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feee - Global burden of respiratory virus

What do people die from? Causes of death globally in 2019

The size of the entire visualization represents the total number of deaths in 2019: 55 million.
Each rectangle within it is proportional to the share of deaths due to a particular cause.

,/74% died from noncommunicable diseases 14% died from infectious diseases\

33% died from heart diseases

Heart attacks, strokes, and other cardiovascular diseases.

Per year: 18.5 million deaths
Per average day: 50,850 deaths

4.4% Pneumonia

and other lower respiratory diseases

Per year: 2.5 million deaths
Per average day: 6800 deaths

2.7% Diarrheal diseases

Per year: 1.5 million deaths
Per average day: 4200 deaths

2% Tuberculosis

1.5% HIV/AIDS

1.1% Malaria

A i
2.1% other infectious diseases

3.3% Neonatal deaths

babies who died within the first 28 days of life

7% Chronic respiratory diseases | 4.5% Digestive diseases e

§ )
COPD, Asthma, and others Cirrhosis and others %&ﬁlﬂtﬁgﬂgﬂt accidents

Per average day: 3500 deaths

2.7% Diabetes 3.1% Other accidents

. . including falls, d ings, and fires.
5.7% Other noncommunicable diseases [ o

18% Cancers

Per year: 10 million deaths
Per average day: 27,600 deaths

3.9% Neurological diseases
Alzheimer's, Parkinson's, epilepsy,
and others

e S —
0.2% War battle deaths 0.05% Terrorism

Less than 1% died due to—

Data source; IHME Global Burden of Disease and Global Terrorism Database InterperSO nal VIO|€I‘1C€
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Max Roser
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Global burden of respiratory virus

The size of the entire visualization represents the total number of deaths in 2019: 55 million.
Each rectangle within it is proportional to the share of deaths due to a particular cause.

What do people die from? Causes of death globally in 2019

74% died from noncommunicable diseases 14% died from infectious diseases\

4.4% Pneumonia

and other lower respiratory diseases

Per year: 2.5 million deaths
Per average day: 6800 deaths

2.7% Diarrheal diseases

Per year: 1.5 million deaths
Per average day: 4200 deaths

2% Tuberculosis

1.5% HIV/AIDS

1.1% Malaria

2.1% other infectious diseases

Less than 1% died due to—

Data source: IHME Global Burden of Disease and Global Terrorism Database Interperso nal V|O|e nce
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Max Roser




MMV e Global burden of respiratory virus

Death rates from different causes, Germany

Reported annual death rate from different causes per 100,000 people, based on the underlying cause® listed on
death certificates. Comparisons may be affected by differences in measurement.

300
250
200
. Top 4 cause of death in Germany
Cardiovascular diseases
100 Cancers
Neuropsychiatric conditions and drug
use disorders
Digestive diseases
>0 Respiratory infections
e __/__/—ﬁ Respiratory diseases
_— s =t SIS - 41 Unintentional injuries
0 - _— T —="|" Intentional injuries

i ) i ) ) i
1990 1995 2000 2005 2010 2015 2020 Infectious and parasitic diseases

Data source: WHO Mortality Database (2024) OurWorldinData.org/causes-of-death | CC BY



MMV e Global burden of respiratory virus

Death rates from different causes, Germany
Reported annual death rate from different causes per 100,000 people, based on the underlying cause’ listed on
death certificates. Comparisons may be affected by differences in measurement.

120 Cardiovascular diseases
= Cancers

100

&0 Main cause of death via

communicable diseases
60
40 Neuropsychiatric conditions and drug
e — use disorders

Digestive diseases
Respiratory infections

£Q 7 =" Respiratory diseases
— . s —_— e Unintentional injuries
0 ‘ i Intentional injuries
2015 2016 2017 2018 20‘19 2020 Infectious and parasitic diseases

Data source: WHO Mortality Database (2024) OurWorldinData.org/causes-of-death | CC BY



MMV e Seasonality of respiratory virus

Month June July Aug. Sep. Oct.
Winter virus
All-year virus Adenovirus/HBoV
Type-specific PIV3 PIV1
Spring hMPV
Spring/Fall Rhinovirus
Summer virus Non-rhinovirus enteroviruses

Annual Review of Virology, 2020
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Seasonality of respiratory virus

Oct. .J Nov. Dec. Jan. Feb. Mar.

Apr.

May

Month June July Aug. Sep.
Influenza virus
Wintervirws | 000
................................................................................... RSV
All-year virus Adenowrus/HBoV """"""""""""""""""""""""""""""""""
""" Type-specific | PIV3 PV
 sping VPV
© Spring/Fall | Rhinovirus
Summer virus Non-rhinovirus enteroviruses

Annual Review of Virology, 2020
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Seasonality of respiratory virus

Seasonal factors Host defense

Temperature Indoor environment Airway antiviral immune defense
Absolute humidity Temperature Replication conflict between viruses
Sunlight/vitamin D status Humidity (AH, RH) Efficiency of nasal and bronchial MCC

Air change rate

Virus/droplet

Viability of virus
Droplet dynamics
Droplet size and matrix

oo o 3
w WO
L

Airborne (aerosol)

Droplet spray and
direct contact

Infected Indirect (fomite)
host

Contact rates

A

A
Y

Human behavior (setting/interaction)
Home, school, workplace, hospital ~ Social behavior
Holidays and school openings Hygiene practice

Annual Review of Virology, 2020
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Seasonality of respiratory virus

Physicochemical properties of virus-laden aerosols: wap T A
1000 —_—e 3 1.5 m height
- 1.0m
- - 15m
2 e * Size g v
o =]
o @ ° . . . £ 10 5sec 33 min 12.2hr
9o o ) o © * Viral load and infectivity =
=
I o % = * Other chemical components: g
R o c N > - electrolytes, proteins, surfactants =
[}
° [+ ° - g 0.1 » 2 x Ground level
o x o . pH value % (or surfaces)
& - g 4 : 3 0.01
» * Electrical charge e -
e =
= S * Air/liquid interfacial properties 1E-3
- o 2 © e s 100
Aerosol diameter (um)
Outdoor Respiratory Proportion Viability of
absolute Indoor relative virus of droplet respiratory Predominant
Climate/season humidity humidity (%) stability nuclei viruses transmission
Tropical High 60-100 High Low High Fomite, direct and
indirect contact
Temperate: Intermediate 40-60 Low Low Low All transmission
spring, fall ways possible
Temperate: Low 1040 High High IHigh Predominantly
winter airborne

Annual Review of Virology, 2020
Science 2021
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\\Infected person Potential host
Aerosols ol
Within and beyond
1 meter

Can float in air for hours
Can be inhaled

« <bpum

® 5-100 pm

Droplets

Can travel less
than I meter \\
Falltothe groundin
under 5 seconds

Cannot be inhaled

O>100 pm

Science, 2021
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A
A
Winter features:
] Outdoors
£ 3 gpsopharyngeal Dry and cold air
® nasal passage, pharynx, laryn : : B :
3 & RAssAge; RRArynXGlarynx s Virus Less sunlight/vitamin D
s g " @
> 2
f -
3
-
JL Tracheobronchial
L A trachea, bronchi and
3 4 bronchioles
2
=]
£ |35
= g
- 0
cE| £¢
£§ &
Ea 3
i
v v Alveolar region _ Ns ‘ o
alveolar ducts and sacs ’ S 5 Yy Y Qo 9
. , TS 0,
) ey @ @iy
B e . 9 o o
IL-1p/18
2oy y: Macrophages
- e Granul Macrophages M
Z os R S L i Inducible antiviral Increased sensitivity to
5 Alveolar Other innate defense mechanisms | innate immunity |  inflammasome activation 1 T o
E 0 B ' Indoors
£ ol LA Dry air at 20 to 24°C
Q.
a 0.2 Bronchial
0.0 1 1 1
0.001 0.01 0.1 1.0 10 100

Diameter (um)

Annual Review of Virology, 2020
Science 2021
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The human respiratory tract



MW Respiratory tract

......................................................

i

Upper Nasal cavity

respiratory Pharynx
tract
Larynx

— A T RN o o o o A e A e e e e e e e R e e e e e e o I P e

........................................................

Trachea

Lower | Primary
respiratory |bronchus
tract

Lung

_______________________________________________________

......................................................

Terminal bronchiole

[J Ciliated cells : I
[] Goblet cells % E
[J Basal cells \ E
B Club and secretory cells v
B Other cell types \ E

______________________________________________________

Nature Reviews, Immunology, 2021 14
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Respiratory tract
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Traditional landscape

Club
cell

Ciliated
cell

cell

#

Goblet

Anatomical region

Upper
respiratory
tract

Lower
respiratory
tract

Respiratory zone

Nasal cavity

Pharynx

*

Larynx

Trachea /

Bronchi

Bronchioles-

 Alveoli

777777777777777777777777777777777777777777777777777

Contemporary landscape

Deuterosomal Club Ciliated Tuft
cell cell cell cell

Pulmonary

e Basal Suprabasal lonocyte i

cell cell

___________________________________________________

Method of obtaining
samples for scRNA-seq studies

Airway

Nasal brushings
and biopsies

Brushings and endobronchial
biopsies via bronchoscopy

BAL via bronchoscopy

Parenchymal tissue
Surgical lung biopsy

and explants

Nature Reviews, Immunology, 2024

15
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Respiratory tract

Pathogens Airway
(viruses, bacteria) macrophage
e 2
Cytokines/
Ciliated Club Goblet Basal Tuft Chemokines’
cell cell cell cell cell

e.g. CCL2 Epithelial

damage

o e

2y

il - a
g c0Goo
VRS H e 001
Al L oY B _en . 0H8
N R @ Bapb
y VA L
| "
| 1 4
[ | i I X
/O A N o N A /

CXCL16 CXCL5 MAIT *. Type Il IFNs

CXCR6 CD4+*
Trm cell

Neutrophil

cell ‘\(IFNM

O ~
o — R

Epithelium

AN

Basement
membrane

Recruited
monocyte

Airway smooth

muscle cell e ok Modulate Promote repair
epithelial and pro-inflammatory
responses response

Impaired
repair

Nature Reviews, Immunology, 2021
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Reservoir drops
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Influenza ("Flu”)

Infectious respiratory disease
(mild to severe illness)
Annual seasonal epidemic
General population: 5-20%
Children: 20-35%

Sporadic pandemic
Circulates in humans and animals

Vaccines are available

Influenza virus

2 Global (WHO data)

Severe infections 3-5 million

Estimated deaths ! 290,000-650,000

United States (2018-2019 CDC data)

Infections % 35.5 million
NS

Medical visits 16.5 million

Hospitalizations 490,600

Deaths 34,200

b

Patient-related risk factors

Smoking

Impaired
epithelial,
immune and
fibroblast
function

.

Genetics

Genes
associated
with viral
recognition
and interferon
signalling

Comorbid
conditions

Heart disease

Chronic
obstructive
pulmonary
disease

i

Pregnancy Obesity Age
or sex
Tolerant Diminished Type 2 bias
immunological | antibody Lack of prior
state Leapoll>e immunity
Sex steroid Immune ) mmuno:
ihpenceon dysregulation N S
immune due to
response adiposity

Deficient

adaptive

responses

&

o}

Nature Reviews, microbiology, 2021 18



MMV e Influenza: pathophysiology

Symptoms of a Influenza virus
Influenza

Centr:l ] > Nasopharynx
- Headache - Runny or stuffy e
Systemic nose
~Fever - Sore throat
- Aches

(usually high) '
.= Bronchioles

Muscular—=— Respiratory
- (Extreme) | - Coughing
tiredness

Gastric

Joints - Vomiting

- Aches

a2,3CGal

Infects upper and lower respiratory tract (epithelial cells)
Symptoms arise after 1-2 days after infection

Infected cells produce proinflammatory cytokines (cytokine storm)

Severity of disease is the result of the interplay between viral virulence, host

resistance and infection tissue
Nature Reviews, microbiology, 2021 19
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Influenza: transmission

=, ~—Droplet

(O

{ 5+Influenza virus

; _\@;‘/

Shared spaces

Distance

Respiratory droplets (main mechanism)
Short distance (1m or less)

(In-)Direct contact
infected individuals
Fomites

B
ol M A A
=30%C
— 80— [\ =20°C
% =5°C
v
g
‘G 60 -
b=
(]
c N
2
@
2 40
£
)
c
s A A A
=
20
0 A A Ah A A
0 5) 10 15 20 25
Absolute humidity (g/m3)
Outdoor Respiratory Proportion Viability of
absolute Indoor relative virus of droplet respiratory Predominant
Climate/season humidity humidity (%) stability nuclei viruses transmission
Tropical High 60-100 High Low High Fomite, direct and
indirect contact
Temperate: Intermediate 40-60 Low Low Low All transmission
L] HN)
Temperate: Low 10-40 High High High Predominantly
winter airborne

20



)ttt Influenza: Global distribution

Seasonal * First outbreaks
B Ppandemic —> Spread of first wave
» Second onset foci
—> Spread of second wave

) i 3¢ Originin Febuary 1957
: —> Spread by May 1957

= Spread by August 1957 == Seedinghicrarehy

Nature Reviews, microbiology, 2021 21



MMV s s Influenza: Global distribution

easonal « First outbreaks ° i Y 1 1
u oo > Shuadatineyn O Management strategy . Water HEatment Stamping out - Vaccmatlor?
= Soentatsaeondwass : * Biosecurity * Decontamination * Market hygiene
- # OigininFebuny 1857 e O Transmission mode i - -

e ey e~ Sedinghierarcy e Indoor raising * Movement restriction e Live market closure

e Compensation
Marine mammals 4 e Quarantine

e Zoning

Cmmmy

. { —— Domestic
Wild birds . ducks Humans
- Bats
E Horses 21 \ m
E Cats
. U — » Dogs
\_
| 9 J % o

e Aerosol

e Water e Water
* Fomites * Fomites

Nature Reviews, microbiology, 2021
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Influenza: Host range

Most common

Infects humans and animals
Can cause pandemics
Different subtypes

18 HA and 11 NA

Infects humans

Mostly infects humans
Causes mild symptoms

Identified in 2011 from pigs
No human infections described

Influenza Rixgs

Avirus 4 v Dogs
Bats , . y

Influenza

Influenza
Cvirus

Influenza
D virus

Viruses, 2022

23
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Influenza: Biology

Order: Articulavirales

Family: Orthomyxoviridae

Genus: Alphainfluenzavirus
Betainfluenzavirus
Gammainfluenzavirus
Deltainfluenzavirus

Enveloped

Diameter of 80-120nm

Segmented (8AB — 7CD)

\\\‘\\ m|.,./)r/)f/////

Hemagglutinin (HA)

, ‘ \ 8\ \ b, Vs =
%\ \\\\\\‘\‘\ ,‘y'//'/'////d/;/ Matrix (M1)
(“\\ A+ O //é// {4" N dase (NA)
(..\\\EQ > v RIS 7 é/:/“\ «— Neuraminidase
q - , ‘//'" Polymerase complex (PA,PB1, PB2)
Q::S 9 .%.::,‘ Yy P BT,
’.‘:; :!g-:\.;: Nucleoprotein (NP)
= S5
/ // N ‘\ )
700N\

-

Viral Zone, Expasy

24
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Influenza: Biology

W77
N et
\\ Q\\\\‘\' b /:'////é?//z/‘ — Neuraminidase (NA)

Polymerase complex (PA,PB1,PB2)

Hemagglutinin (HA)

Matrix (M1)

Nucleoprotein (NP)

M2 ion channel

Nuclear export protein (NEP)

Altenative
D

splicing

HO-3- 5
N40

Segment 1

Segment 2

P4
7 [LpB1-F2

Altenative
initiations

_______ >

Segment 3

PA-N182

| PA-N155

HO-3'— PA

PA-X |
{__Ffibosomal
frameshift

Segment 7
Segment 4 Ho-3'— M }—5'
HO-3' HA 5’ M2
B - Altenative___,l\/lz|
splicing “\/DNMZ
Segment 5
' Segment 8
HO-3’ NP 5
L - HO-3' 5
Segment 6 /-\|tenativ~e~_j|\/-
HO-3'— NA -5 splicing

Viral Zone, Expasy
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 Nomenclature

\\\%WT/X/]%// P

\ \ \\‘\‘I "r',, /
\%\\ \&‘\‘\‘\ /'//'///;////%‘/ Matrix (M1)
\\s ERIRIRIRIREA ¢/6 ,/ Neuram inidase (NA)
( gt ?// /:‘ -
‘ ¥ NN ‘//“)

Polymerase complex (PA,PB1,PB2)
" Yy P

0, Nucleoprotein (NP)
|5 =)

)

( X\k\kg’ M2 ion channel

clear export protein (NEP)

7 X N \
4 LR

[ a ini \chrﬂminidu:e

AT\IFujira /411/2002 (H3N2)

Virus Oeographic  Stran Year of Wiru
type arigin nurmber s olation

Viral Zone, Expasy
Wikimedia Foundation
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Influenza: replication

Virus
entry

\ SooSSag M 4

Viron assembly

\ oNEP /NA PHA ¢ PA-PB1dimer o PAx

LI — @NS1 =M1 JlM2 © NP o PB2 @ PB1-F2 dimer
Viral protein A
: translation
Recycling Viral
endosome AAAAM iral g\ @
CAP protein o
A import =| ©
mRNA export @|o

Nature Reviews, microbiology, 2021

27



MMV e Influenza: binding

a Influenza virus

Trachea -

Influenza virus b
haemagglutinin Avian receptor Human receptor

Bronchioles

@2,3-sialyllactose  «2,6-sialyllactose

d 190 5

Lipid -
bilayer \ ' Neus Aé
\ ., -

| e Alveoli

OL2,3Gal it AN Nature Reviews | Microbiology

Nature Reviews, microbiology, 2021 28
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Influenza: Antigenic ,,schwifrt”

Avian H3Nx

Antigenic shift

Aquatic

mammals

H1
H13

Bats
?

H17N10
H18N11

Antigenic drift

H3N8§
H7N7

Influenza A virus

Wild birds

Humans
H1-H4
H7
H10 H1-H16 H1N1 H3N2
N1-N9 (H2N2)
?
H1, H3
H5, H6, H7
H9, H10
H5, H7
H9, H10
H1-H13
N1-N9 H1N1/2
H2N3 H3N2
HAN1 H5N1 Domestic and wild animals
H3N2
H3N8
H1IN1
H3N2
H5N1
H1N1, H3N?
H5N1, HON?2
H10N4

Nature Reviews, microbiology, 2021 29
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Influenza: VVaccination

OoCT

Current influenza vaccine productions

APRIL

Vaccine strains
surveillance
and selection

classical egg-based
virus reassortment

@
v ‘v
e i"

Reverse genetics
virus reassortment

Bacmid DNA

HA expression vector

and baculovirus
preparation

fl

JUNE AUG

y g
Wi w7
N f
{ J0°
0

Egg-adaptated
vaccine strain virus

vaccme

strain

virus
‘.m!f;

Formulation
and filling

Purification

Mass-production
of viruses

ot 8 / ﬂo

DS

Egg-bas
flu vaccine

based

Shipping

Vaccination

Cell-based

flu vaccine

Cell-adaptated of
vaccine strain virus

4
i ‘

=,
Mass-production
of viruses

Formulation

Purification
and filling

rHA-based
vaccine

-1
+ i
4
'l
8’1‘

Mass- Purification

production
of rHA by
sf9 cells

Formulation Vaccination
and filling

Shipping

-

Vaccination

JBS, 2020
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MMV e Influenza: Vaccination & Drugs

Current influenza vaccine productions

T AUG oct
\) ‘ -
.‘) |_~?_ i Drug Route of administration Approved age of use
\ Egg pi i Purificati F ion Shipping Vaccination o
classical egg-based » vaccine strain virus of viruses and filling
Oseltamivir Oral At least two weeks old
virus reassortment
& vacne 6 TN e Zanamivir Inhalation At least five years old
strain Q ) % )
% virus d T T X T o _
35 %‘i “ g ? J_ e -ﬁ - Peramivir Intravenous injection At least 18 years old
V:z‘::/":iuz:zz‘s Rsverse genetics Cell-adaptated of Mas&pr‘odudlon Purification Formulation Shipping Vaccination -
afid SBIARtIGH virus reassortment vaccine strain virus of viruses and filling i o . 1 40 m||||g|’ams (mg) dose for peop|e at Ieas'l 10 years Old,
N Laninamivir Inhalationl! 6]
a. 20 mg for those under 10
\ & — . — 1— . Baloxavir marboxil Orall*! At least 12 years old!*®]
E.a) i]l T Y
HA expression vector Mass- inati
and baculovirus production and filling
preparation of rHA by

sf9 cells

JBS, 2020
Wikimedia Foundation
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Influenza: Vaccination & Drugs

Neuraminidase —

Cap endonuclease activity «

Drug
Oseltamivir
Zanamivir

Peramivir

Laninamivir

Baloxavir marboxil

Route of administration
Oral
Inhalation

Intravenous injection
Inhalationl']

Oralll

Approved age of use

At least two weeks old
At least five years old
At least 18 years old

40 milligrams (mg) dose for people at least 10 years old,
20 mg for those under 10[6°]

At least 12 years old*?!

JBS, 2020
Wikimedia Foundation
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The cast:

Goopfellas

33



MAV} i RSV (Respiratory syncytial

VIrus)

Infectious respiratory disease
(mild to severe illness)
Dangerous to vulnerable populations:
Older adults: 6/10000 in rich countries
Children up to 5y: 33M annually LMIC
Leading cause of bronchiolitis and pneumonia in
young children

Circulates in humans

Vaccines: Arexvy (GSK) (EU-US), Abrysvo (Pfizer)
(US), and Mresvia (Moderna)(US)

Normaly, seasonal

Paediatric population

Global annual burden
(children <5 years of age)

33 million RSV LRTI
episodes >95% in LMICs

Vi |

101,000 RSV deaths  >87% in LMICs
1:3 in-hospital to community ratio

A ETER

‘ 3.6 million RSV LRT! hospital admissions ‘

/

Incidence of medically attended RSV LRTI
~15% (infants <1 year of age) Unknown for LMICs

Incidence of non-medically attended RSV LRT|
11% (infants <1 year of age) Unknown for LMICs

Incidence of medically attended
RSV LRTI 6.0 per 10,000 in HICs
Incidence of non-medically attended
RSV LRTI5.5-57% in HICs

Elderly population

‘ Global annual burden (adults 65 years of age)

1.5 million RSV LRTI
episodes in HICs

3-fold increased risk of asthma
Causality unclear LMICs data absent

Economic burden

336,000 RSV LRT| hospital admissions in
HICs 14,000 RSV in-hospital deaths in HICs

Long-term frailty

Community burden
in LMICs

Less known

Gapin
knowledge

Unknown

Nature Reviews, microbiology, 2023
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RSV: Pathophysiology

)

Younger age (<6 months)
Preterm birth
Low socio-economic status
Viral co-infection
Medical co-morbidities

Low birth weight

Co-infection

Preterm birth
Caesarean birth
Low birth weight

Passive smoking

Immunomodulation
e.g. BCG vaccine,
bacterial lysates

Asthma

‘ Severe RSV Infection

Parental Atopy/

Exposure

Environmental

Genetic Predisposition

~ v

response

LIFN-y, TNF-a

Th2/Th17-predominant immune

TIgE, IL-1B, IL-4, IL-5, IL-13, IL-33, CCL5

\

e i
; \Hé\
| g : i =<

Palivizumab
RSV Vaccines
Indirect vaccine effects
e.g. measles, BCG

COVID-19 Public Health Measures

b

i RSV Infection

Delayed RSV
| infection

—»| age at RSV

!

Asthma Development>

Increased

infection

)

JPCH, Wiley, 2022
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RSV: Pathophysiology

Younger age (<6 months)
Preterm birth
Low socio-economic status
Viral co-infection
Medical co-morbidities

Low birth weight

-

T

Preterm birth
Caesarean birth
Low birth weight
Passive smoking

Co-infection

Immunomodulation
e.g. BCG vaccine,
bacterial lysates

I

B
I Severe RSV Infection /

Palivizumab
RSV Vaccines
Indirect vaccine effects
e.g. measles, BCG
COVID-19 Public Health Measures

Environmental
Exposure

Parental Atopy/
Asthma
I
] [ Genetic Predisposition l
v

Th2/Th17-predominant immune
response

TIgE, IL-1B, IL-4, IL-5, IL-13, IL-33, CCL5

LIFN-y, TNF-a

\
\

" [RSVInfection ) -

N
’ Asthma Development >
/

Delayed RSV
| infection

{J

Asthma »

Increased
age at RSV
infection

‘Fire damage’

’

Patients seek
medical care

T —Time
Infection Symptoms
Window of Antiviral

opportunity Immunomodulation

—— Cytopathological damage (virus)

— Immunopathological damage (host)

— Sum of cytopathological and immunopathological damage

JPCH, Wiley, 2022
Nature Reviews, microbiology, 2023
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RSV: Biology

Order:. Mononegavirales

Family: Pneumoviridae

Genus: Orthopneumovirus

Enveloped, spherical.

Diameter ~ 150nm nm

Subtypes RSV-A and RSV-B

Matrix protein (M)

Glycoprotein (G)

Fusion protein (F) K g : 222, — Phosphoprotein (P)
Nucleoprotein (N)

SH protein

Polymerase (L)

(-) strand RNA genome

NS1 NS2
N H 7 5
leader Trailer

Nature Reviews, microbiology, 2023
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Location in the : Alternative ) Additional
) Protein Function )
Virion Name Information
D - @ b .
Macropinocytosis el F and G glycoproteins
@ _ Wra.l.al‘tachment are the two major
Binding i - it .iﬁ- . G Glycoprotein to ciliated cells of | g\ rface proteins that
RSV-G - the host airway control viral
RSV-F-CoYe W | L [ T attachment and the
et lg CX3CR1 initial stages of
Lipid envelope Fusion of viral infection. F and G
@ @z IGIFR v (transmembrane . and nost cell proteins are also the
Fusion ! A NCL S ‘_J amnd blulddying Cell-to-cell surface proteins) F Fusion protein memb_ranes; primary targets for
;: Eoph (3)Viral RNA release tp’f“d - syncytium neutralizing antibodies
N Anti-genome (+) | 5 3 = = formation during natural
fBz ICAM1 T RNA replication ) 1 ;.:gg:ion infection.
1
Genomic RNA (-) | 3" = Rsorcellutar Small R Participates in cell
) NSINS2 N PMSHG F M2 L SH hydrophobic _— fusion, but no known
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RSV: Treatment
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VAGA VAGA-9001 antigen

Nature Reviews, microbiology, 2023

41



Molecular & Medical

RSV: Treatment & Prophylaxis

Phase | Phase Il

Live attenuated
6120/ans1 (P SPO125 )

; (VADOOOOT)
6120/ANS2 T
6120/F1/G2/ A1313/N314L -
anet . Mv-012968 [
RSV-MinL4.0 | h
IT-RSV-AG
LIDAM2-2
1030s
Chimeric

Particle

V306 VLP

VX121
Subunit
DS-Cavl BARS13

DPX-RSV

VN-0200

Vector

Nucleic acid

MRNA-1345

Immunoprophylaxis

o e —
RSMO1 (P () fprer,

Viral fusion protein inhibitors

Sisunatovir

EDP-938

Nucleoside analogue

Phase Ill

RSVPreF

Market-approved

o S
RSVPreF3 108 (M) fpreFill

o
RSVPreF .“9/\ w\lﬁ) preF,

Ziresovir

G N
M2
- am
o, Palivizumab [P}
Nirsevimab e
F
Ribavirin ‘\

| Target population \; Preferred route of administration
© P Paediatric ; A Aerosol
M Maternal ID Intradermal

O Older adults
| Immunocompromised

IM Intramuscular
IN Intranasal
O Oral

| Target protein
; 5

Fusion
Fll F protein site 1
G Attachment

L L protein
M2-1  M2-1protein
M2-2 M2-2 protein
N N protein

NS1  Non-structural protein 1

NS2  Non-structural protein 2

pol  Polymerase

pref  Pre-fusion

preflll Site Il of the F protein in the pre-fusion state
pref, Site @ of the F protein in the pre-fusion state
SHe  Ectodomain of SH

VAGA VAGA-9001antigen

Abrysvo

Arexvy

mResvia

Description

Respiratorischer Synzytial-Virus-Impfstoff

(rekombinant)

Verwendung ab einem Lebensalter von
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SARS Coronavirus: Episode |

Infectious respiratory disease
(mild to severe illness)
Dangerous to the population

Pangolin natural reservoir
infected over 8,000 people (30 countries)

~800 deaths worldwide
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Number of Deaths
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China 349
Hong Kong 299
Pauline Strickland Taiwan 37
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SARS Coronavirus: Episode |

Cases (cumulative) / Deaths (cumulative)

2003 Probable cases of SARS - Worldwide
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Well, this will never happen again... EVER!
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SARS Coronavirus 2: Episode |l

8 December 2019
Onset of the first recorded case in
Wuhan

28 February 2020

WHO risk assessment increased to
very high on the global level

31 December 2019
First report of 27 cases of pneumonia
with unknown cause in Wuhan, China

11 February 2020

ICTV named virus SARS-CoV-2 and
WHO named disease COVID-19

December

9 January 2020

China announced the identification of
a novel coronavirus as the causative
agent of the pneumonia outbreak

February

March

11 March 2020

WHO defined COVID-19
as a pandemic

13 January 2020
Case of a traveler from

Wuhan was confirmed
in Thailand

20 January 2020
Human-to-human

transmission was [

confirmed

2 October 2020
>34,000,000 cases and
>1,000,000 deaths

October

23 January 2020
Wuhan city was
locked down

29 January 2020
The coronavirus

spread to all 34 30 January 2020
provinces across |— WHO declared a
China PHEIC alert

Nature reviews, microbiology, 2021
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Coronavirus 2: Episode Il
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Age as major risk factor

e

<10 years <50 years >60 years >68 years

T “ Likely Likely
|
COVID-19 cases (percentage of all cases)

Asymptomatic... and mild disease (81%) Critical and deceased (5%)

* ARDS
* Acute cardiac injury
* Multi-organ failure

Incubation period * Fever, fatigue and dry cough
* Ground-glass opacities
* Pneumonia

* Dyspnea
* Coexisting illness
* |CU needed

. AN AN /

~ ~ ~
~5 days ~8 days ~16 days
DO
(1-14) Isease onset (7-14) (12-20)
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SARS Coronavirus 2: Pathophysiology

Organ System Adaptations to COVID19

Inflammation

Neuropathology | Brain
Brain fog

— Inflammation

Lungs
Epithelial cells
Type Il alveolar cells

Rhinitis

Infection E’Iﬁ Sinus
Loss of smell

— Diminished lung function

— Respiratory failure

— Myocardial infarction

— Heart failure

Cirrhosis Liver
Biochemistry]
abnormalities

Heart
Cardiomyocytes

Inflammation

Diarrh
iarrhea :|_ ol

Vomiting Acute kidney injury

Anorexia
Abdominal:l intes Vasculatyre
Pain Endothelial cells

Smooth muscle cells

— Myocarditis

— Arrhythmia
— Immune cell infiltration

— Endothelial dysfunction
— Vascular inflammation

— Endotheliitis

— Hypercoagulability

Mild or symptomatic case

Magnitude

* Rapid IFN response
* Few or no symptoms
* Controlled viral replication

— Virus replication
— Type I/IIl IFEN response

Time

Severe COVID-19

Magnitude

Time

Disease

* Delayed or poor IFN
response

* Increased viral replication

* Potentially fatal disease

* Auto-IFN antibodies

® Mutations in IFN or TLR
signalling genes

* Poor plasmacytoid
DC responses

* Inflammatory monocytes
and neurophils

* Immunothrombosis
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SARS Coronavirus 2: Pathophysiology
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MMV J s SARS Coronavirus 2: Biology

Realm: Riboviria

Spike glycoprotein

Order: Nidovirales trimer (S)

Nucleoprotein (N)
and RNA genome

Family: Coronaviridae Membrane protein

(M)

Subfamily: Orthocoronavirinae

Envelope small membrane protein
pentamer (E)

Genus: Betacoronavirus

Several human pathogens:
SARS-Cov, SARS-Cov-2, HCov-
0OC43, MERS...

Viral Zone, Expasy
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SARS Coronavirus 2: Biology

Spike glycoprotein
trimer (S)

Nucleoprotein (N)
and RNA genome

Membrane protein
(M)

Envelope small membrane protein
pentamer (E)
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SARS Coronavirus 2:

Biology

SARS-CoV-2 Cellular Internalization and Intracellular Processes

A) Cleavage of

SARS-CoV-2
SARS-CoV-2 S protein

ACE2 TMPRSS2

Target cell el

Activation

of S2 domain

Fusion of viral and
host membranes

i

Nature reviews, microbiology, 2020
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SARS Coronavirus 2: Biology

SARS-CoV-2 Cellular Internalization and Intracellular Processes
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SARS Coronavirus 2: Biology
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SARS Coronavirus 2: Biology
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SARS Coronavirus 2:

Distribution
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SARS-CoV-2 Vietnam/CM295/202003
SARS-CoV-2 Italy/CDG1/202002

SARS-CoV-2 USA/NYUMC8/202003

Nobecovirus [

Bat Hp-betacoronavirus Zhejiang2013

Merbecovirus 100

100!

Rousettus bat coronavirus HKU9

Rousettus bat coronavirus GCCDC1

100

100 | Embecovirus |

I

Pipistrellus bat coronavirus HKU5

Tylonycteris bat coronavirus HKU4

MERS-CoV
Human coronavirus HKU1

0.05

100
100

Murine hepatitis virus

Human coronavirus OC43
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SARS Coronavirus 2: Distribution

Intrinsic
transmissibility

Infectious- | Infectivity

Transmissibility

Duration of
infectiousness

Immune escape

Factors favouring
virus shedding

Stages of viral transmission

Survival
outside host

Shedding from
infectious host

Establishment
in anew host

SARS-CoV-2
evolvable traits

Factors favouring
virus survival

|

SARS-CoV-2
evolvable traits

[ Factors favouring SARS-CoV-2
establishment of virus | | evolvable traits

 High viral loads

* Presence at
sites favouring
transmission

* Optimized ACE2 » Ability to survive in e Virion stability

receptor interaction aerosol » Resistance to
» Cleavage of spike temperature,
protein humidity, UV
¢ Immune escape radiation, pH

« Change in tissue
tropism « Environmental « Not influenced by
conditions virus evolution
» Host density

* Optimized ACE2
receptor interaction

« Ease of cell entry

« Optimized cleavage
of spike

« Weakened host
resistance due to
loss of antigen
recognition

* Immune escape

ness / « Infection-promoting  « Change in clinical

o X symptoms (cough, presentation * Weakened host « Not influenced by
Survival 7 sneeze, increased resistance due to virus evolution
Ol;\tcfls?e mucosal secretion) waning immunity

Early
infectiousness

Elements of transmissibility Effects on SARS-CoV-2 epidemiological outcomes

affected by viral evolution
R, R, Generation  Incidence  Prevalence Reinfection Epidemic ~ Burden of
interval of infection  of infection rates growth rate disease
Intrinsic transmissibility v v X v v v X v v
Duration of infectiousness v v b 4 v v v X v v
Early onset of infectiousness X X v v v viIX v v
Immune escape X v X v v v v v

v =Effect X=No effect

Nature reviews, microbiology, 20204



SARS Coronavirus 2: Distribution

Undetected
Hypothesis 1 mdl‘dual .
_/ Detection in a region
with strong surveillance
Sustained undetected circulation )
/! \ .
Hypothesis 2
:*" Spillover circulation Spillback
Spillover event in wildlife into humans Emergence of a
:*: '# VOoC
Hypothesis 3
'-*“ Transmission to the
Chronic infection Treatment rest of the population
_—

&
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Month June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

All-year virus Adenovirus/HBoV

Spring/Fall Rhinovirus

Summer virus Non-rhinovi

Annual Review of Virology, 2020 62
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Pathogen

Influenzavirus

Respiratory Syncitialvirus
HumanesMetapneumovirus
Parainfluenzavirus

Human Rhinovirus
Coronavirus

Adenoviruses

Virus
Orthomyxoviruses
Pneumoviruses
Pneumoviruses
Paramyxoviruses
Picornaviruses
Coronaviruses
Adenoviruses

Genome
ss (-) RNA
ss (-) RNA
ss (-) RNA
ss (-) RNA
ss (+) RNA
ss (+) RNA
ds DNA
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The cast:

Pulp afflictions
“we badass too”
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MMV == Picornaviridae - Human Rhinovirus (HRV)

Family Picornaviridae

Genus Enterovirus

Genotypes | 3 Genotypes

/ * HRV-A (~83 Serotypes)

Serotypes | * HRV-B (~32 Serotypes)
* HRV-C (~ 55 Serotypes)

Genome 7.2 kb; (+)ssRNA; non-enveloped
(icosahedric capsid)

Target cells | Epithel-, Endothel-, Mucosal cell,
Fibroblasts, Lymphocytes, Monocytes /
Macrophages

* Genotype? Genomic differences

* Serotype? Surface antigen

A Non-structural Protei HRV-14
l on-structura ar;ens] 7.21 kb
VP4 VP2 VP3 VP1 2A 2B 2C 3A/3C 3D
I i m—
& R 1kb

~83 Types
Receptors: ICAM-1, LDLR

HRV
150 - 170 Types

HRV-B

~32 Types
Receptors: ICAM-1

HRV-C
~55 Types
Receptor. COHR3
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MMV =~ Picornaviridae - Human Rhinovirus (HRV)

Transmission | Droplet infection / smear infection
Mostly direct transmission
(contaminated hands, fomites)
Dry air inactivates them quickly
Large droplets: stable (half-life 14h)

Incubation 1-4 Days

periode

Epidemiolog | 25-50% of all upper respiratory tract

y infections

Short-range transmission Long-range transmission
* Droplet * Aerosol
* Aerosol ¢ * Indirect contact (fomite)
Y

= Direct (physical) contact

Aerosol
* Indirect contact (fomite)
* .
<1 ym ) . ¥
Aerosol ot a v ‘
P . b )
° . s . E= ==
- . * {
© . . { —
. R B2 . | -~
® g, | |
Droplet @ *so*"® ° e .i : {
1 ® L2 C . 0 e ¥ ¢ f *‘- 1
Aerosol ¢® 2 A *® ! | A |
e ® o 00 ° - - { £
e ta® ® —~— T . f {
9> 0l Ay Fomite _efm ) | "
Droplet ' 0. % 000" - |
>100 pm pe ) o | J RN
— . — \
- B ... o.. o-*
\ & - s - — o 20
b L ¥
.. y.@ . o
. * R
f

Direct contact
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MMV Picornaviridae - Human Rhinovirus (HRV)

Clinic Common cold (e.g. fever, cough, runny nose)
Pathogenesi | Focal desctruction of the epithelium
s *  Strictly localized
* Inflammatory reaction of nasal mocous
membrane
* Vessels become permeable, fluid escapes
* Nasal mucous membrane swells up
* Breathing through the nose restricted
* Often secondary bacterial infection
Diagnosis Not performed
Therapy Symptomatic
Prophylaxis Hygienic measures

Sinus
Infection
(Sinusitis)

Middle
Ear
Infection
(Otitis Media)

Runny Nose
(Rhinitis)

Rhinovirus
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= Picornaviridae - Human Rhinovirus (HRV)

0 @ Binding @ Release
Non-lytic
~ Q)
@ Endocytosis _
Ny Lytic
LDL-R ICAM1 CDHR-3 ! ‘ \ CEL
' 4 @ Replication :

= @ Assembly

¢ @ Uncoating and /‘_L‘{:I—,LL. Virus core \

genome release structure ¢

N

.vicv.f : .
Y @ Translation “ﬁ“; Structural proteins

ViralRNA =
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MMV s Paramyxoviridae

5 4 . s Rubulavirus
Rubulavirus (Mumpsvirus; Parainfluenzaviren Typ 2, 4a, 4b) . Sk
M
Avulavirus (Newcastle-Disease-Virus)
Respirovirus (Parainfluenzaviren Typ 1, 3)
Genus Henipavirus (Nipahvirus)
Morbillivirus (Measles virus) X i
\\ espirovirus
Orthopneumovirus (Respiratory Syncytial virus)
: ] Rubulavirus Niv
Metapneumovirus (Human Metapneumovirus) s
Henipavirus
Genome 15-18kb; (-)ssRNA; enveloped cov
Morbillivirus
e o S2  amewnes  an 551 &7 2262 .
Respiroviius 524 563210 248 555 75 2223 one :I “ ]j Lo u }' £ I:{ fm n . }_| o
o u 70 je88 3 1442 46 332 2B 1980 8 2105 A2 [Tn 2
i _{ . H . H . H = H L H = — S0 e i 520 S‘:l 65 2262
S5 w7 3 188 3 1173 3 2031 3 1804 3 €800 57 lo — — 1
PIVS N Hwer o w fF HH ww f L L s
: 524  S6BM3BSIBR1S  Ma 565 575 228 - 1732 1 1304 18 1370 2 1718 4 1 1.6 13 €810 3
- 1] = T i a ey
SeV N HWVMCH N H 4 H HN H L l— 15334 551 2200999155 362 542 574 2270
.'.‘é we 3 e 3 1"ie 3 w20 3 1880 3 ce00 2‘. HPIVAA o N H vel H M H F H HN H L }_B 17082
515 BORGT 06 53 530 72 2293 = 1903 7 156 8 1552 26 2154 7 25%0 183 7065 >
wva —{ W Heoe | m H F H w H L |- 1se Avlevirus =
55 1646 3 2013 3 1155 3 1851 3 188 8 6705 “ N L SRNIES L St = L s J
nov —{ H e K m K F K v | L — 1518
5 1745 2 1451 1 241 1 17@ 31 2002 &7 6702 114
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Paramyxoviridae: Parainfluenza virus

No. of Children

18

16

14

12

10

Family

Paramyxoviridae

Genus

Respirovirus (Serotype 1 und 3) and Rubulavirus (Serotype 2 und 4)

Epidemiology

5-30% all acute respiratory infections, causes upper and lower
respiratory illness

Transmission

Droplet infection

Target cells

Epithelial cells

BIALd0 BNSely o HPIV-1 and HPIV-2: the main causes of
laryngotracheobronchitis in young
children

* HPIV-3: causes bronchiolitis and
pneumonia and affects mainly infants

* HPIV-4: likely to cause mild
progressions.

Month of Enroliment
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Paramyxoviridae: Parainfluenza virus

Pathogenesis

* Infection of the mucous membranes of the
nasopharynx

* it can spread to the entire tracheobronchial space.

* Aninfection generally triggers inflammation and
releases cytokines such as interferon-gamma and
TNF-alpha.

* In small children, the build-up of mucus can lead to
an obstruction of the airways

Incubation 2-4 days
periode
Klinik *  One of the major causes of lower respiratory tract
infections in young childern
* Respiratory problems in children (rhinitis, cough,
fever, laryngitis, tonsillitis and pseudocroup (HPIV-
1), more rarely as pneumonia)
* Bacterial superinfections are common
* Re-infection possible, usually leads to mild
illnesses
Diagnosis Mostly clinically
Direct detection possible
Therapy Symptomatic, severe courses Ribavirin
Prophylaxis Hygienic measures
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Paramyxoviridae: Parainfluenza virus

" Virology
_ Sialic acid-containing
HN tetramer w
F protein
Matrix protein (shown as a trimer)
(M) 1 75 Transcription
- / of MRNA
Lipid
bilayer
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Thank you for
your attention

Molecular & Medical

Virology
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Virology

What Is viral tropism

. Capability of an infectious virus to infect:

Connective tissue

Muscle tissue

-

n_

D

Nervous tissue
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https://www.sciencedirect.com/topics/medicine-and-dentistry/virus-infectivity
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