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The main ingredient. A very small amount of a harmless
form of the bacteria or virus you are
immunising against.

Water ° o g} Active ingredient

Create a stronger immune response
to the vaccine. Pose no significant
risk to health in the very small
quantities used.

Example: Aluminium; naturally found
in drinking water at higher levels.

RESidual tr A CES of substances that have

been used during vaccine manufacture, measured as parts
per million or billion in the final vaccine.

Example: Formaldehyde; naturally found in human body.

Preservatives | Adjuvants
and stabilisers V

Maintain vaccine quality, safe
storage and prevent contamination.
Example: Sorbitol; naturally found in
fruit in larger amounts.




Concentration of antibody

Initial
exposure

Secondary immune response
(high affinity antibodies)

Secondary
exposure

Primary immune
response (low
affinity antibodies)

Time



From at least the 15th century, people in o o
different parts of the world attempt to

prevent iliness by intentionally exposing

healthy people to smallpox. -
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Vaccine responses, a cooperation between the innate and
the adaptive immune systems

Phagocyte Antibody

Ilya Metchnikoff Paul Ehrlich and Emil Von Behring

The Nobel Prize in Physiology or Medicine 1908 was

awarded jointly to llya Ilyich Mechnikov and Paul Ehrlich
"in recognition of their work on immunity"

Image courtesy of Arnaud Marchant



Cross-talks between innate and adaptive immune cells
requires co-localization in lymphoid organs

vaccination

migration

antigen-loaded
activated antigen
presenting cell

Image courtesy of Arnaud Marchant



Thejourney of the vaccinecomponentsafter injection.
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npj Vaccinesolume 5, Articlenumber. 88 (2020) Lofano G et al;



https://www.nature.com/npjvaccines

Major milestones in the historical path of the development of vaccinology
and vaccine design.

1st
polysaccharide
vaccines

In vitro

cell culture
Salk and Sabin
polio vaccines

Meningococcus,
pneumococcus

Glycoconjugate
chemistry

HIB vaccine

1st
combination
vaccines

1st
recombinant
antigen
Diphteria, vaccines
tetanus,
pertussis

1st
therapeutic

Toxoid

vaccines vaccines
Diphteria Prostrate
and tetanus cancer

toxoids

Reverse
vaccinology

Killed
vaccines

21st century

Introduction
of variolation
to Europe
from Asia

Meningo-
coccus B

Cholera,
plague,
typhoid

st Smallpox

live-attenuated
vaccine

1st
successful
vaccine

Nucleic

Live-attenuated

flses Smallpox

adapted by Isabel Delany et al EMBO Mol Med 2014 Jun;6(6):708-20.



All vaccine platforms induce innate immune responses
that are required for adaptive immune responses
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Germinal centers are sites of high-quality antibody response generation

class swith
recombination

gG igM

somatic mutations
affinity maturation
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immunological
memory

Long-lived Memory
plasma cells B cells

fol!lculat helper
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Germinal center

lymph node
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&IMMUNOTHERAPEUTICS

Immune reconstitution and vaccination outcome

in HIV-1 infected children
Present knowledge and future directions

Vacdne

Diphtherla toxin

Tetanus toxin

Hepatitis B

Pneumococous
(serotype
spectfic)

Meningococcus
HIB

Rubella

Varicella

Tuberculosis
(BLG)

Vaccine type

Killedfinactivated
Killed/inactivatad

Subumit or
recombinant

Killedfinactivated

Conjugated

Conjugated
Conjugated

Live attenuated

Live attenuated

Live attenuated

Live attenuated

Live attenuated

Type of
Immune

response

Tha, B-cells
Tha, B-cells

Tha, B-cells

Tha, B-cells

Tha, B-cells

Tha, B-cells
Thal, B-cells

Thi, B-cells,
T, Tc

Thi, B-cells,
Thl, Tc

Thi, B-cells,
Thl, Tc

Thi, B-cells,
Thl, Tc

Thi, B-cells,
Thl, Tc

Suggested serological
cut-off for protective
Immunity in the healthy
population®

0.07-0.0 IW¥mL
0.07-01 IW¥mL

10mmL

HAL titer = 40 or = 4-fold
antibody increase from
baseline

0.35 pgiml

SBA:titer = dor =8
0.15-1 pgdml

0.12-032 WYmL

2 ELWmL

> 10-15 WYmL

gpELISA: = 5 IL¥mL

IFN-~: 7 levels

Paolo Palma et al

Alternative correlates
of protection studied in
HIV-1 infected individuals

LPA: 51 > 391
LPA: 51 > 3551

Antigen-specific B-cell
ELISpot]™

= 2-fold antibody increase
from baseline™
OPA: titer = 8%
Antigen-specific B-cell
ELISpot™

4
75 ng/mlL®
ElA: 9.0 ALl mL 524

Antigen-specific B-cell
ELISpot™

ElA: 9.0 ALl st

ELA: 10.0 ALMmL= o

FAMA: titer = 127
LPA: 51 = 3™

Possible predictive markers
of responsiveness for HIV-1
infected individuals

7
Older age® Early HAART?*
D+ T-cell percentagas?™1

Short intervals between
varcinations? "

IL-21R upregulation on B
cells and high levels of blood
IL-277%=

Early HAART™

)

7
HIW-1 wiral load before HAART
and CD4+ T-cell counts after

HAART?
Early HAART?

HIV-1 viral load?™

. Hum Vaccin Immunother. 2012 Dec 1:8(12):1784-94



Vaccination schedules are selected for optimal
immune responses
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IMMUNE SYSTEM

mymt

IMMUNE SYSTEM HETEROGENEITY
BETWEEN INDIVIDUALS



Age -associated alterations inthe lymph nodes, DCs, B cells,and T cells.

Age-associated alterations In the lymph node Age-associated alterations in the DCs
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Factors that influence vaccine durability

Vaccine durability

Unknowns
- Tissues and sampling sites that best match routes of
transmission and exposure
. - Where, when and what to sample for most accurate picture
natureimmunology - Optimal early innate signals

Amy C. Palin etal; Volume 23 | December 2022 | 1665-1668 |



Antigen-presenting cell function depends on inflammatory
signals provided by microbes or adjuvants

O protein %\ antigen

presenting antigen

melecdi® detection
O .
O peptide .

T cell

microbial activated activation
products or antigen T lymphocyte

adjuvants presenting cell

Image courtesy of Arnaud Marchant



nature immunology 3

Resource https:(fdol.org 101038/541580-022-01329-5

Pan-vaccine analysisrevealsinnateimmune
endotypes predictive of antibody responses

tovaccination
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Chronic inflammation negatively affects vaccine -induced immune responses
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Impaired response to vaccination



Chronic inflammation control shapes immune responses to the 4CMenB vaccine
In children with perinatally acquired HIV
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http://insight.jci.org/9/10

Pfizer Vaccine in heart and lung transplanted : is an alternative SARS -CoV2 Immune response

surveillance needed ?

0 Safe & Well Tolerated 0.0005 Immunogenicity: Ag-specific CD4+ T cell

— response
70% & 94% of patients had only 600 - . * SOTshoweda .
minor/local reactions after 15t and 2 E lower SARS-CoV-2 | &
doses respectively E ¢ specific CD4+ T
@ _ cell response
P e = 400
No hospitalisationsor graft rejection in E . compared to HC
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o °
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S - . 3
Immunogenicity: Ab response o 200 PA Conclusion
9 * mRNA COVD19 vaccinationis safe in
~+  76% & 31% of patients did not E SOT
seroconvert after 15t and 2" More effective vaccination strategies

dose respectively needed for this population
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Cotugno N. et al Transplantation. 2022 Feb 1;106(2):e158-e160.
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COMMENT - Volume 10, Issue 9, P813-815, September 2022 ¥, Download Full Issue

Improving COVID-19 vaccine immunogenicity by interrupting
methotrexate treatment @
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RHEUMATOLOGY Differences in immunogenicity to zoster
recombinant vaccine in IMID patients undergoing P{» e o
w treatment with non-selective or selective JAK-i

@ More metrics information

Volume 65, Issue 1 Cristiana Sieiro Santos, Juan Garcia Herrero, Jose Ordas Martinez, Carolina Alvarez Castro

January 2026 , Alejandra Lépez Robles, Ronald Colindres, Monica Sierra Ausin, Estefania Robles Martin,
Ana M Sahagun, Jose G Ruiz de Morales &
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Our study highlights impaired immune responsesto the recombinant herpes zoster vaccine in IMID patients treated
with JAK - is. These patients showed significantly reduced humoral and cellular responses, suggesting lower protection
against VZVreactivation . While anti - TNF/MTX - treated patients had mildly reduced responsescompared with
controls, their immunogenicity was relatively preserved. In contrast, JAK i- treated patients had markedly lower
antibody titers and T cell responses.



The diverse influence of genetics and targeted therapies on vaccine induced immune responses.
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