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STRESZCZENIE

Szczepienie przeciwko COVID-19 szczepionka mRNA BNT162b2 jest dobrze
tolerowane w cigzy. Istniejg r6znice w tolerancji szczepienia w cigzy pomigdzy pierwsza
a druga dawka w zaleznosci od statusu przechorowania COVID-19 przed szczepieniem
w poréwnaniu z populacja ogolng. Szczepienie szczepionka mRNA przeciwko COVID-
19 umozliwia przeztozyskowy transfer przeciwciat IgG przeciwko biatku kolca S wirusa
SARS-CoV-2 potencjalnie uodporniajagc  biernie noworodki.  Wspdtczynnik
przeztozyskowego transferu przeciwcial anty-S IgG oraz ich poziom w krwi

pepowinowej zalezy od czasu, ktory uptyna od momentu szczepienia do porodu.

Pandemia COVID-19 zrodzita potrzebe jak najszybszego opracowania szczepionki
przeciwko infekcji wirusem SARS-CoV-2. Poniewaz kobiety w cigzy s narazone na
zwigkszone ryzyko zachorowania na ci¢zka posta¢ COVID-19, obarczong wyzsza
$miertelnos$cia, niezbgdna stala si¢ ocena tolerancji, bezpieczenstwa i skutecznosci
szczepionek podawanych w okresie cigzy. Niezwykle istotna byta ocena mozliwos$ci oraz
jakosci potencjalnego uodpornienia noworodkow po szczepieniu w cigzy. Dodatkowo
warto zaznaczy¢, ze ocena taka powinna odbywac si¢ w populacjach lokalnych ze

wzgledu na réznice etniczne w poszczegdlnych krajach.

Celem badania byla ocena tolerancji szczepienia mRNA BNT162b2 w cigzy, jego
bezpieczenstwo oraz poszczepienna odpowiedz immunologiczna u ci¢zarnych i
noworodkow. Badaniem objeto 180 kobiet cigzarnych zaszczepionych jedng lub dwoma
dawkami szczepionki mRNA BNT162b2, ktére stanowity grupe badang oraz 40 kobiet
nie bedacych w ciagzy stanowigcych grupe kontrolng. Odpowiedz immunologiczna

zostata oceniona u 16 cigzarnych i 16 noworodkow.

Na potrzeby badania stworzony zostal kwestionariusz internetowy z pytaniami
dotyczacymi tolerancji i bezpieczenstwa szczepionki BNT162b2 mRNA. Kwestionariusz
w formie elektronicznej zostal rozprowadzony ws$rdéd pracownic ochrony zdrowia

bedacych w cigzy, ktore dobrowolnie otrzymaty jedng lub dwie dawki szczepionki



przeciwko COVID-19. Jednoczasowo kwestionariusz dotyczacy tolerancji szczepienia
zostat rozprowadzony wsrdd kobiet, ktore nie byty w ciazy i przyjety jedng lub dwie
dawki szczepionki. Obie grupy poréwnywano, bioragc pod uwage status zakazenia

wirusem SARS-CoV-2 przed szczepieniem.

Ocena odpowiedzi poszczepiennej przeprowadzona zostata poprzez oznaczenie
miana specyficznych IgG przeciwcial przeciwko biatku S wirusa SARS-CoV-2
okotoporodowo w krwi matczynej oraz w krwi pgpowinowej pobranej bezposrednio po
porodzie. Do oznaczenia miana przeciwcial wykorzystano chemiluminescencyjny test

Elecsys®.

W pordéwnaniu z grupg kontrolng u cigzarnych bez wczesniejszego wywiadu infekcji
COVID-19 rzadziej po drugiej dawce wystepowata goraczka (p = 0,002) lub objawy
zotadkowo-jelitowe (p = 0,009). W grupie kobiet z wywiadem wczesniejszej infekcji
COVID-19 kobiety ciezarne rzadziej po pierwszej dawce odczuwaty miejscowe reakcje
skérne (p = 0,009) oraz bole migsniowe (p = 0,003). Po podaniu drugiej dawki jedyna
zauwazalng roznicg byla mniejsza czgstos¢ wystgpowania mialgii (p = 0,001) u kobiet w
cigzy. Tolerancja szczepionki BNT162b2 mRNA COVID-19 byla podobna w obu
grupach. Nie zaobserwowano ci¢zkich powiktan miejscowych, uogdlnionych ani

powiktan cigzowych dotyczacych matki lub ptodu.

Wyniki badania dokumentuja takZze wysokie miana przeciwcial anty-S IgG w krwi
pepowinowej po urodzeniu u wszystkich analizowanych par matka-noworodek. Srednie
miano przeciwcial IgG przeciwko biatku anty-S w probce krwi pgpowinowej wynosito
1026,51 U/mL (£SD 769,25). Sredni stosunek przeciwcial IgG anty-S IgG z krwi
pepowinowej do matczynej wynosit 1,28 (=SD 0,798). Zaobserwowano istotng dodatnig
korelacje pomiedzy tygodniem cigzy, w ktorym podano pierwsza dawke, a tygodniem
cigzy, w ktorym podano drugg dawke, oraz odpowiednim stosunkiem przeciwciatl anty-S
IgG pepowina-matka (r = 0,48; p = 0,0029) dla pierwszej dawki i (r = 0,39; p = 0,0102)
dla drugiej dawki.

Uzyskane wyniki dowodza dobrej tolerancji szczepienia BNT162b2 mRNA w
cigzy w populacji polskiej oraz sugeruja, ze immunizacja matki moze zapewni¢ ochrong
noworodka przeciwko COVID-19 poprzez przeztozyskowy transfer przeciwcial.

Szczegdlne znaczenie ma wykazanie, ze transfer przeciwciat jest skorelowany z czasem



od szczepienia do porodu, co moze pozwoli¢ w przysztosci na okreslenie optymalnego

czasu szczepienia przeciw COVID-19 u kobiet w ciazy.

SUMMARY

COVID-19 vaccination with the BNT162b2 mRNA vaccine is well
tolerated in pregnancy. There are differences in the tolerability of
vaccination in pregnancy between the first and second doses depending
on the COVID-19 pre-vaccination immunity status compared to the
general population. Vaccination with COVID-19 mRNA vaccine
enables transplacental transfer of IgG antibodies to the SARS-CoV-2
virus spike S protein potentially immunizing newborns passively. The
rate of transplacental transfer of anti-S IgG antibodies and their level

in cord blood depends on the time between vaccination and delivery.

The COVID-19 pandemic raised the need to develop a vaccine
against SARS-CoV-2 infection as soon as possible. As pregnant women
are at increased risk of developing the severe form of COVID-19, with
higher mortality, it became necessary to assess the tolerability, safety
and efficacy of vaccines administered during pregnancy. It was
extremely important to assess the possibility and quality of potential
immunization of newborns after vaccination in pregnancy. In addition,
it is worth noting that such assessment should take place in local

populations due to ethnic differences between countries.

The aim of this study was to evaluate the tolerability of BNT162b2
mRNA vaccination in pregnancy, its safety and the post-vaccination
immune response in pregnant women and newborns. The study

included 180 pregnant women vaccinated with one or two doses of

mRNA BNT162b2 vaccine who constituted the study group and 40



non-pregnant women who constituted the control group. The immune

response was assessed in 16 pregnant women and 16 newborns.

An online questionnaire with questions about the tolerability and
safety of the BNT162b2 mRNA vaccine was created for the study. The
electronic questionnaire was distributed to pregnant health care
workers who voluntarily received one or two doses of COVID-19
vaccine. Simultaneously, the vaccine tolerance questionnaire was
distributed to women who were not pregnant and had received one or
two doses of the vaccine. The two groups were compared taking into

account their SARS-CoV-2 infection status before vaccination.

Assessment of the post-vaccination response was performed by
determining the titre of specific IgG antibodies to SARS-CoV-2 virus S
protein perinatally in maternal blood and in cord blood collected
immediately after delivery. The Elecsys® chemiluminescent assay was

used to determine antibody titres.

Compared to the control group, pregnant women without a
previous history of COVID-19 infection were less likely to experience
fever (p = 0.002) or gastrointestinal symptoms (p = 0.009) after the
second dose. In the group of women with a history of previous COVID-
19 infection, pregnant women were less likely to experience local skin
reactions (p = 0.009) and muscle pain (p = 0.003) after the first dose.
After the second dose, the only noticeable difference was a lower
incidence of myalgia (p = 0.001) in pregnant women. Tolerability of the

BNT162b2 mRNA COVID-19 vaccine was similar in both groups. No



severe localised or generalised complications or maternal or fetal

pregnancy complications were observed.

The results of the study also documented high titres of total anti-S
IgG antibodies in cord blood at birth in all analysed mother-newborn
pairs. The mean titer of IgG antibodies to anti-S protein in the cord
blood sample was 1026.51 U/mL (£SD 769.25). The mean ratio of anti-
S IgG antibodies from cord blood to maternal blood was 1.28 (=SD
0.798). A significant positive correlation was observed between the
week of gestation in which the first dose was given and the week of
gestation in which the second dose was given, and the corresponding
cord-maternal anti-S IgG antibody ratio (r = 0.48; p = 0.0029) for the
first dose and (r = 0.39; p = 0.0102) for the second dose.

The results demonstrate good tolerability of BNT162b2 mRNA
vaccination during pregnancy in the Polish population and suggest
that maternal immunization may provide protection of the newborn
against COVID-19 through transplacental transfer of antibodies. Of
particular interest is the demonstration that antibody transfer is
correlated with the time from vaccination to delivery, which may allow
future determination of the optimal timing of COVID-19 vaccination

in pregnant women.
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WSTEP

Pandemia COVID-19 stata si¢ globalnym wyzwaniem dla zdrowia publicznego.
Doswiadczenia z poprzednich epidemii powodowanych infekcjami koronawirusowymi
oraz zwigkszona podatno$¢ kobiet w cigzy na choroby infekcyjne obudzity obawy
dotyczace mozliwych powiktan poinfekcyjnych- tak matczynych, jak i ptodowych
[Masmejan, 2020].

Zakazenie COVID-19 znacznie czg$ciej powoduje ciezki przebieg choroby u kobiet
w cigzy niz u kobiet niebedacych w ciazy, i to one wlasnie czgsciej wymagaja wsparcia
tlenowego, respiratora lub pozaustrojowego natleniania membranowego [Wang, 2021,

Salem, 2021, Jafari, 2021, De Oliveira, 2021, Wei, 2021, Kotlyar, 2021].

Ocena tolerancji i bezpieczenstwa szczepien przeciwko SARS CoV-2 w okresie
cigzy ma kluczowe znaczenie w czasie trwajacej pandemii. Kobiety ci¢zarne i karmigce
zostaly wykluczone z badan klinicznych istniejagcych szczepionek przeciwko COVID-
19 [Rasmussen, 2021, Europejska Agencja Lekoéw. Procedura nr
EMEA/H/C/005735/0000. Assessment Report: COVID-19 mRNA Vaccine
(Nucleoside-Modified), 6 kwietnia 2021 r., Stafford, 2021]. Jednakze, w coraz wickszej
liczbie publikacji wykazano bezpieczenstwo szczepienia COIVD-19 w czasie cigzy

[Donders, 2021, Shook, 2021, Luxi, 2021].

Przeciwciala, takie jak IgM i IgG, naleza do podstawowych mechanizméw
odpowiedzi immunologicznej na zakazenie SARS-CoV-2 [Roberts, 2015]. Przeciwciata
IgG wytworzone po szczepieniu innymi szczepionkami, takimi jak DTP lub grypa,
przechodza przez tozysko i zapewniaja wrodzong odporno$¢ bierng u dzieci do trzech

miesi¢cy po urodzeniu [Abu Raya, 2017].

Genomy koronawiruséw koduja cztery gtowne biatka strukturalne: kolec (S), blone
(M), otoczke (E) 1 nukleokapsyd (N). Biatko S tworzy charakterystyczne dla
koronawiruséw powierzchowne kolce. Kazdy monomer biatka S sktada si¢ z N-

koncowej podjednostki S1 i zwigzanej z btong podjednostki S2, tworzac domene
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wigzacg receptor (RBD) [Letko, 2013, Wrapp, 2020, Xu, 2020, Hoffmann, 2020]. Po
szczepieniu BNT162b2 mRNA COVID-19 stezenie immunoglobuliny wigzacej RBD w
surowicy wzrasta wraz z dawka szczepionki oraz po podaniu drugiej dawki [Sahin,

2020].

Zgodnie z zaleceniami wydanymi przez American College of Obstetricians and
Gynecologists, Center for Disease Control and Prevention oraz Royal College of
Obstetricians and Gynecologists, szczepienie COVID-19 nie powinno by¢
wstrzymywane u pacjentek w cigzy. Co wigcej, szczepienie nalezy rozwazy¢ przede
wszystkim u kobiet w cigzy narazonych zawodowo, takich jak pracownicy ochrony
zdrowia. W Polsce dystrybucja szczepionek przeciwko COVID-19 byta poczatkowo
oferowana grupie priorytetowej ,,zero”, w tym personelowi medycznemu [COVID-19
(Coronavirus Disease): People with Certain Medical Conditions, COVID-19
(Coronavirus Disease): Information about COVID-19 Vaccines for People Who Are
Pregnant or Breastfeeding, Royal College of Obstetricians and Gynaecologists. Updated
Advice on COVID-19 Vaccination in Pregnancy and Women Who Are Breastfeeding, 6
April 2021].

Celem badania opublikowanego w Artykule 1 (PI) byto okreslenie miana
matczynych i noworodkowych swoistych przeciwciat przeciwko biatku S SARS-CoV-2
po szczepieniu w cigzy. Oszacowano takze stosunek przeciwciat anty-S u noworodka
do przeciwciat matczynych, mierzony mianem przeciwciat przeciwko biatku S SARS-

CoV-2.

Badanie, ktore zostato przez nas przeprowadzone i opublikowane w Artykule 2 (PII),
dotyczyto tolerancji szczepienia przeciwko COVID-19 u cigzarnych polskich pracownic
ochrony zdrowia. W tym celu zostata przeprowadzona ankieta internetowa, w ktorej
uzyskano dane od 180 pracownic ochrony zdrowia w Polsce, ktore w cigzy otrzymaly
szczepionke BNT162b2 przeciwko COVID-19. Ich odpowiedzi zostaty poréwnane z
odpowiedziami 40 polskich pracownic ochrony zdrowia dobranych pod wzgledem

wieku, ktore otrzymaly te samg szczepionke, ale nie byly w cigzy.

12



CEL I ZAKRES BADAN

Celem badania opisanego w Artykule I (PI) byto okreslenie miana swoistych
przeciwcial matczynych i pgpowinowych przeciwko biatku S SARS COV- 2 po
szczepieniu przedporodowym oraz ocena stosunku miana przeciwcial pgpowinowych
do matczynych. Celem badania opublikowanego w Artykule II (PII) bylo okreslenie
tolerancji szczepienia mRNA BNT162b2 w cigzy, w populacji polskie;.

MATERIAL I METODY

Badanie opublikowane w Artykule 1 (P I) stanowilo wstgpne badanie retrospektywne.
Wyniki uzyskano na podstawie analizy krwi i krwi pgpowinowej 16 matek w dniu
porodu. Wszystkie pacjentki uczestniczace badaniu zostaly zaszczepione dwiema
dawkami szczepionki BNT162b2 mRNA COVID-19 miedzy 29. a 36. tygodniem cigzy,
tzn. pierwsza dawka zostala podana migdzy 29. a 36. tygodniem cigzy, a druga dawka
migdzy 32. a 40. tygodniem cigzy. Probki od wszystkich pacjentek zostaly pobrane w
dniu porodu przez potozne po szkoleniu instruktarzowym. Probki krwi noworodkéw
pobierano z pepowiny po jej zacis$nigciu. Material zostal przebadany w Laboratorium

Wojewodzkiego Szpitala Specjalistycznego w Olsztynie.

Wszystkie pacjentki biorgce udziat w badaniu byty w ciazy pojedynczej i dobrowolnie
poddaty si¢ szczepieniu przeciwko COVID-19 w czasie ciazy, w réznych jej tygodniach.
Wszystkie byly lekarzami posiadajagcymi wazne prawo wykonywania zawodu w Polsce.

Szczepionkg podawano domig$niowo, zgodnie z zaleceniami producenta.

Na przeprowadzenie badania uzyskano zgode Komisji Bioetycznej przy Collegium
Medicum Uniwersytetu Warminsko-Mazurskiego (zgoda nr 07/2021). Wszystkie
pacjentki biorgce udzial w badaniu wyrazity pisemna, $wiadoma zgod¢ na udzial w nim.
Kryteriami wiaczenia do badania byly wiek powyzej 18 lat oraz zaszczepienie dwiema
dawkami szczepionki COVID-19 w czasie cigzy. Kryteria wylgczenia z badania byly
nastepujace: COVID-19 potwierdzone za pomoca tancuchowej reakceji polimerazy (PCR)
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przed lub po szczepieniu COVID-19, jedna lub dwie dawki szczepionki COVID-19 przed

cigzg oraz cig¢zkie nabyte lub wrodzone niedobory odpornosci.

W badaniu opisanym w Artykule 2 (PII), opracowany zostal kwestionariusz
internetowy zawierajacy pytania dotyczace tolerancji i bezpieczenstwa szczepionki
COVID-19 z BNTI162b2 mRNA. Nastgpnie ankieta zostala rozestana poczta
elektroniczng do pracownic ochrony zdrowia w Polsce, ktore dobrowolnie otrzymatly
jedna lub dwie dawki szczepionki COVID-19 begdac w ciazy w okresie od 1 maja 2021

roku do 15 wrze$nia 2021 roku. Minimalna przerwa mi¢dzy dawkami wynosita 21 dni.

Przed wzigciem udzialu w badaniu wszystkie respondentki wyrazity §wiadoma zgode
na wiaczenie do badania. Badanie przeprowadzono zgodnie z Deklaracja Helsinska, a
protokét zostat zatwierdzony przez Komisje Bioetyczng przy Collegium Medicum

Uniwersytetu Warminsko-Mazurskiego (zgoda nr 07/2021).

Zebrane zostaly odpowiedzi z ankiet od 284 kobiet, ktére byly szczepione w czasie
cigzy. Oprocz odpowiedzi na pytania zawarte w ankiecie przeanalizowano dane z
dokumentacji medycznej, takie jak wiek, wzrost, masa ciata, choroby wspotistniejace,

przyjmowane leki, przebieg ciazy przed i po szczepieniu.

Z badania zostaly wykluczone 72 kobiety, ktore otrzymaty szczepionk¢ Moderna, 16,
ktére otrzymaty szczepionke AstraZeneca, i 16, ktdre otrzymaly pierwsza dawke przed
cigza. Pozostalo 180 kobiet, ktére otrzymaly jedng lub dwie dawki szczepionki
BNT162b2 mRNA COVID-19 w czasie cigzy. Grupe¢ kontrolng stanowito 40 pracownic
ochrony zdrowia, ktore réwniez zostaty zaszczepione szczepionka BNT162b2 mRNA
COVID-19, ale nie byly w cigzy, w przedziale wiekowym zblizonym do przedziatu

wiekowego ci¢zarnych uczestniczek badania.

W badaniu opisanym w Artykule 1 (PI), przeprowadzono jakos$ciowe i ilo§ciowe
oznaczenie in vitro catkowitego poziomu przeciwciat (IgG) przeciwko SARS-CoV-2 w
probkach surowicy ludzkiej z wykorzystaniem elektrochemiluminescencyjnego testu

immunologicznego.

Test Elecsys Anti-SARS-CoV-2 (Roche Diagnostics, Bazylea, Szwajcaria) zostal
uzyty do wykrycia obecnosci przeciwcial przeciwko rekombinowanemu biatku, ktére

reprezentuje antygen nukleokapsydu (N), podczas gdy stezenie (U/mL) przeciwciat
14



przeciwko domenie wigzacej receptor (RBD) biatka szpiku (S) wirusa SARS CoV-2
analizowano przy uzyciu testu Elecsys® Anti-SARS-CoV-2-S-RBD (Roche Diagnostics,
Szwajcaria). Oba testy wykonano zgodnie z instrukcjami producenta. Zastosowane
techniki opieraly si¢ na reakcji typu sandwich z podwdjnym antygenem. Badana surowica
(20 puL) byta inkubowana z biotynylowanym rekombinowanym antygenem specyficznym
dla SARS-CoV-2 Iub SARS-CoV-2-S-RBD i re kombinowanym antygenem
specyficznym dla SARS-CoV-2 lub SARS-CoV-2-S-RBD znakowanym kompleksem
rutenu. Emisj¢ chemiluminescencyjna mierzono za pomocg analizatora fotopowielacza
Cobas e immunoassay (Cobas €601, Roche Diagnostics, Szwajcaria). Wyniki testu
Elecsys Anti SARS-CoV-2 byly okreslane iloSciowo za pomoca oprogramowania
automatycznie poprzez porownanie sygnatu elektrochemiluminescencji generowanego z
produktu reakcji probki z sygnalem poziomu odcigcia uzyskanym weze$niej w wyniku
kalibracji. Wskaznik odcigcia wynoszacy 21,0 U/mL byt klasyfikowany jako reaktywny.
W tescie Elecsys® Anti-SARS-CoV-2-S-RBD wyniki ilosciowe uzyskiwano z krzywej
kalibracyjnej przygotowanej dla analizatora, w oparciu o kalibracje dwupunktowa i
krzywa kalibracyjng. Stezenie <0,80 U/mL uznawano za ujemne, a 20,80 U/mL za

dodatnie. Swoistos¢ i czuto$¢ tych metod wynosita okoto 99%.

Z dokumentacji medycznej uzyskano nastgpujace dane: data urodzenia matki, data
ostatniej miesigczki, parytet, wywiad w kierunku zaburzen odporno$ci, daty podania
szczepionki COVID-19, daty pobrania krwi, punktacja Apgar u noworodka w 0, 51 10
minucie, data urodzenia noworodka, pte¢ i masa urodzeniowa. Jako zmienne zalezne

okreslono poziomy przeciwciat anty-S we krwi matki i krwi pgpowinowe;.

Dane zebrane za pomocg ankiety w badaniu opisanym w Artykule 2 (PII) obejmowaly
podstawowe dane demograficzne, dane dotyczace historii zakazenia COVID-19 przed
szczepieniem (potwierdzone wynikami testu tancuchowej reakcji polimerazy [PCR] lub
obecnoscig przeciwciat przeciwko koronawirusowi 2 [SARS-CoV-2]) oraz epizodéw
kwarantanny z powodu kontaktu z osoba zakazong SARS-CoV-2. Dane te zostaty

potwierdzone przez analiz¢ wynikoéw badan laboratoryjnych i dokumentacji medyczne;.

Respondentki badania podzielono na grupy w zaleznos$ci od historii ich narazenia na
COVID-19. Pierwsza z tych grup (grupa wolna od COVID-19) obejmowata kobiety,
ktére nie mialy w wywiadzie potwierdzonego laboratoryjnie zakazenia COVID-19 przed

szczepieniem i nie miaty potwierdzonego kontaktu z osobg zakazong COVID-19. Druga
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grupa (grupa narazona na zakazenie COVID-19) obejmowatla kobiety, u ktérych w
wywiadzie stwierdzono zakazenie COVID-19 metoda PCR lub przeciwciatami. Kobiety
nieprzypisane ani do grupy wolnej od COVID-19, ani do grupy narazonej na COVID-19,
to te, ktore przeszly kwarantanng po kontakcie z osobg zakazona, ale u ktorych nie

stwierdzono dodatniego wyniku testu na obecno$¢ COVID-19.

Reakcja miejscowa byta definiowana jako bol lub rumien w miejscu szczepienia.
Objawy ogdlne obejmowaty goraczke, bol glowy, objawy zotadkowo-jelitowe, bole
migs$niowe, dusznos¢ i uczucie zmeczenia. Kazdy z objawow byt réwniez oceniany pod

wzgledem czasu wystgpienia po podaniu pierwszej lub drugiej dawki szczepionki.

ANALIZA STATYSTYCZNA

W obydwu badaniach (opisanych w Artykutach 112, tj PI i PII), analizy statystyczne
przeprowadzono przy uzyciu oprogramowania Statistica (v13.3, StatSoft, Krakow,
Polska). Dane ilo$ciowe przedstawiono jako $rednig + odchylenie standardowe (SD).
Dane wyrazone w skali jakoSciowej przedstawiono jako liczebno$¢ i odsetek proby. Do
oceny zgodnosci z rozkladem normalnym zastosowano analiz¢ korelacji Pearsona lub
Spearmana. Dane wyrazone w skali jakosciowej przedstawiono jako liczebnos¢ 1 odsetek
proby. Do porownania zalezno$ci migdzy zmiennymi wyrazonymi w skali jako$ciowej
zastosowano test Chi-kwadrat (}2). Poniewaz dane nie miaty rozktadu normalnego (test
Shapiro-Wilka), zastosowano test Manna-Whitneya. Wyniki uznawano za istotne

statystycznie, jesli p < 0,05.

WYNIKI

Ocena odpowiedzi immunologicznej po szczepieniu przeciwko COVID-19
szczepionka BNT162b2 mRNA w ciazy zostala opisana w Artykule 1 (P1). Prébki krwi
pobrano i przeanalizowano od 16 matek w dniu porodu oraz z pgpowiny 16 noworodkow.
Dane demograficzne i kliniczne dotyczace matek i noworodkow, ktore wzieto pod uwage

w analizie, przedstawiono w tabeli 1.
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Tabela 1. Dane demograficzne i kliniczne matek i noworodkow.

Ciezarne uwzglednione w analizie

Zmienna n=16
Wiek matek (lata) 31.2 * (£2.2 **) Min 28 Max 35
lo$¢ przebytych porodow >1 11 (69% ***)
BMI 23.78 * (+4.51 **) Min 17.84 Max 34.95
Tydzien ciazy w momencie podania pierwszej dawki szczepionki COVID-19 (tygodnie) 31.75 * (2.05 **) Min 29 Max 36
Tydzien cigzy w momencie podania drugiej dawki szczepionki COVID-19 (tygodnie) 35.13 * (+2.13 **) Min 32 Max 40

Odstep czasu migdzy podaniem drugiej dawki szczepionki COVID-19 a pobraniem probek krwi

matczynej i pgpowinowej (tygodnie) 33 * (#2.1%%) Min | Max 8

Odstep czasu migdzy podaniem pierwszej dawki szczepionki COVID-19 a pobraniem probek krwi

matczynej i pgpowinowej (tygodnie) 8.5 (+2.07*%) Min 5 Max 11

Tydzien cigzy w chwili porodu (tygodnie) 39.69 * (+1.01 **) Min 38 Max 41

Ple¢ noworodka

Meska 8 (50% ***)
Zenska 8 (50% ***)
Waga urodzeniowa nowordka (gramy) 3353 * (£495 **) Min 2270 Max 4000

BMI: wskaznik masy ciata. Min: minimum. Max: maksimum. * Srednia. ** Odchylenie standardowe (+SD).
*#* Odsetek wszystkich badanych ciezarnych.

15+
HEl Time from first dose to delivery
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Rycina 1. Sredni czas (tygodnie) od podania pierwszej i drugiej dawki szczepionki do

porodu.

Nalezy zauwazy¢, ze u zadnej z badanych matek nie wystapity powazne powiktania
cigzy lub noworodkowe. W zadnej z badanych probek krwi matki i krwi pgpowinowej
nie stwierdzono miana swoistych przeciwciat przeciwko nukleokapsydowi SARS-CoV-
2 powyzej poziomu odcigcia (>1,0 U/mL). Przeciwciala przeciwko biatku S wirusa
SARS-CoV-2 zidentyfikowano w 100% (n = 16) badanych probek krwi matczynej i w
100% (n = 16) probek krwi pepowinowej. Wszystkie probki miaty miana powyzej 0,8
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U/mL. Srednie miano przeciwciat przeciwko biatku S wirusa SARS-CoV-2 w badanych
prébkach krwi matczynej wynosito 984,37 U/mL (£689,4). Srednie miano przeciwcial w
badanych probkach krwi pepowinowej przeciwko biatku S wirusa SARS-CoV-2
wynosito 1026,51 U/mL (£769,25), co przedstawiono na rycinie 2. Sredni stosunek miana
przeciwcial przeciwko biatku S wirusa SARS CoV-2 z krwi pgpowinowej do matczyne;j
wynosit 1,28 + 0,798. Sredni odstep czasu migdzy pierwsza i druga dawka szczepionki
wynosit 21,31 dnia (+1,85).

2500
Em Mother blood sample

2000 mm Umbilical cord blood sample

1500

U/mL

1000

500+

0=

Rycina 2. Srednie miana przeciwciat przeciwko biatku S wirusa SARS CoV —2 we
krwi matczynej 1 pgpowinowe;.

Stwierdzono istotng dodatnig korelacje miedzy liczba tygodni od podania pierwszej
dawki szczepionki do porodu a mianem przeciwcial anty-S w surowicy krwi
pepowinowej (r=0,63; p=0,0092), co przedstawiono na rycinie 3. Podobnie stwierdzono
istotng dodatnig korelacje miedzy okresem od podania pierwszej i drugiej dawki
szczepionki do porodu a mianem przeciwciat przeciwko biatku S wirusa SARS CoV-2 w
surowicy krwi pepowinowej (r = 0,80; p = 0,0002) dla pierwszej dawki i (r = 0,68; p =
0,0035) dla drugiej dawki, jak pokazano na ryc. 4 i 5. Nalezy zwroci¢ uwage, ze
wspotczynnik korelacji miedzy liczba tygodni od podania drugiej dawki a porodem
wynosit -0,50 dla miana przeciwciat przeciwko biatku S wirusa SARS CoV-2 w surowicy
matki i 0,45 dla miana przeciwciat w surowicy krwi pgpowinowe;j. Oba te wskazniki byty
nieistotne statystycznie (odpowiednio: p = 0,0511 i p = 0,0774). Zaobserwowano istotng
dodatnig korelacj¢ miedzy tygodniem cigzy, w ktorym podano pierwsza dawke, a

tygodniem cigzy, w ktorym podano druga dawke, oraz pomig¢dzy stosunkiem miana
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przeciwcial krwi pepowinowej do matczynej (r = 0,48; p = 0,0029) dla pierwszej dawki
i dla drugiej dawki (r = 0,39; p=0,0102) (ryc. 61 7).

w
o
o
o
]

2000+ -

1000

anti-S antibody titer
in cord blood serum (U/ml)

4 6 8 10 12

Number of weeks from
the first vaccine dose to delivery

Rycina 3. Korelacja migdzy liczba tygodni, ktore uptynety od podania pierwszej dawki
szczepionki do porodu, a mianem przeciwcial w krwi pgpowinowe;.
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Rycina. 4. Korelacja migdzy czasem (tygodnie), jaki uptynat od podania pierwszej
dawki szczepionki do porodu, a stosunkiem mian przeciwcial przeciwko biatku S wirusa
SARS CoV-2 migdzy krwig pgpowinowg a matczyna.
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Rycina 5. Korelacja pomigdzy okresem (tygodnie) od podania drugiej dawki
szczepionki do porodu a stosunkiem mian przeciwciat przeciwko biatku S wirusa SARS
CoV-2 migdzy krwig pgpowinowa a matczyng.
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Rycina 6. Korelacja pomigdzy tygodniem cigzy, w ktorym podano pierwsza dawke
szczepionki a stosunkiem mian przeciwciat przeciwko biatku S wirusa SARS CoV-2
mi¢dzy krwig pgpowinowa a matczyna.
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Rycina 7. Korelacja pomigdzy tygodniem cigzy, w ktérym podano druga dawke
szczepionki a stosunkiem mian przeciwciat przeciwko biatku S wirusa SARS CoV-2
mi¢dzy krwig pgpowinowa a matczyna.

Nie stwierdzono istotnych réznic w mianach przeciwciat przeciwko biatku S wirusa
SARS CoV-2 w zaleznosci od wieku matki, wskaznika masy ciata (BMI) lub odstepu

czasu mi¢dzy dawkami szczepionki.

Badaniem oceny tolerancji szczepienia COVID-19 opisanym w Artykule 2 (PII)
zostato objetych 180 kobiet cigzarnych oraz 40 kobiet nie bedacych w cigzy stanowigcych
grupe kontrolng. Obie grupy zostaty podzielone w zaleznos$ci od statusu przechowania

COVID-19 przed szczepieniem.

W grupie bez wywiadu przebytego COVID-19 znalazto si¢ 145 kobiet w cigzy i 19
kobiet niebedacych w cigzy (grupa kontrolna). Nie stwierdzono roznicy miedzy
podgrupami ciezarnych i kontrolng pod wzgledem wieku (p = 0,242) i1 wartosci
wskaznika masy ciata (BMI) (p = 0,098), 105 (72,4%) ciezarnych i 18 (94,7%) nie

cigzarnych kobiet otrzymato obie dawki szczepionki.

W grupie z wywiadem przechowania COVID-19 przed szczepieniem znalazly si¢ 24
cigzarne (grupa badana) i 16 kobiet nie bedacych w ciazy (grupa kontrolna). Obie grupy
byly porownywalne pod wzgledem wieku (p = 0,242) i BMI (p = 0,098). Szesnascie
(66,7%) kobiet wsrod cigzarnych 1 15 (93,8%) kobiet w podgrupie kontrolnej otrzymato
obie dawki szczepionki. Jedna kobieta w grupie ci¢zarnych byla w cigzy blizniaczej,

pozostale byty w ciazy pojedynczej.
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W tabeli 2 podsumowano zdarzenia niepozadane zaobserwowane w grupie bez

wywiadu przebytej infekcji COVID -19 przed szczepieniem po podaniu pierwszej dawki
szczepionki BNT162b2 mRNA. W grupie bez wywiadu przebytej infekcji COVID-19
138 (94,5%) kobiet w ciazy 1 19 (100%) kobiet z grupy kontrolnej do$wiadczyto

miejscowej lub uogdlnionej reakcji niepozadanej po otrzymaniu pierwszej dawki (p =

0,271). Grupy kobiet ciezarnych i kontrolna byty podobne pod wzgledem odsetka kobiet

doswiadczajacych bolu w miejscu szczepienia (p = 0,271) 1 miejscowych reakcji

skérnych w miejscu szczepienia (p = 0,464) po podaniu pierwszej dawki. Byly one

réwniez podobne pod wzgledem odsetka kobiet odczuwajacych bol gtowy (p = 0,608),

bole migsniowe (p = 0,420), goraczke (p = 0,234), zmgczenie (p = 0,701) i objawy

zotadkowo-jelitowe (p = 0,061) w tygodniu po podaniu pierwszej dawki. Nudnosci byty

jedynym zglaszanym objawem ze strony uktadu pokarmowego.

Tabela 2. Tolerancja pierwszej 1 drugiej dawki szczepionki BNT162b2 mRNA COVID-

19 w grupie bez wywiadu przebytego COVID-19.

Wiek, srednia (SD)

BMI, srednia(SD)

Podana jedna dawka szczepionki, n (%)

Podane dwie dawki szczepionki, n (%)

Reakcje niepozadane po pierwszej dawce

Bl w miejscu podania szczepionki, 7 (%)
Miejscowa reakcja skorna, n (%)

Bl gltowy, n (%)

W pierwszym dniu po podaniu szczepionki, n (%)
Pomigdzy drugim a si6dmym dniem od podania
szczepionki, n (%)

Goraczka

W pierwszym dniu po podaniu szczepionki, n (%)
Pomigdzy drugim a si6dmym dniem od podania
szczepionki, n (%)

Bole kostno-mi¢$niowe

W pierwszym dniu po podaniu szczepionki, n (%)
Pomigdzy drugim a si6dmym dniem od podania
szczepionki, n (%)

Zmgczenie, do siddmego dnia od podania szczepionki, n

(%0)

Reakcje niepozadane ze strony uktadu pokarmowego, do

siodmego dnia od podania szczepionki
Lacznie, n (%)

Nudnosci, n (%)

Wymioty, n (%)

Biegunka, n (%)

Kobiety ci¢zarne
(COVID-19-)
314 (+2.6)y

22.75 (+/-3.59) kg/m?

145 (100%)
105 (72.4%)

138 (94.5%)
14 (9.7%)
16 (11.0%)
13 (9.0%)

3(2.1%)

2 (1.4%)
0

2 (1.4%)
3(2.1%)

51 (35.2%)

3(2.1%)
3(2.1%)
0
0

Kobiety nie bedace w
ciazy (COVID-19 -)
331 (+/-3.6)y
21.7 (+/-3.38) kg/m?

19 (100%)

18 (94.7%)

19 (100%)
1 (4.8%)
3 (14.3%)
3 (14.3%)

0

1 (5.3%)
0

1 (4.8%)
1 (4.8%)

6 (31.5%)

2(9.5%)
2(9.5%)
0
0

Calos¢
p (COVID-19 -)
0.242%  Nie dotyczy
0.098 %  Nie dotyczy

Nie dotyczy 164 (100%)
Nie dotyczy 123 (75%)

0271"  157(95.7%)
0.464"  15(9.1%)
0.608" 19 (11.6%)

16 (9.8%)
3 (1.8%)
0.234"
3 (1.8%)
0
0.420"
3 (1.8%)
4 (2.4%)

0.701" 57 (34.7%)

0.061"

5 (3.0%)
5 (3.0%)
0
0
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Reakcje niepozadane po drugiej dawce

Bl w miejscu podania szczepionki, 7 (%) 93 (87.7%) 18 (100) 0.106 "
Miejscowa reakcja skorna, n (%) 7 (6.7%) 1(5.3%) 0.729 "
Bol gltowy, n (%) 42 (31.4%) 8 (47.4%) 0.630"
W pierwszym dniu po podaniu szczepionki, n (%) 33 (31.4%) 8 (42.1%)

Pomigdzy drugim a si6dmym dniem od podania N o

szczepionki, n (%) 9 (8.6%) 1(5-3%)

Gorgczka 0.019 *
W pierwszym dniu po podaniu szczepionki, n (%) 17 (16.2%) 8 (42.1%)

Pomigdzy drugim a si6dmym dniem od podania o o

szczepionki, n (%) 2 (1.9%) 1(5-3%)

Bole kostno-mig$nioiwe 0.427"
W pierwszym dniu po podaniu szczepionki, 7 (%) 29 (27.6%) 8 (41.1%)

Pom1¢dzy Qruglm a siodmym dniem od podania 11(10.5%) 2 (10.5%)

szczepionki, n (%)

éz@czeme, do siddmego dnia od podania szczepionki, n 54.(51.4%) 8 (41.1%) 0.521"
Reakcje niepozadane ze strony uktadu pokarmowego, do 0.009 *"
siodmego dnia od podania szczepionki '
Lacznie, n (%) 9 (8.6%) 6 (31.6%)

Nudnosci, n (%) 4 (3.8%) 3 (15.8%)

Wymioty, n (%) 3 (2.9%) None

Biegunka, n (%) 2 (1.9%) 3 (15.8%)

* p <0.05; BMI, indeks masy ciata; SD, odchylenie standardowe; *, Mann—
Whitney test; ", Chi-kwadrat test.

W tabeli 2 podsumowano réwniez zdarzenia niepozadane zaobserwowane w grupie
bez wywiadu przebytej przed szczepieniem infekcji COVID-19 po podaniu drugiej dawki
szczepionki. W grupie tej u 93 (87,7%) kobiet w cigzy 1 18 (100%) kobiet z grupy
kontrolnej wystapity miejscowe lub uogdlnione objawy (p = 0,106). Grupy ciezarnych i
kontrolna byty podobne pod wzgledem odsetka kobiet odczuwajacych bol w miejscu
szczepienia (p = 0,106) oraz z miejscowymi reakcjami skornymi w miejscu szczepienia
(p=0,729). Byly one réwniez podobne pod wzgledem odsetka kobiet odczuwajacych bol
glowy (p = 0,630), bole migsniowe (p = 0,427) i zmeczenie (p = 0,521) w pierwszym
tygodniu po podaniu drugiej dawki. Natomiast kobiety ci¢zarne rzadziej do§wiadczaly
goraczki (p=0,019) i objawow zoltadkowo-jelitowych (p = 0,009) w pierwszym tygodniu
po podaniu drugiej dawki. Zglaszane objawy zotadkowo-jelitowe obejmowaty nudnosci,

wymioty, biegunke i bol brzucha.

W tabeli 3 podsumowano zdarzenia niepozadane po podaniu pierwszej dawki
szczepionki zaobserwowane w grupie kobiet z wywiadem przebytego COVID-19 przed
szczepieniem. W grupie narazonej na COVID-19, u 24 (100%) kobiet w ciazy i 16
(100%) kobiet z grupy kontrolnej wystapity miejscowe lub uogélnione objawy po
otrzymaniu pierwszej dawki (p = 1). Wszystkie kobiety z grupy narazonej na COVID-19

odczuwaly bol w miejscu szczepienia. W pordwnaniu z grupa kontrolng u kobiet w cigzy
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rzadziej wystgpowaty odczyny skorne w miejscu szczepienia (p = 0,009). Podgrupy

cigzarnych i kontrolna byty podobne pod wzgledem odsetka kobiet, ktére do§wiadczyty

bolu glowy (p = 0,134), zmeczenia (p = 0,727) i objawow zotadkowo-jelitowych (p =

0,206) w pierwszym tygodniu po podaniu pierwszej dawki. W poréwnaniu z kobietami z

grupy kontrolnej u kobiet w ciazy rzadziej wystepowata goraczka (p = 0,013) i1 bole

migsniowe (p = 0,028) w pierwszym tygodniu po podaniu pierwszej dawki szczepionki.

Tabela 3. Tolerancja pierwszej 1 drugiej dawki szczepionki BNT162b2 mRNA COVID-

19 w grupie z wywiadem przebytego COVID-19.

Kobiety ciezarne | Kobiety nie bedace w Calos¢
(COVID-19 + cigzy (COVID-19 +) P (COVID-19 -

Wiek, $rednia (SD) 31.25 (+/-1.9) y 34(+44)y 0.242 % N/A
BMI, $rednia(SD) 21.7 (+/-3.75) kg/m?¥  22.9 (+/-3.73) kg/m? 0.098 # N/A
Podana jedna dawka szczepionki, n (%) 24 (100%) 16 (100%) N/A 40 (100%)
Podane dwie dawki szczepionki, n (%) 16 (66.7%) 15 (93.6%) N/A 31 (77.5%)
Reakcje niepozadane po pierwszej dawce
Bol w miejscu podania szczepionki, 7 (%) 24 (100%) 16 (100%) 1° 40 (100%)
Miejscowa reakcja skorna, n (%) None 4 (25.0%) 0.009 *"| 4 (10.0%)
Bol gtowy, n (%) 1 (4.2%) 4 (25.0%) 0.134" | 5(12.5%)
'W pierwszym dniu po podaniu szczepionki, n (%) 1 (4.2%) 3 (18.8%)
E(Ef’zl)qdzy drugim a sio6dmym dniem od podania szczepionki, None 1(6.3%)
Gorgczka 0.013"
'W pierwszym dniu po podaniu szczepionki, 7 (%) None 2 (12.5%) 2 (5%)
E(Ef’zi)qdzy drugim a sid6dmym dniem od podania szczepionki, None 3 (18.8%) 3(7.5%)
Bole kostno-migs$niowe 0.028 **
'W pierwszym dniu po podaniu szczepionki, n (%) 1 (4.2%) 5(31.3%) 6 (15.0%)
E(Ef’zi)qdzy drugim a sio6dmym dniem od podania szczepionki, 1 (4.2%) 2 (12.5%) 3(7.5%)
Zmeczenie, do siodmego dnia od podania szczepionki, n (%) 10 (41.7%) 6 (37.5%) 0.727" | 16 (40.0%)
Reakcje niepozadane ze strony uktadu pokarmowego, do A
siodmego dnia od podania szczepionki 0.206
t.acznie, n (%) None 2 (12.5%) 2 (5%)
INudnosci, n (%) None 1 (6.3%) 1 (2.5%)
Wymioty, n (%) None 1 (6.3%) 1 (2.5%)
Biegunka, n (%) None None None
Reakcje niepozadane po drugiej dawce
Bol w miejscu podania szczepionki, 7 (%) 14 (87.5%) 13 (86.7%) 0.944" | 27 (87.0%)
Miejscowa reakcja skorna, n (%) None 2 (13.3%) 03197 | 2(6.5%)
Bol gtowy, n (%) 2 (12.5%) 4 (26.7%) 0.160" | 6 (19.4%)
'W pierwszym dniu po podaniu szczepionki, n (%) 2 (12.5%) 1 (6.7%)
E(Ef’zi)qdzy drugim a si6dmym dniem od podania szczepionki, None 3 (20.0%)
Gorgczka 0.170"
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'W pierwszym dniu po podaniu szczepionki, n (%) None 1 (6.7%) 1 (3.2%)
E(Zf’zl)qdzy drugim a siodmym dniem od podania szczepionki, None 2 (13.3%) 2 (6.5%)
Bole kostno-miesnioiwe 0.011 *

'W pierwszym dniu po podaniu szczepionki, n (%) 1 (6.3%) 3 (20.0%) 4(12,9)
E(Zf’zl)qdzy drugim a si6dmym dniem od podania szczepionki, None 5 (33.0%) 5(16,13)
Zmeczenie, do siodmego dnia od podania szczepionki, n (%) 7 (43.8%) 8 (53.3%) 0.734" 15 (48)
Reakcje niepozadane ze strony uktadu pokarmowego, do 0.684"

siodmego dnia od podania szczepionki '

t.acznie, n (%) None 2 (13.3%) 2 (6.5%)
INudnosci, n (%) None 1 (6.7%) 1 (3.2%)
'Wymioty, n (%) None None None
Biegunka, n (%) None 1 (6.7%) 1 (3.2%)

* p <0.05; BMI, indeks masy ciata; SD, odchylenie standardowe; *, Mann—
Whitney test; ", Chi-kwadrat test.

W tabeli 3 podsumowano takze reakcje niepozadane zaobserwowane po podaniu
drugiej dawki szczepionki w grupie kobiet z wywiadem przebytej infekcji COVID-19
przed szczepieniem. W grupie tej u 14 (87,5%) kobiet w cigzy i 13 (86,7%) kobiet z grupy
kontrolnej po podaniu drugiej dawki wystapily miejscowe lub uogdlnione objawy
niepozadane (p = 0,944). Podgrupy ci¢zarnych i kontrolna byty podobne pod wzgledem
odsetka kobiet doswiadczajacych bolu w miejscu szczepienia (p = 0,944) i odczynéw
skornych w miejscu szczepienia (p = 0,319). Podgrupy ci¢zarnych i kontrolna byly
podobne pod wzgledem odsetka kobiet odczuwajacych bol glowy (p = 0,160), goraczke
(p=0,170), zmgczenie (p =0,734) i objawy zotadkowo-jelitowe (p = 0,684) w pierwszym
tygodniu po podaniu drugiej dawki. W poroéwnaniu z kobietami z grupy kontrolnej,
kobiety w cigzy rzadziej odczuwaty béle migsniowe (p = 0,011) w pierwszym tygodniu

po podaniu drugiej dawki.

DYSKUSJA

W badaniu opublikowanym w Artykule I (PI), wykazano wystepowanie wysokiego
miana przeciwcial przeciwko biatku S SARS CoV-2 we krwi pgpowinowej po urodzeniu,
co sugeruje, ze immunizacja matki moze zapewni¢ ochron¢ noworodkow poprzez

przeztozyskowy transfer przeciwcial. Poziom przeciwcial, zapewniajacy odpornos¢
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przeciwko COVID-19 u noworodkéw, do czasu publikacji nie zostat jeszcze ustalony i
wymaga dalszych badan. American College of Obstetricians and Gynecologists, Centers
for Disease Control and Prevention oraz Society for Maternal-Fetal Medicine
opublikowaly stanowiska popierajagce podawanie szczepionki COVID-19 w cigzy
[COVID-19 (Coronavirus Disease): People with Certain Medical Conditions 6 Apr 2021,
COVID-19 (Coronavirus Disease): Information about COVID-19 Vaccines for People
Who Are Pregnant or Breastfeeding 6 Apr 2021, Roberts, 2021, The American College
of Obstetricians and Gynecologists. Vaccinating Pregnant and Lactating Patients against
COVID-19, 2020, Society for Maternal-Fetal Medicine (SMFM) Statement. SARS-Co-
V-2 Vaccination in Pregnancy, 2021].

Do czasu publikacji uzyskano dane dotyczace bezpieczenstwa, tolerancji i odpowiedzi
immunologicznej w podwdjnie §lepym badaniu fazy I/Il dotyczacym nukleozydowych
nanoczastek lipidowych COVID-19 BNT162bl zawierajacych mRNA, ktore koduje
domeng¢ wigzacg receptor (RBD) bialka kolca wirusa SARS-CoV-2. Dwa wstrzyknigcia
1-50 pg BNT162bl indukowaly intensywna produkcje¢ przeciwcial, z mianem IgG
wigzacym RBD oraz odpowiedzig komorek T CD4+ i CD8+ znacznie przewyzszajaca te

obserwowane w surowicach ozdrowiencéw [Esposito, 2021].

Na przeztozyskowy transfer przeciwcial wplywa wiele roznych czynnikéw [Sahin,
2020]. W badaniu Edlow 1 wsp. wykazano, Ze stosunek miana przeciwciat przeciw biatku
S SARS CoV-2 po szczepieniu w czasie cigzy jest wyzszy niz stosunek miana przeciwciat
przeciwko domenie wigzacej receptor i przeciwko nukleokapsydowi po szczepieniu
COVID-19 w czasie cigzy [Edlow, 2020]. W surowicy krwi pgpowinowej wszystkich
noworodkow biorgcych udzial w badaniu opisanym w Artykule I (PI) wykazano
obecno$¢ swoistych przeciwcial przeciwko biatku S wirusa SARS-CoV-2. Taki sam

wynik uzyskano w badaniu przeprowadzonym przez Gray i wsp. [Gray, 2021].

Warto zwroci¢ uwage na tendencj¢ w zakresie wspoOlczynnikow korelacji liczby
tygodni, jakie uptynely od podania pierwszej dawki szczepionki do porodu. Miano
przeciwcial w surowicy matki nie réznito si¢ istotnie, natomiast miano przeciwcial w
surowicy krwi pgpowinowej rdznito si¢ istotnie. Wykazano, ze dluzszy czas od
szczepienia do porodu zwigzany byt z wyzszym mianem przeciwcial IgG przeciwko
biatku S wirusa SARS CoV-2 w krwi pepowinowej. Uzyskane wyniki mogg by¢

przydatne w oszacowaniu optymalnego czasu szczepienia w czasie cigzy. Wedtug Gray
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1 wsp. czas, jaki uplynat od szczepienia COVID-19, moze by¢ istotnym czynnikiem
decydujacym o szybkosci przekazywania swoistych podklas IgG po immunizacji matki

[Gray, 2021].

W badaniu opublikowanym w Artykule I (PI) zaobserwowano korelacje miedzy
mianami przeciwciat przeciw biatku S SARS CoV-2 w surowicy matki i w surowicy krwi
pepowinowej. Roznica ta nie byta jednak istotna statystycznie. Warto réwniez zauwazyc¢,
ze nawet u pacjentki, ktora otrzymala drugg dawke dopiero siedem dni przed porodem,
wykryto wysokie miano przeciwcial przeciw biatku S SARS CoV-2 we krwi

pepowinowe;j.

Ocena tolerancji 1 bezpieczenstwa szczepien w czasie cigzy dostarcza kluczowych
informacji na temat tego, czy kobiety w cigzy moga by¢ szczepione przeciwko COVID-
19. Jest to wazne pytanie, zwlaszcza w $wietle aktualnych dowodow na to, ze kobiety w
cigzy sg narazone na zwigkszone ryzyko zachorowania na ci¢zka posta¢ COVID-19
[Wang, 2021; Salem, 2021; Jafari, 2021; De Oliveira, 2021; Wei, 2021; Kotlyar, 2021].
Z oczywistych wzgledoéw kobiety ciezarne nie sg grupa, w ktorej prowadzi si¢ badania
kliniczne oceniajace bezpieczenstwo szczepien, a do badan nad szczepionkami
przeciwko COVID-19 nie wiaczano ich az do zakonczenia badan III fazy [Damasceno,
2021]. Dlatego wazne jest uzyskiwanie i1 analizowanie danych od kobiet, ktore
zdecydowaty si¢ dobrowolnie poddac¢ si¢ szczepieniu w czasie cigzy. Dane uzyskane w
badaniu opisanym w Artykule II (PII) sugeruja, ze szczepionka COVID-19 z mRNA
BNT162b2 jest bezpieczna i dobrze tolerowana przez kobiety w czasie cigzy. W badanej
grupie ciezarnych nie wystapity cigzkie miejscowe lub uogélnione powiktania ani cigzkie

powiktania cigzowe zwigzane z matka lub ptodem.

W coraz wickszej liczbie badan potwierdza si¢ bezpieczenstwo szczepienia
szczepionka COVID-19 u kobiet w cigzy [Wainstock, 2021; Burd, 2021; Moralez-Nunez,
2021], a w innych badaniach potwierdzono réwniez dobrg tolerancje szczepionki
BNT162b2 mRNA COVID-19 w populacji ogdlnej [Polack, 2020; Baden, 2021]. Wyniki
badania opisane w Artykule II (PII) wykazaly, ze bezpieczenstwo i tolerancja szczepionki

COVID-19 w czasie ciagzy sa podobne w populacji polskie;j.

Respondentki podzielono na dwie grupy. Pierwsza, stanowity kobiety, ktore nie

przebyly zakazenia wirusem SARS CoV-2 potwierdzonego testem PCR lub obecnoscia
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przeciwcial 1 nie mialy kontaktu z osobg zakazong wirusem COVID-19, o ktérym by
wiedziaty. Druga grupe stanowily kobiety po przebytym zakazeniu wirusem SARS CoV-
2 potwierdzonym testem PCR lub obecnoscig przeciwciat. Przebycie COVID-19 moze
by¢ istotne w ocenie tolerancji szczepienia w cigzy, poniewaz w dotychczas
opublikowanych badaniach wykazano gorsza tolerancj¢ szczepionki u 0s6b z wywiadem
zakazenia SARS CoV-2, ktore ujawnia si¢ gldéwnie w odpowiedzi na pierwsza dawke

szczepionki BNT162b2 mRNA COVID-19 [Theiler, 2021; Raw, 2021; Baldolli, 2021].

W grupie kobiet, ktore nie przebyty COVID-19 nie stwierdzono istotnej roznicy w
zglaszanych zdarzeniach niepozadanych po pierwszej dawce szczepionki BNT162b2
mRNA COVID-19 migdzy cigzarnymi a grupa kontrolng. U kobiet w cigzy, ktore nie
przebyly COVID-19, rzadziej wystepowala goraczka lub objawy zotadkowo-jelitowe po

drugiej dawce szczepionki.

W czasie cigzy zachodzi wiele ztozonych proceséw prowadzacych do wytworzenia
tolerancji immunologicznej, m.in. przesuni¢cie odpowiedzi limfocytoéw T w kierunku
komorek Th2, wytworzenie macicznej subpopulacji komérek NK (uNK) oraz tozyskowa
produkcja wielu substancji immunomodulujacych, takich jak neurokinina B,
interleukina-10 i interleukina 35 [Orefice, 2021; Cornish, 2020, Zdanowska, 2021].
Celem zachodzacych zmian jest zapewnienie prawidlowego rozwoju cigzy poprzez
hamowanie odpowiedzi przeszczep przeciw gospodarzowi, przy jednoczesnym
zapewnieniu obrony przeciw infekcjom u ci¢zarnej [Cornish, 2020]. Jest mozliwe, ze
zmiany te wptywaja takze na wspomniang wczesniej mniejszg czgstos¢ wystepowania
niektorych dziatan niepozadanych po przyjeciu szczepienia w czasie cigzy. Obecnie nie
ma innych publikacji, ktore w podobny sposéb poréwnywalyby dziatania niepozadane
po przyjeciu szczepionki zawierajagcej mRNA przez kobiety cigzarne i nie bedace w

cigzy.

W grupie kobiet, ktore przebyty COVID-19, ci¢zarne rzadziej niz kobiety z grupy
kontrolnej doswiadczaty po pierwszej dawce takich objawow jak miejscowe reakcje
skoérne i bole migsniowe. Po podaniu drugiej dawki jedyng istotng r6znicg byta mniejsza

czgsto$¢ wystepowania bolu migsni u kobiet w cigzy.
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Warto zauwazy¢, ze w grupie kobiet po przechorowaniu COVID-19 tolerancja
pierwszej dawki byta lepsza niz w grupie kobiet nie bedacych w ciagzy. Nie wykazano
takiej roznicy w tolerancji pierwszej dawki w grupie ci¢zarnych, ktdre nie przechorowaty
COVID-19 w poréownaniu z grupa kontrolng. Poniewaz pierwsza dawka jest gorzej
tolerowana po zakazeniu COVID-19 w populacji ogélnej, jest prawdopodobne, ze
mechanizmy immunotolerancji s3 w wigkszym stopniu odpowiedzialne za zmniejszenie
liczby zdarzen niepozadanych wérod cigzarnych po przechorowaniu COVID-19 niz w
grupie, ktora nie przechorowata COVID-19 [Theiler, 2021; Raw, 2021; Baldolli, 2021;
Krammer, 2021]. W aktualnym pismiennictwie brakuje informacji na temat wplywu

zakazenia SARS CoV-2 na funkcjonowanie uktadu immunologicznego u kobiet w cigzy.

Grupa kobiet cigzarnych i grupa kontrolna nie roznity si¢ istotnie pod wzgledem
wystepowania zme¢czenia. U zadnej z pacjentek nie wystapito krwawienie lub plamienie
z pochwy w okresie do siedmiu dni po szczepieniu. Jedna kobieta, z wczesniej
rozpoznanym wielowodziem, zgtosita krotkotrwata duszno$¢ po przyjeciu drugiej dawki

szczepienia. U Zzadnej kobiety nie wystgpita uogdlniona reakcja alergiczna.

W badaniu opisanym w Artykule II (PII) nie stwierdzono istotnej rdznicy w catkowitej
liczbie dziatan niepozadanych migdzy grupa ci¢zarnych a grupa kontrolng. Tolerancja
drugiej dawki byla gorsza zar6wno w grupie ci¢zarnych, jak i w grupie kontrolnej, przy
czym czgstos¢ wystepowania dziatan niepozadanych wzrosta o 13,6% w grupie
cigzarnych 1 o 10% w grupie kontrolnej. Wynik ten jest zgodny z wynikami
wczesniejszych badan poréwnujacych czgstos¢ wystgpowania dziatan niepozadanych po
pierwszej 1 drugiej dawce szczepionki BNT162b2 mRNA. Badania te nie obejmowaty
jednak kobiet w cigzy [Andrzejczak-Grzadko, 2021; Lee, 2021].

Wyniki opublikowane w Artykule II (PII) moga poméc w zachgceniu kobiet do
szczepienia si¢ przeciw COVID-19 w czasie cigzy. Szczepienie nie tylko zmniejsza
ryzyko cigzkiego przebiegu choroby u kobiet cigzarnych, ale takze zmniejsza ryzyko
zakazenia u niemowlat dzieki tozyskowemu transferowi przeciwcial [Kim, 2020;

Beharier, 2021, Zdanowski, 2021].
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WNIOSKI

Szczepienie kobiet w cigzy moze by¢ korzystne dla ochrony noworodkéw 1 niemowlat
przed zagrozeniem zwigzanym z chorobami zwalczanymi droga szczepien, zwlaszcza w
pierwszych miesigcach zycia. Obecno$¢ przeciwcial przeciwko biatku S SARS-CoV-2
we krwi pgpowinowej moze by¢ przyczyna odpornosci biernej u noworodkéw po
szczepieniu w czasie cigzy. W badaniu opisanym w Artykule 1 (PI) potwierdzono transfer
przeciwcial przeciwko biatku S SARS-CoV-2 do krwi p¢powinowej. Wykazano takze, iz
transfer przeciwcial jest skorelowany z czasem od szczepienia do porodu, co moze w
przysztosci umozliwi¢ okreslenie optymalnego czasu szczepienia przeciw COVID-19 u

kobiet w cigzy.

Tolerancja i bezpieczenstwo szczepienia kobiet cigzarnych przeciwko COVID-19 sg
kluczowymi zagadnieniami w zwigzku z trwajacg pandemia, zwlaszcza biorgc pod uwage
fakt, ze kobiety ci¢zarne sg bardziej narazone na zakazenie COVID-19. W badaniu
opisanym w Artykule 2 (PII) wykazano dobrg tolerancje szczepionki BNT162b2 mRNA
COVID-19 u kobiet w cigzy w populacji polskiej. Nie obserwowano ci¢zkich powiktan
miejscowych ani uogolnionych zaréwno u matek, jak i u ptodow. Dobra tolerancja
szczepionki BNT162b2 mRNA COVID-19 w cigzy w populacji polskiej moze utatwié¢
podjecie decyzji o szczepieniu ciezarnych przeciwko COVID-19.
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Abstract: Background: The coronavirus disease 2019 (COVID-19) pandemic has given rise to the need
to develop a vaccine as quickly as possible. As pregnant women are at increased risk of contracting
severe COVID-19, with higher mortality, it is essential to assess the safety of the vaccines administered
during pregnancy. Methods: The aim of this study was to determine the titer of specific maternal and
cord antibodies against severe acute respiratory syndrome coronavirus 2 S protein after antenatal
vaccination. The secondary objective was to evaluate the ratio of the umbilical cord to the maternal
antibody titers. Patients included in the study were enrolled after undergoing voluntary vaccination
against COVID-19 during pregnancy at different weeks of gestation. All patients analyzed in our
initial study were vaccinated with the BNT162b2 mRNA COVID-19 vaccine. Results: The results
of the current study document high anti-S total IgG antibody titers in cord serum at birth in all
mother-infant pairs analyzed. The mean umbilical cord blood sample IgG antibody titer anti-S
protein was 1026.51 U/mL (£SD 769.25). The mean cord-to-maternal anti-S IgG antibody ratio was
1.28 (£SD 0.798). A significant positive correlation was observed between the week of gestation
at which the first dose was administered and the week of gestation at which the second dose was
administered, and the respective cord-to-maternal ratio (r = 0.48; p = 0.0029) for the first dose and
(r =0.39; p = 0.0102) for the second dose. Conclusions: To date, despite the prevalence of COVID-19
vaccination, there is a lack of conclusive evidence supporting the safety and efficacy of vaccination
of pregnant women. Therefore, the results we present are complementary. Our study suggests
that maternal immunization may provide neonatal protection through the transplacental transfer of
antibodies. Of particular importance is the demonstration that antibody transfer is correlated with
the time from vaccination to delivery, which may allow future determination of the optimal timing of
COVID-19 vaccination in pregnant women.

Keywords: COVID-19; pregnancy; vaccine

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has become an indefinite global
public health crisis. The elevated vulnerability of women during pregnancy, as well
as experiences from previous coronavirus outbreaks, have heightened concerns around
maternal and fetal complications [1]. Pregnant women are atan increased risk of developing
severe COVID-19, with higher mortality rates, compared to non-pregnant women. The
efficacy and safety of vaccines for use in pregnant women, fetuses, and infants remain
undefined. Pregnant and lactating women have been excluded from clinical trials of
existing COVID-19 vaccines [2-4]. According to the recommendations issued by the
American College of Obstetricians and Gynecologists, the Center for Disease Control
and Prevention, and the Royal College of Obstetricians and Gynecologists, COVID-19
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vaccination should not be withheld in pregnant patients. Moreover, vaccination should
primarily be considered in pregnant women with occupational exposure, such as healthcare
workers. In Poland, the distribution of vaccines against COVID-19 was initially offered
to priority groups, including medical personnel [5-7]. Consequently, there is urgent
need for recommendations on whether pregnant women should or should not receive a
COVID-19 vaccine.

Antibodies, such as IgM and IgG, are among the primary mechanisms of the immune
response to SARS-CoV-2 infection [8]. IgG antibodies produced after an intragestational
vaccination with other vaccines, such as DTP or influenza, cross the placenta and provide
innate passive immunity in children up to three months after birth [9].

Coronavirus genomes encode four main structural proteins: spike (S), membrane
(M), envelope (E), and nucleocapsid (N). The S protein forms the characteristic superficial
spikes of coronaviruses. Each monomer of protein S consists of an N-terminal S1 subunit
and a membrane-bound S2 subunit to form a receptor-binding domain (RBD) [10-13].
Following BNT162b2 mRNA COVID-19 vaccination, the serum concentration of RBD-
binding immunoglobulin increases with the dose of vaccine and after the second dose [14].
The aim of this preliminary study was to determine the titers of maternal and newborn-
specific antibodies against SARS-CoV-2 S protein after antenatal vaccination. We also
aimed to estimate the cord-to-maternal anti-S antibody ratio, measured by antibody titers
against SARS-CoV-2 S protein.

2. Materials and Methods
2.1. Study Characteristics

This was a retrospective, preliminary study. The present results were obtained using
the blood and umbilical cord blood of 16 mothers on the day of delivery. All patients
participating in this preliminary study were vaccinated with two doses of BNT162b2
mRNA COVID-19 vaccine between the 29th and 36th week of gestation; that is, the first
dose was administered between the 29th and 36th week of gestation (the first dose) and
the second dose between the 32nd and 40th week of pregnancy. The interval between
vaccination and delivery is presented in Figure 1 and in Table 1.

Samples from all patients were collected on the day of delivery. Newborn blood sam-
ples were collected from the umbilical cord after clamping. Blood samples were collected
by midwives after the instructional training. All the midwives had valid Polish professional
licenses. The material was tested at the Provincial Specialist Hospital in Olsztyn.

All the patients in the study had singleton pregnancies. The patients had voluntarily
received vaccinations against COVID-19 during their pregnancies, at various weeks of
gestation, and all were medical doctors with valid professional licenses in Poland. The
vaccine was administered intramuscularly, according to the manufacturer’s protocol.

15+
Hm Time from first dose to delivery
mm Time from second dose to delivery
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(]
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Figure 1. Mean time (weeks) from the first and the second dose of vaccine to delivery.
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Table 1. Maternal and newborn demographic and clinical data.

Variable Included in the Analysis
n=16
Age of mothers (years) 31.2* (+£2.2 **) Min 28 Max 35
Parity 11 (69% ***)
>1
BMI 23.78 * (+4.51 *) Min 17.84 Max 34.95

Weeks of gestation at the first dose of COVID-19
vaccination (weeks)

Weeks of gestation at the second dose of COVID-19
vaccination (weeks)

Interval between the second dose of COVID-19
vaccination and collection of blood 5.5*(£2.1 **) Min 1 Max 8
samples (day of delivery) (weeks)

Interval between the first dose of COVID-19

31.75 * (£2.05 **) Min 29 Max 36

35.13 * (£2.13 **) Min 32 Max 40

vaccination and the collection of blood 8.5 * (£2.07 **) Min 5 Max 11
samples (day of delivery) (weeks)
Weeks of gestation at delivery (weeks) 39.69 * (£1.01 **) Min 38 Max 41
Sex of newborn
Male 8 (50% ***)
Female 8 (50% ***)
Weight of newborn (g) 3353 * (495 **) Min 2270 Max 4000

BMI: body mass index. Min: minimum. Max: maximum. * Mean. ** Standard Deviation (£SD). *** Percentage of
all surveyed patients.

The study is still in progress and currently includes 150 female patients who had been
vaccinated against COVID-19 during pregnancy. The study was approved by the Bioethics
Committee of the Medical College of the University of Warmia and Mazury (approval no.
07/2021). Informed written consent was obtained from all the patients involved in the
study. The inclusion criteria were age above 18 years and vaccination with two doses of
COVID-19 vaccine during pregnancy. The exclusion criteria were as follows: COVID-19
confirmed with polymerase chain reaction (PCR) before or after COVID-19 vaccination, one
or two doses of COVID-19 vaccination before pregnancy, and severe acquired or congenital
immunodeficiency. Qualification of the study occurred after the vaccination.

2.2. Laboratory Methods

In the present study, the in vitro qualitative and quantitative determination of total
antibodies (IgG) developed against SARS-CoV-2 in human serum samples was performed
using an electrochemiluminescence immunoassay.

The Elecsys® Anti-SARS-CoV-2 assay (Roche Diagnostics, Basel, Switzerland) was
used to detect the presence of antibodies to a recombinant protein that represents the
nucleocapsid (N) antigen, whereas the concentration (U/mL) of antibodies to the SARS-
CoV-2 spike (S) protein receptor binding domain (RBD) was analyzed using the Elecsys®
Anti-SARS-CoV-2-5-RBD assay (Roche Diagnostics, Switzerland). Both assays were per-
formed according to the manufacturer’s instructions. The techniques used were based
on a double-antigen sandwich reaction. The tested serum (20 uL) was incubated with
biotinylated recombinant antigen specific for SARS-CoV-2 or SARS-CoV-2-S-RBD and re-
combinant antigen specific for SARS-CoV-2 or SARS-CoV-2-S-RBD labeled with ruthenium
complex. Chemiluminescent emission was measured using a photomultiplier Cobas e
immunoassay analyzer (Cobas e601, Roche Diagnostics, Switzerland). The results from
Elecsys® Anti SARS-CoV-2 were quantified using the software automatically by comparing
the electrochemiluminescence signal generated from the sample reaction product with the
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cut-off level signal previously derived by calibration. A cut-off index of >1.0 U/mL was
classified as reactive. In the Elecsys® Anti-SARS-CoV-2-S-RBD assay, quantitative results
were obtained from the calibration curve prepared for the analyzer, based on two-point
calibration and the calibration curve. A concentration of <0.80 U/mL was considered
negative and >0.80 U/mL was considered positive. The specificity and sensitivity of the
methods were approximately 99% [15,16].

2.3. Collection of Variables

The following data were obtained from the medical records: the mother’s date of
birth, last menstrual period date, parity, history of immunodeficiency disorders, dates of
COVID-19 vaccine administration, blood drawing dates, newborn’s Apgar scores at 0, 5,
and 10 min, newborn’s birth date, sex, and birth weight. Maternal and cord blood anti-S
antibody levels were determined as dependent variables.

2.4. Statistical Analysis

The data were analyzed using the Statistica software (version 13.3, StatSoft, Krakow,
Poland). Quantitative data are presented as mean = standard deviation (SD). Data ex-
pressed on a qualitative scale were presented as the number and percentage of the sample.
Pearson’s or Spearman’s correlation analysis was used to assess compliance with normal
distribution. The results were considered statistically significant at p < 0.05.

3. Results
3.1. Main Characteristics of the Studied Population

Blood samples were collected and analyzed from 16 mothers on the day of delivery
and from the umbilical cord of 16 newborns. The maternal and neonatal demographic and
clinical data taken into consideration in the analysis are presented in Table 1.

3.2. Characteristics of Results

It is important to note that no mothers had severe pregnancy or neonatal compli-
cations. None of the maternal blood and cord blood samples tested had specific SARS-
CoV-2 anti-nucleocapsid antibody titers above the cut-off level (>1.0 U/mL). Antibodies
against the SARS-CoV-2 S protein were identified in 100% (n = 16) of the tested maternal
and in 100% (1 = 16) of umbilical cord blood samples. All the samples had titers over
0.8 U/mL. The mean maternal blood sample antibody titer against SARS-CoV-2 S protein
was 984.37 U/mL (£689.4). The mean umbilical cord blood sample antibody titer against
SARS-CoV-2 S protein was 1026.51 U/mL (£769.25), as shown in Figure 2. The mean
cord-to-maternal anti-S antibody ratio was 1.28 4= 0.798. The mean interval between the
first and second vaccine doses was 21.31 days (41.85).

2500
Hl Mother blood sample

2000 mm Umbilical cord blood sample

1500+

U/mL

1000

500

0-

Figure 2. Mean anti-S antibody titers in maternal and umbilical cord blood.
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A significant positive correlation was found between the number of weeks from the
first vaccine dose to delivery and the anti-S antibody titer in cord blood serum (r = 0.63;
p = 0.0092), as shown in Figure 3. Similarly, there was a significant positive correlation
between the period (weeks) from the first and second vaccine dose to delivery and the
umbilical cord-to-mother anti-S antibody ratio (r = 0.80; p = 0.0002) for the first dose and
(r = 0.68; p = 0.0035) for the second dose, as shown in Figures 4 and 5. Itis important to note
that the correlation coefficient of the number of weeks from the second dose to delivery
was —0.50 for the maternal serum anti-S antibody titers and 0.45 for the cord blood serum
antibody titers. Both were statistically insignificant (p = 0.0511 and p = 0.0774, respectively).
A significant positive correlation was observed between the week of gestation at which
the first dose was administered and the week of gestation at which the second dose was
administered, and the respective cord-to-maternal ratio (r = 0.48; p = 0.0029) for the first
dose and for the second dose (r = 0.39; p = 0.0102) (Figures 6 and 7).

w
(=
[=]
o
1

2000+

1000

anti-S antibody titer
in cord blood serum (U/ml)

0 1 1 I 1
4 6 8 10 12

Number of weeks from
the first vaccine dose to delivery

Figure 3. Correlation between the number of weeks from the first vaccine dose to delivery and the
anti-S antibody titer in cord blood serum.
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Figure 4. Correlation between the period (weeks) from the first vaccine dose to delivery and cord-to-
maternal anti-S titer ratio.
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Figure 5. Correlation between the period (weeks) from the second vaccine dose to delivery and
cord-to-maternal anti-S titer ratio.
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Figure 6. Correlation between the week of gestation when the first vaccine dose was administered
and cord-to-maternal anti-S titer ratio.
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Figure 7. Correlation between the week of gestation when the second vaccine dose was administered
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No significant variations were reported in anti-S antibody titers based on maternal
age, body mass index (BMI), or the interval between vaccine doses.

4. Discussion

The results of the present study reveal high titers of anti-S antibodies in cord blood
after birth, suggesting that maternal immunization may provide protection to newborns
through the transplacental transfer of antibodies. The level of vaccine antibodies that
provide immunity against COVID-19 in newborns has not yet been established and requires
further investigation. The American College of Obstetricians and Gynecologists, the
Centers for Disease Control and Prevention, and the Society for Maternal-Fetal Medicine
published position statements supporting COVID-19 vaccine administration to pregnant
individuals [5,6,8,17,18]. The Emergency Use Authorization information leaflets for health
professionals for mRNA vaccines against SARS-CoV-2 indicate that there is insufficient
evidence on the risks of the vaccines during pregnancy [19]. To date, safety, tolerability,
and immune response data have been obtained in a double-blind phase I/II study of
the COVID-19 BNT162b1 nucleoside lipid nanoparticle vaccine containing mRNA, which
encodes the receptor binding domain (RBD) of SARS-CoV-2 virus marrow protein. Two
injections of 1-50 ug of BNT162b1 induced intense antibody production, with RBD-binding
IgG titers and CD4" and CD8* T-cell responses far exceeding those observed in the sera
of individuals who recovered from COVID-19 [20]. The transfer of immune antibodies to
the placenta depends on various factors [14]. The cord-to-maternal ratio of anti-S antibody
titers after vaccination during pregnancy appears to be higher than the ratio of anti-receptor
binding domain and anti-nucleocapsid antibodies after COVID-19 during pregnancy, as
demonstrated in a study by Edlow AG et al. [21]. Cord serum samples from all newborns
tested in our study showed the presence of specific antibodies against the S protein to
SARS-CoV-2, and the same result was presented in study performed by Gray et al. [22].
According to a study by Vilajeliu et al. on the Tdap vaccine in the late second or third
trimester of pregnancy, post-vaccination antibodies were found in 94% of newborns [23].

The trend in the correlation coefficients of the number of weeks from the first vaccine
dose to delivery is worth noting. Maternal serum antibody titers were not significantly
different; however, cord serum antibody titers differed significantly, as shown in Figure 3.
This may be useful in the estimation of the optimal timing of vaccination during pregnancy.
Grey et al. also suggested that the time since COVID-19 vaccination might be an essential
factor determining transfer rates of specific IgG subclasses after maternal immunization [22].
The influenza vaccination is a good example of approach, which is commonly performed
during pregnancy. Vaccination after the 29th week of gestation has been shown to be the
most effective in conferring immunity to infants [24]. Based on the results obtained in
our study, a correlation was observed between maternal serum anti-S antibody titers and
newborn cord serum anti-S antibody titers. However, this difference was not statistically
significant. It is also worth noting that even in a patient who received the second dose only
seven days before delivery, a high titer of anti-S antibody was detected in the cord blood.

The limitations of our study are the small number of patients and the timing of the
first and second doses of the vaccine being only in the third trimester of pregnancy. Further
detailed observational and controlled studies are necessary to adequately assess the post-
vaccination response in pregnant women and neonates. The results of this study may be
relevant to public health. Our results may also be useful in the estimation of the risks
and benefits of COVID-19 vaccination in pregnant women because the initial findings
show no evident safety signals in pregnant subjects who had received COVID-19 mRNA
vaccines [25].

5. Conclusions

Vaccinating pregnant women may be beneficial in protecting children in case of a
risk of vaccine-preventable conditions in the first few months of life, as newborns are
too young to receive vaccinations. The presence of antibodies against SARS-CoV-2 S

50



Vaccines 2021, 9, 675 8of9

protein in the cord blood may be the reason for passive immunity in newborns after
vaccination during pregnancy. Of particular importance is the demonstration that antibody
transfer is correlated with the time from vaccination to delivery, which may allow future
determination of the optimal timing of COVID-19 vaccination in pregnant women. The
determination of the presence and titers of specific antibody subclasses should be analyzed
in future studies. There is need for the collection and systematic presentation of more data
on the efficacy and safety of COVID-19 vaccination during pregnancy.
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Abstract: The tolerance and safety of vaccination in pregnancy should be assessed in local populations
based on ethnic differences across countries. Therefore, this study aimed to determine the tolerability
of the BNT162b2 mRNA vaccination in pregnancy in a Polish population. An online questionnaire
enquiring about the safety and tolerability of the BNT162b2 mRNA vaccine was distributed to
pregnant and non-pregnant female healthcare professionals who had voluntarily received one or
two doses of the COVID-19 vaccine in Poland. The two groups were compared simultaneously
considering the COVID-19 infection status before vaccination. Compared with that noted in the
control group, pregnant women in the COVID-19-free group were less likely to have fever (p = 0.002)
or gastrointestinal symptoms (p = 0.009) after the second dose. In the COVID-19-exposed group,
pregnant women were less likely to experience local skin reactions (p = 0.009), and myalgia (p = 0.003)
after the first dose. After the second dose, the only noticeable difference was a lower incidence of
myalgia (p = 0.001) in pregnant women. The tolerability of the BNT162b2 mRNA COVID-19 vaccine
was similar in both the groups. No severe local, generalised, or pregnancy complications related
to mother or foetus were observed. Good tolerability of the BNT162b2 mRNA COVID-19 vaccine
in pregnancy in the Polish population may facilitate the decision to vaccinate pregnant women
against COVID-19.

Keywords: COVID-19; vaccine; pregnancy

1. Introduction

Evaluations of the tolerability and safety of coronavirus disease 2019 (COVID-19) vac-
cination during pregnancy are crucial during the ongoing pandemic. COVID-19 infection
is significantly more likely to cause severe disease in pregnant women than in nonpregnant
women, with pregnant women being more likely to need oxygen support, respirators, or
extracorporeal membrane oxygenation [1-6].

A growing number of publications demonstrate the safety of COIVD-19 vaccination
during pregnancy [7-9], but it remains important for researchers to evaluate the safety and
tolerability of COVID-19 vaccination during pregnancy in local populations of women. The
American College of Obstetricians and Gynecologists, the US Centers for Disease Control
and Prevention, the UK Royal College of Obstetricians and Gynaecologists, and the Polish
Society of Obstetrics and Gynecology recommend vaccination of pregnant women against
COVID-19 [10-14].

Vaccines 2022, 10, 200. https:/ /doi.org/10.3390/ vaccines10020200
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In the present study, we explored the tolerability of COVID-19 vaccination in pregnant
Polish healthcare professionals. To that end, we conducted an online survey that yielded
data from 180 female Polish healthcare professionals who received the BNT162b2 vaccine
against COVID-19 while pregnant. We compared their survey responses with those of
40 age-matched female Polish healthcare professionals who received the same vaccine but
were not pregnant.

2. Materials and Methods
2.1. Study Design and Setting

We developed an online questionnaire containing questions about the tolerability
and safety of the BNT162b2 mRNA COVID-19 vaccine. We then distributed the survey
by e-mail to pregnant healthcare professionals in Poland who voluntarily received one
or two doses of a COVID-19 vaccine between 1 May 2021, and 15 September 2021. The
minimum interval between doses was 21 days. We focused on healthcare professionals
because healthcare professionals and the elderly were the first groups to receive access to
the vaccine in Poland. All survey respondents were ethnically Polish.

All survey respondents gave their informed consent for inclusion before participating
in the study. The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Com Bioethics Committee of the Medical College
of the University of Warmia and Mazury (approval No. 07/2021).

At the time of data extraction for this study, we had collected survey responses from
284 women who were vaccinated during pregnancy. In addition to the questionnaire
responses, we analysed data from the medical records such as age, height, weight, co-
morbidities, medications taken, course of pregnancy before and after vaccination.

We excluded 72 women who received the Moderna vaccine, 16 who received the
AstraZeneca vaccine, and 16 who received their first dose before pregnancy. These exclu-
sions left us with 180 women who had received one or two doses of the BNT162b2 mRNA
COVID-19 vaccine while pregnant. The control group comprised 40 female healthcare
professionals who were also vaccinated with the BNT162b2 mRNA COVID-19 vaccine, but
were not pregnant in an age range similar to that of the pregnant participants of the study.

2.2. Data Collection and Analysis

The data collected through the survey included basic demographic data, data concern-
ing histories of COVID-19 infection before vaccination (confirmed with polymerase chain
reaction [PCR] test results or the presence of antibodies against severe acute respiratory
syndrome coronavirus 2 [SARS-CoV-2]), and episodes of quarantine due to contact with a
person infected with SARS-CoV-2. These data were confirmed by analysing laboratory test
results and medical records.

The survey respondents were divided into groups based on their histories of exposure
to COVID-19. The first of these groups (the COVID-19-free group) included women who
had no history of laboratory-confirmed COVID-19 infection before vaccination and no
confirmed contact with a COVID-19 infected person. The second group (the COVID-19-
exposed group) included women with PCR- or antibody-confirmed histories of COVID-19
infection. The women not assigned to either the COVID-19-free group or the COVID-19-
exposed group were those who were quarantined after contact with an infected person but
had not tested positive for COVID-19.

A local reaction was defined as pain or local erythema at the site of vaccination.
Generalised symptoms included fever, headache, gastrointestinal symptoms, myalgia,
dyspnoea, and fatigue. Each symptom was also evaluated in terms of the time of onset
after vaccination with the first dose or second dose.

2.3. Statistical Analysis

Statistical analyses were performed using Statistica software (v13.3, StatSoft, Krakow,
Poland). Data expressed on a qualitative scale were presented as the number and percentage
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of the sample. The Chi-squared test (x2) was used to compare the relationships between
variables expressed in the qualitative scale. Data expressed on a quantitative scale were
presented as the mean with standard deviation (SD) values. As the data were not normally
distributed (Shapiro-Wilk test), the Mann-Whitney test were used. Results were considered
statistically significant if p < 0.05.

3. Results
3.1. Characteristics of the Survey Respondents

The COVID-19-free group included 145 pregnant women and 19 non-pregnant women
(control group). There was no difference between pregnant and control subgroups in terms
of age (p = 0.242) and body mass index (BMI) values (p = 0.098) among those who were
COVID-19-free. Among them, 105 (72.4%) pregnant and 18 (94.7%) non-pregnant women
had received both doses of vaccine.

The COVID-19-exposed group included 24 pregnant (pregnancy group) and 16 non-
pregnant women (control group). In the COVID-19-exposed group, women in the preg-
nancy and control subgroups were similar in terms of age (p = 0.242) and BMI (p = 0.098).
Sixteen (66.7%) women in the pregnancy subgroup, and 15 (93.8%) women in the control
subgroup had received both doses. One woman in the pregnancy subgroup was carrying
twins, while the others were carrying singleton pregnancies.

3.2. Tolerability of the First Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Free Group

Table 1 summarizes the adverse events observed in the COVID-19-free group after
the first vaccine dose. In the COVID-19-free group, 138 (94.5%) pregnant women and
19 (100%) control women experienced local or generalised pain after receiving the first
dose (p = 0.271). The pregnancy and the control subgroups were similar in terms of the
percentages of women experiencing vaccine site pain (p = 0.271) and local cutaneous
reactions at the vaccine site (p = 0.464) after the first dose. They were also similar in terms
of the percentages of women experiencing headache (p = 0.608), myalgia (p = 0.420), fever
(p = 0.234), fatigue (p = 0.701), and gastrointestinal symptoms (p = 0.061) in the week after
the first dose. Nausea was the only gastrointestinal symptom reported.

Table 1. Tolerability of the first and the second doses of the BNT162b2 mRNA COVID-19 vaccine in
the COVID-19-free group.

Pregnant Women Non-Pregnant Women Total
COVID-19 — COVID-19 — 4 COVID-19 —

Age, mean (SD) 314 (+/-2.6)y 331(+/-36)y 0.242# N/A
BMI, mean (SD) 22.75 (+/—3.59) kg/m?  21.7 (+/—3.38) kg/m? 0.098# N/A
One dose of the vaccine administered, 1 (%) 145 (100%) 19 (100%) N/A 164 (100%)
Two doses of the vaccine administered, n (%) 105 (72.4%) 18 (94.7%) N/A 123 (75%)
Side effects after first dose
Vaccination site pain total, 1 (%) 138 (94.5%) 19 (100%) 0271° 157 (95.7%)
Cutaneous reaction total, 1 (%) 14 (9.7%) 1 (4.8%) 0464° 15 (9.1%)
Headache total, 1 (%) 16 (11.0%) 3 (14.3%) 0.608" 19 (11.6%)
On the first day, n (%) 13 (9.0%) 3(14.3%) 16 (9.8%)
Between the second and seventh days, 1 (%) 3(2.1%) None 3(1.8%)
Fever 0234°
On the first day, n (%) 2 (1.4%) 1(5.3%) 3(1.8%)
Between the second and seventh days, 1 (%) None None None
Myalgia 0420°
On the first day, n (%) 2 (1.4%) 1 (4.8%) 3(1.8%)
Between the second and seventh days, 1 (%) 3(2.1%) 1 (4.8%) 4 (2.4%)
Fatigue up to the seventh day, n (%) 51 (35.2%) 6 (31.5%) 0.701" 57 (34.7%)
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Pregnant Women Non-Pregnant Women Total
COVID-19 — COVID-19 — P COVID-19 —

Gastrointestinal symptoms up to the 0061
seventh day ’
Total, n (%) 3(2.1%) 2(9.5%) 5(3.0%)
Nausea, 1 (%) 3(2.1%) 2 (9.5%) 5 (3.0%)
Vomiting, 1 (%) None None None
Diarrhoea, n (%) None None None
Side effects after second dose
Vaccination site pain total, n (%) 93 (87.7%) 18 (100) 0.106 21 (89.4%)
Cutaneous reaction total, 1 (%) 7 (6.7%) 1 (5.3%) 0729° 8 (6.5%)
Headache total, 1 (%) 42 (31.4%) 8 (47.4%) 0.630° 50 (40.6%)
On the first day, n (%) 33 (31.4%) 8 (42.1%) 41 (33.3%)
Between the second and seventh days, 1 (%) 9 (8.6%) 1 (5.3%) 10 (8.1%)
Fever 0.019*
On the first day, n (%) 17 (16.2%) 8 (42.1%) 25 (20.3%)
Between the second and seventh days, 1 (%) 2 (1.9%) 1 (5.3%) 3 (2.4%)
Myalgia 0427°
On the first day, n (%) 29 (27.6%) 8 (41.1%) 37 (30.1%)
Between the second and seventh days, n (%) 11 (10.5%) 2 (10.5%) 13 (10.6%)
Fatigue up to the seventh day, n (%) 54 (51.4%) 8 (41.1%) 0521° 62 (50.4%)
Gastrointestinal symptoms up to the 0.009 *
seventh day .
Total, n (%) 9 (8.6%) 6 (31.6%) 15 (12.2%)
Nausea, 1 (%) 4 (3.8%) 3 (15.8%) 7 (5.7%)
Vomiting, 1 (%) 3(2.9%) None 3 (2.4%)
Diarrhoea, 1 (%) 2 (1.9%) 3(15.8%) 5 (4.1%)

* p < 0.05; BMI, body mass index; SD, standard deviation; * Mann-Whitney test; ~ Chi-squared test.

3.3. Tolerability of the Second Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Free Group

Table 1 summarizes the adverse events observed in the COVID-19-free group after
the second vaccine dose. In the COVID-19-free group, 93 (87.7%) pregnant women and
18 (100%) control women experienced local or generalised symptoms after receiving the
second dose (p = 0.106). The pregnancy and the control subgroups were similar in terms of
the percentages of women experiencing vaccine site pain (p = 0.106) and local cutaneous
reactions at the vaccine site (p = 0.729). They were also similar in terms of the percentages
of women experiencing headache (p = 0.630), myalgia (p = 0.427), and fatigue (p = 0.521)
in the week after the first dose. However, the women in the pregnancy group were less
likely to experience fever (p = 0.019) and gastrointestinal symptoms (p = 0.009) during the
first week after the second dose. The reported gastrointestinal symptoms included nausea,
vomiting, diarrhoea, and abdominal pain.

3.4. Tolerability of the First Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Exposed Group

Table 2 summarizes the adverse events observed in the COVID-19-exposed group after
the first vaccine dose. Within the COVID-19-exposed group, 24 (100%) pregnant women
and 16 (100%) control women experienced local or generalised symptoms after receiving
the first dose (p = 1). All women in the COVID-19-exposed group experienced vaccine site
pain. Compared to the control women, pregnant women were less likely to experience
cutaneous reactions at the vaccine site (p = 0.009). The pregnancy and control subgroups
were similar in terms of the percentages of women who experienced headache (p = 0.134),
fatigue (p = 0.727), and gastrointestinal symptoms (p = 0.206) in the week after the first dose.
Compared to women in the control women, pregnant women were less likely to experience
fever (p = 0.013) and myalgia (p = 0.028) in the week after the first dose.
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Table 2. Tolerability of the first and the second doses of the BNT162b2 mRNA COVID-19 vaccine in

the COVID-19-exposed group.
Pregnant Women Non-Pregnant Women Total
COVID-19 + COVID-19 + 4 COVID-19 +
Age, mean (SD) 31.25(+/-1.9) y 34 (+/-44)y 0.242 % N/A
BMI, mean (SD) 21.7 (+/-3.75) kg/m?  22.9 (+/—3.73) kg/m? 0.098 # N/A
One dose of the vaccine administered, 1 (%) 24 (100%) 16 (100%) N/A 40 (100%)
Two doses of the vaccine administered, n (%) 16 (66.7%) 15 (93.6%) N/A 31 (77.5%)
Side effects after first dose
Vaccination site pain total, 1 (%) 24 (100%) 16 (100%) 1 40 (100%)
Cutaneous reaction total, n (%) None 4 (25.0%) 0.009 * 4 (10.0%)
Headache total, 1 (%) 1 (4.2%) 4 (25.0%) 0.134" 5 (12.5%)
On the first day, n (%) 1 (4.2%) 3(18.8%)
Between the second and seventh days, 1 (%) None 1 (6.3%)
Fever 0013~
On the first day, n (%) None 2(12.5%) 2 (5%)
Between the second and seventh days, 1 (%) None 3(18.8%) 3(7.5%)
Myalgia 0.028*
On the first day, n (%) 1 (4.2%) 5(31.3%) 6 (15.0%)
Between the second and seventh days, 1 (%) 1 (4.2%) 2(12.5%) 3(7.5%)
Fatigue up to the seventh day, n (%) 10 (41.7%) 6 (37.5%) 0727" 16 (40.0%)
Gastrointestinal symptoms up to the 0206"
seventh day ’
Total, 1 (%) None 2 (12.5%) 2 (5%)
Nausea, 1 (%) None 1 (6.3%) 1(2.5%)
Vomiting, n (%) None 1(6.3%) 1(2.5%)
Diarrhoea, n (%) None None None
Side effects after second dose
Vaccination site pain, 1 (%) 14 (87.5%) 13 (86.7%) 0944 " 27 (87.0%)
Cutaneous reaction total, 1 (%) None 2(13.3%) 0319° 2 (6.5%)
Headache total, 1 (%) 2 (12.5%) 4 (26.7%) 0.160 6 (19.4%)
On the first day, n (%) 2 (12.5%) 1 (6.7%)
Between the second and seventh days, 1 (%) None 3 (20.0%)
Fever 0.170"
On the first day, n (%) None 1 (6.7%) 1(3.2%)
Between the second and seventh days, 1 (%) None 2 (13.3%) 2 (6.5%)
Myalgia 0.011%
On the first day, n (%) 1 (6.3%) 3(20.0%) 4(12)9)
Between the second and seventh days, 1 (%) None 5 (33.0%) 5(16,13)
Fatigue up to the seventh day, n (%) 7 (43.8%) 8(53.3%) 0734" 15 (48)
Gastrointestinal symptoms up to the g
0.684

seventh day
Total, n (%) None 2 (13.3%) 2 (6.5%)
Nausea, 1 (%) None 1 (6.7%) 1(3.2%)
Vomiting, 1 (%) None None None
Diarrhoea, 1 (%) None 1 (6.7%) 1(3.2%)

* p < 0.05; BMI, body mass index; SD, standard deviation; 4 Mann-Whitney test; & Chi-squared test.

3.5. Tolerability of the Second Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Exposed Group

Table 2 summarizes the adverse events observed in the COVID-19-exposed group after
the second vaccine dose. In the COVID-19-exposed group, 14 (87.5%) pregnant women and
13 (86.7%) control women experienced local or generalised after receiving the second dose

(p = 0.944). The pregnancy and control subgroups were similar in terms of the percentages

of women experiencing vaccine site pain lasting (p = 0.944) and cutaneous reactions at
the vaccine site (p = 0.319). The pregnancy and control subgroups were similar in terms
of the percentages of women experiencing headache (p = 0.160), fever (p =0.170), fatigue
(p = 0.734), and gastrointestinal symptoms (p = 0.684) in the week after the second dose.
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Compared to the control women, pregnant women were less likely to experience myalgia
(p = 0.011) in the week after the second dose.

4. Discussion

Evaluations of the tolerability and safety of vaccination during pregnancy provide key
information for officials who decide whether pregnant woman should receive vaccinations
against COVID-19. This question is an important one, especially in light of the current
evidence that pregnant women are at an increased risk of developing severe COVID-
19 [1-6]. For obvious reasons, pregnant women are not a group in which clinical trials
evaluating the safety of vaccination are conducted, and they were not included in trials
of COVID-19 vaccines until phase III trials were completed [15]. It is therefore important
to collect and analyse data from women who voluntarily received vaccinations during
pregnancy. The evidence from the present study suggests that the BNT162b2 mRNA
COVID-19 vaccine is safe and tolerable for women during pregnancy.

There were no severe local or generalised complications or severe maternal or foetus
related pregnancy complications in our study’s pregnancy group. An increasing number of
studies have confirmed the safety of COVID-19 vaccinationin pregnant women [16-18], and
other studies have also confirmed the good tolerability of the BNT162b2 mRNA COVID-
19 vaccine in the general population [19,20]. Our findings showed that the safety and
tolerability of COVID-19 vaccination during pregnancy holds true for the Polish population.

Side effects are natural responses to the injection of a foreign object and can involve
symptoms such as fever, muscle aches, and inflammation at the injection site. These
symptoms are triggered by the innate immune system. When the body’s neutrophils
or macrophages detect vaccine molecules, they release cytokines, which are chemical
messengers that induce immune responses in the form of fever, nausea, and muscle aches.
Such cytokine responses can be observed when a foreign agent s injected into the circulatory
system [21].

The survey respondents in this study were divided into two groups. The first group
consisted of women without histories of PCR- or antibody-confirmed COVID-19 infection
and without any known contact with a COVID-19-infected person. The second group
consisted of women with histories of PCR- or antibody-confirmed COVID-19 infection.
Knowing a survey respondent’s history of COVID-19 infection may be important in the
evaluation of vaccine tolerability during pregnancy because studies published to date have
shown poorer vaccine tolerability in individuals with a history of COVID-19 infection,
which mainly manifests in response to the first dose of the BNT162b2 mRNA COVID-19
vaccine [22-24].

In our COVID-19-free group, there was no statistically significant difference in the
reported adverse events after the first dose of the BNT162b2 mRNA COVID-19 vaccine
between pregnant and control women. In fact, pregnant COVID-19-free women were
less likely to develop fever or gastrointestinal symptoms after the second dose of the
vaccine. During pregnancy, many complex processes leading to immunotolerance occur,
including a shift in the T lymphocyte response toward Th1 cells, the generation of a
temporal subpopulation of natural killer cells, and the placental production of many
immunomodulatory substances such as neurokinin B, interleukin-10, and interleukin-
35 [25-27]. The purpose of these changes is to ensure the normal development of pregnancy
by inhibiting the graft-versus-host response while providing an anti-infective defence in
pregnant woman [26]. It is possible that these alterations influenced the aforementioned
diminished frequency of certain vaccine side effects during pregnancy. There are currently
no other publications available that similarly compare pregnant and nonpregnant women
in terms of side effects after the administration of mRNA vaccines.

Within our COVID-19-exposed group, pregnant women were less likely to experience
symptoms such as local skin reactions, and myalgia after the first dose than control women
were. After the second dose, the only observable difference was a lower frequency of
myalgia in pregnant women. No significant differences were observed in other symptoms.
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It is worth noting that in the COVID-19-exposed group, the tolerability of the first dose
was better than in the COVID-19-exposed non-pregnant group. No such difference in first-
dose tolerability was shown in the COVID-19-free pregnant group compared with controls.
As the first dose is less well tolerated after COVID-19 infection in the general population itis
likely that the mechanisms of immunotolerance are probably more responsible in reducing
the number of adverse events among COVID-19-exposed pregnant women than in the
COVID-19-free group [22-24,28]. There is a lack of information in the current literature
regarding the effect of COVID-19 infection on the immune system in pregnant women.

The pregnancy and control groups did not significantly differ in terms of the occurrence
of fatigue. None of the patients experienced bleeding or spotting per vaginum for up to
seven days after vaccination. One woman reported short-term dyspnoea after the second
dose, but she had a previous diagnosis of polyhydramnios, no one develops general
allergic reaction.

In the present study, we found no significant difference in the total number of adverse
reactions between pregnant and control groups. The tolerability of the second dose was
worse for both the pregnancy and control groups, with the rate of adverse events increasing
by 13.6% in the pregnancy group and by 10% in the control group. This finding is consistent
with the findings of previous studies comparing the frequency of side effects after the first
and second doses of the BNT162b2 mRNA COVID-19 vaccine [29,30]. However, these
studies did not include pregnant women.

In the present study, we found that tolerability of the BNT162b2 mRNA COVID-19
vaccine is similar in the study and control groups and that some adverse reactions were
less frequent in pregnant women than in nonpregnant women. These findings may help in
encouraging women to receive COVID-19 vaccination during pregnancy. Vaccination not
only reduces the risk of severe COVID-19 in pregnant women, but also reduces the risk of
infection in their infants through the placental transfer of antibodies [31-33].

The present study’s limitations include its small sample size, small control group and
its retrospective nature. Thorough evaluations of vaccine tolerability will require further
follow-up with a larger population of pregnant and non-pregnant women in Poland.

5. Conclusions

The tolerability and safety of COVID-19 vaccination for pregnant women are key
issues due to the ongoing pandemic, especially given the fact that pregnant women are
more severely affected by COVID-19. In our study, we demonstrated the tolerability of
the BNT162b2 mRNA COVID-19 vaccine for pregnant women in the Polish population.
Good tolerability of the BNT162b2 mRNA COVID-19 vaccine in pregnancy in the Polish
population may facilitate the decision to vaccinate pregnant women against COVID-19.
No severe local or generalised complications among either the mothers or the foetuses
were observed.
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