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Immune system e -e?® D
y R Co-morbidities

- Age

- hypertention
-CVD

- Diabetes

- Obesity

- COPD/Asthma

- Immuno-deficiency

= Insufficient viral clearance due to a weak
immune system, defective recognition or
impairment in IFN mediated response

- Unrestrained viral reproduction & tranisocation
- Immune cell activation & inflammation-induced
damages

Genetic factors
- African origin
- ABO loci

- SLC6A20

- LZTFL1
-CCR9

- FYCO1

- CXCR6

- XCR1

- IFNAR2

- TYK2

- ACE I/D

- TMPRSS2

- Low basal diversity - Furin

- Bacterial of viral co-infection - HLA

Microbiome

Boutin, S., Hildebrand, D., Boulant, S. et al. Host factors facilitating SARS-CoV-2 virus infection and replication in the lungs. Cell. Mol. Life Sci. 78, 5953-5976 (2021).
https://doi.org/10.1007/s00018-021-03889-5
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i Existen las
Interacciones
virus-bacteria y
viceversa?




Interacciones virus-bacteria y viceversa
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Interacciones virus-bacteria y viceversa

Martin Carbajo Nufez

“TODO ESTA
CONECTADO"

Ecologia integral y comunicacién
en la era digital

Microbial Interaction

& Its relationship




Interacciones virus-bacteria y viceversa

La experiencia clinica es
INDISCUTIBLE E
INAPELABLE




Interacciones virus-bacteria y viceversa

A Brief History And Lessons From
The Twentieth Century Pandemic |
: Great Influenza 1918
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James Walter

El estudio de Ila coinfeccion vy Ila
interaccion bacteriana y viral comenzo con
la 'gripe espanola’, y su relacidon con
bacterias comunes de las vias
respiratorias superiores.

Streptococcus pneumoniae, Haemophilus
influenzae 'y Staphylococcus aureus,
fueron la causa de casi todas las muertes
por gripe durante la pandemia de 1918 y
la pandemia de influenza HIN1 de 2009.
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Interacciones virus-bacteria y viceversa

t Capacidad de adhesion bacteriana

* Una infeccion viral primaria es capaz de aumentar la
adhesion bacteriana a las células huésped.

* La infeccion por virus influenza A es capaz de
incrementar la adhesion de patogenos bacterianos
respiratorios.




Interacciones virus-bacteria y viceversa

* El virus de la gripe A es capaz de anclarse
0 unirse a la superficie de S. pneumoniae
incrementando la adhesion de la bacteria
a la superficie epitelial.




Interacciones virus-bacteria y viceversa

Superdiseminadores (Superspreaders): Dependen de la interaccion hospedador-hospedador
Superderramadores (Supershedders): Dependen de la interaccion hospedador-patégeno

La tasa de dispersion de bacterias colonizadoras del aparato respiratorio se incrementa de forma importante en
presencia de una infeccion viral:

. Adenovirus y Echovirus incrementan la dispersion de S. aureus

. Rinovirus e Influenza incrementan la dispersion de S. pneumoniae y N. meningitidis



Interacciones virus-bacteria y viceversa

INTERACCIONES VIRUS-BACTERIA

Interacciones directas (solo se beneficia el virus):
- Union del virus a una célula bacteriana
- Utilizacion, por parte del virus, de un producto bacteriano

Interacciones indirectas (el virus beneficia a bacterias patogenas):
-El virus incrementa la concentracion de receptores en la célula
-El virus produce un dano a los epitelios, abriendo “brechas”
-El virus desplaza a las bacterias comensales protectoras
-El virus modula o suprime la respuesta inmunitaria del hospedador
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Depletion of alveolar
macrophages and
impairment of innate
immunity enables
bacterial overgrowth

Viral titre bump as bacterial
infection is established
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of bacterial
clearance
leads to
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infection
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Interacciones virus-bacteria y viceversa

* El virus del PRRS produce disfuncion
inmunitaria que predispone a la
sobreinfeccion bacteriana secundaria
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Co-morbidities

- Age
- hypertention
-CvD
- Diabetes
- Obesity
LN | : - COPD/Asthma
- Insufficient viral clearance due to a weak \ - Immuno-deficiency

immune system, defective recognition or
impairment in IFN mediated response

- Unrestrained viral reproduction & tranisocation
- Immune cell activation & inflammation-induceg
damages

Genetic factors
- African origin
- ABO loci

- SLC6A20

- LZTFL1
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- FYCO1

- CXCR6

- XCR1

- IFNAR2

- TYK2

- ACE I/D
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- Bacterial of viral co-infection - HLA

Boutin, S., Hildebrand, D., Boulant, S. et al. Host factors facilitating SARS-CoV-2 virus infection and replication in the lungs. Cell. Mol. Life Sci. 78, 5953-5976 (2021).
https://doi.org/10.1007/s00018-021-03889-5



Gravedad de
la infeccion

G=VxD/R

V=Virulencia
D=Dosis infecciosa

R=Resistencia




Four Hypotheses for PRRSV Correlates of Protection

(@ APC takes up
antigen

—
/ @®* - :5;‘@
(© CD4* T cell

travels through
the blood and

lymph nodes,
CTL migrates

CD4* T cell

\ }‘—%\f ; ® APC binds to the lung
Plasma cell \K_ “\ ; CD4*and -
L \“}. g CD8 Tcells (CTL)
I. Protective immunity requires effective class- : Il. Vaccination should induce a systemic CD4* T-cell
switching of IgM to IgG and IgA 1 response and a mucosal (lung) CTL response
------------------------------I-----------------------------
' w—_\
) Oyo%gg‘iﬁf;g - Greater Strain I,
= . A | N X1 | I . heterologous specific
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) e ), 3‘14 s n recognition recognition
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Greater | | Greater IFN-y 1
NA titer [ response 1
1 1-7-4 strain

lll. Different aged pigs will have different CoP: upon 1 |V. Compared to neutralizing antibodies, T cells

challenge nursery pigs probably have a higher NA titer ' possess greater heterologous protection
and adult pigs have a stronger IFN-y response









Gravedad de la infeccion: PRRS

- EI PRRSV produce un retraso en la respuesta inmune.

- El virus infecta a los macréfagos alveolares e
intravasculares

- La infeccidon de los macrofagos pulmonares induce su
lisis y la apoptosis de las células que los circundan

- Esto induce una menor capacidad microbicida por
parte del hospedador (ej. Septicemia de S. suis)




Gravedad de la infeccion: PRRS

virus-infected
cell

- Los animales infectados producen poca
cantidad de IFN-alfa

- EI PRRSV induce una disminucion de Ila :
efectividad de la inmunidad innata mediada |
por NK (Jung et al 2009) e ®



Gravedad de la infeccion: PRRS

- La infeccion por PRRSV produce proliferacion de
CD3+CD8+ (citotoxicos) funcionalmente
deficientes (Costers et al 2009)

- El PRRSV induce una ausencia de produccion de
IL2 y alta produccion de IL-10 (Mateu et al 2007)

- No se detectan células productoras de IFN-y
especificas de PRRSV hasta transcurridos 4
semanas p.i.



Gravedad de la infeccion: PRRS

- A nivel pulmonar se produce una respuesta
predominantemente Th2 (alta IL-10 y nula TNF-a e
IFN-y) (Gdmez Laguna et al 2009)

- La respuesta Th2 protege a las células de Ia
apoptosis y aumenta el numero de macrofagos
susceptibles, amen de producir anticuerpos que
pueden ser “facilitadores” de la infeccion .
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Antes de casarme tenia yo seis teorias
sobre la manera de educar a los niiios.

Ahora tengo seis niiios y ninguna teoria
(Lord Rochester)
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G= VxDxR

V=Virulencia
D=Dosis infecciosa
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Microorganismo
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Barreras
Epiteliales

Linfocitos B

Anticuerpos

> fvg

é

Fagocitos

Células T efectoras

Linfocitos T

i &

Complemento Cel NK

-
W AR R SRR R SRR R R R R R R SRR R R e e e e

HORAS _
0 6 12 1 4 7
Tiempo después de

infeccion

Abul K. Abbas et al. Cellular and molecular Immunology. 10t Edition (2021). ISBN: 9780323757485
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Interferons
@ Signal neighboring
cells to put up barriers

Interferon

Virus

@ @ Signal infected cells to die

@ Recruitment of white
blood cells to stimulate
long lasting immunity

https://www.biorender.com/template/interferons



Tipo |

Tipo Il

Tipo 1l

Tienen actividad antiviral, anti-
proliferativa, pro-apoptética e
inmunorreguladora

IFN-« 5j: ifv-a2b pegilado se
usa para tratamiento de la
hepatitis B

|FN-|3 Ej: Tratamiento de la
esclerosis multiple.

IFN-8, &, -k, -T, -w y -
menos caracterizados

Su funcion esta relacionada
con la activacion de estas los
linfocitos T y las células MK,

IFN-y

Ha demostrado un papel
nico como barrera de
entradas en la mucosa.

IFN-A1 (IL-29)
IFN -A2 (IL-28A)
IFN -A3 (IL-28B)
IFN -A4

https://x.com/medincuba/status/1437161563815772163




Viral load in
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Nuevas inmunodeficiencias asociadas a COVID-19 grave

SARS-CoV-2

o

5% deficiencia de IFN-I

Deficiencia de TLR7

15-20% COVID-19 critica padecen fenocopias
20% fallecidos fenocopia de IFN-I (principal

factor de riesgo para COVID-19 critica después
de la edad)

Zhang Q, Bastard P; COVID Human Genetic Effort; Cobat A, Casanova JL. Human genetic and immunological determinants of critical COVID-19 pneumonia. Nature. 2022

Mar;603(7902):587-598.
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Local prevention
of viral shedding in
the nose mucosa

Systemic protection
against severe disease
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Inmunidad respiratoria

Anticuerpos administrados por via respiratoria
son 160 veces mas efectivos que si los
anticuerpos se administran sistémicamentel.

Pulmonary alveolus type I Alveolar macrophage

NSy 4

Intravascular macrophage

Los anticuerpos 1gG llegan al tracto respiratorio
por un mecanismo de transudacion poco
efectivo.

Pulmonary alveolus type |

Esta transferencia de anticuerpos es mucho mas
efectiva en el tracto respiratorio inferior que en
el superior.

Interstitial space

Interstitial macrophage

La consecuencia de esto es que los anticuerpos
neutralizantes séricos previenen mejor la
infeccion de vias bajas que de vias altas?.

1. Prince GA, et al. Effectiveness of topically administered neutralizing antibodies in experimental immunotherapy of respiratory syncytial virus infection in cotton rats. J Virol. 1987 Jun;61(6):1851-4.

2. Howley P.M, Knipe D.M. Fields Virology (2023). Vol. 3. Chapter 10. Respiratory Syncytial Virus and Metapneumovirus. 267-317.
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Nature Reviews | Microbiology

Whitehead, S., Blaney, J., Durbin, A. et al. Prospects for a dengue virus vaccine. Nat Rev Microbiol 5, 518-528 (2007). https://doi.org/10.1038/nrmicro1690
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Whitehead, S., Blaney, J., Durbin, A. et al. Prospects for a dengue virus vaccine. Nat Rev Microbiol 5, 518-528 (2007). https://doi.org/10.1038/nrmicro1690



PLOS ONE

AESEARCH ARTICLE

Characterization of the IgA response to PRRS
virus in pig oral fluids

Jessica Rugger!' ™", Glanluca Ferlazzo'*®, Marla Beatrice Bonlotti™, Lorenzo Capucel ™,
Flavia Guarneri'®, llarla Barbleri®, Glovannl Lorls Alborall™, Massimo Amadorl ">

1 Labaraloey of Anrmal Wellare, Clinical Chemistry and Veternary immunalogy. lsttulo Zoaproflatico
Sperimentala della Lombardia & dell' Emilia Ramagna, Brescia, ltaly, 2 Genomics Deparimert, |£lituta
Fooproflaion Sperimantaks della Lombandia e del’' Emiia Romapgna, Brescia, [taly, 3 Virology Departmens,
Islituta Zooprofilattica Spesimeantale della Lombardia & dell’Emilia Famagra “Bouno Ubedin®™ (I25LER).
Brascia, llaly, 4 Diagnastic Labaraioey, Istibte Zocpralilsilicos Spanmertale della Lambardia e dallEmilia
Homagna, Brascia, |taly



Inmunidad respiratoria

D i S m i n u C i OI n d e n ive '_e S d e IgA: Diversity of lung microbiome Selectivity of lung microbiome

Bacteriome 3 Q

Coughing

* Alteraciones de la microbiota (disbiosis)

* Estrés crénico P e ' T | raer e
 EXxposicion a temperaturas extremas PP ‘
. . : Macrophage
* Niveles elevados de gases amoniacales Virome
* Infecciones g ' | /1 s
° Fa' rmacos i, ¢ He.althy lung microbiome ;
Streptococcus Veillonella Prevotella : Haemophilus ./ Candida

@ Penicillium Saccharomyces | Respiratory virus M Phages
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iiiA mas anticuerpos produzca una vacuna, mas buena y mejor!!!
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IgG1l IgG2

[TITTITITIDX

Kuby. Immunology. Ed. McGraw Hill.



IgG1l IgG2
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Kuby. Immunology. Ed. McGraw Hill.
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Zheng R, Qin X, Li Y, Yu X, Wang J, Tan M, Yang Z, Li W. Imbalanced anti-H1IN1 immunoglobulin subclasses and dysregulated cytokines in hospitalized pregnant women with 2009 H1N1 influenza
and pneumonia in Shenyang, China. Hum Immunol. 2012 Sep;73(9):906-11.



Different isotypes of antibodies activate the
complement system differently

igD | -
La IgG1 e 1gG3, Sl fijan complemento. IgG1 ++
Son producidas por las vacunas 1gG2 .
conjugadas y no por las por las no

; IgG3
conjugadas. e _

9G4 -
IgA1 +
IgA2 +
IgE -

Figure 9.29 The Immune System, 3ed. (© Garland Science 2009)

Murphy, et al. Janeway's Immunobiology 102 edition. W. W. Norton & Company, 2022. ISBN 10: 0393884899 / ISBN 13: 9780393884890
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https://www.iberlibro.com/9780393884890/Janeways-Immunobiology-Murphy-Kenneth-Weaver-0393884899/plp
https://www.iberlibro.com/9780393884890/Janeways-Immunobiology-Murphy-Kenneth-Weaver-0393884899/plp

Different isotypes of antibodies activate the
complement system differently

IgG1 + +
1gG2 +
19G3 |
La IgG4, NO fija complemento iged y
IgA1 +
IgA2 +
IgE -

Figure 9.29 The Immune System, 3ed. (© Garland Science 2009)

Murphy, et al. Janeway's Immunobiology 102 edition. W. W. Norton & Company, 2022. ISBN 10: 0393884899 / ISBN 13: 9780393884890



https://www.iberlibro.com/buscar-libro/autor/murphy-kenneth-weaver-casey-berg/
https://www.iberlibro.com/9780393884890/Janeways-Immunobiology-Murphy-Kenneth-Weaver-0393884899/plp
https://www.iberlibro.com/9780393884890/Janeways-Immunobiology-Murphy-Kenneth-Weaver-0393884899/plp

o I N EEEENEEEEEREN)y

18G4

*

IgGl IgG2

Enlace
disulfuro

‘IIIIIIIIIIIIIIIIIIIIIII..
.IIIIIIIIIIIIIIIIIIIIIIII’

L 2

QpEEEEEEEEEER®

Kuby. Immunology. Ed. McGraw Hill.

IgG4 es la subclase con menor potencial funcional
- No liga complemento

- Baja capacidad opsonofagocitica
- Baja respuesta pro-inflamatoria
- Bajo nivel de defensa antimicrobiana

Rispens T, Huijbers MG. The unique properties of IgG4 and its roles in health and disease. Nat Rev Immunol. 2023 Apr 24:1-16.
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P o« o+ ** [FN-y, TNF-a

Cell-mediated immunity
(intracellular bacterla, viruses)

IL-12R  IFN-YR

—_— et L4, 15, IL-13
Humoral immunity
(extracellular parasites)

— ¢ L% LT7A, IL-1TF, IL-22
Cell-mediated inflammation
Autoimmune diseases
(extracellular phogens, fungi)

— ¢ L% TGF-,IL-10
Immunoregulation
{peripheral tolerance)

IL-2R TGF-BIR

Leung, S., Liu, X., Fang, L. et al. The cytokine milieu in the interplay of pathogenic Th1/Th17 cells and regulatory T cells in autoimmune disease. Cell Mol Immunol 7, 182-189 (2010).
https://doi.org/10.1038/cmi.2010.22

TGF-PIR IL-23R
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Leung, S., Liu, X., Fang, L. et al. The cytokine milieu in the interplay of pathogenic Th1/Th17 cells and regulatory T cells in autoimmune disease. Cell Mol Immunol 7, 182-189 (2010).
https://doi.org/10.1038/cmi.2010.22
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ﬂ Cytotoxic T cell binds
to infected cell

Self-nonself
complex

N | Foreign
Infected cell antigen
A ;_'.I

Perforin
molecule

QPerforin makes holes in
infected cell’s membrane
and enzyme enters

Hole
forming

Enzyme that
can promote
apoptosis

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

9 Infected cell
is destroyed
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Kunzli, M., Masopust, D. CD4* T cell memory. Nat Immunol 24, 903-914 (2023). https://doi.org/10.1038/s41590-023-01510-4
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Co-morbidities

- Age

- hypertention
-CVvD

- Diabetes

- Obesity

- COPD/Asthma

- Immuno-deficiency

~ Insufficient viral clearance due to a weak
immune system, defective recognition or
impairment in IFN mediated response

- Unrestrained viral reproduction & tranisocation
- Immune cell activation & inflammation-induced
damages

Genetic factors
- African origin
- ABO loci

- SLC6A20

- LZTFL1
-CCR9

- FYCO1

- CXCR6

- XCR1

- IFNAR2

- TYK2

- ACE I/D

- TMPRSS2

- Furin

- HLA

- Low basal diversity
- Bacterial of viral co-infection

Boutin, S., Hildebrand, D., Boulant, S. et al. Host factors facilitating SARS-CoV-2 virus infection and replication in the lungs. Cell. Mol. Life Sci. 78, 5953-5976 (2021).
https://doi.org/10.1007/s00018-021-03889-5



Behavioural factors

* Smoking

* Alcohol consumption

* Exercise

* Acute physiological stress
¢ Chronic physiological
stress

* Sleep

Intrinsic host factors
* Age

* Sex

* Genetics

» Comorbidities

Environmental factors

» Rural versus urban
location

» Geographical location

* Season

* Family size

* Toxins

Nutritional factors
* Body mass index
* Nutritional status
* Micronutrients

* Enteropathy

Perinatal host factors

¢ Gestational age

* Birth weight

* Breastfeeding

* Maternal antibodies

* Maternal infections during
pregnancy

< T

Baseline immunity
¢ Pre-existing immunity

= * Infections —

¢ Parasites

Microbiota

* Microbiota composition
= Microbial metabolites

* Antibiotics

* Probiotics and prebiotics

D e,
XANT i

.{ ¥ Trained immunity

Vaccine factors

* Vaccine type * Needle size
* Adjuvants ¢ Co-administered
* Dose vaccines and

= Site and route of  drugs
administration  * Timing

Vaccine immunogenicity

Lynn DJ, Benson SC, Lynn MA, Pulendran B. Modulation of immune responses to vaccination by the microbiota: implications and potential mechanisms. Nat Rev Immunol. 2022 Jan;22(1):33-46. doi:
10.1038/s41577-021-00554-7.
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CCR9 aEp7

E-cadherin
Epithelium

Mucous glycocalyx layer

LAMINA
FROPRIA

lymphocyte HEV

Mowat AM. Anatomical basis of tolerance and immunity to intestinal antigens. Nat Rev Immunol. 2003 Apr;3(4):331-41. doi: 10.1038/nri1057.
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A Healthy microbiota in B Dysbiotic microbiota in
healthy mucus diseased mucus

Wang BX, Wu CM, Ribbeck K. Home, sweet home: how mucus accommodates our microbiota. FEBS J. 2021 Mar;288(6):1789-1799. doi: 10.1111/febs.15504. Epub 2020 Aug 14.
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Zhao M, Chu J, Feng S, Guo C, Xue B, He K, Li L. Immunological mechanisms of inflammatory diseases caused by gut microbiota dysbiosis: A review. Biomed Pharmacother. 2023
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Inflammation

Metabolic dysfunctions
Intestinal barrier damage
Immune disorders




AGCC (dcidos grasos de cadena corta)

= Aumenta la proliferacion de células normales e
inhibe el de celulas anormales del epitelio

intestinal.
" Incrementa la proliferacion celular en las |
. : BODYBIO
criptas, y aumenta la apoptosis cerca de la luz,
contribuyendo a la normal renovacion celular B v
epltelldl. A short chain fatty acid
100 capsules
" Incrementa la  produccion de peéptidos émmg °'*""""”‘°":'

antimicrobianos.

Bollrath J, Powrie F. Immunology. Feed your Tregs more fiber. Science. 2013 Aug 2;341(6145):463-4. doi: 10.1126/science.1242674.



AGCC (dcidos grasos de cadena corta)

El butirato del TGI facilita la
produccion de IgA secretora.

Isobe J, et al, Commensal-bacteria-derived butyrate promotes the T-cell-independent IgA response in the colon. Int Immunol. 2020 Apr 12;32(4):243-258. doi: 10.1093/intimm/dxz078.
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Bollrath J, Powrie F. Immunology. Feed your Tregs more fiber. Science. 2013 Aug 2;341(6145):463-4. doi: 10.1126/science.1242674.
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Bollrath J, Powrie F. Immunology. Feed your Tregs more fiber. Science. 2013 Aug 2;341(6145):463-4. doi: 10.1126/science.1242674.
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Moléculas producidas por bacterias de
la microbiota intestinal son necesarias
para el buen funcionamiento de la
inmunidad a nivel respiratorio.

i~ ;' Dysbiotic microbiota
| - Antibiotic Treatment

- Aging, co-morbidity
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bacteria

1

T Short-chain
fatty acids
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(l Blood pressure)

(Distributed to the body)

B T T S T

Portal vein
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-

= | Feeds colonocytes and &
{ local inflammation

Nature Reviews | Cardiology
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Lungs
Lung microbiota
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DYSBIOSIS

(environmental and
genetic factors)

e Pathogen multiplication

e Altered immune response

e Altered microbiota (reduced diversity
and emergence of pathobionts)

e Tissue damage

Lung
microbiota

Gut
microbiota

* Boost immune response:
pro-inflammatory (pathogen clearance)
and anti-inflammatory (tissue resolution)

¢ Microbiota restoration (normal diversity)

O
e

Soluble
factors

Probiotic

<=js

Probiotic




Viral infections

Una caida en la produccion de
acetato a nivel digestivo (un SCFA
producido por la microbiota
intestinal), afecta la actividad
bactericida de los macrofagos
alveolares.



T cells

Influenza virus

A B
. . . . Dendriticcell -~ < ¢
El virus influenza altera la microbiota £
intestinal. De hecho, una microbiota Migration of denditic
.. . cells from the lung ‘,
condicionada por este virus es capaz ! ol
. . \ ) Loss of
comprometer la iInmunidad Inflammasome 8 U | fameostasis
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Estudios previos en humanos han determinado que una alta abundancia de E.
coli intestinal esta asociada con una mayor incidencia de enfermedades
respiratorias bacterianas y virales.

Wley
Tram .-.l.|||||.||: krdl Emerging IMacases
Vinlumse 3025, Article 11X BB&3503, 13 pages

hopssidol ang! 1001 155 had BB R 50E

Research Article

Enterotoxigenic Escherichia coli as a Modulator of the
Entero-Pulmonary Axis in Piglets: Impacts on the Microbiota and
Immune Responses

Gabriela Merker Breyer 1 Silvia De Carli5,"? Maria Eduarda Rocha Jacques da Silva 2
Maria Eduarda Dias(,' Ana Paula Muterle Varela(",* Michele Bertoni Mann 5,*

Jeverson Frazzono,"* Fabiana Quoos Mayer 57 Iabajara da Silva Vaz Junior©,** and
Franciele Maboni Siqueira O"**
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I — 599 G0 Epithelial Cell
LETTER TO THE EDITOR MEDICAL VIROLOGY | . : f" Disruption
Gut dysbiosis and long COVID-19: Feeling gutted A
YR g:za‘ltlzz:imaumlaﬂ 1 oli® ﬁmﬁblwwf;:lnwg 1
e ! Bifidobacterium adolescentis 87 @ Ruminococcus torques
Bacteroides dorei

FIGURE 1 Lung-gut axis microbial dysbiosis in long SARS-CoV-2. CRP, C-reactive protein
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¢Pueden los antibidticos alterar
la respuesta inmunitaria?




1 /1T Beta-lactams J Beta-lactams

4 Ainogicoskie 1 /7T Glycopeptides Fluoroquinolones : :
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Snow TAC, Singer M, Arulkumaran N. Antibiotic-Induced Immunosuppression-A Focus on Cellular Immunity. Antibiotics (Basel). 2024 Nov 1;13(11):1034. doi: 10.3390/antibiotics13111034.



Table 2. Influence of concurrent antibiotic therapy and vaccination on the post-vaccinal immune

response.
Route of Influence on Influence on
Antibiotic Dose . . . Vaccine Humoral Cellular Re ferences
Administration 1 . .
mmunity Immunity
Live-attenuated
12.5 mg/kg/day PO ! gE-deleted PRV Mo Yes [88]
Vaccine
Doxycycline
cT Inactivated
125 mg/kg/day PO Erysipelothrix Yes NE? [87]
rhusiopathiae vaccine
Live-attenuated
Enrofloccacin 1 ml/kg/day IM 3 gE-deleted PRV Yes Yes [89]
Vaccine
Live-attenuated
3 mg/kg/ day M gE-deleted PRV Yes Yes [20]
vaccine
Ceftiofur 3 mg/kg/ day I Inn-:tiv:.t.ed sV Yes Mo [90]
: vaccine
Inactivated
3 mg/kg/ day I Erysipelothrix Yes MNE [87]
rhusiopathiae vaccine
Inactivated
Tiamulin 12mg/kg/day M Erysipelothrix Yes NE [87]
rhusiopathiae vaccine
Inactivated
Amoxicillin 15 mg/kg/day I Erysipelothrix Yes MNE [87]
rhusiopathiae vaccine
Inactivated
Tulathromycin 25 mg/kg/day M Erysipelothrix Yes NE [87]

rhusiopathiae vaccine

TpO-= per os, * NE = not evaluated, * IM = intramuscular.



Intrinsic host factors
Age
Sex

Genetics
Comorbidities

Perinatal host factors

Gestational age
Birth weight
Breastfeeding
Maternal antibodies
Maternal infections
during pregnancy
Other maternal factors

Extrinsic factors

Infections
Parasites
Antibiotics
Probiotics & prebiotics
Microbiota
Preexisting immunity

Behavioral factors

Smoking
Alcohol consumption
Exercise
Acute psychological stress
Chronic psychological stress
Sleep

Nutritional factors

Body mass index
Nutritional status
Micronutrients
(vitamin A, D, E& Zn)
Enteropathy

7 A

Environmental factors

Rural vs urban
Geographic location
Season
Family size
Toxins

Vaccine factors

Vaccine type
Vaccine product
Vaccine strain
Adjuvants
Vaccine dose

Administration factors
Vaccination schedule

Vaccination site

Vaccination route
Needle size
Time of day
Coadministered vaccines
Coadministered drugs

Zimmermann P, Curtis N. 2019. Factors that influence the immune response to vaccination. Clin Microbiol Rev 32:e00084-18.




¢ Es importante la via de administracion?




Innate immune system Adaptive immune system

INMUNOLOGIA
VACUNAL
Respuesta
iInmunitaria a la R

vacunacion

Macrophage Lymph node Memory B- or T-cell
Uptake Activation and Presentation and Clonal expansion
migration activation and immunological
memory

Jiskoot, W., Kersten, G.F.A., Mastrobattista, E., Slutter, B. (2019). Vaccines. In: Crommelin, D., Sindelar, R., Meibohm, B. (eds) Pharmaceutical Biotechnology. Springer, Cham.
https://doi.org/10.1007/978-3-030-00710-2_14.
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Respuesta inmunitaria a la vacunacion




Respuesta inmunitaria a la vacunacion




Adjuvants / Formulations
«TLR / NLR agonists

 Inducers of inflammatory cytokines

Route of immunization
¢ ID vs SC/IM

— Stimulate APC activation and migration
o IL7

— Expand T cells and increase repertoire size * Mucosal route(s)?

How can we
improve

vaccination in
the elderly?

Dose
PS Immunization

« High dose

« Use conjugates?

Live or killed vaccines

Other strategies
Schedules
+ Sport, mental training,
nutrition control ... e Vaccinate in « early days »

— Induce memory cells, which would be
recalled more efficiently at older ages

» Vaccinate against CMV ?

Guy B. Strategies to improve the effect of vaccination in the elderly: the vaccine producer's perspective. ) Comp Pathol. 2010 Jan;142 Suppl 1:5133-7.



Inmunidad intradérmica

Dermis

Epidermis

Microbios comensales
o patégenos

Queratinocitos
;<Células de
,‘; . Langerhans epidérmicas

— Linfocito
intraepitelial (CD8*)

Célula plasmaética

Mastocito

Macréfago

Linfocito T (CD4+)
Vaso
linfatico

Vénula Célula

= ~ Drenajeenel poscapilar
ganglio linfatico
1 regional |

dendritica dérmica




Capillary loop

Epidermis
Dermis

Capillary lymphatic

o
: ‘2 Stratum papillare

Stratum reticulare

Meng X, Zhu Z, Ahmed N, Ma Q, Wang Q, Deng B, Chen Q, Lu Y, Yang P. Dermal Microvascular Units in Domestic Pigs (Sus scrofa domestica): Role as Transdermal Passive Immune
Channels. Front Vet Sci. 2022 Apr 25;9:891286. doi: 10.3389/fvets.2022.891286. PMID: 35548054; PMCID: PMC9083201.



Inmunidad intradérmica

Lla dermis muestra un
numero mayor de CPA,
fundamentalmente de células
dendriticas, lo que facilita una
mayor captura de antigenos
vacunales.

A esto se le suma que algunas
de estas CPA, como las CDDE.

Epidermis

Dermis

Microbios comensales
‘ y patégenos

% 0
Oueratinocitos
Células de

X%\ /. ) Wungerhans epidérmicas
Linfocito
mtraepitelial (CD8%)
Oueratmocitos basales

Célula plasmatica

Mastocito

>at g

Linfocito T (CD4+)
Vaso {» él_\n
linfatico

Drenaje en el
ganglio linfatico
; regional |

Vénula Célula
poscapilar Q’W dendritica dérmica




Inmunidad
Intradérmica

Dendritic

~ Extracellular
" nucleases e e ‘%"Ak

Fibroblasts

TLRs t \&‘ ‘Intracellular € Antigen

/ﬁ-l nuclea‘sy
MDA-5
e

(&)

LGP-2

,/ MHC

s
class Il ..

class || | (/[ .
=\ 7\ J= e

Expert Rev. Vaccines © Future Science Group (2012)



Inmunidad intradérmica

= Alta capacidad de presentacion de antigenos.

= Alto nivel de migracion a ganglios linfaticos regionales, donde presentan
el antigeno a las células T residentes.
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Inmunidad intradérmica

Son capaces de presentar antigenos de forma “cruzada” activando respuestas de tipo T
helper (Th1 o Th2), asi como activacion directa de linfocitos T citotoxicos (CD8+).

Draining lymph ncde

‘r\- -’t.”’ Dot
ot 00 =
Oq 02 _/'i’f%qc I
(39 O 0 Phagocytosis
DC - Bacterium

\ >
e\ .
o) }’W.\
- - ‘..‘

Nature Reviews | Microbiology



Proliferation of

Th1 and B cells in Anti-Spike
draining lymph antibodies in Neutralizing
nodes serum antibodies
Intramuscular N
Draining Lymph Nodes
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Neutralizing
antibodies
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“f Other T cells

* Th1 cells

Anti-Spike
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antibodies
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=

Firmino-Cruz L, et al. Intradermal Immunization of SARS-
CoV-2 Original Strain Trimeric Spike Protein Associated to
CpG and AddaS03 Adjuvants, but Not MPL, Provide
Strong Humoral and Cellular Response in Mice. Vaccines
(Basel). 2022 Aug 12;10(8):1305. doi:
10.3390/vaccines10081305.



Inmunizacion intradermica

HHS Public Access

Author manuscript
Vaceine Insights. Author manuscript; available in PMC 2023 October 25.

Published in final edited form as:
Vaccine Insights. 2023 July : 2(6): 229-236. doi:10.18609/vac.2023.034.

Non-mucosal vaccination strategies to enhance mucosal
immunity

Lisa A Morici, PhD,
Tulane University School of Medicine, Department of Microbiology and Immunology, 1430 Tulane
Avenue, New Orleans, LA, USA

James B McLachlan, PhD
Tulane University School of Medicine, Department of Microbiology and Immunology, 1430 Tulane
Avenue, New Orleans, LA, USA

Morici LA, McLachlan JB. Non-mucosal vaccination strategies to enhance mucosal immunity. Vaccine Insights. 2023 Jul;2(6):229-236. doi: 10.18609/vac.2023.034.



Inmunizacion intradermica

Veterinary Microbiology 168 (2014) 357-364

Contents lists available at ScienceDirect

Veterinary Microbiology

journal homepage: www.elsevier.com/locate/vetmic

Systemic and local immune response in pigs intradermally @Cmsm
and intramuscularly injected with inactivated Mycoplasma
hyopneumoniae vaccines

P. Martelli®”, R. Saleri?, V. Cavalli®, E. De Angelis®, L. Ferrari, M. Benetti?,
G. Ferrarini®, G. Merialdi”, P. Borghetti®

2 Department of Veterinary Science, University of Parma, Via del Taglio, 10 - 43126 Parma, Italy
b stituto Zooprofilattico Sperimentale della Lombardia e dell'Emilia Romagna “B. Ubertini" - Sezione diagnostica di Bologna, Via Ficorini,

5 - 40127 Bologna, Italy

Martelli P, et al. Systemic and local immune response in pigs intradermally and intramuscularly injected with inactivated Mycoplasma hyopneumoniae vaccines. Vet Microbiol. 2014 Jan
31;168(2-4):357-64. doi: 10.1016/j.vetmic.2013.11.025.



Inmunizacion intradermica

275 1

O e La vacunacion IM redujo los signos
225 ——ID : | clinicos respiratorios en un 72% vs un
51 80% con la ID.

* En general, la vacunacion ID produjo un
mayor nivel de respuesta de inmunidad
celular, con cambios en el numero y
grado de activacion funcional de células
secretoras de IFN-y.

IFN-y SC / 10° PBMC

Martelli P, et al. Systemic and local immune response in pigs intradermally and intramuscularly injected with inactivated Mycoplasma hyopneumoniae vaccines. Vet Microbiol. 2014 Jan
31;168(2-4):357-64. doi: 10.1016/j.vetmic.2013.11.025.



Inmunizacion intradermica

* Algunos estudios en referencia a la vacunacion
frente a Mesomycoplasma hyopneumoniae, han
comprobado una respuesta optima, no solo de
anticuerpos a nivel sistémico, sino tambiéen un alto
nivel de IgA local y una mayor concentracion en
BAL de IL-10, citocina con un marcado caracter
anti-inflamatorio.

* Estos resultados podrian explicar perfectamente la
reduccion significativa del grado lesional pulmonar
que produce la vacunacion ID frente al desafio que,
en algunos estudios, ha mostrado un grado de
proteccidon mayor que la vacunacion IM.

Martelli P, et al. Systemic and local immune response in pigs intradermally and intramuscularly injected with inactivated Mycoplasma hyopneumoniae vaccines. Vet Microbiol. 2014 Jan
31;168(2-4):357-64. doi: 10.1016/j.vetmic.2013.11.025.



Inmunizacion intradermica

a) Vaccine viremia in serum b) PRRSY ELISA 12G in serum
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Renson P, et al. Effect of vaccination route (intradermal vs. intramuscular) against porcine reproductive and respiratory syndrome using a modified live vaccine on systemic and mucosal immune
response and virus transmission in pigs. BMC Vet Res. 2024 Jan 3;20(1):5. doi: 10.1186/s12917-023-03853-4.
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Inmunizacion intradermica

®

MSD ANIMAL HEALTH

Comparison hetween the immune responses induced by a new
intradermal PCV2 vaccination and a classical intramuscular one
in three weeks old piglets.

E. Caneli", & Catella”, L. Ferrar', G. Ogno', E. De Angelis’, B Borghetti, R. Jolie?, P Martell?
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