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Sliznicné vakciny stali na pociatku vakcino

* 10 st. — Cina - rozomleté chrasty zo zahojenych Iézii pravych kiahni boli podavané intranazalne (neskor v
Indii a Turecku)

* Paul Ehrlich koncom 19. storocia dokazal, ze oralna imunizacia mysi a inych zvierat dvoma rastlinnymi
toxinmi, ricinom a abrinom, mozZe vyvolat ochranu proti podkoZznému podaniu az 800-nasobku smrtelnej

davky tychto toxinov

https://www.scmp.com/magazines/post-magazine/short-reads/article/3078436/powdered-pus-nose-and-other-chinese-precursors



Respiracné infekcie — najvyznamnejsia pricina
infekCnych dmrti

EUROPEAN MEDICINES AGENCY m

SCIENCE METACINES [1EALTH

First vaccine to protect older adults from respiratory syncytial
virus (RSV) infection
News 26/04/2023

EMa has recommended a marketna autherzation in the Buranean Urlon (B for Aresoy (recomibinant,
advantad), the first vacing for acsiva Immurisation tn probact acuils aged 60 years and alder aqainst lawer
respiratnr beact dissase (L RTD) caussd hy raspicstery syncytial virs (RS,

Respiratory
Respiratory route of infection

No approved vaccine

RSV
100-150,000 deaths p.a.
33 million infections p.a.

SARS-CoV-2
>2.6 million deaths p.a. -
>115 million infections p.a.

Streptococcus pneumoniae
1.2 million deaths p.a.
>190 million infections p.a.

Bordetella pertussis
160,000 deaths p.a.
>24 million infections

Haemophilus influenzae
48,000 deaths p.a.
>40 million infections p.a.

Lavelle EC et al., Nat Rev Immunol. 2022; 22: 236-50.

Enteric
Oral-faecal route of infection

No approved vaccine

Shigella

f'/-‘\l

200,000 deaths p.a.

ETEC N
>50,000 deaths p.a.

>15,000 deaths p.a.
50% of world population
infected

Sexually transmitted

No approved vaccine

HIV s =
700,000 related deaths p.a.
1.7 million new infections p.a.

Hepatitis C virus
400,000 related deaths p.a.
1.7 million infections p.a.




Vyhody a nevyhody naza

Vyhody

Jednoduché podavanie

Vhodné na ,samoaplikaciu” (self-administering)
* Nie je potrebna ucast zdravotnickych pracovnikov
* Nie je potrebné sterilné prostredie

Vhodné na masové ockovanie

Bez ihly a neinvazivne
 Ziadna bolest alebo strach spojeny s injekciou
Vyvolanie slizni¢nej aj systémovej imunity

* okrem umrti a zavaznych ochoreni (1gG) zniZuje aj pocet
infekcii/prenos (SIgA)

Aktivacia homing-systému lymfocytov

nych vakcin

Nevyhody

* Rychle odstranenie mukociliarnou bariérou a
protedzami

* Obmedzeny objem ockovania

* Moze byt potrebna pomocna latka a/alebo iny
systém podavania

* Potencialne vedlIajsie ucinky na centralny nervovy
systém prostrednictvom Sirenia cez cuchovy
bulbus/epitel

Nakahashi-Ouchida R et al., Trends Mol Med. 2023; 29: 124-40.



Tonzily a NALT su unikatne indukcné miesta

* sU miestom indukcie

e systémovej imunity
* intranazalne vakciny

* sliznicovej imunity
* |okalna obrana

* tolerancie

 tolerancia potravinovych
a inych antigénov

Lymfocyty indukované Tenké Erevo
v tonzilach a NALT
(Waldeyerov okruh)
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Nakreslené v BioRender, Radovan Kosturiak

Volne podla: Brandtzaeg P, Scand J Immunol. 2009; 70: 505-15.



Ramcoveé zlozky sliznicnych vakcin

Inactivated vaccine Spit vaccines, Subunit vaccne Peplide vaccine RNA vaccine

B Toxoid CpG Cytokine/Bioadhesive  Cell-targeted Polyl.C  STING agonist

J

Figure 2. The different types of nasal vaccines and adjuvants. (A) The subtypes of nasal vaccines.
(B) The subtypes of immune enhancement adjuvants. (C) Adjuvant delivery system.

Nian X et al., Pharmaceutics. 2022; 14: 1983.



Adjuvantné systémy pre intranaza

Alu A et al., eBioMedicine.

Polymeric materials

Natural: Chitosan

Synthetic: PEI

Cytokines
IL-15, IL-12
IFN-1, GM-CSF

IL-1 family
TNF family

2022; 76: 103841.

ne
vakciny

Toxoid adjuvants

Proof-of-concept: Cholera toxin,heat- labile toxin
Non-toxic derivatives: CTA1DD, LThaK

_______________ l Other mucosal adjuvants
\ i 4 [ | < a-GalCer and its analogues
! . ; (KBC-007 and KBC-009)
Intranasal Synthetic small organic molecules
vaccines with ¢ (e.g.compound 48/80 )
different |
adjuvants Natural molecules (e.g.

saponins and lipids)

| ;
/ T o e ST s el e = i J Alum

TLR3: Poly I:C, rintatolimod
TLR4: LPS, MPLA

TLR5: flagellin j‘ﬂb
TLR7/8: imidazoquinoline |

TLRS: IC31, CpG Agonists of

PRRs
CcGAS-STING: bacterial second messengers like
c-di-AMP, c-di-GMP and cGAMP

RIG-I: endogenous and exogenous RNA
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Univerzalna pneumokokova intranazalna vakcina
(cCHP)-trivalentna PspA vakcina

Cholesteryl group —.,

Ree o
Pullulan —-p»)f;)_)ki

Amino group~Y

Nasal

vaccinati\on\‘ '

Nasal ‘
epithelial layer [

Prolonged attachment
to mucosal surface.

= |

elf-assembly

e

Efficient vaccine delivery
to antigen-presenting cells.

@ Induction of systemic and
mucosal immune responses.

cCHP nanogel vaccine shows prolonged
attachment to the mucosal surface of nasal
cavity.

Protein antigen
(BoHc/A)

cCHP nanogel
Nuclei

Protein antigens are trapped by CD11c*
dendritic cells in nasal mucosa.

CD11c+cells
cCHP nanogel

I Protein antigen
e (BoHc/A)

g

The pneumococcal nasal vaccine cCHP-
PspA induces both antigen-specific serum
1gG and secretory IgA.

PspA-specific IgA
in nasal fluid

27| PspA-specific IgG
in serum
15 4

10

Log2 titer

5

N.D. N.D N.D.  N.D.
0 0

cCHP PspA PBS
-PspA  alone

cCHP  PspA PBS
-PspA  alone

Trends in Molecular Medicine

Nakahashi-Ouchida R et al., Trends Mol Med. 2023; 29: 124-40.

cationic cholesteryl group-bearing pullulan nanogel

Pneumokokovy povrchového proteinu A (PspA) —
ma iba 3 typy, ktoré su exprimované na povrchu
vSetkych (> 100) pneumokokovych sérotypov.

trojvalentna vakcina

redukuje nielen invazivne ochorenia
eliminuje pneumonie
eliminuje nazofaryngealne nosi¢stvo

Nakahashi-Ouchida R et al., Vaccine. 2021; 39: 3353-64.
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Vaccine

ClinicalTrials.gov

ne neziveé vakciny

Disease Identificatian Type Adjuvant Identifier Phase Sponsor Status
: . Vaccine . Clinical Trials.gowv
Vaccination Subunit Lipasomnal NCTO0197301 2 Hadassah Medical Completed Disease Identification Type Adjuvant Identifier Phase Sponsor Status
OVXE3 Subunit NCTO3594890 1 Osiva Completed i
: - e SeVRSV Sendal Virus NCTO3473002 1 NIAID Completsd
BW-1014 Subunit N::‘;.F‘f:““h"’i " NCTO5%7119 1 BlueWillow Biologics Recruiting
RSV anssen Vaccines and
Tl — ] Ad26. RSV preF Ad26-vectored NCTOS334695 2 J FY Completed
influenza virus NCTO0436046
Influenza vaccine Inactivated Type 1 interferon NCTIEE85231 1z NIAID Completed RSV FanAd3-R5V NCTIS05921 1 ReiThera Srl Completed
Flucelvax(R) NCTO5027932
BFL-1357 Ebolavirus
_ ; *  HPIV3/AHNF/EhovZ
NE-1008 Inactivated WS0SEC ﬁmcmnmms 1 NanoBio Carporation Completed 2’;&;‘* GP HETV3-wecionsd NCTDMG2004 b BILAID Suspended
H5N1 Influenza )
Adenoviral- Immunomodulatory , .
et $14) vectored NCTOTs0609 ! NIAID Completed Allergen CYTO05-AIQLG10 principle NCT00293904 1 Cytos Bictechnology Completsd
Advagene Biopharma { 10}
Hemagglutinin (HA) Inactivated DCBI7010 NCTO3293732 1 o Completed — = -
i Anthrax BW-1010 Recombdnan hnemlelon NCTM148118 1 BlueWillow Biologics Completed
o Advagene Biopharma Anthrax Vaccine Adjuvanted
ADO7030 Inactivated LTh{aK) NCTO3784885 2 e Bt Completed
. Lid. LigoCyte
GelVac™ nasal Inactivated ) o Morwalk Morwalk VLP Vaccine VLP NCTO0RDSG2 1 : . Completed
powder HSN1 HENT NCTO1258062 1 Ology Bioservices Completed Pharmaceuticals, Inc.
ENA1-FPAZ HIV NCTO1509144 1 PXTherapeutics Completed Cholera %Tﬂﬂ?t'fﬂélﬂ B Subunit NCTO0S20144 1 UC'_‘-“'"‘-‘:"}W‘;*::LE_' Completed
Addmgag s NCT01989533 ] AL Completed/ bunit (CTE) iversitaie de Mice
Add-Env150KN NCTO3675121 Recruiting T st AgRSB-ESATE fusion Sl . I N St Geonpe's, Tesminabed
Huran e protein H1 t 1 University of London i
Immunodeficiency ) St Ceorge's, )
v Vi glycopromein, | Glyeoprotein 140 LTKsS NCTO0360051 1 University of1 Terminated
140 {vaceine)
Vace-dx Peptides Endacine NCTO1473810 1 Oslo University Completed
Hospatal
MYM-Vi01 Subunit virosome NCTO1084343 1 Mymetics Completed
B Corporation P
Gamaleya Research
. Adenoviral- Institute of Mot yet
Gam-COVID-Vac denovis NCTOS248373 142 Epidemiology and S
Microbiology
Adenoviral- Imperial Cal "
AZDII denovicd NCT05007275 1 perial Callege Recruiting
ADI7002 Subunit LTh{aK) NCTO5069610 1 Advagene Biopharma Recruitin
Co., Lid. &
MVA014-212 RSV-vectared NCTM798001 1 Meissa Vaceines, Inc. Recruiting
DelNSL-nCoV-RED  Influenza virus The University of Active, not
COVID-19 Vectored NCT04509359 : Heng Kong recruiting
DelNS1-2019-nCoV-  Influenza virus The University of Mot yet
RBD-OPT1 Vectored NCTOSA0741 ! Horg Kong recruiting
. - . Mot vet
ACM-N1 Subunit CpG NCTO5385091 1 ACM Biolabs Jing
Tetherex.
SC-Ada-1 Ada-vectoned MCTIMEIAM2 1 Pharmaceuticals Recruiting
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AVXCOVID-12 Laboratario Avi-Mex, "
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NDV-HXP-S NDV Vectond NCTOS181709 1 Sean Lin Recruiting

Nian X et al., Pharmaceutics. 2022; 14: 1983.
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ne atenuovane vakciny

ClinicalTrials.gov

ClinicalTrials.gov

Disease Vaccine Identification Identifier Phase Sponsor Status
Hap MNCTO1175122
i:ig{i?f: fAA MNCTO1995695
Live-attenuated H7N9 NCT 1250
AfAnhui/13 ca NCT02151344
influenza virus vaccine NCT00516065
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\-’accmiiit3 (6-2) NCTO0380237 1/3 NIAID Completed
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Research Hospital

Disease Vacecine Identification Identifier Phase Sponsor Status
. NCTO1188512 .
BFZE1 NCTI2453048 1 Inserm Completed
Gamaleya
_ Vaccine GamLFV NCTO4036526 1/2 Research Institute Unknown
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NCT03227029
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/ RSV / NCT02952339
- . MNCT03916185
Das/ \‘;’E;: ;I’;‘lm'z' NCT03422237
RSV LID AM2-2 1030s NCT! 1 . Completed /Recruiting /
N NCTM520659 1/2 NIAID . .
RSV 6120,/ ANS1 Active, not recruiting
RSV 6120/F1/G2 NCT02536501
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RSV cps2 Vaccine NCTDDQIHEEEH%
RSV MPED[ AM2-2 NCT! 7200
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Meissa Vacei
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¥ 3 T P
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rHPIV1
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Nian X et al., Pharmaceutics. 2022; 14: 1983.
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* sIgA sa objavuju na 5. den po infekcii

ivnych” osob

oka)

« koncentracie v nosovej lavazi sa rychlo zvySuju az do 7. - 10. dna po infekcii,

ked dosiahne platé

- lokalna imunitna odpoved IgA pretrvava pocas 3 - 5 mesiacov

e potom sa postupne znizuje a do 6 mesiacov sa vracia na uroven pred

imunizaciou

Fujimoto C, Takeda N, Matsunaga A, et al. Induction and maintenance of anti-influenza antigen-specific nasal secretory IgA levels and serum IgG levels after influenza infection in adults.

Influenza Other Respir Viruses. 2012; 6: 369- 403.



a — reinfekcie su
charakteristickeé aj po prirodzenom prekonani |

Slizniéna imunita klesa po prirodzenej infekcie TIEZ !
SIgA protilatky v nazalnych sekrétoch klesaju po 9 mesiacoch a ani o¢kovanie ich nezvysi

nosovy sekrét plazma
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Liew F, Talwar S, Cross A, Willett BJ, Scott S, Logan N, et al. SARS-CoV-2-specific nasal IgA wanes 9 months after hospitalisation with COVID-19 and is
not induced by subsequent vaccination. eBioMedicine. 2023; 87: 104402.




Ockovanie mRNA vakcinou proti SARS-CoV?2 a SIgA v slinach

a Seropositive b Seronegative

Serum IgG
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MRNA vakcinacia zvysuje SIgA v slinach iba u
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Sano, K., Bhavsar, D., Singh, G. et al. SARS-CoV-2 vaccination induces mucosal antibody
responses in previously infected individuals. Nat Commun 13, 5135 (2022).
https://doi.org/10.1038/s41467-022-32389-8
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Table 1. COVID-19 nasal vaccine candidates in clinical trials

Type of vaccine

Viral vector
(Replicating)

Viral vector
(Replicating)
Inactivated

\iral vector
(Non-replicating)

Viral vector
(Mon-replicating)

Viral vector
{Mon-replicating)
Live-attenuated
Live-attenuated
Protein subunit

Protein subunit

Protein subunit

MName of vaccine

DalN51-2019-nCoV-RED-0FT1

NDV-HXP-S

AVX/COVID-12-HEXAPRO
CVHGA1

BBW154/INCOVACC

Covishield/ChAdOx1

COVI-VAC

MV-014-212

CIGB-669

Razi Cov Pars

ACM-001

Developer/manufacturer

University of Hong Kong;
Xiamen University; Beijing
Wantai Biological
Pharmacy

Sean Liu, lcahn School of
Medicine at Mount Sinai

Laboratorio Avi-Mex
CyanVac LLC

Bharat Biotech
Intermational Limited

University of
Oford/AstraZeneca

Codagenix; Serum
Institute of India

Meissa Vaccines, Inc.

Center for Genetic
Engineering and
Biotechnology

Razi Vaccine and Serum
Research Institute

ACM Biolabs

Route of
administration®

IM and IM

INAM

trial Phase

1/2

ne vakciny proti SARS-CoV-2

Clinical trial number

ChiCTR2100051391

NCT05354024

NCTO5205746
NCT04954287

CTRI/2022/02/040065

NCTO4816019

ISRCTN15779782

NCTO4798001
RPCEC00000345

IRCT20201214049709N3

NCT05385991



Napodobnenie hybridnej imunity

(Buducnost ockovania proti COVID-19 ?)
MRNA vakciny i.m. + sliznicové nazalne (Zivé) vakciny (1x rocne ?)

systéemove
A Vaccination
y Day 0 Day 21 Day 42 Day 56 ® Mock
| I I ) B mRNA*2 (i.m.)
A — s A MRNA'3 (im.
m m MAMNA=S (1L ), *y . . .
{i.m.) {i.m.) S-trimer with cGAMP {i.n.), or  Neutralization ¥ MRNA"2 (Im) * S-trlme': with cGAMP (i.n.)
AdS5-5 (i.n) Flow cytometry * mRNA*2 (i.m.)+ Ad5-S (i.n.)
F BAL nAb against D614G G BAL nAb against Delta H BAL nAb against Omicron BA.1.1
r# kR
1
10° — 28,589 10° o 7147 10°
— 3698
=104 — % = 10¢ = ’ o100 —
5 418 # 5 ‘ < 5 . -
3 10 140 hd 5 108 . S04 &
= 75 ﬁ T 29 42 ° 34 A
3 102 % % g 102 m 3 102 u" 103
= = = v
£ gldT T S C s T e 2 W o iy L0520
10-2" - 10-21: 044 10-21% ’ .3 "
L) L} L) T L) I L) L] L] N T T T T T

Tang J, Zeng C, Cox TM, Li C, Son YM, Cheon IS, et al. Respiratory mucosal immunity against SARS-CoV-2 after mRNA vaccination. Sci Immunol. 2022; 7: eadd4853.



Uni
Skrizena ochra

Kat

d

Ny fenomen:

ori nazalnych vakcinach

e Ziva oslabena nosova vakcina proti chripke FluMist, schvalena v roku 2003, zaznamenala Siroku ochrannu
ucinnost proti infekcii tromi subtypmi vratane chripky A/Texas/36/91 (H1N1), chripky A/Shangdong/9/93

(H3N2) a chripky B/Panama/45/90

* napriek nizsSim protilatok inhibicie hemaglutinacie v sére ako u ucastnikov, ktori dostali trivalentnu
inaktivovanu vakcinu proti chripke I.M.

» skrizena ochrana nevykazovala ziadnu korelaciu so systémovo indukovanymi titrami IgG protilatok

Podobny fenomeén sa tyka aj skimanych sliznicnych COVID-19 vakcin, €o je velmi ziaduci jav
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Proces atenuacie SARS-CoV-2 na sCPD9

Systém sCPD9 bol vytvoreny prostrednictvom deoptimalizacie kodédnovych parov (CPD), tiez znamej ako synteticky
inZiniering atenuacie virusov (SAVE)

stratégie ktora umoznila rychle a vysoko ucinné oslabenie r6znych RNA virusov

Cielom CPD je navrhnut virusové gény so zvysenym poctom koddnovych parov, ktoré su statisticky nedostatocne

zastupené (suboptimalne) v gendme hostitela, pretoze:

* nedostatocne zastupené kodonovych parov znizuje produkciu proteinov rekédovanych génov

* mOzZu byt silnejsSimi stimulatormi vrodenej imunitnej odpovede zmeneného nukleotidového zloZenia kddovanej
RNA

* virus je stabilny a nemeni sa

C

c:lriginal sequence. GGT-TTA-CAT-CTA-CTG-ATT-GGA-CTA-GCT-AAA-CGT-TTT-AAG-GAA-TCA-CCT-
recoded sequence: GGG-TTA-CAT-TTA-CTT-ATA-GGG-TTA-GCT-AAAR-AGA-TTT-AAA-GAA-TCA-CCA-
protein sequence. Gly-Phe-His-Phe-Leu-Ile-Gly-Leu-Ala-Lys-Arg-Phe-Lys-Glu-Ser-Pro-

Kunec D et al., Comput Struct Biotechnol J. 2022; 20: 4376-80.



/aver

* intranazalne vakciny indukuju
* systémove IgG a systémovu bunkovu imunitu
* lokalne SIgA protilatky v dychacich cestach, GIT-e a v urogenitalnom trakte

* okrem redukcie umrti a zavaznych priebehov (1gG) zabranuju
samotnej infekcii a prenosu (SIgA)

* su flexibilnejsie — zda sa, ze zabezpecuju aj skrizenu ochranu

* maju vyhodnu logistiku



dakujem za pozornost
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