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RNA viruses

Influenza A |
Influenza B

Ortomyxoviridae

Morbillivirus
Pneumovirus—> RSV
Coronaviridae ——HcoV, SARS-CoV2 hMPV

Picornaviridae — Enteroviruses
~—— Rhinovirus — HRV

Caliciviridae —— Human caliciviruses
Astroviridae — Astrovirus

Rhadboviridae— Lyssa virus
Flaviviridae = ——HCV...

ss RNA

Reoviridae — Rotavirus

w %
o .
n'd Orbivirus

Flu-like sy.
FUO, malaise,
myositis ...

Encefalitis/
Encefalopatia

Hepatitis

Gastroenteritis Nephritis, cystitis, Myelosupression




Respiratory viruses

« Often zoonotic:

— SARS - CoV
- MERS - CoV

Leads to high
Frequence of
recombination
of new
life-threatening
infections

Bats — Horseshoe bat,...

HSNY ﬁ

Civet

H7N7, HAN5, H3N2
Seal

-
H?N'r. HANB
H4,5,7,9,10
N1,2,4,7 ’ . Feret
H5N1 H9N2
H7NT ’« H10N4
ram 1
Native Host
Wild water fowl
Duck, etc
- ~~
H1+15; N1-9 [Eioe
HNA, szz\ 1 Human
H3N2 1 N1, HINZ,
H5N1, HIN2, H3N2, H4NG
H7N7 — H5N1
Whale H3N2, H13N9
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History of viral respiratory infections
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Influenza virus 1933 HMPY 2001

Coxsackive virus 1948
Echovirus 1951

Adenovirus 1953

HRV 1953
HR5V 1856
HPIV 1956
HCoV-229E 1966
HCoV-0C43 1967

Apthu[ —h—

Cardio[
Hepato —

100 % 80 70 60 SO 40
% Nucleotide |dentity

SARS-CoV 2003
HCOV-NL63 2004
HCoV-HKU1 2005
HBoV 2005
HRV-C 2006
WUPyV 2007
KIPyV 2007
MCV 2008
HPyV6 2010
HPYV7 2010
HPYV8-TSV 2010
HPyV9 2011
HPyV10 2012
HCoV MERS 2012




»It's only a viral disease, isn‘t it?“

“ﬂ Respiratory
) “' Virus
(P-4

Immune response
- Induction of antiviral signaling
- Production of pro- or anti-inflammatory

cytokines
- Altered immune cell recruitment

Bacterial burden

- Overall abundance
- Abundance of particular species

Metabolic output Community composition
- Change in host metabolome - Dominant bacterial taxa
- Change in bacterial metabolome - Relative abundance of species

- Altered bacterial volatile fingerprints N ew ba Cte”al - Which species are present
acquisition
- Appearance of P. aeruginosa,
other pathogens in previously
culture-negative patients
- Change from intermittent to
chronic infection

Megan R. Kiedrowski and Jennifer M. Front. 20 D 2018
Hitps://www.frontiersin.org/files/Articles/417706/fimmu-09-03067-HTML/image_m/fimmu-09-03067-g001.jpg

ﬁ Respiratory virus

« Cause >3M deaths per year

« Responsible for airway
inflammation, damage of cells,
hyperactivity, leads to

pneumonia, asthma, COPD and
deaths in child and adults

« Exhibit smart survival strategies

« Develop drug resistance

« Emerging new strains due to
antigenic drift or shift

[ Targeted cells by virus ]

@ @ *

Macrophage Ciliated epithelial Goblet Columnar epithelial Alveolar
SARS & MERS- Influenza Influenza HRSV, HPIV, HMPV, SARS-CoV-2
CoV, HRV Human Rhinovirus SARS & MERS- HBOV, Adenovirus,
CoV coronavirus
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So - how to
diagnose

What to aim during the process of dg? Clinical sym ptoms

Adapted ECDC Definitions
of Respiratory Tract Infectious Disease (RTID)

Clinical criteria
s 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
illness is due to an infection

Epidemiological Criteria
= An epidemiological link with human to
human transmission

aple! efinifions for influenza

Laboratory Criteria
m 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)
Case Classification
m Possible case

— Any person meeting the clinical
criteria of RTID

m 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

m
http:/fecdc_europa.eu/enfactiviti EIS|

e/Pages/i A_case aspx

\
4 European Conference on Infections in Leukemia




QO Negativni vysledek

____________________________________________________ Q©  Pozitivni vysledek

N T s e T Nizka analyticka citlivost
; O - —~cooe Vysoka analytickd citlivost
Infekénost
T 1 — . N, m—
Pred-infekénosti Po infekénosti Cas
PCR PCR

Upraveno dle Mina et al. NEJM2020

Type of swabs




Proper sampling of biological material

/ Conchae/Turbinate bones
#

’ Inferior Middle Superior

Proper sampling of biological material

First proliferation on mucous
of URT - at the locus of infection

/ Conchae/T utfinate bones
#

{ [\ T
Frontalsinui L Inferior Middle Superior

entrance . ) Sphenoid sinus
- . ] 2
Virus Transmission from | Mortality . i
URT to LRT N
RSV 20-68% 17-70% )
PIV 13-37% 10-30%

HRhV | <10% <10%




What's the sensitivity according to
the biological material?

— screened 1598 studies, 33
chosen (26 quantitative)
- 1. published/accepted
OPS 44% (95% CI 35-52) - 2. patients dg or screened for
COVID-19
%(95% C180-99) 3. RT'F_’CR ) )
- 4. studies aimed for using of
saliva, sputum, oral
(95% C177-89) liquids/secrets, pharyngeal
secretes for comparisson of
diagbostical method
- b, atleast 2 samples
- 6. performer on proven
CQOVID-19 patients with pair

NPS 87% (95% CI 77-95)

DTS 82% (95% CI 76-88)

BALF 97% (95% Cl 86-100)

samples
Urine
. o .
NPS= Nasopharynossl shab — Ag detection 2—74 /15J (Diao et al. 20%50)
OPS= Oropharyngeal swab - + _ + _
O rohan oS amount + 102-10%ml vs. + 10
BALF= Bronchoalveolar Lavage Fluid 1 011/m| in NPS
(D.L. Jones et al. Scie Total Environment 2020)
Khiabani et al. Are saliva and deep throat sputum as reliable as common respiratoryspecimens - virus in infectious
for SARS-CoV-2 detection? A systematic review andmeta-analysis American Journal of Infection Suni. etal E Microbes Infect. 2020
Control, DOI: 10.1016/.ajic.2021.03.008 (Sunj. et al. Emerg. Microbes Infect. )

Diagnosis

* Virus cultivation

— Performed on tissue cultures, or
chicken embryos

» Rapid tests (especially antigen
detection)

- PCR

 Preliminary dg. — clinical
picture and epidemics

Serological detection




Courtesy of CDC

What is influenza?

» An acute respiratory illness resulting from infection with an
influenza virus (Orthomyxoviruses)

* Highly infectious and can spread rapidly from person to
person

» Some strains cause more severe illness than others
* Highly infectious viral illness

* 412 BC - first mentioned by Hippocrates
» 1580 - first pandemic described
* 1580-1900 - 28 pandemics

* Name influenza came from italian ,influentia“ — influence. Name was
used in Italy from 16t century, because they believed that 3
health is influenced by stars.

« Virus first isolated in 1933




ORTHOMYXOVIRUSES

Neurammldase
Tetramer

HA
Haemagglutinin
Most antigenic
Trimer

@

[ J

M1
Matrix protein 1

Interacts with ribonucleoprotein,
glycoprotein

M2

lon channel

Tetramer

PB1

Endonuclease, elongation

RNA polymerase subunit (Basic)

PB2
@ Cap recognition
RNA polymerase (Basic)
PA
) RNA polymerase (Acidic)

NP

Nucleoprotein
RNA binding, RNA synthesis Each coloured RNA segment
represents RNA enclosed by NP. Colours indicate parental virus donor

typ A, B, C : NP, M1 protein
sub-typy: HA nebo NA protein

us.html

Types of influenza viruses
TYPE A TYPEB TYPEC

severity of illness et e +

animal reservoir yes no no

human pandemics yes no no

human epidemics yes yes no (sporadic)
antigenic changes shift, drift  drift drift
segmented genome yes yes yes
amantadine, rimantidine sensitive  no effect no effect
zanamivir sensitive  sensitive

surface glycoproteins 2 2 (1)
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Influenza Antigenic Changes

« Antigenic Drift - seasonal
— Minor change, same subtype
— Caused by point mutations in gene

. . . Viral envelope
— May result in epidemic v,&%mp@-»@‘@
Example of antigenic drift
— In 2003-2004, A/Fujian/411/2002-like
(H3N2) virus was dominant
— AJ/California/7/2004 (H3N2)
began to circulate and
became the dominant
virus in 2005

Influenza A Virus Replication )

Influenza Antigenic Changes

« Antigenic Shift
— Major change, new subtype
— Caused by exchange of gene segments
— May result in pandemic

« Example of antigenic shift EXSE SRR [ "7"’“4"5“3"2 [Catte]

— H2N2 virus "
circulated in 19571967 oo d | i gt
— H3N2 virus appeared in m;,_g"w

1968 and completely ’ ) s ~ EEl
. '" H10N4
\ -

replaced H2N2 virus HTNT

Hnstmnge
Rcshhﬁon

Native Host
Wild water fowl
Duck, etc
g N~
H1-15; N1-9 h
- Human

:;:; H2N2\ H1N1 HANZ,
5 n HIN: -__ﬂ H3N2, H4NG
H5N1

H3N2, H13N9
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|
1918 “Spanish influenza” [* 1957 “Asian influenza” ssslp-1968 “Hong Kong influenza” s Next pandemic influenza

transmission of HIN1 virus

HINL influenza virus H2N2 influenza virus H3M2 influenza virus
HZN2 HI1NL HZN2 !
avian virus human viruz H3 avian virus human virus Avian virus
or H3NZ
Avian virus human virus

.

Reassortment

P

All 8 genes new or further

3 new genetic segments fram 2 new genelic segments from
derivative of 1918 virus

avian influenza virus introduced | avian influenza virus intreduced
(HA, NA, PB1); {HA, PBI};
contained 5 RMA segments contained 5 RNA segments
from 1918 from 1918

All 8 genetic segments
thought to have originated
from avian influenza virus

https://www.nejm.org/doi/full/10.1056/NEJMp058281

How many HA and NA?

+ 13 types HA
* 9 types NA -all circulating in birds
° Pigs — might be infected both with human and bird's types

Influenza A viruses

Duck Leopard

Chicken

Raccoon  Ferret

SURVEILLANCE REPORT

virus characterisation
Summary Europe, April 2019 )

Influenza B viruses

Influenza D viruses

Camel

Cattle

Influenza C viruses

https://www.mdpi.com/2306-7381/5/3/71
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Burden of Influenza

* 10% to 20% of the population is infected with influenza
virus each year

* Average of more than 200,000 excess hospitalizations
each year
— Persons 65 and older and 2 years and younger at highest risk

» Average of 36,000 deaths each year
— Persons 65 and older at highest risk of death

Influenza Associated Pulmonary and Circulatory Deaths, 1998

Age Group (yrs) Rate (per 100,000)
0-49 04-0.6
50 - 64 7.5
>65 98.3 (>90% mortality rate)

Influenza Epidemiology

i

Reservoir: Human, animals (type A only)

Transmission: - inhaling respiratory aerosols containing
the virus, produced when infected person
talks, coughs, or sneezes
100,000 - 1,000,000 virions/droplet

» touching an infected person or an item
contaminated with the virus and then
touching your eyes, nose, or mouth

Incubation: 18-72 hours
Communicability: Maximum 1-2 days before to 4-5 days after onset

Preumonia and Influenza hortality
for 122 U.S. Cities

Week E nding 1006/2007

% ot All Deaths Dueto P&I
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@ EUROPEAN RESPIRATORY journal

FLAGSHIP SCIENTIFIC JOURNAL OF ERS

Influenza A virus

Protein

synthesis ﬁ = RNP formation

Endocytosis

Fusion and
uncoating

: \ / -strand RNA
/\/A%/ synthesis (replication)

+ strand RNA synthesis

https://erj.ersjourn
als.com/content/45

/5/1463
al
NLRP3
inflammasome
av A0
11 IL-18
b) ’ Influenza A virus clearance
Influenza A virus NG — R
i IFN-a/ influenza;” 2. TR-
@ irabarf MO milTpite  Avs i MO
Viral antigen Il
© ptakelDAMPs b DaMPs
& @& )
Alveolar space Q
Capillary lumen
ACE/angiotensin
Neutrophil
Regional
™\ lymph node
d Neutrophil e
28 < TGF-p 10 Amphiregulin
AEC apoptosis OXP'{“ ® o) ke IL-22 1L-10
Fluid “RBC GG Alveolarb T6F-p
- ibrrit 4 Mo +
@) c8
oL Tcell kG
Gram-positive CD200R Tres
— i 0200 Progenitor cells
2%
= =
Capillary lumen 2 https://erj.ersjourn
als.com/content/45

Acute lung injury and death

Survival /5/1463




_Influenza symptoms

v /2

»

ACHES CHILS  TIREDNESS  SUDDENOSET

Nejéastéjsi Casté Méné ¢asté Nejéastéjsi
priznaky priznaky piiznaky piiznaky

B (4 %E

-
obtizné dychani  bolest hlavy

|

o) %

a)%

L zavraté
bolestsvali  bolest kloubl

bolest hlav;

&

®
U0 w
Ll

bolest svalu bolest kloubt

ryma

Casté
priznaky

nechutenstvi

bolestivy pohyb
otnich bulb,
bolest za o¢ima

Méné tasté
priznaky

zvraceni
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Influenza symptoms
» Severity

— Very young (neonates) or old patients
— Immunocompromised patient
— Lung or heart complications

Influenza A viruses

H1N1 H1N1 H2N2 gH3N2§5 - H1N1

1918 1933 1957 f1‘95 Mfs?’? 1997 1999 2003 2006 1 —
t wp ] | 2004
Human Flu virus r S e 2005
isolated 5N1: Bird influenza outbreak in
Asian flu Russian flu Hong ijg, Stuth China, Feb 26' 2006
Spanish flu Hong Kong flu IO, AT, Lo, Vit 92deaths/1 700ases

Indonesia, Thai, Malaysia,

Cambeodia etc http:/Avww.who.int/csr/disease/avian_influenza
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Pandemic influenza in the 20t Century

1918 “Spanish Flu” 1957 “Asian Flu” 1968 “Hong Kong Flu”

20-40 million deaths 1 million deaths 1 million deaths
H1N1 H2N2 H3N2
1920 1940 1960 1980 2000

1500

290 000
650 000

25,4%

6%

30%

75%

Influenza in ,,numbers*

Passing away due to influenza: approx. such number of patients in average decease every
year in CR for influenza zdroj: szu.cz

humans decease every year due to influenza virus around the world zdroj: WHO

No. of vaccinated people in CR older 65 yrs. zdroj: oecd.org

Jno. Of vaccinated people in general population (low in comparisson to most of the other
countries)

Recommendation of WHO:

No. of vaccinated in general population

Vaccination in risk groups (persons over 65 yrs. Of age, with risk factor).

17



History of Influenza A and B viruses

Replacement
of HIN1

. . with H2n2  Replacement Aeplacement
- 5 of H2N2 of HIN1/77
& fip, with H2N2 with HIN1/09
N 4! l -t q 'ﬁ
H3NB H1N1 H2NZ H3IN2 HiN1 H5N1 1918 HIN1 H7NS
Russian Spanish Discovery Asian Hong Kong  Children’s seq 2009
B/Yam &
pdm pdm pdm pdm pdm B/Vic pdm
| | I| | | | | | I | | |
1891 1918 1933 1942 1957 1968 1877 1987/88 1997 2005 2008 2013

Influenza Virus

Circulation of HIN1 ~ —————
GrH2N2 “eirang
.

& - Co-circulation of 2009 HIN1
50-100 million ' 2 million T 1 million T HIN1 & H3N2 emergence

Co-circulation of influenza B lineages B/Yamagata and B/Victaria

Francis, Magen & King, Morgan & Kelvin, Alyson. (2019). Back
to the Future for Influenza Preimmunity—Looking Back at
Influenza Virus History to Infer the Outcome of Future Infections
Viruses. 11. 122. 10.3390/v11020122.

Remembrance Day
11t November

16 milions deaths
8,538,315 soldiers

1914-1918

THE GREAT WAR

18



Patient 1

Influenza A virus

Macroscopic picture
of influenza
pneumonia.

1st proven oseltamivir
resistance in the Czech

Republic.

s E S 4 Resistance
= e ) - | ] developed after
acid acid

v v 4 weeks of
b d na92K therapy.
Virion \-'irg H274Y
evollition N2ME
oseltamivir
Clinical improvement
[ | | | | | |
*7.1.2013 1 2 3 4 5 +12.6.2013
Complications

* Pulmonary
— CROUP (YOUNG CHILDREN)
— PRIMARY INFLUENZA VIRUS PNEUMONIA

« SECONDARY BACTERIAL INFECTION
— Streptococcus pneumoniae
— Staphlyococcus aureus
— Hemophilus influenzae

* Non-Pulmonary

* myositis (rare, > in children, > with type B)
» cardiac complications
* recent studies report encephalopathy
— studies of patients <21 yrs in Michigan - 8 cases seen last season
* liver and CNS
— Reye syndrome
* peripheral nervous system
— Guillian-Barré syndrome 38

19



Treatment (prevention) - drugs

All virostatics have to be started immediatellv

. . NH-
 rimantadine : NHa
* Type A only
* amantadine
» Type A only
rimantadine amantadine
* oseltamivir (NA) AN
« Type Aand B COREL HO$
* zanamivir (NA) ©, COCH
AcHN™ —§<
* Type Aand B %
.. NH2 H3PQOa NH
¢ peralelr (NA) Oseltamivir Phosphate (Tamiflu) :
* Type Aand B zanamivir

(analogue of guanosine and \[ fL
adenine)

@ EUROPEAN RESPIRATORY journal

Influenza A virus

NA inhibitors

Protein
synthesis ﬁ »r”_,,,j%; RNP formation

Endocytosis

Fusion and

uncoatin - strand RNA
: m synthesis (replication)

+ strand RNA synthesis

S

https://erj.ersjourn
als.com/content/45
/5/1463




Recovery

INTERFERON - side effects include
FEVER, MYALGIA, FATIGUE, MALAISE

CELL-MEDIATED IMMUNE RESPONSE

N coll o inbesfencsn
f
wvirus
Ta

response

0 7 14 21
Days post infection

TISSUE REPA'R[THI-HI response to an acute virus infection |
can take some time

* IgG and IgA

— lgG less efficient but lasts longer

* antibodies P, 8 A
to both HA f. gV Core J e 2]

and NA " Anibody

mportant B —_— mﬁmmmmm rgmmym
— antibody to HA & b [

more |mportant ‘;ﬁw
(can neutrallze)

Figure 1. Mechanisms of antibody-mediated neutralization of the influenza virus. (A) Antibodies can block influenza HA1
glycoprotein binding to sialic acid residues of receptor proteins on host cells. (B) Antibodies specific to the HA2 glycoprotein of the
virus can inhibit its low-pH trlggemd fusion activity in the end at the postbinding/p ion stage, which inhibits replication
of the virus. (C) Antibodies to surface n ini can prevent the release of influenza virions from the infected cell surface.

21



Vaccination

Recombinant, often
tetravalent

A —H1 and H3

B — Yamagata and
Viktoria

w
L
w
=1
o

Intranasal vaccine

M Get the flu shot
M ...not the flu.

HEIGHT
OF FLU
SEASON

Optimal time for
vaccination

0Oct. Nov. Dec. Jan.

MONTH

Feh.

CcDC

Courtesy of CDC

22



And what about
Paramyxoviruses

I

Paramyxovirid

Respiratory-syntitial virus

RSV (boy treated for AML)

23



Enveloped negative ss RNA virus

* 15kb - 10 genes, 11 proteins

e 9 structural
— 3 surface (F, G, SH)

» Proliferation in respiratory epithelium

* Frequent late Autumn to early spring
(max. January-February)

* Incubation period 2-8 days

bronchiolitis) lasts 5-7 days

* Pneumoviridae, genus Orthopneumovirus

~ Sinternal (L, PN, M, M2, M22) g R )
e A (10 genotypes) — B (13 genotypes) "R )
Py i
Ll 2,
» Spreading by droplets a N

* Spread to LRT (bronchitis, Protein G

(Glykoprotein G)

v -

v_\\ Protein N (Nukleokapidovy p.)

n \ Protein P (Fosfoprotein)
) =

Protein L

¢ Upraveno dle Bohmwald et al.2
(velky p.)

Paramyxoviridae

+ Cold-like sx

* Audible wheezing
+ SOB

* Anorexia
* Poor sleepir
* Irritability
* Vomiting
* Choking

Severity

* Inhibition of certain interferons

* Involvement of innate immune system

* Interleukins and chemokines

»  Coinfection with other respiratory
viruses

Presentation

:" Bronchial swelling
. S ._.-:_:"‘!: .

In bronchiolitis,

the airway

becomes obstructed
from swelling of the
bronchiole walls

http://2.bp.blogspot.com/-1t0cviUIdKg/TALLO2-
TPCI/AAAAAAAAAGA/EL2AgEeaebl/s1600/17098.jpg

Respiratory Syncytial Virus Infection

Pulmonary Manifestations

Chestwall retractions
Nasal flaring

Hypoxemia
and cyanosis

Croupy

Expiratory wheezing, \ { Tachypnea with
prolonged expii apneic episodes
rales and rhonchi

. CIBA, 1975,

Lon
B Hall. N Engl,

http://img.medscape.com/fullsize/migrated/editorial/cm
ecircle/2008/18697/flash/luedtke/images/slide9.png
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RETURN%%]EDI

Star Wars: Return Of The Jedi - Han Solo Unfreezes, Jabba's Palace (Movie Clip) - YouTube

RSV epidemiology

* Most frequent cause of bronchiolitis |
& pneumonia in toddlers < 1 yr

* 25-40% of kids have bronchiolitis or Hospl I 18
pneumonia within 15t RSV infection

+ 10.7 milions LRTI - 0,4% decease ' sva _

In 2015, RSV is suspected to cause woldwide :

- 33.1 millions of acute LRT infections

- 3.2 millions of hospitalisations

total mortality 118 200 in children < 5 yo

In adults 420 000 of hospitalisation and 29 000 of deads in developer countries

seroprevalence at 1 year of age 60-70%
metaanalysis of papers from last 25 years (186 published studies; 152 209 cases of
communite pneumonia in children (<18 yo) RSV (22,7%) and HRV (22,1%)

25



Coinfection and Risk factors

Premature delivery
» Likely to have chronic lung disease
* Hypersensitive to stimuli
* Underdeveloped airway & immunity
» Lack adult maternal levels of IgG

Environmental & Demographics
* Male infants
+ Age & birth month of infant
* Crowding & day care attendance
+ Secondhand smoke

Factors NOT Positively
Correlated with RSV

» Socioeconomic status
* Malnourishment
* Breastfeeding

RSV epidemiology

Figure 2. Weekly Time Series for Respiratory Syncytial Virus (RSV) and Influenza Surveillance Proxies and the Underlying Respiratory Mortality Rate
per 100 000 Population in Children Younger Than 1Year and Adults Aged 65 Years or Older

[A] RSV proxy
= 03
$¢ o, RSV test type
53 [ unspecified
£8 o1
£% ol b ! i [Eecr
2000 2005 2010 2015 2020 | [ Culture
Year [ Antigen
B | Influenza proxy
§ x2 04 Dominant
E2E 02 influenza subtype
S ERSS W AHIN
£8g ol -
AHIN
2000 2005 2010 2015 2020 ! /HI2
HIN1pdm09
Year 1=

['€] Underlying respiratory mortality rate in those <1 y

¢
zoid A A A 4 =
3 02 = “N—MMW Pradicied
od
2000 2005

g Excess mortality
= 2010 2015 2020 | [l nfluenza
Year [ rsv
[ Baseline

D] Undertying respiratory mortality rate in those 265 y

{

Mortality rate

2010 2015 2020

- Yeddansen et al. JAMA Network Open. 2022;5(2):e220527.

51
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RSV epidemiology

Table. Estimated Mean, Annual Age-Specific Influenza and RSV Deaths and Mortality Rates per 100 000 Population, 1999-2000 to 2017-2018, US

Underlying cause of death and age RSV deaths, RSV mortality rate per Influenza deaths, Influenza mortality rate per
group, y No. (95% CI) 100 000 population (95% CI) No. (95% C1) 100 000 population (95% CI)
Pneumonia and influenza

<1 47 (45t0 49) 1.2(1.1t0o 1.2) 18 (1610 21) 0.5(0.4t00.5)

1-4 5(3to6) 0.0(0.0t0 0.0) 23 (2110 25) 0.1(0.1t00.2)

5-49 59 (46 to 72) 0.0(0.0t0 0.0) 419 (403 to 436) 0.2(0.2t00.2)

50-64 250(229t0 272) 0.5(0.4t00.5) 635 (606 to 664) L1(1.1t01.2)

265 2655 (2506 to 2804) [6763w7.0] 4168 (3968 t0 4367) [102 .7 w107]
Total 3016 (2829 to 3203) 1.0(09t01.1) 5263 (5014 to 5512) 1.7(1.7t0 1.8)
Respiratory

<1 96 (92 to 99) 24(23t02.5) 23(19t027) 0.6(0.5t00.7)

1-4 20 (18 to 22) 0.1(0.1t00.1) 24(21t027) 0.2(0.1t00.2)

5-49 124 (10810 141) 0.1(0.1t00.1) 519 (497 to 541) 0.3(0.3t00.3)

50-64 508 (460 to 556) 1.0(0.9t0 1.0) 1322 (1260 to 1384) 2.4(2.2102.5)

265 5800 (5461 to 6139) I 147(13.81015.5)I 8284 (7855 to 8713) |20.5(19d\021.5)|

Total 6549 (6140 to 6958) 22(2.0t02.3) 10171 (9652 to 10691) 3.4(3.2t03.5)

This cross-sectional study used data from 50.3 million US death certificates from 1999 to 2018 to create
age-specific linear regression models and assess weekly mortality fluctuations above a seasonal baseline
associated with RSV and influenza. Statistical analysis was performed for 1043 weeks from January 3,
1999, to December 29, 2018.

There were 50.3 million death certificates (50.1%women and 49.9%men; mean [SD] age at death, 72.7
[18.6] years) included in this analysis, 1.0%f or children younger than 1 year and 73.4% for adults aged 65
years or older.

RSV epidemiology

Detection of RSV (A and B), influenza virus A and B and SARS-
CoV-2 in Motol UH in respiratory seasons 2012 - January 2023.

2012/2013 2013/2014 2014/2015 " 2015/2016

13% 7%

29% 36% 2%
8%
21%
Z— Rl
7% 16% 4%
75% 66%
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6%

20%

2%

2016/’2%; 2017/2018 2018/2019
4% 4% 6% RSV-A

,'m“ ‘% u RSV-B

sa% e mFlu-A

\‘ 64% 16% G306 e u Flu-B
11%

0,0.. SARS-CoV-2
Ostatni pozitivni

2019/2020 _ 2020/2021 2021/2022 2022/2023*
™ 1%. 1% 2%
%
/ 20% 2% / 3% 22%
/ 37% |
\ 3% 599% 23%
66% s s 0%
18% N
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Patophysiology of RSV

o | R production of IgE, IgG1,

1 IL-6 inflammation
1IL-8 chemoatraction everiy ofinf.)
1 TSLP chemoatraction (Th2)

. Upregulation of LA, TR, o.s Th?
TI:-?AM TRE™™ o APC )
Secretion of IL-6, IL-8, o D\
v 4 TNFaCX8Y & /\;’
). e y @ 4
\ Jna 5 :
\ , odov 7
LT | %% o inflammatory eytokines 8 p 4
M -

Inhibition of immune synapse **
Decreased secration of IFN-1 '

Th2-like biased immune response
’ ey

Epithelial cell Tcell
o ?
IL-12  |FN-@
Vazquez et al. Frontiers in imunology 10.3389/fimmu.2019.01154 Bohmwald et al. Cytokines Induced by hRSV Infection, 2019

Patophysiology of asthma

arltigen

naive T-lymphocyte

dendritic cell

IL-12®

Th-2 response

IL-9 IL-3, IL-5
L4 IL-3 GM-CSF

Th-1 response
(IFN-y, lymphotoxin, IL-2)

IgE I—» Mast cells-n-Ba‘sophils-bE‘osinophiIs
[

Cell mediated immunity and

Meureoptic: inflammetion Mediators of inflammation

(eg. histamine, prostaglandins,
leukotrienes, enzymes)

Asthma symptoms |: Bronchial hyperesponsiveness
Airway obstruction

[y
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[TABLE 1 | Effect of hRSV infection on the expression profike of cytokines in the
Jupper and lower respiratory tract and entral nervous system.

organism  Upper Lower Central

respiratory respiratory tract nervous
tract system
Human L6 67,59 tus
(14, 15, 59)

Patophysiology of RSV

NS1 & NS2 of RSV inhibite IFN-a/B production
Inhibition of IFN-y ubsequently causes increased
production of IgE

Glycoprotein F of RSV inhibites T lymfocyte activation
CD8+ lymfocytes infected by RSV are not able to

releaselFN-y w B HRV

Asthma exacerbation

RV * * ¥
[‘Chg;ﬂ Bronchial epithelum .* \
112 65) { ) (i
1123 65) i * ‘ ‘ [ ’ | ‘ ﬂ
| | I | B
Gy @Y
g 2 v &
binds 10 1gE & d.°, \ .’
5cxnmﬁ ¥ \
s 3
foxcLs (74 fcoz (i) — D .
tcos iy *CCLA (:‘.55] tcclas) * % \ ¥y e
foxcLiors AcoL2 (57, 58) toxcis * ; ‘\_-. . E.
(1) ‘l Hn ]
) = = = =
Jackson and Gern J ALLERGY s h
WILEY_Allergy - 2| CLIN IMMUNOL PRACT ARG - =
Patophysiology of RSV
A
100 - m— RSV
— RV
— hBOV
80 — £V
g MPV
g 60 — AdV
o — P\
g w— Flu
L 40
a
20
e

T T ——
5 10 50
Age (years)
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RSV and Streptococcus
pneumoniae

G glycoprotein of RSV binds to penicillin binding protein 1a.

AZ o3 B 40 .
OE - G protein of RSV
@ @ | .
E'_? 02 £ ¥ seems to be a receptor
=5 g 20 e for Str. pneumoniae in
o8 01 = £ .
=8 o g o= infected cells and so
g o0l « . . improve invasion of
o & e R c‘?’c the bacteria to cell.
> o > 4
&°§ & = QE;\ & &
& \J & F
cé??) ,§° N £
¢ & & &
€ Presence of RSV G
C 304 D 3 . . protein lead to change
c§ c§ T of expression of 157
&8 201 8% 20 .
85 . g2 genes: in 99 genes was
2% 101 ' 3s 10 increased, in 58
Z 2
se .I c8 decreased.
[ | P

mll all all
d}"

. v ®
& & & S &8 tpneumolysin
Pneumococcal gene Pneumococcal gene

Table 1. Secreted Cytokine and Chemokine Concentrations in Cell Culture
Supernatant after 2-Hour Exposure of Streptococcus pneumoniae to Mock or
RSV-infected Human Ciliated Epithelial Cells

Chemokine Mock" RSV*

cytokine (pg/ml) Control'  Pneumococcust Control® Pneumococcus’
IFN-y 12 (10-15) 20 (15-20) 17 (14-25) 20 (19-25)
IL-18 2 (2-4) 4 (3-4) 6 (5-12) 5 (4-6)
IL-12p70 2 @2-2) 3 (3-4) 2 (2-3) 4 (3-4]
TNF-a 7 (6-8) 10 (10-15) 12 (9-19) 19 (14—19)"
IL-5 3 (2-3) 4 (4-4) 5 (4-16) 6 (4-6)*
IL-13 6 (5-7) 10 (8-11) 6 (5-22) 10 (9-11)
CCL11 72 (68-73) 92 (90-93) 68 (63-153) 93 (93-99)
CcCL4 1(1-1) 2 (2-3) 2 (2-12) 3(3-4)
CCL17 35 (26-36) 48 (48-49) 30 (23-89) 52 (51-58)
CCL22 91 (91-101) 131 (123-138) 141 (122-335) 167 (128-191
CXCL8 30 (26-62) 98 (83-152) 159 (104-1,319) 271 (93-457)

Definition of abbreviations: RSV = respiratory syncytial virus; TNF = tumor necrosis factor.

Data are shown as median and interquartile range (in parentheses).

Statistical differences from the “Mock-control” sample were calculated using a paired t test.
Significant changes (P < 0.05) from the mock control are highlighted in bold.

*Primary infection (for 72 h).

TSecondary infection (for 2 h).

TSigniﬁcant difference (P < 0.05) between the “Mock-pneumococcus” and “RSV-pneumococcus”
samples (n = 5).
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RSV and Streptococcus
pneumoniae

% S. pneumoniae
%0 Epithelial cell

anary infection Resolution

NO
/ 1L-18 "’N-v “" TNFo N
NK cell Clearafice

- 7
Antlbactenal CXCL2 —> @

Macrophage Neutrophil
(M1-like)

RSV and Streptococcus
pneumoniae

® s pneumoniae
O RSV obﬂ" &

° Epithelial cell

Growth . aw Secondary infection Pneumonia

arrest- .« - Gas6 &
specific 6 ¥ g&g

l_p R P S - - R »> S
(Gas6) oo J infgggion
Alveolar ' Nonanubacterlal %w
Macrophage Macrophage Oy
(Resident: M0-like) (M2-like)

Gas6/Axl je is involved also in development of IgA nefropathy
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Treatment

* Mostly symptomatic
» Salbutamol MDI drug of choice

» Also use epinephrine, ipratropium bromide
& oral steroids only if hospitalized

* ribavirine in severely ill patients

NH,
o}
N
NH, N
NT?L HO | N’go
HO. QN,N o
o
OHOH
OH OH cytosine

Fourth European Conference on Infections in
Leukaemia (ECIL-4): Guidelines for Diagnosis
and Treatment of Human Respiratory Syncytial
Virus, Parainfluenza Virus, Metapneumovirus,

Rhinovirus, and Coronavirus
CID 2013

Hans H. Hirsch,"? Rodrigo Martino,” Katherine N. Ward, Michael Boeckh,” Hermann Einsele,’ and Per Ljungman®

Oral ribavirin for treatment of respiratory syncitial virus and

parainfluenza 3 virus infections post allogeneic haematopoietic | p.o. ribavirine 10-30

stem cell transplantation

J Casey', K Morris', M Narayana', M Nakagaki® and GA Kennedy'?

mg/kg/D in 3 doses
BMT 2011

Current practices for treatment of respiratory
syncytial virus and other non-influenza respiratory
viruses in high-risk patient populations: a survey of
institutions in the Midwestern Respiratory Virus

"
Collaborative Beaird et al: Management of RSV in high-risk adults
Transplant Infectious Disease 2016: 18: 210-215
18
16
14 7 7
7 7 W
24 o
7 iz Z -
104 ? AN
N
8 N S | § |
: \Q:\\ R N R )
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4 §‘§ R \ X N < N ZIVIG
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RS therap

‘ Rec. Laylng.l GFP | REP . m:n[] 0.066/0.203/[151] GS_5734 -

EBOV Rec. Mayinga-Gluc REP 3l 0.021/0.053/(476] . .
- Rec. Makona-ZSG REP 1.3/3.3/[38) 0.014/0.045/[714] I"emdeSIVI r
Makona VIR 1.0/2.5/[50]* 0.003/0.019/[666]*
MARV Rec. Bat371-Gluc REP NT 0.019/0.052/(526]
Rec. Bat371-GFP REP 1.9/4.6/(26] 0.014/0.047/(714]
Rec. M-Luc2AM REP 1.5/5.7/[33] 0.045/0.126/[184]
NV Rec. M-GFP2AM REP 2.2/40(22] 0.029/0.053/[286]
M-1999 VIR 0.49/1.4/(102)° | 0.047/0.083/(180)'
B-2004 VTR/CPE | 0.83/2.2/[60]' 0.032/0.106/[259]
Paramyxo- HeV 1996 VTR/CPE 1.0/1.8/[50]' 0.055/0.117/[150]
hPIV3 Rec. |]S-GFP REP 0.51/1.0/[98] 0.018/0.35/[461]
o Rec. rMV™“GFP(3) REP 1.0/2.6/[50] 0.037/0.073/(224]
EZ vaccine AG 2.0/5.1/[25) NT
MuV 1A 2006 AG 9.7/26.3/(5] 0.79/3.4/[10)
R l RSV | Rec.rgRSV224(A2) REP 0.63/2.2/(79] 0.021/0.059/(395)
hMPV | Rec.C 3-GFP REP 0.73/1.7/[NT] NT
RVFV Rec. ZH501-GFP REP No inhibition No inhibition
Bunya CCHF Rec. IbAr 10200 AG No inhibition No inhibition
ANDV Chile 9717869 AG NT 7.0/10.1/(1.4]
Arena- LASV Josiah AG No inhibition 4.5/5.1/[12.2]
Rhabdo- vsv New Jersey CPE No inhibition No inhibition
AHFV 200300001 CPE 49.9/ > 150/[NT] 4.2/17.6/[2.4]
—— KFDV P9605 CPE 46.3/ > 350/[NT] 1.8/3.4/[5.6]
TBEV Hypr CPE 51.2/ > 150/[NT] 2.1/3.5/[4.8]
OHFV Bogoluvovska CPE 50.6/ > 350 [NT] 1.2/3.9/[8.3]
Lo efal. Scientific Reports 2017 7:43395 | DOI: 10.1038/srep43395
Paramyxoviridae

Prophylaxis e

¥irus Immune Globulin
Intravenous (human)

RSV-IGIV (RespiGam) L
Children under 24 mo. w/ CHD or less than 35 wks. gestation
Given IV monthly during RSV season

Volume overload possible

Not for infants w/ hemodynamically significant heart disease.

Palivizumab (Synagis) — anti protein F antibody
Given IM monthly

Can reduce hospitalization of high risk infants by 45%
Expensive

Many providers reluctant to give

| woc s

Many parents unaware N SYNAGS™ 3.

| o 3
| PALMZUMAB ‘-«.\l‘

L
q as;‘n,;, e
3 WLy

S—
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RSV prevention
SYNAGIS™

& |
A PALIZUMAB

5 palivizumab (Synagis) — anti protein F antibod\& :
+ Given i.m. monthly —

y ! « Can reduce hospitalization of high risk infants by 45%

+ Expensive

+ Many providers reluctant to give

* Many parents unaware

Dosing: 15 mg/kg bw.

L\ 2 & nirsevimab (Beyfortus) — antibody against F protein
* Giveni.m. 1xin 3 month

Dosing: single amplication of 50 mg i.m. in children <5 kg and si
dose 100 mg i.m. for kids =5 kg

» Halftime approx. 69 days

Figure 1. Vaccine efficacy against first episodes of RSV-confirmed LRTD and RSV-confirmed ARI (modified exposed set)
RSVPreF3 OA Placebo
n/T n/T 4 "
R V N eI o nTEN 0 Vaccine efficacy (%) p-value
RSV-confirmed LRTD
826
Overall 12466 7 68659 10 12494 40 68573 58 54,1 <00001
L] Severe 12466 1 68679 01 12494 17 68677 25 0.0001
revention -~
RSV-A 12466 2 68674 03 12494 13 68689 19 0.0074]
RSV-8 12466 5 68667 07 12434 26 68623 38 802 5.0007]
u
Byage 844
- 270yr 5503 3 30150 10 5515 19 30209 63 s 0.000
280yr 1016 2 ss14 36 1028 3 5593 54 = 0.9931
60-69 yr 6963 4 38508 10 6979 21 38364 55 szg 00009
70-79yr 4487 1 24636 04 4487 16 24616 65 >~ 0.0003]
8y baseline comorbidities
i 824
L di
Arexv ow/medium g3 4 44958 09 8367 23 45606 50 0.0004
risk’ 82.9
High risk® 4231 3 2370.0 13 4127 17 2296.6 74 0.0021°
(FDA approval 18.5.2023) o o ==
. finterest 7529 6 40941 15 7633 22 41481 53 0.004
_ GSK Iin elderly (> 60 >1 comorbidity 946
i 4937 1 27718 04 4861 18 27091 66 <0.0001
years) sy ity
Frail 189 1 58 104 177 1 %29 108 o o Lo
Pre-frail 4792 1 25776 04 4778 14 25053 55 s 0.0009]
Fit 7464 5 41827 12 7519 25 42085 55 0.00031
RSV-confirmed ARI -
Overall 12466 27 68587 39 12494 95 68378 139 <0.0001
By RSV subtype 79
RSV-A 12466 9  6865.2 iR § 12494 32 6862.3 4.7 ) 0.0004
RSV-B 12466 18 6861.7 26 12494 61 6849.4 89 6 <0.0001
o 2 4 e 8 100
Cases reported up to the efficacy data lock point of 11 April 2022. N, number of participants in the modified exposed set; n, number of
participants with 21 RSV-confirmed LRTD (identified by the adjudication committee) or 21 RSV-confirmed ARI; T, sum of follow-up time (from
day 15 post-vaccination until first occurrence of the event, data lock point or drop-out); p-yr, person-years; n/T, incidence rate of
participants reporting at least one event. Error bars represent 96.95% confidence intervals (Gl for primary objective (RSV-confirmed LRTD,
overall) and 85%CI for other endpoints. *Two-sided exact p-value conditional to number of incidence rates; “Two-sided
exact nominal p-value conditional to number of cases comparing incidence rates. *Charlson index: jum risk, participant
with baseline comorbidity score <3; high risk, participants with baseline comorbidity score >3. ‘Comarbidities of interest included chronic
obstructive pulmonary disease, asthma, any chronic respiratory/pulmonary disease, chronic heart failure, diabetes mellitus type 1 or type 2
and advanced liver or renal disease. 9Frailty status assessed using a gait speed test: frail, participants with a walking speed <0.4 m/s or not
2ble to perform the test; pre-fral, participants with a walking speed of 0.4-0.98 m/s; fit, participants with a walking speed 21 my/s. Note: RSV
subtype was unknown for 1 RSV-confirmed LRTD and 2 RSV-confirmed ARI episodes.
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RSV prevention - vaccines

Protein vaccine Pfizer (FDA 18.5.2023 approved) —

vaccination during pregnancy (2-3 trimestr) and for elderly

A Medically Attended Severe RSV-Associated Lower Respiratory Tract lliness

1000 RSVpreF
Vaccine  Placebo  Vaccine Efficac
Time Interval (N=3495)  (N=3480)  (99.5% or 97.58% CI)
30 . o cases (%) %
- %Daysafterbith  6(02)  33(09) 818 (406-96.3)
& 25 120Daysafterbith 12 (03) 46 (13) 73.9 (45.6-88.8)
H 150 Days after bith 16 (0.5) 55 (L6) 709 (44.5-85.9) Placebo
2 20] 180Daysafterbith  19(05) 62(18) 69.4 (44.3-84.1)
£
H
3 1o
RVpreF vaccine
05
30 ) E) 120 150 150
Days after Birth
No. at Risk
Placebo 3480 3292 2973 2859 2833 2776 2749
RSVpreF vaccine 3495 3349 3002 2981 2916 2867 2820

B Medically Attended RSV-Associated Lower Respiratory Tract lliness

100, RSVpreF N
Time Interal 55 (N-3480)  (99.5% or 97585 )
no. of cases (%) %
= 90 Days after birth 24(07) 56 (1.6) 57.1(14.7-79.8)
& | wopsstetnn 309 mEn  ssmens b
H 150Daysaferbinh  47(13)  9(28) 525 (28.7-689)
2 180 Days after bith ~ 57(L§) 117 (3.4) 513 (29.4-66.3)
= 3
i, e vcaine
S
1
30 ) ) 120 150 150
Days after Birth
No. at Risk
Placebo 3480 388 2964 2879 2804 38 2700
RSVpreF vaccine _ 3495 3348 3035 2968 2898 2845 292

The NEW ENGLAND
JOURNAL of MEDICINE

RSV prevention - vaccines

Protein vaccine Pfizer (FpA 18.5.2023 approved) —

vaccination during pregnancy (2-3 trimestr) and for elderly

A RSV-Associated Lower Respiratory Tract Iliness with 2 Signs or Symptoms
35

Placebo
30
8 2
RS
L] "
§ Vaccine Efficacy
z . (96.66% CI)
% N percent
g w0 66.7 (28.3-853)
s RSVpreF vaccine
v 5
O — .
35 71 147 176 m

Cumulative No.

of Cases
Placebo o 7 7w o TR
RSVpreF vaccine 0 3 5 8 s 10 1

B RSV-Associated Lower Respiratory Tract lliness with =3 Signs or Symptoms

15 Placebo
14
13
g 12
g 1
g
2 ; Vaccine Efficacy
i 7 (96.66% C1)
g 6 percent
- 85.7 (32.0-98.7)
g ¢ RSVpreF vacc
2
ol I

45 T4 104 186 m

Days since Injection
Cumulative No.
of
Placebo
RSVpref vacine

oo

AP The NEW ENGLAND

27 JOURNAL of MEDICINE
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Paramyxoviridae

Human metapneumovirus (hMPV)

Matrix protein (M)
Glycoprotein (G)

)
&P
*\\”) Phosphoprotein (P)

Fusion protein (F)

SH protein J L3 Nucteoprotein (0

Girl 2 yrs. of age
9/2013 dg euploid cALL, CNS status 1
Treatment according AIEOP BFM ALL 2009 — SR group

During Protokolu lla
hypertrofic cardiomyopathy — improvement in steroids reduction
after 15 days was chemotherapy stopped due to febrile neutropenia
subsequently she developed bilateral interstitial pneumonia

Paramyxoviridae

Human metapneumovirus (hMPV)

* 9.5.2014 positive NF swab for hMPV
* Treatment:

« VIG (substitution 0.3 g/kg - 4 doses)

* ribavirine 6 mg/kg a 8 hod p.o. 5
weeks
+ Respiratory failure with 8 days of AV (FiO, 1,0)
*  hMPV confirmed for ET tube
* hMPV positivity 4 weeks
+ Control CT after 10 days of AV - regression

9.6.2014

A A

After 4 weeks he finished Protokol lla.

26.5.2014 during AV

&l a ‘
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Courtesy of CDC

Coronaviruses

» Coronaviridae
ss (+) RNA, 26-32 kb genone length (iargest RNA)
« first identified in the mid-1960s

» alpha — HCoV 229E and NL63

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

SARS
MERS - transmission

through camels, their

. milk and cheese

» Cellular receptor — ACE2
» mortality rate — approx. 9.5%

* Incubation period — 2-4 days

irus: human cases

Middle East respiratory syndi
by region of acquisition

* Treatment symptomatic _
@-KSA .m Faf pea
300 { |0 Jordan [ - | | | |
MERS: Mortality & Comorbidity ®-Qatar
Cases with Comortiaes, Postazon4. | - Ustatad 427145 Sriamagmer g 250 | | S
§ | [
3 200 | |- Tunisia
e astry casos, posvscons [ - | [
; 50 O-Omanv
"E N ic”wa“ Updated: 26.04.14
Casos wits Gomorticios, Provzorn+ [ - 3 oo | o Yemen Includes: 386 cases

P————

0 20 40 80 80 100 120 140 160

*Non-Fatal Cases  * Fatal Casos (%)

https://maimunamajumder files.wordpress.com/2014/04/mers _comorbidity mortality 4-271.ong




Coronaviruses are known for decades o

| | |
| |

] g 2
a

3 4

Influenza virus 1933
Coxsackive virus 1948
Echovirus 1951
Adenovirus 1953

HRV 1953
@ HRSV 1956
ratele HPIV 195§

e

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
strain that has not
previously been

Symptoms
[ FeVER]
| TIREDNESS |

- Transmission \

1960_4
19704
1980_J
19904

Jno0_4

il

HABoV 2005
HRV-C 2006
‘WUPyYV 2007
HCoV-229E 1966 I KIPyV 2007
LHCoV-0C43 1967 MCV 2008
Prevention HPYV6 2010
HPyV7 2010
HPyV8-TSV 2010
winsickpeople ( 2 HPyV9 2011

Wash your hand:
with s0ap and water

days
estimated incubation period

1]
SARS-CoV 2003
=—EOV-H KU1 2005

i/ wired.comfimages. blogshwiredscioncel201
JOSIALC coronavius og

- 2010}
2020_4

V-NLES 2004

HPyV10 2012
HCoV MERS 2012

SARS-HCoV-2

un ostrovni (Manis javanica)

Coronaviruses

Virus Receptor References
Alphacoronaviruses

HCoV-229E APN [115]
HCoV-NL63 ACE2 [116]
TGEV APN [117]
PEDV APN [118]
FIPV APN [119]
CCoV APN [120]
Betacoronaviruses

MHV mCEACAM [121, 122]
BCoV N-acetyl-9- O-acetylneuraminic acid [123]
SARS-CoV ACE2 [124]
MERS-CoV DPrP4 [100]

APN aminopeptidase N, ACE2 angiotensin-converting enzyme 2, wmCEACAM murine carcinoembryonic antigen-
related adhesion molecule 1, DPP4 dipeptidyl peptidase 4, HCoV human coronavirus, TGEV transmissible gastroenteri-
tis virus, PEDV porcine epidemic diarrhea virus, FIPV feline infectious peritonitis virus, CCaV canine coronavirus,
MHYV murine hepatitis virus, BCoV bovine coronavirus, SARS-CoV severe acute respiratory syndrome coronavirus,

MERS-CoV Middle East respiratory syndrome coronavirus
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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
9

Replication of Coronavirus

1 With their S-protein, coronaviruses bind on cell
surface molecules such as the metalloprotease
»amino-peptidase Ne. Viruses, which accessorily
have the HE-protein, can also bind on N-acetyl
neuraminic acid that serves as a co-receptor.

2Sofar,itis not clear whether the virus get into 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 pumps. Inthat case, the
virus have to escape destruction and transport to
the lysosome,

3 Since coronaviruses have a single positive
stranded RNA genome, they can directly produce
their i d in thy

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.

this astem-
plate to transcribe smaller subgenomic positive
RNAs which are used to synthezise all other pro-
teins. Furthermore, this negative strand serves for
icati f new positive ded RNA genomes.

5 The protein N binds genomic RNA and the pro-

teinMis into the of the en-
(ER) like the envelope pro-

I AYAYAYS
!

NNANNNNNS

?9‘01 CNNANS et

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.

shown.

RAAS (bloe)
Based on: Lai MM, Cavanagh D(1997). The molecular biology of
coronavinus, Adv. Virus Aes (48) 1100,

https://upload.wikimedia.org/wikipedia/commons/thumb/f/f4/Coronavirus_replication.png/800px-Coronavirus_replication.pn:

SARS-CoV-2

00372/artic

Confirmed cases 37 109 851
Confirmed deaths 1070 355
Countries, areas or territories with 235

A & 9 @ —------- Spike (S)

=== Envelope (E)

————— Nucleocapsid (N)
—————— Hemagglutinin - esterase (HE)
A Membrane (M)
https: mdpi.com/viruses/viruses-12-

>_deploy/html/images/viruses-12-00372-g002.png

29903 bp

Last update: 11 October 2020, 02:00 CEST
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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 (~10'° cells)
Mucous cell in nasal cavity (~1 07 cells)
Host cell volume: ~10% pm® = 10° fL

Concentration

(maximal observed values following diagnosis)

ke Nasc»pl'earynx:105’-10g RNAs/swab
Throat: 10%-108 RNAs/swab

" Stool: 10%10° RNAs/g

. sputum: 10%-10"" RNAs/mL

virions not to scale RNA counts can markedly overestimate infectious virions

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

Bar-On eLifescience
2020

Viral sntry

Replication

TMPRSS2 4

Stage 2. Inside the cell
ks e » ¥
o st ot D0 hat

(s soppeas e
ont g Mk I ovnn of
e g 5 e e

Binding to ACE-2

=l Cleavage of spike protein by
Y FO~f & ppuimriosrerong TMPRSS2
DS e
/& Internalisation and subsequent
'y . . 7
friep—t transcription of NS proteins

These might provide a safe haven

e e Remodelation of cellular metabolism

and transiated.

Production of new particles

Furin cuts 5 AA of spike protein

AV 4

assemble into a complete virus.

Pia 1 e T ol g
s ot 4 .
:mrms or perhaps trough Scudellari Nature 2021;

omes. which are cellular

nibbh bana 595
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infection with

Patophysiology

"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)

virus Case Fatality Rate

(99% = 14 days unless asymptomatic)
= Incubation period: =5 days = m

Diagnosis after =5 days Pl  ~1:-15% (uncorrected)
Infection Fatality Rate

exposed infectious

/

Recovery

- Latent period =3 days & <t Interval of half-maximum w2 mild cases: =2 weeks

infectiousness =4 days = severe cases: =6 weeks
-
-

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
http://bit.ly/2WOeN64

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

Thromboembolism
Deep vein thrombosis
Pulmonary embolism

Catheter-related thrombosis

Cardiac
Takotsubo cardiomyopathy
Myocardial injury/myocarditis
Cardiac arrhythmias
Cardiogenic shock
Myocardial ischemia
Acute cor pulmonale

(? Hyperglycemia

Endocrine

Diabetic ketoacidosis

Dermatological
Petechaie
Livedo reticularis
Erythematous rash
Urticaria

Pernio-like lesions

Vesicles Gupta et |. Nature

Medicine 2020
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A
Angiotensinogen ——p

Renin
Cell membrane

Proinflammatgr§  Anti-inflammatory
Proapoptosi Antiapoptosis
Profibrosis Antifibrosis

B

Angiotensinogen ————p

Reni

Acute respiratory distress syndrome
I L = 2 https://www.physiciansweekly.com
and pulmonary oedema in COVID-19 wp-content/uploads/2020/04/AT1-
receptor.png

BTy

SARS-CoV-2
3. Ang-2 mediated AT, receptor
internalization and
w2 downregulation of ACE2 -

Cell membrane
1. ACE2 mediated Vasoconstriction
viral entry
t I i \dosterone .
/ Adrenal Gland Na* and H,0
% s
4. Lysosomal —
Degradation Hypothalamus

Fig. 1 Effect of angiotensin Il on the RAAS and SARS-CoV-2 binding. Angiotensin | is hydrolyzed by ACE1 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 Il 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
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CLASSICAL
PATHWAY
via antigen-antibody
complexes

LECTIN
PATHWAY R
via MBL-MASP e /—’
complexes

Membrane
Anack Complex
ALTERNATIVE ity
SRTWAY Ampllfll:ﬂmn
via spontaneous Loop Opsonization for
C3 hydrolysis
Phagocytosis

°? ’.@

Anaphylatoxins
recruit neutrophils
and monocytes

: “pathogen
§_ Sutace  J

2.
g
3

N protein‘
SARS-CoV-2

B 2 MBL‘ M ﬂ E!
MASP ﬂ

cabza - Cabzadd
(caConvertase) (cs Converase)
[N [ ]

DAF
€3bBb *

(63 Convertase)

Bb
C3b C3b

w
H C3(H,0)Bb - ==
g W o
g
§ poam’ @ m-mn,
C3 Breskdown
Pathray
( cs9
C5 Convertase - -.Q % Jemirane
Cab2a3b o C3bBL3D ack Complex)
Yy
coulizumab \'
ravuiizumaby —

SARS-CoV-2

virus activates complement

|

Anaphylatoxins recruit
@ neutraphils Q

¥
Feedback Loop

Activation
Bb
C3b 2

Secreted pmperdm c3

alternative pathway

Figure 2. A summary of SARS-CoV-2 and complement activation
leading to immune hyperinflammatory reactions and resulting 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,

Neutrophil such as that seen in COVID-19, may incite ongoing inflammation and
Activation and a hypercoagulable state. Additionally, the membrane attack complex

LA (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 VIIl activity and prevents the binding of
factor |. Endothelial damage also results in the release of plasminogen

Thrombin -+ C5 16 and IL-8 recruit
Factor XII = Cis neutraphils, and IL-1
Kallikrein — C3, activates neutraphils
factor B -
Hypercoagulable State .
with m!\domellal Injflry € {_}
Membrane attack and microthombosis e

complex (MAC)
——

C5ainduced
prothrombotic state  thrombotic
microangiopathy

endothelial swelling

platelet activation

VW, PAF1 release

Tissue Injury and Damage

activator inhibitor-1 (PAI-1), which exacerbates thrombosis, along with
C5a-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 systel a convertase-independent manner.
Such interactions amaong endothelial injury, hypercoagulability, and
complement activation cause tissue damage, such as acute respiratory
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
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~ - Endothelial cell

Bonaventura et al. Nature reviews immunol
2021

3

SniZeni CD46, CD55 a CD59 ve spojitosti s aktivizaci
a vede k

Proteiny SaN ‘endotelu a akti i trombocyti, produkei

inu a VWF

Aktivace koagulaéni kaskddy

SARS-CoV-2

Aktivace komplementové kaskddy

Alternativni cesta Klasickd cesta Lektinovd cesta
Kontaktni aktivace (vnitfni) cesta
Podkozeni povrchu -
rogttnc) it poaeh
Tkdfiovy faktor
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[ ..
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Produkes properdinu, €3 a faktoru %A
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VWF —von Willebrand(v faktor
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Patofysiology - summary

* Destruction of the tissue by viral
proliferation

» Change in the renin-angiotensin
aldosteron system

» Complement activation

« Thrombocytes activation

* Immune response actiovation — M¢,
IymfocyteS (cytokines, cytokine storm)
« Endothelial damage

Patofysiology - summary

* Destruction of the tissue by viral
proliferation

» Change in the renin-angiotensin
aldosteron system

» Complement activation

« Thrombocytes activation

* Immune response actiovation — M¢,
IymfocyteS (cytokines, cytokine storm)
* Endothelial damage

Hypercoagulation status (LMwH prevention
Superinfection and reactiovation of latent infections
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Direct Viral Infecti

Patofysiology

A Mechanism of Systemic Inflammation due to SARS-CoV-2 Infection

binding of ACE2 cell surface receptor
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2020

Diagnosis of COVID-19

RT-qPCR @Q g’,ﬁ ¥

High-throughput |
sequencing
B

ELISA

SARS-CoV-2 entry
and replication

S
-

i
-=C

f Cytokine storm
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Antigen presentation

APC

. Cos'Tels

Cellular immunity
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COVID-19 pneumonia (A) and subsequent HSV pneumonia (B)

Lenths of SARS-CoV-2 shedding in the
hematooncological patients

The NEW ENGLAND JOURNAL of MEDICINE

— 15 out of 20 patients had active

P S . chemotherapy
i B - 11 severe COVID

- p// 5944 e e s e s i s povi, ke e e e .
Pl gt - viral RNA detected up to 78 days (IQR
L 24-64)
RN | =} - First day 71% of samples cultivateable
L — . -] - follow up positive in 5 patients (8, 17, 24, 26
- m and 61 days after beggining to the symptoms)

immunosuppression

after undergoing hematopoietic stem-cell
transplantation or receiving cellular
therapies may shed viable SARS-CoV-2

« _ for at least 2 months.“

I

B b Patients with profound
-

== ——————— =

N ENGLJ MED 383,26 NEJM.ORG DECEMBER 24, 2020
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Viral shedding

Lenth of shedding in Lenth of shedding in the

general population (possible | immunocompromissed host
children/adults)

Influenza virus A <14 days/ <5.5 days 29.5 days to 5 months (!)
Influenza virus B 6-7 days 7.5 days (2.5-80.5)
Parainfluenza virus PIV-1 and 2: 3-6 days 6-42 days
PIV-3: 8 days (3-10 days)
RSV + 4 days (1-12)/ Median 2-4 weeks
80 days (35-334 days)
hMPV + 5 days 7-24 days
HRV/HEV + 14 days (HRV-C 7 days) Mostly <4 weeks
Adult longer then children 5 weeks (1-49 weeks)
Coronaviry 3-18 days, 4 weeks (1-22 weeks),
(HKU-1, 229E, OC43, NL63, SARS-CoV-2)  Couple of weeks to 2 in SARS-CoV-2 even 3 months
months
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):2088-94; 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

Antibody response

Receptor-binding
domain —_—
€ period > ¢ Disease > i< ~
s 2 /=
sy g == SARS-CoV-2
g = Specificig
5 === Specific IgG
S Specific IgM
1 AL
2 5
subunt g —
& \ — =
Antibody N\
detectable Level =
/4 N~
> C—
= T T T T
0 5 10 15 20 2

Days of infection

Antibodies against S1
Antibodies against RBD domain correlate to neutralisation
antibodies

Antibody Response - Seroconversion

Antibodies appear in blood after: =10-20 days Bar-On eLifescience 2020
Maintenance of antibody response: http://bit.ly/2WOeN64

Scudellari Nature 2021; 595
https://www.mdpi.com/diagnostics/diagnostics-10-
00453/article_deploy/html/images/diagnostics-10-00453-g004.png

=2-3 years (measured for SARS-CoV-1)




SARS-CoV-2

Presence of respiratory symptoms after 1.1.2020

Respondents with antibody
positive test (107)

\ 1 No (N=55)
Ao 51% Bl Yes (N=52)

B80%

65%
_ 60% 54%
Symptoms (N=52) o 2%
0% 35%
21%
||
0% ]
Bl Cough B Throatache Bl Short of breath
B Temperature > Loss of smell and Other
37C taste
Eropai e =D NARQDNE P — e
e O S, Scheenincove uzis (=1 ittt

Risk groups
COVID-19 Death Risk Ratio (RR) for
Select Age Groups and Comorbid Conditions
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Chronic Kidney Disease
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-.. Other Heart Disease
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Risk groups

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 @

Epidemiology

7R\ Covid19 Response Fund
g&y World Health ., ., by Country, Territory, or Area D &

L& Organization

WHO Coronavirus (COVID-19) D: Overview Measures Table View Data More Resources

.

Cases - Total x

l > 5000 000

I 500 001 - 5 000 000

I 50 001 - 500 000

500150 000

Cases

Total

4161

new cases last 7 days

771679 618

cumulative cases
1-5000

6977 023 0

cumuiative deatns
Not applicable

Globally, as of 12:00pm CET, 2 November 2023, there have been 771 679 618 confirmed cases of COVID-19,
including 6 977 023 deaths, reported to WHO. As of 24 October 2023, a total of 13 534 457 273 vaccine doses
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Epidemiology

(ot 19 Response Fund

(&), World Health
Health searcn by Country, Teritory, or Avea
() Organivation Sy Cowwy, Tty or vea i

'WHO Coronavirus (COVID-19) Dashboard Overview  Measures Data Table Explore

A

Cases - Count x

| R

500,001 -5000,000

5001-50000

[ ooor-swom

1-5000

0

Notsgpictie
422,625
o civ s 20
230,437,517
4,879,235

[ L,

e detns

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.

Epidemiology

7R Govi19 Response Fund
(laghy World Health <. . county, Territory, or Area i =

97V Organization

P
<

WHO Coronavirus (COVID-19) D Overview Measures Table View Data More Resources

Deatns - Total x

50001 - 500 000

Deaths

Total

new deaths ast 7 days 501-50 000
51-500
6977 023
cumuatve deaths
1-50
771679 618 0
cumuiative cases
Not applicable

Globally, as of 12:00pm CET, 2 November 2023, there have been 771 679 618 confirmed cases of COVID-19,
including 6 977 023 deaths, reported to WHO. As of 24 October 2023, a total of 13 534 457 273 vaccine doses
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World Health
Organization

vacainaton
Tota doses admi

13 534 457 273

vacene doses sdristered

5597 760 333

Epidemiology

Search by Country, Tertitory, or Area

Overview

Measures

Table View

Coit-19 Response Fund

Data More Resources

Vaccination - Total

Vaceins faunch
data ponding

No rportod data

ot appicable

5158 239 028
sersons sccasd wino
ol rary sres €@ oo
E [ d I
“B) i < Overview Measures Data Table Explore
s _——
WHO Coronavirus (COVID-19) Dashboard Backtotop i

Name
Global

® Japan 125,8 mil
D Czechia 10,7 mil

Canada 38,01 mil

B Chile 19,12 mil
Bl Bangladesh  164,7 mil
B0 Romana 19,29 mil
= Israel 9,217 mil
11 Belgium
Pakistan

E= Sweden

Bl Portugal
P Serbia

Cases - cumulative total

239 437 517

1713268 8

1705971 8

1670234 8

1665916 8

1564485 1

14304750

13132118

12762210

1261685 1

11612641

1077963 1

10312831

0,14%
15,9%
4,39%
8,71%
0,95%
7.41%
14.2%

Cases - newly reported in last 24
hours

422625
619
1535
2659

1191

15828

1325

1016
799
777

6786

Deaths - cumulative total

4879235

18051

30528

28367

37583

27737

41130

7974

25732

28201

14926

18071

8946

1,05%
1,78%
1,70%
2,25%
1,78%
2,88%
0,61%

Deaths - newly reported in last 24
rs

7300

31

78
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Epidemiology

Situation by Region, Country, Territory & Area

Vaccines - Vaccines -
Persons Persons
Vaccines - Total  vaccinated with  vaccinated with
doses a complete at least one
Cases - Cases - newly Deaths - newly administered primary series booster or
cumulative reported in last Deatns - reported in last per 100 per 100 additional dose
Name total S Tdays cumulative total 7 days population population 100 population
Global 771,679,618 4161 6,977,023 63 17364 66.18 31.91
: o
@@= Malaysia 33,57 mil 5131899 | 15,29% 37202 0,72% 22496 85,11 50,49
] o
Israel 9,217 mil 4840714 | 52,51% 12697 0,26% 507 75 50,27
0,
I Belgium 11,59 mil 4817196 | 41,56% 34339 0.71% 2527 78,84 62,37
. o
== Thailand 71,6 mil 4758125 | 206 6,65% 34487 2 0,72% 199,63 77,64 39,37
Bl Canada 38,01 mil 4716205 | 12.,41% 53207 0,13% 25859 82,96 524
B Czechia 10,51 mil 4665557 | 1361 44.39% sp017 9 0,09% 1741 655 4152
A Peru 33,72 mil 4522474 13,41% 221727 4,90% 27173 86,91 67,16
E i i I
i) : i
\¥9)) Search by Country, Teritory, or Area i < Overview Measures Table View Data  More Resources
WHO Coronavirus (COVID-19) Dashboard Back to top

Global Situation

771 679 618 )

confirmed cases 20m
6 977 023 -
deaths s

53



Epidemiology

Search by Country, Territory, or Area i < Overview Measures Table View Data More Resources

oronavirus (COVID-19) Dashboard Back totop {1

Deo2t Dso21 oesat

Situation by WHO Region =7 oaty veaths || count

Europe 276 780 884
contimed om
Western Pacific 207 412 892
—— e
Americas 193 320 888
contimes
South-East Asia 61208 962 =
— cntmed
Eastern Mediterranean 23401838
- confimes
Africa 9 553 300
- confmed .

secat Deo31 Deo2t sec3t
) 200 £ 2522

Simplified SARS-CoV-2 phylogenetic tree

Genome
changes

Wuhan-Hu-1 isolate
Spike signature

s: D614

Clade 19A

“G614 variant”
PANGO: B

Nextstrain: 20

Spike signature mutation

D614G

Clade 20

Clade 20A

& %

Clade 20B Clade 20C

/ \ “CAL.20C variant”

PANGO: B.1.427 / B.1.429

Clade 201 - Clade 20J Clade 20H Nextstrain: 20C/S:452R
Spike signature mutations
5131 L452R
“U.K. variant” “BRA variant” “S A, variant” W152C D614G
PANGO: B.1.1.7 PANGO: P.1 PANGO: B.1.351
Nextstrain: 201/501Y.V1 Nextstrain: 20J/501YV3 Nextstrain: 20H/501Y.V2
Spike signature mutations Spike signature mutations Spike sighature mutations
A69/70 P681H L18F E484K L18F K417N
A144/5 T716l T20N N501Y DBOA  E484K
N501Y S5982A P26S D614G D215G N501Y
A570D D1118H D138Y  H655Y A242-4 D614G
D614G R1905  T1027I R2461  A701V

K417T  V1116F

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




Genome
C h an g es Spike mutations of concern in SARS-CoV-2 variants

Spike sequence (a.a.)

s1 s2
— RBD |
L o~ w—
4 NTD t: b g mﬁ, cTD [Ea] o 3 E
o 1| < 3 I -8 ® N o

P / / y, ; . \ Mutations in the 52 subunit
“Gé614 variant” / / [ Vi / D614G \ have not been linked yet to
SARS-CoV-2 spread and
escape from immunity
L] . L] .
“U.K. variant” A69/70  A144/5 N501Y D614G P6B1H
. . L] J L
“S.A.variant” L18F A242-244 K417N E484K N501Y D614G 51: Ectodomain 51 subunit
(B.1.351v2) S2: Ectodomain S2 subunit
NTD: N-terminal domain
+ + . ! CTD: C-terminal domain
“BRAvariant” L18F K417T E484K N501Y D614G RBD: Receptor binding domain
RBM: Receptor binding motif
FP: Fusion peptide
“CAL variant” “
(USA) L452R Dé614G

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

Genome
changes

417 1452 T478 E484  N501

0 0 0 0 o

Clinical Impacts

e A T Transmissibility
“ l_‘:- _T y T Pathogenicity
B ) [ T "_"‘:_Ez _— T Risk of immune escape
@ ()0 Qe [ T
Potential therapeutic targets

— —. Dol
N QOO . Blocking VOC entry

" Saluble human recombinant ACE2, Antl-RED nancbodies,
Major mutations of SARS-CoV-2 TMERSS B Adam17? inhibitors, & et

VOCs in Spike receptor binding domain [RBD)

Interrupting VOC replication
I_-'--] Pargertal Mistation Remdesivic & metsbolites, CRISPR/Caz13d system & st
b residies spals

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

Camostat mesylate
Nafamostat mesylate

T™P
+ * Exocytosis RSS2 o

s ACE2receptor

Spike protein

Convalescent s
— plasma Tocilizumab
Sarilumab

T 1

:

@ Nizatoxanide Arbidol

|

RNA packaging Assembly

Endocytosis and 1

/\ membrane fusion
Chloroquine and

I TypellEN hydroxychloroquine 7
E-64d
Structural proteins
o =
I [L)gﬁlnr:\:‘\,:r Genome release
and translation
RNA and subgenomic mRNA synthesis Ebselen
SN
N3
Rern de'si.vir Host membrane r““’\z\/\"""
Ribavirin -~ and protein
Favirapir hijackin
N Cp jassog Proteolytic /
cleavage
Replicase complex Non-structural Polyprotein
(vRdRp) - proteins -
https:/iw ndpi.com/pathogens/pathogens-09-00426/article_deploy/html/images/pathogens-09-00426-g003.png
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CoFoﬁaviFus Disease 2019 (COVID-19)
Treatment Guidelines

Figure 2. Therapeutic Management of Hospitalized Adults With COVID-19
Based on Disease Severi

DISEASE SEVERITY PANEL'S RECOMMENDATIONS

Tre Panel resommends against the use of dexamethasone (Alla) or
other corticosteraids (ANl)."

ot ™ icert t d sither f h
0 idence to recommend sither for o aganst the
. Bpeiiaadial ere is insuficient ev
b L Oxyge routing usa of remdasive For patients at high risk of disaase
prgression, remdssnir may he appropriate
Use one of the ‘ollowing options
= Romdosivie (0.g.. ‘or pationts wha roqure minimal supplomontal
oxygen) (Ble)
Hospitalized and Requires « Dexamethasone plus remdesivir® (e g . for patients who require
‘Supplemental Oxygen

ncreesing amounts of supplemental cxygen) (B
* Dexamethasone (when combination with remdesivir cannot be
used or s not available) (BY)

Use one of the ‘ollowing options:
« Dexamethasone (Al)
* Dexamethasone plus remdesivir (BIll)

For recently hospitalized® patients with rapidly incraasing oxygen
neads and systemic inflammation
« Add sither baricitinib (Blla) o« IV tocilizumab (Bl
wo options above’
+ If neither barictind nor IV tociizumab is svailable or feasible to
use, tofacitinib can be used instead of bericitinib (Blla) or IV
sarilumab can be used insteac of IV tociizumab (Blla)

) to cne of the

* Dexamethasone (Al)

Hospitalized and Requires IMV For patients who are within 24 hours of admission to the ICU:

or ECMO « Dexamethasone plus IV tociizumab (Blls)

+ If IV tocilzumab is not available or not feesible to use. IV
sarilumab can be used (Blla)

Rating of Recommendations: A = Stong, B = Moderate; C = Optoral
Rating of Evidence: | = O of more randomized trials withou! TIRor HTtations; Il = Oher randamized trisls of SLOGIOLD
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Drugs are kisted a phabetically and not in order of prefesnce. As thare are ro studes drectly comparing barictinb and tocikzumab

for treatment of COMID-19. there is insuficient evdence to reconmend one drug over fhe other. Trsatment decisons should be

determined by local guidance, drug availabiity, and patent comorbidities.

Key: ECMO = extracorparesl membrane oxygenation; ICU = intersive care unit; IMV = invasive mechanical ventilation.
IV = intravenous; the Panel = the COVID-19 Treaiment Guidelines Panet. PO = orlly
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Antiviral Drugs That Are Approved or Under Evaluation for
the Treatment of COVID-19

Last Updared: July 8, 2021

‘Summary Recommendations
Remdesivir is the only Food and Drug Administrati 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 g of any disease, decisions ultimately reside with the

patient and their health care provider. For more information on these antiviral agents, see Table 2e.
Remdesivir

« See Therapeutic Management of Hospitalized Adults with COVID-19 for d on using ivir with
or without dexamethasone.

Ivermectin

+ There is insufficient evidence for the Panel to recommend elther for or against the use of ivermectin for the treatment
of COVID-19. Results from ad ly powered, well and well- ducted 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 Azith i

« The Panel recommends against the use of ine or hyd hil ine and/or azithromyein for the

of COVID-19 in hospitalized patients (Al) and in nnnhnspltaluzed pallenis (AII:]
Lopinavir/Ritonavir and Other HIV Protease Inhibitors

« The Panel recommends against the use of lopinavir/ritonavir and other HIV p inhibitors for the of
COVID-19 in hospitalized patients (Al) and in nonhospitalized patients (Alll).

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: |lb = Nonrandomized trials or observational cohort studies; Ill = 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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Figure 6 Regression analysis based on (a) 25(0OH)D, (b) Diabetes prevelance among men and women
(age standardized), elderly ratio (=70 yo) in the country, CHD death rate per 100, 000 (age standardized)
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Proteomics of SARS-CoV-2-infected host

cells revealstherapy targets
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TCA cycle and respiratory electron transport
Signalling by ROBO receptors

Carbon metabolism

Regulation of mRNA stability by AU-rich element
binding

HIF-1 signalling pathway

Interleukin-12 family signalling

Pathogenic E. coli infection

TCAcycle

2-Oxocarboxylic acid metabolism
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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.

Courtesy of CDC
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Frequency of respiratory viruses in Motol
University Hospital
Dept. of Paediatric Haematology and Oncology
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;1‘ Every detection technique has limits!
<{
O }{ Even molecular-biological = PCR!

It is true also for commercial kits e.g. There is evidence that Anyplex RV16
detects only 10 out of 60 described serotypes.

Most frequently detected,
but not the only!!!!
PCR negativity does not

neccesary omits AdV infection.
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