VACCINES 2026

Biological therapies




Live-attenuated
vaccines (LAVs)

LAVs: live,
weakened
bacteria/virus
IR: strong
enough, but
the pathogen is
incapable of
causing
disease
Additional
doses, or
booster shots,
are not always
needed

E.g9. MMR,
varicella

6 Types of Vaccine Technologies (Pfizer)

Inactivated
vaccines

Pathogen:
inactivated or
killed

IR: strong
enough, but
the pathogen is
incapable of
causing
disease.
Multiple doses
are often
needed
Examples:
Polio vaccine,
influenza
vaccine

Subunit
vaccines

Subunit vaccines
are made from a
piece of a
pathogen, not the
whole organism,
so they do not
contain any live
pathogens.

Polysaccharide
vaccines

Conjugate
vaccines

Protein-based
vaccines

Toxoid vaccines

-> use inactivated
toxins to target the
toxic activity
created by the
bacteria, rather
than targeting the
bacteria itself

-> neutraliziation
of toxins with
antibodies through
vaccination
Boostering: every
10 years or so...
E.g. tetanus
vaccine, diphtheria
vaccine

Viral vector
vaccines

-> delivering
only the
genetic code of
the antigen
They trigger a
strong IR
One dose of
the shot is
needed to
develop
immunity
(Boostering
may be
needed)

E.g. Ebola
vaccine,
COVID-19
vaccine

Messenger RNA
(mRNA)
vaccines

Short-lived
strands of
genetic
material
Fragile
molecule!

A delivery
technology had
to be
developed:
lipid
nanoparticles,
or LNPs.

https://www.pfizer.com/news/articles/understanding_six_types_of_vaccine_technologies



How Vaccination Works

 Vaccination introduces a non-pathogenic form of an antigen (e.g.,
inactivated pathogen, protein subunit, mRNA, vector) that mimics infection

without causing disease.
AFTER ADMINISTRATION:
* Antigen-presenting cells (APCs) (mainly dendritic cells) take up the antigen
* APCs migrate to secondary lymphoid organs (lymph nodes, spleen)

* Antigen peptides are presented via MHC Il (- CD4* T cells) and sometimes
MHC | (- CD8* T cells)

* Naive T cells become activated
e Activated CD4" T cells provide help to B cells



How Vaccination Works

Antigen-specific B cells differentiate into:
* Short-lived plasma cells - early antibody production
* Germinal center B cells - affinity maturation
* Memory B cells
* Long-lived plasma cells

RESULT:

v/ Neutralizing antibodies
v Memory T cells

v Memory B cells



Formation of Immunological Memory

* Clonal expansion of antigen-specific B and T cell

* Somatic hypermutation (SHM) = increases antibody affinity
* Class-switch recombination (CSR) = IgG, IgA, IgE

 Selection of high-affinity clones

OUTCOME:

* Memory B cells (rapid recall response)

* Long-lived plasma cells (persistent antibody production)

* Memory CD4* and CD8"* T cells



Immunological basis of booster vaccination

ON RE-EXPOSURE:

* Faster response

* Higher antibody affinity
e Stronger magnitude

* Shorter lag phase



. LAVs

* LAVs trigger an immune response that is similar to what

would occur during a natural infection,

* ...but the person is not able to pass on the virus to other

people

* Lifelong immunity - only one / two doses of the vaccine are

needed

https://www.news-medical.net/health/What-are-the-Different-Types-of-Vaccines.aspx



LAVs - Just weakened, not dead...

...might be unsuitable for people with weakened
iImmune systems...

* Risk of vaccine-related infection: in immunocompromised individuals, the
attenuated strain could—very rarely—cause disease similar to the natural

infection
e ...or the immune response may be insufficient...

* A weakened immune system may not produce a protective immune response,

making the vaccine ineffective.



Why might LAVs be unsuitable for people
with weakened immune systems?

The vaccine organism can replicate (limited potential)

Who may be at risk?

People receiving chemotherapy

Individuals with HIV with low CD4 counts

Organ transplant recipients on immunosuppressive therapy patients

Patients on high-dose steroids or biologics (e.g., anti-TNF, Rituximab)

Individuals with primary immunodeficiencies



l. LAVs - types of diseases that live-
attenuated vaccines are used for :

combined rullsalla
measles
Mumps * Medical advice should be sought
mmr before the vaccine is given

It may not be suitable for people
with weakened immune systems

 LAVs also need to be kept cool while they are stored
 They may not be suitable for use in environments where there is
little access to refrigeration.



. LAVs
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CLINICAL VACCINATION ADVISERS IN

HUNGARY

Név

Munkahely megnevezése, cime

Telefonszam,

rendelesi idé

Dr. Mészner Zséfia

Dr. Kulesar Andrea

Szent Laszlé Korhaz

1097 Budapest, Albert Flérian
Lt 5-7.

Rendelés:

H-CS-P: 8-14 h
Kedd: 9-14 h

Tel.: 06-1-455-8256

Dr. Nyul Zoltin

osztalyvezetd féorves,
gyermekgydgyasz, infektoldgus)

PTE KK Gyermekgydgyaszati
Klinika
Infektolégiai osztaly
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Dr. Gég Erzsébet féorvos
csecsemd és gyermek-
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immunoldgiai és allergolégiai
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Nyiri at 38.
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Rendelés:
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lelgzetes egyeztetés
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Dr. Zatonyi Adél
gyermekgydgydsz,
neonatelégus féorves

Pandy Kalman Kérhaz
Gyermekosztaly

5700 Gyula, Karpat u. 11.

Rendelés:
Hétfs: 13-15 h

lelozetes egyeztetés
lsziikséges
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The ACIP includes 15 voting members responsible for making vaccine recommendations. The Secretary of the U.S.

Department of He,
Fourteen of the m
medicine, virolog;

representative wh

In addition to the
responsibility for i
that bring related

Country
specific!

Members

BAHTA, Lynn, RN, MPH, CPH

Immunization Program Clinical Consultant

Infectious Disease, Epidemiology, Prevention & Control
Division

Minnesota Department of Health

Saint Paul, Minnesota

Term: 7/1/2019 - 6/30/2023

BROOKS, Oliver, MD, FAAP

Chief Medical Officer

Watts HealthCare Corporation

Los Angeles, CA

Past President, National Medical Association
Term: 7/26/2021 - 6/30/2025

CINEAS, Sybil, MD, FAAP, FACP

Associate Professor of Medicine, Pediatrics, and
Medical Science (Clinical)

The Warren Alpert Medical School of Brown University
Associate Program Director

Brown Combined Residency in Internal Medicine and
Pediatrics

Providence, RI

alth and Human Services (DHHS) selects these members following an application and nomination process.

BELL, Beth P., MD, MPH

Clinical Professor

Department of Global Health, School of Public Health
University of Washington

Seattle, WA

Term: 7/1/2019 - 6/30/2023

CHEN, Wilbur H., MD, MS, FACP, FIDSA

Professor of Medicine

Center for Vaccine Development and Global Health
University of Maryland School of Medicine
Baltimore, MD

Term: 12/23/2020 - 6/30/2024

DALEY, Matthew F., MD
Senior Investigator

Institute for Health Research
Kaiser Permanente Colorado
Aurora, CO

Term: 1/4/2021 - 6/30/2024




LAVs

A more recent example:
CHIKUNGUNYA



IXCHIQ - LAV il

....

B
ﬁ“ NDC 425150050 .20 LIVE
e IXCHIQ is the only live-attenuated 5 v vaccine: g
vaccine (LAV) for CHIKUNGUNYA T Chikungu =0
Y ' 8 2T
e |t uses a weakened strain of the 3 3 IQ
virus to stimulate an immune \
response §
* [t is approved for people aged 12 Z
to 65 in Europe

https://www.infectiousdiseaseadvisor.com/news/chikungunya-vaccine-vimkunya-now-available-individuals-12-and-older/



Chikungunya fever

CHIKUNGUNYA

Symptoms
1 Musoo'l:m
> / g &
% — = / ~¥
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jont and sweling pan

Chikungunya virus infection in the skin: histopathology and cutaneous immunological response - ORIGINAL RESEARCH article, Front. Microbiol., 28
January 2025, Sec. Virology, Volume 16 - 2025 | https://doi.org/10.3389/fmicb.2025.1497354



Chikungunya active transmission regions -

geographic and temporal knowledge of previous
outbreaks

The symptoms of chikungunya

are similar to those of Dengue

and Zika

— easy to misdiagnose!

B Chikungunya Hotzone



Chikungunya Fever

Chikungunya fever is originated in
East Africa

* First identified in Tanzania in 1952

* Spread to the Indian Ocean islands
in 2005

1963, 1973, 2008,
207,008 |

* In 2013 it reached the Americas,
causing epidemics in the Caribbean

and Latin America.

779, 1973, 1980, 1982,
| 1583, 1595, 2000, 2001,
2008, 2007

_,-4"""
\

CHIKUNGUNYA IS NOW CONSIDERED
AN EMERGING GLOBAL THREAT IN
TROPICAL AREAS!

Bl Chikungunya Hotzone



Three-month Chikungunya virus disease case notification rate
per 100 000 population. lulv-September 2025

Notification rate per 100 000 persons

No reported cases 0.001-0.009 _ 0.01-0.99 B 10090 B o | L
A0
&

C

eC
-,

In 2025, there have

been 339 822 —
CHIKVD cases and

145 associated

deaths reported
worldwide.

Cases have decreased by 28.7%
compared to the same period in
2024, when 476 962 CHIKVD cases

were reported.

e https://www.ecdc.eu ropa.eu/en/chikungunya-monthly



Chikungunya Fever

The symptoms of chikungunya are similar to

those of Dengue and Zika, making chikungunya
easy to misdiagnose

: .. CHIKUNGUNYA — SYMPTOMS
Chikungunya causes fever and severe joint ~f,

pain - debilitating and may be prolonged

Other symptoms include joint swelling, muscle ’#{ , T

. . N\ \.\x
pain, headache, nausea, fatigue and rash ( N

https://www.who.int/news-room/fact-sheets/detail/chikungunya

https://www.narayanahealth.org/blog/chikungunya-causes-symptoms-diagnosis-and-treatment



The world’s first chikungunya vaccine

Single-dose LAV virus vaccine

LI PP EA ARSI VT EITT

AL T

Neutralizing antibody

LA ://& \"' p \',/g
/': ’ Neutralizing =<: ":
antibody /f
~Y -
* A major advance: LAV chikungunya vaccines & }*
* In 2023, the U.S. FDA approved IXCHIQ® (also known as 3 //"
VLA1553 by Valneva) — the world’s first chikungunya vaccine y, P = k. . a ’j//
' 2 coa -~ .
 INDUCES ROBUST NEUTRALIZING ANTIBODY FORMATION 8 CD4+ v
i T Cell _‘ ﬂ?

Chemokine receptor



Chikungunya - VLP

In addition to the Valneva vaccine,
a virus-like particle (VLP) vaccine
by Bavarian Nordic

* Brand name: VIMKUNYA

* Licensed in early 2025

* Provides a non-Llive option!




|. LAVS Live attenuated vaccines

@ Wild viruses/bacteria attenuated by repeated passing in cell
cultures fanimal embryos (chick embryos)

l > 10 yrs (mutation & weakening)

Attenuation

Transformation of wild virus into vaccine virus

THIS IS NOT THE ONLY. OPTION! Injection of small dose of vaccine virus or bacteria
Vaccination

Replication of vaccine virus or bacteria in the host

lSpeciﬂc immune response

Induction of an immune response

|

Protection against real infection

GENETIC MODIFICATION OF
THE VIRAL GENOME
(reverese genetics)

https://www.youtube.com/watch?v=szfVMtyueks



Respiratory
syncytial virus
(RSV)

https://en.wikipedia.org/wiki/Respiratory syncytial_virus



RSV circulates worldwide

Respiratory syncytial virus (RSV, hRSV)
* Infections of the respiratory tract

RSV circulates worldwide and causes seasonal

outbreaks every year

* Virtually all children are infected by age 2

(two) often more than once
* Immunity after infection is not long-lasting

* Reinfections are common throughout life...

https://www.frontiersin.org/research-topics/8373/current-insights-into-host-immune-responses-to-human-respiratory-syncytial-virus-rsv-and-challenges-towards-efficient-treatments-and-vaccines-against-rsv/magazine



RSV can be life-threatening for infants

* RSV can be life-threatening for infants, but the risk is very age-
and condition-dependent.

RSV can be lethal in young children, especially in infants under 6
months, premature babies, and those with underlying medical

conditions.

e However, with modern medical care, most children recover
fully, and fatal cases are rare in high-income countries.



Good news: prevention is Improving

New preventive options:
 Maternal vaccination (Abrysvo — Recombinant F protein)
* Long-acting mAbs (Nirsevimab)

e + candidate LAVs —

S ger\_,for.rtus" (50405

wooot’ e
— o Ly




Abrysvo: non-live, bivalent recombinant
[ protein vaccine

* RSV virus’ F protein to trigger an immune response

 Recombinant protein: It is created by inserting genetic material from the RSV virus into a
‘o

> Abs are produced - to protect against RSV infection ;f?

| ./1‘{\

cell,

...which then produces the

‘. specific protein that is purified

and used in the vaccine



RSV circulates worldwide

NIRSEVIMAB and CLESROVIMAB are mAbs that prevent severe RSV disease and are

recommended for infants.

Nirsevimab is also recommended for some young children.
mADbs are not vaccines!

They do not activate the immune system

Rather, the antibodies themselves protect against disease



Still LAVs...

Dengue



Geographical distribution of dengue cases reported worldwide, 2020

Dengue is present in Africa, the Americas, Asia, the Caribbean and the Pacific. In 2020, France and Italy reported autochthonous dengue cases. In 2020, the five
countries reporting most cases are Brazil, Paraguay, Mexico, Vietnam and Malaysia.

1,000,000 ) @

| Affected countries Date of production: 22/01/2021

https://www.ecdc.europa.eu/



Development of a live attenuated dengue
VIrus vaccine using reverse genetics

4 serotypes (DEN1-DEN4)

— endemic in most areas of Southeast Asia, c\‘ ‘_h "
e Q“ * 5 . g_;“

) 4

Central and South America, and other -

"_

subtropical regions.

THE NUMBER OF CASES IS INCREASING 1 ""& — p——

o No evidence of risk
i,
S
P
L
PR T
Se - C N

— continued spread of the mosquito vector,

Aedes aegypti

https://www.cdc.gov/dengue/areas-with-risk/index.html https://pubmed.ncbi.nlm.nih.gov/16553547/



Development of a live attenuated dengue virus
vaccine using reverse genetics

) ) ) ) Dengue infection
Infection with DEN virus can result in: I_gl_l
o . f y
e an asymptomatic infection, |Asymptomatic| | Symptomauc I

» a febrile illness called dengue fever (DF),

Undlfferennated Dengue Dengue hemorrhaglc
+ and the very SEVERE DISEASE CALLED fevef bl fevec OHE)

DENGUE HEMORRHAGIC FEVER/DENGUE
Wuthout With unusal Wlthout Dengue shock
SHOCK SYNDROME (DHF/DSS) hemorrhage hemorrhage | shock I syndrome
(DSS)

https://www.cdc.gov/dengue/areas-with-risk/index.html https://pubmed.ncbi.nlm.nih.gov/16553547/



Development of a live attenuated dengue
VIrus vaccine using reverse genetics

LAYV tetravalent DEN virus
VACCINE CANDIDATE

- using reverse genetics

(2000)

https://www.cdc.gov/dengue/areas-with-risk/index.html
https://pubmed.ncbi.nlm.nih.gov/16553547/

=)
ARl REIRET, 0
/ Isease ¢
i / 1 ! x80 ’..S-‘- '.- PACE
/ \ ’ 0l Yy HOSPITALS
DIZZINESS

RAPID ADYNAMIA
INSOMNIA

. "'
2l

= DENGUE

FEVER

SYMPTOMS
REDNESS RED:ESS
OF THE EYE & ?:RTO'-:\ET
4\\\ ;:';:" <
LA -
VOMITING PAIN IN
‘ THE BONES
ANOREXIA



(k)deng#
Dengue tetravalent (4

vaccine (live, attenuated)

powder and solvent for solution for injection in pre-filled syringe

1 dose (0.5 ml) '
Takeda

Zk?dengf
Dengue tetravalent ®

vaccine (live, attenuated)

powder and solvent for solution for injection in pre-filled syringe

1 dose (0.5 ml)
Takeda

https://www.cdc.gov/dengue/vaccine/index.html



LAVs - reverse genetics

Examples for systems that can be used
* Infectious bursal disease virus

for precise genetic modification: (IBDV)

* Bluetongue virus (BTV)

* Single-stranded positive-sense * African horse-sickness virus

RNA viruses * Single-stranded negative- (AHSV)

e Classical swine fever virus sense RNA viruses

 Double-stranded DNA viruses

(CSFV) « Newcastle disease virus (NDV)
: : : : . * Pseudorabies virus (PRV)
* Bovine viral diarrhea virus * Influenza A virus (IAV)
(BVDV) , , * Infectious bovine rhinotracheitis
* Rift Valley fever virus (RVFV) virus (IBRV)
* Porcine reproductive and .
respiratory syndrome virus * Double-stranded RNA viruses . Modified vaccinia Ankara (MVA)
(PRRSV) - :
* Lumpy skin disease virus
* Foot-and-mouth disease virus (LSDV)
(FMDV)

» African swine fever virus (ASFV)

(Wageningen Bioveterinary Research (WBVR))



For RNA viruses genetic modification is
often referred to as "reverse genetics,, ...

DNA can be used to After the

The viral RNA - e
introduce modifications to modifications->

genome is copied
into DNA

: attenuate the virus or iconverted back
introduce other changes... into RNA!

For DNA viruses:
* homologous recombination or CRISPR/Cas-mediated homology-dependent repair (HDR)

-> for the precise deletion, insertion or replacement of genetic material.



The Development of a Vaccine Against
Meningococcus B Using Reverse Vaccinology

* The discovery of vaccine antigens -
whole genome sequencing (WGS)

(reverse vaccinology)

* The complete genome sequence of
Neisseria meningitidis serogroup B

(MenB) was systematically analyzed

4CMenB (Bexsero)
multicomponent recombinant protein vaccine

Capsular polysaccharide

(self antigen) /

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6477034/



The Development of a Vaccine Against
Meningococcus B Using Reverse Vaccinology

Identification of proteins predicted to be secreted or exported

to the outer membrane...

' -
secreted . exported -
- (D

4CMenB (Bexsero)

multicomponent
/pmc/articles/PMC6477034/



The Development of a Vaccine Against
Meningococcus B Using Reverse Vaccinology

This identified 100s These were

of genes coding for  amplified, cloned in
potential surface- expression vectors
exposed antigens. and used to

immunize mice.

Antisera against ... from which 28
350 recombinant were selected
antigens were (SBAS)
obtained and
analyzed
4CMenB (Bexsero)

multicomponent recombinant protein vaccine

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6477034/



The Development of a Vaccine Against
Meningococcus B Using Reverse Vaccinology

Testing indicated: no single component is be sufficient

3 serogroups cause
most meningococcal disease:

000

3 vaccines provide protection:

Broad coverage > cross-protective ability is needed!

Talk to a healthcare provider about what

To improve immunogenicity - outer membrane vesicle component . A
vaccines are best for you or your child.

obtained from the epidemic New Zealand strain (OMVNz) was
added

cdc.gov/meningococcal &

4CMenB (Bexsero)

...resulting in 4 component vaccine = 4CMenB . . . .
multlcomponent recombinant protein vaccine

4CMenB (Bexsero) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6477034/

multicomponent recombinant protein vaccine



ACMenB

3 serogroups cause
most meningococcal disease:

000

3 vaccines provide protection:

Talk to a healthcare provider about what
vaccines are best for you or your child.

« (¢

cdc.gov/meningococcal &=

4CMenB (Bexsero)
multicomponent
recombinant protein vaccine

Meningococcal Type B (4CMenB) Vaccine

Public Health Branch - Factsheet

Immunization is one of the most important accomplishments in public health that has, over the past 50 years, led
to the elimination, containment and control of diseases that were once very common in Canada'. Vaccines help
your immune system to recognize and fight bacteria and viruses that cause disease.

What is meningococcal disease?

Meningococcal disease is caused by bacteria that
can spread from one person to another.

The bacteria spreads by direct contact with
respiratory and oral fluid through close face-to-face
contact, by kissing or sharing food, drink, musical
instruments, water bottles, cigarettes or other
things that have been in the mouth of a person
with the disease.

The symptoms of meningococcal disease vary
widely, but can include sudden onset of high fever,
severe headache, vomiting, stiff neck and rash.
Sensitivity to light, sleepiness, confusion, and in
severe cases, coma may also occur.

Meningococcal disease can cause serious and
sometime life-threatening infections, such as
meningitis (infection of the lining of the brain
and spinal cord) and sepsis (blood poisoning),
even with prompt medical treatment. Those who
survive the disease may suffer from permanent
brain damage, hearing loss or loss of limbs.

https://www.gov.mb.ca/health/publichealth/factsheets/mtypeb.pdf

4CMenB immunization schedule

Age at series  # of

initiation doses Schedule
2 to 5 months 3 At least 2 months between
between first 2 doses.
34 dose: 6 months alter
2™ dose and at age > 12
months
& to 11 months 3 At least 2 months between

first 2 doses.

3% dose: 2 months alter
2* dose and at age = 12
months

At least two months
between doses

12 to 23 months 2

At least one month
hetween doses

2 to 25 years 2

Why should my child get the meningococcal
type B vaccine?




Il. INACTIVATED VACCINES Hepatitis A

Flu
Polio

: . Rabies
inactivated

strain
vaccine

bacteria



Il. INACTIVATED VACCINES

Dead version of the virus or bacteria is then injected into the body.

Inactivated vaccines are the earliest type of vaccine to be produced
They do not trigger an immune response that is as strong as that triggered by LAVs
Do not offer lifelong immunity + need topping up over time

They may cause fewer side effects than LAVs

The types of diseases that inactivated vaccines are used for include: Hepatitis

Sinopharm vero cell -
inactivated covid-19
vaccine

A



Il. INACTIVATED VACCINES

DESTROY

PHYSICAL

4 (heat) INFECTIVITY

o>

EXPOSURE

CHEMICAL e FORMALIN
* B-PROPIOLACTONE

* Initially, virus for this purpose was often obtained from infected animal
sources (mouse brain)

 Infected cell cultures provide cleaner starting material.

* The need to use large amounts of antigen to elicit an adequate antibody
response is a major disadvantage!

https://www.sciencedirect.com/topics/medicine-and-dentistry/inactivated-virus-vaccine



Il. INACTIVATED VACCINES

RETAINING
Primary vaccination course: 2-3 injections + “booster” IMMUNOGENICITY

doses may be required at intervals to maintain

protective immunity!

DESTROY
INFECTIVITY

The chemical or physical treatment = INACTIVATION

— may also compromise / modify immunogenicity!

https://www.sciencedirect.com/topics/medicine-and-dentistry/inactivated-virus-vaccine



Il. INACTIVATED VACCINES
Inactivated vaccines: up to 4 doses Q Q Q Q ] In order to achieve

- the optimal level of
LAVs: 1-2 doses
O O J protection

Examples:
MMR vaccine: only requires 2 doses - lifetime protection

Inactivated rabies vaccine: every 6 months — 2 (two) years for those at increased risk of exposure

Live oral typhoid vaccine: requires repeated doses every 5 years for people in endemic regions

Inactivated typhoid vaccine: delivered by injection requires a repeat dose every 2 years.

https://www.verywellhealth.com/what-is-an-inactivated-vaccine-201081



Il. INACTIVATED
VACCINES

STORAGE AND SHIPPING

...the pathogen in the vaccine

Is dead already....

— easily stored and shipped even to

those parts of the world where resources are limited!

LAVs, on the other hand, typically require special shipping and storage

requirements = limitation in resource-poor areas!

https://www.verywellhealth.com/what-is-an-inactivated-vaccine-201081



Zika virus (ZIKV)

e |n 2013, Zika virus (ZIKV)

emerged in French Polynesia
* Pacific region 2013 - 2017

* Vectors: Aedes mosquitoes -
Aedes aegypti, Aedes

polynesiensis

Uj-Zéland

Purified inactivated virus vaccines - candidates ‘._

https://journals.plos.org/plosntds/article?id=10.137 1/journal.pntd.0006637
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Aedes aegypti - known distribution: May 2024

https://www.ecdc.europa.eu/en/publications-data/aedes-aegypti-current-known-distribution-may-2024



o Global Risk of Zika Virus

Global Risk of Zika Virus
[ negiigible risk
Florida, - Very low risk

United States
s«
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Where has Zika been found?

Zika geographic risk classifications (as of June 20, 2025) 14

0o @ Current or past Zika transmission

//(& P 2 R S N

Legend

@ Current or past Zika transmission @ Known to have mosquito that transmits Zika, but no reported Zika cases

(0 Not known to have mosquito that transmits Zika https://www.cdc.gov/zika/geo/index.html



Zi ka e p i d e m i CS 2 014' 2 017 https://www.ecdc.europa.eu/en/zika-epidemics-2014-2017

Zika epidemics 2014-2017

» Zika virus infections spread primarily in the Americas and the Pacific region.

* On February 1, 2016, the WHO declared a Public Health Emergency of
International Concern (PHEIC) due to clusters of microcephaly and
neurological disorders detected in areas affected by the Zika virus.

* There is now broad consensus regarding the link between Zika infection
and congenital abnormalities, as well as the development of Guillain-

Barré syndrome (GBS).

Central nervous
system (CNS)
malformations and
microcephaly during
pregnancy

Affected The Americas, ek Pregnant woman
areas Caribbean, South Ris gI'OUp travelling to affected
East Asia

Health risk

areas




Guillain-Barré syndrome — autoimmune
condition — post infectious...

Weakness, numbness or paralysis

Guillain-Barre syndrome is rare, and the exact cause is not known.

But 2/3s of people have symptoms of an infection in the 6

weeks before Guillain-Barre symptoms begin...

Infections can include a respiratory or a Gl tract infection,

including COVID-19...

Can be caused by the Zika virus!!!



.»...on February 1, 2016, the WHO declared a Public Health Emergency of International Concern (PHEIC) due

to clusters of microcephaly and neurological disorders detected in areas affected by the Zika virus...”

Microcephaly

_-===~_ Typical eSS Typical

S ~ head size =& ~ head size

Baby with Typical Head Size Baby with Microcephaly Baby with
Severe Microcephaly

https://www.cdc.gov/birth-defects/about/microcephaly.html



Zika virus (ZIKV)

TO DATE, NO ZIKA VACCINE HAS BEEN APPROVED FOR USE!

Numerous candidates:

v’ Purified inactivated virus vaccines (e.g. a candidate developed by Walter Reed Army Institute — “ZPIV”)
v DNA vaccines (such as a NIAID vaccine that showed immune responses in early trials)

v mRNA vaccines (Moderna tested an mRNA Zika vaccine in a Phase 1 trial), and viral-vectored vaccines

(for example, a measles virus-vectored Zika vaccine)
Several of these reached Phase 1 or Phase 2 clinical trials during 2016-2018

However, demonstrating efficacy became challenging because Zika transmission declined sharply after

2016, making large Phase 3 trials infeasible....

pubmed.ncbi.nlm.nih.gov.

https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0006637


https://pubmed.ncbi.nlm.nih.gov/28916391/#:~:text=dimers%20can%20be%20further%20divided,presenting%20native%20E%3AE%20dimer%20antigens

...still inactivated vaccines...
Crimean-Congo hemorrhagic fever (CCHF)

LAV: only to high-risk populations!
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U&ust=1763465395482000&source=images&cd=vfe&opi=89978449&ved=0CBkQ3YkBahcKEwiQosThivmQAXUAAAAAHQAAAAAQLQ



Crimean-Congo hemorrhagic fever (CCHF)

KAZAKHSTAN
704 cases \ " S
CFR:14.8% BACKGR! D
CAVUSES
[1948-2013] * VIRAL INFECTIOUS DISEASE
~ TYPE of HEMORRHAGIC FEVER * TICK BITES
~ SURTYPE of ORTHONAIROVIRUS GENUS, * CONTACT with INFECTED BODILY FLUIDS ‘f

NAIROVIRIDAE, & BUNYAVIRIDAE ORDER

RUSSIA
1745 cases \ TREATMENT

CFR: 4.3% * SUPPORTIVE THERAPY

= ] ~ FLUID REPLACEMENT, BLOOD
[ 1999-2014 I PRESSURE & VENTILATORY SUPPORT

* RIBAVIRIN

DIAGNOSIS

* BLOOD WORK TESTING for VIRAL
PARTICLES or ANTIBODIES

* CONFIRM if UNDERLYING DISORDER

PAKISTAN
252 cases
CFR:13.9%
[2011-2014]
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SIGNS & SYMPTOMS
TURKEY IRAN * HEADACHE
9787 cases 871 cases * HIGH FEVER @
CFR: 4.8% CFR:17.6% * NAUSEA
[2012'_ 2'01 5] [1999-2012] * HEMORRHAGE (NOSERLEEDS, PETECHIAE, ECCHYMOSES)
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.ajicjournal.org%2Farticle%2FS0196-6553%252816%252930758-1%2Ffulltext&psig=AOvVaw1zEuWJbIZTgvXMWN 1Ky6-
U&ust=1763465395482000&source=images&cd=vfe&opi=89978449&ved=0CBkQ3YkBahcKEwiQosThivmQAXUAAAAAHQAAAAAQLQ



Crimean-Congo

Hemorrhagic Fever
(CCHF)

* Tick-Borne - Hyalomma ticks

* Viral Hemorrhagic Fever

* Caused by: CCHFV (Nairovirus,
Bunyavirales)

« ENDEMIC IN AFRICA, EASTERN
EUROPE, THE BALKANS, MIDDLE
EAST, CENTRAL ASIA

* Contact with infected animal Cates Reporied to WHO
blood/tissues ' - o) B
* Nosocomial human-to-human spread 560 Ches b

- = 50+ Cases Per Year

 CASE FATALITY RATE: 10-40%

https://www.google.com/ur?sa=i&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0166354213001939&psig=A0vVaw1zEuWIJblZTgvXMWN 1Ky6-
U&ust=1763465395482000&source=images&cd=vfe&opi=89978449&ved=0CBkQ3YkBahcKEwiQosTbivmQAxUAAAAAHQAAAAAQOA



Crimean-Congo

Hemorrhagic
Fever (CCHF)

Headache, dizziness, sharp mood swings and
confusion, sleepiness, depression, and
lassitude

sore eyes and photophobia (sensitivity to "
light)

S | Y

L —

Fever, and sore throat

Neck pain and stiffness, and backV |

Myalgia (muscle ache)

Pulmonary failure

tick bite

Tachycardia (fast heart rate

L]

Petechial rash (a rash caused by
bleeding into the skin) on internal
mucosal surfaces, such as in the
mouth and throat, and on the skin.
The petechiae may give way to
larger rashes called ecchymoses,
and other haemorrhagic
phenomena.

Detectable hepatomegaly
(liver enlargement), and
sudden liver failure

Severely ill patients may
experience rapid kidney
deterioration, Nausea, vomiting,

diarrhoea, abdominal

lymph nodes) :



CCHF- Clinical Features

Sudden fever, Gl symptoms —
myalgia, dizziness vomiting, diarrhea

Rapid progression Liver failure, shock,

to hemorrhage DIC

High mortality
without intensive
supportive care

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.who.int%2Fhealth-topics%2Fcrimean-congo-haemorrhagic-fever&psig=AOvVaw 1zEuWIJblZTgvXMWN1Ky6-
U&ust=1763465395482000&source=images&cd=vfe&opi=89978449&ved=0CBkQ3YkBahgKEwiQosThivmQAxXUAAAAAHQAAAAAQQAE



Pathogenesis

Shmulus

* Virus infects endothelial cells
and hepatocytes fﬂ\. ”Z”y.ﬂ..“f%
?J ﬁ\
\

* Leads to: CYTOKINE STORM | |
PR |

* Increased vascular permeability
« COAGULOPATHY AND ) e | \ ey
HEMORRHAGE s / uE

— Cytokine storm

» Strong correlation: viral load ~ 5o
L] L] O
disease severity! Neurophils 00%9992 00 el | |
S g og o OoooOO o
. = &) 2 Oo O . OOO Extensive
Endothelial Cells Pro-inflammatory cytokines: IL-1a, IL-1, TL-2, IL-6, IL-8, IL-12, IL-17, IFN-y, TNF-g, etc. organ damagg

NORMAL, HEALTHY
HerAToCITES



Inactivated CCHF Vaccine
(Bulgaria)

Current Treatment / no
approved vaccine available

« NO APPROVED ANTIVIRAL FOR CCHF

* RIBAVIRIN: USED IN SOME COUNTRIES - EFFICACY is
CONTROVERSIAL

« SUPPORTIVE THERAPY IS CRITICAL (FLUIDS, BLOOD
PRODUCTS)

Inactivated CCHF Vaccine (Bulgaria)

VoA é.\\.,}\%« ~* Used locally since the 1970s
e o @ 8- * Formalin-inactivated mouse brain—derived vaccine
, .OJ\ : ' \* « NOT WHO-APPROVED; LIMITED DATA ON EFFICACY
» “ « Used for high-risk groups (farm workers, military)

This is the only vaccine in use, but not globally licensed!



WHO & CEPI Initiatives — vaccine
development

CCHF is on the WHO Priority Pathogens list

CEPI invested in: vector-based vaccines (ChAdOx1)

MRNA platforms

Standardized animal models

Goal: bring at least one vaccine to Phase Il/lll in the coming years!



I1l. SUBUNIT VACCINES conjugate

polysaccharide

Subunit vaccines are made from
a piece of a pathogen, not the
whole organism...

SUITABLE FOR:
PEOPLE WHO

SHOULD NOT
RECEIVE “LIVE”
VACCINES

https://www.pfizer.com/news/articles/understanding_six_types_of_vaccine_technologies



I1l. SUBUNIT VACCINES

SUBUNIT
VACCINES

Pneumococcal
(polysaccharide or
conjugate)

Haemophilus
influenzae

type B (Hib) Shingles
(recombinant protein)

Protein

Acellular
pertussis

MenACWY

Hepatitis B (conjugate)
(recombinant protein)

https://www.pfizer.com/news/articles/understanding_six_types_of_vaccine_technol
odies



l1l. SUBUNIT VACCINES
Conjugate vaccines

The idea of a conjugate vaccine first appeared in experiments involving rabbits in 1927

=2 when the immune response to the Streptococcus pneumoniae type 3 polysaccharide

antigen was INCREASED...

=> by combining the POLYSACCHARIDE ANTIGEN + PROTEIN CARRIER.

protein

Polysaccharide )
carrier

antigen

https://en.wikipedia.org/wiki/Conjugate_vaccine



I1l. SUBUNIT VACCINES .
Conjugate vaccines- Haemophilus Influenzae

Type b (Hib)

» The first conjugate vaccine - 1987 MEmnggAlLTIS
* Protects against MENINGITIS = @
* Hib can cause severe infections of both 7 ‘% 2 :*‘s .

the lining of the brain and spinal cord

(meningitis) and the bloodstream
NORMAL BRIAN ﬁéﬂﬁgfﬁ%

https://en.wikipedia.org/wiki/Conjugate_vaccir



I1l. SUBUNIT VACCINES .
Conjugate vaccines- Haemophilus Influenzae

Type b (Hib)
MENINGITIS

CDC recommends routine Hib vaccination GO

for all children younger than 2 years old!

NORMAL BRIAN BACTERIAL
MENINGITIS

https://en.wikipedia.org/wiki/Conjugate_vaccir



l1l. SUBUNIT VACCINES
Conjugate vaccines

Conjugate vaccines use two different components:
* QOuter antigen coat of the bacteria or virus

* ... not strong enough to cause illness or generate an

immune response in the body ...
* |tis linked to a stronger carrier protein using chemicals

=> COMBINATION OF WEAK ANTIGEN COAT +
STRONGER CARRIER PROTEINS = SUFFICIENT IR

Weak
antigen

Strong
antigen =
carrier

(e.g. weak PS + strong protein)



l1l. SUBUNIT VACCINES
Conjugate vaccines

B-cell T-cell
mediated Non-conjugated mediated
immunity polysaccharide vaccine immunity

A ()
Polysaccharide- ()
specific antibodies; * \/ - X — > No effect
no memory L
|

Polysaccharide vaccine
B with protein carrier
Polysaccharide- B cell w, e
specific antibodies; «~—— ‘/
memory O .

- v b v
“Neglected valency”

https://www.sciencedirect.com/science/article/pii/S0264410X17305790

Carrier protein-
specific antibodies;
memory

carrier protein

olysaccharide-

peptide-specific T
cells; support of B cel
response; memory

Carrier protein-
specific T cells;
memory




l1l. SUBUNIT VACCINES
Conjugate vaccines

Innate immunity

. TLRs, NLRs, CLRs,
Pathogen pids

RIG-I, STING
s 4 Vaccine:
Sugars gy o antigen
pr and adjuvant
Peptides \}*\'
a
Nucleic ‘&7
acids 1)\@77,\,4 ® ...
. Small %
Anbigen molecules
o ©
e ®gy o PAMPs Activated APCs

Pathogen-associated
molecular patterns

Antigen-presenting cells

https://frpfreeet.com/product_details/1416955.html

Cytokines

Adaptive immunity

> (=
Cytotoxic, helper,
and regulatory T cells

Cellular response (T 1, T,17)

X I

O

B cells and
neutralizing antibodies
Humoral response (T 2)

Trends in Biotechnology



I1l. SUBUNIT VACCINES

Influenza vaccines by method of production:

» Whole virion - 3 fluart/fluart
» Split - fluarix tetra/gsk, vaxigrip tetra/sanofi pasteur
» Subunit - aggrippal/seq virus

» LAVs- Tetra/Astrazeneca

https://www.sanofi.com/assets/countries/hungary/docs/V-d-olt-si-k-zik-nyv.pdf



l1l. SUBUNIT VACCINES

Can pregnant women be vaccinated against flu? — Yes!

... they can and should be vaccinated, especially those who are expected to give birth

during the season (January-March in general) (Northern hemisphere)
Optimally in the second to third trimester and with a split or subunit vaccine.

It is also essential to vaccinate family members!

https://www.sanofi.com/assets/countries/hungary/docs/V-d-olt-si-k-zik-nyv.pdf



Vaccine adjuvants

Intrinsic immunomodulatory
properties

when administered in
conjunction with an antigen,
...effectively potentiate the
host antigen-specific immune
responses!

The most widely used
adjuvants in vaccines today
are aluminum salts (“alum”),
which have been used in
injectable vaccines since the
turn of the twentieth century
(Glenny, 1930).

Adjuvant Main Stimulated

C iti Vaccine T
Name omposttion accine “ype Immune Responses

Ab response, CD8* T-

Mosquirix: Malaria, Shingrix:
i . cell response, Thl type

ASO1 MPLA + Q5-21 in liposomes Herpes zoster

immunity
ASO2 MPLA +QS5-21 1_n oil-in-water HIV, tuberculosis, HBV Ab res-punse, _Thl type
emulsions immunity

Pandemrix, Arepanrix:

Squalene + a-tocopherol + Ab response, Th1/Th2

AS03 lvsorbate 80 Influenza HIN1, Prepandrix:
porysoate Influenza pre-H5N1 reSponse
ASO4 MPLA + aluminum hydroxide Fendrix: HBV Cervarix: HPV Ab res‘ponse, Thl type
16/18 immunity
lene + polysorbate 80 + Ab response, Th1/Th2
ME59 Squalene *po yf:{}rba e 80 Influenza b response, /T
sorbitan trioleate response
Squalene + polyoxyethylene
AF03 cetostearyl ether + mannitol + Influenza Ab response

sorbitan oleate
Ab: Antibody; HIN1: Hemagglutinin type 1 and neuraminidase type 1 (Influenza strain; aka swine
flu); H5N1: Hemagglutinin type 5 and neuraminidase type 1 (Avian influenza A); HBV: Hepatitis B

virus; HIV: Human immunodeficiency virus; HPV 16/18: Human papillomavirus type 16/18; MPLA:
Monophosphoryl lipid A adjuvant; QS-21: A purified Quillaja saponaria Molina immunologic adjuvant
fraction 21; Th1/Th2: T-helper cell type 1/type 2.

https://www.sciencedirect.com/topics/medicine-and-dentistry/vaccine-adjuvant



What alum actually is..

In vaccines, “alum” usually means:
Aluminium hydroxide — Al{OH)s
Aluminium phosphate — AlPOa

Occasionally amorphous aluminium

hydroxyphosphate sulfate

These form microparticles that adsorb

vaccine Ags on their surface!

What alum does immunologically?
—Creates a local antigen depot

Alum forms particulate aggregates with the
antigen, which:

‘retain antigen at the injection site

*allow slow antigen release

sprolong exposure to the immune system

This increases the probability that APCs will capture the antigen!



Neonatal and Infantile Immune Responses to
Encapsulated Bacteria and Conjugate Vaccines

ENCAPSULATED BACTERIA ARE RESPONSIBLE FOR THE MAJORITY OF MORTALITY
AMONG NEONATES AND INFANTS.

S. pneumonia serotypes, N.meningitidis, and H. influenza
The major components on the surface of these bacteria are:

POLYSACCHARIDES = VIRULENCE FACTORS!

https://www.hindawi.com/journals/jir/2008/628963/



Neonatal and Infantile Immune Responses to
Encapsulated Bacteria and Conjugate Vaccines

PROBLEM: . 5

PS-specific B cell

Polysaccharides are thymus-independent (Tl)-2

antigens that induce inadequate IR in neonates

and infants. )

2> lack of immune response may be overcome by

conjugating the polysaccharides to a carrier

protein! e ce"}‘ "\:

1ghd, 1262

Low Avidity Plasma cell \'
9( L 1261, 12G3

High Awidity

PS-specific
Memory B cell

https://www.hindawi.com/journals/jir/2008/628963/



1. SUBUNIT VACCINES
Protein-based vaccines

Development of HBV vaccine J

* The first protein-based vaccines relied on

NATURAL SOURCES OF ANTIGENS —

* Hep B vaccine - human source (plasma) for the

vaccine antigen

* LIVER CELLS of persons chronically infected with ANt-HBV Ab '\_ < Blood
. : 5 -< ! A #
hepatitis B virus: o TP N [
"5 4 F e P\
-> shed excess viral surface protein, ie., hepatitis B e | e | e | e | e

surface antigen (HBsAg)

https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine



22 nm (HBsAg) particles Plasma-derived HBV vaccines

Formaldehyde

I1l. SUBUNIT VACCINES N_ /S

Inactivation and purification L5

Protein-based vaccines

Urea
Blood of HBsAg carriers

Vs
s

— ] e
/

— plasma was
harvested from
long-term chronic

hepatitis B carriers | and the final preparation subjected to inactivation techniques

HBsAg was purified

— WELL TOLERATED AND HIGHLY EFFICACIOUS VACCINE!

https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine



l1l. SUBUNIT VACCINES

Current Hepatitis B vaccine type (worldwide & Europe)

. Produced by inserting the HBSAg gene into yeast From: Hepatitis B virus infection after immunization: How serious it is? An updated review
. : o " 1
(e.g., Saccharomyces cerevisiae) or mammalian cells . i E —— j
{ HBV ) : HBV v»
* Resulting in purified HBsAg protein — formulated 4 P
with aluminum adjuvant
S Extraction and Purification

* No live virus, no whole virus, no DNA from HBV.

- Engerix-B (GSK), HBVAXPRO (Merck/MSD) — (@ (™

(&=

- Yeast-derived —

Yeast cells (Saccharomyces cerevisiae) Multiplication

oV

* Sci-B-Vac (VBIl) -Mammalian-cell-derived

https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.mdpi.com/2076-393X/11/12/1862



https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-based-vaccine
https://www.mdpi.com/2076-393X/11/12/1862
https://www.mdpi.com/2076-393X/11/12/1862
https://www.mdpi.com/2076-393X/11/12/1862

Subunit Vaccines & Candidates

Short list:

COVID-19: Novavax NVX-CoV2373 (Spike protein)
RSV: Arexvy (RSV preF)

Chikungunya: VIMKUNYA™ (VLP)

HEV (Hepatitis E Virus) : Hecolin (ORF2 capsid protein)
Shigella: GMMA subunit vaccines

MERS-CoV: RBD protein vaccines (candidates)

Lassa: Recombinant GPC vaccines (candidates)

Mpox (previously called monkeypox) : VLP-based subunit candidates



1. SUBUNIT VACCINES
Protein-based vaccines - Novavax

Novavax COVID-19 Vaccine, adjuvanted
Contains: SARS-CoV-2 spike protein and Matrix-M adjuvant.

The spike protein in this vaccine is produced in insect cells :

NOVAVAX
COVID-19
Vaccine

The Matrix M-adjuvant contains saponin extracts from the
bark of the Soapbark tree that is native to Chile.

https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-
19/novavax-covid-19-vaccine-adjuvanted



l1l. SUBUNIT VACCINES
Peptide-based vaccines

* Subunit —peptide vaccines are attractive

» Potential to precisely tune the immune
response

 [n addition, peptides have potential
activities as adjuvants!

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9384901/

Short
peptides -
automated
synthesis

Longer
peptides and
proteins -
recombinantly



11l. SUBUNIT VACCINES
Peptide-based vaccines

Y,

- malaria
iInfluenza
- hepatitis B
hepatitis C
B COVID-19
lung cancer
I breast cancer
B prostate cancer

25

7 46

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9384901/



l1l. Subunit Vaccines

Examples Of Peptide-based Candidate Vaccines In Active Or Completed
Phases Of Development

B-cell
Chronic
Lymphocytic
Leukemia

Pancreatic
Cancer

Foot
And
Mouth

Disease
Prostate

Cancer Melanoma .
Ovarian

Cancer

Malaria

Alzheimer’s
Disease
(Tau Protein) Breast

Influenza

Cancer

Https://Www.Ncbi.NIm.Nih.Gov/Pmc/Articles/PMC9384901/



Considerations and Methods for the
Design of Peptide Vaccines

* Despite several advantages, peptides are typically poorly immunogenic when used

alone, requiring the next generation of adjuvants to overcome this problem. ...
* Delivery: emulsion? Adjuvants? ...are discussed...
* Liposomes?
* Virosomes, ISCOMS and Related Particles?
* Polymeric Particles for delivery?

» Safety Issues related to Delivery Strategies

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494216/



Considerations and Methods for the
Design of Peptide Vaccines

* Immune Tolerance vs Autoimmunity? TAA —TSA

* |f the peptide is too short, it can bind to the MHC of non-professional APCs!
— NO FULL T-CELL ACTIVATION

— leading to a poor T-cell response / IMMUNTOLERANCE!

OPTIMAL LENGTH — amplification of CD4+ and CD8+ response

— recognition of motifs that lead to enhancement of immunogenicity

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5529997/



Considerations and Methods for the Design of Peptide
Vaccines

- Multi-epitope-based strategies are needed!

Conformational restrictions...

|dentification of the potent and safe immune stimulators -> use of nanotechnology ...

Potential TOXICITY OF NANOPARTICLES (positively charged) the use of biodegradable

polymers may result in unexpected complications....

YET, a very promising platform!!!

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5529997/



IV. TOXOID VACCINES

USE INACTIVATED TOXINS TO TARGET THE TOXIC ACTIVITY
CREATED BY THE BACTERIA

..RATHER THAN TARGETING THE BACTERIA ITSELF!

NEUTRALIZIATION OF TOXINS WITH ANTIBODIES THROUGH
VACCINATION

Boostering: every 5-10 years (+/-) e.g. tetanus vaccine, diphtheria vaccine

Target the
Use of toxic ...rather than

inactivated activity of targeting the
toxins the bacteria itself!
bacteria

DIPHTHERIA

TETANUS




IV. TOXOID VACCINES

Purification of the bacterial exotoxin

DIPHTHERIA

Toxicity is
suppressed / inactivated

 Heat |
 Formaldehyde J

VACCINATION WITH TOXOIDS INDUCES ANTI-TOXOID ANTIBODIES THAT ARE
ABLE TO BIND WITH THE TOXIN AND NEUTRALIZE IT!

https://www.sciencedirect.com/topics/medicine-and-dentistry/toxoid



IV. TOXOID VACCINES

TOXICITY IS IMMUNOGENICITY
WEAKENED IS MAINTAINED

Toxoids are able to cause a protective immune response,
but not lead to active toxin-induced disease!

https://www.news-medical.net/health/What-is-a-Toxoid-Vaccine.aspx

Toxoids are excellent
choices to be used in
vaccinations against
certain bacterial
toxins

(diphtheria and
tetanus)



IV. TOXOID VACCINES

Toxoids

Bacteria secreting toxins, or harmful
chemicals are grown

lln culture media

@ Toxoids (secreted toxin)

Inactvated with heat Jor chemucals

@ Injection of entire dose of vaccine

Pnming vaccnation Booster
doses

@ Induction of immune response

l Specific immune response

@ Protection against real infection

https://www.sciencedirect.com/topics/medicine-and-dentistry/toxoid



IV. TOXOID VACCINES
What is a toxoid vaccine?

LI AL DL ...to the original toxin

By using toxoids form an immune
response

\l‘ IMMUNOGENICITY IS MAINTAINED

https://www.news-medical.net/health/What-is-a-Toxoid-Vaccine.aspx



V. TOXOID VACCINES
IR, protection

Multiple doses throughout childhood and adulthood for

maximum protection

+ booster shots can be given if you are traveling to a high-risk

country for example...

https://www.news-medical.net/health/What-is-a-Toxoid-Vaccine.aspx



IV. TOXOID VACCINES

Examples of bacterial diseases and toxoid vaccines:

Tetanus (Clostridium
tetani),

Diphtheria
(Corynebacterium
diphtheriae),

Botulism (Clostridium
botulinum)

Whooping cough;
pertussis (Bordetella
pertussis — though this

4. Immune helper
cells trigger an
immune response

Harmless
toxoid

How does a Toxoid Vaccine create immunity?

\

|

6. Antibodies bind to
toxoid or toxin and
mark for destruction

tends to be bacterial
components rather than
toxoids per se, but

Antigen from
toxoid

|

e

X,

components are _
incorporated alongside
toxoids of other bacteria).

4

5. Body creates ={ ) 7. Antibody levels

army of B-cells to > £ "i fade with time, and

produce antibodies = r . usually additional

against virus = <" A A shots are needed
‘“( }:’2’ « < >~

Yrderstarditg mmmmﬁggies | Pfizer

https://www.news-medical.net/health/What-is-a-Toxoid-Vaccine.aspx



IV. TOXOID VACCINES

Bravoxm

% .- Susponsion for injection n for
100 ml i
usp injaction for cattle and shee|

ARy

S T Bravoxin®
Suspension for injection
: for ganls and sheep s

Bravoxin®

Clostridium
:Z g | | Suspension for injection
58 Toxoid : .
10 Doses 3
st
,.o : Clastriial cells and towaidsi
: “‘ r See package leaflet.

Cl. Perfnngens 5
Type A

H Toxoid
\H ﬁ’ 'f"""*

Clostridium Perfringens Type A Bravoxin® Suspension for injection
Toxoid Cattle Vaccine for cattle and sheep



V. VIRAL VECTOR VACCINES

+~ANOTHER VIRUS” is modified + used as a vector,
... to deliver protection from the ,,TARGET VIRUS”
E.g. adenovirus, influenza, measles virus and vesicular stomatitis virus (VSV)

Recent uses of viral vector technology have been in Ebola virus and COVID-19, and studies into its

use for Zika, flu and HIV are ongoing...

Measles COVID-19 HIV

Ebola

https://www.gavi.org/vaccineswork/what-are-viral-vector-based-vaccines-and-how-could-they-be-used-against-covid-19



V. VIRAL VECTOR VACCINES

REPLICATING NON-REPLICATING

Currently licensed replication-
Replicating viral vector vaccines infect cells, resulting in the
competent vaccines: e.g.the
production of the vaccine antigen. ..
recombinant vesicular stomatitis

virus (rVSV)-Zaire Ebola virus

vaccine

PLUS: the viral vector is also produced and is then able to infect ...lLet’'s see some other examples

new cells, which then create more viral antigen... as well... ->

https://www.idsociety.org/covid-19-real-time-learning-network/vaccines/covid-19-viral-vector-
vaccines/



Filoviruses

Ebola Virus Disease (EVD — Zaire ebolavirus) :




International Business Times/Hanna Sender
Source: WHO

EBOLA

FRANCE
1 SUSPECTED CASE

UNITED STATES SPAIN af

wszr‘;“- : zexm 1 CASE, 1 DEATH
o R 7 SUSPECTED CASES

SENEGAL
1 CASE, 0 DEATHS

GUINEA
1,350 CASES, 778 DEATHS

' NIGERIA
20 CASES, 8 DEATHS
2,950 CASES, 930 DEATHS

SIERRA LEONE

LIBERIA
4,076 CASES, 2,516 DEATHS

DR CONGO
73 CASES

BRAZIL 43 DEATHS
1 SUSPECTED CASE

e s rrecer WEST AFRICA EBOLA
T VIRUS OUTBREAK

Bl UNRELATED OUTBREAK
B UNCONFIRMED OR SUSPECTED CASES As of Oct. 10,2014

https://www.researchgate.net/figure/Map-of-the-spreading-of-the-Ebola-virus-in-2014-source-WHO_fig1_341322919



Ebola virus

« WITHOUT TREATMENT, UP TO 90% OF
CASES ARE FATAL

« 2014-2016 outbreak in West Africa, the largest
Ebola disease outbreak to date

- ...MORE THAN 28,600 CASES REPORTED!

« 2018-2020 outbreak in the DRC + Uganda.

* Other large outbreaks 100s of cases: DRC and
Gabon.

 Smaller outbreaks have also occurred in DRC,
Gabon, the Republic of the Congo, and ZA

0 1,000 2,000 km

Country reporting Number of cases

past Ebola disease g }1 1(1’00 @ Orthoebolavirus zairense (Ebola virus)
outbreak O 101- ~1.000 ® Orthoebolavirus sudanense (Sudan virus)

. Y () Orthoebolavirus bundib: (Bundib: virus)
https://www.cdc.gov/ebola/outbreaks/index.html sy 81:‘;;;:““ © Orthostolius suaes (WHasws)



Ebola Virus Disease (EVD - Zaire ebolavirus)

International Business Times/Hanna Sender
* West African epidemic - more ' e
i
than 28,600 cases reported! FRANCE
1 SUSPECTED CASE
UNITED STATES SPAIN }
. . . pe . 1 CASE, 1 DEATH g 1 CASE, 1 DEATH
* Ebola was first identified in 1976 e 7 SUSPECTED CASES

* Ervebo (rVSV-AG-ZEBOV-GP) SENEGAL

1 CASE, 0 DEATHS
1,350 CASES, 778 DEATHS NIGERIA

GUINEA
- first Ebola vaccine 2019 s-smusoui ' e s

2,950 CASES, 930 DEATHS

LIBERIA
4,076 CASES, 2,516 DEATHS DR CONGO
73 CASES
BRAZIL 43 DEATHS
1 SUSPECTED CASE

Il WIDESPREAD AND INTENSE TRANSMISSION WEST AFRICA EBOM
et o VIRUS OUTBREAK

Il UNRELATED OUTBREAK
B UNCONFIRMED OR SUSPECTED CASES As of Oct. 10,2014

2> Replicating viral vector vaccine



Ebola virus vaccine -
ERVEBO

(during the West

African outbreak, including a 2015 ring-
vaccination trial in Guinea)

* Single dose!

ﬂ
I.eonc‘ ‘
Liberia* g7vaire .

o. Qo

Glbon;w

0 1,000 2,000 km

Country reporting Number of Othoebolavirus Specles

past Ebola disease g h‘ 1(1)00 @ Orthoebolavirus zairense (Ebola virus)
outbreak @) 101- - 1,000 ® Orthoebolavirus sudanense (Sudan virus)
[ Yes O 1,001 _’10 000 () Orthoebolavirus bundibugyoense (Bundibugyo virus)
1 No : % @ Orthoebolavirus taiense (Tal Forest virus)
O 10,000+

https://www.cdc.gov/ebola/outbreaks/index.html

cdc.gov



Ebola virus

- Adenovirus + poxvirus-vectored

vaccines

* Another Ebola vaccine regimen by:

Johnson & Johnson
(a two-dose series of Ad26.ZEBOV and MVA-BN-Filo)

ADENOVIRUS + POXVIRUS-VECTORED VACCINES

 Approval of the European Commission in 2020

However, the WHO recommendation for outbreak
response is to use the ONE-DOSE ERVEBO for its rapid
protection

0 1,000

Country reporting Numlbe; 81‘ cases Othoebolavirus Specles

past Ebola disease o ® Orthoebolavirus zairense (Ebola virus)
outbreak 8 iél- _]'(l)om @ Orthoebolavirus sudanense (Sudan virus)
[ Yes O 1,001 -ll0,000 (' Orthoebolavirus bundibugyoense (Bundibugyo virus)
1 No O 10,000+ @ Orthoebolavirus taiense (Tal Forest virus)
r

https://www.cdc.gov/ebola/outbreaks/index.html

cdc.gov



Lassa
hemorrhagic
fever

Vaccine candidate: recombinant rVSV-
vectored Lassa vaccine (rVSVAG-LASV-GPC)
-> |t uses the same vector backbone as

Merck’s Ebola vaccine!

https://en.wikipedia.org/wiki/Lassa_fever#/media/File:LassaBoy.png

You can get Lassa fever by touching, playing
with, or cutting up a rat’s dead body.




| assa Fever

Endemic to parts of West Africa

» Countries like Nigeria, Sierra Leone, Liberia, and

others experience seasonal Lassa outbreaks,

e 100s of thousands of infections annually in West

Africa

* The disease was first described in the late 1960s-
increasing epidemic potential and high mortality in

severe cases.

b
Lassa Endemic Zone

7)) %
N Ml///"%]/?/i//'/_/[//‘(////"»

[7] Lassa risk -

ISP ol

Sierra Leone Guinea

Nigeria Liberia

« AS OF 2025, NO LASSA VACCINE IS YET LICENSED,

BUT THERE HAS BEEN SIGNIFICANT PROGRESS ->

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41579-022-00789-
8&psig=A0vVaw2h8ThpAo04ZrZu9NyWVK2UL&ust=1763444302748000&source=images&cd=vfe&opi=89978449&ved=0CBkQ3YkBahcKEwiw9_KMvPiQAXUAAAAAHQAAAAAQFw



Lassa fever — the road ahead

(Nature Reviews Microbiology)

Mauritania
Mali
Niger
Senegal
The
Gambia %
assa
@ Burkina Faso S *
Nigeria F
Guinea/ Jos @
Bissau

Guinea / r® @ Redeemers <
/ G
Sierra @ NPHIL
Leone
Liberia /

Ghana ’

@ Abakaliki
8 ?

Benin Cameroon
Cote
d’lvoire Togo

500 km

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41579-022-00789-

[/] Lassa risk

S
Lassa Endemic Zone
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£
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<% KGH & ISTH field sites

Sierra Leone Guinea

Nigeria Liberia

8&psig=A0vVaw2h8ThpAo04ZrZu9NyWVK2UL&ust=1763444302748000&source=images&cd=vfe&opi=89978449&ved=0CBkQ3YkBahcKEwiw9_KMvPiQAXUAAAAAHQAAAAAQFw



Lassa hemorrhagic fever -Lassa virus

* Many of those infected by the virus do not develop symptoms.

* Symptoms: fever, weakness, headaches, vomiting, and muscle pains.

* Less commonly there may be bleeding from the mouth or Gl tract.

" Yellow eyes
and skin
(jaundice)

* The risk of death once infected is about 1% (one percent) and

frequently occurs within two weeks of the onset of symptoms Nausea -

mosquitoes
« Of those who survive, about a quarter have hearing loss, which

improves within three months in about half of these cases

https://en.wikipedia.org/wiki/Lassa_fever#/media/File:LassaBoy.png



Lassa Fever
- recombinant rVSV-vectored Lassa vaccine candidate

* One of the most advanced candidates is a recombinant rVSV-vectored Lassa vaccine

(rVSVAG-LASV-GPC) developed by IAVI with support from CEPI

 THIS VACCINE USES THE SAME VECTOR BACKBONE AS MERCK'’S EBOLA
VACCINE (VESICULAR STOMATITIS VIRUS)

-> EXPRESSES THE GLYCOPROTEIN OF LASSA V.

* [naPhase 1 trialin 2021-2022, a single dose of rVSV-LASV vaccine was given to over
100 adults in the U.S. and West Africa (cepi.net.)

cepi.netcepi.net



https://cepi.net/iavis-lassa-fever-vaccine-shows-promise-early-clinical-trials#:~:text=CEPI%20is%20one%20of%20the,Lassa%20fever%20vaccines%20to%20licensure
https://cepi.net/iavis-lassa-fever-vaccine-shows-promise-early-clinical-trials#:~:text=News%20of%20the%20positive%20vaccine,Lassa%20fever%20vaccine%20to%20licensure

Lassa Fever

- recombinant rVSV-vectored Lassa vaccine candidate

* Phase |l trial of a Lassa vaccine began in 2023
across multiple West African countries

(Nigeria, Sierra Leone, and Ghana)

« THE VACCINE IS INTENDED TO BE A
SINGLE-DOSE REGIMEN, WHICH IS IDEAL
FOR OUTBREAK CONTROL!

m Lassa risk
zone

Sierra Leone
Nigeria

Lassa Endemic Zone

=
<% KGH & ISTH field sites

>

Guinea
Liberia

cepi.netcepi.net



https://cepi.net/iavis-lassa-fever-vaccine-shows-promise-early-clinical-trials#:~:text=CEPI%20is%20one%20of%20the,Lassa%20fever%20vaccines%20to%20licensure
https://cepi.net/iavis-lassa-fever-vaccine-shows-promise-early-clinical-trials#:~:text=News%20of%20the%20positive%20vaccine,Lassa%20fever%20vaccine%20to%20licensure

Marburg virus disease

Disrupts the clotting system — internal bleeding
- fatal in up to 88% of cases

G SABIN

VALCCINE INSTITUTE

 rVSV-ZEBOV

« Ad26, ChAdOx1, Ad5

« MVA vektor (Modified
Vaccinia Ankara)

Related to Ebola Zaire, Marburg virus disease is fatal in up to 88% of cases, which is why it's an R&D prionity
for Sabin.

https://www.sabin.org/our-impact/disease-focus-areas/marburg/



What is Marburg?

Marburg virus disease is a
hemorrhagic fever that can

disrupt the body’s clotting

system and lead to internal
bleeding.

Did You Know?

Marburg virus disease outbreaks

have recently emerged in countries
that had never reported cases,
including Rwanda and Tanzania.
There are no approved vaccines and
treatments for Marburg virus disease.

Sabin is one of a few organizations developing a
vaccine for Marburg. Phase 2 clinical trials are

currently underway in Uganda and Kenya.

Fatality rates can 88%
be as high as

Symptoms

Early symptoms include:

A A
A

HIGH FEVER ACUTE HEADACHE EXTREME FATIGUE

As the disease progresses, severe symptoms include:

PANCREATIC LIVER & IMMUNE
INFLAMMATION SYSTEM FAILURE
(0

e @ MASSIVE
S @ HEMORRHAGING

By the Numbers

There have been 13+ outbreaks of Marburg
virus disease since 1980

Almost all outbreaks occurred
in Sub-Saharan Africa:

2024: Rwanda
2023: Tanzania and J
Equatorial Guinea

/3ingJew /seale-sndoy-aseasip/1oedwi-ano/310° uiges'mmm//:sdiy
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.

G SABIN N

VACCINE INSTITUTE
Sabin is one of a few organizations
developing a vaccine for Marburg.

Phase 2 clinical trials are currently
underway in Uganda and Kenya.

/

Disease Transmission

INITIAL CONTACT w 3 @a
Transmitted to people
from fruit bats.

SECONDARY SPREAD

O 0 Person-to-person transmission
@H occurs through contact with
bodily fluids of infected people.

By the Numbers
There have been 13+ outbreaks of Marburg

virus disease since 1980

Almost all outbreaks occurred
in Sub-Saharan Africa:

2024: Rwanda
2023: Tanzania and 7
Equatorial Guinea

gl

Largest and deadliest outbreak:

Angola (2004-2005)

252 CASES 227 DEATHS

Most recent outbreak:

Rwanda (2024)

2

Sources: WHO, CEPI & NIH | Updated October 2024

/3ingJew /seale-sndoy-aseasip/1oedwi-ano/310° uiges'mmm//:sdiy



Marburg Virus Disease — Key Facts

Geographic Distribution

First outbreaks: 1967
(Germany, Serbia)

Majority of outbreaks since:
Sub-Saharan Africa

Occasional isolated cases
globally

Recent Outbreaks

2024 - Rwanda

2023 - Tanzania, Equatorial
Guinea

United Republic of
Tanzania

Legend
Water bodies
I Kagera river basin
(-] Country boundaries
B Distribution of Egyptian fruit bats

L .
Burundi

750 1500 km 0 250 500 km

[ S— L EE—



Marburg Virus Disease — Key Facts

Germany (Uganda
Netherlands (Uganda origin); 1767

USA (Uganda origin): 2008
origin): 2008

Transmission

Russia: 1988, 1990,
1991, 1995

1. Initially: fruit bats

2. Secondary: bodily fluids of infected people

Requires very close contact

. . . . {R):“’“?ic Ugla:dza: I20()7, 2012, ; 5
» Spread through: Blood, saliva, urine, other bodily fluids o Lh s
N\
« Contaminated clothing, bedding, medical equipment W i e K 95,19 e

in a different country

. Outbreak by laboratory 2y, South Africa (Zimbabwe
exposure origin): 1975

* Usually transmitted from infected or deceased

individuals

https://www.google.com/ur?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FOutbreak-history-of-Marburg-virus-
The-red-color-on-the-map-demonstrates-the-occurrences_fig2_359669637 &psig=A0OvVaw1lme-GSy-Vt3NclpUH-
i6MB&ust=1763445915783000&source=images&cd=vfe&opi=89978449&ved=0CBYQ3YkBahcKEwjAlc2MwvViQAXUAAAAAHQAA
AAAQLw



Marburg Virus Disease — Key Facts

Germany (Uganda

Netherlands (Uganda origin): 1367
USA (Uganda origin): 2008
origin): 2008

Russia: 1988, 1990,
1991, 1995

Symptoms

* Sudden onset: high fever, severe

headache, extreme fatigue

* Progression to severe disease:

Democratic

Uganda: 2007, 2012,

* Pancreatic inflammation g b
o920 )
* Shock
:,rl:\‘r:)ar:::r:{g::iinal s Angola: 2004-2005 Kenya: 1980, 1987 &
. . . Qutbreak strain originating 4 /

* Liver and immune-system failure ) S—

[ Outbreak by laboratory i:lqlli:)/:\llrgl;:(bmbab\nc
°

Massive hemorrhaging

https://www.google.com/ur?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FOutbreak-history-of-Marburg-virus-
The-red-color-on-the-map-demonstrates-the-occurrences_fig2_359669637 &psig=A0OvVaw1lme-GSy-Vt3NclpUH-
i6MB&ust=1763445915783000&source=images&cd=vfe&opi=89978449&ved=0CBYQ3YkBahcKEwjAlLc2ZMwviQAXUAAAAAHQAA
AAAQLW



Treatment & Vaccines

« ONLY SUPPORTIVE TREATMENT

* Supportive care + experimental: blood products, immune therapies,

antivirals
« NO APPROVED VACCINE - Several candidates in development
Sabin Marburg Vaccine — Status
* Vaccine type: single-dose candidate
* Phase: Phase 2 clinical trial (since Oct 2023)

Sites:

« MAKERERE UNIVERSITY WALTER REED PROJECT (KAMPALA,
UGANDA)

« KENYA MEDICAL RESEARCH INSTITUTE (SIAYA, KENYA)




V. VIRAL VECTOR VACCINES
€

REPLICATING “

Several COVID-19
vaccines are based on
this technology,
including the Johnson &
Johnson/Janssen,
Oxford-AstraZeneca and
Gam-COVID-Vac
(Sputnik V) vaccines.

NON-REPLICATING

Non-replicating viral
vector vaccines also
infect cells, resulting
in the production of
the vaccine antigen...

...but the viral
vector itself
cannot be
reproduced!

https://www.idsociety.org/covid-19-real-time-learning-network/vaccines/covid-19-viral-vector-
vaccines/



Nipah virus infection

ChAdOx1 - chimpanzee-adenovirus Oxford 1 - ChAdOx1
nCoV-19 (AZD1222)

https://www.who.int/health-topics/nipah-virus-infection#ttab=tab_1



Nipah Virus Infection

Fruit contaminated by
t Bat infected bat
— > /

=

?l

How Nipah Virus
' Spreads? S

' 4
——H [
i
Infected person

Family and cart
infected

Bigs

https://www.who.int/health-topics/nipah-virus-infection#tab=tab_1

« ZOONOTIC ILLNESS =
TRANSMITTED TO PEOPLE FROM
ANIMALS

- ADDTIONALLY, CAN BE
TRANSMITTED THROUGH
CONTAMINATED FOOD OR
DIRECTLY FROM PERSON-TO-
PERSON

* |n infected people, it causes a range of
illnesses:

— from subclinical infection to acute
respiratory illness...

... and FATAL ENCEPHALITIS!

* The virus can also cause severe
disease in animals such as pigs



Nipah Virus Infection

* During the first recognized outbreak in MALAYSIA, which also affected Singapore, most
human infections resulted from direct contact with sick pigs or their contaminated

tissues.

* |n subsequent outbreaks in BANGLADESH AND INDIA - consumption of fruits or fruit
products (such as raw date palm juice) contaminated with urine or saliva from

infected fruit bats

« HUMAN-TO-HUMAN TRANSMISSION OF NIPAH VIRUS HAS ALSO BEEN
REPORTED!



Nipah virus- vaccine candidate -
October 2025

e 28 October 2025; OSLO; PUNE; OXFORD: One of the world’s
deadliest viral pathogens, Nipah virus, could soon have a new line

of defense against it ...

-> WORLD'’S LARGEST INVESTIGATIONAL READY RESERVE OF
A NIPAH VIRUS VACCINE CANDIDATE!

100,000 doses!!!

https://cepi.net/establishing-worlds-largest-nipah-virus-vaccine-reserve



Nipah virus- vaccine candidate

« ChAdOx1 NipahB vaccine candidate - Adenovirus vector platform

ChAdOx1 - chimpanzee-adenovirus Oxford 1 - ChAdOx1 nCoV-19
(AZD1222),

Candidate vaccines: MERS, Zika, Chikungunya, Rift Valley Fever

 The vaccine encodes NIPAH VIRUS GLYCOPROTEINS - to elicit

immunity

https://www.who.int/emergencies/disease-outbreak-news/item/2025-DON582



Nipah virus- vaccine candidate

« ChAdOx1 NipahB vaccine candidate - investigational reserve of up to

100,000 doses

... which could be deployed under emergency use during a future Nipah

virus outbreak

Nipah virus vaccines are in mid-stage development (Phase |l as of 2025)

https://www.who.int/emergencies/disease-outbreak-news/item/2025-DON582



Rift Valley
fever

https://cepi.net/landmark-african-led-research-map-extent-rift-valley-fever-impact



Rift Valley fever virus

- found in most of sub-
Saharan Africa, especially
eastern and southern Africa

Rift Valley fever virus is

; Comoros

carried by mosquitoes

— can spread to people
and animals, including
cows, buffalo, sheep, goats,

and camels...

EErvin, CDC/VSBP, 2016

Rift Valley Fever Distribution Map

- Countries reporting endemic disease and substantial outbreaks of
RVF

0 250 500 1,000 Miles

w2 |
e Fr A EEE

0 375 750 1,500 Km

- Countries reporting few cases, periodic isolation of virus, or
serologic evidence of RVF infection

https://www.cdc.gov/rift-valley-fever/about/index.html I RVF status unknown




Rift Valley fever

Two major collaborative projects, led by institutions

in Kenya and Tanzania

Rift Valley fever, first identified in Kenya’s Rift Valley

in 1930, is a mosquito-borne disease

-> AFFECTING BOTH HUMANS AND LIVESTOCK,
WITH SERIOUS CONSEQUENCES FOR HEALTH,
FOOD SECURITY AND LIVELIHOODS.

https://cepi.net/landmark-african-led-research-map-extent-rift-valley-fever-impact



Rift Valley fever (RVF)
In humans

—causes mild, flu-like symptoms,
— but in a small percentage of cases, it can lead to:
» severe complications such as vision loss,

* brain inflammation (encephalitis),

» severe bleeding disorder (haemorrhagic fever)...

https://cepi.net/landmark-african-led-research-map-extent-rift-valley-fever-impact



2025 Promising human Rift

October 13, OSLO, Norway, and Valley fever vaccine to

ENROBL Kenya —ﬁdprtomlsmg t enter Phase Il clinical trials
uman vaccine candidate agains .

the potentially deadly Rift Valley In Kenya

feve r CEPI e 13th oktober 2024

* Phase Il trials in Kenya

« ChAdOx1 vaccine platform, the same
technology behind the Oxford-
AstraZeneca COVID-19 vaccine
which has saved millions of lives
worldwide.

| ——

https://cepi.net/promising-human-rift-valley-fever-vaccine-enter-phase-ii-clinical-trials-kenya



V. mRNA VACCINES

Messenger RNA (mMRNA) vaccines

MRNA: short-lived

of genetic material

- prompt our cells to
start making SARS-CoV-2

proteins

Immune systems develops antibodies (Abs)
strands

.whichinturn helpour = i

immune systems develop
antibodies To protect the fragile
molecule as it sneaks into

cells:

lipid nanoparticles = LNPs

https://cen.acs.org/pharmaceuticals/drug-delivery/Without-lipid-shells-mRNA-
vaccines/99/i8



Preparing for future
pandemics

CEPI, the Coalition for Epidemic Preparedness Innovations, is a global
partnership working to accelerate the development of vaccines and other
biologic countermeasures against epidemic and pandemic threats.

Global initiatives

-> e.g. WHO’s R&D Blueprint and CEPI have prioritized these emerging threats

-> leading to new vaccine platforms (like mRNA and viral vectors) and rapid
development timelines

https://cepi.net/



Coronaviruses

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.physio-
pedia.com%2FCoronaviruses&psig=AOvVaw1KNI5fsDgCnECBRVyFXmjc&ust=1763871839235000&source=images&cd=vfe&opi=89978449&ved=0CBkQ3 YkBahcKEwiQk57p9ISRAXUAAAAAHQAAAAAQBA



MERS -Middle East
Respiratory Syndrome
(MERS-CoV)

|t was a Saturday in September 2012 when an
unusual email arrived at

» ...a British infectious disease laboratory from a
team of virologists in the Netherlands...

* The email contained details of a MYSTERIOUS
VIRAL PATHOGEN that had been found in two
patients many miles apart.

CLPI

INGDOM

North Sea

A

% Amsterdam o

TheHagueo  NETHERLANDS

UNITED

BELGIUM




IRAN

MERS -Middle East

Respiratory Syndrome Persian Gulf
(MERS-CoV)
BAHRAIN
* One was a QATARI MAN who at that QATI;\R;
O Donha

time was in an intensive care unit at a
British hospital SAUDI ARABIA

* The other was an elderly SAUDI
ARABIAN MAN who had recently died
in a hospital in Jeddah after suffering a
severe bout of pneumonia and then
renal failure...

CLPI



MERS -Middle East Respiratory
Syndrome (MERS-CoV)

 Intrigued, the viral detectives set to work on deciphering the pathogen’s

identity...

* WITHIN DAYS THE NEW VIRUS WAS CONFIRMED AS ONE NEVER
SEEN BEFORE IN HUMANS!

* IT WAS A NOVEL CORONAVIRUS —later to become known as the virus
that causes Middle East Respiratory Syndrome, or MERS



3 highly pathogenic novel human viruses
In the Coronavirus family...

« MERS was the second of 3 (three) highly pathogenic novel human viruses in the

Coronavirus family

* The first, SARS-CoV-1, caused a disease known as Severe Acute Respiratory

Syndrome, or SARS.

* And the third, SARS-CoV-2, caused a disease called COVID-19, which swiftly

became a global pandemic...




Coronaviruses

Seven members of the coronavirus family are already known to infect people, often
with deadly consequences, and novel coronaviruses are continuing to be discovered.
CEPI’s coronavirus R&D investments focus on two of its priority pathogens—SARS-
CoV-2 and MERS—as well as broadly protective coronavirus vaccines and the
establishment of a coronavirus vaccine library.

Middle East
Respiratory

Syndrome
(MERS-CoV)

...NO VACCINE HAS BEEN APPROVED AGAINST IT SO FAR...

https://cepi.net/



2025

MERS

Number of MERS-CoV Lebgnbn
« MERS has caused 1 .
25
sporadic outbreaks, —
Previously affected
countries
mostly on the Non affectd
Arabian Peninsula
Arab Emirates

* A major hospital
Oman

outbreak in South
Korea in 2015)

Yemen

* No vaccine is yet

licensed for use...

https://www.ecdc.europa.eu/en/publications-data/distribution-confirmed-cases-mers-place-infection-and-year-onset-january-2013-6



MERS - no vaccine is yet licensed for
use...

Several vaccine candidates have been developed and tested in early trials over the past

decade.

A leading approach is a viral-vectored vaccine using a chimpanzee adenovirus

(ChAdOx1) encoding the MERS coronavirus spike protein.

DNA vaccine GLS-5300 (Inovio Pharmaceuticals in collaboration with international
partners), completed a Phase 1 trial in the U.S. and advanced to Phase 1/2 studies in
2018

No MERS vaccine is approved for public use to date



Coronaviruses

Seven members of the coronavirus family are already known to infect people, often
with deadly consequences, and novel coronaviruses are continuing to be discovered.
CEPI’s coronavirus R&D investments focus on two of its priority pathogens—SARS-
CoV-2 and MERS—as well as broadly protective coronavirus vaccines and the
establishment of a coronavirus vaccine library.

COVID-19 -> caused by the novel coronavirus SARS-CoV-2,
(SARS-CoV-2) firstidentified in Wuhan, China in late 2019...



COVID-19

Click on a country or territory to see cases, deaths, and recoveries.

https://www.covidvisualizer.com/

Hungary

2 230 232 total cases

29,029 active
2,048 deceased
2152155 recovered/

' i

View charts and more data »
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COVID-19 (SARS-CoV-2)

The first vaccines authorized for emergency use were mRNA-based vaccines — notably

Pfizer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 —in December 2020

Other vaccine platforms: including VIRAL VECTOR VACCINES (e.qg., the
Oxford/AstraZeneca ChAdOx1 nCoV-19 and Johnson & Johnson’s Ad26.COV?2.S, using

adenovirus vectors

...and inactivated whole-virus vaccines (Sinopharm, Sinovac vaccines -China)

A PROTEIN SUBUNIT VACCINE (Novavax NVX-CoV2373) was later authorized as

well.



V. mRNA VACCINES

He mixed strands of messenger RNA with droplets of fat, to create a kind
of molecular stew.

In late 1987,
Robert
Malone
performed a
landmark
experiment.

Human cells bathed in this genetic gumbo absorbed the mRNA, and began
producing proteins from it

Human cells bathed in this genetic gumbo absorbed the mRNA, and began
producing proteins from it




V. mRNA VACCINES

Later that year, Malone’s experiments showed that frog embryos absorbed
such mRNA

It was the first time anyone had used fatty droplets to ease mRNA'’s passage
into a LIVING ORGANISM (not just cells)

Those experiments were a stepping stone towards two of the most
important and profitable vaccines in history: the mRNA-based COVID-19
vaccines



Messenger RNA (mMRNA) vaccine

* The vaccine contains messenger RNA (mRNA) encoding a viral antigen (e.g., the spike

protein of SARS-CoV-2).

 The mRNA is packaged in lipid nanoparticles (LNPs) that facilitate entry into host cells

after intramuscular injection.

* Once inside the cytoplasm, the mRNA is translated by ribosomes into the encoded viral

antigen.
« The mRNA does not enter the nucleus and cannot integrate into the genome.

* |tis rapidly degraded after translation.



Messenger RNA (mMRNA) vaccine - antigen
presentation

* The synthesized antigen is processed and presented via:
« MHC class | — activation of CD8" cytotoxic T cells

« MHC class Il — activation of CD4" helper T cells

After a successful vaccination, the |IgG subclasses produced depend on the type of

antigen and the T-helper cytokine environment...

lgG1 -Most commonly induced |gG subclass after vaccination 18G2 (less prominent)

lgG3- Also frequently produced during effective antiviral responses 18G4 {usually minimal)



V. mRNA VACCINES
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V. mRNA VACCINES

* Short manufacturing times + low manufacturing costs.
 Have to be kept at low temperatures due to the fragility of the mRNA.

« mMRNA vaccines work by triggering an immune response from proteins they

synthesize.

https://vimeo.com/580744929/d8086¢7 cbf?embedded=true&source=video_title&owner=69260208



https://vimeo.com/580744929/d8086c7cbf?embedded=true&source=video_title&owner=69260208

V. mRNA VACCINES

* They induce both cellular and humoral immunity.
* The first mRNA vaccine was approved for COVI|D-19.

* There is some misinformation that mRNA vaccines can alter a

person’'s DNA, however, they are not able to do that ...

https://vimeo.com/580744929/d8086¢7cbf?embedded=true&source=video_title&owner=69260208



https://vimeo.com/580744929/d8086c7cbf?embedded=true&source=video_title&owner=69260208

Bacterial Outer Membrane Vesicles as a
Versatile Tool in Vaccine Research

 Gram-negative bacteria include a number of pathogens that cause disease in humans

and animals
* Although antibiotics are still effective ....

* There is alarming increase of antimicrobial resistance (AMR) induced by excessive

use of antibiotics

* Alternative strategies must be developed

=> OUTER MEMBRANE VESICLES (OMVS)

https://journals.asm.org/doi/epdf/10.1128/mBio.01707-217src=getftr



Bacterial Outer Membrane Vesicles as a Versatile Tool in Vaccine Research

Naturally produced by Gram-negative bacteria,

-> represent a promising and versatile tool that can be
employed as:

antigens delivery platforms

OUTER MEMBRANE VESICLES (OMVS) ARE SPHERICAL PARTICLES SECRETED BY
ALL GRAM-NEGATIVE BACTERIA INVESTIGATED TO DATE!

https://journals.asm.org/doi/epdf/10.1128/mBi0.01707-217src=getftr



Bacterial Outer Membrane Vesicles as a Versatile Tool

In Vaccine Research

 The formation of OMVs starts from:

» ...the breakage of links between the BACTERIAL
OUTER MEMBRANE and underlying PEPTIDOGLYCAN
(PG) LAYER.

* The outer membrane then protrude to form
VESICULAR BUDS,

..WHICH CONTINUOUSLY BULGE OUTWARDS UNTIL
DETACHING!

* => it gives rise to OMVsl!

https://journals.asm.org/doi/epdf/10.1128/mBio.01707-217?src=getftr
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Bacterial Outer Membrane Vesicles as a Versatile Tool
In Vaccine Research

As protrusions of the parental cell’s outer membrane

...OMVs inherit a composition similar to that of the outer

membrane, consisting of:

A. LIPOPOLYSACCARIDE (LPS),

B. OUTER MEMBRANE PROTEINS (OMPS), Ny Peptidoglycan o
n Periplasmic uter merrltbrane
o® components vesicle
C. PEPTIDOGLYCAN (PG). e
s

® 0 O outer membrane proeins

https://journals.asm.org/doi/epdf/10.1128/mBi0.01707-217src=getftr



Bacterial Outer Membrane Vesicles as a Versatile Tool
In Vaccine Research

It makes them small, non-live antigenic representations of the parent cell,

including the surface complexity,

in a way that vaccines made from recombinant proteins cannot!

THESE MOLECULES ARE PRESERVED IN NATIVE CONFORMATION!

https://journals.asm.org/doi/epdf/10.1128/mBio.01707-217?src=getftr



Bacterial Outer Membrane Vesicles as a Versatile Tool
In Vaccine Research

The structure of OMVs + ENCLOSED MOLECULES make them accessible to immune cells,

endowing OMVs with inherent adjuvanticity and immunogenicity!

597 Tre Cytosol

LPS —»&:o
TLR-4

4

Endosome

\ ‘ TLR-
‘, ey Flagellin d%m <«— CpG DNA
' TLR-5
Peptidoglycan

Outer membrane

® Periplasmic X NOD-1/2
P Nucleic acid Lipoproteins —»&:» I
fragments TLR-2| | Peptidoglycan

. . . Outer membrane proeins

https://journals.asm.org/doi/epdf/10.1128/mBio.01707-217?src=getftr



Why OMVs are important - Summary

eNaturally immunogenic (TLR4, TLR2, TLR5 stimulation)
eIntrinsically adjuvanted (contain PAMPs)

ePresent antigens in native conformation

eExcellent for mucosal vaccines (intranasal, oral)

eEasy to engineer



Licensed OMV-based vaccines

Neisseria meningitidis (MenB) — OMV vaccines
a. Bexsero (4CMenB, GSK)
b. MeNZB (New Zealand, epidemic vaccine)

c. VA-MENGOC-BC (Cuba)



Current OMV Vaccine Candidates
(Preclinical / Clinical)

1. OMV-based COVID-19 vaccines

2. OMV-based Shigella vaccine

3. OMV-based Salmonella Typhi and Paratyphi vaccines

4. OMV-based ETEC (Enterotoxigenic E. coli) vaccines

5. OMV-based gonorrhea vaccines

6. OMV-based pneumococcal vaccine candidates

7. OMV-based cancer vaccines



Major Global High-Security Virus

Laboratories

(BSL-4 Facilities)



Major Global High-Security Virus

Laboratories
(BSL-4 Facilities) and Their Focus Areas

A global overview of laboratories safeguarding and researching

the world’s most dangerous pathogens:



Major Global High-Security Virus
Laboratories

(BSL-4 Facilities) and Their Focus Areas



Major Global High-Security Virus Laboratories (BSL-4
Facilities) and Their Focus Areas

= Diagnostics

= ourveillance

= Vaccine + antiviral development

Outbreak response capacity




International
Networks and
Oversight

« WHO Collaborating Centres
for Variola and Viral
Hemorrhagic Fevers (VHFs)

« BSL-4 Zoonotic Laboratory
Network (BSL4ZNet)

* European BSL-4 Network
(ERINHA)

« WHO BioHub (Spiez
Laboratory)

WHO

World Health
Organization

ERINHA

European BSL-4
Network

WHO
BioHub

BSL4ZNet



CDC (Atlanta, USA) - Centers for Disease
Control and Prevention

« WHO Collaborating Centre for 4
Smallpox & Poxviruses

* Holds official Variola (smallpox)
stocks + Ebola, Marburg, Lassa, y
MPOX ‘ ‘ -

Focus:
* public health reference lab

e vaccine and antiviral
development

* outbreak diagnostics




VECTOR Institute (Koltsovo, Russia)
- State Research Center of Virology &=
and Biotechnology “VECTOR” G

> BEKTOP

« WHO Collaborating Centre for
Orthopoxviruses (e.g. smallpox, cowpox,
horsepox, camelpox, and mpox)

* Holds Variola virus (2nd official smallpox
repository) + Ebola, Marburg, anthrax

Focus:
 virology research
 vaccine/antiviral development

* high-security storage




USAMRIID (Fort Detrick, USA) - U.S. Army
Medical Research Institute of Infectious Diseases

 U.S. Department of Defense
laboratory

* Holds Ebola, Marburg, Junin, Y.
pestis, anthrax, and other
Category A biothreats

Focus:

* biodefense,

* medical countermeasures,

» outbreak surge support




NML (Winnipeg, Canada) - National
Microbiology Laboratory (NML)

* Public Health Agency of
Canada;

e BSL4ZNet core member

* Holds Ebola, Marburg, Lassa,
Nipah, Hendra, CCHF (Crimean-
Congo hemorrhagic fever - tick- t L
borne virus that can cause n e L
severe illness with a high fatality 2850 XY/ oo '
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Institut Pasteur / INSERM (Lyon, France)

* |Institut Pasteur /INSERM BSL-4
Laboratory

* Member of ERINHA,;

« WHO Reference Lab for Variola and
Viral Hemorrhagic Fevers (VHFs)

* Holds Ebola, Marburg, Lassa, Nipah,
Hendra, CCHF

Focus:

» tropical disease research,
» pathogenesis,
* vaccine candidates,

» outbreak response in francophone
Africa




Porton Down (Wiltshire, UK) - UK Health Security
Agency — Porton Down High Containment Labs

« Member of BSL4ZNet
* Historical smallpox work;

e Currently Ebola, Marburg, CCHF,
tularemia

Focus:

e emergency preparedness,
diagnostics,

* vaccine testing for high-risk
pathogens

PORTON

BIOPHARMA




Spiez Laboratory (Switzerland) - WHO
BioHub Facility

* Swiss Federal Institute for NBC
Protection

 WHO pilot BioHub: neutral
global repository for pandemic-
threatening pathogens

* Holds SARS-CoV-2 variants,
MPOX;

* will expand to novel influenza
and coronaviruses

* Focus:

* secure storage,

* global sharing,

* rapid R&D access




Wuhan Institute of Virology (China)

* Chinese Academy of Sciences;
 National Virus Resource Center

* Holds extensive bat coronavirus
collection, plus clearance for
Ebola, Nipah, etc.

Focus:
» zoonotic virus discovery,
» spillover risk,

* antiviral development




CSIRO (Geelong, Australia) - Australian
Centre for Disease Preparedness (ACDP)

» National veterinary/zoonotic
BSL-4 lab;

e BSL4/Net member

* Holds Hendra, Nipah,
lyssaviruses, avian influenzas,
Ebola, Zika

Focus:
e One Health research;

* developed Hendra horse
vaccine;

» Asia-Pacific diagnostic hub




4}, NATIONAL INSTITUTE FOR
@ COMMUNICABLE DISEASES

Division of the National Health Laboratory Service

N|CD (Johannesburg, » Historic WHO Collaborating Centre for VHFs (Africa)
: * Holds Ebola, Marburg, Rift Valley fever and regional
SOU.th Afnca). outbreak samples
National Institute for Focus.
Cc.)mmunlcable. » outbreak diagnostics,
D'Seases Spec'al * hemorrhagic fever monitoring,

Pathogens Unit * regional capacity-building



Attendance sheet please ...

Thank you for you attention!
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