacji okredlam jako 5%.
Wkiad Adama Tworka w powstanie publikacji ckreflam jako 70 %.
Obejmowat on: opracowanie koncepci i metodologii badania, przeprowadzenie badania i
nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystyczna, opracowanie
wynikéw oraz przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeéé rozprawy doktorskiej
lek. Adama Tworka.




Warszawa, 26.06.2023

Lek. Krzysztof Jaron

Oswiadczenie

Jako wspélautor pracy pt. ,The persistence of SARS-CoV-2 neutralizing antibodies after
COVID-19: A one-year observation. Is a SARS-CoV-2 vaccination booster dose necessary?”
Central European Journal of Immunology 2023 48(2). oéwiadczam, iz méj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: opracowanie koncepcji | metodologii badania,
przeprowadzenie badania | nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza
statystyczna, opracowanie wynikéw oraz przygotowanie manuskryptu.

Méj udziat procentowy w przygotowaniu publikacji okre$lam jako 5%.
Wktad Adama Tworka w powstanie publikacji okrestam jako 70 %.
Obejmowat on: opracowanie koncepc)i | metodologii badania, przeprowadzenie badania |

nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystyczna, opracowanie
wynikéw oraz przygotowanie manuskryptu,

Jednoczesnie wyraizam zgode na wykorzystanie w/w pracy jako czeéé rozprawy doktorskiej
lek. Adama Tworka.

(Podpis w}éuh«go)
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Warszawa, 26.06.2023

Prof. dr hab. n. med. Grazyna Rydzewska

Oéwiadczenie

Jako wspdtautor pracy pt. ;The persistence of SARS-CoV-2 neutralizing antibodies after
COVID-19: A one-year observation. 1s 3 SARS-CoV-2 vaccination booster dose necessary?”
Central European Journal of immunology 2023 48(2). oiwiadczam, iz méj wiasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: opracowanie koncepcji | metodalogli badania,
przeprowadzenie badania i nadz6r nad jego uczestnikami, gromadzenie bazy danych, analiza
statystyczna, opracowanie wynikdw oraz przygotowanie manuskryptu.

Méj udziat procentowy W przygotowaniu publikacji okreslam jako 5%.
Wkiad Adama Tworka w powstanie publikacji ckreslam jako 70 %.
Obejmowat on: opracowanie koncepcji | metodologii badania, przeprowadzenie badania |

nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystyczna, opracowanie
wynikéw oraz przygotowanie manuskryptu.

Jednoczeénie wyratam zgode na wykorzystanie w/w pracy jako czqéé rozprawy doktorskle)
lek. Adama Tworka.




Warszawa, 26.06.2023

Prof. dr hab. n. med. Gratyna Rydzewska

Oswiadczenie

Jako wspdtautor pracy pt. ,Convalescent plasma treatment is associated with lower
m«tdhyandbeu«wmhhtwwwo-lsm~mndw-mmhed
case-control study” Interational Journal of Infectious Diseases 2021 Apr;105:209-215.
ofwiadczam, iz mé) wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie
koncepc|i | metodologii badania, przeprowadzenie badania i nadzér nad jego uczestnikami,
gromadzenie bazy danych, analiza statystyczna, opracowanie wynikéw oraz przygotowanie
manuskryptu,

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.
Wkiad Adama Tworka w powstanie publikacji okreslam jako 70 %.
Obejmowat on: opracowanie koncepcji i metodologii badania, przeprowadzenie badania i
nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystycana, opracowanie
wynikéw oraz przygotowanie manuskryptu.

Jednoczednie wyrazam 2gode na wykorzystanie w/w pracy jako czqéé rozprawy doktorskie)
lek. Adama Tworka.

...........................................................

pigoswiadczajacego)

63



64

Warszawa, 26.06.2023

lek. Adam Tworek

Oswiadczenie

Jako wspdtautor pracy pt. ,Convalescent plasma treatment is associated with lower
mortality and better outcomes in high-risk COVID-19 patients - propensity-score matched
case-control study” International Journal of Infectious Diseases 2021 Apr;105:209-215.
oéwiadczam, iz mé) wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacjl stanowi: opracowanie
koncepcji | metodologii badania, przeprowadzenie badania | nadz6r nad jego uczestnikami,
gromadzenie bazy danych, analiza statystycana, opracowanie wynikéw oraz przygotowanie
manuskryptu.

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 70%.

Adam Tworek
lekarz
3503412
(Podpis oéwiadczajacego)



Warszawa, 26.06.2023

lek. Adam Tworek

Oswiadczenie

Jako wspblautor pracy pt. The persistence of SARS-CoV-2 neutralizing antibodies after
COVID-19: A one-year observation. Is a SARS-CoV-2 vaccination booster dose necessary?”
Central European Journal of Immunology 2023 48(2). oéwiadczam, it méj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: opracowanie koncepcji i metodologii badania,
przeprowadzenie badania | nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza
statystyczna, opracowanie wynikéw oraz przygotowanie manuskryptu.

Méj udziat procentowy w Przygotowaniu publikacji okreslam jako 70%.

Adam Tworek
lekarz

3503412
(Podpis o$wiadczajacego)
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Warszawa, 26.06.2023

lek. Adam Tworek

Oswiadczenie

Jako wspétautor pracy pt. ~COVID-19 humoral response” Medical Studies/Studia Medyczne
oéwiadczam, it méj wihasny wktad merytoryczny w przygotowanie, przeprowadzenie i

Méj udziat procentowy w przygotowaniu publikacji okrelam jako 70%.

Tworek

Adam
lekarz
12

(Podpis o&wiadmhagoi




Warszawa, 26,06.2023

Dr n. med. Konrad Lewandowski

Oswiadczenie

Jako wspélautor pracy pt. ,COVID-19 humoral response” Medical Studies/Studia Medyczne

ofwiadczam, iz méj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i

opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie

koncepcji | metodologii badania, gromadzenie bazy danych oraz przygotowanie manuskryptu.
Méj udziat procentowy w przygotowaniu publikacji okreflam jako 5%.

Wkfad Adama Tworka w powstanie publikacji okreslam jako 70 %.

Obejmowat on: opracowanie koncepcji | metodologii badania oraz przygotowanie

manuskryptu.

Jednoczednie wyratam zgode na wykorzystanie w/w pracy jako czqéé rozprawy doktorskiej
lek. Adama Tworka.

(Podpis o$wiadczajacego)
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Warszawa, 26.06.2023

Dr n. med. Matgorzata Cicha-Brzeziriska

Oédwiadczenie

Jako wspétautor pracy pt. .The persistence of SARS-CoV-2 neutralizing antibodies after
COVID-19: A one-year observation. Is a SARS-CoV-2 vaccination booster dose necessary?”
Central European Journal of Immunology 2023 48(2). oéwiadczam, iz mé] whasny wkiad
merytoryczny w przygotowanie, przeprowadzenie | opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: opracowanie koncepcji i metodologii badania,
przeprowadzenie badania i nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza
statystyczna, opracowanie wynikéw oraz przygotowanie manuskryptu.

Méj udziat procentowy w przygotowaniu publikacji okreélam jako 5%.
Whkiad Adama Tworka w powstanie publikacji okreslam jako 70 %.
Obejmowat on: opracowanie koncepcji i metodologii badania, przeprowadzenie badania i
nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystyczna, opracowanie
wynikéw oraz przygotowanie manuskryptu.

Jednoczeénie wyratam zgodq na wykorzystanie w/w pracy jako czedé rozprawy doktorskie)
lek. Adama Tworka.

(Podpis oéwiadczajacego)



Warszawa, 26.06.2023

Dr n. med. Malgorzata Cicha-Brzezifiska

Oswiadczenie

Jako wspétautor pracy pt. ,Convalescent plasma treatment is associated with lower
mwtamyandbe(terouwomulnhlcb-mk COVID-19 patients - propensity-score matched
case-control study” International Journal of Infectious Diseases 2021 Apr;105:209-215,
oswiadczam, it méj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie
koncepcji | metodologii badania, przeprowadzenie badania i nadzér nad jego uczestnikami,
gromadzenie bazy danych, analiza statystyczna, opracowanie wynikéw oraz przygotowanie
manuskryptu,

Méj udziat procentowy w przygotowaniu publikacji okredlam jako 5%.
Wkiad Adama Tworka w powstanie publikacji okreélam jako 70 %.
Obejmowat on: opracowanie koncepcji i metodologli badania, przeprowadzenie badania i
nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystyczna, opracowanie
wynikéw oraz przygotowanie manuskryptu.

Jednoczednie wyrazam 2gode¢ na wykorzystanie w/w pracy jako c2eé¢ rozprawy doktorskiej
lek. Adama Tworka.,

'
- '/'4"471‘\"_

W Cidas.-Bwopeie_

........... Seeraane

(Podpis oéwiadczajacego)
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Warszawa, 26.06.2023
Prof. dr hab. n. med. Andrzej Rydzewski

Oswiadczenie

opracowanie badan oraz przedstawienie pracy w formie publikac)i stanowi: opracowanie
koncepcji i metodologii badania, gromadzenie bazy danych oraz przygotowanie manuskryptu,
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

(Podpis oéwiadczajacego)



Warszawa, 26.06.2023

Prof. dr hab. n. med. Andrzej Rydzewski

Oswiadczenie

M&)j udziat procentowy w Przygotowaniu publikacji okreslam jako 5%.
Wkiad Adama Tworka w powstanie publikacji okrelam jako 70 %.
Obejmowat on: Opracowanie koncepcji i metodologii badania, przeprowadzenie badania i
nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystyczna, opracowanie
wynikéw oraz przygotowanie manuskryptu,

Jednoczeénie wyrazam 2gode na wykorzystanie w/w pracy jako €2¢5¢ rozprawy doktorskiej

lek. Adama Tworka,
I ROWNIN
Xiin ki Cng frenyoh
Notrolag /L/x

...................................

= (Podpis odwiadezajacego)
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Warszawa, 26.06.2023

Prof. dr hab. n. med. Andrzej Rydzewski

Oswiadczenie

Jako wspdtautor pracy pt. ,The persistence of SARS-CoV-2 neutralizing antibodies after
COVID-19: A one-year observation. Is a SARS-CoV-2 vaccination booster dose necessary?”
Central European Journal of Immunology 2023 48(2). oéwiadczam, i2 méj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowl: opracowanie koncepcji | metodologii badania,
przeprowadzenie badania | nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza
statystyczna, opracowanie wynikéw oraz przygotowanie manuskryptu.

Méj udziat procentowy w przygotowaniu publikacji okresiam jako 5%.
Wktad Adama Tworka w powstanie publikacji okredlam jako 70 %.
Obejmowat on: opracowanie koncepcji i metodologii badania, przeprowadzenie badania |
nadzér nad jego uczestnikami, gromadzenie bazy danych, analiza statystyczna, opracowanie
wynikéw oraz przygotowanie manuskeyptu.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako c2q$¢ rozprawy doktorskiej
lek. Adama Tworka.

(Podpis' ;;"\;lmuhcep)



Warszawa, 26.06.2023

mgr Martyna Gluszek-Osuch

Oswiadczenie

Jako wspélautor pracy pt. ,COVID-19 humoral response” Medical Studies/Studia Medycine

ofwiadczam, iz méj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i

opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie

koncepcji | metodologli badania, gromadzenie bazy danych oraz przygotowanie manuskryptu.
Mé| udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad Adama Tworka w powstanie publikacji okreélam jako 70 %.

Obejmowat on: opracowanie koncepcji i metodologii badania oraz przygotowanie

manuskryptu,

Jednoczesdnie wyrazam zgodg na wykorzystanie w/w pracy jako czeéé rozprawy doktorskiej
lek. Adama Tworka.
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