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Flu-like sy.
Teploty nejasné
etiologie, slabost,
myositidy ...

RNA viry

Petr Hubadek

Dept. of Medical Microbiology and Paediatric Haematology and Oncology
2nd Medical Faculty of Charles University and Motol University Hospital

2 N d
5.0’ <\ D et
K B UNIT - PEBIATRICS
& ‘5 AL
s o Y

Klinické souvislosti

Encefalitis/
Encefalopatie

Respiracni

onemocnéni

Hepatitis

Gastroenteritis Nefritis, cystitis, Myelosuprese



RNA viry

Ortomyxoviridae— Influenza A-C

Paramyxoviridae —> Paramyxovirus —>PIV 1-4
Morbillivirus

o Pneumovirus < RSV
Coronaviridae =—— HCoV hMPV

. L (229E, NL63, OC43, HKU1, MERS, SARS...)
Picornaviridae —— Enteroviruses
\

Rhinovirus —> HRV
Flaviviridae — HCV, virus Zluté zimnice, WNV, Denque v...
Caliciviridae = Human caliciviruses-Norovirus, Sapovirus
Astroviridae — Astrovirus : 3

Rhadboviridae —> Lyssa virus

ss RNA

< . _
£ Z Reoviridae — Rotavirus
e Orbivirus



Skupina nemoci spojenych s RNA virovymi

infekcemi
Infekce respira€niho traktu — influenza, PIV, RSV, hMPV,
hantaviry...
CNS infekce — enteroviry, parechoviry, flaviviry (WNV, TBE, Zika),

arboviry...
Infekce jater — picornaviry (HAV), flaviviry (HCV, Yellow fever..)...

Infekce ledvin — hantaviry,...
Infekce spojené s imunitou — HIV

GIT infekce — astroviry, kaliciviry, rotaviry

Hemoragické hore€ky — Lassa virus, Ebola virus, Marburg virus...

Exantémova onemocnéni — Virus spalnicek, zardének, Dengue...
Virus pfiusnic a dalSi

Respiracni
virové infekce

Courtesy of CDC




Respiracni viry

» History: ‘
— 412BC- symptoms mentioned by HippOCrateS ,Of the Epidemics
— 1580 - first influenza pandemic described 3
— 1580-1900 - 28 of influenza pandemics

)-;‘F;V' 195‘3‘
HRSV 1956 HRVCZOOG
{PIV 1956
{CoV-22 196 KIPyV 2007
v 1CoV-0C43 19¢ HCoV-MERS 2012
» PrFenos:
— Inhaliovanim aerosolt obsahujicich virus, kdyz nakazena osoba mluvi,
kaslou, kychaji
— 100,000 - 1,000,000 virions/kapicku
— Dotek infikované osoby, nebo pfredmétu kontaminovanych

sekrety z dychacich cest, &i z st
* Inkubaéni doba: hodiny az dny
* RozS8ifeni: Maximum 1-2 dny pfed a 4-5 dni po po&atku infektu

Respiracni viry
Casto zoonotické:

— SARS - CoV
— MERS - CoV

Bats — Horseshoe bat,... Civet

Cat, T:ger H7N7, HANS, H3N2
Cattle

[5ea |
J_ I! I h H7N7, H4N8
b | Quail |
Vede k vysoké o (

‘« H10N4
1

, Host range
Restriction | | Native Host
»

frekvenci

rekombinanaci Dk

a I"IOVé - H1+15; N1-9 -' ~S
v er s HINT, HZNZ™N, ‘Human

Ohl"OZl.leCI HaN2 *’ 1N1 HAN2,

. H5N1, HON2, H3N2, HANG

infekce HINT H5N1

Wh-!‘ﬁ' H3N2 H13N9



Nad &im myslet u stanoveni diagnézy? Klinické sym ptomy
Adapted ECDC Definitions
of Respiratory Tract Infectious Disease (RTID)

Clinical criteria
New onset of symptoms
AND
at least one of the following four
respiratory symptoms:
Cough
Sore throat
Shortness of breath
Coryza
AND

— Aclinician’s judgement that the
iliness is due to an infection

Epidemiological Criteria
= An epidemiological link with human to
human transmission

velllance/EISN/sur

P!
http://ecdc.europa.eu/en/activiti

Typ biologického materialu

Laboratory Criteria

Detection of CARV in a clinical
specimen by at least one of the
following:

— Virus isolation by cell culture (VIC)
— Direct virus antigen testing (DAT)
Nucleic acid amplification testing
(NAT) S
Case Classification
Possible case

— Any person meeting the clinical
criteria of RTID

Probable case
— Any person meeting the clinical
criteria of RTID and with an
epidemiological link
Confirmed case
— Any person meeting the clinical of
RTID and the laboratory criteria

e/Pages/influenza_case_definitions.aspx

-
4 European Conference on Infections in Leukemia




Nad ¢im myslet u stanoveni diagnézy?

Spravny odbér materialu a transport.

Prvni proliferace na sliznicich
horniho resp. traktu

Virus Prenos z hornich | Mortalita
do dolnich DC

RSV 20-68% 17-70%

PIV 13-37% 10-30%

HRhV | <10% <10%

Nad ¢im myslet u stanoveni diagnézy?
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Jak je to s citlivosti detekce podle
materialu?

— prosli 1598 studii, vybrali 33
[NBS87 (05% c177-95) 26
kvantitativni)
BPSEAA (05% c1 35.52) - 1. publikované/pfijaté

- 2. pacienti s dg nebo screen

COVID-19
[Double NPS/OPS 92% (95% C1 80-99) pro
~ Fomwsorsosciom B0 SOV

- 4. studie zaméfené na pouziti

[sativa 83%)ios% c177-89) slin, sputa, oralnich
tekutin/sekreci, faryngealnich
sekreci pro srovnani
diagnostickych metod

- 5. alespon 2 vzorky

- 6. provedené na potvrzenych
COVID-19 pgcientech S

DTS 82% (95% Cl 76-88)

BALF 97% (95% Cl 86-100)

parovymMtky
NP NesGohBGN D - detelfce Ag -74% (Diao et al. 2020)
e roohento o - mnozstvi + 102-105ml vs. +
BALF= Bronchoalveolar Lavage Fluid 105— 10%/ml v NPS

(D.L. Jones et al. Scie Total Environment

Khiabani et al. Are saliva and deep throat sputum as reliable as common resplratowspeclaggbo) X L.
for SARS-CoV-2 detection? A systematic review andmeta-analysis American Journal of Infection - Vvirus je infekéni
Control, DOI: 10.1016/j.ajic.2021.03.008

(Quini at al Emarn Mirrnhac Infart

Prima detekce - antigen

Pozadované zagkrti P‘fl’klad Vysled ku

Detekce ve vzorku séra, piipadné likvoru “
EBV “

SEROLOGICKA DETEKCE

Paul-Bunellova reakce
MV

HHV-6*

HSV +

vy

R lne
A line
HS line

Zardénky

Parvovirus B19 Samplc ﬂpplu:allon

Klistova encefalitida
Influenza A a B (KFR)
RS virus (KFR)

Adenovirus (KFR) Negative HI H5
e Vysledek pfiblizné za 15 minut.
- ) Senzitivita udavana pfiblizné

| D ce ve vzorku stolice: 30'40% V porovnéni S PCR-

Rotavirus/Adenovirus

Norovirus Cena testu p‘fibliiné 100'150,' Ké




Jak casto detekujeme viry na JIP?

Virus +-18,8%
Virus only - 9,4%
Virus +-34,9%
Virus only — 8,5%
Virus +-36,4%
Virus only - 13,6%
Virus +-13,6%
Virus only - 8%
Virus only - 12%

Virus +-28%

sith

Number of samples

= BAL with viruses orfand fungi only

¥ Polybacterial BAL without dominant bacterium

Pneumonia Control group
(n=185) (n=25)

51 (27,5%) 7(28%)

31 (16,8%) 3 (12%)
3(1,6%) 1 (4%)

Positive Community VentilatorP NV ICU P
samples P

(n=32)

(n=106) (n=22) (n=25) (n=25)

BMC Pulmonary Medicine 2009, 9:22

A multiple agents 3 (4.8%)

H. influenzae 3 (4.8%)
Mycobacteria 2 (3.2%)

‘ HSV-1_2 (3.2%)
—— | S.aureus 1(1.6%)
.ﬁs. pneumoniae 1 (1.6%)

Strep. spp. 1(1.6%)

Enterococci 1 (1.6%)
Ps. aeruginosa 1(1.6%)
7/ Bacteroides 1 (1.6%)
)" Pn. jirovecii 1(1.6%)
/ Aspergillus 1(1.6%)
Candida 1(1.6%)

RSV 1(1.6"/1
-pneumonitis 1 (1.6%)

K. pneumoniae 2 (3.2%)

Legionella/Chlamydia 2 (3.2%)

Figure 3

o
0
= Monobacterial BAL
30 .
.
2T i 1 Detected
HSV
CMV
10
PIV-1
AP CG

severity of inmunosuppression score

Bousbia et al. PloS 2012

http://www.biomedcentral.com/1471-2466/9/22

no HSV-1 HSV-1
n=50 n=6

A: Detected primary responsible (leading) infectious agents in 63 patients with ambulatory-acquired pneumo-
nia/pneumonitis and autoimmune disease. RSV = respiratoy syncytial virus. B: Inmunosuppression scores were signifi-
cantly more severe in the 6 patients with HSV-| detection in BAL than in those subjects without clinical or laboratory evidence
for HSV-1 (as assessed for 56/63 patients with reliable information on immunosuppressive regimens available; ** p < 0.01,

Mann-Whitney two-sided test).



Jak c¢asto na ICU detekujeme viry?
Hematoonkologicti pacienti

« VétSinou mukokutanni léze (85-90%), poskozeni u esofagu a horniho GIT ale u 10%,
+ Pneumonie u 2-3% pacientl bez profylaxe, dale hepatitis, meningitis, encephalitis a suprese kostni

drené.
« RSV
* u 0.3% - 2.2% pediatrickych pacientii s AML a 1%-12% dospélych HSCT pacientt
* Progrese UTRI do LRTI u 20-68% pacient(
« Mortalita spojena s RSV 17-70%

e HSV

* PIV
« PIV infekce zpusobuji URTI béhem roku v rozsahu od laryngotracheitis, bronchiolitis az k pneumonii u
15% déti béhem podzimu a jara
« U pacientli po HSCT se vyskytuji mezi 2% - 7%, v pfipadé zapocteni detekce u asymptomatickych
pacientt az k 18%
* Dlouhodobé vylucovani miize vést k nozokomialnim epidemiim.
* PIV-3je po HSCT nejcastéji (az 90% pfipadu) nasledovana PIV-1 a -2
« URTI snizuje ventilaci az o 40%, a infekce progreduje do LRTI u 13-37% s fatalnim koncem u 10-30%.
« hMPV

hMPV je blizce pfibuzny RSV a podili se na 5%-20% of URTI a tracheobronchitis u déti a dospélych
bé&hem zimnich mésicl.

* U HSCT pacientt je popisovan mezi 5%-9% béhem prvnich 2 let po HSCT.
« Coronaviry
* U pacientli po HSCT detekovany u 6,7% - 15,4%, nicméné asymptomatické vylucovani je popisovano az
u41%..
« U symptomatickych pacientt ¢asto popisovany koinfekce s dal$imi pacienty.

« HRhV

HRhVs jsou nejéastéjsi pficinou CARI s kumulativni incidenci az 22,3% do dne 100 po HSCT.
« Asymptomatické u 13% HSCT pacientu, detekce s dal$imi CARI viry az u 19%
* LRTIu alogenni HSCT vzacna (<10%), a muze bat asociovana se Spatnym outcomem u méné nez 10%

Délka vyluCovani respiracnich
viru

Virus Délka vylucovani v béziné Délka vylucovani u

populaci (pfipadné déti/dospély) | imunosuprimovanych pacientd

Influenza virus A <14 dni/ <5,5 dni 29,5 dne az 5 mésicu (!)
Influenza virus B 6-7 dni 7,5 dne (2,5-80,5)
Parainfluenza virus PIV-1a 2: 3-6 dni 6-42 dni

PIV-3: 8 dni (3-10 dni)
RSV + 4 dny (1-12)/ Medién 2-4 tydny

80 dni (35-334 dni)

hMPV + 5 dni 7-24 dni
HRV/HEV + 14 dni (HRV-C 7 dni) Vétsina <4 tydnd

Dospély déle nez déti 5 tydna (1-49 tydnu)
Coronaviry 3-18 dni, 4 tydny (1-22 tydna),
(HKU-1, 229E, OC43, NL63, SARS-CoV-2) pdr tydnu az 2 mésice u SARS-CoV-2 aZz 3 mésice

Talaat et al. JID 2013:208-1669-1678; Takeyama et al. Jmed Virol 2016, 88(6):938-946; Milano et al. Blood 2010, 115(10):2088-04; Lehners et al. PLOS One 2016, Feb. 2016; de
Lima et al. Transpl Infect Dis 2014, 16(1):165-9; Gooskens et al. JID 2009, 199, 1435-1441; Pinsky et al. Emer ging Infect Diseases 2010, 16(7):1165-1167; Chen et al. J Clin Virol 2015,
64:74-82; Dennis et al. CID 2016, 62(4): 431-437; van der Hoek et al. FEMS Microbiol rev 30 (2006):760-773; Tasian et al. Pediatr Blood Cancer 2008, 50(5) 983-987; Choi et al. Blood
2011, 117(19(:5050-5056); Fields. Virology 5th ed. 2007



Co je to antigenni drift chripky?

A) Jedna se o0 zmény antigenu v prabéhu
detekce testem.

B) Jedna se o jednonukleotidové zmény,
které mohou vést ke zméneé
aminokyselinové sekvence antigenu.

C) Jedna se vétSi zménu v ramci
rekombinace/reasortanty, ktera vede k
vyrazné zméné puvodniho viru.

Co je to antigenni shift chripky?

A) Jedna se o0 zmény antigenu v prabéhu
detekce testem.

B) Jedna se o jednonukleotidové zmény,
které mohou vést ke zméneé
aminokyselinové sekvence antigenu.

C) Jedna se vétSi zménu v ramci
rekombinace/reasortanty, ktera vede k
vyrazné zméné puvodniho viru.

10



Antigenni zmeény chripky A

Antigenic Drift — sezonni
— Men8&i zmény subtypu
— Zpusobené bodovymi mutacemi gent

— Muze vést k epidemii

PFiklad antigenniho drift

— V roce 2003-2004, A/Fujian/411/2002-lik

Virus

Viral envelope ———_

Ve “’d’@*@\i}

(H3N2) virus byl dominantni %/3) ‘7‘ o

— AJ/California/7/2004 (H3N2)

LN H]{:
zacal cirkulovat v populaci a stal o

se dominantni v roce 2005

Influenza A Virus Replication {‘:5

Antigenni zmény chripky A

* Antigenic Shift

— Velké zmény, novy subtyp
— ZpUsobena vyménnou genovych segmentu
— Mohou vést k pandemii

+ Prfiklady antigenniho
shiftu
— H2N2 virus
cirkuloval 1957-1967
— H3N2 virus se objevil v
roce 1968 a uplné
nahradil virus H2N2

HTN7, HANS, H3N2
H5N1 A

~y
[ chicken | H7N7, HaNg
H4,5,7,9,10
H5NT HQNZ
HINT H H10N4
Hostrango \ |
Restriction | | notive Host
wild water fowl
Duck, etc
H1-15; N1-9 m: :\“
uman
HINA, H2N2\

H3N2 # H1N1 H1N2,
H5N1, HON2 - H3N2, H4N6
H7N7 H5N1

H3N2 H13N9
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Coronaviry

» Coronaviridae
* ss (+) RNA, délka genomu 26-32 kb (nejvstsi RNA virus)
* prvni identifikovan v poloviné 60. let

* o —HCoV 229E a NL63

* B - HCoV OC43, HKU1, SARS-CoV (severe acute respiratory
syndrome), a MERS-CoV (Middle East Respiratory Syndrome),

SARS-CoV-2

* SARS
* Bunécny receptor - ACE2

MERS - pfenos spojeny
s velbloudy, jejich

mlékem, syry
* Mortalita — pfiblizné 9.5%
I v d i human cases
* Inkubacni doba — 2-4 dny - by region of acquisition
sz orax reea ] |
» Symptomaticka lécba 0 | | Slorn £=
ata
T —— A e

EOURST———— [ Updsed 42714 by S msamapmt H ez [EEEE |

%5 2 | |-euae
Ot ey Gases, ooz | - s Homm, ! {

H -o-Yemen | [imrmircsond
PO——— I Z 100 i i

50
Otrmise ety Coses, ez | -
I S L S— R —
a = @ 0 a0 o dap e 80 I II I II I DD D D DD DD DD DD
. . o Y S S A T I E
Nan-Fatal Cases  ®Fatal Cases N Sy
" — e ST n,d"{' it &R
imder files I com/2014/04/mers_ /_mortality_4-271.png Week of illness onset/reported S - o]
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Koronaviry jsou tu dlouho

19 30_| —

19504
19604
19704
1980_]

|
|
g
b

Influenza virus 1933
Coxsackive virus 1948
Echowirus 1951
Adenovirus 1953

HRWV 1953
HRSV 1956
HPIV 1954

Novel coronavirus
Coronaviruses are viruses that

) but some of them are
also known to affect humans.
The 2019 novel coronavirus
was identified in China at
the end of 2019 and is a new Wash your hand
strain that has not with soap and water
previously been

ravel apply general hygiene rues

Symptoms
D MUSCLE PAIN |

Transmission ﬂ

& £L days

estimated incubation period

19904

tphwiny.vired.comfmages_bogs/iredsciencer20l
U0SIAIC].coronavinis g

HBaV 2005
HRV-C 2006
‘WUPYV 2007
KIPyV 2007
MCV 2008
HPyV6 2010
HPyV7 2010
HPyV8-TSV 2010
HPyV9 2011
HPYV10 2012
[THCoV MERS 2012]

SARS-HCoV-2

Koronaviry

Celed a podéeled Rod Podrod

Duvinacoronavirus

Alphacoronavirus

Setracoronavirus

Embecovirus
(skupina A)

Coronaviridae -
Orthocoronavirinae

Betacoronavirus

Sarbecovirus
(skupina B)

Merbecovirus
(skupina )

Druh

Lidsky coronavirus
229 (HCoV-229E)

Lidsky coronavirus
NL63 (HCoV-NL63)

Lidskj coronavirus
HKU-1 (HCoV-HKU-1)

Lidsky coronavirus.
0Ct3 (HCOV-0C43)

Severe acute
respiratory
syndrome-related
virus (SARS-CoV)

Severe acute
respiratory
syndrome-related
virus 2 (SARS-CoV-2)

Middle-East
respiratory
syndrom virus
(MERS virus)

Role
popsani

Klinické priznaky

Lehdi respirani onemocnéni
typu .common cold” s vjraznm
edémem sliznic.

ID 2-5 dni

1966

Lehci respiracni onemocnéni
typu .common cold” s vyraznm
edémem sliznic.

1D 2-4 dny

2004

Leh(i respiracni onemocnéni
typu ,common cold” s vyraznym
edémem sliznic.

1D 2-4 dny

2005

Lehgi respiracni onemocnéni
typu ,common cold” s vyrazngm
edémen sliznic.

ID 2-5 dni

1967

Respiracni onemocnéni s téz3im, zivot
ohrozujicim priibéhem. Popsana mortalita
2003 u tézsich pripadii je priblizn 9,6 %.

1D 2-11 dni

Respiracni onemocnéni v celém rozsahu

(zatim popsana priblizné polovina

pripadi) a2 po Zivot ohrozujici pFipady.
Dosud popsana mortalita u h
pfipadi je pfiblizné 6,7 %; celkové pak
priblizné 0,5-1 %.
ID 2-14 dni

2019

Respiracni onemocnéni s téZ3im, Zivot
ohrozujicim pribéhem. Popsana mortalita
utézich piipadi je priblizn 35,5 %

ID 2-13 dni

2012

Vtabulce vynechan Realm (Riboviria), Rige (Orthornavirae), Kmen (Pisuviricota), Trida (Pisoniviricetes), Rad (Nidovirales) a PadFad (Cornidovirineae)
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Replication of Coronavirus

.

K O r O I I aV I r 1 With their S-protein, coronaviruses bind on cell

s o} surface molecules such as the metalloprotease

’%w& samino-peptidase Ne. Viruses, which accessorily

have the HE-protein, can also bind on N-acetyl
neuraminic acid that serves as a co-receptor.

250 far, itis not dear whether the virus getinto the
host cell by fusion of viral and cell membrane or
by receptor mediated endocytosis in that the virus
is in-corporated via an endosome, which is subse-
quently acidified by proton purmps, In that case, the
wirus have to escape destruction and transport to
the lysosome.

3 Since coronaviruses have a single positive
stranded RNA genome, they can directly produce
their proteins and new genomes in the cytoplasm.
At first, the virus synthesize its RNA polymerase
that only recognizes and produces viral RNAs, This
enzyme synthesize the minus strand using the
positive strand as template.

4 Subsequently, this negative strand serves astem-
plate to transcribe smaller subgenomic positive
RNAs which are used to synthezise all other pro-
teins. Furthermore, this negative strand serves for
replication of new positive stranded RNA genomes.

http:/www.nature.com/polopoly
_fs/7.6657.1349187529!/image
71.11513_coronavirus_HPA.jpg
_gen/derivatives/landscape_63
0/1.11513_coronavirus_HPA jp A

g Ribosome
\/\%/\/\/ 4
positive strand
il
virus
polymerase
NP
7

\_- negative strand
L

5 The protein N binds genomic RNA and the pro-
ST teinMis into the of the en-
1 iR0A8838208 488488 reticulum (ER) like the envelope pro-
teins S and HE. After binding, assembled nucleo-
«capsids with helical twisted RNA budd into the ER
lumen and are encased with its membrane.

6 These viral progeny are finally transported by
golgi vesicles to the cell membrane and are exocy-
tosed into the extracellular space.

https://upload. redia.orgy 'commons/thumbl/f/f4/Coronavirus_replication.png/800px-Coronavirus_replication.png

SARS-CoV-2

A e V¥V O -------- Spike (S)

= == Envelope (E)

- = - = === Nucleocapsid (N)
<= = = == Hemagglutinin - esterase (HE)

<« = === Membrane (M)

https w.mdpi.com/viruses/viruses-12-
00372/article_deploy/html/images/viruses-12-00372-g002.png

29903 bp

3
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SARS-CoV (SARS)

* Bunécny receptor — ACE2

* 8098 nakazenych celosvétové

» Mortalita — pfiblizné 9.5%
Inkubacni doba — 2-4 dni
Zvysena teplota az horecka (>38.0°C);
bolesti hlavy, sval(, kloubt, diskomfort. U
¢asti pacientl mirny prabéh. Asi 10-20%
prijem, po 2 az 7 dnech mozny suchy
kaSel a u vétSiny pneumonie.
Virostaticka (ribavirine + lopinavir/ritonavir)
Symptomaticka lécba

A

Angiotensinogen ———p | AT1
Renin

Cell membrane

SARS-CoV-2 (COVID-19)
* Bunécny receptor — ACE2
« Zatim 4 510 963 nakazenych celosvétové
* Mortalita — pfiblizné 6.7%

Inkubaéni doba — 2-14 dni

Teplota az horecka; bolesti hlavy, svald,
kloubu, diskomfort. U ¢asti pacientt mirny
prubéh. Po pfiblizné 7 dnech ¢asto
zhorSeni az intersticialni pneumonie.

Virostaticka (remdesivir, favipiravir,...)
Symptomaticka lécba

Vakciny...

Proinflammatory  Anti-inflammatory

Proapoptosis
Profibrosis

Antiapoptosis
Antifibrosis

SARS-CoV-2

Virus Environmental Stability

(relevance to personal safety unclear)
Half-life

(time to decrease 2-fold; not strictly constant)

Aerosols: =1 hr  Surfaces: =1-10 hr
e.g. plastic, glass,
paper and metals

Based on quantifying infectious virions.
Numbers will vary between conditions and surface types.
Viral RNA observed on surfaces even after a few weeks.

Host Cells

(tentative list; number of cells per person)

Type | &Il pneumocytes (~10"" cells)
Alveolar macrophage (~1 00 cells)
Mucous cell in nasal cavity (~1 0° cells)
Host cell volume: ~10% um? = 10 fL

virions not to scale

- Concentration

(maximal observed values following diagnosis)

Nasopharynx: 10°-1 0% RNAs/swab
Throat: 10%-108 RNAs/swab

Stool: 10%108 RNAs/g

Sputum: 105-10"" RNAs/mL

RNA counts can markedly overestimate infectious virions

RNA je zpravidla 1000x vic nez infek€nich virovych partikuli.

Bar-On eLifescience
2020
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Stage1: Viral entry

The virus's spike protein binds to

raceptor on the host cell called ACE2. Nucleocapsid
Then, the host molecule TMPRSS2

.
cleaves the spike protein, exposing pike protein
parts that fuse the viral membrane RNA
with that of the host. M protein
TMPRSS2
A;E)

Stage 2: Inside the cell ‘i
Pttty TSR b TpRss2 cuts 1
e Wikal foeas A \‘"‘ el etsn Vazba na ACE-2
those belonging to the virus. ;
»

Endoplasmic v . . . ,
it Vst prosios i@ Stépeni spike proteinu pomoci

% <

: N 3 Crmame TMPRSS2
Viral RNA and host cell together
& Internalizace a nasledny prepis NS
ol g proteinti

an internal membrane network —
into bubble-like structures called
double-membrane vesicles (OMVs).

Rl s Remodelovani bunéénych pochodi
and translated.

AR & Tvorba novych partikuli

ik

4 ‘Stage 5: The last slice. . o s H H
Abost ey namod Furin odstépi 5 AK spike proteinu
makes a crucial cut at a site v
of five amino acids on the v
spike protein. This prepares.
the virus to strike another
cell. Variants have a higher
proportion of snipped spike
proteins, helping them to
Infect cells mors efficiently.

Once the newly made molecules
assemble into s complate virus
particle, this leavos the cell through
an organelle called the Golgi

apparatus, of perhaps through Scudellari Nature 2021,
lysosomes, which are cellular
rubbish bins. 595

Patofyziologie
"Characteristic" Infection Progression in a Single Patient
Basic reproductive number Ry: typically 2-4

Varies further across space and time

(number of new cases directly generated from a single case)

infection with
virus jl Case Fatality Rate
Diagnosis after =S days ~ / =1%-15% (uncorrected)
(99% < 14 days unless asymptomatic) Infection Fatality Rate
< Incubation period: =5 days  » w =0.3 k
exposed |
: - -
= <« Latent period =3 days » 1 <« Interval of half-maximum »3
. . infectiousness =4 days & severe cases: =6 weeks
H H H
: :

Inter-individual variability is substantial and not well characterized. The estimates are parameter fits
for population median in China and do not describe this variability.

Bar-On eLifescience
2020
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Neurologic
Headaches
Dizziness
Encephalopathy
Guillain-Barré
Ageusia
Myalgia
Anosmia
Stroke

Renal
Acute kidney injury
Proteinuria
Hematuria

Hepatic
Elevated
aminotransferases
Elevated bilirubin

Gastrointestinal
Diarrhea
Nausea/vomiting
Abdominal pain
Anorexia

A

Angiotensinogen ———p [ AT1

&

Cell membrane

Renin

Angiotensinogen ———p | AT1

Renin

Cell membrane

o} —

e

Thromboembolism
Deep vein thrombosis
Pulmonary embolism

Catheter-related thrombosis

Cardiac

Cardiac arrhythmias
Cardiogenic shock
Myocardial ischemia
Acute cor pulmonale

Takotsubo cardiomyopathy
Myocardial injury/myocarditis

Endocrine
Hyperglycemia
Diabetic ketoacidosis

Dermatological
Petechaie
Livedo reticularis
Erythematous rash
Urticaria
Vesicles
Pernio-like lesions

Proinflammatg
Proapoptosi
Profibrosis

Anti-inflammatory
Antiapoptosis
Antifibrosis

AT2

e

=

v 1

Acute respiratory distress syndrome
and pulmonary oedema in COVID-19

ACE2

qusion

Gupta et |. Nature
Medicine 2020
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2. Competitive inhibition of
ACE2 by exogenous Ang-2

Exogenous Ang-2

internalization and
downregulation of ACE2

_ Cell membrane
1. ACE2 mediated Vasoconstriction

viral entry
1 q ——+ Aldosterone —\
/ Adrenal Gland Na*and H,0

T, reabsorption

4. Lysosomal \
Degradation Hypothalamus

— Vasopressin —

Fig. 1 Effect of angiotensin Il on the RAAS and SARS-CoV-2 binding. Angiotensin | is hydrolyzed by ACET to form angiotensin Il, which binds to
AT, receptors. This causes release of aldosterone from the adrenal gland, vasopressin secretion from the hypothalamus, and vasoconstriction,
Vasopressin and aldosterone both lead to increased sodium and free water reabsorption in the kidney, leading to increased mean arterial
pressure (MAP). Angiotensin Il is then metabolized into Ang-(1-7) by ACE2. SARS-CoV-2 binds to ACE2 to gain entry into the host cell. Exogenous
angiotensin |l can also bind to ACE2, which can lead to competitive inhibition of the ACE2 receptor. In addition, binding of angiotensin Il to AT,
receptors leads to internalization, downregulation, and degradation of ACE2. These actions may potentially prevent SARS-CoV2 from entering the
cell. Figure created with Motifolio Toolkit. Ang-2, angiotensin Il; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ACE1, angiotensin-
converting-enzyme 1; ACE2, angiotensin-converting-enzyme 2; H;0, water; Na*, sodium

Busse et al. Critical Care 2020

PATHWAY '@ 3 .
via antigen-antibody O ]
complexes \ s
\ recruit neutrophils
and monocytes

LECTIN

PATHWAY >
via MBLMASP ° P °
complexes

ALTERNATIVE
PATHWAY
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B 7=
¢ C4b2a3b
€5 Convertase)

N protein
SARS-CoV-2
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[oESS 6 §
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CS Convertase -- =

C4b2a3b or C3bBb3b °
11 @\
By ==

e m L @
QW \.uw.‘.... v (Cacommme
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Attack Complex)

Insight.jcl.org  https:/ /dol.org/10.1172/jcl.Insight. 140711
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SARS-CoV-2

virus activates complement
Neutrophil

l Anaphylatoxins recruit
@ neutrophils %
Activation and

Y
Activation Feedback Loop NETosis

Secreted properdin, C3,
and factor B activate
alternative pathway

Thrombin -+ C§ IL-6 and IL-8 recruit
Factor XIl =» C1s. neutrophils, and IL-18
Kallikrein - C3, activates neutrophils.
factor B
Hypercoagulable State
with endothelial injury
Membrane attack and microthombosis
complex (MAC)

Figure 2. A summary of SARS-CoV-2 and complement activation
leading to immune y reactions and in
human pathology. Complement activation generates the proinflam-
matory polypeptides, C3a and C5a, and recruits neutrophils as well as
monocytes. Activated neutrophils generate web-like extracellular traps
(NETs), in a process known as NETosis, that contain components such as
(3, properdin (P), and factor B (B) that activate the alternative comple-
ment pathway and engage an inflammatory feedback loop. Although
NETs assist in host defense against pathogens, a sustained response,
such as that seen in COVID-19, may incite ongoing inflammation and

a hyperc state. Additi the attack complex
(MAC) also induces endothelial inflammation and tissue injury, leading
to the generation of IL-6 and IL-1B, which continue to propagate NETosis.
Endothelial injury leads to the generation of vWF multimers. Excess
ultralong VWF stabilizes factor VIII activity and prevents the binding of
factor |. Endothelial damage also results in the release of plasminogen
activator inhibitor-1 (PAI-1), which exacerbates thrombosis, along with
(5a-induced release of tissue factor and other prothrombotic proteins.
These changes then can augment a complement-coagulation pathway
crosstalk, due to serine proteases, such as thrombin and kallikrein,
activating the complement system in a convertase-independent manner.
Such interactions among endothelial injury, hypercoagulability, and

[ activation cause tissue damage, such as acute respiratory

endothelial swelling

CSainduced VWF, PAI release
prothrombotic state  thrombotic

microangiopathy

'

Tissue Injury and Damage

6]

distress syndrome (ARDS), acute kidney injury (AKI), and stroke, and are
often associated with a thrombotic microangiopathy.

insight.jci.org  https://doi.org/10.1172/jci.insight.140711

Activation
of extrinsic
coagulation
pathway

Monocyte

IL-18 * % ol i
o tﬂmm[.ﬂmn pathway ?
S
Ay S
v’.v\'v‘“

Pathogen isolation
and killing

Neutrophil
releasing NETs

Inactivation
of natural
anticoagulants

L |

e ML
‘i ‘r@ @ .‘

DR

B thrombus formation

Bonaventura et al. Nature reviews immunol
2021
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FIGURE 7. Simplified model of the serine protease
system. Depiction of the plex interp b

the lation/fibrinolysi des and the pli
ment system. The serine proteases of the complement,
coagulation, and fibrinolysis systems are all high-
lighted in yellow. The black dotted arrow bars show
previously known interactions of these systems. The
red arrows identify the new paths of complement ac-
tivation by the coagulationffibrinolysis factors result-
ing in the generation of C3a and C5a. aPC, activated
protein C; MAC, membrane attack complex; MBL,
mannan-binding lectin; PK, prekallikrein.

Fibrinolysis/Thrombosis Pro-inflammation/Anti-inflammation

J Immunol 2010: 185:5628-5636: Prepublished online 24
Seplember 2010;

doi: 10.4049/jimmunol. 0903678

hitp://www jimninunol org/content/ 185/9/5628

resresnesnenns Cross-talk
Tissue factor + <0 Coaguiation

2 —
Intrinsic pathway Extrinsic pathway ———— Inhibitory pathway
Damaged surface

Complement

Fibrinolysis

Fibrin

Plasmin Fibrin clot

MASP1

Endothelial

Platelet Mast cell cell

Int. ]. Mol. Sci. 2020, 21, 1596
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Patofyziologie - shrnuti

» Poskozeni tkané replikaci viru

« Zména rovnovahy renin-angiotenzin
aldosteronového systému

» Aktivace komplementu

 Aktivace trombocytu

 Aktivace imunitni odpovédi — makrofagu,
Iymfocytf] (cytokin(l, cytokinova boute)
* PosSkozeni endotelu

Patofyziologie - shrnuti

* Poskozeni tkané replikaci viru

« Zména rovnovahy renin-angiotenzin
aldosteronového systému

» Aktivace komplementu
Aktivace trombocytl

 Aktivace imunitni odpovédi — makrofagu,
IymeCytlj (cytokin(i, cytokinova boute)
* PoSkozeni endotelu
Hyperkoagulaéni stav (prevence LMWH)
Superinfekce a reaktivace latentné pritomnych

21



Patofy2|olog|e

A Mechanism of

Y due to SARS-CoV-2 Infection
Direct Viral Infecti di o v
l /' Macrophages
binding of ACE2 cell surface receptar APC q Dendritic Cells
Pulmonary Manscytes
Macrophages

Eyes Nose Lungs Heart Blood Kldney Braln GI uver
Vessels

RTINS o

ion, Replcation & Darage Trans Signaling — l [ — signaling
L6 Sau-ﬂun } }
q Al &% %‘I & ”? @l ) # Endothelial Cells ———= ? Lymphocytes
i Provinflammatory Pathways
yecardil infarcsion (M) i ey
s e fammacon provimiermerey T T,il7 Differentiation
s
o Senin i et @i ) Ecatherin tvascular teak) 4 e Phase Rasctants Arikiafearemaiory et
st Chamain (Cuactive pratein, hapeidin]
T fwmumm {resritin, Amylokd A) b ToDeveicpmann
Infl y Cytoki | ’ ] 1 16 signat ampiication) t - = 99 } coseen
- - ! - f IL-8 [Neutraphil Recrultment) 1 Cemplement Activation L COB+ Cells.
| . cw:l.ln.e mm‘: Wl:dr?me‘ - Inflammatory Damage + MeP-1 (Monocyte Recrultmenn) il m“wa
 — R . | :

Leyfman et |. SHOCK
2020

Diagnosis of COVID-19
. g o ]
RT-qPCR g {7 & 1
&

High-throughput |
sequencing

@ SARS-CoV-2

A~ Positive-stranded RNA
== ACE2

: Antigen
ELISA Yf® Antivody (126, 1g\D
==C MHCI(HLA)
POCT of IgM/IgG S
'e
>
CT scans

SARS-CoV-2entry  Aptigen presentation Cellular {mmunity
and replication

Humoral immunity
https://ars.els-cdn.com/content/image/1-s2.0-S2095177920302045-fx1_Irg.jpg
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COVID-19 pneumonie (A) a nasledna HSV pneumonie (B)

O Negativni vysledek

_________________________________ ©  Pozitivni vysledek

PCR detekce
Antigenni testy

e Nizka analyticka citlivost
—coooo Vysoka analyticka citlivost

Infekénost

=

) )
Pred-infekénosti Po infek¢nosti Cas
PCR PCR

Upraveno dle Mina et al. NEJM2020



Délka vyluéovani SARS-CoV-2 u
hematoonkologickych pacienti

The NEW ENGLAND JOURNAL of MEDICINE

A Study Design

. Longiudinal Eallection of Vit Viral RNA SARSCVE
Baseine Respiatory Sampies RTqRCR  Cullure lealaion, Segeencing

— 15 pacientt z 20 mélo aktivni
chemoterapii
- 11 tézky COVID

Pzt inchesion 57 Samples S7Samples  Vaholes 57 Original Sampies 17 Original Samples.
N30 18 sslstes 18 salates

B Genstie Variant Frofies

A
fﬂfﬁ’f’«l‘{" E

- virova RNA detekovana az 78 dni (IQR

w B

w e s " B B 24'64)
eI | [l - prvni den se podafilo kultivovat 71%
I i SR L vzorki
= L e e e
ot oen o .. - followup pozitivni u péti pacientd
-E H i 'i ii i i i ii i (8, 17, 24, 26 a 61 dni po zacatku pfiznaku)
H I o i P i
6 o 1 I 1 I 1 1

S :H ! i [
[Tty .ﬁ .|
R e e »Patients with profound
P : — immunosuppression
- T LT after underd SR WAt P OTEtIC STEMECEIT
trancnlantatinn nr raraivinn ~allillar
L] r r A 4 ,
Protilatkova odpoved
st
subunit e SARS-CoV-2
== Specific IgA
- Specifc igG
Specific igM
52 3 "‘\u
B —— =
: . : p .

Protilatky proti S1 Days of infection
Protilatky proti RBD doméné

odpovidaji virus neutralizacnim protilatkam

Antibody Response - Seroconversion

Antibodies appear in blood after: x10-20 days Bar-On eLifescience 2020
Maintenance of antibody response: http://bit.ly/2W OeN64
=2-3 years (measured for SARS-CoV-1) Scudellari Nature 2021; 595

https://www.mdpi.com/diagnostics/diagnostics-10-
00453/article_deploy/html/images/diagnostics-10-00453-g004.png


http://bit.ly/2WOeN64

SARS-CoV-2

Vyskyt pfiznakd onemocnéni dychacich cest po 1. 1. 2020

Respondenti s pozitivnim
testem na protilatky (107)

1 Ne (N=55)
9% 51% B Ano (N=52)

80% N=34 N=28 N=21 N=18 N=11 N=22

65%
J— 50% 54%
Jaké priznaky? (N = 52) . 2%
20% 35%
21%
. ]
0% )
Bl Kazel B Bolest v krku Il Obtizné dychani
B Teplota >37,0°C Ztrata chuti nebo gichu Jiné
S (D) NARODNE > W MNETERSTVO ZORAVOTNICTYI
Foe e R Sctesticove vzis [ [t

Rizikove skupiny
COVID-19 Death Risk Ratio (RR) for
Select Age Groups and Comorbid Conditions

.......... —— o)
40-49 Years @

"
o H
e 50-64 Ye t
S fears Q
v 65-74 Years @
o i
<
" 74-84 Years @
- 85+Years @
™ 4
Diabetes with Complication
Chronic Kidney Disease

Chronic Obstructive Pulmonary
Disease and Bronchiectasis

@
X
3
¥
=
S
5
)
(v]

Neurocognitive Disorders

Coronary Atherosclerosis and
-.. Other Heart Disease

Underlying Medical Conditions Assoclale;g with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov.

Underlying Medical Conditions Associated with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov:
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https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html

Rizikové skupiny

COVID-19 Death Risk Ratio (RR) Increases as
the Number of Comorbid Conditions Increases

No conditions ®
1 condition @
2-5 conditions @

6-10 conditions @

=10 conditions @

Underlying Medical Conditions Associated with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov)

Underlying Medical Conditions Associated with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov

Epidemiologicka data

Covid-19 Response Fun

&’@\b World Health ;
V‘w . “Ig Organization Search by Country, Territory, or Area i <& —
WHO Coronavirus Disease (COVID-19) Dashboard Overview Data Table Explor

Dats last updiated: 2020/10/18, 2:43pm CEST

=N

\

39,596,858
prioeihed

_—

1,107,374
‘aees

[, Yo

Source: Warld Health Organiz

Globally, as of 2:43pm CEST, 18 October 2020, there have been 39 596 858 confirmed cases of COVID-19, including 1 107 37c
deaths, reported to WHO.
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https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
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230,437

Epidemiologicka data

P

{ World Health "
@ ) D R
ganization
Overview  Measures  Data Table  Explore

WHO Coronavirus (COVID-19) Dashboard
-

Globally, as of 4:32pm CEST, 15 October 2021, there have been 239 437 517 confirmed cases of COVID-19, including 4 879 235 deaths,
reported to WHO. As of 14 October 2021, a total of 6 495 672 032 vaccine doses have been administered.

Epidemiologicka data

i World Health . or Aron
@Izmgnmmhun ) ’ '
Overview  Measures  Data Table

WHO Coronavirus (COVID-19) Dashboard
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Epidemiologicka data
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pidemiologicka data
{3‘“} i < Overview Measures Data Table Explore
WHO Coronavirus (COVID-19) Dashboard Backiotop @
i A L
Cases - newly reported in last 24 Deaths - newly reported in last 24
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Epidemiologicka data
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Data Table

i < Overview Measures

Explare

Backfolop i

Globally, s of 4:32pm CEST, 15 October 2021, there have been 239 437 517 confirmed cases of COVID-19, including 4 879 235 deaths,
reported to WHO. As of 14 October 2021, a total of 6 495 872 032 vaccine doses have been administered.
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Zmeény
genomu

Clade 208

Simplified SARS-CoV-2 phylogenetic tree

Clade 19A

&
i%

Clade 20A

Wuhan-Hu-1isolate
Spike signature

s: D614

“G614 variant”
PANGO: B

Nextstrain: 20

Spike signature mutation

D614G

Clade 201 Clade 20J % Clade 20H %

“U K. variant”
PANGO:B.1.1.7
Nextstrain: 201/501Y.V1
Spike signature mutations

£69/70 P681H
A144/5  T7161
N501Y  S982A
A570D D1118H
D614G

Zmeny

“BRA variant”
PANGO: P.1
Nextstrain: 20J/501Y.V3

Spike signature mutations

L18F E484K
T20N N501Y
P265 D614G
D138Y H655Y
R1905  T10271
K417T  V1116F

“S.A. variant”
PANGO: B.1.351
Nextstrain: 20H/501Y.V2
Spike signature mutations

L18F K417N
D80A  E484K
D215G N501Y
A242-4 D614G
R2461  A701V

Clade 20C %"é%‘ %

“CAL.20C variant”
PANGO: B.1.427 / B.1.429
Nextstrain: 20C/S:452R
Spike signature mutations

5131 L452R
W152C D614G

https://www.invivogen.com/sites/default/files/pictures/sars2-tree-invivogen.png

g e n O m u Spike mutations of concern in SARS-CoV-2 variants

51 52
0 g & 0 =
= & m =] [esITLY Fal ©
oo NTD 7| I3 0Py ©

Spike sequence (a.a.)

“Gél4variant”

A69/70 A144/5

“U.K. variant”

“S.A.variant” L18F
(B.1.351 v2)

L]
“BRAvariant” L18F

“CAL variant”

(USA)

A242-244

K417N

L]
K417T

L452R

https://www.invivogen.com/sites/default/files/pictures/sars2-tree-invivogen.png

1213—
1773

. Mutations in the 52 subunit
D614G have not been linked yet to
SARS-CoV-2 spread and
escape from immunity
L L L
N501Y D614G P681H

Ll

E484K NS501Y D614G
. l .
E484K NS501Y D614G
.
D614G

S1: Ectodomain S1 subunit
52: Ectodomain 52 subunit
NTD: N-terminal domain
CTD: C-terminal domain

RBD: Receptor binding domain
RBM: Receptor binding motif

FP: Fusion peptide
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: Potential therapeutic targets
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Major mutations of SARS-CoV-2 TMPRSS2 & Adam17 inhibitors, & etc.
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(") Parental . Mutation Remdesivir & metabolites, CRISPR/Cas13d system & etc.
b spots.
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Treatment options

. ’ Immunomodulatory approaches
! -Corticosteroids

/ -Convalescent plasma therapy
Release

'Y 2 el
) ‘Membrane fusion i BKT inhibitors o IL-1 inhibitor
o ‘ and endocytosis - y % -Anakinra
TMPRSS2/ ACE2 . f “Ibrutinib (IL-151L-6, IFN) IL-6 inhibitor
Anti-viral release N0 -Zanubrutinib Tocilizumab
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Figure 2. Therapeutic Management of Hospitalized Adults With COVID-19
Based on Disease Severity
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Antiviral Drugs That Are Approved or Under Evaluation for
the Treatment of COVID-19

Last Updared: July 8, 2021

L)

Remdesivir is the only Food and Drug Administration: d drug for the of COVID-19. In this section, the
COVID-19 Treatment Guidelines Panel (the Panel) provides recommendations for using antiviral drugs to treat COVID-19
based on the available data. As in the management of any disease, treatment decisions ultimately reside with the
patient and their health care provider. For mare information on these antiviral agents, see Table 2e.

Remdesivir

* See Therapeutic Management of Hospitalized Adults with COVID-19 for recommendations on using remdesivir with
or without dexamethasone

Ivermectin

« There is insufficient evidence for the Panel to recommend either for or against the use of ivermectin for the treatment
of COVID-19. Results from adequately powered, well-designed, and well-conducted clinical trials are needed to
provide more specific, evidence-based guidance on the role of ivermectin in the treatment of COVID-19.

Nitazoxanide
* The Panel recommends against the use of nitazoxanide for the treatment of COVID-19, except in a clinical trial (Blla).

Hydroxychl ine or Chl ine and/or Azitl

* The Panel recommends against the use of chloroguine or hydroxychloroguine and/or azithromyein for the treatment
of COVID-19 in hospitalized patients (Al) and in nonhospitalized patients (Alla).

Lopinavir/Ritonavir and Other HIV Protease Inhibitors

+ The Panel recommends against the use of lopinavir/ritonavir and other HIV p for the treatment of

COVID-19 in hospitalized patients (Al) and in nonhaospitalized patients (AIN).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials without major limitations; lla = Other randomized trials or
subgroup analyses of randomized trials; I1b = Nonrandomized trials or observational cohort studies; Il = Expert opinion
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Figure 7 Age distribution of the a) hospitalized, b) admitted to ICU or deceased in Spain based on data

from 145,429 cases[26].
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in Immunology Cytoplasmic RNA Sensor That o 10,8380 fimmu 2020.00030
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Upon Coronavirus Infection
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FIGURE 3 | Evolution of ANA sensor genes and possible implications on
antivral responses in pangolins. (A) Phylogenetic tree of mammals and
comparison of presence (+) or absence (-) of ANA sensor genes. Evolutionary
gene loss (indicated by bightning bolt symbols) was inferred from the species
distribution of the genes. Species: Malayan pangolin ese
pangolin (Manis pentadactyla), tree pangolin Manis tr is catus),
dog (Canis lupus familiaris), bear (Urst os homibilis), cattle {Bos taurus),
mouse Mus musculus), human (Homo sapiens). (B) Schematic overview of
innate immune sensors of viel ANA and signaling in mammals. Only RNA
sensors investigated in this study are shown. The schematic includes the
hypothesis about IFIH1 and ZBP1-dependent differences in the antiviral activity
and defense-induced damage to the host. The directions of the colored
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Proteomics of SARS-CoV-2-infected host
cellsrevealstherapy targets

https://doi.org/10.1038/s41586-020-2332-7  DenisaBojkova"’, Kevin Klann?’, Benjamin Koch®, Marek Widera', David Krause?,
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Fig.1|SARS-CoV-2replicationmodelininhumancells. a, Caco-2 cells were
eithermock or SARS-CoV-2infected and cultured for 24 h. Microscopy pictures
were taken todemonstrate cytopathic effect. Scale barsindicate 100 pm.
Representative pictures from threeindependent biological replicates are
shown. b, Quantitative PCRanalysis of viral genome copies per mL cell culture
afterindicated infection time points (n=3independent biological samples).
Pointsindicate mean of replicate measurements and shades represents.d.
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These analyses revealed that SARS-CoV-2 reshapes central cellular pathways,
such as translation, splicing, carbon metabolism and nucleic acid metabolism.
Small molecule inhibitors targeting these pathways prevented viral replication
in cells. Our results reveal the cellular infection profile of SARS-CoV-2 and led to
the identification of drugs inhibiting viral replication. We anticipate our results
to guide efforts to understand the molecular mechanisms underlying host cell
modulation upon SARS-CoV-2 infection. Furthermore, our findings provide
insight for the development of the therapy options for COVID-19.
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Hantaviry ,
Bunyaviidae

ss(-) RNA - 3 segmenty (small ~ 1.7-2 kb, medium + 3.7 kb, w- \@

large £ 6.5 kb) Q—‘:":
obalené 120-160 nm v praméru
Inkubacni doba: 2-4 tydny

Prvné popsany v roce 1951, kdyZ hantaviry zpUsobili hemorrhaglckou N
hore¢ku s renalnim syndromem (hemorrhagic fever with renal syndrome-
HFRS) v Severmi a Jizni Korei.

PFenasi se drobnymi hlodavci (véetné ,domacich mazli¢kd*)

Viry zpusobujici HFRS v Asii byly nasledné zarazeny do skupiny ,Hantavird
starého svéta*“.

V roce 1993 (jihovychod USA) byl popsan hantavirovy plicni syndrome (HPS)
— virus Sin Nombre.

Hantavirové kmeny se vyskytuji celosvétové — postihuji zejména ledviny a
plice.

Pfenos vzduchem (prachem).

Dle vSeho poddiagnostikoné infekce.

Hantaviruses

HFRS — virusy - Dobrava, Hantaan, Puumala a Seoul. Mortality je nejvétSi u
viru Hantaan— 5-15 %; virus Puumala a Seoul maji mortalitu kolem 1%.

HPS (Sin Nombre) popsano 534 pfipadd (1993-2009) — mortalita 36%.

PFehIed HantaVi rl:l: Andes virus, Amur virus, Asama virus, Azagny virus

Bayou virus, Black Creek Canal virus, Bloodland Lake virus, Blue River virus

Cano Delgadito virus, Calabazo virus, Carrizal virus &“Q 3. Inhalation of feces
Catacamas virus, Choclo virus 2. Infected feces i 9 “ by-humsn

Dobrava-Belgrade virus becorne airborne

El Moro Canyon virus
Gou virus, Hantaan River virus

Huitzilac virus, Imjin virus

1.¥irus contained
in rodent feces
Laguna Negra virus, Limestone Canyon virus

Isla Vista virus, Khabarovsk virus,

4. Symptoms :
muscle aches,

Magboi virus, Maripa virus, Monongahela virus, Montano virus
fever,

Mouyassue virus, Muleshoe virus, Muju virus, New York virus headache,
Nova virus, Oran virus, Oxbow virus, Playa de Oro virus S. l‘\CUt_? cough
Prospect Hill virus, Puumala virus, Rockport virus ziessggsa;org
Rio Mamore virus, Rio Segundo virus, Sangassou virus
Saaremaa virus, Seoul virus, Serang virus, Sin Nombre virus
Soochong virus, Tanganya virus, Thailand virus, Thottapalayam virus
Topografov virus, Tula virus, Xuan Son virus
o hitpi/wvW.auutiu.orglres piratsiyipictures/hantaviruses.jpg
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Neurotropni viry

» Neurotropismus (encefalitida)
» Coronaviridae -

* Flaviviridae — napf. West Nile virus (WNV), Virus japonské
encefalitidy (Japanese encephalitis virus-JEV), Virus
encefalitidy z udoli Murray (Murray Valley encephalitis virus
-MVEV), Virus encefalitidy ze St. Louis (St. Louis encephalitis
virus-SLEV), Virus klistové encefalitidy (tick-borne
encephalitis virus-TBEV)

* Lentiviridae - HIV

» Herpesviridae — HSV-1, 2, CMV, HHV-6, HHV-7, EBV (?)
» Paramyxoviridae — Morbilivirus, Hedra a Nipah virus

* Picornaviridae - enteroviry

* Rhabdoviridae — Lyssa

* Polyomaviridae — JCV (PML)

Priznaky spojené s poskozenim CNS

Pozorované -- Zridka ++ Casto

Klinické pfiznaky Encefalopatie Encefalitida
Horecka - ++
Bolesti hlavy -- ++
Zhorseni mentalniho Stabilni zhorseni Fluktuace stavu
statu
Fokalni neurologické -- ++
priznaky
Zachvaty Generalizované Generalizované i lokalni
Lab.-Krev Leukocytoza -- Leukocytoza ++
Lab.-CSF Pleocytéza -- Pleocytéza ++
Lab.-EEG Difuzni zpomaleni Difuzni zpomaleni a

fokalni abnormality

Lab.-MRI Casto normalni Fokalni abnormality

Kennedy J Neurol Neurosurg Psychiatry 2004;75 (Suppl I).



Diferencialni diagnostika virové
encefalitidy

fdi ; 5 i Bactercl
ADEM - akutni diseminovana encefalomyelitis TR TR
. . . o . Mycoplosma pneumoniae
CNS vaskulitida (v€etné potencialni VZV vaskulitidy) i monoiogenss
Bomelia burgdbi
. ;. v s agn Leptospirosis
Nevirové infekéni encefalitidy Fut
Yx o o . Leplospirosis
Bézné duvody encefalopatie Legionella
Tropheryma whippeli Whipple's disease)
Nocardia acfinomyces
Treponema pallidum
e sr;maruo?p:.'
» Anoxic/ischaemic All causes of pyogenic meningilis
e o Hetfsia Rodky spotied fever]
& i ickeffsia rickeffsi Mouniain 1]
> ‘I;lufrmnnu\ deficiency PR
DloE - Rickefsia prowazeki (epidemic typhus)
» Systemic infections Coviello bumef’ (Q fever)
» Crifical illness Erelickiosis (Ehrlichia chaffeensis—human monocytic ehrlichiosis)
» Malignant hypertension Fungal
» Mitochondrial cytopathy (Reye's and MELAS syndromes) m“ms
» Hashimoto's fanaephnlupnrhy Cmd%usi.
» Paraneoplasfic Coccidiomycosis
» Neurolepfic malignant syndrome Histoplasmosis
» Traumatic brain injury m;‘:‘eﬁ‘““ Blosmycoss
» Epileptic {non-convulsive status) e
Cerebral malaria
Toxoplasma gondii
) Echinococcus granulosus
Kennedy J Neurol Neurosurg Psychiatry 2004;75 (Suppl I). Schistosomiasis

NejCastéji detekovatelné patogeny
podile rizikovych faktoru

Risk factor Possible aetiological agent

Unvaccinated status Polio, measles, mumps, rubella viruses

Animal contact Rabies virus, cat scratch disease, Hendra
virus, Q fever

Bird contact WNV, Japanese encephalitis, Cryptococcus
neoformans

Insect contact Malaria, WNV, tick-borne encephalitis virus,

typhus, Lyme disease, trypanosomiasis
Ingested meat/unpasteurised milk ~ Toxoplasmosis, listeria, Q fever

Sexual contact HIV, syphilis i
Swimming Enteroviruses, Naegleria fowleri S Y
Camping/hunting Malaria, tick-borne encephalitis virus, '

typhus

Thompson et al. Arch Dis Child 2012;97:150-161.



Nejcastéji detekovatelné viry
podle klinickych pfiznaku

Clinical presentation

Possible aetiological agent

Cranial nerve abnormalities

Cerebellar ataxia
Dementia

Poliomyelitis-like flaccid
paralysis

Parkinsonism

Retinitis

Rash

Respiratory tract findings
Parotitis

Lymphadenopathy

Hepatitis

HSV, EBV, listeria, tuberculous meningitis,
syphilis, Lyme disease, Cryptococcus neoformans
VZV, EBV, mumps virus, trypanosomiasis

HIV, measles virus, syphilis, human transmissible
spongiform encephalopathies

JEV, poliovirus, enteroviruses, WNV, tick-borne
encephalitis virus

JEV, WNV, Nipah virus

CMV, WNV, cat scratch disease, syphilis

VZV, HHV-6, rubella virus, typhus, syphilis, Lyme
disease, WNV, HIV, enteroviruses, Mycoplasma
pneumoniae

Flu virus, adenovirus, M pneumoniae,
Mycobacterium tuberculosis, Q fever

Mumps virus

HIV, EBV, CMV, measles virus, rubella virus,
WNV, syphilis, cat scratch disease, tuberculous
meningitis, toxoplasmosis, trypanosomiasis

Q fever

Virus pfiusnic

o science omimagel7300350NTIC0023030-
_TEM-SPLipg

Thompson et al. Arch Dis Child 2012;97:150-161.

Picornaviridae - Enteroviry

astéjsi pricina encephalitid/meningoencephalitid (90%)

ss (+)RNA virus, délka genomu 7,2-8,5 kb
RUzné sérotypy (déli se na) — Polioviruses

» Coxackieviruses (napf. Myocarditis, Hand
Foot Mouth disease...)

* Echoviruses

+ dalsi... (napf. Enterovirus 71, lidske
rhinoviry, HAV)

Symptomy — velmi rozdilné — konjunctivitis, hepangine, poCatek

T1DM, exantém, neonatalni sepse,

Encephalitida/myeloencephalitida

* Prodromalni symptomy — hore¢ka, zimnice, bolesti hlavy, fotofobie
a nuchalni ztuhlost; vyrazka a infekce HDC

» Horecka a meningealni znameni se vyvinou v prabéhu 2-7 dni
* NejCastéjsi - Coxsackievirus B, echoviruses
+ EV-71 zvI4st agresivni infekce CNS

pleurodynie...
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Hand Food & M Disease

Hand, foot, and mouth disease, or HFMD, is a contagious illness that is
caused by different viruses. Infants and children younger than 5 years old
are more likely to get this disease. However, older children and adults can
also get it. In the United States it is more

common for people to get HFMD from Symptoms

spring to fall. R

Hand-foot-and-mouth disease
may cause ol of the folowing
Signs and Symptoms o just

B some of them They include
« Faver

« Sore throat

« Fesling of being umwell
(mebase)

« Panfu. red, bister-ike lesions on the tongue, gums and insde
ot the cheeks

« Ared rash, wilout dching but Sometimes we bissteing, on
the palns, sales and sometimes the buttocks

« Iitabilty in infants and toddlers

« Loss of appetie

/_6.ipg http://images.slideplayer.com/19/5871386/slides/slide_27.jpg

.

Blisters On Paims of Hands

P 12/02/Hand-Foot-and-Mouth-DiseaseL.jpg

46



Picornaviridae — Enteroviry - Polio

; | 5

!\ I :
7 i
1 ! .

A ) )
1 Hug) .

Through early morning fog | see, visions of the things to be,
the pains that are withheld for me, | realize and | can see...

Picornaviridae - Enteroviruy

» Salkokova vakcina - prvné testovana v 1952 — injeké&ni inactivavany
(umrtvy*) poliovirus

» Sabinova vakcina - per oralni atenuovany poliovirus — studie zacali v roce
1957, licence v 1962

MUSCLES COMMONLY WEAKENED BY POLIO

houlder muscles
/mu;cles behind
arm (weakness

straightening

i Jonas Salk
or bend hip, back muscles

or that

(either side
spread or. of backbone)
close legs

Creator of the
original polio
vaccine.

straighten
knee

contractures
causing
tight cords

muscles ——
that lift
foot
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Picornaviridae - Enteroviry

» Vakciny eradikovaly polio z vétSiny zemi svéta a zredukovaly svétovy
vyskyt z pfedpokladanych 350 000 pfipadu v roce 1988 na 223
pfipadud v roce 2012.

» Vlistopadu 2013, ohlasila WHO epidemii polio v Syrii.

Flaviviridae

* primérné 40-60 nm Blood-borne
» ss(+)RNA pFiblizng 11 kb~ hepaciviruses
* viriony 3 strukturalni
proteiny — obalovy ~ °
gp, dfefiovy (core)  «, ’

[

, ’ oy
a membranovy W,

protein
. e HGay_
- replikace v cytoplasme, | "° v ‘
lipidovy obal GBv-C Tick-borne

ziskavaji pucenim z flaviviruses
cytoplasmatickych
vezikult

. EPE:
Pestiviruses

* onemocnéni ¢asto

, , _— Mosquito-borne
dvoufazovy prubéh flaviviruses

https:/Awww.utmb.edu/discoveringdenguedrugs-togetherfimages/Flaviviridae_adj_LG.jpg



Flaviviridae Virus Kl iét’ové encefalitidy

Tick borne encephalitis — TBE
Geografické distribuce

« ,neni“zapadné od Rakouska
* objevena v Rakousku 1931
+ v CR Ceské republice TBE poprvé izolovali nezavisle na dvou mistech
(Berounsko a VySkovsko) F. Gallia 5
56 Brvni iZolaci vi

[ ] eurtBEV

[ eursib-TeEV

B sib-TBEV

rAsia_TBE-belt EurAsia_TBE-belt.svg.png

Flaviviridae

* roce 1937 rusky védec
L. A. Zilber prokazal
prenos klistétem
(u ruskeé jarné-letni
encefalitidy)

[ Western subtypes

.tbe-europe.com/?iContentID=66

M Both types rn subtypes
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Flaviviridae K"ét,OVé encefalitida — TBE
symptomy a diagnoza

Diagnosis:

IgM-antivirals of serum
(EIA)

Total antivirals of serum (HI)

]
>
2
] ] |
"1 ‘2 3 " weeks
Infection Stage I: No symptoms Stage Il:
mild neurological symptoms, high fever
"flu-like" (headache — encephalitis, meningitis

— paralyses)

http://upload.wikimedia.org/wikipedia/commons/thumb/6/67/TBE_symptoms.svg/751px-TBE_symptoms.svg.png

* Vakcinace -inaktivanym virem

Flaviviridae Kliét,OVé encefalitida —_ TBE
symptomy

» 2/3 infekci jsou asymptomatické
* Inkubacni doba - 8 dni (4-28 dni)

. I: nespecifické hore€naté onemocnéni, bolesti hlavy, myalgie a
unava.
Az 2/3 pacientl se zotavi bez dalSich probléma.
. II: CNS - asepticka meningitida, encephalitis, nebo myelitida.

Zavaznost onemocnéni stoupa s vékem.

* Evropsky subtyp — mirné onemocnéni, case-fatality ratio <2%,
neurologické nasledky do 30% pacientd.

# « . Vaccination -
r{u"ulullll“ |naCt|Vated Virus
2 ‘

http:/www.ha. axlerik/English/Nursing/Web-tours-05._f 007.gif

http:/Awww.tickalert.org/img/tick Types.jpg



Flaviviridae

Zika virus

» Popsany 1947 u opic (Makak rhesus) v Ugandé pfi monitorovacich pracech u viru

Zluté zimnice.

* U lidi popsan v rcoce 1952 v Ugandé, a Tanzanii. Naslené zaznamenan v Africe,
Asii, v oblasti Amerického kontinentu (2015 — Brazilie a Columbie) a

Pacifiku (2007-2013).

How Zika virus spread from Africa

1977-78: Pakistan,

Malaysia, Indonesia 2007:

-~
1947: Discovered

in Uganda * —

Yap, Micronesia

2013: —— 5014 Brazil
o French Polynesia
N

Source: Lancaster University

Flaviviridae

Zika virus

* Virus pfenasi komafi
rodu Aedes (zejména A. aegypti)
infikovanou krvi. Popsana
je také moznost pfenosu

krvi pfimo, perinatalné, pfipadné
plodovou vodou, likvorem, pfipadné
spermatem.

(nicméné vedou se dohady,
neni-li i tento pfenos diky

primési krve ve spermatu).

B[BIC]

Mosquito NV
Aedes (subgenus jﬁ-
stegomyia) {
Aedes (subgenus
diceromyia)

Sylvatic
Transmission
Cycle

Mosquito

Aedes (subgenus -
stegomyia) 'L
Aedes (subgenus X |

diceromyia)

Mosquito
A acgypti
A albopictus
A hensilli

o i A
1Subhrban—Urban
" Transmission
Cycle
; |
e Shim =l . Human
Mosquito
A. aegypti .
A olbopictus | |
A hensilli |
A polynesiensis
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Flaviviridae

Zika virus

« Inkubaéni doba je 3-12 dni
» Horec¢ka Zika je onemocnéni s hore¢kou, konjunktivitidou, rashem, bolestmi  sval(,
kloubt a hlavy a nechutenstvim trvajici zpravidla 2-7 dni.

ika Travel Centers for and , Barbados and Ecuador, El Centre for
Diséase Prevento ber Zkaen A
France, CCBY:SA 40, -

Flaviviridae

Zika virus

P¥i infekci v t€hotenstvi je
popsan kauzalni vliv na
vznik mikrocephalie -
veetné tézke.

Popsano pfi epidemii v
Brazilii v roce 2015.

Riziko microcefalie v
retrospektivni studii z
Franc. polynesie
95 (34-191)/ 10 000
women +- 0,95%

V Brazilii 29%.
(NEJM, Lancet 2016)

Popsana jako kauzalni
pFic¢ina myelitidy a Guillain—
Barré syndromu.

(NEJM 2016)
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RABIES: THE FACTS

World Health

Organization

VIRUS TRANSMISSION

5‘"‘" of 'of human cases
99% are caused by
\\ dog bites

Infected
animals
The virus attacks the brain
Rabiesis fatal
once symptoms appear
TREATMENT
Thorough washing of the wound

with soap, and, vaccine
injections can avoid symptoms

and save lives.
Seek immediate medical
care if bitten.

HOW TO PREVENT RABIES
TRANSMISSION FROM DOGS?
Learn dog body

=0

Raise public
awareness

NO DOG BITE = NO RABIES

FATALITIES
Rabies affects
poor rural communities

mostly in Asia and Africa

About
One death @
every

40%
of the victimes
are children
younger than 15
VACCINATING DOGS SAVES
HUMAN LIVES
Rabies is 100% preventable

Vaccinating 70%

m?&ﬁ of dogs breaks rabies

transmission cycle

IO H
N* “ H inan area at risk

Every dog owner
is concerned

£

28 September e World Rabies Day 2015 #rabies



Rhabdoviridae

Glycoprotein (G) Matrix protein (M) Polymerase (L)
>

Phosphoprotein (P)

Lyssavirus

* ss (-) RNA; genom 11 kb
 obaleny

» 75 nm Siroky a 180 nm dlouhy

» Buné&ny receptor: acetylcholinovy

wiss Institute of Bloinform,
Nucleoprotein (N}

receptor &
v P v L , Ribonucleocapsid
» Pfenos: hlavné slinami infikovanych (RNP)
ZVI"riat http://education.expasy.org/images/

Rhabdoviridae_virion.jpg
* Clathrinem mediovana endocytéza
. v - http:/Awww.who-rabies-
* Proliferace v cytoplasmé — Negri bulletin.org/about_rabies/l
mages/Virion.jpg

téliska
R . ’ d L. L .-.63"‘ http:/fwww.cdc.govirabiesfimages/bulet.gif
3 ; 0 : Q’ .~.‘ N M protein Nproteld ¢ protein
@ 2 .‘
| i. }
~ TR =% .‘ 5{5‘ .‘
/ L : ] '.""’. .- 'L‘-& Lottt .:’-

Purkinje cellh Negri body

L @ & 4 m A “@ﬂ‘.." N Envelope | protain
http://vet.uga.edu/ivevm/courses/VPAT5316/02_neuropath/09_viral/images/f21491.jpg P Protein
Rhabdoviridae . .
Lyssavirus - Rabies
« Inkubace: pramérmé Pl iis il Common carriers of rabies
3-12 tydn( ANIMAL Infected animals: Show no fear

for humans; act very agitated

Bat Cat Skunk
P

Dog: Another common rabies source

(1 tyden az 15 mésict) BITE: The

farther away
* Retrogradni transport fram braln.

od periferie do CNS  the |

virus 5
Prodromalni faze (1-2 to spread

dny), symptomy (3-4

dny) po 5 dnech Symptoms in humans
encephalitida a P +
) Fever, g
paralysis depression Hml;l'ggnﬁgnt.
» Encephalitis a/nebo itation immune globulin
myelitida .—Ag‘ injections, anti-
(u pIné& rovinuté ) .—E'Ell;fln{:s rabies vaccine
100% mortalita) f
llowed by Foami
* Prevence — mmesﬁwe ’ ' atmu
vakcinace zvifat

drinldnn'
o Eea“mm ekl

* Post-expoziéni vacine spasms in throat

vakcinace

http://peterandmorrisonrabies.weebly.com/uploads/5/3/5/7/53574157/807037792.png



Rhabdoviridae

Lyssavirus - Rabies

Risk of the lyssavirus exposition in the world (WHO 2013)

* Prevention — animal
vaccination

* Pre-exposition vaccination )
(persons working with virus, mmm LOW risk
animals or close to them) — i mm Mediate risk
laboratory technicians, forest - W ioh risk
workers, rangers, hunters...

» Post-exposition

e Zdroj: www.vakciny.net
vaccination

Prdjmova onemocnéni

Celosvétové probéhne témér 1,7 miliardy prijmovych
onemocnéni u déti.

Kazdy rok zemfe na nasledky prujmu pfiblizné 525 000 déti
mladsich péti let. (zdroj: WHO)
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NejCcastejsi virové patogeny
Celosvétové probéhne témér 1,7 miliardy prdjmovych onemocnéni u déti.
Kazdy rok zemfe na nasledky prijmu pfiblizné 525 000 déti mladSich péti let.
(zdroj: WHO)
« Astroviry » ,VS8echny“ zpUsobuiji
» Caliciviry (Noroviry, vodnaty prijem, ¢asto se
Sapoviry) zvracenim
» Rotaviry * Inkubacéni doba 1-4 (9) dni
+ Adenoviry « Trva 2-8 dni
* Vysoce infekéni
o A dalsi Viry (noroviry napf. 1-10 virovych partikuli)
— Enteroviry
— Influenza...

Noroviry Sapoviry Rotaviry Adenoviry Astroviry
(sérotyp 40, 41
a52)
celed Calicivirnidae Calicrvirrdae Reoviridae Adenovirtdae Astrovindae
genomajeho délka | +ssRNA - 77 kb +55 RNA 71-7.7 kb segmentovany  ds ds DNA - 34 kb +55 ANA - 68 kb
RNA -18kb
velikost virové par- 35nm 30-38nm 70 nm 70-100 nm 28-30nm
tikule
% viskytu 18 % ze viech prii- celosvétove 22-127% | 28 % prijmovych ~12% cdéti < 5 let pfiblizné 1% prijmo-
jmovych onemoc- prijmovych one- onemocnéni déti vych enemocnént
néni mocnéni
infekciozita ~ 20 v. partikuli - 1000 genomowjch | <100 v partikul? <150 PFU <100 v. partikuli
Kopii
inkubaéni doba 12 (10-51h) 1-4 200-3) 5-8 45
(dny)
rizikovy vek déti < 5 let véku déti < 5 let weku, ze- déti < 2 et véku déti < 5 let veku déti < 3 |et véku

jména novorozenci
a imunosuprimovani

pacienti
typické pfiznaky gastroenteritis gastroenteritida se gastroenteritida se gastroenteritida, mirnéjsi gastroen-
s Eastym zvracenim, zvracenim, vodnaty zvracenim, vodnaty nauzea, horecka teritida, subfebrilie,
vodnaty prijem prijem prijem bolesti hlavy
prijem - 87% 88% 9% 100 % (u AdV infekei | 73%
s gastroenteritidou)
zZvracen| 25-100 % 49 % 50 % (80 % nauzea) | 56% 46 %
horecka 2-47 % 23% 35% 60 % 46 %
bolest bficha 4-76 % 7 90 % 5% 36 %
délka obtizi 1-3dny 5-7 dni 3-7 dni 1-2 tydny 5 dni
dalsi mozné kom- neurologicke (en- - neurologické (2-5 %) hepatitida, neurologické, véetné
plikace cefalopatie, kfece), (benigni kfece az fa- | pankreatitida encefalitidy
nekrotizujici entero- taIni encefalitida)
kolitida, exacerbace
Crohnovy nemack
sezonalita flien-biezen listopad-bfezen prosinec-kvéten neni znama Ffjen-tnor
dopady 18 % viech prijmo- | - 215 000 amrti ve - 2% prjmovych =
wjch anemacnént, svéte frok; Sumrti/ | onemocnéni u déti
212 000 amrti ve 100 000 déti < Slet

svete/rok

maznost prevence = = Zivd p. 0. vakcina = =



MAJOR ARTICLE

Astrovirus VA1I/HMO-C: An Increasingly
Recognized Neurotropic Pathogen in
Immunocompromised Patients

Julianne R. Brown,'? Sofia Morfopoulou,® Jonathan Hubb,* Warren A. Emmett,’ Winnie Ip,° Divya Shah,? Tony Brooks,
Simon M. L. Paine,”® Glenn Anderson,’ Alex Virasami,? C. Y. William Tong,* Duncan A. Clark,* Vincent Plagnol,?
Thomas S. Jacques,”® Waseem Qasim,” Mike Hubank® and Judith Breuer'®

"Virology Department, Great Ormond Street Hospital for Children NHS Foundation Trust, NIHR Biomedical Research Centre, Great Ormond Street Hospital
for Children NHS Foundation Trust and University College London, *UCL Genetics Institute, University College London, *Virology Department, Barts Health
NHS Trust, *Molecular and Cellular Immunology, *Molecular Haematology and Cancer Biology Unit, Institute of Child Health, University College London,
"Department of Histopathology, Great Ormond Street Hospital for Children NHS Foundation Trust, ®Department of Infection and Immunity, and ®Birth
Defects Research Centre, Institute of Child Health, University College London, United Kingdom

Neurotropic Pathogen HAstV VA1/HMO-C o CID 2015:60 (15 March) o 881

10%200irus%2044.jpg

Exantémové patogeny
- byly uvedeny na prednasce
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Filatovova-Dukova nemoc
(pseudoscarlantina)

Pojmenovana po Clementu
Dukesovi (1900).
Coxackie a Echoviry.

Symptomy: horecka, nausea,
zvraceni a prdjem, ¢asto
doprovézené svétloplachosti,
zvétSenymi uzlinami, bolesti v
krku a zanétem CNS.
Exantém se objevuje kdykoli v
prib&hu nemoci a je vétsSinou
generalizovany. Jedna se o
splyvajici makulopapul6zni
rash, nékdy s urtikou, nebo s
petechiemi. Cast&jsi u déti a
zpravidla vybledavajicic bez
pigmentace, ¢i nasledka.




BioSafety Level 4 FI I OVI rld ae (&1}%

BIOHAZARD

*ss (-) RNA

* Helikalni nukleoprotein 13-20 nm Siroky
* Ebolavirus a Marburg virus

* vysoce infekéni 1-10 virionl

* Vysoka mortalita

Mononegavirales: gene order

3!

Membrane
protein(s)

Non-structural
protein(s)

% MARV |Marburgvirus Nucleo- Matrix polymerase

— - protein protein

—— zEBOV 8
) zmovunonocr. 3 GP VP24 VP40 NP VP30
o} w! ZEBOV-Gabon* 94 h o] ()
cnovGo oiTER CIEBOV 2
= Ebolavirus §
SEBOV =
“ REBOV Marburg virus
- NP veas veao  Gp  vpap VP24 L

[ [ L

L1s

3
4 A4 4 b 4
VP40, VP24:
My ity Leader R IR IR IR Overlap 'R Trailer
virus reproduction
Ebola virus (Zaire subtyps) L
Nucleoprotein VP30 VP24
ypag VP40 GPISGP s
¥ b
I A +' 4 B Overla Trailer
Leader IR Overlap IR Eﬁ: Overlap °
L 1 1 L L 1 1 1 L L 1 1 L L 1 1 L L 1 1
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Source: Braoks &F, Carroll KG, Butel 15, Morse SA, Mietzner TA: Jawetz, Melnick,

Glycoprotein & Adalbarg’s Madics! Micrabialagy, 25th Editiam: httpi// wuw. accessmadicine.com

Copyright @ The McGraw-Hill Companies, Inc. 2ll rights reserved.

BioSafety Level 4 FI I 0V| r|d ae

sGP
a B9
b
Release of viral

Fusion at ribonucleocapsid

endosomal into the cytoplasm Nucleus

membrane — o

3‘V\N\/\/\/V""\ .

Viral transcription

Nature Reviews | Microbiology

http://www.nature.com/nrmicro/journal/v13/n11/images/nrmicro3524-f1.jpg
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BioSafety Level 4
Filoviridae
)

BIOHAZARD

= Lymph node: infection

Lympls nedes

MCP.1, MIPs
chemokines

Soluble
factoe

release

goSafety Level 4 Fl I 0V| r|d ae

BIOHAZARD

Ebola virus disease Mortalita 25-90%

Ebola, which first appeared in outbreaks in Sudan and DR Congo in 1976, is a severe and often fatal disease with no
known specific treatment or vaccine. It has since killed more than 1,500 people in parts of Africa.

SOURCE TRANSMISSION DAMAGE

In Africa, particular species of fruit bats are Infected bats are thought to transmit the Incubation period is from two to 21 days.

considered possible natural hosts for Ebola virus. disease to humans, or indirectly through other  Death from the disease is often caused by
animals which are hunted for their meat. multiple organ failure and tissue death.

4 ==

Targets in Symptoms
the body
W Fever
Fruit bat Hepatocytes,  m Sore throat
functional — KeaEch
cells of the evere headache
! . liver W Muscle pain
Possible routes
Gorillo A : W Intense
B Close contact with the T Enl‘lmth:!lahl weakness
R blood, secretions, organs cells, whic s
or other bodily fluids of form the = V(?m"'"g
\ infected or dead animals linings of the W Diarrhea
» S
- u gonﬁumption of infected . blood vessels I;Egal:irggé;ver
/] ushmeat ~— Phagocytes, function
m Touching objects that blood cellsthat . g |nternal and
have come in contact with absorb foreign external
the virus. particles bleeding
Note: List of animals is not exhaustive.
Sources: Centers for Disease Control and Prevention; World Health Organisation
G.Cabrera, 28/03/2014 http://blog.thomsonreuters. ‘ebola-virus-di graphic-of-the-day/ £ reuTers
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BioSafety Level 4

2 Filoviridae

BIOHAZARD
SYMPTOMS Headache © Fever
@ Early stages Fati
@ Advanced stages Bleeding from eyes, @ Fatigue
nose and mouth Lech
ecba pouze v
Sore throat HUstEe i ramci studie:
Impaired =Stop contact with infected
liver and animals and th? ;
kidney consumption of their mea _
«Isolate the sick ZMapp — 3 Ab
Diarrhoea @ =Prompt disposal of v souéasnosti neni
victims' bodies ____dostupna!l!
Vomiting @ = Disinfect homes of dead
and infected
Rash =Protective clothing for
healthcare workers

Internal and
external bleeding

Source: WHO

BioSafety Level 4

= Filoviridae

BIOHAZARD

I Ebola outbreaks

2014 outbreak*
¢ t people infected
0

of whom: died
200

400 600
Sierra !
Leone

Guinea

Liberia

15213200
infections in i ] 1,000
each outbreak \
1,000 7 - 800
@ 250 - % - 600
50 ZIMBABWE &
NAMIBIA S
BOTSWANA WS eeccncicey/ s s oA g 4 400
@ 1976-2013
@ 2014 (current) i?g&ll‘ T S R — = SR 200
[ Fruit bat habitat [

] i T 0
86 88 90 92 94 96 98200002 04 06 08 10 12 14*

*To July 23rd
20140802_MAMS900.png

1976 78 80 82 8:
Sources: WHO; IUCN
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BioSafety Level 4 FI |OV| r| d ae

2014 EBoV v zapadni Africe (13. dubna 2016)
-Epidemie Eboly: Celkovy pocet pfipadl 28652
Laboratorné potvrzené pfipady: 15261

Celkovy pocet zemielych 11235

(@ THE EBOLA EPIDEMIC

it
4
e la 2 e, Putes the ebola which
Vgt e e ‘Symptams can be horvific, and it has a case futality fup making. off
S SECENT OUTOREARS I WEST AR s 1.3 10
s v st et 3 e % e s, o pronpioyeiel
e A R s TR AR 2 e S g g
e e o
.| gttt v et et et
e, e 2 devs i v s o : P —
e e, e 2 e K Ty PR LT "“
SEmarhieet S R RS BRI |pecrere
e e e ety e o,y q e o | SR
Ll i
v T—— 2
R T R S,
e e
o e AL b
e i o
—

: * wio oar
e T T st
[ il 1 e [
IR | RN | e
[ BT R
e

88% 53% 100% 65% 60% 0% 81% 68% 75% 100% 53% 89% 75% 90% 83% 41_9"6 83% 71% 25% j4% 1009 57% | 51%
B o |50 o | oo | 85 [EEED| o | o i e | | o | S i
TOE F E ¥ E VW Y F| Y E VWY ¥F Y Y Y E Y R Y Y E Y
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BIOHAZARD

Dvojité rukavice

Vodotésné navleky na boty jdouci nejméné do puli lytek

Pouziti ochranného obleku jdouci od lytek, pfipadné celotélovy ochranny oblek bez
integrované ¢apky.

Respiratory, obsahujici bud’ N95 respirator nebo elektricky respirator (powered air
purifying respirator - PAPR)

Celoobli¢ejovy Stit na jedno pouziti
Chirurgické ,Capky* pro kryti hlavy a krku

Material by mél byt vodéodolny pfinejmensim do poloviny lytek pokud nemocni zvraci
nebo maji prdjem
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Co je to permisivni bunka?

A) Bunika, ktera se ve spoleCenstvi chova
submisivné.

B) Bunka, do které se virus nedostane.

C) Bunika, ktera ma receptory, na ktere se
virus muze navazat.

D) Burika, ve které dochazi ke zménam v
regulaci bunécného déleni.
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Co nepatri mezi ,flu-like*
symptomy?
a) Bolesti svall a kloubt
b) Kasel
c) Bolesti hlavy
d) Unava

Co patri mezi typické priznaky
infekcni mononukleézy?

A) Pritomnost blastu v periferni krvi

B) Vezikuly na pokozce

C) Lymfadenopatie s otoky obli€eje a vicek

D) Bolesti kosti
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Do jaké skupiny viru patri
Coxackie viry?
A) Togaviry
B) Picornaviry
C) Caliciviry
D) Poxviry

Jaka je infekéni davka norovira?

A) 10-100 virovych partikuli

B) 101-1000 virovych partikuli

C) Stejna jako infekéni davka Eboly
D) Stejna jako infekCni davka HSV
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Co je nejobavaneéjsi komplikaci
HSV infekce?
A) Nekrotizujici encefalitida
B) Neuralgie N. Trigemini
C) Superinfekce vezikul
D) Hepatitida

Co nepatfi mezi rizikové faktory velmi
zavaznych az letalnich virovych infekci??
A) Téhotenstvi
B) Velmi nizky a velmi vysoky vék
C) Mirna nadvaha
D) Primarni a sekundarni imunodeficity
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Injuries, fatalities,
mental health impacts

Severe
_ Weather
Heat-related illness

and death,
cardiovascular failure

Extreme
Heat

Environ-
mental
Degradation

Forced migration,
civil conflict,
mental health impacts

Water and Food
Supply Impacts

Malnutrition,
diarrheal disease

ProC€ se objevuji ,nové/staronové” viry?

1. Zmény klimatu

Asthma,
cardiovascular disease

Air
Pollution Malaria, dengue,

encephalitis, hantavirus,
RiftValley fever,
Changes Lyme disease,
in Vector 3
Ecology (hlkun.gun'ya,
WestNile virus

Increasing
Allergens Respiratory
allergies, asthma

Water
Quality Impacts

Cholera,
cryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms
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ProC se objevuji ,nové/starongvé” viry?

v . Eastern equine encephalitis virus, EEEV
1' Zmeny kl|matu Middelburg virus, MIDV
Ndumu virus, NDUV
Bebaru virus, BEBV3
Chikungunya virus, CHIKV?
Mayaro virus (-Una virus), MAYV-UNAV ®
O‘nyong'nyong virus, ONNV3
Ross River Virus, RRV3
Semliki forest virus, SFV®

Venezuelan Equine Encephalitis virus, VEEV*
Cabassou virus, CABV*
Everglades virus, EVEV*
Mosso das Pedras virus, MDPV4
Mucambo virus, MUCV4
Rio Negro virus (RNV)*
Western Equine Encephalitis Virus, WEEVS
Aura Virus, AURAV®
Sindbis Virus ,SINVS
Babanki Virus, SINV-B®
Kyzylagach virus, SINV-K®
Ockelbo Virus, SINV-0°
Whataroa virus, WHAV3
Highlands J virus, HJV®

Década del 70 Década del 80 Década del 90 Buggy Creek Virus, BCV®

hasta 2008
Fort Morgan Virus, FMV®

Evolucin histdrica de la situacion del dengue y

1a fiebre hemorragica del dengue /1980 - 2008 Fuente: Organizacién Panamericana de 1a Selud Tonate virus, TONV

ProC se objevuji ,nové/staronové” viry?

2. Zmény v chovani lidi a cestovani CHINESE INVESTMENT IN AFRICA SINCE 2010
. Napfiklad expanze Cinské lidové republiky s B :M:::,wm

aktivitami v Africe sourw [l ssevrosoen
SUDAN - SUDAN
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. v . DEM. REP
Amsterdam — Sydney nejkrat$i 27 hodin a : °‘°°N°°‘MMA PR ——
20 minut — tedy < nez 2 dny... e ' @

AFRICA

SOURCE: CHINA BUSINESS REVIEW
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ProC se objevuji ,nové/staron

2. Zmény v chovani lidi a cestovani

Uprchlicka krize

. epidemicka onemocnéni

DRefugee

-+ absence & nedokonalé ogkovani 4 Migrant?
Polio outbreak in the Middle East - mgflm@rld Health 4
Y Organization ;o o NSO
Ongoing transmission in the Syrian Arab Republic with |nlerﬁ“tf5nal Word choicé matters.
spread /

As of 20 March 2014, in the Syrian Arab Republic a
total of 37 WPV1 cases have been reported: 25 cases
by the Syrian Arab Republic Ministry of Health, and
12 cases from contested areas (Aleppo, Edleb and
Deir Al Zour) not yet reflected in official figures. The
most recent case had onset of paralysis on 17
December 2013, from Edleb.

Circulating vaccine-derived poliovirus — Lao People’s Democratic Republic (29.12016) [~
Circulating vaccine-derived poliovirus — Myanmar (1.122015)

Circulating vaccine-derived poliovirus — Lao People’s Democratic Republic (:5.12.2015,

26.112015,12.102015) Atlontic.

Ocean

Pacific
Circulating vaccine-derived poliovirus — Ukraine (.9.2015) O
Poliovirus in Madagascar (24.7.2015)

Poliovirus in South Sudan and Madagascar (14.11.2014) Levels of Endemicity

for Hepatitis E Virus (HEV) <
Poliovirus in Cameroon — update (6.9.2014) 3
N
Highly Endernic
Update on polio in Equatorial Guinea (17.7.z014) = e Eomee
¥ riacon B30 o e
Update on polio in central Africa (25.7.2014) ina)
Detection of poliovirus in sewage, Brazil (23.6.2014) é
Update on polio in central Africa - polio confirmed in Equatorial Guinea, linked to . Soeme
P P P a ! {confiemed HEV infacton in <25% 3
outbreak in Cameroon (:7.42014) cdidialy
Not Endemic:

ProC se objevuji ,nové/staronové” viry?

3. Vice imunosuprese
. od 2008 zaznamenalo WHO Rovnovaha u imunosuprimovaného pacienta

ve 104 zemich (pfiblizné
90% svetove populace)
zaznamenalo 100 800
solidnich organovych
transplantaci kazdy rok.

. 69 400 ledviny
(46% od Zivych darct) ;

. 20 200 jater
(14.6% od zivych

darcu) o
Imunitnisystém Patogeny
. 5 400 srdce (iml;rl:t;'s:x:ipvi:ilf‘(;ha, R.gulnvanrinlyykrr::ycyly—viry.
. 3400 plic

. 2400 slinivky

Priblizné 110 000 HSCT
ro¢né.

Kortikoidy v davce > 2 mg/kg — silné
lymfotoxické (vyuziva se napf. u NHL, ALL...)

. Vice monoklovalnich

protilatek (anti-cD20, CD52, TNF-
a...)



Pro¢ se objevuji ,nové/staronové RIS

4. LepSi detekce (i nové) — IéCba — rezistence

Molekularné biologické techniky o 0o agens

fima a relativné levna detekce Relativné snadna detekce a objeveni
na zakladé NK novych virovych agens

Tento pfistup by ,Ké pouzit pfi objeveni dvou novych
polyomavird WU a Kl v roce 2007, které byly izolovany
z dvchaciho traktu.

ProC se objevuji ,nové/staronové” viry?

4. LepSi detekce — léCba — rezistence

.l | | 1 | | | | | | .
| I | | | I | | I |
2 g 2 3 £ 2 f 8 ] =
2 i 2 a a o g = ] 8
Influenza virus 1933 HMPV 2001
Coxsackive virus 1948 SARS-CoV 2003
Echovirus 1951 HCoV-NLG3 2004
Adenovirus 1953 HCoV-HKU1 2005
HRWV 1953 HBoV 2005
HRSV 1956 HRV-C 2006
HPIV 1956 WUPYV 2007
HCoV-229E 1966 KIPyV 2007
HCoV-0C43 1967 MCV 2008
HPyV6 2010
HPYV7 2010
HPyV8-TSV 2010
HPyV9 2011

Enxsackie[

Enteraviruses

Cardiof
Hepato—

1 IDD 9'0 80 TO &d SO 40
% Nucleotide ldentity

HPyV10 2012
HCoV MERS 2012
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Proc to ,fesit*?
4. LepsSi detekce — |éCba — rezistence

Virostaticka terapie

Herpesviridae ———— & mswvay ACV, VACV, FCS... brincidofovir (cMx001)
B cMV.HHVv-6a7 GCV, VGCV, FCS, CDV, MBV, AIC246..
P v v, Anti CD-20 famciclovir
& Polyomaviridae —— BKv,Jcv, WV, .
boceprevir
Ortomyxoviridae —— influenza A Oseltamivir, zanamivir, (imantadine amantadine). ... telaprevir
Paramyxovmdae< Paramyxovirus —PIV. Ribavirine P!
Morbillivirus i
< . Pneumovirus— RSV Palivizumab, motavizumab, ribavirine sofosbuvir
Z  Coronaviridae ——Hov Ry Ribavirine, interferon ; i
2 Plcomavmdae:'Emi;uv\%u:es_' . simeprevir
Cal\clvlr.ldae —— Human caliciviruses Iedipasvir
Astroviridae — Norovirus
Rhadboviridae—=lyesavia a dalsi
< Reoviridae " Rotavirus
2 z o NH,

Nejéastéji pouzivana virostatika pouzivana pfi Ié¢hé

a-herpesvirovych infekci (podle ECIL3). N C\/L‘j
N o
a i
<r~1-:(r\4\’)‘r\n-<2 “D“;.P\/“r
"

famciclovir

HaG,

MC; dofout
*] o %CH! cidofovir
HN o
| a o
HN H}N:l/ 3 Na- +6 HO

i
o-P— C’
kﬁ/‘\/D CHy LN
&
. ) H
acyclovir valacyclovir : foscarnet

Léky pouzivané pii HSV
rezistentni k 1éché.

Guanidine trifosfat (GTP) Léky prvni volby.

Petr.Hubacek@LFmotol.cuni.cz




