N3BEILITAJ OJ1 CHPOBEJAEHO UCTPAKYBAILE BO IIOJPAYJETO HA

[emu:

OKCUJIATUBEH CTPEC

EBanyanuja Ha MapKepH 3a OKCHAATHBEH CTPEC KAKO JOCTAIlHA aHAIM3a Ha
VHCTUTYTOT 32 NPETKIMHMYKA i KITHHAYKA (papMaKaIoTHja i TOKCHKOJIOTHja

McnuTyBame Ha TapaMeTpUTe Ha OKCHIATUBEH CTPEC Kaj IAIMeHTH CO YMEPEH U TEKOK
o6k Ha KoBun 19

McnuTyBame M IOKaKyBambe Ha Kopejaluja IoMery mapaMeTpuTe Ha OKCHIATHBEH
CTpec M 4ecTo ucmuTyBaHute KinHHukd Mapkepu CRP, n-mumepu, LDH 1 NLR Kaj
KoBua-19 nanuentu

VcnuTyBame Ha IUTOKMHCKMOT IIPOGMII Kaj MAalHeHTH CO TeKoK o0k Ha Koua-19
VcnuTyBare H JI0KaKyBame Ha Kopenaluja MoMery napamMTepuTe Ha OKCHIATHBEH
CTpeC ¥ CeNEeKTUPAHUTE LIUTOKHHU




1.1.EBanyaruja Ha MapKepUTe Ha OKCHIATHBEH cTpec Kaj mamuenTd co Kosun-19

AnCTpaKT

K IMHMYKATE MOAATOLH CYTepHpaaT 3roJieMeH OKCHAATHBEH CTpec Kaj namuenTtn co Kosun-19
¥ 0BOj BIIOIIIEH PEIOKC CTaTyC IOTEHIH]aTHO MOJKe 1a IPU/IOHECE 3a Iporpecuja Ha boecTa.
Co 1ie1 Ha eBalyalyja Ha OKCHIATUBHUOT CTPEC, I U3MEPHBME 1apAMETPUTE 3a OKCHIATHBCH
crpec, mmeno, PAT (BKkymHa aHTHOKcHAaHTHAa MOK) n d-ROM (rrazma nepokcuay). [Tokpaj
T04 ja MpOIEHWBME HUBHATA KOpelalHja cO HajuecTO KOPUCTEHUTE KIMHUYKH IapamMeTpu
CRP, LDH, u NLR Bo cepyM Kaj yMEPEHHU U TEIIKO OOJIHU MAlUCHTH XOCIHUTATM3HPaHH [IPH
VndexTuBHATA KIMHAKA 32 GeOPHIHK U 3apasHu O0IeCTH.

PAT u d-ROM Gea yTBpieHH cO aHaluTH4Ka (OTOMETPHCKA METpUKa BO cepym ox 50
XOCIIUTATH3UPAHY TANMEHTH. 3a CeKoj OJ HHB, 1O JBa mpumepoun Gea coOpanu H
aHAIM3MPAHH BEHAII IO COOMPAEbETO BO MIEPHO] O CeAyM JEHA.

Kaj cuTe narueHTy Ipy IpreM Oellle n3MepeHa MHOTY BUCOKA BPEIHOCT Ha IIa3Ma EPOKCH I
1 Gelle JMOKaKaHA 3HaYajHa Kopealyja MoMely mapaMeTpuTe Ha OKCHIATHBHHOT CTpeC U
CRP, LDH u NLR. (ctp <0,05), OcBeH 3a HHIEKCOT Ha OKcuaaTiBeH crpec Hacipord CRP Kaj
Temko GonuauTe naruenty co Kosua-19. Bo daszara Ha o3apaByBame, 3a0enexan Oere raj Ha
Ma3Ma IePOKCHINTE W HHAEKCOT Ha OKCHIATHBHUOT CTpec Gelie Mogo0peH Kaj MalueHTUTe
co ymepeH 00IHK Ha GoecTa.

CMmeTaMe [eKa KOPHCTEHETO Ha HHIEKCOT Ha OKCHIABUTEH CTPEC HA MOYCTOKOT Ha 6onecta
[peTCcTaByBa BaKHa IOYETHA TOYKA 3a OIIUTA POLEHKA HAa OKCHAATHBHUOT CTPEC M OTTyKa
0BO3MOYXYBa 0000 KIACH(QUIMPArbe Ha IALUEHTHTE BO OTHOC HA CCPHO3HOCTA HA Gornecta.

Kiryusn 360posu: KoBuz-19, okcunaTuBeH cTpec, M1a3Ma NepoKCHIH, aHTHOKCHAHC ,
CEpUO3HOCT Ha boiecta



Abstract

Clinical evidence suggests increased oxidative stress in COVID-19 patients and this worsened
redox status could potentially contribute to the progression of the disease.

To investigate the oxidative stress we have measured oxidative stress parameters, namely, PAT
(total antioxidant power, iron reducing) and d-ROMs (plasma peroxides). Additionally we have
investigated their correlation with the most frequently used clinical parameters CRP, LDH, and
NLR in serum from moderate and severe COVID-19 patients hospitalized in a tertiary hospital.
PAT and d-ROMs were determined by analytical photometric metric method in serum from 50
hospitalized patients. For each of them, two samples were collected and analyzed immediately
after collection seven days apart.

All patients at admission had a much higher value for plasma peroxides and a significant
correlation between oxidative stress parameters and CRP, LDH, and NLR. (p<0.05), except for
0S index (OSI) vs CRP in the severe group. At discharge, plasma peroxides were reduced and
OSI was improved in the moderate group.

We consider that using OSI at the beginning of COVID-19 disease presents a valuable starting
point for the general assessment of oxidative stress and hence enabling a better triage of the
patients in terms of disease severity.




Bosen

Bo m3MEHATATA TOIMHA OTKAKO O(MMIMjaTHO e mporiaceHa maxaemujata co Kosun-19,
HAYYHUIMTE W JIEKApPUTe IIMPYM CBETOT OINCEXHO I'M CIIOJENYBAaT CBOMTE HMCKYCTBAa BO
HaydnuTe nyOiukanmu. OBa ja MOMOrHa IOCTAIHOCTA HA IOOMIIMPHU 71a00paTOPUCKH
TI0JIATOIIH, a ICTO TaKa, MPEUIOKEHH Ce HEKOJIKY MOTEHIMjalIHI MEXaHU3MH 3a]] IaToreHe3ara
Ha GostecTa. [oGanHaTa TAHIEMHU]a TO JOBEIE BO Mpallake CeKOj 3PaBCTBEH CHCTEM, JTypH
1 BO HAQjMOKHHTE U Pa3BUECHHUTE 3EM]H.

Cnopen C30 , MAaIKEHTHTE CE KATErOPU3UPAHH BO OICET O/l ACHMITOMATCKH MK Gyiaru 1o
ymepenu, temky win kputuanu. CAPC-Cov-2 BHpycOT ro Harara peYuCH CEKOj CHCTEM BO
TeoTo. McX0a0T Ha GosecTa Kaj MHOI'Y MAllMeHTH € BO KOpealuja co J1IabopaTOPHCKHTE U
KJIMHAYKATE CBOjCTBA HA [UTOKHHCKA Oypa ITO MPeIU3BUKYBA MPO-BOCTIAIATEIHA cocrojba
KOja IOBeyBa [0 IPEKyMepHa IPOIyKIiKja Ha peaKTUBHH BU/IOBH Ha KHCIOPOX (POC) wto €
[I0Bp3aHa CO CEPHO3HO OIUTETYBabE Ha TKUBOTO.

OKCHIATHBHUOT CTPEC € MPHPOJIEH TPOLIEC KOj Ce CIIydyBa BO TEKOT Ha METa00IM3MOT ¥ UIpa
eIHA B@)XHA YIOra BO OJPXKYBAaE€ Ha pamHOTe)KaTa Ha HHBOATa Ha IPOOKCHIAHTH —
AHTHOKCHIAHCH M XOMEOCTasaTa Ha KJIETKWTe, TKMBaTa M opramute. Bo abHOpMamHu
(DH3MOIIOIMIKA YCIIOBU HEKOHTPOJIMPAHOTO NMPOU3BOJCTBO HA POC kako mTO ce CyIePOKCH]
aHjOHOT, BOMOPOZA MEPOKCHIOT, XHAPOKCHIHHOT pAIMKal W MOJCKYIapHHOT KHCIOPOA
IPOMOBHpAAT Kackaja 0] GHONOIIKY HACTaHH KOH HHIYIUPaaT MaToIOMKHI OArOBOPH.

Kaj maipeHTH O KOMOPOMIUTETH KOH CE naduuupann co CAPC-Cov-2 eBUICHTHPaHA €
cocT0j6a co 3roJeMeH OKCHIATUBEH CTPEC NOPaii XpOHUYHATA GoJecT ¥ BUpyCHA HHPEKIH]a.
3aT08, MEPEHETO Ha OKCHIATHBHHOT CTPEC MOXKE Ja OMe BXHO 32 Ja Ce OJpe/r TEKOT Ha
GojlecTa BO OHOC HA CepHO3HOCTA. VICTO Taka, eBalyalyjaTa Ha OKCHIATUBHIOT CTPEC MOKE
Ja ce cMeTa KaKo ajaTka 3a MOIPIIKA Ha PAliOHATICH MPHUCTAIl KOH TePareBTCKUTE OUIYKH
[peKy KOPHCTERs€e Ha aHTHOKCU/IAHCH, 3eMajKH TH BO NIPEIBHI HUBHOTO JIEjCTBO KOH IPEKHH
Ha [UTOKMHCKATa Oypa Kako U HaMalyBambeTo Ha OKCHUIATUBHUOT CTPEC.

Kopenarmjara noMery OKCHIaTHBHHOT CTPEC M CCPHO3HOCTA HA fosecTa ce yIITe He € LEeI0CHO
HCTpaXkeHa M OTTyKa HEIOCTACYBAAT EKCICPHMEHTATHH IOJATOLH BO KIMHWIKH yCIOBH.
3aroa, Hamara cTyauja ce GOKycHpalle Ha MPOLEHKa Ha MapaMeTpUTe Ha OKCHAATHBHHOT
CTpec U HHBHATA MOBP3aHOCT CO HEKOJIKY Haj4ecTO KOPUCTCHH GHOXEMMCKH MapaMeTpHd Kaj
xocnuTanusupany namwertn co Kosun-19. Osa [OTEHIHjaIHO MOXKE Jla IMOMOTHE BO
OTKpHBAF-e HA MAIMEHTH KOU Gapaar MOCJIOXKEH IPUCTAIl 32 JICKYBALE. HammaTa xumoTesa e
Jleka TapaMeTpuTe 33 OKCHIATHBEH CTPEC MOXE Ja Ce KOPUCTAaT KaKO JOTOIHYBAme Ha
KOHBCHITHOHAJIHITE 1a00paTOPHCKH aHATH3H, Kako OHoMapKepH 3a nporpecdja Ha Oonecra.
3a oBaa IeJN ce aHaIH3UpaIie cepyM of 50 manueHTH HHGUIEPAHH CO CAPC-Cov-2 co no6po
BOCIIOCTABEHA MeTOJa IIPEeTXOJHO KOPHCTeHa BO 00JacTa Ha MNpEeIBHAYBAEKE HA PEIOKC
paMHOTesxaTa. Pe3yaratute 0 [apaMeTpUTe 3a OKCHAATHBEH CTPEC Oea BO KOpEIHpaHH CO
CRP, LDH u NLR co e fa ce IOTBp/M KIMHHYKATA BAKHOCT HAOBHE MApKEPH TOLIMPOKO
J1a ce UCKOPUCTAT OJ1 37[paBCTBEHUTE HHCTUTYIIUM -

Marepujaj 1 METOAH
2.1. luzajn

50 mamuenty co Koua-19 (31 max u 19 xeHu) co cpeana Bo3pact oA 56 roguHU (OICET O
18 10 79 roxmHu) XocmuTanu3upanu Ha MHpexTHBHATA KIMHAKA 33 (beOpuHu U 3apasHu




bonectn Bo Ckomje BO pPOK O 2 MeCeIM Ce BKIy4eHH BO OBaa CTyauja. JlMjarsosara u
knacuukanujara Ha KoBun-19 Gea Gasupanu Bp3 OCHOBA Ha YIATCTBOTO 3a KIHHHYKH
meHaMeHT Ha Kosua-19 usnanen on crpana Ha C30. [Taunenture co ymepena 6oiect Gea
BO3pDaCHH CO KIMHHYKM 3HAlM HAa NHEBMOHMja, HO 0e3 3HAIMl Ha TeIIKa ITHEBMOHH]a,
BKIyuyBajku SpO2 > 90% . Temkute caydan TOMOJHUTETHO UCIOIHYBAa €€l O/ CJIEIHUBE
yenosu: SpO2 < 90%, pecniuparopHa cranka>3(0 BAUIIYBamka BO MHHYTa WM [IPUCYCTBO Ha
TeIIKa pecrupaTopHa ciabocT.

Cute manuentu Oea morBpaeHu neka umaar SARS-CoV-2 wumndexunuja co RT-PCR on
IPUMEPOK OJ HasayeH U (apunreanseH Opuc. Camo 1ab0paTOPUCKK MOTBPAEHH Cilydan Oea
BKJIy4eHHM BOo cryaujara. Ctymujata Geme omobpeH on ctpaHa Ha ETwukara xommcuja Ha
Menununckuor dakynrer. cTpakyBameTo € U3BpIIeHa O CTpaHa Ha MYJITHAUCHHUIUTHHAPEH
rpyIa, BKIY4yBajKH ' U KJIMHUYKH €KCIIEPTH BO noapayvjeto Ha Kosun-19.

2.2. KNMHWYKY KapaKTepUCTHKHU U J1aDOPaTOPUCKU [TOIATOLH

JlemorpagcKku KapakTEpUCTUKH, MEIMIMHCKA HCTOpHja, KIMHUYKHA CHMIITOMH W 3HAIH,
UCTOBpPEMEHA MIPUMEHAa Ha JIEKOBH, HCXOJ0T, KaKo U TabopaTOPUCKUTE aHAIHU3U Oea ToOHueHH
Ol MEIWIIMHCKATa UCTOpHja Ha marmueHTure. JlabopaTopuckara mpoleHKa ¢e COCTOCIIE O
KOMIUIETHA KpBHA CJIMKa, OMOXEMHCKM aHAJIM3H, KoaryJallMCKu Opodui, aHaIW3H Ha
apTEpPUCKH KPBHU TacoBU U HH(}IaMaTOpHU MapKepH

Kpurepuymure 3a oTnyinrame o1 KinHukara Oea: KIHHIYKO T0A00pyBame Ha GU3HKATHHOT
mpernen, mogxoOpyBame Ha OKCHI'€HAIlHja, TeJleCHa TeMIlepaTypa BO HOpMasa HajMalKy TPU
JieHa W MomoOpyBame Ha HH(puITpanujata Ha Oenute ApoOOBH (IOKaXKAHO CO PEHIATE€HCKU
Iperjie]] Ha IpajnuTe).

2.3. Meton 3a oapenyBame Ha d - ROM, PAT u nanexkc Ha OKCUIATHBEH CTPEC

PAT (BkymHa anTHOKcHIaHTHa MOKHOC) ¥ d - ROM (mna3ma nepokcuau) 6ea u3MepeHu Ha
FRASS ananutuyks GOTOMETPUCKH cHCTeM co ynoTpeda Ha Op3 kut REDOX. JIBa npumMepoka
Oea coOpaHH W aHAJIM3HPAHH BEIHAII II0 COOMPAETO CO pas3iauKa oX cenyMm neHa. [Ipsuor
IpuMepoK Oerrie 3eMeH IpH IPHEMOT BO KIMHUKATa. PedepeHTHITE HOPMAHU BPEAHOCTH Ha
d-ROM s u PAT ce 250-300 U. Carr ( 1 U. Carr = 0.08 mg H202 / dL ) u 2200-2800 U. Carr,
cooznBeTHO. MHaekcoT Ha okcuaaruser crpec (OSI) ru npuxaxysa HHGOpMauuTe 100HEHH
on Gpsmor tect d-ROM m tector PAT Kk0j aBTOMAarcku ce IpeCMETyBa CO HAaMEHCKHOT
cexkTpopoTomerap FRASS co HopManHu pedepeHTHH BpeaHocTH noManu of 40 nameHu ox
npoussoaurenot ( H&D srl, 43124 Tlapma, Wranuja).

2.4 CratucTiyka aHajau3a

[TogaTouuTe Gea OMMINAHKA KaKo OPOj W/HJIM NPOLEHT, UK CPeIHa ¥ OICEr MJIM MPOCeYHa U
cranpapana aesujanuja (CJ[) mnu cramnapana rpemka Ha npocekor (CEM), xape mro e
CO0BETHO. Pa3nukuTe momery rpynute 6ea OTKPHEHH CO MOMOII Ha T-T€CTOT, MaH-BuTHH
wi AHOBA, mpocieleHu co MOBeKeKpaTHHOT TecT 3a crnopenda Ha Xonm- Cumak, co p<0.05
3a CTAaTHCTUYKM 3HA4ajHO. 3a cropenda momery IpyluTe, HHE KOPHCTEBME BPETHOCTH Ha
OKCHIATHBEH CTpec Kaj 3xpasu juia (12 Maxu 1 8 KeHH, IPoceuHa BO3pacT o/l 54 TOIMHI) CO
meratueeH RT-PCR kou Gea BO OIICeroT Ha Beke 00jaBeHU pehepeHTHH HOPMAJIHU BPEIHOCTH




KaKko IITO € HaBeaeHo BO aenor 2.3. CuTe aHalM3W Ce€ HAIpaBeHH CO KOPUCTCHE Ha
cratuctrdkara nporpama GraphPad 9 ( CAJD).

3.0 Pesynratu

3a j1a ja mcMTaMe J0AaAeHaTa BpeiHocT Ha OS], HarpaBUBME aHAIM3a HA criopen0u co HEKOU
yecto mpumenetn naboparopucku mapkepu (CRP, LDH 1 NLR) kou ce KopuCTaT 3a 1a ce
IIPEIBHIM TEKOT Ha Goecra. Hamrarta XumoTesa e fexa Kaj AlleHTH KaJle BPEJIHOCTA Ha OSI
[I0CTOjaHO Ce 3roJIeMyBa [0 IPUEMOT Bo OONHAIIA, HajBEPOjaTHO Ke pasBujat Temka popma Ha
GonecTa MM KOMILUTMKAIMK 3a BPEME HAa XOCIHTAIM3alMja, BKIYYHTENTHO W CMpPT. Bo
CIpoTHBHO, ako BpemHocta Ha OSI ce HamagyBa, MAOMEHTOT Tpeba na uMa 1odp30
3aKpeIHyBAEbE 1 NIEPHOZOT Ha XOCIHTATH3AlH]a Tpeba fa ce HaMai. 3aToa, 3a 11a Ce OTBP/H
HAIIATa XMIIOTe3a TH aHATH3MPaBMe YMEPEHUTE M TEMIKO OOJIHUTE MAMCHTH 3apa3eHn CAPC-
Cov-2 MalMeHTH XOCIATAIM3HPAHH Ha Y HUBEP3UTETCKATa KIIMHNKA HHQEKTHBHY U HeOpHITHA
cOCTOjOM BO HAIIATa 3eMja.

3.1. Jlemorpaduja ¥ KIMHUYKH KapaKTePUCTHKH Ha MALMCHTATE

Ox 50 marmenTs, 30 TalMeRTH Npunaraar Ha Temka rpyna u 20 ox HuB Oea KiacupuIupaHu
KaKo yMepeHH cirydad. IIpocedynara BO3pacT Ha yMepeHaTa IpyIa (52.05 + 12.84 ronunm)
Gellle MaJKy IMOHHKCKA OJ IPOCEYHATA BO3PACT Ha TEIIKATa rpyna (58.0 £ 9.94 rogunu), HO HE
Gellre 3abeeKaHa 3HaYajHA PA3IMKa BO OJHOC Ha OBO]j IapameTap IoMery TpyIuTe (p> 0.05,
t-rect). IIpocedHOTO BpeMe OJ] MOYETOKOT HA CHMINTOMHTE /10 [IPHEMOT BO 6onHMIA Oemre
10.52 + 2.33 nena (omcer 7-16 nena). IToseketo namuentu (60% BO ymMepeHa rpyna u 76.7%
BO TellKa FPyIIa) MMAale OCHOBHH MEHIMHCKH COCTOjOU IPH IPUEMOT. HajuecTto npujaByBaHu
KoMopOuauTeTH 0Oea XHMIepTeH3Hja, [ujaberec M XPOHUYHH — CPLCBU 3a00TyBama.
JIONOIHUTETHO, [IPOCEYHHOT Opoj Ha KOMOPOMIHMTETH Kaj CeKoj MalueHT Oelle MalKy
norosiem Kaj Temkara rpyna 1.7 + 0.56 (omcer 1-3), OTKOJIKY Kaj ymepenara rpyna 1.42 +0.52
(omcer 1-2). HajucrakHaTtuTe ¥ BO3HEMUPYBAYKH CHMITOMH [IPHjaBEHH O NAMECHTHTE IIPH
npuem Oea BHCOKa TeJlECHA TeMIepaTypa (80%), mucmHea (64%), MamakcaHocT (62%) u
kamumana (56%).

Bo ymepeHara rpymna IpH mpuem, Oea 3abenexanu abuopmannu spexnoctu 3a CRP, LDH,
rauko3a 1 NLR. Cpenmara pesoct 3a CRP Geute 44.1 + 6.46 macporu 7.16 + 1.96, LDH
6eme 280.3 + 25.27 macmpoTu 283.4 + 59.19 u NLR Geme 6.47 £ 1.64 macmporu 5.09 £ 1.73
TIpM TIPHEM M OTIIyIITame of KiuHHKara, COOABCTHO. Bo TemkaTa rpyna Ha IaIueHTH Oea
3abeexaHyu aOHOPMATHU BPEIHOCTH 332 HABOATA Ha CRP,LDH, CK, ALT, AST, riyko3a,
WBC u NLR . Cpennara spensoct Ha CRP, LDH, CK, ALT u NLR Bo Temkara rpyma Ha
IarMeHTH Oelre MOBHCOKA BO cropenda cO yMmepeHaTa rpyna MalHeHTH P [PHEM U
ormyinramke o Kinnukara.

3.2 Acongjanuja momery napaMeTpuTe 3a OKCHAATHBCH CTPEC, CRP, LDH u NLR

[TarueHTATE KOU IPUNAlaaT Ha JBeTe TPYIH [IPU IPUEMOT MMaaT MHOTY IOBUCOKA BPEAHOCT
32 TIa3Ma [IEPOKCHINTE ¥ 3aT0A TO 3r0JEMYBaaT HUBOTO Ha OKCHIATHBECH CTPEC BO cropenda
CO IPETXO/HO YTBPAEHHUTE BPEAHOCTH 32 OBHE NApaMeTpH Kaj 3/paBH JIAIA OJ] HaIIaTa
naGopatopuja (Bumu Tabena nomoiny).



TaGena. Ilapamerpu Ha okcuaatusen crpec (PAT, d-ROM and OSI) Bo cepym.

[lapameTap

PAT(U. Carr) + SEM

d-ROM(U. Carr) £ SEM

OSI+ SEM

Ymepena rpyna (n=20)

npuem vs omnycm

Tewxka rpyna (n=30)

npuem

Temka (n=6)

030pageHu

Tewmxka (n=9)
novuHamu

3apasa rpyna (n=20)

2887+102.1
p=0.0004, t-test
2673+160.6

p=0.1325, t-test

2801+85.86

p=0.0008, t-test

2652+148.8

p=0.0043, t-test

2186+233.2
p=0.2497, t-test

2406+71.55

431.2425.25
p=0.0001, t-test
334.3+13.87

p=0.0002, t-test

413+17.28

p=0.0001, t-test

325.3+22.46

p=0.0019, t-test

462.4+28.04
p=0.0001, t-test

271£5.590

94.2+13.9
p=0.0001, t-test
52.25+5.60

p=0.0001, t-test

84.03+8.86

p=0.0001, t-test

43.40+10.87

p=0.005, t-test

107.8+18.20
p=0.0001, t-test

21+£2.527

3.2.1 YMepeHa rpyna nanueHTH

Mery ymepeHata rpyIa maueHTH (n =20) pu IPHEMOT Ce MoKaska 100pa KOpeJanyja nomery
cute nerurany napamerpu (d-ROM s , PAT, OSI, CRP, LDH u NLR) (R2 = 0.9425, p <0.05,
ANOVA). OBue pe3yiItaTi ce rpapuyky NpUKaKaH! Ha Cnuka 1, xame mto Geme OTKpHeHa
sgayajua pasnuka 3a CRP, d-ROM m OSI (p<0.05, ANOVA). Ilokpaj Toa, 3HaYajHa
Kopenanuja Germe 3abenexana moMery CHTe MapamMeTpu MpH OTIYIITARE Ha TAIlUeHTUTE O
Kmammkara (R2 = 0.9383, p> 0.05, ANOVA) ocseH 32 d-ROM-ot co LDH u co NLR u CRP

(p>0.05) .
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Cinka. I'paduuky npukas HAa nmapaMeTpHTe HA OKCHIATHBEH CTpeC (a) 1 KIMHHYKH
n1aGopaTopucku napamerpu (b) Kaj HaMEHTHTE CO YMEPEHA C/IMKA Ha KoBua-19 (n=20)
npu npuem U oTmymrame ox Kinnnnkara. ##p<0.05, ****p<0.0001

[ToaTomuTe 3a MAIMEHTHTE CO TEXOK 00K Ha Gosecta BO JIETalH €€ IOCTAIHH BO Beke
objaBenara myOIuKaluja JafeHa BO IpHUJIOr.

4.0 TuckycHja

Jlo cera, eKCIIEpUMEHTAIHATE MOJATOLH 33 MEPEHhE HA OKCHAATHBHUOT CTPEC kaj Kosun-19
TAIMEHTH ce TUMUTHpPaHH, ce (pOKyCHpaHHa PETPOCIEKTHBHA aHATN3a Ha MOJATOH. Harmmara
CTyZHja MPUIOHECYBA KOH KIMHUYKUTE JOKA3H JEKa OKCHIAATHBHUOT CTPEC € 3roJieMeH Kaj
nmammenta co Kosua-19 u nexa BIOIMICHHOT PEIOKC CTaTyC MOTEHIIM]JTHO MOXKE Ja IPUI0HeCe
3a porpecuja Ha doecta.

HammTe pe3y/ITaTd MOKaXyBaaT AeKa U BO JIBETE IPYIH Ha IMAlMCHTH (yMepeHH U TELIKH)
¥MaaT MHOTY IOBHCOKA BPEIHOCT 3a Ijla3Ma NMePOKCHI BO OZTHOC Ha 3/(paBaTa HOMmyJanyja u
O TOa ¥ 3TOJIeMeH HUBO Ha HHIEKCOT Ha OKCHIaTHBEH cTpec. OBa € BO COTacHOCT CO HAOMUTE
o6jaBenu ox Myxamen u cop., [InHIeMant 1 cop., ¥ Anamaapd ¥ cop., Kajie € MOKaXaHo
3roeMEeHO HUBO Ha OKCHIATHBEH cTpec kKaj nauueHtd co Kosua-19.

JIOTIOHATENHO, BO CTyauja Ha [10JOHUKOB, IPUKAKAHO € [CKA MAIMEHTHTE CO yMepeHa H
temka ¢popma Ha KoBuz-19 mMane MOHHCKO HMBO Ha IJIYyTaTHOH H [TOBHCOKHU PEAKTHBHHU
prmosu kuciaopon (POC). Mako Herosute aHamM3W Ce H3BPILICHM HAa Maja rojieMuHa Ha
IpEMEpOK (T.€. 4 IAIMeHTH), aBTOPOT Cyrepupa AeKa HEJ0CTATOKOT Ha IJIyTaTHOH MOJXE J1a
6ume BakeH (HAKTOp IITO ro MOZ0OpyBa OKCHAATUBHOTO OLITETYBALC MPEIU3BUKAHO OJ1
CAPC-KoB-2 1 BoI# KOH Iporpecuja Ha fonecra.

CraricTHUKaTa pa3jiuka 3abenexana BO ABETE MOArPYIH Mel'y TEIIKHUTE MAllueHTH BO OJHOC
Ha BTOPOTO MEpPErhe Ha OKCHIATHBHIOT CTPEC MOXKE Ja ce MPUIIOHECE 34 IPeKyMEPHUTE HUBOA
ga POC ¥ Ha TOj HAYMH [PEIM3BUKYBA KacKala Ha MaTO/IOMIKK HACTAHH. OBa 6u pe3yaTUpaIo
O 3rONeMeH OKCHIATHBEH CTpec BOAEjKH KOH Pa3Boj Ha Telka popma Ha OosecTa, JypH U
OTKa)XyBaibe Ha IIOBEKE OpraHy U CMPT.




Bu cakaje na HaBegeMe JeKa CTyIujara WMa HEKOJIKY OrpaHH4iyBarbd. ITpBo, oBa Oerre
eJHOLEHTPUYHA CTyIWja BO TEpUUEpHA GoNHMYKA WHCTHTYUHMja Koja T mpudaka
HAjCNIOKEHHTE CIIydad Ol Henara 3emja. [Tokpaj Toa, MOBEKETO MalMEHTH, BeKe ce TpeTHpaar
7J0Ma WIM BO CEKyHIapHA 3/paBCTBEHA 3allTHTA. Omnmro 3eMmeHo, Oeme 3a0ejexaHo
BJOLIYBAbE HA COCTOjOaTa MOpamy JOLHa yNaTyBambe BO TepuuepHa KIMHHKA. ABTOPHTE
cMeTaaT IeKa oBaa aHanu3a TpeOa Ja Ce U3BLIM BO IPUMAPHHTE 3/paBCTBCHH yCTaHOBHU CO
IleJT /12 C€ YTBPIY UHICKCOT Ha OKCHIATUBEH CTPEC IIOPAHO Ha oueToKoT Ha 6onecta. Bropo,
cMeTame jeka Tpeba Ja ce KOPHCTH IOYeCT PAcIopel 3a 3eMame KpB (wmu GapeM BO
BPEMEHCKH TIEPHOJL TOKPATOK O] 7 neHa), 0COOEHO 3a MAIMEHTU CO BUCOK PU3HK. Hcro Taka ,
ge pobmBMe wuH(pOpMaNMKM 32 JOMOJHHUTEIHA Tepamuja ¥ HYTPHTHBEH CTaTyC Ipel
XOCTIMTAIM3AIH]a, [IITO UCTO TaKa MOXKE 1a HMa BIIMjaHKe BP3 BKyIHATA AHTHOKCHIAHTHA MOK.
OTTyKa, BO IOHATAMOIIHHUTE CTY/IHH ke ce GoKycupame Ha IIOTEHIHjAIHATA mpuI0oOHBKa OJT
Pa3sHUTE AHTHOKCHIAHCH KaKo areHCH KO MOXKAT Ja Io HaMaJaT OKCHIATHBHHOT CTpEC U
OTEHIIM]aTHO Jia To Io00paT HCXOI0T Ha onecra. [ToTpeGHa € CTyAMja Ha MOBeKe HEHTPH,
O TIOroJIeMa FONIeMUHA Ha PUMEPOK IITO Ke BKIIydyBa 3/[paBH JIMIA 1 NalHCHTH CO pa3Iu4yHu
CTEICHH HA CEPHO3HOCT Ha Oonecra, 3a JONOIHHTEIHO 1@ Ce pasjacHH yJlorara Ha
1apaMeTpUTe Ha OKCUIATHBHUOT CTPEC BO Kosua-19.

1.2. TIpe3enTanyja Ha (U TOKMHCKIOT mpoHT BO OTHOC HA OKCHIATHBHHUOT CTPEC

UcTo Taka, Kaj CeJNEKTMpaHU MalueHTH Gelme MCOMTAaHA KOpenalyjara IHoMery ceT Ha
muroxuam (IL2, 1L4, IL6, IL8, IL10, VEGF, IFN -y, TNF -a., IL-1a, MCP-1 un EGF) u
MapKepuTe Ha OKCHIATUBEH CTPEC Pesysnratie ce MpUKakaHH BO TabGenara moaoy.

Ta6ena. JIaGopaTOPHCKH AHAIN3U Ka] MAUHEHTH €O TEKOK 06auxk Ha Koua-19

Parameter Severe COVID-19 Not infected individuals p
patients mean+SEM (n=20) (t-test)
mean+SEM (n=14)
IL-6 (pg/mL) 250.1£39.07 2.135+0.453 0.0001

IL-2 (pg/mL) 4.426£2.177 2.005+0.402 0.2818
IL-4 (pg/mL) 1.936+0.268 1.956+0.137 0.3150
IL-8 (pg/mL) 108+19.79 7.159+1.298 0.0001
IL-10 (pg/mL) 11.14+4.551 0.916+0.219 0.0001
VEGF (pg/mL) 530.7+147.1 27.04+4.708 0.0001
IFN-g (pg/mL) 1.487+0.745 0.389+0.082 0.3889
TNF-a (pg/mL) 5.2230.751 3.646+0.757 0.090
IL-1a (pg/mL) 0.4614+0.263 0.215340.0422 0.7210
MCP-1 (pg/mL) 891£92.35 89.61+12.18 0.0001
EGF (pg/mL) 65.37£17.46 24.28+5.367 0.0318
d-ROM (U.Carr) 448.8+30.37 271+5.590 0.0001
PAT (U.Carr) 3048+100.1 2406+71.55 0.0001
oSl 107.714.38 2142.527 0.0001

CRP (mg/L) 144742138 2.1+0.05 0.0001
LDH (IU/L) 823.4+80.02 156+20.31 0.0001
NLR 17.08+2.058 1,5+0.02 0.0001
PLR 538.2+85.09 113+10.35 0.0001
D-dimer (ng/mL) 2688+499. 1 225422.75 0.0001
WBC (x10°uL) 1442.004 6.1£1.365 0.0019
ALT (U/L) 51.93£7.171 28.96+2.658 0.0018
AST (U/L) 61.210+£7.283 30.56+3.487 0.0002




MeHO, CTATHCTUYKH 3HAYajHO pasiuka (p <0.05, t-tect) e 3abenexana 3a IL-6, IL-8, IL-10,
VEGF, MCP-1 u EGF xaj narueHnTu co CAPC-CoV-2, noneka IL- 2, IFN-y, TNF- o u IL-
1 0.6ea 3rojeMeHH, HO OBaa pasiuka He Oelle 3Ha4YajHa BO criopenba CO MOEIAMHIUTE
6e3 nndexmja co CAPC-CoV-2(p<0.05, t-rect). BaykHO OTKpUTHE Ha OBaa MUJIOT CTyAUja €
Jieka IapaMeTpUTe Ha OKCHAATHBHHMOT CTpEC, d-ROM (448.8 +30.37 U.Carr), HHCKCOT Ha
oxcunarused crpec (107.7 +14.38 ) u PAT (3048 + 100.1 U.Carr ) 6ea 3HaYMTETHO OBUCOKH
(p<0.05, t-TecT) Kaj TCLIKH MALUEHTH CO Kosua-19 Bo cnopeaba co HEMHQUIMPAHHUTE
nuna. [Tokpaj Toa, HHE ja HCIHTaBME KopenanujaTa TOMery HCIHTAHUTE IUTOKHHH,
napaMeTpuTe 3a OKCHIATUBEH CTPEC U CRP, LDH, PLR, D-aumep u NLR. [Ipexy KOpHCTERHe
Ha TpHKa3 Ha ‘heatmap’ HOTBpAEHA € TO3UTHBHA H 3HauajHa Kopejaluja momely CHTe
[IUTOKHMHH ¥ [TapaMeTPUTE Ha OKCHUIATHBHHOT CTPEC (d-ROM, PAT u OSI), ocBeH HeraTubHa
xopenamuja momery IL-10 m BKYMHHOT AHTHOKCHIAHC karmanurer, PAT.He 3HauajHa
KOpeJaIHyja € eBUICHTHPaHa IOMely HHIEKCOT 0S u IL-8 (r=0.3762, p=0.8552) u momefy d-
ROM u VEGF (r=0.2156, p=0.999). IL-6 nokaxa HajCHJIHA KOpeJallija co CHTe MapKepu Ha
OKCHIaTUBHHOT cTpec, d-ROM (r=0.9725, p=0.0001), PAT (r=0.5000, p=0.0001) 1 nHACKC HA
oxcuaatuBHEOT cTpec (r=0.9593, p=0.012).
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Cnmka. Spearman r IpHKaXaHU Kako heatmap roMel’y LUTOKMHUTE, MApaMeTpuTe Ha
OKCHIATHBHOCT CTPEC U 9€CTO KOPUCTEHUTE KIIMHIIKH 6romapkepu Bo Kosua-19.

TToieTaHITE Pe3yJITATA U JUCKYCHja Ce IPAKAKAHH BO o6japenara my6nukaimja. OBaa MAIOT
cTyImja MOKaxyBa 100pa Kopenaiuja Tomely ITAHENOT Ha TECTHPAHH IMTOKMHH H
[apaMeTpuTe Ha OKCHIATHBHHOT CTPEC H3MEPEHH €O 6p3a GOTOMETPUCKA METO/IA IITO MOXE
Jla ce KOPUCTH Ha II0YETOKOT Ha 00JIeCTa 3a fa ce MPEABAIN nanmu KoBua-19 ke ce pa3Bue BO
temka Gopma. [Ipe3eHTUPAHUTE Pe3yNTaTH ke IpUOHECaT 3a MOUIPIIKA Ha NOKa3HTe ACKa
CHHAPOMOT Ha LHTOKHHCKa OyTa JEXKH KaKko MMyHOMAaTOTeHEsa 34 Bpeme Ha HH(EKIH]a




co CAPC- KoB-2 1 co KOpUCTER-€ Ha TapaMeTPUTe 33 OKCHIATHBEH CTPEC JICKApUTE MOXKAT 1d
00e30e1aT HaBpEMEHH! M paHW HHTEPBEHIIMH Kaj manenTd co Kosun-19.
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Abstract

Background: Clinical evidence suggests increased oxidative stress in COVID-19 patients
and this worsened redox status could potentially contribute to the progression of the disease.
Objectives: To investigate the oxidative stress we have measured oxidative stress
parameters, namely, PAT (total antioxidant power, iron reducing) and d-ROMs (plasma
peroxides). Additionally we have investigated their correlation with the most frequently used
clinical parameters CRP, LDH, and NLR in serum from moderate and severe COVID-19
patients hospitalized in a tertiary hospital.

Methods: PAT and d-ROMs were determined by analytical photometric metric method in
serum from 50 hospitalized patients. For each of them, two samples were collected and
analyzed immediately after collection seven days apart.

Results: All patients at admission had a much higher value for plasma peroxides and a
significant correlation between oxidative stress parameters and CRP, LDH, and NLR.
(p<0.05), except for OS index (OSI) vs CRP in the severe group. At discharge, plasma
peroxides were reduced and OSI was improved in the moderate group.

Conclusion: We consider that using OSI at the beginning of COVID-19 disease presents a
valuable starting point for the general assessment of oxidative stress and hence enabling a
better triage of the patients in terms of disease severity.

Keywords: COVID-19, oxidative stress, plasma peroxides, antioxidant, disease severity




What is new/what is important?

e Oxidative stress is increased in COVID-19 patients and this worsened redox status
could potentially contribute to the progression of the disease.

e Continuous rising of oxidative stress index upon admission to hospital will more
likely result in severe form of the disease or complications during hospitalization
including death.

e Oxidative stress parameters analysis should be performed in primary healthcare

institutions in order to determine oxidative stress earlier at disease onset.



INTRODUCTION

In the past year since the COVID-19 pandemic has been officially declared, scientists and
clinicians throughout the world share their experiences in scientific publications extensively.
This has aided availability of a more comprehensive laboratory data as well as several
potential mechanisms behind COVID-19 pathogenesis have been proposed [1-8]. The global
pandemic has questioned each health system even throughout the most powerful and
developed countries. We consider that data dissemination and its communication to the
international scientific and health community will have large impact on developing and
improving the strategies of the healthcare systems, especially those of the low income
countries, in containing the virus and protection of the public health.

According to WHO, patients have been categorized in the range from asymptomatic or mild
to moderate, severe or critical [1]. In general, SARS-CoV-2 virus attacks almost every system
in the human body [9-11]. The outcome of the disease in many patients is correlated with
laboratory and clinical properties of a cytokine storm that triggers pro-inflammatory
condition leading to excessive production of reactive oxygen species (ROS) that is linked
with severe tissue damage. The link between oxidative stress and inflammation has been
discussed previously elsewhere [12, 13].

Oxidative stress is a natural process that occurs during metabolism and plays an important
role in maintaining balance in prooxidant-antioxidant levels and the homeostasis of cells,
tissue and organs. During abnormal physiological conditions uncontrolled production of ROS
such as superoxide anion (O”), hydrogen peroxide (H,0O;), hydroxyl radical (OH) and
singlet oxygen (O;) occurs that promote a cascade of biological events inducing pathological
host responses. Disturbances in redox balance regarding excessive production of ROS
observed in different inflammatory and viral diseases are discussed in details elsewhere [14-

17].



Numerous publications in relation to the role of oxidative stress in viral infections such as
respiratory syncytial virus, HIV, primary hepatotropic viruses (hepatitis B and hepatitis C)
and herpes viruses such as Epstein Barr virus (EBV) have been published [18-20]. The
general pathogenic mechanisms in connection to ROS production and infection are identical
for all viruses. Essentially, viruses’ leads to disturbance of redox homeostasis in infected cells
and increased production of ROS in activated phagocytes [21-23].

In recently published reviews, authors focused on the effect of ROS on the pathophysiology
of viral infection with SARS-CoV-2 and present the relevancy of relationship between viral
infection, ROS production, oxidative stress and antiviral response [14-23].

Patients with comorbidities infected with SARS-CoV-2 have increased state of oxidative
stress due to chronic illness and viral infection [6-9]. Therefore, the measurement of
oxidative stress can be important in order to determine the progress of COVID-19 in terms of
severity. Also, determination of oxidative stress can be considered as tool to support rational
therapeutic decision in targeting the host response to viral aggression by using antioxidants,
taking into account their action by interrupting the cytokine storm, oxidative stress and
hematological abnormalities [12, 24-27].

The correlation between oxidative stress and the disease severity is still not completely
investigated and hence there is a lack of experimental data in a clinical setting. Therefore, our
study focused on assessment of oxidative stress parameters and their correlation with several
most commonly used biochemical parameters among hospitalized COVID-19 patients. This
could potentially help in early detection patients that require a more complex treatment
approach. Our hypothesis is that oxidative stress parameters could be used in addition to
conventional laboratory analyzes, as biomarkers for disease progression. For this purpose we
have analyzed serum from 50 patients infected with SARS-Cov-2 by well-established

photometric fast analytical method previously used in the field of redox balance prediction.




The results of oxidative stress parameters were correlated with CRP, LDH and NLR in order
to confirm the clinical importance of these markers to be exploited by the health institutions
more extensively.
MATERIAL AND METHODS
Study design (Patients)
A total of 50 patients with COVID-19 (31 males and 19 females) with a mean age of 56 years
(range from 18 to 79 years) hospitalized at the University Clinic for Infectious Diseases and
Febrile Conditions, Skopje, Republic of North Macedonia within a period of 2 months were
included in this study. The diagnosis and classification of COVID-19 were based on the
Interim Guidance for Clinical Management of COVID-19 issued by the WHO [1]. Patients
with moderate disease were adults with clinical signs of pneumonia, but no signs of severe
pneumonia, including SpO, > 90% on room air. Severe cases additionally met at least one of
the following conditions: SpO, < 90% on room air, respiratory rate >30 breaths/minute or
presence of severe respiratory distress.
All patients were confirmed to have SARS-CoV-2 infection by real-time reverse
transcriptase-polymerase chain reaction assay (RT-PCR) from nasal and pharyngeal swab
specimen. Only the laboratory confirmed cases were included in the study. The study was
approved by the local ethics committee (Ethics Committee of the Faculty of Medicine,
University of Ss Cyril and Methodius, Skopje, Republic of North Macedonia, No #03-366/7).
The work was performed by a multidisciplinary group, including clinical experts in COVID-
19 management.
Clinical characteristics and laboratory data
Demographic characteristics, medical history, clinical symptoms and signs, concomitant
medication, outcome data, as well as laboratory analyzes were obtained from the patients’

medical records. Laboratory assessment consisted of: complete blood cell count, blood



biochemistry, coagulation profile, arterial blood gas analyses and inflammation markers (only
selected laboratory parameters are presented in this article).
The discharge criteria consisted of: clinical improvement on physical examination,
improvement of oxygenation, body temperature back to normal at least for three days and an
improvement of lung infiltration (proved by chest X-ray examination).

Method for determination of d-ROMs, PAT and Oxidative stress index
PAT (total antioxidant power, iron reducing) and d-ROMs (plasma peroxides) were measured
on FRASS analytical photometric system by using REDOX fast kit (made of 50 individual d-
ROMs fast tests and 50 individual PAT tests, H&D srl, 43124 Parma, Italy), upgraded by
H&D srl but initially developed by Mauro Carratelli. [28,29]. Two samples were collected
and analyzed immediately after collection seven days apart. The first sample was taken on
admission at the clinic. The procedure was done according to the producers’ guidelines for
the both, d-ROMs and PAT tests.
The d-ROMs and PAT are reported in equivalents of H,0, and ascorbic acid, respectively.
The d-ROMs and PAT reference normal values are 250 — 300 U. Carr (1 U. Carr = 0.08 mg
H,0,/dL) and 2200 — 2800 U. Carr, respectively. Oxidative stress index (OSI) presents
information obtained from d-ROMs fast test and the PAT test that is automatically calculated
by the dedicated spectrophotometer FRASS with normal reference values less than 40 given
by the manufacturer (H&D srl, 43124 Parma, Italy).

Statistical analysis

Data were described as number and/or percentage, or median and range or mean and standard
deviation (SD) or standard error of mean (SEM), where appropriate. Differences between
groups were explored using the t-test, Mann-Whitney or ANOVA followed with Holm-
Sidak’s multiple comparison test, where appropriate. A p-value less than 0.05 was considered

significant. For purpose of comparison between groups, we have used oxidative stress values



of healthy individuals (12 males and 8 females, mean age 54) with negative RT-PCR that
were in the range of already published reference normal values as stated in section 2.3. All
analyses were made using the statistical program GraphPad 9 (USA).
RESULTS

In order to investigate the added value of OSI we have performed comparisons analysis with
some frequently applied laboratory markers (CRP, LDH and NLR) used to predict the course
of the disease. Our hypothesis is that in patients where the value of OSI is continuously
increasing upon admission to hospital are more likely to develop severe form of the disease
or complications during hospitalization including death. Otherwise, if OSI value is decreasing
the patient should have a quicker recovery and the hospitalization period should be reduced.
Therefore, to confirm our hypothesis we have analyzed moderate and severe SARS-CoV-2
infected patients at a tertiary health clinic i.e., the University Clinic for Infectious Diseases
and Febrile Conditions in our country.

Demographics and clinical characteristics of patients
The demographic characteristics of the 50 patients are given in Table 1. Among them 30
patients belong to severe group and 20 of them were classified as moderate cases. The mean
age of the moderate group (52.05+12.84 years) was slightly lower than the mean age of the
severe group (58.0+9.94 years), but no significant difference was observed in terms of this
parameter between the groups (p>0.05, t-test). The average time from onset of symptoms to
hospital admission was 10.52+2.33 days (range 7-16 days).
Most of the patients (60% in the moderate group and 76.7% in the severe group) had
underlying medical conditions at admission. The most frequently reported comorbidities were
hypertension, diabetes and chronic cardiac disease. Additionally, the average number of
comorbidities in each patient was slightly higher in the severe group 1.7+0.56 (range 1-3),

than in the moderate group 1.42+0.52 (range 1-2).



The most prominent and disturbing symptoms reported by the patients on admission were
high body temperature (80%), dyspnea (64%), malaise (62%) and cough (56%).
All patients received standard of care, and most of them were treated with antibiotics, oxygen
therapy, anticoagulants and corticosteroids. Additionally, other symptomatic and supportive
therapy was applied, if necessary, upon clinician’s judgement for each patient.
The mean value of all clinical laboratory parameters upon admission and discharge are
presented in Table 2. In the moderate group on admission, abnormal values for CRP, LDH,
glucose and NLR were observed. The mean value £SEM for CRP was 44.1 £ 6.46 vs 7.16 +
1.96, LDH was 280.3 + 25.27 vs 283.4 £ 59.19 and NLR was 6.47 + 1.64 vs 5.09 = 1.73 at
admission and discharge, respectively. In the severe group of patients abnormal values for
CRP, LDH, CK, ALT, AST, glucose, WBC and NLR levels were observed. The mean value
of CRP, LDH, CK, ALT and NLR in the severe group were higher when compared to the
moderate group of patients upon admission and discharge.

Association between oxidative stress parameters, CRP, LDH and NLR
The results (mean+ SEM) for d-ROMs , PAT and OSI are presented in Table 3 for the
moderate and severe group of patients. Patients belonging to both groups at admission have
much higher value for plasma peroxides and therefore increased oxidative stress level in
comparison with previously determined values for these parameters in healthy individuals

from our laboratory.

Moderate group of patients
Among the moderate cases (n=20) on admission good correlation was demonstrated between
all investigated parameters (d-ROMs, PAT, OSI, CRP, LDH and NLR) (R2=0.9425, p<0.05,
ANOVA). We have also performed additional comparison analysis for these parameters
between the two measurements on admission and on 7" day of hospitalization (further in the

manuscript refers to term ‘discharge’). These results are graphically presented in Figure 1,




where significant difference was detected for CRP, d-ROMs and OSI (p<0.05, ANOVA).
This could possibly reflect the overproduction of ROS and patients’ poor antioxidant system
in the pathogenesis of SARS-CoV-2 infection which has been already proposed and is in line
with acute inflammation process as confirmed by the presented laboratory parameters (Table
2). Additionally, a significant correlation was observed between all parameters at discharge
(R*=0.9383, p>0.05, ANOVA) except for d-ROMs with LDH and CRP with NLR (p>0.05).
Severe group of patients

Among 30 patients from the severe group, only 6 of them recovered and were discharged,
whereas 24 had deterioration of their condition and died. Nine of them died later than 7 days
after hospital admission and we managed to obtain the second blood sample for analyze, but
15 patients were deceased prior the second blood sample could be taken. ANOVA summary
test was performed for all 30 severe patients at admission. The differences among means of
tested parameters were statistically significant (R*=0.9080, p < 0.0001). Additionally, Holm
Sidak’s multiple comparison test showed a significant difference between all investigated
parameters (p<0.05) except OSI vs CRP, OSI vs NLR and CRP vs NLR on admission
(p>0.05). Among the severe patients that died and those who recovered and were discharged,
a statistically significant difference was observed between these two subgroups in terms of
the second OSI measurement (Figure 2) (p<0.05, Mann-Whitney). This can contribute to the
excessive levels of ROS and thus triggers a cascade of pathological events (tissue damage,
thrombosis, RBC dysfunction) that would result in increased oxidative stress and will
contribute to developing a severe form of the disease even multi organ failure and death.
Patients that died versus those who recovered from the severe group had CRP values
127£33.49 vs 20+9.39, LDH values 827.2+130.6 vs 484.6+204.2 and NLR values

44.72+10.49 vs 5.92+0.99, respectively. This high values of investigated clinical parameters




additionally contributed to the increased oxidative stress and may help to identify high risk
patients early in the course of the disease and prevent further disease’s complication.
DISCUSSION
Until now, little experimental data on the measurement of the oxidative stress in COVID-19
patients have been reported, with research groups focusing more on retrospective data
analysis, clinical features of the disease or review articles [3, 7, 14, 15]. Our study contributes
to clinical evidences that oxidative stress is increased in COVID-19 patients and this
worsened redox status could potentially contribute to the progression of the disease. Gadotti
et al., have presented clinical data of 77 patients where they have assessed the production of
hydrogen peroxide, defense antioxidants (total antioxidant capacity, reduced and oxidized
glutathione, glutathione s-transferase) and oxidative damage (MDA, carbonyl and sulfhydryl
which as analytical methods are time and material consuming [30]. Their results
demonstrated that hospitalization was prolonged in those patients who had high serum
leukocytes count and high CRP level. However, they did not demonstrate a correlation
between the oxidative stress parameters and the severity of disease due to difficulties in data
collection and limitation of access to medical records.
Our results show that both group of patients (moderate and severe) have much higher value
for plasma peroxides and therefore increased OSI level on admission in comparison with the
values oxidative stress parameters in healthy individuals from our laboratory. This is in
accordance with the findings published by Muhammad et al., [31], Pincemail et al., [32] and
Alamdari et al., [24] that showed increased levels of oxidative stress in COVID-19 patients.
Additionally, Polonikov [33] observed that patients with moderate and severe COVID-19
iliness had lower levels of glutathione and higher reactive oxygen species (ROS) and
ROS/reduced glutathione ratio in plasma than patients with moderate disease. Although the

measurements were performed on a small sample size (i.e. 4 patients), the author suggests



that glutathione deficiency could be an important factor that enhances the SARS-CoV-2
induced oxidative damage and leads to disease progression.

The statistical difference observed in the two subgroups among the severe patients in terms of
the second measurement of the oxidative stress can be contributed to the excessive levels of
ROS and thus triggers a cascade of pathological events. This would result in increased
oxidative stress and will contribute to developing a severe form of the disease even multi
organ failure and death [31-33].

Herein, authors would like to state that the study has several limitations. First, this was a
single-center study at a tertiary hospital institution that accepts the most demanding cases
from the whole country. Additionally, most of the patients were already treated either at
home or in secondary health-care setting. In general, condition deterioration was observed
due to late referral to the tertiary clinic. Authors consider that this analysis should be
performed in primary healthcare institutions in order to determine OSI earlier at disease
onset. Second, we consider that a more frequent blood sampling schedule should be
employed (or at least in a time period shorter than 7 days), especially for high-risk patients.
Also, we did not obtain information about the supplemental therapy and nutritional status
before hospitalization which could also have impact on the PAT (total antioxidant power).
Hence in further studies we will focus on the potential benefit of various antioxidants as
agents that might reduce the oxidative stress and potentially improve the disease outcome. A
multi-center study, with bigger sample size that will include healthy individuals and patients
with various degrees of disease severity is needed to further clarify the role of the oxidative
stress parameters in COVID-19.

CONCLUSION
In conclusion, we have presented results for oxidative stress parameters d-ROM, PAT and

OSI and their association with several frequently used clinical laboratory parameters (CRP,



LDH and NLR) in patients infected with SARS-CoV-2 divided in two groups: moderate and
severe. Patients which recovered had lower values for the free radicals and OSI in
comparison with the values obtained at the beginning of hospitalization. Since in all groups
increased oxidative stress was observed, we consider that using OSI at the beginning of
COVID-19 disease presents a valuable starting point for the general assessment of oxidative

stress and hence enabling a better triage of the patients in terms of disease severity.

Introducere: Datele clinice sugereaza faptul ca stresul oxidativ ar putea inrdutdfi statsul
redox, fapt ce ar putea duce la o progresie a bolii. Obiectivul studiului a fost de a investiga
parametrii stresului oxidativ PAT (puterea totala antioxidantd) si d-ROM (peroxizii
plasmatici) la pacientii cu forme moderate si severe de COVID-19. In plus a fost urmdritd
asocierea cu nalaize uzuale de laborator (CRP, LDH si NLR).

Metode: PAT si d-ROM au fost evaluate prin metode analitice fotometrice din serul a 50 de
pacienti spitalizati cu COVID-19. 2 probe au fost prelevate, imediat la internare si la 7 zile
distantd.

Rezultate: Toti pacientii cu forme severe aveau la internare valori mult crescute ale
peroxizilor plasmatici si s-a observant o corelatie semnificativa cu CRP, LDH si NLR. La
externare valoarea peroxizilor plasmatici a fost mult redusa.

Concluzii: Folosind indexul stresului oxidativ (OSI) la debutul COVID-19 poate reprezenta
un punct de pronire important in evaluarea general a stresului oxidative §i astfel sa putem
avea un triaj bun din punctul de vedere al serveritatii bolii.
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Table 1. Demographic and baseline characteristics of COVID-19 patients

All patients

Moderate group

Severe group

(n=50) (n=20) (n=30)
Gender (M/F) 31/19 9/11 22/8
Age (year) (mean+SD) 55.57+11.47 52.05+12.84 58.0+9.94
Days from disease onset 10.52+2.33 10.35+2.18 10.63+2.46
to admission (mean+SD)
Patients with medical 35 (70%) 12 (60%) 23 (76.7%)
conditions (%)
Number of medical 1.6+0.54 1.42+0.52 1.7+0.56
conditions (mean+SD)
Co-existing medical
conditions (%)
Hypertension 18 (36%) 4 (20%) 14 (46.7%)
Diabetes 12 (24%) 3 (15%) 9 (30%)
Chronic cardiac disease 7 (14%) 2 (10%) 5(16.7%)
Haematological disease 4 (8%) 2 (10%) 2 (6.7%)
Thyroid disease 3 (6%) 2 (10%) 1 (3.3%)
Urology disorders 3 (6%) 1 (5%) 2 (6.7%)
Chronic gastrointestinal 2 (4%) 1 (5%) 1 (3.3%)
disease
Chronic lung disease 1 (2%) / 1 (3.3%)
Other chronic conditions 3 (6%) 1 (5%) 2 (6.7%)
Outcome 26/ 24 20/ 0 6/ 24

(recovered/ deceased)




Table 2. Clinical laboratory parameters expressed as Mean + SEM

Parameter Moderate Moderate Severe Severe Severe Reference
(n=20) (n=20) (n=30) (n=6) (n=9) values
Admission Discharge Admission Discharge Died after 2™
recovered sample
CRP (mg/L) 441+ 6.46 7.16 £ 1.96 113+17.85 20+9.39 127 £33.49 0-10
LDH (IU/mL) 280.3+£2527 283.4+59.19 800+ 60.27 484.6 +204.2 8272+130.6 120-246
CK (U/L) 9147+ 16.88 60.24+12.23 272 +60.67 184 £ 101.6 2289+ 131.5 30-170
ALT(U/L) 4931+ 1546  7539+14.60 94.76+36.82 107.2+70 38.67+14.72 10-52
AST(U/L) 45.63 £9.49 44,06 +7.71 81.59+18.65 36+15.62 33.33+5.43 10-47
Glucose (mmol/L) 12.68 £3.62 8.52+1.45 16 +3.82 5.84+0.97 9.09+1.42 3.9-5.6
Creatinine (umol/L)  57.44 +2.84 60.32+3.73 58.27+3.44 58.40 +£9.34 51.11 £ 6.56 62-133
Urea (mmol/L) 4.76 £ 0.54 5.16 £ 0.65 7.38+£0.39 6.06 = 1.31 7.00 £ 0.74 1.7-8.3
Hemoglobin (g/L) 128.1 £ 2.62 130.1+3.34 137.8 £2.83 126.2+10.78 139.9 = 4.45 115-180
RBC (x10°uL) 4512 +28.91 4543 £101.2 4776 +£113.6 4358 £ 410.1 4862 +1.49 4000-5500
WBC (x10°uL) 7.54 +0.88 9.07 £ 0.82 24.7 £10.35 11.88 +0.87 22.41+2.87 4.0-11.0
Platelets (x10°uL) 343.1+34.78 377 +33.04 292.4+2224 241.2+47.26 284.7+25.30  150-400
NLR 6.47 + 1.64 5.09+1.73 20.23 £2.06 5.92+0.99 4472+1049 <3.0




Table 3. Oxidative stress parameters (PAT, d-ROM and OSI) in serum samples. Results are presented as

mean + SEM
Parameter PAT(U. Carr)+ SEM  d-ROM(U. Carr)+ SEM  OSI+ SEM
Moderate (n=20) 2887+102.1 431.2+£25.25 94.2+13.9

admission vs discharge

Severe (n=30)

Admission

Severe (n=6)

Discharge recovered

Severe (n=9)

Died after 2" sample

Healthy individuals (n=20)

p=0.0004, t-test
2673+160.6

p=0.1325, t-test

2801+85.86

p=0.0008, t-test

2652+148.8

p=0.0043, t-test

2186+233.2
p=0.2497, t-test

2406+71.55

p=0.0001, t-test
334.3+13.87

p=0.0002, t-test

413£17.28

p=0.0001, t-test

325.3+22.46

p=0.0019, t-test

462.4+28.04
p=0.0001, t-test

27145.590

p=0.0001, t-test
52.25+5.60

p=0.0001, t-test

84.03+8.86

p=0.0001, t-test

43.40+10.87

p=0.005, t-test

107.8+18.20
p=0.0001, t-test

21£2.527
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Figure la. Graphical presentation of oxidative stress parameters (a) and clinical
laboratory parameters (b) in the moderate group of patients (n=20) at admission and at

discharge. **p<0.05, ****p<0.0001
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Figure 2. Graphical presentation of OSI for the two subgroups of COVID-19 patients
with different outcome within the severe group. R-recovered (n=6), D-died (n=24).
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Abstract article can be found at the end of the article.

Introduction: COVID-19 can be worsened by hyper-production of
cytokines accompanied by increased level of oxidative stress. The aim
of this study was to investigate the correlation between a set of
cytokines and the markers of the oxidative stress.

Methods: The levels of cytokines IL-2, IL-4, IL-6, IL8, IL-10, VEGF, IFN-y,
TNF-q, IL-1a, MCP-1 and EGF were determined by using High
Sensitivity Evidence Investigator™ Biochip Array technology. The
oxidative stress parameters (d-ROM, PAT, OS index) were measured in
serum on FRAS5 analytical photometric system.

Results: IL-6, IL-8, IL-10, VEGF, MCP-1 and EGF were significantly
higher (p<0.05) in the patients with severe COVID-19 with increased
levels of IL-2, IFN-g, TNF-a and IL-1a. The d-ROM, OS index, and PAT
were significantly higher (p<0.05) in severe COVID-19 patients. IL-6
demonstrated the strongest correlation with all of the markers of the
oxidative stress, d-ROM (r=0.9725, p=0.0001), PAT (r=0.5000, p=0.0001)
and OS index (r=0.9593, p=0.012). Similar behavior was evidenced
between IFN-g and d-ROM (r=0.4006, p=0.0001), PAT (r=0.6030,
p=0.0001) and OS5 index (r=0.4298, p=0.012).

Conclusion: The oxidative stress markers show good correlation with
the tested cytokines which can be measured at the beginning of the
disease in a primary care setting to predict the course of COVID-19.
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1. Introduction

Cytokine storm syndrome has been widely discussed and proposed as one of the underlying aetiologies of respiratory
failure in patients infected with SARS-CoV-2. Pro-inflammatory cytokines play a key role in large number of respiratory
viral infections by activation of the adaptive immune response and, when this response is not controlled, it can lead to
involvement of the lung tissue in the course of ARDS or can result in severe damages of multiple organs. For example,
following influenza viral infection, an excessive amount of reactive oxygen species (ROS) is produced in several tissues
including alveolar epithelium and endothelium' for which induced expression of cytokines through activation of Toll-
like receptors (TLR3, TLR7 and TLRS, retinoic acid inducible gene I and members of NOD-like receptor family) stand in
the background of the pathogenesis.”* Oxidative stress is typical for infection of human respiratory syncytial virus,’
thinoviruses,” and many other viruses. This has been discussed in previously published reviews ™' and as well, several
experimental studies suggest that cytokine storm correlated with direct tissue injury and lead to unfavourable prognosis of
severe form of the COVID-19 disease.” Briefly, particularly high levels of IL-6, IL-10, IL-2R and TNF-a have been
reported in patients with severe form of the disease' ' " although other authors suggest that more cytokines, such IL-1B,
TL-1RA, IL-8, TL-18 are included in the COVID-19 pathogenesis. ™' ™'

Authors have suggested that the innate immune response follows same pathway for SARS-CoV-2 infection, * Namely,
ROS is a strong ligand and a direct mediator in the NLPR3 (inflammasome) trigger. Moreover, NF-kB, which is
activated by ROS, triggers transcriptional levels of NLPR3 are enhanced by TLR and NLR ligands. This means that the
inflammasome is increased by ROS either directly or indirectly.™' " To the addition of ROS, H,0, activates NF-kB to
produce inflammatory cytokines.  Hyperproduction of IL-6, TNF-a, IL-1p, IP-10, GCSF, MCP-1, MIP1-o/CCL3 and
elevated blood ferritin are also observed in patients infected with SARS-CoV-2. """

For this purpose, and in the light to share more experimental data as evidence to the suggested pathogenesis of COVID-19
with the scientific community, we have utilized a highly standardized cytokine assay to measure plasma levels of
11 inflammatory cytokines potentially associated as key factors with the cytokine storm syndrome. Afterwards, we have
investigated which of these cytokines involved in the cytokine storm of COVID-19 show good association/correlation
with the oxidative stress markers determined with fast and inexpensive photometric analytical method. Moreover, the
relation between the cytokines, oxidative stress markers and the most commonly used inflammation-related biomarkers
(CRP, D-dimers, PLR, NLR and LDH) in severe form of the disease was investigated.

2. Methods

2.1 Study design, patients profile and data collection

52 patients with COVID-19 were hospitalized at the University Clinic for Infectious Diseases and Febrile Conditions,
Skopje, Republic of North Macedonia at the beginning of the pandemic within a period of 1 month. 14 patients classified
with severe COVID-19 (nine males and five females) with a mean age of 58.36 years (range from 36 to 71 years) were
included in this study. The diagnosis and classification of COVID-19 were based on the Interim Guidance for Clinical
Management of COVID-19 issued by WHO. Severe cases in addition to severe pneumonia met at least one of the
following conditions: SpO, <90% on room air, respiratory rate >30 breaths/minute or presence of severe respiratory
distress. All patients were confirmed to have SARS-CoV-2 infection by real-time reverse transcriptase-polymerase chain
reaction assay (RT-PCR). Severe form of COVID-19 as primary exposure variable, demographic characteristics, medical
history, clinical symptoms and signs, concomitant medication, outcome data, as well as laboratory analyzes were
obtained from the patients’ medical records were other predictor variables. The study flow chart is shown in Figure 1.
The study was approved by the local ethics committee (Ethics Committee of the Faculty of Medicine, University of Ss
Cyril and Methodius, Skopje, Republic of North Macedonia, No #03-366/7) and complies with the STrengthening the
Reporting of Observational studies in Epidemiology (STROBE) statements for reporting of observational trials. 1

2.2 Method for determination of d-ROMs, PAT and oxidative stress index

PAT (total antioxidant power, iron reducing) and d-ROMs (plasma peroxides) were measured on a FRASS analytical
photometric system (H&D, Italy). Samples were collected and analyzed immediately after hospital admission. The
instructions of the manufacturer were followed for the both tests. The d-ROM and PAT are reported in equivalents of
H,0, and ascorbic acid, respectively. Oxidative stress index (OSI) presents information obtained from d-ROMs Fast test
and the PAT test that is automatically calculated by the manufacturer’s software (OB manager, FRASS, H&D, Italy) with
normal reference values less than 40.

2.3 Cytokines profile assay

The High Sensitivity Evidence Investigator™ Biochip Array technology (Randox Laboratories, GB) was used to perform
simultaneous quantitative detection of multiple analytes from a single patient sample (14 SARS-CoV-2 infected and
20 non-infected individuals).
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Figure 1. Flow-chart of the study.

100 pL of plasma was used in biochip carriers, following by incubation on thermo-shaker for I hour at 37°C and 370 rpm
and 16-20 hours incubation at 4°C. Afterwards, carry out of two wash cycles and 300 pL conjugate was added into each
well followed by another incubation of | hour at 37°C and 370 rpm. At the final step after twice washing the carriers,
fluorescent dye was added to carriers according to protocol and carriers were captured by Evidence Investigator Array.
Results were processed automatically using EvInvest software and levels of cytokines IL-2, IL-4, IL-6, IL-8, IL-10,
VEGF, IFN-y, TNF-q, IL-1a, MCP-1 and EGF were calculated as pg/mL.

2.4 Statistical analysis

Exposure variables were summarized using descriptive statistics. Data were described as number and/or percentage, or
median and range or mean and standard deviation (SD) or standard error of mean (SEM), where appropriate. Differences
between groups were explored using the t-test followed by Mann—Whitney where appropriate. A p-value less than 0.05
was considered significant. For purpose of control and comparison between groups, we have analyzed samples of
20 healthy individuals with negative RT-PCR test for SARS-CoV-2 (12 males and eight females, mean age 54).
Spearman r coefficient of correlation was performed. All analyses were made using the statistical program GraphPad
Prism 9 (USA) (RRID:SCR_000306); an open-access alternative is JASP (RRID:SCR_015823).

3. Results

3.1 Demographics and laboratory findings

All 14 patients with a mean age of 58.36 years had severe form of the disease. The average time from onset of symptoms to
hospital admission was 10.52+2.33 days (range 7-16 days). All of them had underlying medical conditions at admission.
The most frequently reported comorbidities were hypertension, diabetes and chronic cardiac disease. The most prominent
and disturbing symptoms reported by the patients on admission were high body temperature (80%), dyspnea (64%),
malaise (62%) and cough (56%). The mean value of all clinical laboratory parameters upon hospitalization are presented
in Table 1. Abnormal values for CRP, LDH, PLR, D-dimer and NLR were observed. The mean £ SEM value for CRP
was 144.7 4 21.37 mg/L, LDH was 823.4 = 80.02 [U/L, PLR was 538.2 £ 85.09, NLR was 17.08 £ 2.058, and D-dimer
was 2688 + 499.1 ng/mL. All 14 patients had increased values for ALT, AST and WBC in comparison to the individuals
not infected with SARS-CoV-2. The observed statistically difference between the two groups was significant in all cases
(p <0.05).

3.2 Cytokine profile, oxidative stress parameters and commonly used biomarkers

As presented in Table 1, 11 cytokines (including chemokines and growth factors) were analyzed in 14 patients infected
with SARS-CoV-2 with severe form of the disease and these values were compared with individuals without SARS-CoV-
2 infection. In this comparison, statistically significant increase (p < 0.05, t-test) was observed for 1IL-6, IL-8, IL-10,
VEGF, MCP-1 and EGF in the SARS-CoV-2 patients, while IL-2, IFN-y, TNF-a and IL-la were increased but this
difference was not significant when compared to the individuals without SARS-CoV-2 infection (p < 0.05, t-test).
Important finding of this pilot study is that the parameters of the oxidative stress, d-ROM (448.8 + 30.37 U.Carr), OS
index (107.7 + 14.38) and PAT (3048 = 100.1 U.Carr) were significantly higher (p < 0.05, t-test) in severe COVID-19
patients when compared to the not infected individuals (Tuble 1). Moreover, we have investigated the correlation among
the investigated cytokines, the oxidative stress parameters and CRP, LDH, PLR, D-dimer and NLR. The Spearman r
coefficient of correlation between all these parameters is presented as a heat-map on Figure 2. The heat-map confirmed
a positive and significant correlation between all cytokines and the parameters of the oxidative stress (d-ROM, PAT
and OSI), except a negative correlation between IL-10 and the total antioxidant capacity, PAT. The correlation was
not considered to be significant between OS index and the IL-8 (r = 0.3762, p = 0.8552) and between d-ROM and VEGF
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Table 1. Laboratory findings in severe COVID-19 patients and non-infected individuals expressed as mean +

SEM.
Parameter

1L-6 (pg/mL)
IL-2 (pg/mL)
IL-4 (pg/mL)
IL-8 (pg/mL)
IL-10 (pg/mL)
VEGF (pg/mL)
IFN-g (pg/mL)
TNF-a (pg/mL)
IL-1a (pg/mL)
MCP-1 (pg/mL)
EGF (pg/mL)
d-ROM (U.Carr)
PAT (U.Carr)
OSI

CRP (mg/L)
LDH (IU/L)

NLR

PLR

D-dimer (ng/mL)
WBC (x10°uL)
ALT (U/L)

AST (U/L)

Figure 2. Spearman r presented as a heatmap between the investigated cytokines, oxidative stress param-
eters, and commonly used biomarkers in COVID-19.

D-dimer

Severe COVID-19 patients
mean + SEM (n = 14)

250.1 = 39.07
4.426 + 2.177
1.936 + 0.268
108 £19.79
11.14 £ 4.551
530.7 £ 147.1
1.487 £ 0.745
5.223 £ 0.751
0.4614 £ 0.263
891 £92.35
65.37 £ 17.46
448.8 + 30.37
3048 £ 100.1
107.7 £ 14.38
144.7 £ 21.38
823.4 + 80.02
17.08 £ 2.058
538.2 + 85.09
2688 + 499.1
14 £ 2.004
51.93+7.171
61.210 + 7.283

Not infected individuals
mean =+ SEM (n = 20)

2.135 + 0.453
2.005 + 0,402
1.956 + 0.137
7.159 + 1.298
0.916 + 0.219
27.04 + 4.708
0.389 + 0.082
3.646 + 0.757
0.2153 + 0.0422
89.61 + 12.18
24.28 + 5.367
271 + 5.590
2406 + 71.55
21 +2.527
2.1+005
156 + 20.31
1.5 +0.02
113 4 10.35
225 +22.75
6.1+ 1.365
28.96 + 2.658
30.56 + 3.487

D-dimer

p(t-test)

0.0001
0.2818
0.3150
0.0001
0.0001
0.0001
0.3889
0.090

0.7210
0.0001
0.0318
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0019
0.0018
0.0002
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(r=0.2156, p = 0.999). IL-6 demonstrated strongest correlation with all of the markers of the oxidative stress, d-ROM
(r=0.9725,p=0.0001), PAT (r=0.5000, p=0.0001) and OS index (r=0.9593, p=0.012). Alongside, similar behavior
was evidenced between IFN-y and d-ROM (r = 0.4006, p = 0.0001), PAT (r = 0.6030, p = 0.0001) and OS index
(r = 0.4298, p = 0.012). We further investigated the correlation between the cytokines and CRP as one of the most
commonly used biomarkers, where the strongest one was observed with IL-6, IL-8, MCP-1 and IFN-y. Moreover, in
terms of correlation, investigated inflammatory cytokines IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y, TNF-a, IL-1a and
MCP-1 showed a strong positive correlation between each other, except between IL-6 and EGF (Figure 2).

4. Discussion

Cytokines including chemokines and growth factors together with lipid metabolites are among the main factors of
immune cell function and their differentiation, hence upon their dysregulation various diseases can arise.”"'” Herein, we
share our results to give an add-on to the clinical evidences that oxidative stress is increased in patients with severe form
of COVID-19 and that the measured oxidative stress parameters had shown a good correlation with the cytokines
and the commonly used laboratory biomarkers. This pilot study focused on the possibility to utilize the oxidative stress
parameters (d-ROM, PAT and OS index) as a fast and inexpensive prognostic tool for disease progression and potentially
predict the outcome of COVID-19 in patients. Several retrospective studies and reviews have been published where
abnormal levels of cytokines involved in the adaptive immunity (IL-2, IL-4) or pro-inflammatory cytokines and
interleukins (IENs, IL-1, IL-6, IL-10 IL-17 and TNE-a) were reported.”' ' "

Our study revealed that several cytokines and biomarkers were significantly increased in infected SARS-CoV-2 patients
with severe form of the disease in comparison to those who were not, which was accompanied with coagulopathy as
determined by deterioration of the platelet related parameters (PLR, D-dimer, IL-6) and MCP-1 as thrombosis related
indicator. Huang et al. (2020) reported that MCP-1 levels were much higher in critical ICU patients and additionally that
the platelet count was lower in those patients that do not survive. * Patients from our study were all with severe form of
COVID-19 and all of them had died during hospitalization. Moreover, in our patients several of the cytokines had been
increased more than 10-fold above the levels of the non-infected that we considered as a baseline. It is worth noting, the
statistically significant increase of the VEGF levels more than 10-fold that can be related to the essential role of VEGF in
endothelial cell activation by binding to cell surface VEGF receptors. VEGF up-regulation was observed in several viral
infections and it has been investigated as a target for potential therapy development. ""In addition, Huang et al., report
higher levels of VEGF in hospitalized COVID-19 patients. "

The strong correlation between the investigated cytokines (including chemokines and growth factors), the oxidative
stress parameters and some of the commonly used biomarkers (CRP, D-dimers, NLR, PLR) are in line with the proposed
cytokine storm as underlying mechanism of the infection. The cytokine storm syndrome occurs when large numbers of
leukocytes are activated and release a high concentration of proinflammatory cytokines, with IL-6, IL- 10, IFN, MPC-1,
IL-1, TL-2 and IL-8 being the foremost. Generally, SARS-CoV-2 infection is associated with oxidative stress, the
proinflammatory state, cytokine production, and cell death demonstrated by increase in ROS levels and an alteration of
antioxidant defense during the infection.' '

Even though limited published data are available, we believe that SARS-CoV-2 in line with other RNA viruses triggers
oxidative stress by disturbing the pro-antioxidant-antioxidant balance.”""** We have demonstrated the significantly
higher level of the d-ROM and OS index values in the infected patients with SARS-CoV-2 when compared with those
who were not infected, supporting the hypothesis that viral infection will increase the oxidative stress and complicate the
course of the disease. Whilst we consider that the OS index value presents an important parameter that we can have an
impact on against COVID-19, by supplementation with antioxidants especially when there is applicable knowledge for
several nutraceuticals/vitamins (vitamin C, vitamin D, curcumin, selenium, quercetin and other polyphenols) with proven
anti-inflammatory, antioxidant and antiviral capacity. hap

There are several limitations of the study besides being a single-center experience and a pilot study with only severe
and critically ill patients. The herein presented patients were hospitalized at the beginning of the global pandemic when
no specific and official guidelines were issued and available to assist the need for hospitalization. They had symptoms
developed several days prior being hospitalized, however we believe that these symptoms were not life threatening and
the hyper-inflammatory phase was at its beginning stage which is deemed by the obtained levels of the cytokines and the
oxidative stress index. Nevertheless, further studies concerning COVID-19 patients with high levels of d-ROMs and OS
index are warranted to determine whether supporting antioxidant therapy can reduce the possibility for the fatal outcome
of the critically ill COVID-19 patients.
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This observational pilot study demonstrates a good correlation between the panel of tested cytokines and the parameters
of the oxidative stress measured by a fast photometric method that could be used at the beginning of the disease to predict
whether COVID-19 will develop in severe form. The presented results will contribute to support the evidences that the
cytokine storm syndrome lies as an immunopathogenesis during SARS-CoV-2 infection and by using the oxidative stress
parameters (d-ROM, PAT, OS index) physicians can provide timely and early interventions in COVID-19 patients.
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