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1. Wykaz skrotow

4-HNE 4-hydroxy-2-nonenal 4-hydroksy-2-nonenal

AB S-amyloid peptide peptyd p-amyloidu

ALT alanine aminotransferase aminotransferaza alaninowa

AST aspartate aminotransferase aminotransferaza
asparaginianowa

BDI Beck depression inventory skala depresji Becka

BMI body mass index wskaznik masy ciata

CAT catalase katalaza

COVID-19 | coronavirus disease 2019 choroba koronawirusowa 2019

CRP C-reactive protein biatko C-reaktywne

CVLT California Verbal Learning Test Kalifornijski Test Uczenia si¢
Jezykowego

DST Digit Span Test Test powtarzania cyfr

DT dityrosine dityrozyna

GPx glutathione peroxidase peroksydaza glutationowa

GSH reduced glutathione zredukowany glutation

HAM-A Hamilton anxiety rating scale skala oceny leku Hamiltona

HAM-D Hamilton depression rating scale skala oceny depresji Hamiltona

HDL high-density lipoprotein lipoproteina o wysokiej gestosci

HPA hypothalamus—pituitary—adrenal podwzgorze-przysadka-
nadnercza

ICD International Classification of Diseases | Miedzynarodowa Klasyfikacja
Chorob

IES-R Impact of Event Scale—Revised Zrewidowana Skala Wptywu
Zdarzen

IgG immunoglobulin G immunoglobulina G

KYN kynurenine Kinurenina

LDH lactate dehydrogenase dehydrogenaza mleczanowa

LDL low density lipoprotein lipoproteina o matej gestosci

M.L.NL.I. Mini International Neuropsychiatric Krotki Miedzynarodowy

Interview Kwestionariusz

Neuropsychiatryczny

NFK N-formylkynurenine N-formylokinurenina

NO nitric oxide tlenek azotu

O&NS oxidative and nitrosative stress stres oksydacyjny i nitrozowy

RBD receptor-binding domain domena wigzaca receptor




ROS reactive oxygen species reaktywne formy tlenu

RNS reactive nitrogen species reaktywne formy azotu

SCWT Stroop Color Word Test test Stroopa

SOD superoxide dismutase dysmutaza ponadtlenkowa

SSRI selective serotonin reuptake inhibitor selektywny inhibitor wychwytu

zwrotnego serotoniny

T™MT Trail Making Test Test Laczenia Punktow

TNF-a tumour necrosis factor o czynnik martwicy nowotworu o

TRY tryptophan tryptofan

TSH thyroid-stimulating hormone hormon stymulujacy tarczyce

WAIS-R Wechsler Adult Intelligence Scale- Zrewidowana skala inteligencji
Revised Wechslera dla dorostych

WHO World Health Organization Swiatowa Organizacja Zdrowia

VFT verbal fluency test test fluencji stownej




2. Wykaz publikacji stanowiacych rozprawe doktorska

Praca przegladowa:
1. Eliza Dabrowska, Beata Galinska-Skok, Napoleon Waszkiewicz: Depressive
and Neurocognitive Disorders in the Context of the Inflammatory Background of
COVID-19. Life 2021, 11, 1056. Doi: 10.3390/ life11101056

IF =3,251, MNiSW =70

Praca oryginalna:

1. Eliza Samaryn, Beata Galinska-Skok, Aleksander Nobis, Daniel Zalewski,
Mateusz Maciejczyk, Monika Gudowska-Sawczuk, Barbara Mroczko, Anna
Zalewska, Napoleon Waszkiewicz: The Effect of Antidepressant Treatment on
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3. Zestawienie publikacji doktoranta

Rodzaj publikacji Liczba Impact Factor | Punktacja MNiSW/MEIN
Prace wlaczone do 2 6,251 210

rozprawy doktorskiej

Prace, ktore nie 2 3 147

zostaly wlaczone do

rozprawy doktorskiej

Streszczenia zjazdowe 10 - -

Razem 4 9,251 357




4. Wstep

Pandemia COVID-19, ktorej zakonczenie ogloszono w maju 2023 roku, wywarta
ogromny wplyw na zdrowie psychiczne ludzkosci 2. Stresogenne czynniki zwiazane z
pandemia przyczynily si¢ do znacznego wzrostu czgstosci wystgpowania zaburzen
psychicznych, w tym zaburzen depresyjno-lekowych 3#  Wedlug raportu
opublikowanego przez Swiatowa Organizacje Zdrowia (WHO) w marcu 2022 roku, w
pierwszym roku pandemii COVID-19 globalna cz¢sto$¢ wystepowania Igku i depresji
wzrosta 0 25% °. Dodatkowo, coraz wiecej badan wskazuje na wpltyw przebytego
zakazenia SARS-CoV-2 na ujawnianie si¢ lub nasilenie objawdw zaburzen psychicznych,
w tym depresyjnych 57,

Zaburzenie depresyjne jest bardzo powszechnym, potencjalnie zagrazajgcym zyciu,
zaburzeniem psychicznym oraz wiodaca przyczyna niepelnosprawnosci na $wiecie®.
Statystyki wskazuja, ze okoto 3,8% s$wiatowej populacji cierpi na depresje, w tym 5%
dorostych, przy czym liczba kobiet jest dwukrotnie wigksza niz mezczyzn®. Etiologia
depresji jest wieloczynnikowa, obejmujaca czynniki biologiczne, genetyczne,
psychologiczne i $srodowiskowe, ktore wedtug teorii neurorozwojowe] wzajemnie si¢
uzupelniajg. Obecnie oprocz gtownych koncepcji neurobiologicznych depresji, takich jak
teoria monoaminergiczna, dysregulacja osi podwzgoérze—przysadka—nadnercza (HPA)
oraz zmiany strukturalne i zaburzenia plastyczno$ci mozgu, coraz bardziej podkresla si¢
role zapalenia u podloza zaburzen depresyjnych %1 Teorie zapalna depresji
potwierdzaja liczne badania, ktére wskazuja na towarzyszacy przewlektly stan zapalny
organizmu z nasilonym stresem oksydacyjnym i nitrozacyjnym (O&NS), rowniez w
osrodkowym uktadzie nerwowym ?°. U pacjentow z depresja odnotowywano
podwyzszone poziomy parametrow zapalnych, w tym CRP i interleukiny prozapalne,
ktére moga przenika¢ barier¢ krew-mozg, a nastgpnie przez nadmierng aktywacje
mikrogleju prowadzi¢ do neurodegeneracji i w konsekwencji zaburzen funkcji
neuropoznawczych 67,

Zakazenie wirusem SARS-CoV-2, o wilasciwosciach neuroinwazyjnych i
neurotroficznych, moze wplywa¢ na nasilenie lub ujawnianie objawdéw zaburzen
depresyjnych 7. Ma to écisly zwigzek z patofizjologia infekcji SARS-CoV-2, ktdra moze
prowadzi¢ do ogolnoustrojowej "burzy cytokin” z niekontrolowanym, nadmiernym
uwalnianiem cytokin i chemokin powodujacych stan zapalny, a nastgpnie uszkodzenia

bariery krew-mozg, aktywacji mikrogleju i neurozapalenia. Liczne badania wskazuja na
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przenikanie do mozgu czynnikéw zapalnych, takich jak interleukiny i TNF-a, obecno$é¢
mikrouszkodzen 1 neurodegeneracji w korze przedczotowej, hipokampie i ciele

migdatowatym 18,

Dodatkowo moze dochodzi¢ do zwigkszonej aktywacji szlaku
kynureninowego z uwalnianiem neurotoksycznych metabolitow oraz produkcji
reaktywnych form tlenu (ROS) i azotu (RNS), prowadzacych do oksydacyjnych

19

uszkodzen w mozgu . Co wigcej U pacjentow z COVID-19 obserwowano dysfunkcje

wykonawcze, problemy z uwagg i orientacja, a w badaniach obrazowych moézgu obszary

hipoperfuzji %

. Istnieja dowody na to, ze hipoperfuzja moézgu moze przyspieszac
akumulacje amyloidu-p (A), patologie bialek tau 1 TDP-43 biorgcych udzial w rozwoju
demencji #. Dodatkowo stres psychologiczny zwigzany z pandemia, poprzez
nadaktywno$¢ osi podwzgorze-przysadka-nadnercza, moze nasila¢ procesy zapalne w
organizmie prowadzace do intensyfikacji procesow neurodegeneracyjnych i zaburzen
depresyjnych 22,

Infekcja COVID-19 moze charakteryzowa¢ si¢ nadmierng, niekontrolowang
odpowiedzig zapalng organizmu prowadzac do dysfunkcji uktadu odpornosciowego i
przedluzajacego si¢ stanu zapalnego. Badania potwierdzaja, ze osoby, ktore przezyly
COVID-19, moga wykazywa¢ podwyzszone markery zapalne nawet kilka miesiecy po
infekcji?®. Niektore badania wskazuja na korelacje ciezkosci przebiegu infekcji SARS-
CoV-2 z nasileniem i czasem utrzymywania si¢ powiktan zespotu post-COVID-19, w
tym zaburzen neuropsychiatrycznych 2. Zespot post-COVID charakteryzuje sie
zespotem objawOw z zakresu réznych ukladow organizmu, ktére utrzymujg si¢ lub
pojawiaja si¢ po ustgpieniu ostrej fazy infekcji wirusem SARS-CoV-2. Objawy te moga
trwaé tygodnie, miesiace, a nawet dtuzej °. Metaanaliza przeprowadzona przez Davisa i
wsp. wykazata, ze okoto jedna trzecia oséb po przechorowaniu COVID-19 doswiadczata
utrzymujacego si¢ zmeczenia, a ponad jedna piata cierpiala na zaburzenia poznawcze
przez 12 lub wiecej tygodni po diagnozie?. Badania wykazaly, ze od 30% do 40%
pacjentow z zespolem post-COVID-19 doswiadcza objawdw depresyjnych, co jest
znacznie wyzszym odsetkiem w poréwnaniu do populacji ogolnej %°.

Farmakoterapia zaburzen depresyjnych to przede wszystkim zastosowanie lekoéw
przeciwdepresyjnych?’. Wykazuja one szereg korzystnych efektow, takich jak tagodzenie
nasilenia objawow depresji, poprawa funkcji poznawczych oraz redukcja stanu zapalnego
ze zmniejszeniem poziomu prozapalnych cytokin i stresu oksydacyjnego 282°, Istnieje
coraz wiecej dowoddéw na antyoksydacyjne dzialanie lekow przeciwdepresyjnych, cho¢

mechanizmy te nie sg jeszcze w peini poznane. Badania na modelach zwierzgcych

10



wskazuja, ze leki przeciwdepresyjne moga redukowaé poziom markerow stresu
oksydacyjnego w mozgu, watrobie i tkankach obwodowych oraz modulowa¢ aktywnosé¢
bariery antyoksydacyjnej, w tym SOD, CAT i GSH . Zaobserwowano, ze leki
przeciwdepresyjne, w tym selektywne inhibitory wychwytu zwrotnego serotoniny
(SSRI), moga tagodzi¢ burze cytokinowa u pacjentoéw z COVID-19 stanowiac obiecujace
leczenie wspomagajace w leczeniu zakazenia COVID-19 oraz zmniejsza¢ ryzyko

hospitalizacji i zgonu 3

. Przeglad literatury wskazuje, ze fluwoksamina jako lek
przeciwdepresyjny, nalezacy do grupy SSRI, skutecznie tagodzi objawy depresyjne u
pacjentow z COVID-19 i wykazuje dodatkowe dziatanie przeciwwirusowe 2. Ponadto
leki przeciwdepresyjne stosowane u osob, ktore przezyty COVID-19, moga pozytywnie
wplywaé na ich nastrdj i poprawiaé¢ funkcje poznawcze . W badaniu przeprowadzonym
przez Kwan i wsp. oceniono skutecznos¢ wortioksetyny w tagodzeniu objawow
depresyjnych u pacjentow z zespolem post-COVID-19, wykazujac, ze leczenie to
znaczgco poprawilo objawy depresyjne w porownaniu do placebo, szczegoOlnie u
pacjentow ze zwiekszonymi wyjsciowymi markerami stanu zapalnego, zaburzeniami
metabolicznymi i podwyzszonym wskaznikiem masy ciata (BMI) 34, Niemniej jednak,
przeglad literatury wskazuje, ze nasilenie stanu zapalnego koreluje z stabszg odpowiedzig
kliniczng na konwencjonalne terapie przeciwdepresyjne, a wspotwystepujace podioze
immunologiczne choréb zapalnych jest nie tylko czynnikiem ryzyka epizodu
depresyjnego, ale jest rowniez uwazane za czynnik powodujacy lekoopornos¢ i nawrot
depresji *.

W  kontekscie zespolu post-COVID-19 leczenie zaburzen psychicznych, w tym
depresyjnych, stato si¢ nowym, ztozonym wyzwaniem wspotczesnej medycyny.
Wymaga ono interdyscyplinarnego podej$cia terapeutycznego z uwzglednieniem
wptywu przewleklego stanu zapalnego na skuteczno$¢ leczenia przeciwdepresyjnego.
Wobec rosnacej czgstosci zaburzen depresyjnych i1 specyfiki ich leczenia w okresie

postpandemicznym COVID-19 konieczne sg dalsze badania naukowe w tej dziedzinie.
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5. Cele pracy

Cel glowny

Celem pracy doktorskiej byta ocena wplywu przebytego zakazenia SARS-CoV-2 na
skuteczno$¢ leczenia przeciwdepresyjnego z oceng funkcji neuropoznawczych oraz

analiza wybranych parametrow zapalnych u osob z depresja.

Cele szczegolowe

1. Przeglad piSmiennictwa obejmujacy wptyw pandemii COVID-19 na zdrowie
psychiczne, ze szczegolnym uwzglednieniem wplywu zakazenia SARS-CoV-2

na rozw0j zaburzen depresyjnych 1 neurokognitywnych.

2. Ocena nasilenia depresji i Igku oraz stresu zwigzanego z pandemig COVID-19 u

0s0b z depresjg oraz w zalezno$ci od przebycia COVID-19

3. Poréwnanie parametrow stresu oksydacyjnego i nitrozacyjnego, szlaku
kynureninowego, CRP i D-dimeréw u 0sob z depresjg i bez depresji oraz w

zaleznosci od przechorowania COVID-19

4. Ocena wptywu leczenia przeciwdepresyjnego na:
- parametry stresu oksydacyjnego i nitrozacyjnego, szlaku kynureninowego,
CRP i D-dimery

- kliniczne objawy I¢ku i depresji oraz funkcje poznawcze
5. Okreslenie zwigzku pomiedzy parametrami stresu oksydacyjnego i
nitrozacyjnego, szlaku kynureninowego, poziomu CRP i D-dimerow, a

zmiennymi klinicznymi

6. Okreslenie zwigzku pomigdzy przeciwciatami SARS-CoV-2, a zmiennymi

Klinicznymi

12



6. Omowienie prac skladajacych si¢ na prace doktorska

6.1 Praca przegladowa pt. ,, Depressive and Neurocognitive Disorders in the Context of
the Inflammatory Background of COVID-19”

Celem pracy byt przeglad literatury dostgpnej w okresie grudzien 2020 — sierpien 2021 r.,
dotyczacej wptywu pandemii COVID-19 na zdrowie psychiczne, ze szczegdlnym
uwzglednieniem wplywu zakazenia SARS-CoV-2 na rozwoj zaburzen depresyjnych i
neurokognitywnych. W pracy przedstawiono o0g6lng problematyke zaburzen
depresyjnych, teori¢ =zapalng depresji, patofizjologi¢ infekcji SARS-CoV-2 i
charakterystyczng dla niej specyfikg odpowiedzi zapalnej organizmu. Poruszono aspekt
psychologiczny pandemii COVID-19 jako silnego stresora wplywajacego na ujawnianie
si¢ lub nasilenie istniejacych juz zaburzen psychicznych. Dodatkowo omoéwiono
powiktania krotkoterminowe i dlugoterminowe COVID-19, w tym zespo6t post-COVID-
19. Przedstawiono takze rol¢ leczenia przeciwdepresyjnego oraz mozliwe wyzwania
terapeutyczne w leczeniu depresji w kontekscie pandemii COVID-19. Na podstawie
dostepnych badan stwierdzono, ze przebycie infekcji SARS-CoV-2 oraz narazenia na
czynniki stresowe zwigzane z pandemig COVID-19 mogg predysponowa¢ do rozwoju
zaburzen psychicznych, w tym zaburzen depresyjnych i neuropoznawczych. Zakazenie
SARS-CoV-2 moze wywota¢ przedluzajacy si¢ stan =zapalny organizmu, z
podwyzszonymi interleukinami, CRP i D-dimerami, nawet kilka miesigcy od zakazenia.
Dodatkowo, moze prowadzi¢ do dlugotrwatych zaburzen funkcji poznawczych,
utrzymujacych si¢ nawet przez kilka miesiecy po wyzdrowieniu, oraz przyczyniac si¢ do
rozwoju demencji. Wykazano, ze leczenie przeciwdepresyjne wykazuje wilasciwosci
przeciwutleniajace i przeciwzapalne, a w przypadku leczenia COVID-19 rowniez
przeciwwirusowe. Jednoznaczny wpltyw leczenia przeciwdepresyjnego na poprawe
funkcji poznawczych pozostaje niejasny. U osob z depresja z przebytym COVID-19
wyjsciowy poziom stanu zapalnego moze by¢ wyzszy, a odpowiedZ na leczenie
przeciwdepresyjne mniej efektywna. Pandemia ujawnita potrzebe dalszych badan nad
dhugoterminowymi skutkami COVID-19 celem wyodrebnienia pacjentow z grupy ryzyka
i opracowania skuteczniejszych metod leczenia zaburzen depresyjnych i

neuropoznawczych.
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6.2 Praca oryginalna pt. ,, The Effect of Antidepressant Treatment on Neurocognitive

Functions, Redox and Inflammatory Parameters in the Context of COVID-19”

6.2.1 Cel pracy

Celem badania byta ocena wplywu leczenia przeciwdepresyjnego na poprawe w zakresie
objawow  klinicznych depresji, funkcji neuropoznawczych oraz parametrow
biochemicznych stanu zapalnego, w tym parametrow stresu oksydacyjnego 1
nitrozacyjnego, szlaku kynureninowego, CRP i D-dimeréw, u pacjentow z depresja, w
konteks$cie przebytej infekcji COVID-19.

6.2.2 Material i metody

6.2.2.1 Grupa badana i kontrolna

Badanie zostato przeprowadzone w Klinice Psychiatrii Uniwersytetu Medycznego w
Biatymstoku w okresie od grudnia 2021 roku do lutego 2023 roku. Uczestnicy zostali
zrekrutowani sposrod pacjentdw hospitalizowanych z powodu pogorszenia stanu
psychicznego, z  rozpoznaniem zaburzen  depresyjnych, na  Oddziatach
Ogo6lnopsychiatrycznych Samodzielnego Publicznego Psychiatrycznego Zaktadu Opieki
Zdrowotnej w Choroszczy oraz Kiliniki Psychiatrii Uniwersytetu Medycznego w
Biatymstoku. Kazdy uczestnik badania byt dorostym obywatelem Polski rasy kaukaskiej
1 wyrazit swiadomg zgod¢ na udziat w badaniu. Badanie uzyskalo zgode Komisji
Bioetycznej Uniwersytetu Medycznego w Bialymstoku (nr APK.002.281.2021) 1 byto
prowadzone zgodnie z Deklaracja Helsinskg oraz wytycznymi Dobrej PraktyKi
Klinicznej.

Lacznie zbadano 63 osoby, w tym 33 pacjentdw z rozpoznaniem zaburzen depresyjnych
1 30 osob zdrowych, bez zaburzen psychicznych. W grupie badanej, po weryfikacji
przeciwciat IgG przeciwko biatku N i domenie S-RBD wirusa SARS-CoV-2, kontakt z
wirusem potwierdzono u 21 osdb, natomiast w grupie kontrolnej u 23 uczestnikow
badania. Grupy byly poréwnywalne pod wzgledem wieku (18-65 r.z.) plci, statusu
zwigzku 1 BMI z wykluczeniem os6b w cigzy, karmiacych piersia, z otytoscig (BMI > 30
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kg/m2,) w trakcie sterydoterapii, uzaleznieniem od substancji psychoaktywnych, z
wywiadem powaznego urazu glowy, zaburzen neurokognitywnych oraz z aktywna

wspotchorobowos$cig somatyczng o udowodnionym podtozu zapalnym.

6.2.2.2 Protokdt badania

W dniu wlaczenia do badania wszyscy uczestnicy zostali poddani badaniu fizycznemu i
psychiatrycznemu, ocenie funkcji neuropoznawczych oraz pobrano od nich materiat
biologiczny do analizy (pierwszy pomiar). Rozpoznanie depresji bylo stawiane w oparciu
0 kryteria ICD 1 potwierdzone przez doswiadczonego psychiatre. Stosowano
ustrukturyzowany kwestionariusz wywiadu (M.I.N.l.) celem wykluczenia innych
potencjalnych zaburzen psychicznych. Dane demograficzne i kliniczne zbierano przy
uzyciu ustrukturyzowanego kwestionariusza przygotowanego na potrzeby tego badania.
Nasilenie stresu zwigzanego z pandemig COVID-19 oceniano za pomocg polskiej wersji
Skali Wptywu Zdarzen—Revised (IES-R). Objawy depresji i leku oceniano przy uzyciu
Skali Depresji Hamiltona (HAM-D), Inwentarza Depresji Becka (BDI) i Skali Le¢ku
Hamiltona (HAM-A). Przeprowadzono rowniez ocen¢ neuropsychologiczng za pomoca
Testu Fluencji Stownej (VFT), Testu Powtarzania Cyfr WAIS-R (DST), Testu Laczenia
Punktow (TMT) czesci A 1 B, Testu Stroopa (SCWT) oraz Kalifornijskiego Testu
Uczenia si¢ Jezykowego (CVLT). Uczestnicy oceniali subiektywnie ciezkos¢ przebytego
zakazenia SARS-CoV-2 w skali od 1 do 10 punktéw oraz stopien uposledzenia smaku i
wechu w czasie COVID-19 w trzypunktowej skali. Powtornej procedury testowej (drugi
pomiar) dokonano po 4-6 tyg od wigczenia leczenia przeciwdepresyjnego u 21 osob (13
Ki8 M), w tym u 15 0s6b z potwierdzonym wywiadem SARS-CoV-2. Leczenie
przeciwdepresyjne obejmowalo leki o wiasciwosciach modulujacych gléwnie
przekaznictwo serotoninergiczne, a wybor leku byl dokonywany przez lekarza
prowadzacego na podstawie obrazu klinicznego, wczesniejszej odpowiedzi na leczenie
przeciwdepresyjne oraz mozliwych skutkéw ubocznych. OdpowiedZz na lek
przeciwdepresyjny mierzono jako poprawe¢ wynikow w zakresie skal HAM-D, BDI i

HAM-A przed- i po- wiaczeniu leczenia.
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6.2.2.3 Analizy biochemiczne

U wszystkich uczestnikéw zbadano podstawowe parametry biochemiczne z krwi:
morfologia, potas, s6d, kreatynina, aminotransferaza alaninowa (ALT), aminotransferaza
asparaginianowa (AST), hormon stymulujacy tarczyce (TSH), cholesterol catkowity,
lipoproteiny o niskiej gestosci (LDL), lipoproteiny o wysokiej gestosci (HDL),
trojglicerydy (TGA) oraz biatko C-reaktywne (CRP) i D-dimery przy uzyciu wiro6wki
MPW M-DIAGNOSTIC i analizatora Cobas Integra 400+ (Roche).

Czeg$¢ surowicy zamrazano w proboéwkach Eppendorf i przechowywano w temperaturze
—80°C do dalszych badan, w tym oznaczania przeciwcial anty-SARS-CoV-2 oraz
parametréw redoks. Probki moczu pobierano ze $rodkowego strumienia pierwszego
porannego moczu, wirowano przy 1300x g przez 10 minut w temperaturze 4°C, a
nastgpnie zbierano supernatant, zamrazano i przechowywano w probowkach Eppendorf
w temperaturze —80°C do czasu analizy biochemicznej.

Zbadano przeciwciata IgG przeciwko biatku nukleokapsydu (anti-N 1gG) oraz domenie
wigzacej receptor (RBD) podjednostki S1 biatka kolca (anti-S-RBD 1gG) SARS-CoV-2
za pomocg analizatora Alinity (Abbott) zgodnie z wytycznymi producenta,
wykorzystujac chemiluminescencyjny test immunologiczny na mikropartykutach
(CMIA). Pozytywne wyniki uzyskano dla miana > 1,4 dla przeciwciat anti-N IgG oraz >
50 AU/mL dla przeciwciat anti-S-RBD IgG.

Zbadane parametry szlaku kynureninowego oraz stresu oksydacyjnego i nitrozacyjnego
w surowicy i moczu obejmowaty: kynurenina (KN), N-formylokynurenina (NFK),
dityrozyna (DT), tryptofan (TRY), dysmutaza ponadtlenkowa (SOD), katalaza (CAT),
peroksydaza glutationowa (GPx), zredukowany glutation (GSH), 4-hydroksynonenal (4-
HNE), tlenek azotu (NO), S-nitrozotiole i nadtlenoazotyny. Wszystkie odczynniki do
oznaczen redoks zakupiono w firmie Sigma-Aldrich. Pomiaréw dokonywano za pomoca
czytnika mikroptytek BioTek Synergy H1 (Winooski, VT, USA). Wszystkie oznaczenia

standaryzowano do 1 mg biatka catkowitego.

6.2.2.4 Analiza statystyczna

Dane zaprezentowano jako liczbe przypadkdéw z wartoscig procentowa dla zmiennych
jakosciowych lub jako mediang z 1 1 3 kwartylem dla zmiennych ilo$ciowych.
Normalno$¢ danych oceniano przy pomocy testu Shapiro Wilka. Dla zmiennych o
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rozktadzie normalnym do porownania mi¢dzy grupami zastosowano test T-studenta, dla
zmiennych o rozkladzie odbiegajacym od normalnego zastosowano test Manna
Whitneya. Do pordwnania zmiennych jakosciowych zastosowano test Chi2 Pearsona.
Korelacje oceniono z zastosowaniem wspotczynnika Spearmana. Wartosci p < 0,05

uznawano za istotne. Analiz¢ wykonano w jezyku R w srodowisku RStudio.

6.2.3 Wyniki

6.2.3.1 Porownanie grupy badanej i kontrolnej

6.2.3.1 .1 Parametry O&NS, szlaku kynureninowego, CRP i D-dimery

W grupie badanej przed leczeniem przeciwdepresyjnym (pierwszy pomiar)
zaobserwowano istotnie wyzsze stezenie surowiczego TRY w poréwnaniu z grupg
kontrolng. Istotne r6znice stwierdzono roéwniez w st¢zeniach surowiczych
nadtlenoazotynu, TRY 1 DT miedzy grupg badang po leczeniu przeciwdepresyjnym
(drugi pomiar), a grupa kontrolng: stezenie nadtlenoazotynu byto nizsze, a stezenia TRY
1 DT wyzsze w grupie badanej. Nie zaobserwowano istotnych réznic migdzy stezeniami
CRP i D-dimeroéw przed i po leczeniu przeciwdepresyjnym w poroOwnaniu z grupa

kontrolna, jak 1 w kontekscie przebytego COVID-19.

Natomiast, u pacjentow z depresjg i przebytym COVID-19 zaobserwowano istotnie
nizszg aktywno$¢ GPx w surowicy oraz istotnie wyzsze stezenie NO w moczu w
pierwszym pomiarze, a w drugim pomiarze stwierdzono istotnie wyzsze stezenia S-
Nitrozotioli w surowicy. W grupie kontrolnej u osob, ktére przeszty COVID-19,

stwierdzono istotnie wyzsze stezenia NFK w moczu.

6.2.3.1.2 Skale oceniajgce nasilenie depresji i leku, wyniki testow neuropsychologicznych

oraz stres zwigzany z pandemig COVID-19

W grupie badanej wyniki skal oceniajacych nasilenie depres;ji i leku byty istotnie wyzsze
przed 1 po leczeniu przeciwdepresyjnym w poréwnaniu z grupa kontrolng. Nie
zaobserwowano istotnych roznic w wynikach IES-R migdzy pacjentami z depresja przed

leczeniem, a grupa kontrolna, a takze w odniesieniu do historii COVID-19. Pacjenci z
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depresja przed leczeniem uzyskali istotnie nizsze wyniki w testach funkcji poznawczych
(VFT, TMT czesci A 1 B, DST, SCWT i CVLT) niz grupa kontrolna. Jednak po leczeniu
przeciwdepresyjnym istotnie nizsze wyniki wsrod pacjentdw z depresja ograniczaly si¢

tylko do testu Stroop Color Word Test.

6.2.3.2 Porownanie wynikow pierwszego i drugiego pomiaru (przed i po leczeniu

przeciwdepresyjnym) w grupie badanej

6.2.3.2.1 Parametry O&NS, szlaku kynureninowego, CRP i D-dimery

Po leczeniu przeciwdepresyjnym zaobserwowano istotny spadek st¢zenia
nadtlenoazotynu w surowicy oraz istotny wzrost stezenia GSH w surowicy. Nie wykryto

istotnych réznic w stgzeniach CRP i D-dimerow.

6.2.3.2.2 Skale oceniajgce nasilenie depresji i leku oraz wyniki testow

neuropsychologicznych

Po leczeniu zaobserwowano istotne zmniejszenie nasilenia depresji i lgku ocenianego za
pomoca skal HAM-D, BDI i HAM-A, oraz podwyzszenie wynikow w poszczegdlnych
zadaniach CVLT oceniajgcych procesy pamigciowe (Zadanie 1, Zadanie 1-5, Lista B,
Odtwarzanie swobodne po krétkim odroczeniu, Odtwarzanie z pomoca po kréotkim

odroczeniu, Odtwarzanie swobodne po dlugim odroczeniu).

6.2.3.3 Korelacje stresu oksydacyjnego, CRP i D-dimeréw z poszczegdlnymi

parametrami

Nie zaobserwowano istotnej korelacji w zakresie parametréw stresu oksydacyjnego z
pierwszego pomiaru ze zmianami wynikéw skal HAM-D, HAM-A i BDI przed i po
leczeniu przeciwdepresyjnym. Stwierdzono pozytywna korelacje wartosci CRP ze
zmniejszeniem nasilenia depresji wg skali BDI po leczeniu przeciwdepresyjnym.

U pacjentow z depresja przed leczeniem zaobserwowano pozytywne korelacje wynikoéw
skali HAM-D z aktywnos$cig CAT w surowicy i stezeniem S-nitrozotioli w moczu, a takze

pozytywne korelacje wynikoéw BDI ze stgzeniem GSH i aktywnoscig SOD w surowicy.
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Dodatkowo, stwierdzono pozytywna korelacje wynikow IES-R ze stezeniem GSH w

surowicy przed leczeniem w grupie badanej.

6.2.3.4 Korelacje przeciwciat SARS-CoOV-2 z poszczegolnymi parametrami

W grupie badanej przed i po leczeniu przeciwdepresyjnym nie stwierdzono istotnych
korelacji miedzy mianem przeciwcial SARS-CoV-2, a nasileniem depres;ji i leku, zmiang
wynikow skal HAM-D, HAM-A, BDI oraz nasileniem ogoélnych objawow podczas
zakazenia SARS-CoV-2.

W grupie kontrolnej zaobserwowano istotng korelacje miedzy stezeniami przeciwcial
anty-N 1gG, a nasileniem zaburzen smaku podczas zakazenia SARS-CoV-2.
Obserwowana korelacja byla dodatnia, co oznacza, ze osoby z wyZzszymi stezeniami

przeciwcial miaty bardziej nasilone objawy podczas infekcji COVID-19.

6.2.4 Whnioski

1. Chociaz doniesienia z przegladu literatury sugeruja, ze procesy zapalne
towarzyszace zakazeniu SARS-CoV-2 moga wptywac na skuteczno$¢ leczenia
0sOb z depresja, niniejsze badanie nie potwierdza, ze odpowiedz kliniczna na
leczenie przeciwdepresyjne moze by¢ zwigzana z przechorowaniem COVID-19 i

wyj$ciowym stezeniem przeciwciat SARS-CoV-2.

2. Poziom odczuwanego stresu zwigzanego z pandemig COVID-19 nie réznit si¢
migdzy osobami z depresja, a osobami bez depresji oraz w zaleznosci od

przechorowania COVID-19.

3. Przebycie COVID-19 wsrdod osob z depresja wiagze si¢ z nasilonym stresem
oksydacyjnym w poréwnaniu do grupy kontrolnej (nizsza aktywnos$¢ GPx i

wyzsze stezenie NO).

4. Leczenie przeciwdepresyjne wplywa na parametry stresu oksydacyjnego i

nitrozacyjnego (wzrost stezenia GSH, spadek stezenia nadtlenoazotynu).
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5. Leczenie przeciwdepresyjne wplywa na redukcj¢ objawow depresji i poprawe

funkcji poznawczych

6. Nasilenie depresji koreluje z parametrami stresu oksydacyjnego i nitrozacyjnego

(aktywnoscig CAT i SOD, stezeniem GSH, stezeniem S-nitrozotioli).

7. Dalsze badania sa niezbedne do oceny wptywu przebycia COVID-19 na
skuteczno$¢ terapii przeciwdepresyjnej. Ich wyniki moga poglebi¢ wiedze 1
swiadomo$¢ wsrod klinicystow, wspiera¢ poszukiwanie nowych metod
optymalizacji leczenia zaburzen depresyjnych w okresie po pandemicznym oraz
umozliwi¢ lepszg identyfikacje pacjentow z grup podwyzszonego ryzyka, w tym

z zespolem post-COVID-109.
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Abstract: The dysfunctional effects of the coronavirus disease 2019 (COVID-19) infection on the
nervous system are established. The manifestation of neuropsychiatric symptoms during and after
infection is influenced by the neuroinvasive and neurotrophic properties of SARS-CoV-2 as well as
strong inflammation characterised by a specific “cytokine storm”. Research suggests that a strong
immune response to a SARS-CoV-2 infection and psychological stressors related to the pandemic may
cause chronic inflammatory processes in the body with elevated levels of inflammatory markers con-
tributing to the intensification of neurodegenerative processes. It is suggested that neuroinflammation
and associated central nervous system changes may significantly contribute to the etiopathogenesis
of depressive disorders. In addition, symptoms after a COVID-19 infection may persist for up to
several weeks after an acute infection as a post-COVID-19 syndrome. Moreover, previous knowledge
indicates that among SSRI (selective serotonin reuptake inhibitor) group antidepressants, fluoxetine
is a promising drug against COVID-19. In conclusion, further research, observation and broadening
of the knowledge of the pathomechanism of a SARS-CoV-2 infection and the impact on potential
complications are necessary. It is essential to continue research in order to assess the long-term
neuropsychiatric effects in COVID-19 patients and to find new therapeutic strategies.

Keywords: COVID-19; SARS-CoV-2; neuroinflammation; depressive disorders; depression; neu-
rocognitive disorders; post-covid; long-term; complications

1. Introduction

At the time of writing this review, the entire world was struggling with the coro-
navirus disease 2019 (COVID-19) pandemic, which has affected nearly every aspect of
society [1]. Despite the duration of the pandemic for many months, SARS-CoV-2 infection
still hides many unknowns, especially regarding its long-term effects [2,3]. COVID-19 is
an acute infectious respiratory disease caused by a novel virus named SARS-CoV-2. It is a
single-stranded RNA virus with about 80% similarity to SARS-CoV from the coronavirus
family [4]. The first cases of infection were reported at the turn of 2019/2020 in China.
Rapid global transmission of the virus was observed with an increasing wave of infections
and deaths. In March 2020, The World Health Organization (WHO) declared a COVID-
19 pandemic [5]. As of 30 August 2021, the COVID-19 pandemic had over 216 million
confirmed cases with 4.5 million deaths [6]. Along with the destabilisation of everyday
life, negative psychological consequences of the pandemic and the emergence of mental
disorders among societies have been observed [7-9]. In the course of a COVID-19 infection,
in addition to typical respiratory symptoms, a dysfunctional effect of SARS-CoV-2 on other
body systems, including the nervous system, has been noticed [10,11]. A range of COVID-
19 neurological symptoms has been observed from mild symptoms such as a headache
or dizziness to loss of taste, smell, meningitis and even necrotic encephalitis [12,13]. Ac-
cording to the latest scientific reports, the manifestation of neuropsychiatric symptoms
during and after a COVID-19 infection is influenced by the neuroinvasive and neurotrophic
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properties of SARS-CoV-2 as well as by strong inflammation in the course of the infection
characterised by a specific “cytokine storm” [14-16]. Potentially life-threatening cytokine
storm syndrome is characteristic of severe COVID-19 [17]. Research suggests that a strong
immune response to a SARS-CoV-2 infection and psychological stressors related to the
pandemic may cause chronic inflammatory processes in the body with elevated levels
of inflammatory markers contributing to the intensification of neurodegenerative pro-
cesses and the emergence of other psychiatric complications [18-21]. Inflammation, related
changes and damages at the level of the nervous system in the course of SARS-CoV-2
have been suggested to significantly contribute to the etiopathogenesis of depressive dis-
orders [22-24]. Furthermore, studies show that some acute viral infections can induce an
abnormal immune response, affecting the manifestation of long-term neuropsychiatric
consequences [25,26]. Experiences of previous viral pandemics, such as the flu of the 18th
and 19th centuries, Spanish flu in the 20th century and the coronaviruses causing severe
acute respiratory syndrome (SARS) in 2002 and the Middle East respiratory syndrome
(MERS) in 2012, suggest a link with the manifestation of neuropsychiatric complications
both during and after an acute infection [27]. Among the survivors after infection with
SARS-CoV and MERS coronaviruses, there have been cases of memory, attention and
concentration disturbances lasting up to 39 months after the onset of the disease [28,29].
It has been suggested that the severity of neuropsychiatric complications correlates with
the severity of COVID-19. It is observed that those patients, after experiencing severe
COVID-19 with respiratory symptoms, leaving intensive care units are potentially more
likely to experience long-term neuropsychiatric and neurocognitive conditions such as de-
pression, obsessive-compulsive disorder, psychosis, Parkinson’s disease and Alzheimer’s
disease [20,30]. The consequences of SARS-CoV-2 infection on the body have a wide and
serious impact and are still being investigated [31]. In this review, we focus on the problem
of depressive and neurocognitive disorders in the face of COVID-19, the pathogenesis of
SARS-CoV-2 infection, its long-term consequences for the body and potential therapeutic
interventions, including antidepressant treatment. The studies conducted so far indicate
the immunomodulatory and antiviral properties of antidepressant treatment, which may
appear effective in counteracting neuropsychiatric complications after COVID-19 [32,33].

2. Materials and Methods

Articles were searched from various databases, including PubMed, Google Scholar
and MEDLINE, using the following keywords: SARS-CoV-2, COVID-19, cytokine storm,
inflammation, neuroinfection, neuroinflammation, depressive disorders, neurocognitive
disorders, post-COVID syndrome, antidepressants. The duration for viewing potentially
interesting articles was from 1 December 2020 until 18 August 2021. Selected articles
concerned the issues of inflammation in the course of COVID-19 and neuropsychiatric com-
plications after COVID-19 infection. Moreover, publications on the effect of antidepressant
treatment on COVID-19 were reviewed. The conclusions were drawn up on the basis of
the available literature and our own reflections.

3. Inflammatory Basis of Depression
3.1. Depression as a Global Problem

Depressive disorders are a common and serious health problem. Depression is the
leading cause of disability in the world, which is a personal and socioeconomic chal-
lenge [34]. Depression affects about 5-17% of the population and is one of the most
common mental disorders in the society [34]. More than 350 million people worldwide
suffer from depression, and about 40-80% of them have suicidal thoughts, while 20-40%
attempt suicide, of which 12-18% are successful. Each year, it is estimated that about
one million people worldwide die from depression [35,36]. The prevalence of depressive
disorders in the 18-29 age group is 3 times higher than that of the age of 60 and more [37].
Women suffer from depression more often than men, and incidence rates increase in women
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with age. Beginning in early adolescence, the incidence rate in women is 1.5 to 3 times
highthan in men [37]. »

3.2. The Concept of the Inflammatory Basis of Depression

The aetiology of depression is multifactorial, consisting of biological, genetic, psy-
chological and environmental factors which, according to the neurodevelopmental theory,
complement each other (Figure 1) [37-39]

Figure 1. Multifactorial aetiology of depression.

In addition to the current main neurobiological concepts of depression—including the
monoaminergic theory with brain neurotransmission dysfunction, the dysregulation of
the hypothalamic-pituitary-adrenal (HPA) axis [40] and structural changes in the brain
mainly in the hippocampus and frontal lobes [41,42]—the key role of inflammation in the
nervous system in the development of depression is increasingly emphasised [43,44].

3.2.1. The Hypothalamic-Pituitary-Adrenal Axis (HPA) and Role of Chronic Stress

The hypothalamic-pituitary—adrenal (HPA) axis as the stress axis is adaptive in order
to maintain homeostasis by the body. It plays a key role in responding to stress stimuli,
both physical and mental. As a result of the activation of the HPA axis, the sympathetic
nervous system is stimulated with the release of cortisol and adrenaline. In the event
of a prolonged stressful situation or impaired functioning of the feedback loop, chronic
stress occurs [45-47]. Chronic stress is one of the strongest inhibitors of neurogenesis,
leading to a decrease in the proliferation of neuronal stem cells and the survival of new
nerve cells in the dentate gyrus of the hippocampus. As a result of stress stimulation
of the hypothalamic—pituitary—adrenal axis, there is an increase in the amount of glu-
cocorticosteroids adversely affecting neurogenesis and an increase in the expression of
their receptors on the hippocampus. The secretion of stress hormones is potentiated by
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pro-inflammatory factors, including interleukin-1 (IL-1) [48,49]. Hypercortisolaemia with
excessive autonomic activation has an adverse effect on the bpdy, causing immunosup-
pression, increased blood pressure, increased cholesterol levels and the dysfunction of
the production of sex hormones [45,50,51]. Moreover, the number of glucocorticosteroid
receptors is lowered, and their sensitivity is reduced, which causes feedback loop disorders.
In addition, the long-term activation of the HPA axis causes the influx of calcium ions to
the hippocampal neurons, leading to their apoptosis. There are structural and functional
changes in the hippocampus and a reduction in its volume due to the neurotoxic effect of
hypercortisolaemia [45,52,53]. Recent studies show that chronic stress can lead to primary
microglia activation by influencing the vessels [47,54]. As a result of chronic stress, there
may also be a reduction in the level of neurotrophins and growth factors promoting neuro-
genesis and disturbances in the level of neurotransmitters, such as Gamma-aminobutyric
acid (GABA), serotonin, glutamate, dopamine and noradrenaline, which are important in
maintaining mental well-being [48]. Changes in the brain caused by a reaction to long-term
or severe stress may appear with memory and learning difficulties as well as affecting the
manifestation of affective disorders and depression [35,41,43]. In terms of pathophysiology,
depressive disorders resemble chronic stress [55]. In the group of people with depression,
an increased concentration of corticotropin releasing factor (CRF) in the cerebrospinal fluid
and an increase in the secretion of the hypothalamic neurohormone arginine vasopressin
(AVP) were both observed [56]. This is associated with an impaired pituitary response
to stimulation by CRF as a result of receptor down-regulation for CRF of the anterior
pituitary lobe. One study evaluating the pituitary response to CRF stimulation in women
with/without an episode of major depression and/or with a history of sexual abuse with
assessment of CRF and AVP concentrations in CSF showed nearly 60% variability in the
ACTH response to CRF stimulation [56].

3.2.2. Neuroinflammation and Brain Changes in Depression

In patients with depression, the presence of inflammation and activation of the im-
mune system both in the periphery and in the central nervous system is found [57]. There
is a diminished T-lymphocyte profiling response and over-activation of the non-specific in-
flammatory response and the acute-phase inflammatory response mechanisms [58]. There
is an increase in oxidative stress and lipid peroxidation and a decrease in the activity of
antioxidant enzymes, with an increase in the production of reactive oxygen species [59,60}.
The results of the studies indicate the presence of elevated levels of acute phase proteins,
including C-reactive protein (CRP), haptoglobin, «1-antitrypsin (A1AT) and Alpha-1-acid
glycoprotein (AGP), in some depressed people (who do not develop the inflammatory
process of a known aetiology) [61]. Studies also indicate the presence of inflammatory medi-
ators such as prostaglandin E (PGE2), a pro-inflammatory nitric oxide-NO molecule [62-64].
In addition, prolonged and severe depressive states may be accompanied by increased
plasma levels of pro-inflammatory cytokines IL-1, IL-2, a soluble IL-2 receptor (sIL-2R),
tumour necrosis factor « (TNF-o), IL-8, IL-18 and interferon- y (IFN-y) and a decrease
in acute phase protein concentrations of albumin and transferrin as well as IL-10 and IL-
12 [61,65,66]. Inflammatory cytokines have the ability to penetrate the blood-brain barrier
and activate microglia, which in turn increases the activity of the enzyme indoleamine-
2,3-dioxygenase (IDO), which catabolises tryptophan to kynurenine (KYN) [22,67,68]. The
serotonergic transmission is disturbed, and kynurenine, due to its neurotoxic properties,
leads to the processes of neurodegeneration of the frontal lobes, hippocampus and amyg-
dala [44,69,70]. The alteration of the kynurenine pathway with the dysregulation of the
HPA axis leads to an increase in extracellular glutamate levels and the neurotransmission
of glutamate, affecting the neurogenesis of the hippocampus [45,48,71]. It is suggested
that this pathophysiological cascade is triggered or sustained and enhanced by chronic
inflammation with increased levels of circulating inflammatory markers that are capable of
activating microglia and exacerbating inflammation in the nervous system and in conse-
quence leading to the possible disclosure of depressive disorders [34,45,72]. Furthermore,
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there are studies indicating that the severity of neuroinflammation in the prefrontal cortex,
anterior cingulate cortex and insula is associated with the severity of a depressive episode
by assessing the expression of translocation protein 18 kDa (TSPO) in positron emission
tomography (PET) study [73-75]. TSPO is considered a specific biomarker of brain inflam-
mation, particularly due to its high expression in brain immune cells, including activated
microglia and stimulated astrocytes, and it can be quantified in PET [73,75]. In addition,
Richards et al. show a correlation of IL-5 levels in cerebrospinal fluid, with TSPO binding
on PET scan in areas of the subcallosal prefrontal cortex (sgPFC) and anterior cingulate
cortex, proving an inflammatory background of depression [73].

4. Inflammation in a SARS-CoV-2 Infection
4.1. The Renin—Angiotensin—Aldosterone System and the Role of ACE2

The renin-angiotensin-aldosterone system (RAS) plays an important role in the patho-
physiology of a SARS-CoV-2 infection [76]. RAS is responsible for the regulation of the
circulating blood volume in the body and the concentration of potassium and sodium ions
in body fluids [77]. Furthermore, it is also involved in the pathogenesis of many diseases,
such as hypertension, cardiac hypertrophy and fibrosis, atherosclerosis, diabetic micro- and
macroangiopathy and inflamed and fibrotic kidneys, as well as in immune disorders [78,79].
The decrease in renal blood flow causes the secretion of renin, which converts angiotensino-
gen to angiotensin 1 (Ang1), which is then converted by angiotensin-converting enzyme
(ACE) to angiotensin 2 (Ang2). The effect of an excessive amount of angiotensin 2 is an
increase in vasoconstriction and vascular permeability, activation of cellular pathways
and the release of proinflammatory factors including prostaglandins, vascular endothelial
growth factor (VEGF), nuclear factor kappa B (NF-«kB), TNF-a, interleukin-18 (IL-18),
IL-6 and IFNYy. The SARS-CoV-2 virus enters the cell by binding the S-spike virus to
angiotensin-converting enzyme 2 (ACE2) as a specific receptor in the form of a transmem-
brane protein. ACE2 is widely expressed on the surface of many organ cells, especially
in the lungs and intestine, as well as in the cardiovascular system, kidneys, adipose tis-
sue and central nervous system. That is why we observe a range of symptoms in the
course of COVID-19, from the symptoms typical of the respiratory and digestive system, to
thrombotic events, kidney failure and a number of neuropsychiatric symptoms [80,81]. The
appropriate level of ACE2 is necessary for the proper maintenance of homeostasis in cells.
ACE2 is responsible for the conversion of angiotensin 2 to angiotensin (Ang) (1-7), which
by binding to the Mas receptor (MasR) and angiotensin AT2 receptors (AT2R) produces the
opposite effect to angiotensin 2. The ACE2/Ang1-7/MasR axis causes vasorelaxation and
suppresses inflammation, oxidative stress, apoptosis, fibrosis and coagulation. Blocking
ACE2 by SARS-CoV-2 and down-regulating ACE2 expression leads to the accumulation
of angiotensin 2 in the cytoplasm of cells, with a predominance of the pressor arm of the
renin-angiotensin system (RAS) [82,83].

4.2. Pathophysiology of SARS-CoV-2 Infection

SARS-CoV-2 first infects alveolar epithelial cells, replicates and then induces cell death
via a pyrocytosis mechanism causing the release of damage-associated molecular structures
(DAMPs) and pathogen-associated molecular patterns (PAMPs) that are recognised by
receptors (Toll-like receptors-TLR-s) of neighbouring epithelial cells, endothelial cells and
macrophages [84,85] (Figure 2). The activation of the innate and adaptive inflammatory
response occurs with inflammatory responses (NF-«B, IL1-8, IL-18 activation) and pro-
inflammatory secretion. There is a release of inflammatory cytokines and chemokines
typical of T-helper-1 (Th-1), such as IL-6, IFNY, interferon gamma-induced protein 10
(IP-10) and the chemokine ligand 2 (CCL2), which then attracts and activates monocytes,
macrophages and T cells with the aggravation of inflammation at the site of infection. Fur-
thermore, there is an overproduction of TNF-«, IL-2, IL-7, granulocyte colony-stimulating
factor (G-CSF) and macrophage inflammatory protein 1 (MIP1x) [18,86,87]. Moreover,
there is an increase in T-helper-2 (Th-2) cytokines, including interleukin-1 receptor an-
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tagonist (IL-1RA), IL4 and IL-10, with anti-inflammatory effects [86,88-90]. IL-6 has a
pleiotropic effect and is involved in immune regulation and inflammatory response by
inducing various acute phase proteins, such as CRF, SAA, fibrinogen, antitrypsin, hepcidin
and complement components that worsen the inflammatory reactions and activate the
coagulation pathway leading to coagulation disorders [91-93]. When there is inadequate,
uncontrolled over-release of cytokines (especially IL-6, IL-1B, TNF-«), a specific "cytokine
storm" may occur, with the spread of systemic cytokines and chemokines causing inflam-
mation with over the activation of neutrophils and organ damage leading to multiple organ
dysfunction/failure characteristic of high mortality [84,94].

SARS-CoV-2

IL1-B, TL-6, [L-18 , IFN-y, IP-10,
Coagulation disorders
CCL-2, TNFa, IL-2, IL-7,G-CSF,

Organ damage
MIPia, IL4, IL-10, IL-1RA

Multiple organ failure

Death

CRP, SAA, fibrinogen,

antitrypsin, hepcidin

Figure 2. Pathophysiology of SARS-CoV-2 infection. SARS-CoV-2 first infects alveolar epithelial cells,
replicates and then induces cell death via a pyrocytosis mechanism causing the release of damage-
associated molecular structures (DAMPs) and pathogen-associated molecular patterns (PAMPs) that
are recognised by receptors (Toll-like receptors-TLR-s) of neighbouring epithelial cells, endothelial
cells and macrophages. The activation of the innate and adaptive inflammatory response results in the
release of inflammatory cytokines and chemokines, including IL1-B, IL-6, IL-18, IFN-y, IP-10, CCL-2,
TNEF-a, IL -2, IL-7, G-CSF and MIP1«, in addition to IL4, IL-10 and IL-1RA with anti-inflammatory
properties. In addition, the level of CRP, SAA, fibrinogen, antitrypsin, hepcidin and complanént
components that worsen inflammatory reactions and activate the coagulation pathway leading to
coagulation disorders increases. As a result of a cytokine storm, systemic inflammation occurs and, as
a consequence, organ damage and failure can lead to death. Abbreviations: IL1-, interleukin 1 beta;
IL-6, interleukin 6; IL-18, interleukin 18; IFN-y, interferon gamma; IP-10, interferon gamma-induced
protein 10; CCL-2, the chemokine ligand 2; TNF-«, tumour necrosis factor alpha; IL-2, interleukin 2;
IL-7, interleukin 7; G-CSF, granulocyte colony-stimulating factor; MIP1«, macrophage inflammatory
protein 1a; IL4, interleukin 4; IL-10, interleukin 10; IL-1RA, interleukin-1 receptor antagonist; CRP,
C-reactive protein; SAA, serum amyloid A.

4.3. Laboratory Findings

The severity of COVID-19 is correlated with a high level of interleukins IL-6 and

IL-1 and with CRP, D-dimers, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), creatine kinase (CK), lactate dehydrogenase (LDH), creatinine, low albumin, high
yte sedimentation rate (ESR), low eosinophils, thrombocytopenia and lymphope-

nia [95,96]. Elevated LDH levels are associated with cell damage. In approximately 80%
of patients, lymphopenia and an increased ratio of neutrophils to lymphocytes are ob-
served [16,18,97,98]. Mahat et al. in their review and meta-analysis concluded that in
patients with severe COVID-19, serum levels of CRP, ESR, PCT (procalcitonin), IL-6, IL-10,
IL-2R, ferritin, SAA (serum amyloid A) and NLR (neutrophil-to-lymphocyte ratio) are
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significantly increased compared with people with a mild COVID-19. Moreover, they
showed increased levels of CRP, PCT, IL-6, ferritin and NLR in non-survivors compared
with survivors [99]. Elevated levels of interleukin 6 are characteristic of COVID-19 patients
with poor outcomes and are one of the best laboratory indicators of respiratory failure and
death. [100,101] IL-6 is considered to be the most significant cytokine in COVID-19, and
its increased concentration was also detected in the course of SARS and MERS [102,103].
Elevated serum amyloid A (SAA) levels and disturbances in other biochemical parameters
relevant to the development of Alzheimer’s disease have been reported among SARS-CoV-
2-positive individuals [99,104,105] (Figure 3). Moreover, the presence of antiphospholipid
autoantibodies, which contribute to coagulopathy and ischemic changes in the brain, was
observed among COVID-19 patients [24,84,106,107].

Z P PR NI A S PRI AR

IL-1, IL-6, IL-10,IL 2R, AST, ALT,
CREATININE, CRP, PCT.ESK, SAA,
CK, LDH, NLR, D-DIMERS,

FERRITIN H

LYMPHOCYTES, THROMBOCYTES
EOSINOPHILS

ALBUMIN

Figure 3. Changes in laboratory parameters in a SARS-CoV-2 infection. COVID-19 infection may be
manifested by elevated levels of interleukins (IL-1, IL-6, IL10, IL-2R) and other inflammatory markers
(CRP, PCT, ESR, ferritin, SAA) and by liver (AST, ALT) and kidney (creatinine) parameters, as well as
by CK, LDH, NLR, D-dimers, correlating with inflammation and decreased levels of lymphocytes,
thrombocytes, eosinophils and albumin, depending on the course of infection. Abbreviations: IL-1,
interleukin-1; IL-6, interleukin-6; IL-10, interleukin-10; IL-2R, the interleukin-2 receptor; CRP, C-
reactive protein; PCT, procalcitonin; ESR, erythrocyte sedimentation rate; SAA, serum amyloid A;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; CK, creatine kinase; LDH, lactate
dehydrogenase; NLR, neutrophil-to-lymphocyte ratio.

4.4. The Specificity of Inflammation in COVID-19

SARS-CoV-2 virus induces heterogeneous immune responses [108]. Some have a lack
of or mild immune system response, others develop a strong immune response with a
cytokine storm and multi-organ damage, including damage to the brain [86,96,109]. The
autoimmune response can be induced by a "molecular mimicry" mechanism, whereby
autoimmune cells cross-react with autoantigens [15,110,111]. Research suggests that acute
SARS-CoV-2 infection causes a subclinical damage accumulation that predisposes to chronic
pro-inflammatory disease and may impair the ability to take full advantage of a strong
immune system response to infection or trauma. Infected cells persist for up to 6 weeks
from the onset of symptoms, and inflammation may persist for weeks after infection
has stopped, suggesting an inadequate, excessive inflammatory response from COVID-
19, contributing to multiple organ failure [112]. In response to many stressors, such as
oxidative stress, metabolic derangement, altered proteostasis, genome instability, macro-
molecular damage and many others, cell senescence accumulates, which is involved in
the pathogenesis of sustained inflammation of the organism [18]. There is a hypothesis
that SARS-CoV-2 may influence cellular ageing by causing excessive oxidative stress, DNA
damage and metabolic derangement, as well as resulting in a direct effect of viral infec-
tion on tissue damage with activation of inflammation [18]. Additionally, overlapping
bacterial infections can exhaust the immune response, with physiological dysregulation
contributing to immunoageing [18]. As a result of SARS-CoV-2 infection, innate and adap-
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tive immunity may be exhausted. A hallmark of cellular ageing is the release into the
blood of senescence-associated secretory phenotype (SASP) factors, such as cytokines and
chemokines, which sustain inflammation [113]. Persistent systemic inflammation due to
tissue damage, environmental stressors and psychological and social stresses all influence
the risk of developing many chronic diseases, including autoimmune diseases, depression,
neurodegenerative disorders, accelerated cognitive decline and dementia [107,114].

4.4.1. Neuroinflammation in COVID-19

The immune system constantly communicates with the brain and spinal cord. Even in
the absence of damage to the blood-brain barrier, the T- and B-lymphocytes effectors can
penetrate the CNS to destroy pathogens [86,109,115,116]. Neuroinflammation is common
in various CNS disease states and is characterised by microglia activation accompanied
by leukocyte infiltration [117]. Microglia is highly sensitive to changes in peripheral
metabolism and comorbidities as well as to external environmental influences, such as
stress, diet, physical activity and environmental pollution [107,118]. Glial cells function as
resident cells of the innate immune system response to clearing pathogens and damaged
brain tissue, and astrocytes play a role in regulating microcirculation in the brain and regu-
lating extracellular glutamate levels [119]. Astrocytes and microglial cells are responsible
for maintaining homeostasis, including neurogenesis, synaptic formation, blood-brain
barrier control, capture of reactive oxygen species, neurotransmitter uptake, ion transport
and blood flow regulation [107,120,121]. Inflammation may have neurogenesis-regulating
properties depending on duration and activity of microglia, astrocytes and macrophages.
Proteins CD 47, CD 55 and CD 200 as well as interleukin 4 and 10 secreted by stimulated
microglia have proneurogenic properties [122]. However, long-term inflammation, through
the activation of microglia, increases the concentration of interleukins IL-6, IL-18 and
IL-1x and TNF that are unfavourable for neurogenesis [48,123]. As a result of SARS-CoV-2
infection, brain cells, including neurons, oligodendrocytes and glial cells, may lose their
physiological functions, leading to a disturbance of homeostasis in the brain. Even af-
ter a SARS-CoV-2 infection has ceased, microglia may remain excited indirectly through
epigenetic changes [107,124]. Microglial dysfunction, including disorders of neuronal
plasticity, synaptic function, myelination and the blood-brain barrier (BBB) maintenance,
can severely impair cognitive function, which may have consequences in the short-term
and long-term neuropsychiatric consequences of COVID-19 [125]. It is concluded that
disturbances at the cellular and molecular level of microglia and other brain cells, along
with the accompanying pandemic stress and anxiety, may contribute to the disclosure of
mental disorders, including depressive disorders, psychosis and cognitive disorders such
as Alzheimer’s disease, Parkinson’s disease and dementia [20,30,107].

4.4.2. Routes of Infection

There are several routes of infection of the nervous system with SARS-CoV-2. The
SARS-CoV-2 virus can infect directly by binding to the ACE2 receptor on endothelial [126],
nerve and glial cells [127-130]. In addition, it can penetrate the central nervous system
(CNS) through transnasal and transsynaptic invasions [131,132] to the olfactory bulb and
then the brainstem, where it can damage the respiratory centres [107,132].

4.4.3. The Effects of Neuroinflammation

As a result of systemic inflammation, circulating cytokines and chemokines can dam-
age the blood-brain barrier and then the brain parenchyma, leading to neuroinflammation
with haemorrhage, leukocyte infiltration and neurodegeneration [19,20]. In severe COVID
cases, an increase in blood proinflammatory factors such as a “cytokine storm” results in an
effect on the CNS and the manifestation of neuropsychiatric symptoms. [23,28,90,133,134].
Nervous system damage manifests itself through the neurological symptoms of COVID-
19, such as acute ischemic stroke, meningitis, encephalopathy and Guillain-Barre syn-
drome as well as psychiatric disorders, including depressive disorders, delirium and
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psychosis [12,13,30,135]. A number of neuropsychiatric symptoms are observed in the
course of COVID-19, and research also shows the occurrence of neurological and psychi-
atric complications after the time of infection [136]. The studies conducted so far show
the occurrence of symptoms of disturbances of consciousness and deterioration of mental
state in approximately 20-30% of patients with severe COVID-19 using neuroimaging
with MRI [96,137]. Moreover, in one-third of patients with acute/subacute COVID-19
referred for brain imaging, the results showed hypodense /hyperintense areas on MRI/CT
and other abnormalities, such as haemorrhagic lesions, including infarcts [138]. In the
study by Coolen et al. postmortem magnetic resonance imaging (MRI) results in non-
survivor COVID-19 patients showed in approximately 20% olfactory bulb asymmetry
and brain parenchyma abnormalities, including micro- and macro-bleeding and oedema
changes [139]. An autopsy study of 21 patients with fatal COVID-19 also revealed extensive
inflammation in multiple organs, with no SARS-CoV-2 present in any affected organs. In
the examined brain tissue, extensive neutrophilic infiltrates with aggregates of NETs (neu-
trophil extracellular traps) and platelets were found, without the presence of a virus. The
mainly affected areas included the olfactory bulb and medulla oblongata, which explains
the symptoms of anosmia and the possible increase in hypoxia with respiratory failure
during the disease [112].

5. The COVID-19 Pandemic as a Psychological Stress Factor

The global transmission of the SARS-CoV-2 virus, the lack of reliable information
and disinformation fuelled by sensational headlines in the media heightened fears and
social phobias [8,9,140]. A state of nationwide quarantine and additional restrictions were
introduced, limiting interpersonal contacts and movement [7,141]. There was fear of un-
certainty about the course of COVID-19 disease, the timing of the vaccine, the health
service’s ability to fight COVID-19 and government procedures to stop the virus from
spreading. In addition, there was a strong stigmatisation of people infected with COVID-19
who unknowingly transmitted the infection to other people, observing symptoms of acute
stress disorder, self-destructive behaviour and suicide among them [142,143]. There was
widespread anxiety and other psychological problems, including the stigmatisation of
people infected with the coronavirus in society, especially among medical staff [144,145].
A survey of 2200 Americans, at a time when the number of confirmed COVID-19 cases
in the US was 5, with no fatalities, found that 37% of those polled were worried and
concerned about the new SARS-CoV-2 virus, and 25% were more concerned in connection
with the COVID-19 pandemic than the Ebola outbreak in 2004 [7]. With the exception of the
immediate threat of COVID-19, the psychological impact of the pandemic was observed
on the mental health of the general population, including tendencies to closely observe the
functioning of the body—analysing cough, shortness of breath and constantly monitoring
body temperature—and the appearance of mental disorders with a state of anxiety and
panic and obsessive-compulsive disorders in connection with justified recommendations
for washing and disinfecting hands [146~148]. Psychotic exacerbations or even psychosis
have been reported among previously mentally unstable people who succumbed to disin-
formation during the pandemic [149,150]. The impact of strong anxiety accompanying the
pandemic on the aggravation of the pre-existing or the emergence of new mental disorders
was observed in susceptible people, deprived of natural defence mechanisms due to the
lack of social support and suffering from other mental and somatic disorders and previous
traumas, without access to reliable information [142,151-153]. Nonetheless, psychiatric
disorders are a risk with severe COVID-19. A systematic review of studies, including
43,938 COVID-19 patients with comorbid psychiatric disorders, found that the presence of
any psychiatric disorder (especially psychotic disorders and mood disorders) and exposure
to anti-anxiety and antipsychotic medications were associated with an increased risk of
hospitalisation and a higher risk of COVID-19 mortality. This association also applied,
to a lesser extent, to intellectual disability, developmental disorders and substance use
disorders, but not to anxiety disorders [154].
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Furthermore, the impact of the COVID-19 pandemic and its associated social re-
strictions has been observed in the progression of cognitive impairment in people with
dementia and in the exacerbation of neuropsychiatric symptoms in people with chronic
neurological diseases [155]. One study examining the effects of quarantine in patients with
Alzheimer’s disease (AD), frontotemporal dementia (FTD), vascular dementia (VD) and
dementia with Lewy bodies (DLB) found that approximately 60% of patients experienced
changes in behavioural and psychological symptoms (BPSD) after one month of isolation,
including worsening of previous symptoms (51.9%) or emergence of new symptoms (26%).
The most commonly reported symptoms that worsened were irritability, agitation, apathy,
depression, anxiety and sleep disturbances. Depending on the type of dementia, severity
of prevalence and gender of patients, differences in the trend of reported symptoms were
observed. Symptoms of anxiety and depression were more typical for the female gender,
patients with AD and mild to moderate disease course. In addition, DLB was associated
with a higher risk of increased sleep disturbances and hallucinations as well as FTD with
changes in appetite [156]. Another cross-sectional case-control study to quantify anxiety in
Parkinson’s disease (PD) patients in relation to social distance restrictions compared with
the general population showed the highest levels of anxiety in the PD group [157]. Itis
suggested that anxiety in PD patients is strongly correlated with the risk of a COVID-19
infection, the availability of the drug in a blockade situation and the perceived higher
risk of disease due to chronic comorbidity [157]. In addition, a COVID-19 infection may
contribute to the progression of neurodegenerative diseases, such as amyotrophic lateral
sclerosis, by exacerbating inflammation, and the progression of the disease state may
negatively affect patients’ psychological status. [158]. Outbreaks of pandemics were in-
variably associated with panic states and a sense of threat to individual safety due to
high mortality. Widespread health effects of the pandemic have been reported, including
anxiety, insomnia, increased alcohol consumption and loss of energy [159]. Studies on the
observed psychological reactions of society during previous pandemics suggest that the
response to stress may be influenced by individually diverse factors, such as individual
intolerance to uncertainty, perception of one’s own susceptibility to illness and tendency to
anxiety [142,160]. One study found that the "vulnerable group” (quarantined or relatives
or suspected/ill persons) experienced depressive symptoms more frequently during the
SARS pandemic compared with the "non-exposed group". Other studies have found that
more than 40% of people who developed SARS experienced symptoms of post-traumatic
stress disorder (PTSD) at some point during the pandemic. The respondents who were
isolated worked in places with a high risk of SARS infection—e.g., individuals in infectious
wards or relatives of patients who experienced contact with SARS were 2-3 times more
predisposed to developing severe PTSD symptoms compared with people not exposed to
the virus [161]. The above studies and the psychological impact of previous pandemics
demonstrate the possible impact of the larger global COVID-19 pandemic on the increase
in the incidence of PTSD in the population [162-164].

6. Depressive and Neurocognitive Disorders during a COVID-19 Pandemic

The outbreak of a pandemic and rapid changes in almost every aspect of life, social
isolation, quarantines and uncertainty about the future can be treated as strong stressors
dysfunctionally affecting mental health [165,166]. Studies have shown that COVID-19
patients are at high risk of stress and feelings of stigma [167,168] and are more likely than
the general population to suffer from a variety of mental disorders, including depression,
anxiety disorders, acute stress disorder, post-traumatic symptoms and insomnia [26,169].
An analysis of COVID-19 patients showed that 1 in 3 presented executive dysfunction
and problems with attention and orientation, and areas of hypoperfusion were observed
in brain imaging studies [170]. A study of survivors of COVID-19 conducted in Wuhan
6 months after recovery showed symptoms of depression among 23% of patients (367
out of 1617) [171]. One of the prospective studies concerned patients with SARS-CoV-2
admitted to the non-intensive ward, who during hospitalisation showed symptoms of
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depression in 29% of the patients, while 2 weeks after discharge, in 20% of the patients,
symptoms of depression were still observed. This may indicate a relatively stable severity
of depression in the subjects shortly after being infected with COVID-19 [172]. Moreover,
one of the studies showed that approximately 1 month after infection 31-38% of patients
reported symptoms of depression [173]. Another prospective study assessing the mental
state and the level of inflammatory markers in COVID-19 survivors one month and three
months after discharge from the hospital showed a relationship between inflammation after
COVID-19 and depression and related neurocognitive disorders. The 3-month follow-up
cohort showed disorders in at least one psychopathological sphere in 35.8% of respondents.
Moreover, there was a tendency to intensify depressive symptoms, especially in people with
a previous history of mental disorders and in the females, as well as an association of acute
infection with the manifestation of neurocognitive disorders including motor coordination
and executive dysfunctions in up to 78% of the respondents. With observation, symptoms
of depression persisted in contrast with symptoms of anxiety, PTSD and sleep disorders,
which improved over time [19]. COVID-19 may develop prolonged inflammation, predis-
posing to persistent depression and related neurocognitive disorders [18,20,22,24,174]. It is
associated with the SARS-CoV-2 infection itself inducing a specific inflammatory response
with possible long-term elevated levels of inflammatory markers [18,19,175,176]. In a study
from Ireland, approximately 25.3% of 150 patients with COVID-19 had elevated D-dimers
4 months after diagnosis, which was more common in patients requiring hospitalisation
and those who were over 50 years of age [177]. A previous study of COVID-19 survivors
indicates a relationship between cognitive dysfunction in maintaining attention and un-
derlying inflammation as measured by CRP [125]. Moreover, the baseline level of SI (II)
systemic immune inflammation associated with the level of lymphocytes, neutrophils
and platelets was found to be related to the severity of depression symptoms and the
prediction of neurocognitive impairments [19,178]. In a study by Zhou et al., higher levels
of SI (1), which can be considered a marker of the low-grade inflammation observed in
a mood disorder [23], have been associated with a major depressive disorder [179]. In
one meta-analysis presenting results mainly from China, up to 45% of COVID-19 patients
were shown to experience depression, with no gender differences found. However, other
studies show that women, people with a severe history of COVID-19, those with elevated
markers of inflammation, people with infected family members and patients with an earlier
psychiatric diagnosis are in the risk group of developing depressive disorders [178,180].

Post-COVID Syndrome

Symptoms following COVID-19 infection may persist for up to several weeks after
an acute infection. Patients with symptoms that persist more than 3 weeks after diagnosis
are said to have post-COVID syndrome [181,182]. The syndrome has been suggested
to result from prolonged inflammation following a SARS-CoV-2 infection, although the
pathogenesis is still under investigation and is not entirely clear. Characteristic symptoms
of this syndrome include dyspnoea, chest pain, myalgia, fatigue, and taste and smell
disturbances, as well as mental status disorders (Figure 4) [176,183,184].
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Figure 4. Symptoms of Post-COVID syndrome.

One study identified the top three symptoms of post-COVID syndrome, which in-
cluded fatigue, cognitive dysfunction and general malaise [185]. The prospective observa-
tional study of patients hospitalised with COVID-19 showed that 4 months after discharge,
51% (244 of 478) had at least one symptom that was not present before the illness, including
(31%) reported fatigue, (21%) cognitive symptoms and dyspnoea [184]. In non-hospitalised
patients after COVID-19, without comorbidities, it is estimated that 10% to 35% may present
with symptoms of post-COVID syndrome [183,186,187], and in hospitalised patients with
severe COVID-19, the incidence is up to 80% [182,188,189]. An Italian study of 238 patients
hospitalised with severe COVID-19, 4 months after discharge, showed prolonged pul-
monary dysfunction in 53.8%, which may account for many post-COVID symptoms [190].
It seems important to follow up on patients, especially in the area of cognitive function,
where neurological and cerebrovascular complications were observed during the course
of the disease [19,191-193]. Direct infection of endothelial cells by SARS-CoV-2 as well
as general inflammation contribute to coagulopathy and embolic/thrombotic complica-
tions, microcirculatory disorders affecting hypoxia and other symptoms in post-COVID
syndrome [136,182,193]. Neurological and cerebrovascular complications are characteristic,
although they are less common and may be implicated in the development of Alzheimer’s
disease [194]. In addition, it was indicated that in all patients after COVID-19, compared
with controls, protein markers of neuronal dysfunction such as amyloid beta, total tau and
p-T181, neurogranin and neurofilament light protein were increased in neuron-enriched
extracellular vesicles (nEV), indicating an association with neuroinflammation and neu-
rodegeneration [195]. Furthermore, the genetic risk factor of Alzheimer’s disease (ApoE4)
has been shown to increase the risk of severe COVID-19 infection, but it is still unclear [196].
It has been reported that 23 of 27 patients with Parkinson’s disease and COVID-99 de-
veloped post-COVID syndrome, deterioration of motor function, increased fatigability
and increased need for levodopa, as well as sleep and cognitive dysfunction [197]. In one
prospective UK study, at least 4 weeks after recovery from acute COVID-19 infection, MRI
in more than 70% of patients showed dysfunction in at least one organ, indicating a physi-
ological basis for the infection and possible long-term impairment of body organs [198].
Organ failure was related to heart (systolic dysfunction, myocarditis), liver (hepatomegaly,
inflammation, ectopic fat), lung (decreased vital capacity), kidney (inflammation), pancreas
(inflammation, ectopic fat) and spleen (splenomegaly). Furthermore, of the incidental
more severe structural MRI lesions (n = 56), three were cardiac lesions, and one was renal
(hydronephrosis) [198]. Brain MRI findings of a 56-year-old previously healthy patient
with neurological symptoms and depression almost 6 months after a COVID-19 infection
showed multiple hyperintense areas in the white matter and semi left centres, indicating
neurodegeneration and micro-vascular damage [199]. One study of plasma from patients
after COVID-19 at 1-3 months found elevated levels of IL-4, which may indicate ongoing
neuroinflammation [195]. Another study of 12 patients with neurological complications

32



Life 2021, 11, 1056

130f 25

presenting with post-COVID-19 symptoms between 9 and 12 weeks post-onset found an
acute inflammatory phase with significantly elevated inflammatory parameters includ-
ing C-reactive protein CRP and IL-6 levels [30]. Elevated inflammatory markers may, by
impairing the blood-brain barrier, contribute to neuropsychiatric complications includ-
ing neurocognitive complications through alterations in neurotransmission, including
gamma-aminobutyric acid (GABA) [200]. Previous studies have shown in animal models
that inflammation with elevated IL-6 levels can decrease GABA receptor density [200].
Furthermore, compared with healthy individuals, evidence of altered neuronal function,
neuromotor fatigue, impaired cognitive control, executive dysfunction and apathy was
found in patients with post-COVID syndrome [201]. Mental status disorders, including
depressive disorders, may affect 26% to 40% of patients even up to 6 months after the
onset of symptoms [171,174]. In addition, based on two cases of patients with depres-
sion after COVID-19, an association between depression and interleukins, including IL-6,
was demonstrated independent of other factors, which may justify the administration of
cytokine-reducing drugs to prevent depression after COVID-19 [175]. Moreover, 8 patients
with neurological symptoms, compared with 16 without neurological symptoms, had
higher levels of anti-SARS-CoV-2 antibodies with an increase in IL-6 [176].

7. Antidepressant Treatment and COVID-19

Depression is associated with low-grade chronic inflammation and is comparable
with a chronic cold [44,202]. Patients with chronic inflammatory processes and autoim-
mune diseases are more prone to depression [43,54,60]. In addition, the assessment of the
concentrations of small molecules—metabolites that are products of changes taking place
in the body—allows indirect conclusions to be made about the disturbances of specific
metabolic pathways [34,203]. The antidepressant treatment used in depressive disorders
has antioxidant and anti-inflammatory properties, resulting in a reduction in inflammatory
cytokines including CRP and IL-6, [204], with an increase in the concentration of anti-
inflammatory cytokines [205,206]. This is supported by neuroimaging studies using PET,
showing less neuroinflammation in treated depressed patients compared with untreated
patients, which may suggest the normalisation of TSPO expression in the brain and in-
hibition of microglia activity as a result of antidepressant treatment [73,207]. One study
demonstrated a significant effect of antidepressant treatment as well as its duration on the
total volume distribution of TSPO in patients with a history of major depressive disorder.
In patients untreated for major depressive disorder for 10 years or more, TSPO volume
distribution was up to 33% greater in the anterior cingulate cortex, prefrontal cortex and
insula compared with participants untreated 9 years or less [208]. It is expected that, in
people with a history of COVID-19, the concentration of inflammatory parameters may
be higher and the response to antidepressant treatment less effective due to the possible
prolonged, abnormal inflammation, with lesions at the level of the nervous system follow-
ing SARS-CoV-2 infection. Differences in cytokine concentrations in patients may predict
disease or resistance to treatment. Based on the current medical knowledge, it is suggested
that a history of a SARS-CoV-2 infection may have a significant impact on the reduction in
neurocognitive functions [19,125,174,194]. Due to its anti-inflammatory properties, anti-
depressant treatment may reduce the inflammatory parameters [209,210]. However, the
use of antidepressants to improve neurocognitive impairment is questionable. There are
studies indicating the progression of cognitive dysfunction after the inclusion of antidepres-
sants [211,212]. Previous knowledge indicates that, among the selective serotonin reuptake
inhibitors (SSRIs) group antidepressants, fluoxetine is a promising drug against COVID-19
through its effect on reducing the secretion of inflammatory cytokines/chemokines (IL-
6,CCL-2,TNF-x) and immunomodulatory properties [32,209,210]. In addition, fluoxetine
exhibits antiviral activity and is effective against SARS-CoV-2 in cell cultures [32]. This
indicates the possible alleviation of neuropsychiatric complications after COVID-19 by
fluoxetine use [32]. Such a potent inhibitory effect in both pseudovirus and authentic virus
assay has also been described for vortioxetine [213].
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8. Discussion

In this review, we present the current knowledge regarding the possible manifestation
of depressive and neurocognitive disorders due to the inflammatory background of COVID-
19. The experience of previous pandemics, including SARS-CoV, MERS, influenza of the
18th and 19th centuries and Spanish flu in the 20th century, indicates that there is an impact
on the development of mental disorders with cognitive deterioration even months after the
onset of the disease [18,214]. Studies of convalescents after infection with SARS-CoV and
MERS coronaviruses indicate that up to 15% of respondents reported memory, attention
and concentration disorders lasting from 6 weeks to 39 months from the onset of the
disease [28,29].

Increasingly more studies confirm the hypothesis that inflammation caused by SARS-
CoV-2 infection may, in the short term [11,19,178] and long term [2,215], have nega-
tive health consequences [182,199,216], including in the field of mental health disor-
ders [18,148,169]. Patients who are severely affected by COVID-19 with respiratory symp-
toms leaving intensive care units are potentially more likely to experience long-term
neuropsychiatric and neurocognitive conditions, such as depression, obsessive-compulsive
disorder, psychosis and Parkinson’s and Alzheimer'’s disease [20,30]. Studies show the
correlation of inflammation with the severity of complications of post-COVID-19 syn-
drome, including neuropsychiatric disorders [20,30]. Studies of convalescents one month
and 3 months after discharge from the hospital indicate an increase in the incidence of
psychiatric disorders, including depressive disorders and a deterioration of cognitive func-
tions [28,30,105,217]. In addition, stress during a pandemic, associated with a change in
life in almost every aspect, fear of illness, death and other psychosocial factors [7,49,165],
can activate the stress axis [46], affect the severity of inflammation in the brain and, con-
sequently, its structural and functional changes [55,65,71,218]. Research confirms that
females, the healthcare professionals, elderly individuals, children, college students and
psychiatric patients are in the group at increased risk of developing depressive disorders
during the COVID-19 pandemic [151,219-223].

An increasing number of studies of COVID-19 survivors show elevated inflammatory
markers, including interleukins and CRP, indicating persistent inflammation in the body
months after infection [30,175,176,184]. An interesting study found elevated parameters
of D-dimers and fibrin products that may be increased during ongoing inflammation and
which were observed 6 months after infection with COVID-19 [177]. In addition, observed
multisystem inflammatory syndrome in children and adolescents (MIS-C) infection with
elevated levels of immunoglobulins, C-reactive protein, ferritin and interleukin-6 indicate
possible 4-week post-viral immunisation in the body [224]. Moreover, several cases of
adults with MIS-A (multisystem inflammatory syndrome in adults), characterised by a
wide spectrum of gastrointestinal, cardiovascular, dermatologic and neurologic symptoms,
have been described [225]. As a result of excessive, uncontrolled inflammatory response,
immune system dysfunction, including autoimmunity, may occur [18,111]. The presence
of antiphospholipid antibodies has been demonstrated in patients with COVID-19, which
indicates possible autoimmunity and subsequent attack of the body’s own cells and a
number of other complications, including a tendency to thrombosis [106,107].

The analysis of COVID-19 patients showed that every one-third of them presented
with executive dysfunction with attention and orientation problems, and areas of hy-
poperfusion were observed in brain imaging studies [170]. There is evidence that brain
hypoperfusion may accelerate amyloid-p (AB) accumulation, the pathology of the tau and
TDP-43 proteins involved in the development of dementia [105,194]. The white matter of
the brain is also very sensitive to ischemia in COVID-19, which affects cognition [194].

The SARS-CoV-2 virus enters the cell by binding ACE2, which is widely expressed on
the surface of glial cells, nerve cells and endothelial cells [107]. That is why we observe a
number of neuropsychiatric symptoms [12,13,137,150]. Moreover, microglia may remain
in an activated state even after cessation of the infection, causing neurotransmission dis-
orders and structural changes in the brain affecting the manifestation of neurocognitive
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and depressive disorders over time [47,118,120,124,218,226,227]. Although some studies
do not indicate the presence of virus in the brain in autopsy studies, the existing neuroin-
flammation may be the result of a strong systemic inflammatory response damaging the
blood-brain barrier [112].

It has been suggested that the COVID-19-related cause of death may be induced by
a specific “cytokine storm” with an elevated level of cytokines, (especially IL-1 and IL-6,
systemic inflammatory response syndrome—SIRS) leading to multiple organ failure with
high mortality [14-16,84,86,93]. Recent publications have shown that ACE2 expression is
higher in males, which is associated with greater susceptibility to SARS-CoV-2 infection
compared with females, which also explains the higher male morbidity and mortality
rates [83]. The administration of interleukin 1 and 6 inhibitors in seriously ill COVID-19
patients with respiratory failure and hyperinflammation causes a significant reduction in
mortality in patients with IL-1 inhibition. Interleukin 6 inhibition was effective in patients
with high levels of CRP, and inhibitions of both IL-1 and IL-6 were effective in patients
with low levels of lactate dehydrogenase (LDH) [228].

There are reports of improvement in post-COVID-19 symptoms due to a vaccine
that may improve the immune response or reverse autoimmunity [182,229]. In addition,
scientific evidence suggests the efficacy of antidepressant treatment having antiviral and
anti-inflammatory properties, especially from the SSRI group of drugs, including fluoxe-
tine [32,209,210,213].

Current evidence suggests that symptoms in post-COVID syndrome improve over
time and patients show a good prognosis without further sequelae [230]. However, the
duration and long-term effects of post-COVID syndrome are unknown and still need
further study [31]. It seems important to observe patients, especially in terms of cogni-
tive functions, in whom neurological and cerebrovascular complications were observed
during the disease [138,231,232]. There is still insufficient research to establish the exact
relationship between the long-term consequences of COVID-19 and the inflammation it
causes [18,19,24,84,233].

9. Conclusions

It is increasingly known that, during SARS-CoV-2 infection and after recovery, patients
are more likely to develop psychiatric disorders, including depressive and neurocogni-
tive disorders. Further research is required to expand the knowledge on the impact of
SARS-CoV-2 infection on the intensification or disclosure of depressive disorders and neu-
rocognitive disorders. Research will broaden our understanding of the possible long-term
neuropsychiatric consequences of a COVID-19 infection. At the same time, the studies will
help to identify risk groups in terms of difficulties in treating mood disorders, as well as
helping to develop potential new therapeutic methods in the future. In addition, the results
of the research may increase public awareness of the serious impact of the COVID-19
pandemic on mental health, while paying attention to the need to prevent depression
as a serious, potentially life-threatening disease entity. Moreover, it is predicted that, in
the coming months and even years, numerous post-COVID-19 patients will seek medical
attention from specialists due to complications and symptoms of post-COVID syndrome.
It is important to clarify the pathogenesis of SARS-CoV-2 infection and its consequences
in the body, including post-COVID-19 syndrome, and to identify markers and targeted
therapy. New guidelines are needed for the diagnosis and treatment of this new clinical
entity.

10. Limitations

The review did not address the aspect of the manifestation of depressive disorders
during COVID-19 in specific age groups, including young adults and the elderly as well as
patients with pre-existing inflammatory process. Due to the growing number of studies,
only the individual and subjectively most significant results were presented to substan-
tiate the association of inflammation after COVID-19 infection with the manifestation of
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neurocognitive and depressive disorders. No clear-cut, definite theories of the effect of
SARS-CoV-2 on long-term complications exist and, therefore, time for observation, research
and further analysis is needed.
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Abstract: Inflammation is an important component of the etiopathology of depression that uses
oxidative and nitrosative stress (O&NS) and elevated inflammatory markers. SARS-CoV-2 infection
is also associated with abnormal inflammatory processes, which may impair effective treatment of
depression in COVID-19 survivors. In the presented study, thirty-three hospitalized patients with
major depressive disorder (MDD) were started on antidepressant treatment, and twenty-one were re-
evaluated after 4-6 weeks. The control group consisted of thirty healthy volunteers. All participants
underwent neuropsychiatric evaluation, biochemical blood and urine analyses. The results of the
research demonstrated positive correlations of the Hamilton Depression Rating Scale (HAM-D) scores
with serum catalase (CAT) and urinary S-Nitrosothiols levels, and the Beck Depression Inventory (BDI)
scores with serum reduced glutathione (GSH) and superoxide dismutase (SOD) levels. Depressed
patients with a history of COVID-19 prior to the treatment had higher urinary nitric oxide (NO) levels
and lower serum glutathione peroxidase (GPx) levels. In the control group, COVID-19 survivors
had higher levels of urinary N-formylkynurenine (NFK). Our results suggest that the antidepressant
treatment has a modulating effect on O&NS, reduces depressive symptoms and improves cognitive
functions The present study does not indicate that clinical response to antidepressant treatment is
associated with COVID-19 history and baseline SARS-CoV-2 antibody levels. Nevertheless, further
research in this area is needed to systematize antidepressant treatment in COVID-19 survivors.

Keywords: antidepressant treatment; antidepressants; COVID-19; SARS-CoV-2; SARS-CoV-2
antibodies; depression; oxidative stress; inflammation; neurocognitive functions; CRP; D-dimers

1. Introduction

The global COVID-19 pandemic has affected society in multiple ways. In particular, it
has impacted mental health through exposure to prolonged stress, anxiety and a sense of
uncertainty [1,2]. It has been proven that stressful life events may cause vulnerability to
depression [3]. Since the outbreak of the COVID-19 pandemic, there has been a significant
increase in the prevalence of affective disorders including depression and anxiety alongside
other mental disorders [4].

Currently, depressive disorder is the most common potentially life-threatening men-
tal disorder, and a leading cause of disability [5]. Research indicates that an estimated
3.8% of the world population suffers from depression, including 5% of adults, roughly
twice as many women as men [6]. The etiology of depression results from a complex
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interaction between genetic, social, psychological and biological factors [7]. The following
factors are all indicated to have a significant impact on the development and severity
of depression: dysregulation of the hypothalamic—pituitary—-adrenal axis, neurotransmis-
sion disorders including serotonin, chronic inflammation with increased inflammatory
cytokines, O&NS, mitochondrial dysfunction and decreased levels of brain-derived neu-
rotrophic factor (BDNF) [8-13].

Available data indicate that SARS-CoV-2 infection can exacerbate the symptoms of
depression and even stimulate the development of this disorder. It is related to the direct
pathomechanism of SARS-CoV-2 infection and coronavirus neurotropism and the indirect
immune response simultaneously. It can lead to a generalized inflammatory “cytokine
storm”, blood-brain barrier damage, glial activation and consequent neuroinflammation
with structural brain changes [14-16]. As a result of pro-inflammatory cytokines, the
COVID-19 infection is accompanied by an increased activation of the kynurenine pathway
and production of reactive oxygen species (ROS), which leads to oxidative damage [15,17].
A study conducted by Ahmed et al. demonstrated that O&NS contributes to the etiology
and severity of COVID-19 infection. The levels of individual reactive oxygen and nitrogen
species in serum, including peroxynitrite, were significantly higher in patients with COVID-
19 than in healthy subjects [18]. In another study conducted on COVID-19 subjects with
severe symptoms, postmortem examination revealed decreased levels of glutathione, which
is the main antioxidant in all tissues. Reduced levels of this enzyme in neurons may lead
to neuronal cell death [19]. In a meta-analysis, Ceban et al. showed that about one-
third of individuals experienced persistent fatigue, and more than one-fifth of individuals
suffered from cognitive impairment 12 or more weeks after COVID-19 diagnosis. Moreover,
elevated proinflammatory markers, including elevated D-dimer levels, were also found
in a subgroup of post-COVID individuals [20]. COVID-19 infection in depressed patients
may exacerbate the body “s inflammation, leading to increased cognitive dysfunction and
risk of developing neurodegenerative disorders [21,22].

There are studies that demonstrate several beneficial effects of antidepressants such
as a reduction in inflammation, a reduction of pro-inflammatory cytokines and oxidative
stress activity as well as improvements in neurocognitive functions [23-26]. Antidepressant
treatment can attenuate the intensity of depression through the modulation of inflammatory
pathways, brain structure transformation and synaptic plasticity [27]. It has been shown
that many antidepressants reduce microglia activation and are effective in modulating
the immune response [28,29]. There is growing preclinical and clinical evidence for the
antioxidant effects of antidepressants. However, their mechanism of action has not been
fully understood [30-33]. The research on animal models indicates that antidepressants
reduce the markers of oxidative stress in the brain, the liver and peripheral tissues, and
also modulate antioxidant barrier activity including SOD, CAT and GSH. The antioxidant
effect has been shown to be dose-, length- and treatment-regimen-dependent [33]. Caruso
et al. demonstrated that long-term treatment combined with the antidepressants fluoxetine
or vortioxetine can prevent the oxidative stress associated with the depressive phenotype
and memory impairment in a non-transgenic animal model of Alzheimer’s disease [34].
Moreover, vortioxetine has been developed to treat cognitive dysfunctions [35]. It has
been observed that antidepressants, including selective serotonin reuptake inhibitors, can
mitigate the cytokine storm in COVID-19 patients [36]. Studies indicate that the drugs
mentioned above may constitute a promising adjunctive treatment for COVID-19 infec-
tion [37-39] and reduce the risk of death and hospitalization in COVID-19 patients [36].
Furthermore, antidepressants in COVID-19 survivors can positively affect their mood and
improve cognitive functions [20]. Nevertheless, a chronic exposure to increased inflamma-
tion may impair or diminish the effectiveness of antidepressants. It is worth mentioning
that patients with high inflammation demonstrated a poor response to conventional antide-
pressant therapies. Studies show that a comorbid immune background of inflammatory
diseases is not only a risk factor for a depressive episode but is also considered a factor in
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drug resistance and recurrence of depression [40]. Therefore, the treatment of depression
poses a new therapeutic challenge in the context of the COVID<19 pandemic.

The present study evaluated the effect of antidepressant treatment on the clinical and
biochemical aspects of depression including changes in redox and inflammatory parameters.
Moreover, another objective of the study was to examine the influence of the history of
SARS-CoV-2 infection on the therapeutic effect of depression treatment, neurocognitive
functions and analysis of selected inflammatory parameters.

2. Materials and Methods

This study was conducted at the Department of Psychiatry of the Medical University
of Bialystok. The study participants were recruited among the patients hospitalized in
the General Psychiatric Wards of the Independent Public Psychiatric Health Care Center
in Choroszcz and the Department of Psychiatry at the Medical University of Bialystok.
The recruitment process began in December of 2021 and was completed in February of
2023. The study was approved by the Ethics Committee of the Medical University of
Bialystok (permission: APK.002.281.2021) and was carried out in accordance with the
Helsinki Declaration and the Guidelines for Good Clinical Practice.

2.1. Study Design and Participants

Each participant of the study was an adult Polish citizen of the Caucasian race and
presented informed consent to participate in the study. The study and control groups were
selected symmetrically in terms of age (18-65 years old) and gender. Exclusion criteria
included pregnancy or breastfeeding, neurocognitive diseases, serious head trauma with a
history of subsequent cognitive impairment, obesity (BMI > 30 kg/ m?), steroid therapy, ad-
diction to psychoactive substances including alcohol and active somatic comorbidity with
a proven inflammatory basis. On the day of inclusion in the experiment, all study partici-
pants were physically and psychiatrically examined with the assessment of neurocognitive
functions. Biological material was collected from them for analysis (the 1st measurement),
and blood basic biochemical parameters were examined to assess the general health. The
severity of stress associated with the COVID-19 pandemic was assessed by using a Polish
version of the Impact of Event Scale—Revised (IES-R) and a self-administered question-
naire considering the respondent ‘s demographics. The Hamilton Depression Rating Scale
(HAM-D), the Beck Depression Inventory (BDI) and the Hamilton Anxiety Rating Scale
(HAM-A) were used to assess symptoms of depression and anxiety. A neuropsychological
assessment was performed using the Verbal Fluency Test (VFT), WAIS-R Digit Span Test
(DST), Trail Making Test (TMT) Parts A and B, Stroop Color Word Test (SCWT) and the
California Verbal Learning Test (CVLT). In hospitalized patients with depression who
were started on antidepressant treatment, the testing procedure (psychiatric examination
with the assessment of neurocognitive functions and collection of biological material) was
repeated after 4-6 weeks (the 2nd measurement).

The study group consisted of patients with a diagnosis of unipolar depression who
qualified for hospitalization and treatment due to clinical deterioration. To exclude psy-
chiatric comorbidities, the M.IN.I. questionnaire was used (Mini International Neuropsy-
chiatric Interview). The diagnosis of depression was performed according to ICD-11 and
SCID-1 criteria and confirmed by an experienced psychiatrist (B.G.-S.). Initially, 37 partici-
pants were recruited into the study group; however, 4 of them had to be excluded from the
study due to not meeting the inclusion and exclusion criteria (BMI > 30 kg/ m?). Finally,
33 patients (women = 20, men = 13, mean age = 40.7) were included in the study group,
among whom 15 participants confirmed a positive history of COVID-19 and a symptomatic
course of the disease. The mean time between COVID-19 infection and study examination
was 15 months. After conducting the verification by testing IgG anti-protein N and IgG
anti-protein S-RBD antibodies to the SARS-CoV-2 virus, past contact with the virus was
confirmed in 21 subjects. Participants subjectively rated the severity of SARS-CoV-2 infec-
tion on a scale of 1 to 10 points. In addition, they graded taste and olfactory impairment

48



J. Clin. Med. 2023, 12, 7049

40f18

during COVID-19 using a three-point scale: 0 points—unchanged, 1 point—weakened,
2 points—loss, 3 points—altered. .

Twenty-one patients, among them 13 women and 8 men, (including 15 with a con-
firmed history of SARS-CoV-2) were re-evaluated after a period of the antidepressant
treatment with serotonergic transmitter modulating properties. The drug was chosen by
the treating physician based on the clinical picture, previous response to treatment and
possible side effects. The antidepressant treatment was initiated at the start of hospital-
ization and included selective serotonin reuptake inhibitors (SSRIs) (escitalopram n =1,
fluoxetine n = 1, sertraline n = 3), serotonin and norepinephrine reuptake inhibitors (SNRIs)
(duloxetine n = 7, venlafaxine n = 3), amitriptyline (n = 1), vortioxetine (n = 1), mirtazapine
(n = 1) and combination therapy of duloxetine + bupropion (n = 3). Drug dosages were
used according to individual clinical response and tolerance to treatment. Escitalopram
dosing was started at 5 mg per day and increased to a maximum of 10 mg per day. Fluoxe-
tine dosing was started at 10 mg per day and increased to a maximum of 40 mg per day.
Sertraline dosing was started at 25 mg per day and increased to a maximum of 100 mg per
day. Duloxetine dosing was started at 30 mg and increased to a maximum of 90 mg per day.
The dose of bupropion in combination treatment with duloxetine was up to a maximum
of 300 mg per day. Venlafaxine dosing was started at 75 mg per day and increased to a
maximum of 225 mg per day. Amitriptyline dosing was started at 25 mg and increased to
a maximum of 150 mg per day. Mirtazapine dosing was started at 10 mg and increased
to a maximum dose of 45 mg per day. Lastly, vortioxetine dosing was started at 5 mg and
increased to a maximum dose of 10 mg per day (Table 1). The response to the antidepressant
treatment was measured as improvements in scores on the HAM-D, BDI and HAM-A scales
before and after the treatment.

Table 1. The antidepressant treatment used during the study.

Antidepressant Treatment n % Maximum Dose (mg)
Escitalopram 1 3.0 10
Fluoxetine 1 3.0 40
Sertraline 3 9.1 100
Duloxetine 7 212 90
Venlafaxine 3 9.1 225
Anmitriptyline 1 3.0 150
Vortioxetine 1 3.0 10
Mirtazapine 1 3.0 45
Duloxetine + bupropion 3 9.1 60 + 150

The control group consisted of 30 healthy volunteers (women = 20, men = 10,
mean age = 42.5) with no former history of psychiatric disorders who met the inclusion and
exclusion criteria. The M.LN.L (Mini International Neuropsychiatric Interview) question-
naire was used to identify the control group. The mean time between COVID-19 infection
and examination was 9.2 months. Among these individuals, 21 out of 30 confirmed a
positive history of COVID-19, but after a verification of antibodies to SARS-CoV-2, contact
with the virus was found in 23 study participants.

2.2. Blood and Urine Collection

The biological material tested consisted of 10 mL of blood and 10~-15 mL of urine.
Venous blood was collected from each fasting participant in the morning by qualified
staff using sterile disposable equipment. In the next step, a fraction of the collected
material was analyzed for basic biochemical parameters (complete blood count, potas-
sium, sodium, creatinine, alanine transaminase, aspartate transaminase, C-reactive pro-
tein, thyroid-stimulating hormone, total cholesterol, low-density lipoprotein, high-density
lipoprotein, triglycerides and D-dimers) using an MPW M-DIAGNOSTIC centrifuge and a
Cobas Integra 400+ analyzer (Roche, Basel, Switzerland).
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Subsequently, the rest of the serum was frozen in Eppendorf tubes (Eppendorf, Ger-
many, Hamburg) and stored at —80 °C for other assays including anti-SARS-CoV-2 anti-
bodies (anti-N IgG and anti-S-RBD IgG) and redox parameters.

Urine samples were collected from the midstream of the first-morning urine and
centrifuged at 1300x g for 10 min at 4 °C. (MPW 351, MPW Med. Instruments, Warsaw,
Poland). Subsequently, the supernatant was collected, frozen and stored in Eppendorf
tubes at —80 °C until biochemical analysis was performed.

2.3. C-Reactive Protein and D-Dimer Assays

The method used to determine C-reactive protein (CRP) and D-dimer parameters was
the immunoturbidimetric method.

2.4. SARS-CoV-2 Antibody Assays

IgG antibodies to the nucleocapsid protein (anti-N IgG) and the receptor-binding do-
main (RBD) of the S1 subunit of the spike protein (anti-S-RBD IgG) of SARS-CoV-2 were
measured on an Alinity analyzer (Abbott, Chicago, IL, USA) according to the manufac-
turer’s guidelines using a chemiluminescent microparticle immunoassay (CMIA). The
measurements for anti-N IgG antibodies, titers > 1.4 and for anti-S-RBD IgG antibodies
> 50 AU/mL were positive.

2.5. Redox Assays

The parameters determined in serum and urine were the following: kynurenine
(KN), N-formylkynurenine (NFK), dityrosine (DT), tryptophan (TRY), superoxide dismu-
tase (SOD), catalase (CAT), glutathione peroxidase (GPx), reduced glutathione (GSH),
4-hydroxynonenal (4-HNE), nitric oxide (NO), S-Nitrosothiols and peroxynitrite.

All reagents for redox assays were purchased from the company Sigma-Aldrich (Niim-
brecht, Germany /Saint Louis, MO, USA). Antioxidant enzymes were detected in serum
and urine. A BioTek Synergy H1 96-well microplate reader (Winooski, VT, USA) was used
to measure absorbance and /or fluorescence. Determinations were carried out in duplicate
samples and normalized to 1 mg of total protein. Total protein content was determined col-
orimetrically using the bicinchoninic acid (BCA) method (Thermo Scientific PIERCE BCA
Protein Assay (Rockford, IL, USA)). Bovine serum albumin (BSA) was used as a standard.

2.6. Protein Glycoxidation Products

The content of KN, NFK, DT and TRY were assessed fluorometrically, measuring fluo-
rescence at 365/480, 325/434, 330/415 and 295/340 nm, respectively. Following this, urine
and serum samples were diluted in 0.1 M H;S0; (1:5, v/v) directly before determination.
Later, the results were normalized to the fluorescence of 0.1 mg/mL quinine sulfate (in
0.1 M H,S04) and expressed in arbitrary fluorescence units (AFU)/mg protein [41].

2.7. Antioxidant Assays

Cu-Zn superoxide dismutase (SOD) activity in serum and urine was assessed spec-
trophotometrically at 480 nm, measuring the rate of inhibition of epinephrine oxidation.
One unit of SOD activity was defined as the amount of enzyme that inhibits 50% of the
epinephrine oxidation [42].

Serum and urine catalase (CAT) activity was determined spectrophotometrically at
240 nm by assessing the distribution of hydrogen peroxide (H,O,). One unit of CAT activity
was described as the amount of enzyme catalyzing the breakdown of 1 mM H,O; per
min [43].

Serum glutathione peroxidase (GPx) activity was assessed spectrophotometrically at
340 nm, based on the reduction reaction of organic peroxides by GPx in the presence of
decreased nicotinamide adenine dinucleotide phosphate (NADPH) [44].
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Reduced glutathione (GSH) concentration was measured by a colorimetric method de-
veloped by Eliman using 5,5-dithio-bis-(2-nitrobenzoic acid) DTNB, whereas the absorbance
was measured at 412 nm [45].

2.8. Oxidative and Nifrosative Stress Markers

The end product of oxidation 4-Hydroxynonenal (4-HNE) was determined using
a colorimetric lipid peroxidation assay. For that purpose, a methasulfonic-acid-based
medium at 586 nm was used [46].

The levels of total nitric oxide (NO), peroxynitrite and S-Nitrosothiols in serum and
urine were measured spectrophotometrically at 490, 320 and 490 nm, respectively. Total NO
was determined using sulfanilamide and N-(1-naphthyl)-ethylenediamine dihydrochlo-
ride (NEDA-2 HCI). Peroxynitrite concentration in serum and urine was assessed by
peroxynitrite-mediated nitration, resulting in the formation of nitrophenol. The level of
S-nitrosothiols in serum and urine was determined by the reaction of Griess reagent with
Cu?* ions [47,48].

2.9. Statistical Analysis

The data were presented as a number of cases with a certain percentage for the
qualitative data and a median with an interquartile range for the quantitative data. The
normality of data distribution was assessed using the Shapiro-Wilk test. Differences in
quantitative variables between groups were assessed using the Mann-Whitney test for
variables with non-normal distribution and the ¢-test for data with normal distribution.
The Wilcoxon-Mann-Whitney test was used in paired comparisons. The differences in
qualitative variable distributions were assessed using the Chi-square test. The Spearman’s
rank correlation coefficient was employed to evaluate the correlations. The analyses were
performed using the R programming language in the RStudio environment (R 3.3.0+). The
p values < 0.05 were considered significant for the study.

3. Resulits
3.1. Demographics

The study and control groups were compatible in terms of age, gender, relationship
status and BMI, but the depressed subjects were more prone to be smokers and had lower
education levels. The study group consisted of 33 patients with depression, including 21
with a positive history of COVID-19. After the antidepressant treatment of 46 weeks, a
reassessment was performed on 21 patients, 15 of whom had a history of COVID-19. Twelve
patients did not undergo the second examination due to various reasons (faster discharge,
lack of cooperation or contact, discontinuation of the study). The control group consisted
of 30 patients, 23 of whom had been infected with COVID-19 in the past (Table 2). Due to
the small number of smokers in control group (1 = 3), we conducted a statistical analysis
only for the patients. The application of the Mann-Whitney test did not reveal significant
differences between smoking and non-smoking patients in O&NS and kynurenine pathway
parameters, CRP and D-dimers.
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Table 2. Demographic and clinical characteristics of all subjects.

Controls (n=30) MDD Patients (n = 33) p-Value 2‘::';‘1‘:;‘;5::‘_’:;‘3‘
Demographic
Information
Age (median, Q1-Q3) 42 (34.5-54) 44 (26-55) 0.746 43 (21-50)
BMI (median, Q1-Q3) 23.8 (21.7-26.4) 24.7 (21.2-27.5) 0.449 24.2 (20.8-26.9)
Sex (% female) 66.60% 60.60% 0.8126 61.90%
Education (%)
6-9 years 0(0.0 4(12.1) 2(9.5)
10-14 years 7 (233) 25 (75.8) <0.001 16 (76.2)
>15 years 23 (76.7) 4(12.1) 3(14.3)
Relationship status (%)
Single 8(26.7) 16 (48.4) 0.126 13 (61.9)
In a relationship 22 (73.3) 17 (51.5) # 8(38.1)
Smoking status
(%smokers) 3(10) 15 (45.4) 0.003 8(38.1)
Clinical Information
COVID-19 confirmed
history (%) 23 (76.6) 21(63.6) 0.395 15 (71.4)
Severity of symptoms 4(2.25-5.78) 2 (0-5) 0.248 2(0-5)
Taste disorders (%) 15 (50) 8(24.2) 0.18%4 6(28.5)
Smell disorders (%) 16 (53.3) 7(21.2) 0.4005 6(28.5)
Episodes (%)
1 0 6 (18.1) 6(28.5)
2 or more 0 27 (81.8) =00 15 (71.5)
Hamilton Depression
Rating Scale (HAM-D) 0(0-0) 22 (18-27) <0.001 5 (3-10)
median (Q1-Q3)
Beck Depression
Inventory (BDI) median 4 (1-6.75) 29 (21-41) <0.001 11 (6-22)
(Q1-Q3)
Hamilton Anxiety Rating
Scale (HAM-A) median 0(0-0) 22 (14-26) <0.001 4(1.5-9.5)
(Q1-Q3)
Impact of Event
Scale—Revised (IES-R) 19.5 (7-30.2) 2.5 (12.2-48.5) 0.2156 23 (14-18)
median (Q1-Q3)

3.2. Comparison between Study and Control Groups
3.2.1. O&NS and Kynurenine Pathway Parameters, CRP and D-Dimers

Significantly increased concentration of TRY was observed in the study group before
treatment compared to the control group. Moreover, a significant difference was observed
in serum peroxynitrite, TRY and DT concentrations between the study group at the second
measurement and the controls. Peroxynitrite concentrations were significantly lower,
while DT and TRY were characterized by higher concentrations in the study group after
undergoing the antidepressant treatment (Table 3).

There were no significant differences in the study group between the concentrations
of CRP and D-dimers in measurements before and after the treatment and the controls
(Table 3). Furthermore, no significant differences were observed in relation to COVID-19
between the study group in the first measurement and the control group.
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Table 3. O&NS and kynurenine pathway parameters, CRP, D-dimers in study and control groups.

Pre-Treatment Post-Treatment Group
Control Group (1 = 30) _ -
Serum/Urine Variable Group (= 33) p* =2y o
Median Q1 Q3 Median Q1 Q3 Median Q1 Q3
CAT, nmol
E/O0, it febi pckeis 1.55 126 174 139 106 176 0561 154 143 172 0563
DT, AFU/mg protein 111 8.05 125 118 103 136 0.095 12.6 10.6 14.6 0.02
GSH, pg/mg protein 1.02 0.894 113 0.892 0818 105 0054 1.09 0.932 114 0438
4-HNE, umol/mg protein 6.21 5.7 6.43 6.22 5.82 6.55 0.77 5.94 5.06 6.47 0.447
KN, AFU/mg protein 15 9.23 18.1 163 115 189 0299 16 145 17.8 0.306
Serum NFK, AFU/mg protein 8.6 5.51 11.8 10.8 795 119 0149 9.43 8.68 11.7 0.283
NO, nmol/mg protein 5.37 22 157 7.19 1.13 196 0453 104 2.95 233 0.547
Fenootittcttey 30.1 188 405 247 167 416 052 129 119 151  0.000
nmol/mg protein
GPx, mU/mg protein 143 1.34 1.55 1.49 14 155 0.189 147 1.38 1.5 0.572
Shiitroegtiials, 351 312 393 354 328 394 0373 347 311 375 0915
nmol/mg protein
SOD, mL/mg protein 0.287 0211 0.359 0288 022 0349 0778 0193 0041 0365 0.106
TRY, AFU/mg protein 137 108 158 160 145 170  0.008 158 139 171 0.026
CAT, “:\“f’gﬁt’gzn /min/  oeg1 0746 127 094 0766 146 0416 0975 0851 122 0337
DT, AFU/mg protein 48.2 29.7 65.6 50.9 348 76.4 0.69 57.1 40.8 772 0.302
GSH, pg/mg protein 1.21 0.914 1.6 1.27 1.13 184 0215 1.4 116 1.72 0.059
4-HNE, umol/mg protein 5.02 3.79 7.04 5.31 3.69 8.88 0.79 5.36 417 717 0711
KN, AFU/mg protein 37 30.7 474 43.1 339 53 0431 46.4 35.8 61.6 0.073
Urine NFK, AFU/mg protein 174 114 247 18.3 122 297 0647 226 153 325 0.179
NO, nmol/mg protein 2.64 142 3.96 2.38 1.07 321 0516 2.39 127 3.59 0.628
Perppuiiuite, inal/ 749 573 906 746 632 118 0431 747 664 99 0827
mg protein
GPx, mU/mg protein 1.37 0.973 196 1.51 0988 238 0599 14 1.18 21 0.628
SriNitgentliiole, fmol/ 484 398 634 568 475 68 0072 557 494 625 0049
mg protein
SOD, mL/mg protein 0.119 0.074 0.253 0209 0098 0338 0205 0225 0134 0401 0.051
TRY, AFU/mg protein 5.81 4.01 841 6.63 493 12 0.247 7.04 517 127 0.124
Se CRP, mg/L 0.8 0.525 145 0.6 0.3 1.7 0.313 0.75 04 125 0.626
e D-dimers, ng/mL 401 349 509 456 387 530 0072 457 338 524 0558
p *—control group vs. pre-treatment group; p **—control group vs. post-treatment group. Abbreviations:
CAT, catalase; DT, dityrosine; GSH, reduced glutathione; 4-HNE, 4-hydroxynonenal; KN, kynurenine; NFK, N-
formylkynurenine; NO, nitric oxide; GPx, glutathione peroxidase; SOD, superoxide dismutase; TRY, tryptophan;
CRP, C-reactive protein
Additionally, in depressed patients with a history of COVID-19, we observed lower
levels of GPx in serum (p = 0.008) and significantly higher levels of NO in urine (p = 0.033)
in the first measurement. Meanwhile in the second measurement, higher levels of S-
Nitrosothiols (p = 0.045) in serum were found. In the control group, significantly higher
levels of NFK in urine were determined in COVID-19 survivors (p = 0.048) (Table 4).
Table 4. O&NS and kynurenine pathway parameters of participants with and without
COVID-19 history.
Non-COVID COVID #
Variable
Median Q1 Median Q1 Q3
First measurement (COVID # = 21, non-COVID n = 12)
NO urine, nmol/mg protein 1.33 0.93 215 3.06 1.77 4.96 0.033
GPx serum, mU/mg protein 1.54 151 1.64 146 1.39 151 0.008
Second measurement (COVID n = 15, non-COVID n = 6)
i 313 2.86 342 3.66 3.21 392 0.045
nmol/mg protein
Control group (COVID 7 = 23, non-COVID 1 =7)
NFK urine, AFU/mg protein 134 113 20.6 12.5 278 0.048

Abbreviations: NO, nitric oxide; GPx, glutathione peroxidase; NFK, N-formylkynurenine.
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3.2.2. Scales Assessing Severity of Depression and Anxiety, Results of Cognitive Tests and
Stress Related to the COVID-19 Pandemic .

In the study group, the scores of scales assessing the severity of depression and
anxiety were significantly higher before and after the antidepressant treatment compared
to the control group. No significant differences were observed between the pre-treatment
depressed patients and the control group in IES-R scores (Table 2), also in relation to COVID-
19 history. Significantly lower scores in tests of cognitive functions (VFT, TMT Parts A&B,
DST, SCWT and CVLT) were observed in the depressed patients before treatment than in
the control group. However, after undergoing the antidepressant treatment, significantly
lower scores in depressed patients were limited to the Stroop Color Word Test (Table 5).

Table 5. Results of cognitive tests and clinical scales in study and control groups.

Control Group (n = 30) Pre-Treatment Group (n = 33) R Post-Treatment Group (n = 21) -
Variabl
i Median Q1 Q3  Median Q1 Q P TMedian 01 Q3
b i u5 21 29 20 17 22 0012 20 16 245 0116
ategory
VFT Letter “K” 18 17 20 13 8 18 0.001 17 12 205 0284
VFT Letter “S” 14 11.2 19 10 85 13 0.002 12 10 145 0085
Digital Span Task
AR 11 102 15 10 8 125 0027 11 9 155 0451
TMT A 20 172 255 255 25 362 0001 21 175 33 0.271
TMT B 2 382 5638 65 518 945 0001 56 41 86 0121
SCWT word-reading 21 19 28 245 238 27 0 23 2 27 0.004
SCWT color-naming 50 43 55.8 59 50 802 0006 58 50 645 0051
Trials 1-5 7 5 8 5 3 6 0.004 7 6 8 0312
Trial 1 6 425 7 4 3 5 0.001 7 6 8 0.145
List B 6 5 7.75 6 4 7 0.508 6 5 85 0.461
e e 7 6 9 55 4 7 0.009 7 55 8 0.654
ecall
Sh"“‘RDehYu L 8 6.25 10 45 4 725  0.003 7 55 10 0.565
Goig Pey R 8 525 10 5 4 8 0.01 8 6 85 0867
Recall
Laig-Delay Cued 7 525 10 5 4 6 0 6 55 9 0.636
Recall
HAM-D 0 0 0 2 18 27 0 5 3 10 0
BDI 4 1 6.75 29 21 4 0 13 625 28 0
HAM-A 0 0 0 2 14 26 0 4 15 95 0

p *—control group vs. pre-treatment group; p **—control group vs. post-treatment group. Abbreviations: VFT, the
Verbal Fluency Test; TMT, Trail Making Test; SCWT, Stroop Color Word Test; HAM-D, the Hamilton Depression
Rating Scale; BDI, the Beck Depression Inventory; HAM-A, the Hamilton Anxiety Rating Scale.

3.3. Comparison of the Results of the First and Second (before and after Antidepressant Treatment)
Measurements in the Study Group

3.3.1. O&NS and Kynurenine Pathway Parameters, CRP, and D-Dimers

A significant decrease in serum peroxynitrite levels (p < 0.000) and an elevation of
GSH levels (p = 0.046) were observed in serum after the antidepressant treatment. Other
than that, no significant differences were observed. No statistically significant differences
in inflammatory parameters CRP and D-dimers were detected (Table 6).

3.3.2. Scales Assessing Severity of Depression and Anxiety and Results of Cognitive Tests

After the treatment, there was a significant decrease in the severity of depression and
anxiety assessed by HAM-D (p = 0), BDI (p = 0) and HAM-A (p = 0), and an increase in
the scores of individual CVLT tasks (Trial 1, Trials 1-5, List B, Short-Delay Free Recall,
Short-Delay Cued Recall, Long-Delay Free Recall) assessing memory processes (Table 7).
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Table 6. O&NS and kynurenine pathway parameters, CRP, D-dimers in study group: pre- and

post-treatment. \
i Pre-Treatment Group (1 =21%) Post-Treatment Group (1 = 21) »
; ik
SaruoiUicine inEle Median Q1 Q3 Median o1 3
CAT, nmol F0, /min/ 1.39 112 176 154 143 1.72 0473
mg protein
DT, AFU/mg protein 117 103 135 126 106 146 0.153
GSH, pg/mg protein 0.892 0.818 1.05 1.09 0932 114 0.046
4-HNE, umol/mg protein 6.06 5.58 648 5.94 5.06 6.47 0.946
KN, AFU/mg protein 17.1 111 19.1 16 145 17.8 0.869
Serum NFK, AFU/mg protein 108 7.95 118 943 8.68 117 0.661
NO, nmol/mg protein 6.14 1.07 15.1 104 295 233 0.609
Peyiitieite il 368 166 56.8 129 119 151 0.000
mg protein
GPx, mU/mg protein 148 142 1.51 147 1.38 15 0.785
SititsoMttls Tiffiol / 355 3.07 393 347 311 3.75 0.681
mg protein
SOD, mL/mg protein 0.291 0.203 0.351 0.193 0.041 0.365 0.055
TRY, AFU/mg protein 160 143 172 158 139 171 0812
GBI, SRR Co ity 101 075 159 0975 0.851 122 0.901
mg protein
DT, AFU/mg protein 55.2 35.6 816 57.1 4038 77.2 0.767
GSH, pg/mg protein 127 113 1.84 144 1.16 1.72 0452
4-HNE, umol/mg protein 495 3.69 10.1 536 417 7.17 0.946
KN, AFU/mg protein 442 344 534 464 35.8 616 0338
Urine NFK, AFU/mg protein 192 123 33.1 226 15.3 325 0412
NO, nmol/mg protein 2.07 1.04 496 239 127 359 0.609
BECKFHICIe, NI 7.46 621 12.1 747 664 9.96 0973
mg protein
GPx, mU/mg protein 156 1.01 265 14 118 21 0.946
e 568 47 717 557 494 625 0.892
mg protein
SOD, mL/mg protein 0.172 0.072 0.362 0.225 0.134 0.401 0.432
TRY, AFU/mg protein 6.84 493 147 7.04 5.17 12.7 0.946
CRP, mg/L 05 03 17 08 04 13 0.943
Serim D-dimers, ng/mL 456 383 551 457 338 524 0.225

* Matched cases only. Abbreviations: CAT, catalase; DT, dityrosine; GSH, reduced glutathione; 4-HNE, 4-
hydroxynonenal; KN, kynurenine; NFK, N-formylkynurenine; NO, nitric oxide; GPx, glutathione peroxidase;
SOD, superoxide dismutase; TRY, tryptophan; CRP, C-reactive protein.

Table 7. Results of cognitive test and clinical scales in study group: pre- and post-treatment.

Pre-Treatment Group (n=21%) Post-Treatment Group (n = 21)
Variable - - 14
Median Q1 Q3 Median Q1 Q3

VFT Animals Category 20 18 23 20 16 24.5 0.600
VFT Letter “K” 14 10 18 17 12 20.5 0.190
VFT Letter “S” 11 10 135 12 10 145 0.757
Digital Span Task WAIS-R 10 8 125 1 9 155 0.090
TMT A 24 21 34,5 21 17.5 33 0.111
TMT B 65 49 98 56 41 86 0421
SCWT word-reading 23 22 27 23 22 27 0.473
SCWT color-naming 58 495 73.5 58 50 64.5 0.230

Trial 1 4 3 5 7 6 8 0
Trials 1-5 5 6 7 6 8 0.001
List B 6 4 7 6 5 85 0.026
Short-Delay Free Recall 5 4 7 7 55 8 0.015
Short-Delay Cued Recall 4 4 7 7 5.5 10 0.008
Long-Delay Free Recall 4 4 7.5 8 6 8.5 0.005
Long-Delay Cued Recall 5 4 6 6 5.5 9 0.001

HAM-D 20 19 27 5 3 10 0

BDI 28 21 43 11 6 22 0

HAM-A 22 14 26 4 15 9.5 0

* Matched cases only. Abbreviations: VFT, the Verbal Fluency Test; TMT, Trail Making Test; SCWT, Stroop Color
Word Test; HAM-D, the Hamilton Depression Rating Scale; BDI, the Beck Depression Inventory; HAM-A, the
Hamilton Anxiety Rating Scale.
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3.4. Correlations of Oxidative Stress, CRP and D-Dimers with Individual Parameters

In the study group, there was no significant correlation of the concentrations of
oxidative stress parameters from the first measurement to be performed alternating in
HAM-D, HAM-A and BDI scores after the treatment. We observed a positive correlation of
CRP values with a reduction of depression severity assessed by BDI after the antidepressant
treatment (r = 0.5; p = 0.0169). -

In the depressed patients before the treatment, we observed positive correlations of
HAM-D scale scores with serum CAT and urinary S-Nitrosothiols levels, as well as positive
correlations of BDI scores with serum GSH and SOD levels. In addition, there was a positive
correlation of IES-R scores with serum GSH levels before treatment in the study group
(Table 8).

Table 8. Statistically significant correlations between oxidative stress parameters and clinical variables
in study group before treatment.

First Variable Second Variable r r Method

CAT serum, nmol

HAM-D H,0,/min/mg protein 0.38 0.0289 Spearman

HAM-D i 0.38 0.027 Spearman
nmol/mg protein

BDI GSH serum, ug/mg protein 0.39 0.0251 Spearman

BDI SOD serum, ml/mg protein 0.42 0.0154 Spearman

IES-R GSH serum, pug/mg protein 0.52 0.00424 Spearman

Abbreviations: HAM-D, the Hamilton Depression Rating Scale; BDI, the Beck Depression Inventory; IES-R, the
Impact of Event Scale—Revised; CAT, catalase; GSH, reduced glutathione; SOD, superoxide dismutase.

3.5. Correlations of SARS-CoV-2 Antibodies with Individual Parameters

In the study group before and after antidepressant treatment, no significant cor-
relations were found between the levels of SARS-CoV-2 antibodies and the severity of
depression and anxiety, the change in the scores of the HAM-D, HAM-A, BDI scales and
the severity of general symptoms during SARS-CoV-2 infection.

On the other hand, a significant correlation was observed in the control group between
the levels of anti-N IgG antibodies and the severity of taste disorders during SARS-CoV-2 in-
fection (r = 0.44; p = 0.0182). The observed correlation was positive, meaning that those with
higher levels of antibodies had more severe symptoms during their COVID-19 infection.

4. Discussion

A growing number of studies point to the relevance of inflammation in the pathome-
chanism of the development of depression, which is accompanied by an increase in O&INS
causing impaired brain function and modulation of neurotransmission [49,50]. Depression
is associated with altered levels of oxidative stress markers and impaired total antioxidant
status. This includes usually decreased concentrations of certain antioxidant compounds,
such as glutathione (GSH), or enzymes, including glutathione peroxidase (GPx), catalase
(CAT) and superoxide dismutase (SOD) [51,52]. However, some sources report either an
increase or no change in the concentration of antioxidant enzymes [53-56]. A study by
Bilici et al. indicates that increased severity of depression is characterized by significantly
higher levels of certain antioxidant enzymes, including erythrocyte SOD and GPx [49].
Other studies confirm the linkage between oxidative stress and depression as well as the
significant positive correlation between disease severity and SOD activity [50,57]. The
results of this study indicate that O&NS and an increase in antioxidant enzymes are asso-
ciated with the severity of depression. In the patients with depression before treatment,
we observed positive correlations of HAM-D scale scores with serum CAT and urinary
S-Nitrosothiols, as well as positive correlations of BDI scores with serum GSH and SOD.
Increased levels of antioxidant enzymes may be the result of a compensatory effect [58].
During oxidative stress and inflammation, GSH synthesis is upregulated [59], which may
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explain our results of the correlation between the severity of the Beck Depression Inventory
and higher GSH. S-Nitrosothiols as antioxidants protect against oxidative damage [60].
Therefore, their increase may also indicate the body’s response to stress. It is worth men-
tioning that, in this group of patients, we found a positive correlation between IES-R scores
and serum GSH levels in the first measurement. Research indicates reduced GSH levels
in depression and other conditions associated with oxidative stress [56,61-63]. However,
increased levels of the main antioxidant GSH may indicate antioxidant protection against
cell death [64,65], which may also appear in the case of severe emotional stress related to
COVID-19. In addition, we observed higher TRY levels in the group of depressed patients
before antidepressant treatment versus the control group. However, these data are not
consistent with numerous studies showing reduced TRY levels in depressed patients. It is
related to the excessive activation of the enzyme indole 2,3-dioxygenase (IDO) catabolizing
tryptophan to kynurenine and its metabolites [17]. Nevertheless, a study presented by
Nobis et al. showed similar results to the current study [66]. It can be only theorized that
the increased levels of TRY in depressed patients may derive from the catabolic degradation
of body proteins at the onset of depression/inflammation and TRY release. This leads to
the conclusion that protein and TRY reserves may be depleted in the chronic stage of the
disorder. Similarly, the activity of antioxidant enzymes may initially increase during the
inflammatory phase, but their reserves may be depleted during depression.

Oxidative stress is associated with the neurodegenerative process characteristic of
depression and cogpnitive decline [49,57,67]. Several studies prove the presence of deficits
in the areas of memory, attention, executive functions and psychomotor speed in depressed
patients compared to healthy individuals and their symmetrical correlation with the severity
of depression and the number of episodes [68]. We confirmed reports of reduced cognitive
functions in depressed individuals in comparison to healthy individuals, as evidenced by
significantly lower scores in tests assessing cognitive functions (VFT, TMT Part A&B, DST,
SCWT and CVLT).

A meta-analysis by Osimo et al. found that more than half of depressed patients
present slightly elevated CRP levels, and about a quarter of patients show signs of low-
grade inflammation [69]. This indicates the impact of inflammation in the course of
depression. In addition, psychological stress caused the symptoms of depression and
anxiety and induced a chronic low-grade hypercoagulable state, which may be linked to
elevated D-dimers in the aforementioned group of depressed patients [70]. The survival of
COVID-19 may be associated with persistent increases in CRP and D-dimer levels, indicat-
ing long-lasting inflammation in the body, even up to several months after combating the
virus. This has been demonstrated by a growing number of studies [71-74]. Therefore, one
would expect that in patients with depression and after COVID-19, persistent inflammation
would be expressed by higher CRP and D-dimer parameters. However, in our study, we
did not confirm these hypotheses. We did not observe statistically significant differences in
CRP and D-dimer parameters between the control group and the study group, in patients
before and after the antidepressant treatment as well as their history of COVID-19.

A study by Saleh et al. showed continued oxidative stress in the brain with decreased
gray matter glutathione (GSH) levels several months after infection in subjects with a
history of COVID-19 [75]. In their study, Stufano et al. reported that oxidative damage
persists in subjects with prior COVID-19 infection even four months after SARS-CoV-2
infection [76]. This suggests a possible role of oxidative stress mediators in the pathogenesis
of long COVID, meaning long-term symptoms after the infection. In our study, we found
higher urinary NO levels and lower serum GPx levels in depressed patients with a history
of COVID-19 before the antidepressant treatment. Higher levels of nitrosative stress
biomarkers and lower levels of GPx, which is involved in protecting cells from toxicity, may
indicate a greater contribution of inflammation in patients with depression and a history of
COVID-19. In healthy controls with a history of COVID-19, significantly higher levels of
NFK, a biomarker of protein damage, were observed.
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In their study, Hampshire et al. supported the hypothesis that post-COVID-19 individ-
uals (both hospitalized and non-hospitalized cases) may have permanent and significant
cognitive deficits [77]. In addition, based on an analysis of a 2-year retrospective cohort
study of individuals diagnosed with COVID-19, Taquet et al. found an increased risk of
cognitive deficits, dementia and other neuropsychiatric disorders [78]. Moreover, in their
study, Latronico et al. observed an improvement in cognitive functions over time from
SARS-CoV-2 infection, while symptoms of depression, anxiety and post-traumatic stress
disorder, present after 3 months, remained unchanged [79]. However, in this study, we did
not confirm the hypothesis of a significant effect of COVID-19 infection on cognitive func-
tions scores in healthy controls, and we did not find differences in subjects with depression
before and after treatment in the context of COVID-19. No correlation was found between
the level of anti-SARS-CoV-2 antibodies and the individual results of cognitive tests. This
may be dependent on the number of studied subjects and the time passed since the illness,
which also indicates a questionable effect of COVID-19 intercourse on cognitive functions
in people with depression.

So far, the results of studies demonstrating an increased risk of psychological distress
after COVID-19 are mixed, due to evidence of mitigating the effects of infection over
time [80]. However, a large study analyzing data from over 50,000 participants found an
association between COVID-19 exposure and later mental distress, depression, anxiety
and overall lower life satisfaction, showing no evidence for a link between COVID-19
and gender, education and pre-pandemic mental health [81]. Even so, our study did not
support this hypothesis since there was no greater severity of depression and anxiety
found in both the study group and the control group due to the COVID-19 illness. There
was also no correlation found between the results in the HAM-D, HAM-A and BDI scales
and levels of antibodies to SARS-CoV-2. Although some studies indicate that the level of
SARS-CoV-2 antibodies depends on the severity of COVID-19 infection [82], in our study
among study participants, we did not observe a correlation of SARS-CoV-2 levels with
the severity of general symptoms during SARS-CoV-2 infection. However, we observed a
significant correlation between the level of anti-N IgG antibodies indicating past COVID-19
and the severity of taste disorders during SARS-CoV-2 infection. This may indicate that a
stronger immune response leads to more pronounced taste disorder symptoms. In their
study, Kwasniewska et al. verified that taste and olfactory symptoms in younger patients
correlated with lower antibodies levels [83]. These results are not consistent with our
evidence but may be due to the consideration of combining taste and olfactory disorders as
opposed to our considerations.

Antidepressant treatment has immunomodulatory properties. It can normalize ox-
idative stress parameters and increase the activity of some neuroprotective antioxidant
enzymes [51,84]. However, there are studies indicating an ambiguous effect of antidepres-
sant treatment on the modulation of oxidative stress. In the brain, antioxidant properties
were most frequently demonstrated, but in the liver and testicular cells, most studies
showed pro-oxidant effects. Studies show that effective antidepressant treatment reduces
inflammation, and higher inflammation inhibits the response to antidepressants [85]. In
a meta-analysis by Gasparini et al., patients who did not respond to antidepressants had
higher baseline levels of C-reactive protein and interleukin-8, which indicated an abnormal
inflammatory process [86]. Our study does not support this hypothesis, as we observed an
association between higher CRP values and an improvement in BDI scores after the antide-
pressant treatment. However, after the inclusion of the antidepressant treatment (lasting
4-6 weeks), significantly decreased levels of peroxynitrite, a byproduct of NO synthesis and
a key oxidant in redox processes in pathological conditions, were observed in patients in
the study group. In addition, there were significantly increased serum levels of GSH, which
is the most important peroxynitrite scavenging antioxidant. Moreover, higher levels of DT,
a marker of oxidative protein damage, were observed after the antidepressant treatment,
differently to the control group. This may cast doubt on the exclusively antioxidant effects
of this group of drugs. However, it could also be due to a small study group or too short
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duration of the treatment, as Sarandol et al. indicate that 6-week antidepressant treatment
has no effect on oxidative systems [50]. In addition, significant reductions in depression
and anxiety severity and improvements in cognitive functions (CVLT tasks -Trials 1-5, Trial
1, List B, Short-Delay Free Recall, Short-Delay Cued Recall, Long-Delay Free Recall) were
observed in depressed patients after antidepressant treatment. So far, several studies have
confirmed the positive effect on cognitive functions after antidepressant treatment [87-90].

In the context of COVID-19 history, no association was observed between the level of
SARS-CoV-2 antibodies and the response to antidepressant treatment expressed by changes
in the HAM-D, HAM-A and BDI scales. Moreover, in the second measurement, depressed
patients with a history of COVID-19 had higher serum levels of S-Nitrosothiols, which may
indicate that the limited effect of the antidepressant therapy in these patients, due to the
initial higher inflammation, is limited.

5. Conclusions

In our study, in line with existing knowledge, we confirmed that depression is closely
related to increased inflammation, including O&NS, and is accompanied by a cognitive de-
cline. We noted the correlation of depression severity with oxidative stress (CAT, GSH and
SOD in serum, S-Nitrosothiols in urine). We also indicated that an effective antidepressant
treatment has a modulating effect on oxidative stress parameters, clinical improvement of
depressive symptoms and cognitive function scores. Even though we did not confirm the
hypothesis that COVID-19 history could affect the clinical response to the antidepressant
treatment in depressed patients, we did observe reduced levels of the antioxidant enzyme
GPx in biochemical parameters and elevated levels of NO in urine, indicating increased
oxidative stress. Moreover, in subjects with depression and a history of COVID-19, sig-
nificantly higher serum levels of S-Nitrosothiols were noted in the second measurement,
which may point to a limited biochemical response to antidepressant treatment. Perhaps in
additional studies, an association could be discovered between the level of SARS-CoV-2
antibodies and the response to treatment as expressed by changes in depression and anx-
iety scales in depressed individuals. Studies indicate that the higher the inflammation,
the weaker the response to antidepressant treatment, which can be a source of treatment
ineffectiveness and resistance.

Therefore, it is important to search for new therapeutic solutions and potentiation of
antidepressant treatments in patients in the context of a history of SARS-CoV-2 infection. In
the era of the COVID-19 pandemic and its consequences, it is important to conduct further
research in this area, especially since depression is a potentially life-threatening disease.

6. Limitations

The limitations of this study include the small group size in the pre- and post-treatment
antidepressant measurements as well as the heterogeneity of the groups in terms of edu-
cation, smoking history and antidepressant treatment used during the study. Due to the
different pharmacodynamic profiles, antidepressants may affect the parameters evaluated
in our study differently. Moreover, the study does not include a comparison of depressed
patients on antidepressant treatment with depressed patients without treatment, which is
a limitation of the study. Furthermore, due to the hindered cooperation with depressed
patients or technical difficulties, some data are incomplete.
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8. Streszczenie w jezyku polskim

Wstep

Pandemia COVID-19 przyczynita si¢ do znacznego wzrostu czgstosci wystgpowania
zaburzen psychicznych, w tym zaburzen depresyjno-lgkowych. Dotychczasowe badania
naukowe wskazuja na wplyw przebytego zakazenia SARS-CoV-2 na ujawnianie si¢ lub
nasilenie objawoéw zaburzen depresyjnych. Infekcja COVID-19 moze prowadzi¢ do
dysfunkcji uktadu odpornosciowego i przedtuzajacego si¢ stanu zapalnego nawet kilka
miesiecy po infekcji, co moze przyczynia¢ si¢ do trudnosci w leczeniu zaburzen
depresyjnych. Przeglad literatury wskazuje, ze pacjenci z wysokim wyjsciowym stanem
zapalnym wykazujg stabsza odpowiedz na konwencjonalne terapie przeciwdepresyjne, a
wspotwystepujace podloze immunologiczne chordb zapalnych jest czynnikiem ryzyka
epizodu depresyjnego, lekoopornosci i nawrotowosci  depresji.  Leczenie
przeciwdepresyjne wykazuje szereg korzystnych efektow, takich jak fagodzenie nasilenia
objawéw depresji, poprawa funkcji poznawczych oraz redukcja stanu zapalnego ze
zmniejszeniem poziomu prozapalnych cytokin i stresu oksydacyjno-nitrozacyjnego.
Zaobserwowano, ze niektore leki przeciwdepresyjne mogg tagodzi¢ objawy depresyjne u
pacjentow z COVID-19. Wobec rosnacej czestosci zaburzen depresyjnych 1 specyfiki ich
leczenia w okresie postpandemicznym COVID-19 konieczne sg dalsze badania naukowe

celem opracowania nowych strategii terapeutycznych.

Cel pracy doktorskiej

Celem pracy doktorskiej byta ocena wptywu przebytego zakazenia SARS-CoV-2 na
skuteczno$¢ leczenia przeciwdepresyjnego z oceng funkcji neuropoznawczych oraz

analiza wybranych parametréw zapalnych u 0sob z depresja.

Material 1 metody

Zbadano 33 hospitalizowanych pacjentow z rozpoznaniem zaburzen depresyjnych i 30
0s6b zdrowych, bez zaburzen psychicznych. W grupie badanej kontakt z wirusem SARS-
CoV-2 potwierdzono u 21 osdb, natomiast w grupie kontrolnej u 23 uczestnikow badania.
Wszyscy uczestnicy zostali poddani badaniu fizycznemu i psychiatrycznemu, ocenie

funkcji neuropoznawczych oraz pobrano od nich material biologiczny do analizy
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(pierwszy pomiar). Nasilenie stresu zwigzanego z pandemig COVID-19 oceniano za
pomoca polskiej wersji Skali Wpltywu Zdarzen—Revised (IES-R). Powtornej procedury
testowej (drugi pomiar) dokonano po 4-6 tyg od wlaczenia leczenia przeciwdepresyjnego
u 21 oso6b, w tym u 15 0séb z potwierdzonym wywiadem SARS-CoV-2. Odpowiedz na
lek przeciwdepresyjny mierzono jako poprawe wynikow w zakresie skal HAM-D, BDI i
HAM-A przed- i po- wlaczeniu leczenia. U wszystkich uczestnikow zbadano
podstawowe parametry biochemiczne z krwi, a w probkach pobranej surowicy i moczu
oznaczono parametry szlaku kynureninowego oraz stresu oksydacyjnego i
nitrozacyjnego: kynurenina (KN), N-formylokynurenina (NFK), dityrozyna (DT),
tryptofan (TRY), dysmutaza ponadtlenkowa (SOD), katalaza (CAT), peroksydaza
glutationowa (GPx), zredukowany glutation (GSH), 4-hydroksynonenal (4-HNE), tlenek
azotu (NO), S-nitrozotiole i nadtlenoazotyny.

Wyniki

U o0s6b z depresja po leczeniu przeciwdepresyjnym zaobserwowano istotny spadek
stezenia nadtlenoazotynu w surowicy oraz istotny wzrost stezenia GSH w surowicy. U
pacjentow z depresja i przebytym COVID-19 zaobserwowano istotnie nizszg aktywnos¢
GPx w surowicy oraz istotnie wyzsze stezenic NO w moczu w pierwszym pomiarze, a w
drugim pomiarze stwierdzono istotnie wyzsze stezenia S-Nitrozotioli w surowicy. U
pacjentow z depresja przed leczeniem zaobserwowano pozytywne korelacje wynikéw
skali HAM-D z aktywnos$cig CAT w surowicy i stezeniem S-nitrozotioli w moczu, a takze
pozytywne korelacje wynikow BDI ze stgzeniem GSH 1 aktywnos$cig SOD w surowicy.
Nie zaobserwowano istotnej korelacji w zakresie parametrow stresu oksydacyjnego z
pierwszego pomiaru ze zmianami wynikow skal HAM-D, HAM-A i BDI przed i po
leczeniu przeciwdepresyjnym. Nie obserwowano istotnych r6znic w st¢zeniach CRP i D-
dimeréw u oséb z depresja w porownaniu do grupy kontrolnej, ani wptywu leczenia
przeciwdepresyjnego na stezenia CRP 1 D-dimeréw. Nie obserwowano wplywu
przechorowania COVID-19 na zmiany stezen CRP i D-dimerow. Wykazano pozytywna
korelacj¢ wartosci CRP ze zmniejszeniem nasilenia depresji wedtug skali BDI po
leczeniu przeciwdepresyjnym. Po leczeniu zaobserwowano istotne zmniejszenie
nasilenia depresji i leku ocenianego za pomocag skal HAM-D, BDI i HAM-A, oraz

podwyzszenie wynikow w poszczegdlnych zadaniach CVLT oceniajacych procesy
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pamigciowe. Nie zaobserwowano istotnych réznic w wynikach IES-R miedzy pacjentami

Z depresja przed leczeniem, a grupg kontrolng, a takze w odniesieniu do historii COVID-

19. W grupie badanej przed i po leczeniu przeciwdepresyjnym nie stwierdzono istotnych

korelacji miedzy stgzeniami przeciwcial SARS-CoV-2, a nasileniem depresji i leku,

zmiang wynikéw skal HAM-D, HAM-A, BDI oraz nasileniem ogoélnych objawow

podczas zakazenia SARS-CoV-2. W grupie kontrolnej zaobserwowano istotng korelacje

miedzy stezeniami przeciwcial anty-N IgG, a nasileniem zaburzen smaku podczas

zakazenia SARS-CoV-2.

Whioski

1.

Chociaz doniesienia z przegladu literatury sugeruja, ze procesy zapalne
wystepujace w zakazeniu SARS-CoV-2 moga wptywaé na skutecznos$¢ leczenia
0osOb z depresja, niniejsze badanie nie potwierdza, ze odpowiedz kliniczna na
leczenie przeciwdepresyjne moze by¢ zwigzana z przechorowaniem COVID-19 i
wyjsciowym stezeniem przeciwciat SARS-CoV-2.

Poziom odczuwanego stresu zwigzanego z pandemig COVID-19 nie roznit si¢
miedzy osobami z depresjg, a osobami bez depresji oraz w zaleznosci od
przechorowania COVID-19.

Przebycie COVID-19 wérdd osob z depresjg wigze si¢ z nasilonym stresem
oksydacyjnym w poréwnaniu do grupy kontrolnej (nizsza aktywnos¢ GPx i
wyzsze stezenie NO).

Leczenie przeciwdepresyjne wplywa na parametry stresu oksydacyjnego i
nitrozacyjnego (wzrost stezenia GSH, spadek stezenia nadtlenoazotynu).
Leczenie przeciwdepresyjne wptywa na redukcje objawoéw depresji 1 poprawe
funkcji poznawczych.

Nasilenie depresji koreluje z parametrami stresu oksydacyjnego i nitrozacyjnego
(aktywnos$cig CAT i SOD, stezeniem GSH, stezeniem S-nitrozotioli).

Dalsze badania s3 niezbedne do oceny wplywu przebycia COVID-19 na
skuteczno$¢ terapii przeciwdepresyjnej. Ich wyniki moga poglebi¢ wiedzg 1
Swiadomo$¢ wsrod klinicystow, wspieraé poszukiwanie nowych metod
optymalizacji leczenia zaburzen depresyjnych w okresie po pandemicznym oraz
umozliwi¢ lepsza identyfikacj¢ pacjentow z grup podwyzszonego ryzyka, w tym

z zespolem post-COVID-109.
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9. Streszczenie w jezyku angielskim

Introduction

The COVID-19 pandemic has contributed to a significant increase in the incidence of
mental disorders, including depressive and anxiety disorders. Previous scientific research
indicates that a history of SARS-CoV-2 infection may trigger or exacerbate symptoms of
depressive disorders. COVID-19 infection can lead to immune system dysfunction and
prolonged inflammation lasting even several months post-infection, which may
contribute to difficulties in treating depressive disorders. The literature review indicates
that patients with elevated baseline inflammation show a weaker response to conventional
antidepressant therapies and that coexisting immunological underpinnings of
inflammatory diseases are a risk factor for a depressive episode, treatment resistance, and
recurrence of depression. Antidepressant treatment has several beneficial effects, such as
alleviating depressive symptom severity, improving cognitive functions and reducing
inflammation by lowering levels of pro-inflammatory cytokines and oxidative-nitrosative
stress. It has been observed that some antidepressants may alleviate depressive symptoms
in patients with COVID-19. Given the increasing frequency of depressive disorders and
the specificity of their treatment in the post-pandemic COVID-19 period, further research

is necessary to develop new therapeutic strategies.

Aim of the study

The doctoral dissertation aimed to evaluate the impact of previous SARS-CoV-2 infection
on the effectiveness of antidepressant treatment with an assessment of neurocognitive
functions and an analysis of selected inflammatory parameters in individuals with

depression.

Material and Methods

A total of 33 hospitalised patients diagnosed with depressive disorders and 30 healthy
individuals without mental disorders were examined. In the study group, contact with the
SARS-CoV-2 virus was confirmed in 21 individuals, while in the control group, it was
confirmed in 23 study participants. At the beginning of the study, all participants
underwent a physical and psychiatric examination, an assessment of neurocognitive
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functions, and biological material was collected for analysis (first measurement). The
second test procedure (second measurement) was performed 4-6 weeks after initiating
antidepressant treatment in 21 individuals, including 15 persons with a confirmed history
of SARS-CoV-2. Response to antidepressants was measured as an improvement in scores
on the HAM-D, BDI, and HAM-A scales before and after treatment. Basic biochemical
parameters of blood were examined in all participants, and parameters of the kynurenine
pathway and oxidative and nitrosative stress were determined in serum and urine samples:
kynurenine (KN), N-formylkynurenine (NFK), dityrosine (DT), tryptophan (TRY),
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), reduced
glutathione (GSH), 4-hydroxynonenal (4-HNE), nitric oxide (NO), S-nitrosothiols and
peroxynitrites.

Results

A significant decrease in serum peroxynitrite concentration and a significant increase in
serum GSH concentration were observed in depressed individuals after antidepressant
treatment. In patients with depression and a history of COVID-19, significantly lower
serum GPx activity and significantly higher urinary NO concentration were observed in
the first measurement, and significantly higher serum S-nitrosothiol concentrations were
found in the second measurement. In patients with depression before treatment, positive
correlations of HAM-D scale results with serum CAT activity and urinary S-nitrosothiol
concentration were observed, as well as positive correlations of BDI results with serum
GSH concentration and SOD activity. No significant correlation was observed in
oxidative stress parameters from the first measurement with changes in HAM-D, HAM-
A and BDI scale results before and after antidepressant treatment. No significant
differences were observed in CRP and D-dimer concentrations in people with depression
compared to the control group, nor was there an effect of antidepressant treatment on
CRP and D-dimer concentrations. No impact of COVID-19 on changes in CRP and D-
dimer concentrations was observed. A positive correlation between CRP values and a
reduction in the severity of depression according to the BDI scale after antidepressant
treatment was demonstrated. After treatment, a significant decrease in the severity of
depression and anxiety was observed using the HAM-D, BDI, and HAM-A scales, as well
as an increase in the scores for individual CVLT tasks assessing memory processes. No

significant differences were observed in the IES-R scores between patients with
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depression before treatment and the control group, as well as to the history of COVID-

19. In the study group, before and after antidepressant treatment, no significant

correlations were found between the concentrations of SARS-CoV-2 antibodies and the

severity of depression and anxiety, the change in the results of the HAM-D, HAM-A,

BDI scales and the severity of general symptoms during SARS-CoV-2 infection. In the

control group, a significant correlation was observed between the concentrations of anti-

N IgG antibodies and the severity of taste disorders during SARS-CoV-2 infection.

Conclusions

1.

Although reports from the literature review suggest that inflammatory processes
occurring in SARS-CoV-2 infection may affect the effectiveness of treatment in
people with depression, this study does not confirm that the clinical response to
antidepressant therapy may be associated with having had COVID-19 and the
initial concentration of SARS-CoV-2 antibodies.

The level of perceived stress related to the COVID-19 pandemic did not differ
between people with depression and those without depression, depending on
whether they had COVID-109.

Having had COVID-19 among people with depression is associated with
increased oxidative stress compared to the control group (lower GPx activity and
higher NO concentration).

Antidepressant treatment affects the parameters of oxidative and nitrosative stress
(increased GSH concentration, decreased peroxynitrite concentration).
Antidepressant treatment reduces the symptoms of depression and improves
cognitive functions.

Depression severity correlates with oxidative and nitrosative stress parameters
(CAT and SOD activity, GSH concentration, S-nitrosothiol concentration).
Further studies are necessary to assess the impact of COVID-19 on the
effectiveness of antidepressant therapy. Their results may deepen the knowledge
and awareness among clinicians, support the search for new methods to optimise
the treatment of depressive disorders in the post-pandemic period, and enable
better identification of patients from high-risk groups, including those with post-
COVID-19 syndrome
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zapalnych u o0séb z depresjg” polegal na stworzeniu koncepcji pracy, nadzorze nad
powstawaniem pracy, konsultacji merytorycznej i korekcie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie przez lek. Eliz¢ Samaryn publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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12. Zgoda Komisji Bioetycznej

Projekt badania zostat zaakceptowany przez Komisje Bioetyczng Uniwersytetu

Medycznego w Biatymstoku

KOMISJA BIOETYCZNA
PRZY UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. 85 748 54 07, fax 85 748 55 08
komisjabioetyczna@umb.edu.pl

Biatystok, 27.05.2021 r.
Uchwata nr: APK.002.281.2021

Na podstawie art. 29 ust. 2 i 14 ustawy dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty (t.j. Dz. U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Biatymstoku, po zapoznaniu sie
z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice/- wyraza zgod ¢ naprowadzenie tematu badawczego: ,, Wplyw
przebytego  zakazenia  SARS-CoV-2 na  skuteczno$¢  leczenia
przeciwdepresyjnego z ocena funkcji neuropoznawczych oraz analiza
wybranych parametrow zapalnych u osob z depresja” przez dr hab. Beate
Galinska-Skok wraz z zespotem badawczym z UMB.

Planowany okres realizatji od 27.05.2021 r. do 31.12.2023 r.

Przewodniczaca {i Bipetygznej przy UMB

prof. dr hab. Oty

/
/

Pouczenie
1. Odwolanie od uchwaly komisji bioetycznef wyrazajgcej opinig moze wniesé:
1) wnioskodawca,
2) kierownik podmiotu, w ktdrym eksperyment medyczny ma byé przeprowadzony:
3) komisja bivetyczna wiasciwa dla osrodka, kiory ma uczestniczyé w wieloosrodkowym eksperymencie medycznym.
2. Odwolanie. o ktrym mowa w ust. 1, wnosi si¢ za posrednictwem komisji bioetycznej, ktora podjeta uchwalg, do Odwolawczej Komisji
Bioetycznej w terminie 14 dni od dnia dorgczenia uchwaly wyrazajgeej opinig.
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