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 Mobility & Tourism

 High risk (elderly and 

newborn)

 Nosocomial infections and 

antibiotic resistance 

 Zoonosis (influenza)

Infectious diseases spread…



Infections: a major actual challenge



Infections: a major actual challenge 2019/2020



New approaches to prevent infectious diseases 

are urgently needed

 prevent disease-related suffering is social duty

 reduce disease-associated costs is a pressing need

 vaccination is the most cost-effective prevention tool



Source: CDC 

What are the benefits of vaccination?

Measles in the USA, 1950-2001

Licensing of the 

vaccine
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 Measles: 2.6 million deaths in 1980 versus 122,000 in 2012 (84% coverage)



 Eradication of smallpox… measles and polio realistic targets

 Maternal pertussis vaccination program UK: -79% infant deaths 

 18 years HBV vaccine Italy: prevalence -99%, € 580 million saved

 Influenza EU: € 250 M saved per year… reduction in deaths for co-morbidities:

-28% diabetics, -50% heart attack, -24% stroke in chronic lung diseases

 HPV UK: predicted -86% cervical cancers with 70% coverage

Some numbers

Source: Vaccines Europe – Vaccines a tool for spending SMART



 lack of opportunity: competing priorities

 erosion due to success of vaccines

 public perception (efficacy and safety)

 socio-cultural issues - alternative health beliefs 

 hesitant (25%) and rejecters (5%)

Suboptimal vaccine implementation



Some factors affecting the overall efficacy 

of  a vaccination campaign

 intrinsic efficacy of the vaccine 

 storage & cold-chain

 fulfilment of vaccination schedule (number of doses)

 lack of access - economic factors

 vaccine rejecters & anti-vaccine groups



A long way from Jenner’s initial efforts…

Smallpox vaccination!

Vaccine rejecters 





Polio: 

> 10 years lost!!!



Pro/against vaccination groups 

… an ongoing very emotional debate



Anti-Vaccination campaigns



 Andrew Wakefield – Lancet 1998

o No control group, relied on people memories, no statistics, ethical issues

o Lancet refute the paper: “falsified facts” (2004) 

 No links stablished (studies analyzing over 25,000,000 vaccinees)

 25% American parents believe some vaccines cause autism…

Source: Vaccines Europe – Vaccines a tool for spending SMART

Vaccines & Autism

The way to hell is paved with good intentions…



Current roadblock:

Many diseases for which vaccines are not available 

or the available vaccines are suboptimal…



Main bottleneck…

… we are not all equal



The ideal vaccine

 Single dose

 Effective in all… even newborns, elderly, patients with co-morbidities

 100% safe - no side effects

 Lifelong protection

 Cheap…

Don Urban



Vaccinology – Quo vadis?

 Enhanced antigen selection – increased safety/efficacy

 Improved acceptance – needle free vaccines

 Individualized interventions – only those who benefit

 New diagnostics - efficient prediction of vaccine efficacy

How knowledge/technologies can help us to do better? 



Classical vaccine development 
(one by one)

Pathogenesis 

Studies

Immune Responses

in Convalescents

Target selection

Production/formulation

Immunogenicity

Efficacy

One step at the time Many weakness 

& 

time consuming…



Reverse vaccinology 

Production/formulation

HTP Screening - immunogenicity/efficacy/safety

“In silico” 

Antigen Selection

In vivo Gene Expression: 

proteomics/transcriptomics

Conservation

Jump!!!!

Genome

Many primary targets & rapid!!!! 



Reverse vaccinology: a success story



Structural Vaccinology

 Antigen atomic-level structural information

 Functional properties structural domains

 Rational design optimized immunogens



Influenza virus

 Segmented genome

 Prone to mutations

 Hemagglutinin mediates virion fusion - major target

 Many serotypes (e.g. H1N1, H3N2)

 Immunity serotype-specific



Novel influenza vaccines



Adjuvants

Vaccine Technologies – our activities 

Combination with

other technologies
(Nanocarriers/Vectors)

Vaccine candidates
(Influenza & Hepatitis)

Mechanisms of action

& effector functions

Human response

to vaccination
Biomarkers



 Technologies to stimulate the “right” type of (protective) response

 Vaccines that protect all subpopulation groups

 Needle-free strategies to increase vaccination acceptance

Challenges in vaccinology



How to stimulate what is needed?

Using adjuvants

 Improve the strength of the immune response

 Enable to modulate the quality of elicited response

 Antigen sparing, speed responses, improved memory

 Only a few adjuvants licensed for human use

 Virtual monopoly by the industry 



 Active by parenteral and mucosal routes

 Modulate humoral and cellular responses

New adjuvants with well-defined molecular targets

Rueckert et al. (2017) FASEB J Lirussi et al. (2017) eBioMedicine

Škrnjug et al. (2014) PLoS One Sanchez Alberti et al. (2017) NPJ Vaccines

Riese et al. (2015) Eur J Immunol Schulze et al. (2017) Nanomedicine

Ebensen et al. (2017) Front Immunol Volckmar et al. (2017) Sci Rep

Control

Vaccine

Vaccine +

adjuvant



 Known molecular target - via STING-TBK1 activation

 Activation key immune cells - DC, MΦ & NK 

 All effector functions (antibodies, Th & CTL)

 Active in poor responders (old, young, sick)

CDN – new promising immune modulators

Ebensen et al. Vaccine 2007 and 2011; 

Ebensen et al. Clin Vaccine Immunol 2007;  

Madhun et al. Vaccine 2011; 

Pedersen et al. PLoS One 2011; 

Sanchez et al. PLoS One 2014; 

Škrnjug, Rueckert et al. PLoS One 2014;

Škrnjug et al. PLoS One 2014;

Rueckert, Rand et al. FASEB J 2017; 

Lirussi et al. EBioMedicine 2017 
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Sublingual vaccination against influenza H5N1

with virosome-based formulations
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Similar results in models for senescence, 

metabolic dysfunction and neonatal vaccination!!!



Mittal et al. (2013) Vaccine

Mittal et al. (2014) Nanomedicine

Mittal et al. (2015) J Control Rel

Démoulins et al. (2016) Nanomedicine

Démoulins et al. (2017) J Control Rel

Schulze et al. (2017) Nanomedicine

C.-M. LehrC. Guzmán

Novel nanocarriers for needle-free vaccines

 Mucosal and trans-follicular delivery

 Conventional antigens and RNAs



Clinical development – coming 1-3 years

HPV

Phase I-II

HCV

Topic 2

HBV

Adjuvant

c-di-AMP
INCENTIVE - Indo-European 

Consortium for Next Generation 

Influenza Vaccine Innovation
Flu

Chagas



Case study - Chagas disease

 Classical transmission

 Organ transplantation

 Transfusion

 Perinatal
Trypanosoma cruzi



Chagas disease… a global problem

21 endemic and 19 non-endemic countries



Case study: Chagas disease

 ~10 million infected individuals who will progress to chronicity

 30-40% chronically infected develop life-threatening clinical forms

 Disability adjusted life-year (DALYs): 252,000/year

 Huge financial burden (annual costs > EUR 6 billion) 

 Drugs only active in early infection, lengthy and highly toxic

 No vaccine available



CRUZIVAX Project

Development an intranasal needle-free vaccine 

against T. cruzi infection 

CRUZIVAXTM

 Chimeric trivalent synthetic antigen - Traspain – IPR 

(N-CZ+iTS+C-ASP2)

 HZI‘s new adjuvant c-di-AMP - IPR



Development  
of vaccine 

components

Preclinical 
validation of the 

vaccine in 
different animal 

models

Toxicology

Preparation and 
implementation 

of a clinical 
phase I trial

GLP & GMP 
production of 

the vaccine 
components

Health 
economics 
studies and 

demand 
assessment

CRUZIVAX Project

M. Carrondo L. GrodeC.A. Guzmán

E. Malchiodi R. Le GrandA. Cordes P. Van Damme

E. SicuriI. NovákC.A. Guzmán G. Santos-Gomes

E. Malchiodi C.A. Guzmán



Responsiveness to vaccines

- we are not all equal -

What are the underlying mechanisms and 

potential biomarkers for poor responsiveness? 



Influenza is a major threat to human health

 Deaths (~ 650,000)

 Influenza-related medical visits

 Influenza-related work absences

 Different high risk groups

Efficacy influenza vaccines: 

o <65 years old 60% 

o >65 years old 19% 



Prospective cohort over an influenza season 

- a Systems Vaccinology approach based on 2 studies -

Study design

 Volunteers ≥ 65 years of age (n=234)

 Vaccine: TIV Fluad® (seasons 2014/15 & 2015/16)

 Sample collection: day 0, 1/3, 7, 21 and 70

Akmatov et al. (2017) Hum Vaccin Immunother

Akmatov et al. (2017) BMC Med Res Methodol



Responsiveness to influenza vaccination in the elderly

Responders
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32 plasma proteins differ globally between 

responders and non-responders

IL-8 & IL-18 levels correlate with responsiveness 
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curve 0.86 (on day 0)

F. Pessler        



Indo-European Consortium for Next 

Generation Influenza Vaccine Innovation –

INCENTIVE - ~ € 20 million

A partnership of 19 institutions from 

Europe, India and the US, with 

leading scientists in the fields of 

influenza, immunology, vaccinology, 

clinical science, biostatistics and 

social-economics.

Contact: 

carlos.guzman@helmholtz-hzi.de



What offers the future in terms of 

COVID-19 vaccines?



Inactivated

Attenuated

RNA

DNA

Vector

Subunit

Types of vaccines

Replication deficient 
versus

Replication competent

X



154 vaccine candidates in preclinical evaluation

Landscape COVID-19 candidate vaccines
19 October 2020

 44 vaccine candidates in clinical evaluation

 Phase 3 (10), phase 2/2b (2), phase 1/2 (11), phase 1 (21)… 2 rolling review

 Technologies: protein 16 (1 trimer, 1 dimer RBD, 1 RBD, VLP 2), virus 

inactivated 7, NR adenoviruses 7 (2 simian), RNA 6, DNA 4, R measles 1,      

R VSV 1, R Flu 1, NR MVA 1

 37 im, 2 id, 1 sc, 1 oral, 1 im/mucosal

 Adjuvants: GSK, MF59, CG, Matrix M, Advax, etc. 

 Phase 3: Oxford/Astrazeneca (Ad), CanSino Biological Inc. Inc./Beijing 

Institute of Biotechnology (Ad), Gamaleya Research Institute (Ad), Janssen 

(Ad), Sinovac (inact), Wuhan Institute of Biological Products/Sinopharm (inact), 

Beijing Institute of Biological Products/Sinopharm (inact), BioNTech/Fosun

Pharma/Pfizer (RNA), Moderna/NIAID (RNA), Novavax (Prot)



Oxford/AstraZeneca ChAdOx1 (AZD1222) nCoV-19 (5x1010) 

- local effects -

www.thelancet.com Published online July 20, 2020   

https://doi.org/10.1016/S0140-6736(20)31604-4



Oxford/AstraZeneca ChAdOx1 nCoV-19 

- systemic effects -



Not wowwww, but large study ~ 1000!! 

Oxford/AstraZeneca ChAdOx1 nCoV-19 

- Immunogenicity -

 Temporary paused in July 2020 due to 1 SAE/neurological symptoms: 

continue after determining that it was a MS

 Temporary paused (still in USA) due to SAE (09.20): transverse myelitis

 Johnson & Johnson - Adeno26 paused (10.20) due to unexpected illness



rAd26 & rAd5 vector-based prime-boost COVID-19 vaccine 

phase 1/2 (Gamaleya, Russia)

# 76 (38 + 38); 9 rAd26-S,  9 rAd5-S  (phase  1), 20 rAd26-S/rAd5-S (phase 2)

Pain [58%], hyperthermia [50%], headache [42%], asthenia [28%], 

and muscle and joint  pain  [24%]

Neutralizing antibodies 49 (frozen 

formulation) & 45 lyophilized formulation

Denis Y Logunov et al.



rAd26 & rAd5 vector-based prime-boost COVID-19 vaccine 

phase 1/2 (Gamaleya, Russia)

Modest numbers of volunteers enrolled, young/white, ~70% 

males, low titers, booster needed, lyophilized vaccine better 

performance, not very well-tolerated 



Moderna – Phase 1 trial – on phase 3 RNA 100 µg 



Moderna – Phase 1 trial – on phase 3 100 µg



Not bad!!!

Moderna – Phase 1 trial – on phase 3 100 µg



Biontech BNT162b1 



Biontech BNT162b1 



Biontech BNT162b1 



These results showed that BNT162b1 stimulates neutralizing antibodies. 

However, BNT162b2 was selected to advance to a Phase 2/3 study 

"based on the totality of available data from our preclinical and clinical 

studies, including select immune response and tolerability parameters"

Biontech BNT162b1

Looks good!

But, why changing

horses in the

middle of the

race???



Novavax – phase 1  

Great titers!!



Novavax – phase 1  

Not so well-

tolerated!!

Matrix-M??



Novavax – phase 1  

Not so well-

tolerated!!

Matrix-M??



JAMA. Published online August 13, 2020. doi:10.1001/jama.2020.15543 

Inactivated Vaccine Against SARS-CoV-2 

Wuhan Institute of Biological Products/Sinopharm

Shengli Xia; Kai Duan; Yuntao Zhang; et al

# 96 participants (2.5, 5, and 10 μg/dose) and alum (n = 24 in each group), 3x im days 0, 28, and 56. 

Phase 2, # 224 adults 5 μg/dose in 2 schedule groups (days 0 and 14 [n = 84] vs alum only [n = 28], 

and days 0 and 21 [n = 84] vs alum only [n = 28]

AE: 6.0% vaccinated and 14.3% alum controls (protocol days 0 and 14); 

and 19.0% vaccinated and 17.9% alum controls (protocol days 0 and 21)

Seems very well-tolerated!!!



Inactivated Vaccine Against SARS-CoV-2 

Wuhan Institute of Biological Products/Sinopharm



Can heavy ions contribute to the inactivation of 

COVID-19 and other viruses for vaccine development?

Durante et al. (2020) Frontiers Physics 

Virus inactivated by heavy ions (rather 

than chemicals or g-rays) have less 

damage to membrane epitopes and are 

therefore expected to produce more 

effective protective responses

Beamtime 

approved by 

the Bio-PAC 

2020, first test 

in Spring 2021

g-rays

Fe-rays



COVID-19 – Vaccines

some issues…

 What we know from ongoing trials

 All candidates are immunogenic

 No SAE were reported – Phase 1/2

 Gaps/issues

 Antibody titers required for protection unknown!!!

 Direct comparison among vaccines not possible 

 Innovative technologies seem to be less well-tolerated than conventional ones

 Paucity of safety/efficacy data in COVID-19 high risk individuals – upcoming!!!

 No information on how long last immunity/memory – No needed for approval!!!



COVID-19 – Vaccines

some issues…

 Can spike/RBD evolve making vaccines ineffective?

 Contribution of cellular immunity unknown - 81% naive has CD4/CD8 T cells

 Who should be vaccinated?

 Who should be vaccinated first? … An ongoing discussion – Staggered?  



COVID-19 – Vaccines

key open issues… in principle simple

Disease:

deaths, 

suffering 

& costs

Vaccines:

risks, 

benefits 

& costs

Cost-benefit balance: 

might differ in subpopulation groups & for different vaccines



 To which extent are efficacy/safety phase 3 studies powered? 

 What about vaccine-dependent enhancement???

 Final safety & efficacy of vaccines in different subpopulation groups!!!

 Is cost-benefit acceptable? For which vaccine? For which group? 

 Which vaccine to choose? Who should be vaccinated? 

 Can delayed/rare AE be missed due to short clinical development times and size trials? 

 Can interim analysis of trial data mislead on true efficacy/safety?????

 Vaccines for everybody – 2022/2023???

 Will boosters be required? How often? Vaccination pass - makes sense?

COVID-19 – Vaccines

open issues…



COVID-19 – Vaccines

Liability issues: Is a good sensor 

for the degree of confidence of 

producers on their own products?

Profits & liability issues potential roadblocks 

(i.e. swine influenza in 1976 when MSD, 

Wyeth , Merrell and Parke-Davis refused to 

sell 100 million doses until they got full liability 

indemnity and guaranteed profit – 100 million 

$ on damages payed) 



“The speed and scale of development and rollout do mean that it is impossible 

to generate the same amount of underlying evidence that normally would be 

available through extensive clinical trials and healthcare providers building 

experience,” … this creates “inevitable risks” 

European Federation of Pharmaceutical Industries and Associations

COVID-19 – Vaccines

as for any medical intervention side effects are unavoidable… 

we only aim at reducing and managing the risk



Yannis Natsis, an elected member in charge of patient 

representation on the board of the European Medicines 

Agency, said that an exemption from civil liability would create 

“a dangerous precedent” 

… he was also concerned about the 

“lack of transparency in the negotiations”...

COVID-19 – Vaccines
Liability issues:  contradictions, views & thoughts

the European Commission stated… 

“Liability still remains with the companies”… 

…“to compensate for such high risks, the Advanced Purchase Agreements

provide for member states to indemnify the manufacturer for liabilities 

incurred under certain conditions,”… 

Which ones???

Contract information will not be disclosed!!!!



The public sector is already essentially paying for "research and development, 

production and distribution of a vaccine we don’t even know about” 

(e.g. 1 billion $ from BARDA for AstraZeneca, 300 millions D for Curevac, etc.)

For certain stakeholders it is “unacceptable” that the costs for potential 

damages caused by a new coronavirus vaccine should be shouldered by 

European taxpayers, rather than the pharma industry

COVID-19 – Vaccines
Liability issues: some thoughts

Some thoughts:

o not every company receives overwhelming support 

o not every company expects a significant profit

o important to know if public funds were wisely used, if support 

reflects access and price structure, and who pays for what in case 

of civil processes… particularly under EUA  



COVID-19 – Vaccines

In a nutshell

(too?) Many candidates 

Immunogenic/no SAE/protective (?)

Unprecedented speed!!!! 

Great expectations/reliance 

Political/public pressure 

Many first in class

Transparency (lack thereof?)

Huge potential 

Cost-benefit???
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