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Leading causes of death globally

2000 2019

1. Ischaemic heart disease

2. Stroke

3. Chronic obstructive pulmonary disease

4. Lower respiratory infections
O
5. Neonatal conditions

L O

6. Trachea, bronchus, lung cancers

7. Alzheimer’s disease and other dementias

8. Diarrhoeal diseases
——
9, Diabetes mellitus

10. Kidney diseases

0 2 4 6 8
Number of deaths (in millions)

Noncommunicable @ Communicable . Injuries

Source: WHO Global Health Estimates,

10

Global burden of infections

Mortality

(year)
Influenza ~5 Mio ~650.000
HIV 39 Mio ~630.000
Diarrhoeal disease 1.7 Billion 1.6 Mio
(Rota, Adeno....)
Hepatitis B 296 Mio 820.000
Hepatitis C 58 Mio 290.000

World Health Organization (WHO)
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Hygiene etc.

Hygiene gegen Viren

,;‘ Hande regelméaRig
= mit Seife waschen.

¢ Hande vom Gesicht
m fernhalten.
In den Armel husten.
Gesicht von anderen
Personen abwenden.
RegelmaBig liften.
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Active - modified form of the pathogen —induction of immune response
- Long term protection after latency (duration variable)

Passive — immune products (antibodies or immune cells)
- Short term protection (several weeks to 2-3 months)



m\b e e Passive vaccination
Maternal passive immunity RSV vaccination

Natural

L - Der werdenden Mutter ‘
wird eine Impfung z.B.

gegen das Respiratorische

Melemal Synzytial-Virus (RSV) verabreicht.

antibodies

Emergency/preventive measure:

RSV: Prophylaxis with nirsevimab in high-risk groups

Simultaneous vaccination (active + passive) following acute exposure:
Rabies virus; Hepatitis A/B; Tetanus
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Pathogen
attenuated o I Weeks I I Years I
— Antigenic .
\Determinant Antibody
and
effector
Memory Cells Tcells
il b \
O
00
A~ Adjuvant
(@)

Long-term immunity

_

Pathogen derrived antigens to mobilize host immune system to protect against viral
infection or disease (protective immunity).

Establishment of an immune memory (long lived B/T memory cells)
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Individual protection:
Individuals can no longer become (severely) ill
Prevention only possible by individual protection (e.g. FSME; tetanus)




WV) it Smallpox

, Edward Jenner 1796

Variola virus (DNA virus)

Mortality rate: >30%, >80% in infants

300 million deaths during 20t century (eradicated 1980)

* Monkeypox Vaccine



Number of Countries Reporting Cases

Vaccination campaigns
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DER EINFLUSS VON IMPFUNGEN WELTWEIT, 1974-2024

Anzahl geretteter Kinderleben durch Impfungen

Haemophilus
influenzae
Typ B
2.845.000

Hl Japanische
Enzephalitis
29.000

Pertussis
Masern

Polio
1.570.000

03.712.000 |Tetanus

Rotavirus
396.000

. Roteln
286.000

Diphtherie l
357.000
Hepatitis B Tuberkulose Streptokokken
464.000 10.874.000 1.628.000
Meningokokken Gelbfieber: 554.000
2.000

ROBERT KOCH INSTITUT

Quelle: 2024 The Lancet: https://doi.org/10.1016/S0140-6736(24)00850-X | Grafik: infotext-berlin.de a
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Immunization schedule (STIKO)

£ impfen-info.de

Impfkalender 2023 — Welche Impfungen sind empfohlen? 7A Wi

Empfehlungen der Standigen Impfkommission (STIKO), Stand September 2023

Y S&uglinge und Kleinkinder
(3] (2-23 Monate)

suocren ] 2 B 5 ¢ B s B o B 2 f isae | s B eas]

Rotaviren > “ m

4 Kinder und Jugendliche 8 Erwachsene
'R (2-17 Jahre) * (ab 18 Jahre)

3-fach-Impfung
H MMR
+Windpocken

e

f i fir alle nach
Impfschutz, ohne Impfung oder nur einer Impfung in der Kindheit

@ Impfung mil sogenanntem Pneumokokken-Kenjugatimpfstoff (PCV20}

h zweimalige Impiung mit dem Totimpistoff im Abstand von mindesiens 2 und
maximal 6 Monaten

Aktuelle Informationen zur
Corona-Schutzimpfung

fo|
=

i ir i i und G2
sowie G2 und ATy T i i
] Wiederhslte Auffrischimpfung mit Mindestabstand van 12 Monaten zum latzten flnder! Sie auf unserer Seite
im Herbst & Monaten mit chronischen infektionsschutz.de

Tetanus > “
G1° G3°
Diphtherie > &
2 z z
Keuchhusten (pertussis) > 2 2 3
Hib (Haemophilus influenzae Typ b) > __'= __'= __é “
] ] ]
& & &
Kinderlshmung (Poliomeyeiitis) > © ® ° “
Hepatitis B > “
Pneumokokken > “
Meningokokken C > m
Windpocken (varizellen) > “
HPV (Humane Papillomyiren) >
Gilirtelrose (Herpes Zoster) >
Grippe (influenza) >
COVID-19 >
" a die 1. Impfung méglichst ab dem After von 6 Wochen, j& nach Impfstoff 2 brw.
J bei Fritherkennungst ing Jugendliche (62/63) mit einem von 4 Wochen
P q b Fiiihgeborene erhallen eine zusétzliche Impfung im Aller von 3 Monaten
v bei Friiher Ing Kinder (insgesamt 4 [mpfungen)
" i © Mindestabetand zur vorangegangenen Impfung: 6 Monate
o g (bei 1 Impfschutz) & s (o Al e e L etz (e et o L
- i Alter von 9 bis 14 Jahren; bei Nachholen der Impfung beginnend im Alter
(23 Auffrischimpfung =15 Jahre oder bei einem von weniger als 5 Monaten
) . X X " beiden Impfungen st eine dritte Impfung erforderlich
@D Grundimmunisierung (bis zu vier Teilimpfungen G1-G4) e einmalige Auffrischung: mblichst mit der nachsten

Tetanus/Diphtherie/gof. Poliomyelitis

@D standardimpfung

* Impfungen konnen auf mehrere Impftermine verteilt werden. MMR und Wind-
| e &

Memory depends on vaccine recipient (age etc.), antigen, booster etc.

- Vaccine-dependent administration schedules
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PROTEIN-BASED
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Callaway Nature 2020



mv o Molecular & Medical
j Virology

VaccineA \
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Types of vaccines

PROTEIN-BASED
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Callaway Nature 2020
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Weakened virus

Vaccine
LUT
A, 'y
[ - or
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Attenuated virus
* Attenuated viable pathogens

* "Physiological" stimulation of the immune
system (long lasting protection)

* Limited use in certain patient groups
(immunosuppressed patients)
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Mumps, measles, rubella and chickenpox:

* 3(4)-dose combination vaccine (MMR(V)).

e Attenuated viruses from human cells or embryonic chicken cells

* Contraindications: Immunodeficiency/pregnancy/chicken protein allergy.

SR Y 3%
BaE0

Rotavirus

I_’
= =

G1P[8]

e Attenuated virus from Vero cells human rotavirus Vero cells
* STIKO recommendation for infants ‘
* Qral vaccination
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Strain Mahoney 1

24 passagos

R
43 passages,
monkey kidney cells

|

Strain LS-C
Now non-neurotropic

!
-

T —

5 passages,
monkey kidney cells

|

~ e ~
) = & \
§>\:,;/cﬁ
S ——

3 plaque purifications

|

Sabin Type 1

Strain P712

4 plaque purifications

1 passage

|

P712Ch

purifications

|

Sabin Type 2

3 plaque

Poliovirus

Strain Leon Il

8 passages,
monkey kidney cells

|

Leon (Sabin)
“ )

—

34 passages
monkey kidney cells

Leon LK34

3 plaque purifications

|

Sabin Type 3

P1/Sabin

P2/Sabin

P3/Sabin

Mutation

5’-UTR nt 480
VP1aa 1106
VP1aa 1134
VP3 aa 3225

VP4 aa 4065
5’-UTR nt 481

VP1aa1143
5-UTR nt 472
VP3 aa 3091




m\b Oral poliovirus vaccine
- Virology

» \ ==
@ s geSSChau Sendung verpasst? (p)

Virus Startseite » Wissen » Gesundheit » Abwassermonitoring: Polio-Viren in Klarwerken nachgewiesen

Al

<
R

Abwassermonitoring

Polio-Viren in Klarwerken nachgewiesen

Vaccine-induced polio if vaccine strains revert (1 in 2.7 million)
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Polio

Inactivated
vaccine

v

S
o
\

Oral
vaccine

]
o
|

o
|

»
Reported cases
per 100,000 population
W
o
|

0 B B B B
1940 1950 1960 1970 | 980 1990

Oral polio vaccines (Sabin) Inactivated poliovirus vaccine (Salk)
e Attenuated poliovirus types 1, (2) and 3 * Injection, routinely used
e Better immune response * |Inactivation with formaldehyde

* Lower cost, easier to use * Not STIKO recommended
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Disease

Measles, Mumps, Rubella
(MMR)

Chickenpox (Varicella)

Yellow fever

Typhoid

Rotavirus

Polio (formerly)

Live vaccines

Vaccine type

Live vaccine (combination)

Live vaccine
Live vaccine
Live vaccine
Live vaccine

Live vaccine

Administration

Injection

Injection

Injection

Oral vaccine

Oral vaccine

Oral vaccine
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Weakened virus

Vaccine
LUT
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Attenuated virus
* Attenuated viable pathogens

* "Physiological" stimulation of the immune
system (long lasting protection)

* Limited use in certain patient groups
(immunosuppressed patients)

ar

Inactivated virus

LU,
&,

1Y

[- ¥
-

Inactivated virus

* Chemical inactivation = No danger of
infection

e Basic immunization with 2-3 injections

e Adjuvants

 Examples: HAV; Rabies, Polio, Influenza
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NA (neuraminidase)

Antigen drift

HA (haemagglutinin)

* |nactivated virus

Influenza

\‘f@d@" World Health
AR uOrganlzatlon

Recommended composition of influenza virus
vaccines for use in the 2019-2020 northern
hemisphere influenza season

21 February 2019 (updated on 21 March 2019)

It is recommended that egg based quadrivalent vaccines for use in the 2019-2020
northern hemisphere influenza season contain the following:

an A/Brisbane/02/2018 (H1N1)pdm08-like virus;

an A/Kansas/14/2017 (H3N2)-like virus; *

a B/Colorado/06/2017-like virus (B/Victoria/2/87 lineage); and
a B/Phuket/3073/2013-like virus (B/Yamagata/16/88 lineage).

SEASONAL FLU VACCINE EFFECTIVENESS

°'m ] I N I
S AR Y- Y T S R I G SR T Sy

o o ~ ~
L S S S L A R SR A LAl ST R ,:31

RCENT EFFECTIVE
Now @ o
S o [==ar=1

PE

FLU SEASON

estimates from the U.S. Flu VE Network

* Envelope proteins continuously change (Antigen Drift)

- Annual adaptation to circulating virus types (variable protection)
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Vaccine types
'NUCLEIC AciD [T VIRAL VECTO
......... E -\’A: b Y'
{ - :4, \c 5 A :
o \ N PROTEIN-BASED
RE2Y O ...... 1
o » ) &
- & [
(1 i L\ \ | / A A
LT Antigen-
:j g \'9 presenting o I
N \ cell . -
41 3 \\,
~ - 1)
Vaccine \ \-) p ‘-
i 3% \ p— y & /
‘ Coronavirus
+ peptide
Immune response
Callaway Nature 2020
Subunit vaccines
°
°

Recombinant or purified protein vaccines (No virus cultivation)
No live components = no risk of the vaccine triggering disease
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Hepatitis B Virus Virion Incomplets particles

Viral DNA

/ Core

15-25 nm

T~HBsAg
42 nm 20 X 20-200 nm

HBsAg produced in yeast =2 Assembly into empty particles (VLP)

Human papillomaviruses (HPV)

e Capsid of four papillomavirus types
- empty HPV viral envelopes o i

== Vaccinated at 17-30 yr of age

=== Vaccinated <17 yr of age

e Cancer prevention (cervical cancer)

Cancer

Cumulative Incidence of Cervical
per 100,000 Persons

. f T T T T
18 20 2 24 26 28 30
Age at Follow-up (yr)
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Vaccine types
'NUCLEIC ACID Rl VIRAL VECTOR
.... I\ A
P N3 Je
” ‘i SN PROTEIN-BASED
k‘ )A O ...... 1
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- \ 7 |
o ‘j{ Antigen- |
~§ £, presenting 1 r,}
3 ~ I ~ #
2 1"\\ \ N\ ” / £, "
\* = 1)
Vaccine \ » P
XX \ p— = &, /
‘ Coronavirus
* peptide
Immune response
Callaway Nature 2020
Vector vaccines:
[ ]
[ ]

Recombinant carrier virus encoding for antigen(s) of the target pathogen
Replicating and non-replicating
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I Coronavirus
spike peptide

1

\_* et

i - -
'l i »
' T e = J, Immune

SMLL, / e -"\‘ —
Ea g response
BT S &
LT LTI | TP
SE - ()
.-—F‘J i " :.\-'_‘r\,t i .':
.F-‘ "\-:

’ | Adenovirus

5 B spike-Protein i 3

L ]
DNA

 Ad26.COV2.S (Johnson&Johnson)
e Vaxzevria (Astra Zeneca)
* Sputnik V (Russia)

* Adenoviruses with SARS-CoV2 spike (not replication-competent)

e Strong immune response (cellular + humoral).
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Zaire Ebola virus VsV rVSV-ZEBOV
N Antibody
12, W & 3%
e - = Section { o 1 : r {:v{:-) *):f
%+ RNA - _ coding for GP - : g +  Vaccine Y WA
3 A 5 S i - X - injection -5::,";_&‘-& *::15:3”:.(
rS| DISL == xss
b 2 ' y A e
E ) 3 . ~ AR
. - 4 - F A
) 'l L
“y gt ® RNA removed
rVSV-ZEBOV

* Pseudotyped VSV (common laboratory virus)
* Recombinant, replication-competent vaccine
* Approved in 2019 (highly effective (70-100%))
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Gene-based vaccines:

Callaway Nature 2020

Genetic information for target antigens of the pathogens (DNA/mRNA)
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Lipid nanoparticle

- S

Phzer ioNTech CQ‘/”?ﬂ
AioNTedt )
‘ri‘e;'uram"""ul";.';l;“wm" s

i

i
<
) use under Emergency U5?

DLUTE BEFORE USE.
3\5::"1 6 hours after d‘o“ﬂ"‘

]
3
>
w
o
w
N
N
| lion date and time:

-\' = ‘

Cholesterol lonizable lipid

*Lipid attached to polyethylene glycol

BNT162b2 (Biontech) and mRNA-1273 (Moderna)

* modRNA-based SARS-CoV-2 vaccine (Spike Glycoproteins).

Presenting Immune
COVID-19 spike protein 5 response
Q ‘? p Spike fragment g
oy e { HELPER ¥____J
o S Spike T-GELL g
o N gene /fi
d &Y (\"ﬂgﬁl\ctwaﬁng
Lo the B cell
ipi
coating
RNA Digesting
spike

RNA proteins |
vaccine

Dsbris from
dead cell

BODY
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£ : RSV-Related Lower Respiratory Tract Disease
f Prefusion ) 1.0+
; F protein i
7 09 :
¢ g N — Vaccine Efficacy, 82.6%
: ¥ eutralizing v 166 - €7G_0,
.8 - S ,57.9-94
{ RSV prefusion F protein- Prefusion Antibody < 0.8 L {96.95% Cl, 57.9 1)
encoded mRNAin F tei < 7
“ Moderna proprietary LNP protein V:/ 4 3 %71
: O = 4 £ 2
g = 8 .8 0.6
J ‘C
; b 1
: o Placebo
Ribosome .E 0.4 (40/12,494)
) Cell g 03
i B membrane 3
: VU 024
3 RSVPreF3 OA
0.1 (7/12,466)

Endoplasmic sils i
Reticulum [ T ( :
il Nucleus Months since 15 Days after Injection

Papi et al. 2023
» Respiratory syncytial virus (RSV)

* FDA approved mRNA vaccine based on prefusion form of F (Key antigen) on
May 03, 2023 for people +60

e First attempts since 1966 (formalin-inactivated vaccine)
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Prophylactic vaccines

Encoded

mRNA(s) Gehrln\;ine

Zika VLP

Ribosome

Protein chain(s)



Types of vaccines

A Licensed for use A Licensed for use
Vaceine type PAMP Examples Adjuvant Booster Vaccine type PAMP Examples Adjuvant Booster
(route if not IM/ID) (route if not IM/1D)
Live attenuated Endogencus Measles Mone Yeas Virus like particles Incorporated® HPV Guardasil 9 Alum Yes
SEAMAE MEps e HPV Garvarix ASO4  Yes
AT Rubella Mone Yas
fﬁ Rotavirus (cral) MNone Yes
Yellow Fevear Mone Mo
Chicken pox Mone Yasg
Polic Sabin (oral) MNone Yes Toxald Mane Diphtharia Alurm Yas
Live zoster Mone Ma Tetanus Alum Yes
BCG Mone Mo
Influenza Mone Annual
(nasal: Flulist)
Killed Intrinsic Whals cell pertussis  None Yas Recombinant None Hep A Havrix Alum ves
Polio Salk Nons Yos gubunit Hep A Vaqta Alum Yes
Hep B Engerix-B Alum Yes
;rr\Nj Hep B Recombivax Alum Yas
HepA/Hep B Twinrix  Alum Yas
1 r Hep B Heplisav-B CpG Yes
Iral Acellular partussis Alurm Yes
Split Intrinsic Seaszonal influenza None Annual F etat Sl ASO1B Yos
Fluad for > 65 yr. MF52 Annual )
e Influenza Flublock Mone Annual
xJ 5-'_’-\- Conjugate Nana MenB Bexsero Alum Yas
MenB Trumenba Alum Yes
Frneumococcal Alum Yes
Prevnar 13
HiB Alum Yes
Polysaccharide Nong Prneumococcal Mone Yas
polysaccharide
L a ¥ PPSV23




https://individuelle-
impfentscheidung.de/standp
unkte/podcasts.html
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Pneumokokken

FSME

* Vaccines for approximately 30 pathogens available
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linked di . li d In 2000-17, HIV/AIDS received six times more funding than tuberculosis, according
wastin to disease vaccine was license to a 2020 study in The Lancet Global Health. The study examined grants made for
TthOid | | infectious-disease research from public and philanthropic funders in G20 countries.
[ ] L ]
fever Top 10 infectious diseases tracked by funding
Meningitis ®
HIV/AIDS
Whooping
cough ® ot Tuberculosis
Polio ™ ® Malaria
Mum Poor vaccine o o New vaccine Influenza
L ] L ]
ps developed development started
Pneumonia
Measles e e
Hepatitis C
e The OECD estimates research
Hepatitis B b ® Human papilloma virus spending on COVID-19, which
postdates The Lancet Global
Ebola ® ™ Staphylococcus spp. Health study, at US$7 billion
for the 9 months to
SARS- ! Streptococous spp. September 2020.
CoV-2
T T T T T T T T Dengue
1880 1800 1920 1940 1960 1980 2000 2020

10 20 30 40 50
Funding (US$ billions), 200017
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Requirements of an effective vaccine:

* Vaccinated individual must be protected against disease caused by a virulent form
of the specific pathogen

* Just getting ‘a response’ is not enough (e.g. producing antibodies)

* Safety: no disease, minimal side effects

* Protection must be long-lasting

* Genetic stability

* Ideally: Low cost, easy to store/deliver (oral vs. needle)

Traditional development

¢

v Ol
7 _ . / ) "’ Clinical trials O 4“
S S (5-7 years total) ]

Design and Process development lNP I BL,A Regulatory Large-scale
exploratory preclinical, submitted P m submitted review by FDA, production
preclinical studies toxicology studies Phase | EMA etc. and distribution

(years) (2-4 years) (1-2 years) (2 years) (2-3 years) (1-2 years)
15 years
or longer
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Ebola ' (2014)
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Vaccine development - Challenges

Vaccine Effectiveness
95-100%

88%

>90%

97%

40% (10-60%)

GORrWON -

HIV Vaccine trials

Vaccine Trial

VAX 004: AIDSVAX B/B in alum, US,
discordant couples, age 18-60

VAX 003: AIDSVAX B/E in alum,
Thailand, IVDU, age 20-60

HVTN 504 (STEP): US, MSM, age 18-45

HVTN 503 (Phambili): RSA, heterosexual, age
18-35

RV144: ALVAC vCP1521-AIDSVAX BIE,
Thailand, community-based, age 18-30

HVTN 505: US, MSM, TGSM, age 18-50

HVTN 702 (P5): ALVAC vCP2438 — bivalent
clade C gp120, RSA, heterosexual, age 18-35

HVTN 705/HPX2008, 4 mosaic sequences —
clade C gp140, Sub-Saharan African women,
age 18-35

2010 - | 2014- | 2018 -
013 2017 2021

Roblnson 2018

Rausch et al. 2020

High antigenic variability (e.g. HIV, HCV)

LATEST NEWS

Janssen and Global Partners to
Discontinue Phase 3 Mosaico HIV
Vaccine Clinical Trial

Independent, scheduled review of Phase 3 Mosaico study finds
investigational vaccine regimen lacks efficacy in preventing HIV
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Correlates of protection

TABLE 2. Quantitative correlates and surrogates of protection after vaccination

Vaccine Test Level required
Anthrax Toxin neutralization 1,000 TU/ml
Diphtheria Toxin neutralization 0.01-0.1 TU/ml
Hepatitis A ELISA 10 mIU/ml
Hepatitis B ELISA 10 mIU/ml
Hib polysaccharides ELISA 1 pg/ml
Hib conjugate ELISA 0.15 pg/ml
Human papillomavirus ELISA ND?
Influenza HAI 1/40 dilution
Japanese encephalitis Neutralization 1/10 dilution
Lyme disease ELISA 1,100 EIA U/ml
Measles Microneutralization 120 mIU/ml
Meningococcal Bactericidal 1/4 (human complement)
Mumps Neutralization? ND
Pertussis ELISA (toxin) 5 units
Pneumococcus ELISA; opsonophagocytosis 0.20-0.35 pg/ml (for children); 1/8 dilution
Polio Neutralization 1/4-1/8 dilution
Rabies Neutralization 0.5 TU/ml
Rotavirus Serum IgA ND
Rubella Immunoprecipitation 10-15 mIU/ml
Tetanus Toxin neutralization 0.1 IU/ml
Smallpox Neutralization 1/20
Tick-borne encephalitis ELISA 125 TU/ml
Tuberculosis Interferon ND
Varicella FAMA gp ELISA =1/64 dilution; =5 TU/ml
Yellow fever Neutralization 1/5
Zoster CD4™ cell; lymphoproliferation ND

“ Also see the text.
? ND, not defined.

Immune response must be of adequate strength and quality for efficient protection
Measurable signs that a person (or other potential host) is immune (i.e. antibodies)

Without knowing the correlates of immunity, one cannot know exactly what sort of
immune response a vaccine would need to stimulate (= only P3 studies possible)
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randomized clinical trial

3 Incidence Rate
& 35 (95% Cl) Placebo
§ 30 per 1000 person-yr
3 7 Placebo 79.7 (70.5-89.9)
£ 25 mMRNA-1273 56 (34-83)
2 20/
=
3 15
Population is splitinto 2 Outcomes for both o
groups by random lot groups are measured _“>’ 1.0
=
[}
2 054y mRNA-1273
: . JLLLLLLARLLLY
O 00-

CONTROL

0O 10 20 30 40 50 60 70 80 90 100 110 120

Days since Randomization

mRNA-1273 Vaccine Placebo

N=14,550 N=14,598
100 g of Symptomatic Covid-19 11 185
mRNA-1273 Placebo Severe Covid-19 0 30
28 days apart

Vaccine efficacy of 94.1% (95% Cl, 89.3-96.8%; P<0.001)

| IXIXI XXX

XX XX KX X CONCLUSIONS

§ § § § § § § Two doses of a SARS-CoV-2 mRNA-based vaccine

X were safe and provided 94% efficacy against symp-

LA . . P

tomatic Covid-19 in persons 18 or older.

Vaccine efficacy is generally reported as a relative risk reduction (RRR)
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Diagram of an HCV vaccine efficacy CHIM
Step 1 Step 2 Step 3 Step 4
Recruit volunteers and Later, infect all volunteers Monitor and gather data, See if the group that

randomly assign them to with a specific volume of provide DAA treatment at 6 received the real vaccine
placebo and vaccine groups HCV months or earlier was better protected

Total timeline: <1-2 years
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Hygiene etc.

Hygiene gegen Viren

,;‘ Hande regelméaRig
= mit Seife waschen.

¢ Hande vom Gesicht
m fernhalten.
In den Armel husten.
Gesicht von anderen
Personen abwenden.
RegelmaBig liften.
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Vaccines can prevent viral diseases. BUT: only modest or no therapeutic
effect if a person is already infected.

Antivirals are drugs to treat people who have already been infected by a
Vvirus.

HOWEVER, antiviral substances only inhibit the reproduction of a virus. 2
virostatic, not virucidal (killing).

- Host immune response remains essential.
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B Hiv- B Polymerase
[ Hev [] Protease
B HBV [ Integrase
[l HsV, HCMV Il NS5A

B Influenza [] other virus
[] other [ Host

* Small molecule inhibitors for viral / host proteins to perturb essential steps of
the viral live cycle

* Frequent targets are viral polymerases and proteases

* Unlike bacteria, there are no broad-spectrum antivirals
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Targets for antiviral drugs

Medikamentdse Angriffspunkte im viralen Replikationszyklus

1. Bindung an
die Wirtszelle

7.Freisetzung

w —— (D

v o N
5. Bildung RNA / DNA L}
Translation 6. Reifung H) @
Assembly
2.Eindringen o ff . e H)
in die Zelle TR — W

3. Uncoating 4. Virale RNA
oder DNA

J

© PharmaWiki | www.pharmawiki.ch

Docking, entry into the host cell

Viral enzymes (e.g. reverse transcriptase, DNA/RNA polymerases, integrase)

Maturation/assembly
Release of viral particles
(inhibition of cellular proteins)
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Entry Inhibitor - HDV
* Myrcludex: blocks the entry receptor (sodium/bile acid cotransporter (NTCP))

Attachment-/ Fusion-Inhibitor - HIV
* Fostemsavir, Ibalizumab (mAb): Block virus attachment

e Enfuvirtid: Block virus fusion omoate gt Ny oy S g
I“l. (illz:‘vl_i.:‘J.:.;:;na‘L;,f.hJ J."'L r:";;_[".':’,["’ "(':}'.A’J;;'EI"J\E'NI:E.{'I”:A“’L: “".’[' .“JIN:::f.l.,x:ij\.‘:[a::\.,I.I.ii;q‘:tq!m

Release-Inhibitor - Influenza
* lon channel inhibitor = Inhibits the release of the viral genome
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Targets for antiviral drugs

Medikamentdse Angriffspunkte im viralen Replikationszyklus

1. Bindung an
die Wirtszelle

7.Freisetzung

w —— (D

v o N
5. Bildung RNA / DNA L}
Translation 6. Reifung H) @
Assembly
2.Eindringen o ff . e H)
in die Zelle TR — W

3. Uncoating 4. Virale RNA
oder DNA

J
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Docking, entry into the host cell

Viral enzymes (e.g. reverse transcriptase, DNA/RNA polymerases, integrase)

Maturation/assembly
Release of viral particles
(inhibition of cellular proteins)
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=A G, ToderC

Triph‘(')sphat Desoxyribose Nukléinbase

Nukleosid

Nukleotid (Desoxyriboanleosidtriphosphat (dNTP))

* Polymerases need free 3’-hydroxy end to synthesize complementary strand
* Nucleoside/nucleotide analogues chain termination

* Danger: cytotoxicity

* Activation: production of triphosphate by cellular enzymes (prodrug)

e Aciclovir (HSV)
* Ganciclovir (CMV)
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Empfohlene Erstlinientherapie der deutsch-dsterreichischen HIV-Fachgesell-
schaft zur Behandlung der HIV-Infektion bei Erwachsenen*'

thumb
; Kombinationspartner || Kombinatonspartner2 |
p6 »: ) RNase H 1 n 2

N(RTI + NNRTI
Nukleosid-/Nukleotidkombinationen — Efavirenz*
~ Tenofovir/Emiricitabin — Nevirapin*?
— Abacavir®/Lamivudin

polymerase
active site

Proteasehemmer**

— Atazanavir/r

- Darunavir/r

- Fosamprenavir/r

~ Lopinavir/r

- Saquinavir/r
(Alternative, BII)

NNRTI binding

site
Integrasehemmer

NNRTI - Raltegravir

* Binding to outside the active site (e.g. reverse transcriptase (HIV)).
* No incorporation during nucleic acid synthesis

- Allosteric inhibition by blocking RT structure
* Non-competitive inhibitors

e Combination with NRTI in HIV
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* Inhibition of integration of HIV DNA into the genomic DNA of the host cell
* Often rapid and effective reduction of viral load
* High resistance barrier

e Current ART guidelines primarily recommend integrase inhibitors in initial
therapy
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Targets for antiviral drugs

Medikamentdse Angriffspunkte im viralen Replikationszyklus

1. Bindung an
die Wirtszelle

7.Freisetzung

w —— (D

v o N
5. Bildung RNA / DNA L}
Translation 6. Reifung H) @
Assembly
2.Eindringen o ff . e H)
in die Zelle TR — W

3. Uncoating 4. Virale RNA
oder DNA

J
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Docking, entry into the host cell

Viral enzymes (e.g. reverse transcriptase, DNA/RNA polymerases, integrase)

Maturation/assembly
Release of viral particles
(inhibition of cellular proteins)
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HCV RNA
9600 nt bases
0 5 Gene encoding precursor polyprotein . L;
Assembly " Proteolytische |
Structural proteins Nonstructqral proteins und Freisetzung W« | Prozessierung |
N I ‘ Von Gag
/

«l 00 (] %M]/]

[

S,

p22 gp35 gp70 p7  p23  p70 p8  p27 p56/58 p68 ” 8 ¥ O ‘
N \\@ PR-Inhibitoren

J
C fact
Envelopf! Proleases 0 ors ANA polymerase = -
glycoproteins . RNA helicase ot Stabiles Kapsid metastabiles Kapsid
Sl protein

* Virus-derived proteases cut polypeptide precursors into mature enzymes and
structural proteins = Essential during viral live cycle

* Binding in the active site (peptide-like structure)

* Eample: HIV, HCV and SARS-CoV-2 (Paxlovid)
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Targets for antiviral drugs

Medikamentdse Angriffspunkte im viralen Replikationszyklus

1. Bindung an
die Wirtszelle

7.Freisetzung

w —— (D

v o N
5. Bildung RNA / DNA L}
Translation 6. Reifung H) @
Assembly
2.Eindringen o ff . e H)
in die Zelle TR — W

3. Uncoating 4. Virale RNA
oder DNA

J

© PharmaWiki | www.pharmawiki.ch

Docking, penetration into the host cell

Viral enzymes (e.g. reverse transcriptase, DNA/RNA polymerases, integrase)

Maturation/assembly
Release of viral particles
(inhibition of cellular proteins)
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Oberflachenproteine
Hamagglutinin
Neuraminidase
Neuraminidase
|6st Viren von der
Wirtszelle

Oseltamivir
Zanamivir

¥

Hamagglutinin bindet an
Sialinsaure auf der Wirtszelle

Neuraminidase spaltet Viren verkleben mit
Sl ot der Zelle und
miteinander

Neuraminidase inhibitors block the release of influenza viruses (oseltamivir;
zanamivir).

Prophylaxis in high-risk patients = Alleviation of symptoms, shortening of illness
duration and reduction of complications
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Targets for antiviral drugs

Medikamentdse Angriffspunkte im viralen Replikationszyklus

1. Bindung an
die Wirtszelle

7.Freisetzung

W —— (@@

1 0 N
5. Bildung RNA / DNA L}
Translation 6. Reifung ‘ @
Assembly
2.Eindringen o ff . el l'
in die Zelle R — W

3. Uncoating 4. Virale RNA
oder DNA

J

© PharmaWiki | www.pharmawiki.ch

Docking, entry into the host cell

Viral enzymes (e.g. reverse transcriptase, DNA/RNA polymerases, integrase)

Maturation/assembly
Release of viral particles
(inhibition of cellular proteins)



IM\_I) o s Host-targeting agents

0gy

gp120 7
. variable
77 loops™

”; - ‘D 4 ‘ t
- , ,9 = CCRs J-:-*"Hgmzo ;
~ R = e 1 4

| )
§ \‘ | gp41

¢ “““ CXCR4
o Cell

e Maraviroc - HIV entry inhibitor
* Inhibition of fusion by inhibition of the coreceptor CCR5
* Use only with CCR5-tropic HIV-1 (not CXCR4-tropic)

* Combination therapy
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45

40
g 35 — HIV-1 HIV-1 drugs
_g HCv (n=41)
5 304 — HSV
o —— Influenza HSV drugs HCV drugs
© 254 —— HBV (n=10) n=18

( )

o — VZV
© 20 —— HCMV
G RSV HBV drugs
g 15+ —— HPV (n=8)
E 104
=

Influenza drugs

5
— % (n=9)

0 T T T T T T T T \ T T T
1959 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2018

Discovery of Discovery of Discovery of Discovery of
HBV (1963) HPV (1965) HIV-1 (1983) HCV (1989)
Idoxuridine

(1963)

* Only ~120 approved antiviral drugs since 1959
*  Most against HIV, HCV, herpesviruses - Persistent infections

e Current antiviral agents do not eliminate non-replicating or latent virus
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Compounds interfering with virus growth can adversely affect the host cell
* Side effects are common (unacceptable)

* Every step in viral life cycle engages host functions (selectivity)

Plus strand
% DNA synthesis

transcription

Nucleocapsid
formation

Some medically important viruses can’t be propagated, have no animal model, or
are dangerous

s HBV, HPV
e Ebola, Lassa
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Compounds must be highly potent
e Partial inhibition is not acceptable - resistant mutants will arise
* Most compounds are virostatic, there are no antiviral drugs which are a virucide

Median viral load

Acute
e Rhinovirus
/'\ e Rotavirus
. s |Influenza virus

Many acute infections are of short duration

* By the time the patient feels ill, it is too late to impact clinical disease
e Lack of rapid diagnostics
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-+ Examples of
screening'compounds

High throughput screening

A

" AR
Chemical libraries "~ -~ |
Natural products
* Plant extracts

N\

_*  Microbial fermentations

{

*Soil Perfusions
Combinatorial chemistry

~ ~,
— : ~

Rapamycin

Raps Mol

Hanga hoa

EASTER ISLAND

10,000 compounds/day
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Mechanism-Based Screen

Cleavage site i
(a)

- .:-ga—bic-d i

DRUG — | Protease i

2 O Y < (b) ii
“H-a-b-COOH + c—d
7 | N

Soluble Insoluble

Inhibition of a specific viral enzyme or
molecular interaction
Low safety requirements

Plate assay — Read outs

HCV genome

HCV replicon
(19]

DENV genome

DENV replicon
[40]

DENV replicon
[45]

Replicon systems

L. ¢ prv E 1 2A2B 3 4m4B 5 4

C FMDV2a
5! GFP 1 2A2B 3 4A4B 5 3
E

C FMDV2a IRES
5 pac  EGFP 1 2A2B
E

3 4A 4B 5 3

Subgenomic replicons and mini
genome systems

Self-amplifying recombinant RNA
molecules

Cheap; quick and efficient
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Drug discovery and development timeline

STAGE 01
Drug discovery 10,000
5

Compounds
STAGE 02
Pre-clinical development 250

Compounds

Phases

STAGE 03
Clinical development

Effect on body 5-7 Years
Safety in humans

Effectiveness at

treating disease

Larger scale safety

and effectiveness
IV Long term safety 2-3 Years

Regulatory approval

1 Compound

* \Very low success rate
e Estimated costs ~1 Bio USD
* Time consuming process (10-15 years)
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MWV

Approved antiviral drugs ( January 1959 - April 2016 )

HIV combination drugs Entry inhibitors

‘Genvoya;a ‘ Trizivirg ‘Triumeqa
C Truvada',g ¢ Dutrebis’: ‘zrezoobixa Complera

=) 2
Acyclic nucleoside Integrase VS @
phosphonate analogues inhibitors

Drug repurposing

Retro virus

g

7
Vo

‘Podoﬁlo,g’
g "Imiquimag
e HOWY o) o) vy
- v ! : Use existing drugs for new
—_— e therapeutic purposes
'E A—QegIFNa—@ ‘Rebetrona ‘Daclata@; s
2 T =
Zanamivir.

Influenza virus HCV
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Hepatocyte
IMPDH
5 Rm IMP ———> GMP—> GTP
2. IMPDH-Inhibition
o I
HzN N p RBV P Nucleus
| \> 18.0.0.009; 1SGs Tl
N N
1 |
HO—CH, O YRdrp  VVVV
VW ——— WAL
H TNF-a Virus RNA \VAVAVAV]
IFN-y
H 4. Inhibition of Virus Replication
HO OH @ GGG ; ‘ Assembly of
T : defective
T = RNA . ' viral particles
\ s mutagenesis \/VV/\/ P

Ribavirin capingof B WA | )
VW —— YWY : @

1 % &y

* Guanosine analog - o

* Relatively unspecific effect (including inhibition of capping, IMPDH inhibition
(GTP depletion), RNA mutagenicity)

* Use against various DNA and RNA viruses (e.g. HCV; RSV; Lassa virus; influenza)

* Currently Off-label use against hepatitis E virus
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heterogeneous
viral populations Wild-type
—O—h—A—AO+—
[ l e - ®  Resistant virus
oA = | Initiation of
i A O 2 i
MUta_tlon omx o — = agtmml Virologic Re-emergence of wild-type
during —A¥—O—+—B— = therapy breakthrough virus after discontinuation of
Oo—h Ak —+—C
rep“cation ot vo—a o antiviral agent
Ok
SO - % Mutant virus develops
% ) T ] -t o2 fitness for active U ) A
O —rAl—-A- OO replication &
A O———A
— & +——
A ——A————
—Oomk—O0——
—aAvV—O—+—i—
kA0
— & O0+—+C—1

Timeline

RNA viruses: error prone RNA polymerase = heterogeneous viral populations

DNA viruses: most DNA polymerases have proofreading function = evolve slower
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Drug A pressure

[0] o) l
0O 00000 ooo OOOO O (()) 00
o 0”00 0%0“00 -9 o
© "o o o
O o f o

O
S0 T
o ild
O o o g :;catgepemutants

o drug A resistant
o drug A+B resistant

» Stronger selective pressure = Hinders evolution of drug resistances in viruses,
bacteria, and cancers
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41L, 67N, 41L, 67N,
70R, 210W, [ 70R, 210W,
215Y,219Q || 215Y,219Q

+184V +74V+184V 74V+184V
74V, 115F 65R+184V
41L, 67N, 184V

70R, 210W,
215Y, 219Q

X4-Tropismus

T

1987 1988 1989 1990 1991 1992 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

I

461, 54V, 82A, 84V 30N, 90M 321, 47VA, 76V, 50V, 54ML,

82A

50L, 90M 76V, 84V
48V, 90M

50V, 84V 148RHK, 155H,

. 47V, 50V,54LM, 143RC
NNRTI 46IL,8 !K’AFT, 76V, 84V 33F, 82LT, 84V

=0 s,

— more than 200 resistance conferring mutations
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Rescriptor

|

Trizivir !

Kivexa I

|

Viread Truvada m |

Ziagen |
Atripla I

Sustiva :
|

A 4 v '

1987 1990 199119921994 19951996 1997 1998 19992000 2001 2002 2003 2004 2005 20062007 2008 2009 2010 2011 2012 2013 2014 2015

Hivid

Retrovir Videx

v

Stribild

Prezista

Celsentri

Agenerase

: Aptivus
Fusions

Inhibitor Isentress

Co-Rezeptor QI |cET] m
Antagonist ELUNJGIE |

- Approximately 30 HIV drugs
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Nucleic acid gene specific

extraction amplification

next generation sequencig  Sanger sequencing

/ lllllllllllll - !30‘ | 880 | 360, | 1040, A Zﬁl L0 EUT
ATTTCTTCCAATTATGTTGGCAGGTGTAGGTCCTACTA
. r i 80 90 100
prediction
1l
interpretation | ﬁ/\ﬁ( W MMMM]
g Nl A IV
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Combivir® + Videx® + Zerit® + Combivir® +
Crixivan® + Norvir® Viracept® AQ&E‘Q&Z@

First combination therapies from 1996 (2 RT inhibitors + protease inhibitor)
Initial therapies often with severe side effects

Poor adherence probably most important factor for treatment failure
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HIV/HCV therapy

M

HIV

HCV

Approved HCV Direct-acting
Antiviral (DAA) Agents

Example of Fixed-Dose Combination HIV Drug

@ a»s () @

Efavirenz + Emtricitabine + Tenofovir DF = Atripla
(600 mg) (200 mg) (300 mg)
5’UTR | Core | E1 E2 |&| NS2 NS3 | nsaB| NS5A NS5B 3’UTR
HIV virus entry inhibitors
S P
r\d ! 4 CD4 cell l | | |
nukes & protease inhibitors ase Inhibitor: NSSB non-NUC
non-nukes / Simeprevir (SMV) Ledipasvir (LDV) ~ Sofos (SOF) Inhibitors
. ) . Parita (PTV) Daclat (DCV) Dasabuvir (DSV)
Xl Grazo (GZR) Ombit (omv)
Gy a4 Elba<vir (EBR)
7oy » & Velpat (VEL)
’ “fﬁl: Bertino G. World Journal of Hepatology. 2016;8(2):92-106.

Increasingly better HAART approaches

minimize adverse drug effects

Direct-acting antivirals (DAASs)

e 95% of chronic infections can be cured
* First chronic virus infection that can be cured

Almost normal life expectancy with

early HAART



5g of diamonds 5g of daclatasvir

25 1-carat ($1900 each) 12 weeks of treatment, 60mg/day

Cost = $48,000 Cost = $63,000 (US price)
~d

U.S.Patent E.U. Patent osts of new drugs for hepatitis C per person, 12-week course
Drug Expirati Expirati New generation drugs for HCV
piration piration

Cost in USA Minimum production price

Sovaldi®

(sofosbuvir) 2028

Harvoni 2030

(sofosbuvir/ledipasvir)

Epclusa®
(sofosbuvir/velpatasvir)

Sofosbuvir Simeprevir Sofosbuvir Simeprevir Daclatasvir

Andrew Hill

2032
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ACCESS TO HEPATITIS C TREATMENT 2016
AFRICA'S HIV TREATMENT GAP

Around one-third of people living with HIV in sub-Saharan Africa
in 2020 were not getting effective antiretroviral treatment. Of

people infected - over

25.3 million people (estimate) had access to Hep C treatment
Undiagnosed HIV
. 3.4
Diagnosed, not treated
HIV load
suppressed by treatment Treatment not effective —
17.3 (million) 2.2

Around 8 million people urgently need
effective antiretroviral treatment for HIV,
as well as vaccination against COVID-19.

Msomi et. al Nature 2021
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Vaccines

e Stimulation of the adaptive immune system to establish immune
memory without pathogenic events

* Active and passive vaccines

» Different types of active vaccines (attenuated virus; inactivated
virus......)

Antivirals

* Targeting of viral proteins or host factors with small molecules

* Various targets for antiviral drugs (Polymerase; Protease)

* Error-prone viral replication = drug resistance = combination therapy
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