Adriana Vince
Klinika za infektivne bolesti
Medicinski fakultet Sveucilista u Zagrebu

Primijenjena genomika u COVID-19,
HAZU, Zagreb 27.4.2021




COVID-19

14 mjeseci iskustva s novom bolesti

Prvi bolesnik u RH 25.2.2020

Sirok spektar klini¢kih slika

JOoS mnogo praznina u poznavanju patogeneze

Poznati faktori rizika za tezi tijek ali patogeneza nije do
Kraja razjasnjena

Hrvatska 324.546 dokazanih sluCajeva RT-PCR

6957 umrlih



Smrtnost u Covid-19 prema dobi i
komorbiditetu

Based on 44,672 confirmed COVID-19 cases in China*
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Our World in Data. Case fatality rate of the ongoing COVID-19 pandemic. Available at: *Data from 11 Feb 2020;
https://ourworldindata.org/grapher/coronavirus-cfr (accessed 17 May 2020) *As of 17 May 2020



Transmisija virusa respiratornim kapljicama i aerosolom

Masks reduce airborne transmission

Infectious aerosol particles can be released during breathing and
speaking by asymptomatic infected individuals. No masking maximizes
exposure, whereas universal masking results in the least exposure.
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ACE-2 receptori

« Angiotenzin konvertirajuci
enzim 2 , transmembranska
karboksipeptidaza koja s (P b s /‘
pretvara ACE2 uACE i "
sudjeluje u regulaciji krvnog
tlaka

* lzrazeni na brojnim stanicama
ljudskog tijela
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LI W et al. Nature ;2003;426: 450-454. Lu R et al Lancet 2020;395: 565-574.

2003Medina-Enriquez, M.M., Lopez-Ledn, S., Carlos-Escalante, J.A. et al. ACE2: the molecular doorway
to SARS-CoV-2. Cell Biosci 10, 148 (2020).

Shang, J., Ye, G., Shi, K. et al. Structural basis of receptor recognition by SARS-CoV-2.Nature 581, 221—
224 (2020).
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ACE-2 receptori

Kontradiktorni podaci

Estrogeni povecavaju

ekspresiju ACE2- receptora,

ali muskarci imaju tezu
bolest
Povecana ekspresija nalazi

se kod mladih ljudi-lakse
bolesni

Koekspresija proteaza i
organ-specificna ekspresija
receptoraigraju ulogu
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The severe acute respiratory syndrome coronavirus-2 life cycle.

Virus entry into Host
body via Aerosol

transmission achnen
Transportation of newly formed Binding to the host cell
viral particles via Golgi vesicles to receptor ACE-2 via S1
the cell membrane and Exocytosis subunit of Viral Spike
to the Extracellular space protein
s - Conformational
Prm:;:;:sl::;h:; = changes in the Viral
Release of new Viral Spilkepiotein
Particles
t
Viral RNA Replication, Viral and Host cell membrane
Transcription and fusion via S2 subunit of Spike
Translation protein/ Receptor (Clathrin)
mediated Endocytosis

Entry of Viral Nucleocapsid
into Host cell and release of
viral contents

Anant Parasher Postgrad Med J doi:10.1136/postgradmed,j-
2020-138577
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Inkubacija

* ProsjecCna inkubacija je 5 dana

 97% bolesnika razboli se unutar 11.5 dana od kontakta s
virusom

* Medijan 7 dana od pocCetka simptoma do hospitalizacije

* ProsjecCna dob hospitaliziranih se polako pomicCe prema
mladoj kao ucinak cjepljenja starijih populacija

LauerSA,GrantzKH,BiQ,et al.The incubation period of coronavirus disease 2019 (COVID-19)
from publicly reported confirmed cases: estimation and application.AnninternMed.
2020;172(9):577- 582. doi:10.7326/M20-0504



Asimptomatska faza

S (spike) protein

ACE2

TMPRSS

Virusna c-‘ojnlca (E)
Stanica

respiratornog
epitela

Prinvacanje virusa za stanice
nosnog epitela

UmnaZzanje u stanicama i
propagacija lokalno

Slabi imunoloski odgovor i velike
koncentracije virusa na sluznici

Velika infekcioznost

Sungnak, W., Huang, N., Bécavin, C. et al. SARS-CoV-2 entry factors are highly
expressed in nasal epithelial cells together with innate immune genes. Nat Med 26, 681—

687 (2020).
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Invazivna faza

* Propagacija u stanice gornjeg
respiratornog sustava , traheju i
bronhe

« Jaci imunoloski odgovor uz
oslobadanje interferona-gamma |
CXCL-10 iz stanica

« Pojava temperature, umora, kaslja

* 80% zarazenih ne progredira dalje
od te faze uz ovakav imunoloski
odgovor

S (spike) protein

-

Virusna ovojnica (E)

Stanica
respiratornog
epitela

Parasher A

COVID-19: Current understanding of its pathophysiology, clinical presentation and treatment
Postgraduate Medical Journal Published Online First: 25 September 2020. doi: 10.1136/postgradmedj-
272070-12Q577



Invazija donjeg respiratornog trakta i ARDS

Plu¢na alveola
o  Oko 20% zarazenih dolazi do ove faze
Type Il alveolar cell - Alveolar fluid lining with L. L . .
secretes pulmonary pulmonacysixfactant 4y qqiar bolesti i razvijaju ozbiljne simptome

surfactant macrophage

Type I alveolar cell_\ - « Virus ulazi u alveolarne epitelne
merstfE G\ e [N stanica tipa Il koje eksprimiraju ACE-2
s N/ 2\ te pocCinje intenzivna replikacija

Alveolus
Pulmonary

capillary

Erythrocyte

Ji R,et al. Human type Il pneumocyte chemotactic responses to CXCR3 activation are mediated by splice
variant A. Am J Physiol Lung Cell Mol Physiol. 2008 Jun;294(6):L1187-96.



Invazija donjeg respiratornog trakta i ARDS

Normal Alveolus Injured Alveolus during the Acute Phase
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« Zarazena pneumocita 2 i alveolarni
makrofagi produciraju Citav spektar
imunoloskih medijatora: interleukini
(IL-1, IL-6, I1L-8, IL-120, IL-12), tumor
necrosis factor-a IFN-A and IFN-(3,
CXCL-10, monocyte kemoatraktant
protein-1 (MCP-1) i makrofag
inflammatory protein-1a (MIP-1a).

« Ta citokinska oluja privlacCi dalje
upalne stanice neutrofile, CD4 +,
CD8+ T stanice

+ Te stanice ubijaju virus ali stvaraju i
upalni milje u pluénom tkivu koji
dovodi do oste¢enja pluénog
parenhima

» Difuzno alveolarno oste¢enje koje
kulminira ARDS-om

Parasher ACOVID-19: Current understanding of
its pathophysiology, clinical presentation and
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Slijed zbivanja u plu¢cnom tkivu

e aktivacija alveolarnih APC

e oslobadanje citokina (IL-1, IL-6, TNF- a)
e vazodilatacija/ekstravazacija

e neutrofili

 oStec¢enje tkiva (resp. epitel, vask. endotel)
e disfunkcija endotela

e poremecaj difuzije plinova

e tromboticke mikroangiopatije



Klinicka slika

Tezina bolesti Klinicka prezentacija

Asimptomatska Bez simptoma
Pozitivan bris NF (RT-PCR), uredan Rtg toraksa

Blaga bolest Vrudica, grlobolja, glavobolja, suhi
kasalj,slabost, mialgije, mucnina, povraéanje,
anosmia, ageusia, bolovi u trbuhu, proljev

Umjerena Perzistentan kasalj i vrucica, RTG pneumonija
Bez potrebe za supstitucijom kisika

Teska Pneumonia s hipoksemijom (p02<92%)

Kriticna bolest ARDS, poremecaji koagulacije, sok,
encefalopatija, kardijalna dekompenzacija,
bubrezna insuficijencija

Prema: Wiersinga WIJ et al. Pathophysiology, Transmission, Diagnosis, and Treatment of Coronavirus
Disease 2019 (COVID-19): A Review. JAMA. 2020;324(8):782-793. d0i:10.1001/jama.2020.12839



BOLESNIK 1.: orjentacijska snimka prsnog kosa lezedi
bilateralni periferni alveolarni infiltrati.



MSCT u bolesnice s COVID-19 pneumonijom

Bilateralno difuzno, kombinirani uzorci pl.

. hi ” t takla”, ,lud locenja” i
MSCT toraksa 7.dana bolesti Konsolidadiia, ooy #HE0B POPIOCENISH




Laboratorijski parametri nepovoljnog tijeka

Limfopenija
DH
-eritin
L-6




Komplikacije

Ucestalost Komplikacija

ARDS

Akutna respiratorna insuficijencija

Sepsa, musltisistemski upalni sindrom
Ceste DIK

Venski i arterijski tromboembolijski incidenti (10-
25%)

Miokarditis, akutna kardijalna i bubrezna
insuficijencija

Rabdomioliza

Rijetke Aspergiloza

Pankreatitis, neuroloske komplikacije, autoimuna
hemoliticka anemija

Prema: Wiersinga WIJ et al. Pathophysiology, Transmission, Diagnosis, and Treatment of Coronavirus
Disease 2019 (COVID-19): A Review. JAMA. 2020;324(8):782-793. d0i:10.1001/jama.2020.12839
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Bifaziéni model COVID-19 i potencijalni terapijski ciljevi

Stage | Stage ll Stage Il
(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)

' A : B

Viral response phase

i

Host inflammatory response phase

Severity of lliness

Time course

Mild constitutional symptoms
Fever >99.6°F
Dry Cough, diarrhea, headache

ARDS
SIRS/Shock
Cardiac Failure

Shortness of Breath
Hypoxia (Pa02/Fi02<300mmHg)

Elevated inflammatory markers
(CRP, LDH, IL-6, D-dimer, ferritin)
Troponin, NT-proBNP elevation

Lymphopenia, increased Abnormal chest imaging

Transaminitis
Low-normal procalcitonin

prothrombin time, increased D-
Dimer and LDH (mild)

Clinical Signs

Potential [ Remdesivir, chloroquine, hydroxychloroquine, convalescent plasma transfusions J
Therapies [ T e e A ] L Corticosteroids, human immunoglobulin, ]
PP IL-6 inhibitors, IL-2 inhibitors, JAK inhibitors

Siddigi HK, Mehra MR. COVID-19 illness in native and immunosuppressed states: A clinical-therapeutic staging proposal. J
Heart Lung Transplant. 2020;39(5):405-407. doi:10.1016/j.healun.2020.03.012



Da li bifazicni model treba reviziju?

* U upalngj fazi virus igra manju ulogu?

» Sve viSe dokaza da bolesnici s najtezom klinickom slikom imaju najvece
koliCine virusa i prolongirano luCenje virusa u respiratornim uzorcima

« Dokaz virusne RNK u krvi kod najtezih bolesnika

« Patohistoloski uzorci preminulih bolesnika pokazuju virusnu diseminaciju
u razne organe

» Pacijenti koji ne mogu “kontrolirati” virus nemaju specificnha antitijela, sto
korelira s viremijom i mortalitetom

« Oslabljeni interferonski odgovor tip 1

Bermejo-Martin JF, Almansa R, Tedim AP, et al. Mounting evidence of impaired viral control in severe COVID-
19 [published online ahead of print, 2021 Apr 15]. Lancet Microbe. 2021;10.1016/52666-5247(21)00084-7.
doi:10.1016/52666-5247(21)00084-7

Hadjadj J, Yatim N, Barnabei L, et al. Impaired type | interferon activity and inflammatory responses
in severe COVID-19 patients. Science 2020; published online July 13.
https://doi.org/10.1126/science.abc6027.



Tromboticke komplikacije povezane s
endotelitisom

» Svicarski autori su dokazali endotelitis u razligitim
tkivima bolesnika post mortem:
— Apoptoza stanica
— Upalna infiltracija
— Prisutnost virusa

« Potreba za stabilizacijom endotela (antiupalna th,
statini, antikoagulantna th)

 Ali oCito potreba za ucCinkovitim antivirusnim lijekom
koji bi se davao sto ranije kod rizicnih bolesnika |
paralelno s antiupalnim lijeCenjem

Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection
and endotheliitis in COVID-19. Lancet. 2020;395(10234):1417-
1418. doi:10.1016/50140-6736(20)30937-5



Histopathological changes in lungs of COVID-19 patients.

Vishwajit Deshmukh et al. J Clin Pathol 2021;74:76-83

Copyright © by the BMJ Publishing Group Ltd & Association of Clinical Pathologists. All rights reserved.



Klinicka podjela COVID-19

* Bez pneumonije (blagi oblici)
* Sa pneumonijom

— Srednje teska (bez potrebe za nhadomjesnom
terapijom kisikom

— TesSka (potreban kisik u lijeCenju)

— KritiCha (potrebne mjere intenzivhe medicine)



PRINCIPI LIJECENJA

Antivirusni lijekovi
— Remdisivir
Protuupalni lijekovi
— Kortikosteroidi
— Ciljani imunomodulatorni lijekovi

* Tocilizumab

e Sarilumab

* Inhibitori tirozin kinaze

Antikoagulantni lijekovi
Kisik



PRINCIPI LIJECENJA

— Remdisivir-jedini antivirusni lijek odobren od FDA i EMA
— Adenozin nukleozid analog- -inhibitor RNK polimeraze

— Za hospitalizirane pacijente s pneumonijom uz supstituciju
kisikom, a koji nisu na MV

— Studija pokazala krace vrijeme oporavka u bolesnika koji
nisu na MV

— Nema podataka za bolesnike s lakSim oblicima bolesti

https://www.covid19treatmentguidelines.nih.gov



PRINCIPI LIJECENJA

— Inhibitori IL-6 receptora

— Tocilizumab:

* Jednokratna dza tocilizumab 8 mg/kg TT do 800 mg) u kombinaciji s

dexamethasone (6 mg daily for up to 10 days) u odredenih pacijenata koji
imaju brzu respiratonu dekompenzaciju. :

* Unutar 3 dana od hospitalizacije , zaprimljeni u JIL (ICU) unutar 24 sata
koji zahtjevaju MV, neinvazivnu ventilaciju, or high-flow nasal canula
(HFNC) oxygen (>0.4 FiO,/30 L/min of oxygen flow) (Blla);

e Unutar 3 dana od hospitalizacije, nisu u JIL-u, imaju brzo snizenje
saturacije kisikom i zahtjevajueinvazivnu ventilciju ili HFNC oxygen uz
znacajno povisenje markera upale (CRP 275 mg/L) (Blla)

https://www.covid19treatmentguidelines.nih.gov

Tocilizumab in patients admitted to hospital with COVID-19 (RECOVERY): preliminary
results of a randomised, controlled, open-label, platform trial



https://www.covid19treatmentguidelines.nih.gov/

PRINCIPI LIJECENJA

— Inhibitori IL-6
* There are insufficient data for the Panel to recommend either for or
against the use of sarilumab for hospitalized patients with COVID-19 who
are within 24 hours of admission to the ICU and who require invasive

mechanical ventilation, noninvasive ventilation, or high-flow oxygen (>0.4
FiO,/30 L/min of oxygen flow).

* The Panel recommends against the use of anti-IL-6 monoclonal antibody
therapy (i.e., siltuximab) for the treatment of COVID-19, except in a clinical
trial (Bl)

https://www.covid19treatmentguidelines.nih.gov



PRINCIPI LIJECENJA

— Antikoagulantna terapija

» Hospitalizirane odrasle osobe s COVID-19 trebaju dobiti
profilaktiCku dozu antikoagulantne terapije

« Bolesnici s COVID-19 koji dozive tromboembolijski incident ili imaju
visoku sumnju na incident trebaju dobitimanaged terapijske doze
antikoagulantne terapije

https://www.covid19treatmentguidelines.nih.gov



PRINCIPI LIJECENJA

JAK inhibitori
There are insufficient data for the COVID-19 Treatment Guidelines Panel
(the Panel) to recommend either for or against the use of baricitinib in

combination with remdesivir for the treatment of COVID-19 in hospitalized
patients, when corticosteroids can be used.

In the rare circumstance when corticosteroids cannot be used, the Panel
recommends baricitinib in combination with remdesivir for the treatment
of COVID-19 in hospitalized, non-intubated patients who require oxygen
supplementation (Blla).

The Panel recommends against the use of baricitinib without remdesivir,
except in a clinical trial (Alll).

There are insufficient data for the Panel to recommend either for or
against the use of baricitinib in combination with corticosteroids for the
treatment of COVID-19. Because both baricitinib and corticosteroids are
potent immunosuppressants, there is potential for an additive risk of

infectins
https://www.covid19treatmentguidelines.nih.gov



PRINCIPI LIJECENJA

e Kortikosteroidi

e (RECOVERY) trial, which randomized 2104 patients with
COVID-19 to receive 6 mg daily of dexamethasone for up to 10
days and 4321 to receive usual care, found that dexameth-
asone reduced 28-day all-cause mortality (21.6% vs 24.6%;
age- adjusted rate ratio, 0.83 [95% ClI, 0.74-0.92]; P < .001).95
The benefit was greatest in patients with symptoms for more

than 7 days and patients who required mechanical ventilation

Horby P, Lim WS, Emberson J, Maftham M, Bell J, et al.
Effect of dexamethasone in hospitalized patients with COVID-19: preliminary report.
medRxiv. Published online June 22, 2020. d0i:10.1101/2020.06.22.20137273:24



Blagi oblici COVID-19

LjeCe se simptomatski

Mirovanje, antipiretici, nadoknada tekucine
Nema specificnog antivirusnog lijeka

U nekim zemljama registriran favipiravir
Rezultati kliniCkih studija dvojbeni
Primjena kortikosteroida se ne preporuca

Pacijenti s poznatim faktorima rizika trebaju se Cesce
javljati lijecniku

Prema: https://www.covid19treatmentguidelines.nih.gov



Srednje teski oblici

LjecCe se simptomatski

Mirovanje, antipiretici, nadoknada tekucine, antitusici,
kontrole, pracenje saturacije kisikom

Primjena kortikosteroida se ne preporuca u ambulantnim
uvjetima

Pacijenti s faktorima rizika-hospitalizacija®?

Prema: https://www.covid19treatmentguidelines.nih.gov



Teski oblici

Pojava hipoksemije <92%, hospitalizacija
Uz suplementaciju kisikom indicirana je primjena
remdesivira i.v/5 dana

Od sedmog dana bolesti indicirana je primjena
kortikosteroida

Tocilizumab kod osoba s povisenim vrijednostima IL-
6>50 ng/L | CRP>75

Razvoj respiratorne insuficijencije uz tahidispneju-
mehanicka ventilacije

Currently, insufficient evidence exists to make
recommendations regarding earlier vs later intubation



Preporuke za lijeCenje COVID-19
Hrvatsko drustvo za infektivne bolesti

e www.hdib.hr

« Begovac J, Dusek D, Krajinovic V, Kutlesa M, Papic N, Roglic S,
Santini M, TeSovic M, Vince A:

KLINICKO ZBRINJAVANJE PACIJENATA S COVID-19



http://www.hdib.hr/

Novi peroralni antivirusni lijekovi
Direktno djelujuci antivirusni lijekovi:

* Molnupiravir, ribonukleozid analog (Merck), zavrsena
faza ll

« AT-527 (Roche), inhibitor virusne RNA polimeraze
« Upamostat-inhibitor proteaze, faza I/l
« Favipiravir —studija u SAD faza Il



Post-COVID sindrom

Perzistiranje simptoma dulje od 4 tjedna...razliCite
patogeneze

U svih pacijenata koji su bili hospitalizirani pratiti po
otpustu simptome u timu obiteljske medicine i po potrebi
ukljuciti mulltidisciplinarni tim; specijaliste infektologa,
pulmologa, kardiologa, neurologa, psihijatra..psihologa
Najvaznije na vrijeme dijagnosticirati kasni
tromboembolijski incident

Potrebna edukacija lijeCnika i pacijenta
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