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platform development  

E. De Gregorio; 2014, 14:505-14



platform pro- & cons

D'Amico C, Fontana F, Cheng R, Santos HA. Development of vaccine formulations: past, present, and future [published

online ahead of print, 2021 Feb 17]. Drug Deliv Transl Res. 2021;1-20. doi:10.1007/s13346-021-00924-7



conjugate pro’s & cons

E. De Gregorio, R.Rappuoli. From empiricism to rational design: a personal perspective of the evolution of vaccine development. Nature Rev. Imm. 2014, 14:505-14

R. Dogan et al. Glycoconjugate vaccines and immune interference: A review. Vaccine, 2010: 28:5513-23

• + memory
• - antibody formation carrier protein?  
• +/- T-cell response?
• +/- carrier specific response? 
• - tolerance?
• - interference?



technology
pro’s & cons

E. De Gregorio, R.Rappuoli. From empiricism to rational design: a personal perspective of the evolution of vaccine development. Nature Rev. Imm. 2014, 14:505-14

• + pathogen independent
• + safety/ purity
• + speed / availability
• - stability/mutation risk?
• +/- specificity  



Krammer, F. SARS-CoV-2 vaccines in development. Nature 586, 516–527 (2020). https://doi.org/10.1038/s41586-020-2798-316

SARS-CoV-2 vaccines



COVID-19 Platforms

Mellet J, Pepper MS. A COVID-19 Vaccine: Big Strides Come with Big Challenges. Vaccines (Basel). 2021;9(1):39. Published

2021 Jan 11. doi:10.3390/vaccines9010039



COVID-19 vaccine
target product profile 

Colin D Funk et al. A Snapshot of the Global Race for Vaccines Targeting SARS-CoV-2 and the COVID-19 Pandemic .Front. Pharmacol., 19 June 2020 

| https://doi.org/10.3389/fphar.2020.00937

at risk?

license 16+

populations / regions

correlates?

availability



vaccine development

19 Sustaining Vaccine Confidence in the 21st Century - Scientific Figure on ResearchGate. Available from: https://www.researchgate.net/figure/Pre-

and-post-licensure-vaccine-development-activities_fig2_261472257 [accessed 20 Jan, 2020]

Important questions

- characterise immune response

- translate into efficacy

- generalise to risk groups

- safety

- duration & revaccination need

- populations & geographic

regions



Krammer, F. SARS-CoV-2 vaccines in development. Nature 586, 516–527 (2020). https://doi.org/10.1038/s41586-020-2798-320
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https://vac-lshtm.shinyapps.io/ncov_vaccine_landscape/ last update: March 1, 2021 

SARS-CoV-2 vaccines

Pfizer-BioNtech
Moderna

AstraZeneca/Oxford, 
Janssen, Cansino Gamaleya

Sinovac, BIBP, 
Bharat, Sinopharm

Vector Institute
(Russia)

https://vac-lshtm.shinyapps.io/ncov_vaccine_landscape/
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Baden LR et al. Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med. 2021;384(5):403-416. 
Voysey et al. Single-dose administration and the influence of the timing of the booster dose on immunogenicity and efficacy of ChAdOx1 
nCoV-19 (AZD1222) vaccine: a pooled analysis of four randomised trials. Lancet feb 19 2021.



but….
adverse events happen

• BSE →recombinant albumin → anaphylaxis MMR

• vector prevalence → effectiveness MenACWY

• vector reversion → pathogenicity Rotavirus

• epitope presentation → unwanted tropism? Nasal flu

→ effectiveness? Men B 

• environmental risk assessment pandemic flu

• DNA → integration not yet

• RNA → stability COVID-19?

• Viral vectors → integration, preexisting AB Ebola, COVID 

PM surveillance

easy

complex



ADE & SARS-CoV-2? 

24 Lee, W.S., Wheatley, A.K., Kent, S.J. et al. Antibody-dependent enhancement and SARS-CoV-2 vaccines and therapies. Nat 
Microbiol 5, 1185–1191 (2020). https://doi.org/10.1038/s41564-020-00789-5



SARS-CoV-2 variants & VE  

25 ECDC infographic. https://www.ecdc.europa.eu/sites/default/files/images/Infographic-RRA-variants_2.png
Emary KR et al. Efficacy of ChAdOx1 nCoV-19 (AZD1222) Vaccine Against SARS-CoV-2 VOC 202012/01 (B.1.1.7). Available at 
SSRN: https://ssrn.com/abstract=3779160 or http://dx.doi.org/10.2139/ssrn.3779160

https://ssrn.com/abstract=3779160
https://dx.doi.org/10.2139/ssrn.3779160
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Colin D Funk et al. A Snapshot of the Global Race for Vaccines Targeting SARS-CoV-2 and the COVID-19 Pandemic .Front. Pharmacol., 19 June 2020 

| https://doi.org/10.3389/fphar.2020.00937

COVID-19 platform                  pro’s-cons



mRNA pro

E. De Gregorio, R.Rappuoli. From empiricism to rational design: a personal perspective of the evolution of vaccine development. Nature Rev. Imm. 
2014, 14:505-14



to conclude

usefulness of (COVID-19) vaccine platforms depend on

immunology
• T-B cell characteristics
• balance
• genotype specificity

efficacy & effectiveness
• antigen presentation
• persistence
• virus evolution
• (vector) tolerance

safety
• epitope mimicry
• viral vector
• replication capacity 
• genome integration

production capacity & flexibility





Vaccines: Target for reduction of 
animal experimentation?

NVT Pharmaceutical Toxicology, March 2, 2020

Jan Willem van der Laan
Senior Pharmacological-Toxicological assessor
Chair Safety Working Party CHMP/EMA



Vaccines being developed to prevent COVID-19, November 2020

Various sources from Government-side have 

requested us:

Can we develop SARS-CoV2 vaccines without in 

vivo animal experimentation? 

• Are in vitro approaches able to predict human 

immunological response, consisting of 

humoral and cellular immunity? 

• Can induction of immunological protection

against disease being predicted?

How to reduce the regulatory load on use of 

animals for vaccine development?

Ferrets Mice

In vitro 
approaches

In vivo approaches



Viral Vaccine Strategies

Live-attenuated viruses
• Measles 

• Rubella

• Mumps

• Yellow fever

• Oral polio (Sabin)

Recombinant (replicating or non-replicating) 
viral vector constructs

• Dengue (based upon Yellow Fever-virus)

• Ebola (based upon Modified Vaccinia 
Ankara and/or Adenovirus)

• Inactivated viruses
• Polio (Salk)

• Rabies

• Japanese encephalitis

• Hepatitis A

• Influenza (old vaccines)

• Subunit vaccines
• Influenza (modern vaccines)

• Hepatitis B

• Human Papilloma Virus as VLP (GSK)



Various
approaches 
possible

mRNA in LNP

Additional approach in 
COVID-19: 



General guidelines
present at WHO, FDA 
and EMA

Guidance documents on nonclinical
testing of vaccines

• WHO Guidelines on preclinical testing of vaccines November 

2005

• EMA Guideline on Adjuvants in Human Vaccines 

CHMP/VEG/17/03, released 2005 

• WHO Guideline on Nonclinical evaluation of adjuvants in 

vaccines, January 2014

• EU Guideline on quality, non-clinical and clinical aspects of 

live recombinant viral vectored vaccines, 2010

General package described:
• PD studies, preferably with real protection against the

disease (mice often lie), to support dosing scheme
• Influenza: ferrets, cotton rats, NHP.
• SARS-CoV-2: Syrian Hamsters, Rabbits, NHP
• Ebola: NHP’s. 

• Biodistribution studies, if special vector or adjuvant is 
included, or with mRNA-approach

• N+1 (N= intended number of gifts) in Repeated Dose
Toxicity studies in 2 species

• DART studies in relevant animal species with absolute 
human dose as limit dose.



Proof of Concept in a 
Responsive Species

Immunogenicity and other 
Pharmacodynamic Studies

• Proof of concept
• Immunogenicity, especially inducing neutralizing antibodies (without 

challenge)

• Protecting against postvaccination challenge (if the animal species is 
responsive)

• Establish immunological characteristics, designed to assess relevant 
immune responses leading to protection, 
• Th1/Th2 responses

• Tregulatory cell response

• Help to select the doses and schedules for First-in-Humans



For Safety Testing it is 
important to have a 
relevant species as well

Safety studies

• Repeated dose toxicity studies
• Usually with an N+1 approach (N = intended number of injections)
• In species with an adequate immune response
• Maximum dose: Human formulation as the absolute dose
• C-Reactive protein as inflammatory marker?

• Reproduction toxicity studies
• FDA Guidance 2007 focusing on 

maximal antibody response
• What is the risk?

• Antibody response
or

• Inflammatory response

Usually low to absent toxic phenomena, 
no reproductive toxicity

Usually only inflammatory and immunostimulatory effects



International Coalition of Medicines Regulatory Authorities (ICRMA) agreed the following positions.

1. The extent of preclinical data to support depends on the vaccine construct, the supportive data available for the construct.

2. Opportunities should be considered to accelerate the development of a SARS-CoV-2 vaccine manufactured using the 

same platform.

3. If a platform technology utilized to manufacture a licensed vaccine or other investigational vaccines is well 

characterized, it is possible to use toxicology data (e.g., data from repeat dose toxicity studies, biodistribution studies).

4. The vaccine manufacturer should justify why certain preclinical studies such as toxicity studies would not need to be 

conducted prior to proceeding to FIH clinical trials.

5. For all SARS-CoV-2 vaccine candidates it is necessary to obtain data in animals and to characterize the 

immune response induced by a SARS-CoV-2 vaccine candidate.

6. It is NOT required to demonstrate the efficacy of the SARS-CoV-2 vaccine candidate in animal challenge models prior to 

proceeding to FIH clinical trials. 

Focusing on 
support for
First-in-Human 
clinical trials

ICMRA Global Regulatory Workshop
18 March 2020

To win time 
the first steps 
are given.



Actual COVID-19 vaccines

mRNA vaccines: 

• Pfizer-BioNTech

• Moderna

• Curevac

Adenoviral vectors:

• AstraZeneca

• Janssen-Cilag

• Sputnik-V

Whole virion (inactivated): 
• Sinovac

Protein-particles with
adjuvant:

• Novavax

• Sanofi-Pasteur



Actual COVID-19 vaccines with an EU-CMA: use of animal models

Pfizer/
BioNtech

Moderna AstraZeneca

Mice
BALB/c 

Mice
Balb/c, Balb/cJ, C57BL/6, and 
B6C3F1/J 

Mice
BALB/c, 

Rhesus monkeys Syrian Hamster Ferrets

Rhesus monkeys Rhesus Monkeys

Pigs

Tox: Wistar Han Rat Tox: Sprague Dawley Rats Tox: CD-1 mice

DART: Wistar Han Rat DART: Sprague Dawley Rat DART: CD-1 Mice



Use during pregnancy

• Pregnant women are excluded from clinical trials

• DART studies ready at the time of decision about the CMA

• In distribution studies with mRNA ver limited distribution beyond draining lymph nodes

• No treatment-related effects in pups for mRNA vaccines

• For Adenovector vaccine (AstraZeneca) study in mice is not yet finished

• What about safety of an adenovector?

Adenoviruses have a high prevalency globally.
• Adenovirus is passing the placenta, which is confirmed
• No association with outcomes of pregnancies, no 

malformations, i.e. large human evidence
• Adenovector is non-replicating, enhancing safety in 

humans Hardly any exposure during

Organogenesis.



Conclusions:  Nonclinical testing of Covid-19 vaccines

• Animal experimentation is unavoidable, as it is needed to show proof-of-concept

• Choice of animal models is highly variable, especially for proof-of-concept

• Which species are susceptible to SARS-CoV-2 (where receptor is similar to hACE2)?

• Species for Toxicity are usually common Tox species, which are not specifically sensitive. 

• Use in pregnancy

• DART studies do not show toxicity

• Biodistribution study for mRNA vaccines does not show broad distribution

For adenoviral vector

• Adenoviruses are widespread in the population, likely to have placental passage, and not
associated with effects on pregnancy outcomes. 





COVID-19 in Pregnancy; risks and prevention

Sanna Gevers, MD, PhD
Clinical Assessor at Medicines Evaluation Board

Disclaimer: 
The views and opinions expressed in this talk are my own and do not necessarily reflect the position of 
the Medicines Evaluation Board or any other regulatory body.



Content

Worldwide concerns in women of childbearing potential:

• Will COVID-19 be more severe because I’m pregnant? 

• Will the virus damage my baby? 

Risks of COVID-19 during pregnancy

Vaccination during pregnancy

Clinical vaccine trials in a pandemic setting

Clinical data on use of COVID vaccines during pregnancy

Where do we stand?



Risks associated with viral infections in pregnancy

Viruses may affect the mother and the fetus during pregnancy

• More severe illness 

• Pregnancy loss, birth defects

Physiological changes during pregnancy

• Immunological changes 

• e.g. CD4+ T cell population Th2/Th1 ↑; NK cells and cells involved in interferon production ↓; hormonal changes

• Reduction in total lung capacity and inability to clear secretions 

• increased O2 demand

• Possible synergistic effect of hypercoagulability

• Changes in endothelial function 

Hypoxia/high fever have been associated with birth defects

Wastnedge E., Pregnancy and COVID-19. Physiol Rev. 2021 Jan 1; 101(1): 303–318. 



Risks associated with Covid-19 in pregnancy 

Systematic review Allotey et al, BMJ 2020:

• 77 studies including 11 432 pregnant women

• More likely to need ICU admission (OR 1.62; 95%CI 1.33 - 1.96) and invasive ventilation (OR 1.88; 95%CI 1.36 - 2.60)

• Odds of preterm birth (3.01, 95%CI 1.16-7.85) higher in pregnant women with covid-19 compared with those without the 

disease.

Systematic review Di Mascio et al, AJOG 2020:

• 19 studies including 79 hospitalized women: 41 (51.9%) COVID-19, 12 (15.2%) MERS, and 26 (32.9%) SARS

• COVID-19 infection was associated with higher rate of preterm birth, preeclampsia, cesarean section, and perinatal death. 

Allotey e.a. Clinical manifestations, risk factors, and maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy. BMJ2020;370:m3320
Di Mascio e.a. Outcome of coronavirus spectrum infections (SARS, MERS, COVID-19) during pregnancy. https://doi.org/10.1016/j.ajogmf.2020.100107



Risks associated with Covid-19 in pregnancy 

CDC COVID-19 pregnancy surveillance to report pregnancy-related information and outcomes

Analysis of 400,000 women with symptomatic COVID-19, aged 15-44 yrs

• 23,434 women were pregnant

Pregnant patients had a higher risk of:

• ICU admission (10.5 versus 3.9 per 1000 cases, adjusted risk ratio [aRR] 3.0, 95% CI 2.6-3.4)

• Receiving invasive ventilation (2.9 versus 1.1 per 1000 cases, aRR 2.9, 95% CI 2.2-3.8)

• Receiving ECMO (0.7 versus 0.3 per 1000 cases, aRR 2.4, 95% CI 1.5-4.0)

• Death (1.5 versus 1.2 per 1000 cases, aRR 1.7, 95% CI 1.2-2.4)

Women with comorbidities and older women appeared to be at particularly elevated risk of adverse maternal outcome. 

Zambrano L e.a. Update: Characteristics of Symptomatic Women of Reproductive Age with Laboratory-Confirmed SARS-CoV-2 Infection by Pregnancy Status - United States, 
January 22–October 3, 2020. MMWR / November 6, 2020 / Vol. 69 / No. 44



Transmission of infection to newborns

CDC Pregnancy and Infant Linked Outcomes Team (PILOT) 

• >5252 COVID-19-infected mothers

• 3,912 live births with known gestational age 

• 12.9% were preterm (<37 weeks), vs 10.2% in the general U.S. population

• 610 infants with reported SARS-CoV-2 test results

• 2.6% had a positive SARS-CoV-2 test result

In summary

• Possible risk of severe illness in pregnant women

• Suggestions of risk of premature birth, to be further evaluated

• Vertical transmission has been demonstrated

Further surveillance is needed to assess 

effects of infections in early pregnancy and long term outcomes of infants 

Woodworth KR, et al. Birth and Infant Outcomes Following Laboratory-Confirmed SARS-CoV-2 Infection in Pregnancy - SET-NET, 16 Jurisdictions, March 29-October 14, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(44):1635. Epub 2020 Nov 6. 



Use of vaccines during pregnancy

• Maternal immunization protects both the mother and fetus

• May provide passive protection of the infant

• Ideally, immunization given prior to conception, but administration during pregnancy may be indicated

• Non-live vaccines can be used while live-attenuated vaccines should be avoided

• Immunizations that are routinely recommended for all pregnant women: 

• Tetanus, diphtheria, acellular pertussis (Tdap), and influenza vaccine

• Good safety profile in pregnancy, passive protection to the newborn



Vaccine platforms



Clinical vaccine trials during the COVID pandemic

• Clinical guidance on vaccine development from a regulator’s perspectieve

• Important issues for vaccine development:

- Characterisation of immune response

- Identification of a correlate of protection: type and amount of immunological response that correlates with vaccine-induced 

protection against an infectious disease, considered predictive of clinical efficacy

• No known ICP for COVID

- Efficacy based on clinical endpoints

• In response to the COVID pandemic setting the International Coalition of Medicines Regulatory Authorities  (ICMRA) postulated its 

guidance on clinical trials in the development of COVID vaccines

https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-clinical-evaluation-vaccines-revision-1_en.pdf



ICMRA clinical guidance on COVID vaccine trials

• Phase 3 clinical trials will need to enroll many thousands of participants of diverse populations

• Phase 3 clinical trials should be randomized, double-blind and controlled either using placebo or active comparator

• Follow-up should be long enough to evaluate safety and duration of immune response
- Risk of disease enhancement as antibody titers wane

• Endpoints should be standardized across trials to allow vaccine effectiveness and safety comparison of different SARS-
CoV-2 vaccine candidates

• The primary endpoint should be laboratory-confirmed COVID-19 of any severity
- Other important endpoints: severity of disease as measured by hospitalization, mechanical ventilation or death.

• Safety evaluation as part of Phase 3 clinical trials as well as the size of the safety data base and follow-up time should be 
in the same range as for other preventive vaccines



Speeding up development of COVID-vaccines

• Use of known vaccine platforms

• Initiation of FIH studies as the first non-clinical
data are available

• Overlapping phases in clinical development

• Many thousands of participants



Clinical data COVID vaccine use in Pregnancy

Pregnant women were excluded from participation in clinical trials, data on use during pregnancy limited

COVID-19 vaccines: available information from clinical trials

Vaccine Placebo Total

Comirnaty (Pfizer/Biontech)

N 7 8 15

Moderna

N 6 7 13

Astra Zeneca

N 10 7 17

Total numbers included in 
clinical trials

23 22 45



Planned Studies for currently registered COVID vaccines
Pfizer/Biontech

Phase2/3 clinical trial to assess safety and immunogenicity in pregnant women

• February 2021 - January 2023

• Randomized, placebo-controlled study in 4,000 healthy pregnant women ≥18 years of age 

• Vaccinated during 24 - 34 wks GA

• Safety, tolerability, and immunogenicity of two doses vaccine or placebo, 21 days apart

• Participation for 7 to 10 months

• Safety in infants of vaccinated pregnant women 

• Transfer of potentially protective antibody to infants

• Infants monitored through six months of age



Planned Studies for currently registered COVID vaccines

Astra Zeneca

Use of AZD1222 in pregnant and breastfeeding women investigated in planned post authorization activities

• Enhanced active surveillance (EAS), 

• Post-marketing observational study using existing secondary health data sources, 

• Pregnancy registry evaluating outcomes in existing cohorts of vaccinated/unvaccinated pregnant women

Moderna 

Use of the vaccine in pregnancy and while breastfeeding will be assessed in:

• Post-Authorization Active Surveillance Safety Study to monitor real-world safety of the mRNA-1273 

vaccine in the EU

• Observational Pregnancy Outcome Study

• Early 2021 - June 2024 



Consign project; Covid-19 infectiON and medicineS In preGNancy

Aim: 

• To guide evidence based decision-making about COVID-19 vaccine indications, vaccination policies, and treatment 

options for pregnant women by regulators.

Objectives CONSIGN

• Assess use of medicines for COVID-19 treatment 

• Describe severity and clinical outcomes of COVID-19 disease

• Assess and compare pregnancy and neonatal outcomes in different COVID-19 antiviral and immune based 

treatment groups

• To establish collaborations with other global initiatives and allow for pooling of evidence

Based on electronic patient databases

Will real world evidence be enough to get a reliable idea on COVID-19 and use of vaccines/medication during pregnancy?



In conclusion

At the current stage clinical data too limited to draw definite conclusions on safety of COVID-19 vaccines 

during pregnancy

Non-clinical data and scarce clinical data do not identify safety concerns

Based upon the MoA of the vaccines currently registered, safety issues not foreseen

Pregnant women should be well informed on current knowledge and talk to their phyisican about the benefits 

and the risks

Additional real world data and clinical trial data will increase clinical knowledge

• Consensus is needed on what data are needed about registered COVID vaccines in pregnant women

• What data are required for vaccines still under development

• How can regulators use prior experience to increase their knowledge on COVID vaccines 



Issues open for discussion

• Literature suggests increased risk of severe maternal disease and adverse pregnancy outcome

• Although the fetal, newborn, and maternal effects of available vaccines have not been studied in 

clinical trials, experts believe they are unlikely to pose a risk for pregnant or breastfeeding 

persons based on how mRNA/vector vaccines work, however data are needed

• Should we withhold COVID vaccines from pregnant/lactating women?

• Should pregnant subjects be included in future COVID-19 vaccine trials?





COVID-19 vaccines

Risk Management Plan
Pharmacovigilance

Proactive / Reactive

Marcel Kwa – senior assessor

Comirnaty / BNT162b2 (as example)

EMEA/H/C/005735/0000, Rolling Review RMP AR; NL=PRAC Rap

Comirnaty
COVID-19 mRNA vaccine

a nucleoside-modRNA encoding 
the viral spike glycoprotein S of 

SARS-CoV-2



Risk Management Plan

Note: Not only at the
time of registration, but 

at any moment during
product life-cycle



RMP as Plannning tool

Focus on risks 
potentially impacting 
on B-R or public health



Pharmacovigilance Plan (routine signal detection)

Safety profile at the time of registration (based RCTs)

Uncertainties ?
• Rare adverse effects
• Long-term effects
• Effects following prolonged exposure
• Effects in populations not studied



Pharmacovigilance Plan (routine signal detection)

MAH: World Wide Adverse Event (AE) reports in EudraVigilance database

Periodic Safety Update Report (PSUR)

for COVID-19 products Monthly Summary Safety Reports

NCAs: e.g. LAREB NL reports (serious and non-serious)

EMA: (all centrally authorised producten)

Mainly serious AEs (from 2012 onwards also non-serious AEs)

EU Lead Member States for signal detection (monthly)

Assessment of PSURs and Monthly Summary Safety Reports

Discussion in EU Pharmacovigilance Risk Assessment Committee (PRAC)



Comirnaty / BNT162b2 (COVID-19 mRNA vaccine)

Indication:
Active immunisation to prevent COVID-19 disease caused by SARS-CoV-2 virus, in 
individuals 16 years of age and older

Chemical class:
Nucleoside-modRNA encapsulated in lipid nanoparticle (LNP)

Mode of action:
The LNP enables entry into host cells and expression of the S protein. The vaccine elicits 
both antibody and cellular immune responses to the viral spike glycoprotein S, which are 
known to contribute to the mechanism of protection.

Posology:
Series of two (IM) doses (0.3 mL each) 21 days apart



RMP Summary of Safety Concerns

[MAH proposal uncertainties / knowledge gaps of B-R at time of approval]

Important identified risks • none proposed

Important potential risks • Vaccine-associated enhanced disease (VAED) including 
Vaccine-associated enhanced respiratory disease (VAERD)

Missing information • Use in pregnancy and lactation

• Vaccine effectiveness



Vaccine-associated Enhanced (Respiratory) Disease
[VAED/VAERD] ?

Enhanced Respiratory Disease (ERD)

Severe clinical presentations of respiratory viral infections due medical interventions (especially vaccines). 

But also as a result of natural infections (including SARS-CoV-2).

ERD may be detected during preclinical and clinical trials by comparing disease severities between intervention vs 

placebo study arms (Cave: overlap with Lack-of-Efficacy/Vaccine failure; variety in COVID disease course).

Several molecular mechanisms (postulated):

• FcR-dependent antibody activity

• Complement activation (i.e. ADE),

• other antibody-independent mechanisms e.g. tissue cell death, cytokine release and/or local immune cell activation.

Antibody-dependent enhancement (ADE) two mechanisms usually via non-/sub-neutralising Abs:

• Higher infection rates of target cells in an antibody-dependent manner mediated by Fc–FcR interactions (e.g. dengue).

• Excessive Fc-mediated effector functions and immune complex formation (e.g. RSV, measles)



Vaccine-associated Enhanced (Respiratory) Disease
[VAED/VAERD] ?

Antibody-dependent enhancement (ADE) two mechanisms usually via non-/sub-neutralising Abs:



RMP Summary of Safety Concerns (cont’d)

Important identified risks • none proposed

Important potential risks • Vaccine-associated enhanced disease (VAED) including 
Vaccine-associated enhanced respiratory disease (VAERD)

Missing information • Use in pregnancy and lactation

• Vaccine effectiveness

Elderly: Clinical studies included 4580 participants over 65 years-of-age

Applicant should further discuss:

• Medication Errors ? Product is multi-dose concentrate for IM injection, intended for 5 doses

• Anaphylaxis ?

• Immunocompromised (excluded from CT) ?  Frail elderly, patients with co-morbidities ?

• Persistence of protection/ need for booster doses

• Concomitant administration of other vaccines, (e.g. influenza, pneumococcal, COVID)



Pharmacovigilance Plan (additional studies)

Interventional
1. Global Study C4591001 (Phase II/III RCT, part of preregistration dossier) a.o. VAED/VAERD
2. Germany BNT162-01 Cohort 13 Immunogenicity study
3. Planned Global Clinical Study C4591015 Safety and Immunogenicity in pregnant women

Non-interventional/ Observational
1. Planned EU Study C4591010 (active surveillance)
2. US FDA Study C4591008 (primary data collection study in health workers)
3. US FDA Study C4591011 (secondary data from electronic health records (EHRs) of active military)
4. US FDA Study C4591012 (secondary data from EHRs in Veterans Healthcare Administration system.
5. Monitoring vaccine safety in pregnancy registry study
6. Planned EU/US Study C4591014 Post-Approval Effectiveness Non-interventional Test-negative study 

(in collaboration with ACCESS) a.o. VAED/VAERD.



Non-interventional Studies (Pregnancy)

Commitment to evaluate pregnancy outcomes in a PASS using established EU pregnancy research recommendations 
such as CONSIGN (COVID-19 infectiOn aNd medicineS In pregnancy) when developing any pregnancy related study 
objectives.

The applicant noted that

• a pregnancy registry based on primary data collection is susceptible to non-participation, attrition, small sample size 
and limited or lack of comparator data

• propose monitoring vaccine safety in pregnancy using electronic health care data, which could be conducted in a 
representative pregnant woman population exposed to the vaccine and minimize selection bias, follow-up bias, and 
reporting bias.

• In addition, internal comparison groups, such as contemporaneous unvaccinated pregnant women or women 
receiving other vaccine(s) to prevent COVID-19 (if available) could be included.

Applicant’s commitment is noted but further details are awaited.



Questions ?





Amsterdam Public Health
research institute

APH is a collaboration between:

Importance and Challenges of Vaccine Related 
Risk Communication 

Prof. dr. Daniëlle Timmermans | drm.timmermans@amsterdamumc.nl |2 March 2021  



Very 
tricky

Incredible 
risky

Safe and 
responsible Risks are 

limited

Very 
dangerous

Very tricky, 
that’s how I 

feel it
More 
risks

Risks

Really 
risky 

Risk

Risk Cautiously

Reasonable  
risks

Safe

Rutte: 8 x in 13 minutes
De Jonge: 9 x in 7 minutes
Journalist question: 10x in 2 minutes



Opening schools 
irresponsible…
Teachers priority 
with vaccination



1 out of 140 
(0.7%) people 
are contagious

If you meet a 
contagious person 
5% risk of 
contamination 
(RIVM)



The risks of corona 

- Individual chance 
of contamination is 
low

- Collective risk is 
high because of 
exponential growth



http://www.nhs.uk/Tools/Pages/NHSAtlasofrisk.aspx

Smoking: about 
20.000 deaths a year

COVID-19 March 2021  Nederland 
number deaths: 15.563

700.000 deaths



Willingness to 
vaccinate 
RIVM behavioral 
cohort study

84%

62%

Risk perception
and vaccination



How dangerous
is the vaccine

First afraid of the 
virus, now suspicious 
of the vaccine

Ambivalence
against vaccination
is not new 



Mexican flu (H1N1)  2009

PUBLIC CONCERN

EXPERTS

Mothers worried
about vaccine

Probability of side effects
minimal



Vaccination 
cervical cancer  

2009
DE WEEKKRANT.NL 9 maart 2009

REGIO - Ruim 15.700 Friese meisjes geboren in 
1993 tot en met 1996 kunnen deze maand de 
eerste inenting tegen baarmoederhalskanker halen 
de HPV-vaccinatie. Geruchten over de schadelijke 
gevolgen van de inenting vliegen het internet over. 
Een kettingbrief en internetberichten waarin gerept 
wordt over de negatieve gevolgen en "verzwegen 
bijwerkingen" van de vaccinatie zorgen voor onrust 
onder pubermeisjes en hun ouders. De 
Nederlandse Vereniging Kritisch Prikken en 
journalist Désirée Röver voeren fanatiek campagne 
tegen de vaccinaties. In een open brief aan 

minister Klink wordt zelfs de vergelijking 
met DES en softenon gemaakt

Rumours of serious side effects
of vaccination are all over the internet

Even the comparison with DES 
and thalidomide is made

PUBLIC CONCERN



WHY IS THAT? 

• The public is concerned and is worried about health 
risks

• Experts think there is no reason to worry but their
arguments are not convincing



RISK PERCEPTION



Risk framework  ”risk is more than a number”

•Risk as cognition

•Risk as feelings

•Risk as value



People’s perception: different risk, different experience 

Risky behavior

The threat from outside
Not voluntary
Not controllable

Voluntary
Controllable

Intuitive toxicology| 5 June 2015
Morgan, M. G., Fischhoff, B., Bostrom, A., & Atman, C. J. (2002). Risk communication: A mental 
models approach. Cambridge University Press.
Fischhoff, B., Bostrom, A., & Quadrel, M. J. (1993). Risk perception and communication. Annual review of public 

health, 14(1), 183-203.



Vaccination ? 



Consequences

Controllabilty (ways 
to mitigate risks)

Size of risk 
(population risks, 

individual risk)

Risk factors

Time line

Diabetes, cardio
vascular diseases

Mental model:     risk is more than a number



Vaccinations are often linked to autism and 

other conditions such as skin complaints. 

And although this has been denied by 

doctors and the government, I certainly 

think there is some truth in it.

Facts alone are 
not convincing 



Risk framework

•Risk as cognition

•Risk as feelings

•Risk as value



Cervical cancer vaccination

DE WEEKKRANT.NL 9 maart 2009

REGIO - Ruim 15.700 Friese meisjes geboren in 
1993 tot en met 1996 kunnen deze maand de 
eerste inenting tegen baarmoederhalskanker halen 
de HPV-vaccinatie. Geruchten over de schadelijke 
gevolgen van de inenting vliegen het internet over. 
Een kettingbrief en internetberichten waarin gerept 
wordt over de negatieve gevolgen en "verzwegen 
bijwerkingen" van de vaccinatie zorgen voor onrust 
onder pubermeisjes en hun ouders. De 
Nederlandse Vereniging Kritisch Prikken en 
journalist Désirée Röver voeren fanatiek campagne 
tegen de vaccinaties. In een open brief aan 

minister Klink wordt zelfs de vergelijking 
met DES en softenon gemaakt

DANGER

Even the comparison with DES 
and thalidomide is made



NRC

Minister Klink heeft ook terecht de aanval 

ingezet op de ongefundeerde argwaan
tegen de vaccinatie. Die raast als een dolle 
door ‘anti-prik’-gemeenschappen op 
internet, waar wetenschappelijk niet 
onderbouwde geruchten worden 

geventileerd, die inspelen op irreële 
emoties, angsten en …. 

complottheorieën. Veiligheidsrisico’s zijn 
nooit uit te sluiten, ook niet voor dit 
griepvaccin. Maar ze wegen niet op tegen 
de gevaren van de griep zelf

VOLKSKRANT

Vaccinatieangst overspoelt 

Nederland

Welke epidemie is groter: de 
griep of de angst?

Omdat de meeste burgers 
niet zelf kunnen beoordelen 
of het griepvaccin veilig is, 
draait het uiteindelijk om 
vertrouwen.

Influenza 

vaccination and 
emotions

Vaccination fear 

overwhelms the Netherlands 

Mexican flu (H1N1)  2009



Risk perception: analysis or feeling

Rational-analytic Intuitive-affective 

Complex and 
uncertain 
risks

Emotional  
situations



IMAGE OF OUTCOMES
The possibility that 
it can happen is more 
important than the 
probability. 

“It happens or it does not happen”



Risk framework

•Risk as cognition

•Risk as feelings

•Risk as value



● “… Martin van den Berg, hoogleraar 
toxicologie aan de Universiteit van 
Utrecht. …  "Ik kan me niet voorstellen 
dat in dat opzicht de eieren hier nog 
een belangrijke rol spelen, omdat het 
fipronil in die producten vaak erg 
verdund zal zijn.“ Ook hoogleraar 
voedingsleer Martijn Katan van de Vrije 
Universiteit, ziet geen 
gezondheidsrisico's bij het eten van de 
producten die uit de winkels zijn 
gehaald.  Trouw 25/8/2017

Fipronil in eggs

Professor Katan says there are no 
health risks when eating these products

PUBLIC CONCERN

EXPERTS

Fipronil? Kun je nog wel veilig eieren 
eten? 

5 vragen over insecticide fipronil in eieren 

Jolanda Niemantsverdriet | Gepubliceerd: 28-07-2017 | Gewijzigd op: 01-08-2017 
In juli 2017 is er fipronil aangetroffen in eieren. Deze stof kan schadelijk zijn voor 
mensen. Pluimveehouders mogen het daarom eigenlijk niet gebruiken. Kun je nu 
nog wel veilig eitjes eten? Vijf vragen over fipronil beantwoord. 

Fipronil? Is it safe to
eat eggs? 

https://www.topics.nl/playlist/a-universiteit-utrecht-f65f3a/
https://www.topics.nl/playlist/a-martijn-katan-68a2e0/
https://www.topics.nl/playlist/a-vrije-universiteit-amsterdam-09bc1e/


RISK AS VALUE

Fipronil in eggs  2019
25

Nieuwsuur 1 august 2017

We are analyzing samples. And 
determine what is legally 

possible. Consumers receive 
information when we have it.

Did government control fail? 
Then I do run a risk? Then I can't 
eat eggs until the weekend? You 

cannot say that it is safe

Stern, P. C., & Dietz, T. (1994). The value basis of 
environmental concern. Journal of social issues, 50(3), 65-84. 
Douglas, M. (1985). Risk and Acceptability. London: 
Routledge, https://doi.org/10.4324/9780203708781



Moral judgment about fipronil in eggs

• Perception of danger for innocent people: 

• There is acute danger for a part of the eggs

• In longer term there might be health risk for many people, 
especially children (everyone eat eggs)

• It was unknown to those exposed that eggs contained fipronil

• Identification of those responsible for the hazard: 

• Industry  good product responsibility of farmers and the
company

• Government  the company involved was not certified, earlier
warnings were ignored

Stern, Dietz, Black. Support for Environmental Protection: The Role of Moral Norms. Population 
and Environment; Fall 1985

Compentence? 
Values?



Earlier a vaccination
campaign failed

.. to lobby in 
parlement for
the vaccin ….

Competence? 
Values?

2009



NRC

Minister Klink also rightly launched the 

attack on the unfounded suspicion of 

vaccination. ... that respond to unreal 

emotions, fears and conspiracy 
theories.

VOLKSKRANT

Because most citizens can 
not judge for themselves 
whether the flu vaccine is 
safe, it is ultimately about 

trust.

Dunn & Schweitzer. Feeling and Believing: The Influence of Emotion on Trust. 2005

.. Do not eat goat meat 
anymore

“On this site it is stated in 
black and white that vaccines 
contain all nanochips”



SUMMARY RISK PERCEPTION

• RISK AS COGNITION: Risks are perceived as larger if involuntary, 
uncontrollable, unknown etc.  The public has different mental
models than experts

• RISK AS FEELINGS: In complex and emotional situations, people
process risks as feelings  binary perception of risks

• RISK AS VALUE: People evaluate risks based on moral responsibility
for a possible disaster and trust.



RISK COMMUNICATION

•CONTENT: Mental model approach - taking into
account the public’s beliefs

•FORMAT: verbal and numerical risk information



Numerical risks are hard to understand

• Interview about prenatal screening: interpreting age related risk of getting a child with
Down Syndrome:

“I think my chance is 1 out of 400, about 25%”  

“.. I think it was 1 in 250.000 or something… Well, I think it is reasonably small…..”

“…I think 1 out of 900 is quite large. They also mentioned a percentage, I think: 0,11%  
… And that is very small… “ 

• Timmermans et al., in prep

• Survey about chemical risks. 

`1 in 10,000,000 lifetime risk of cancer from exposure to a chemical was too small to worry 
about´ 30% of the people did NOT agree

Neil, Malmfors, Slovic. Intuitive Toxicology: Expert and Lay Judgments of Chemical Risks. Toxicologic Pathology 1994



NRC
Volkskr
ant

Risks cannot be 
excluded



Numerical interpretation of verbal terms

Timmermans DRM. The Role of Experience and Domain of Expertise in Using Numerical and Verbal Probability 
Terms in Medical Decisions. Med Decis Making 1994

Extremely rare:        
0.01% tot 10%



Interpretatie van vage risico’s

If its says that effects of EMF on health cannot be
excluded I think it means:

EMFs are 
probably
hazardous to
health

There is some
evidence that
EMFs are bad 
for health

There is not
enough
evidence that
EMFs are bad 
for health

There is no 
evidence that
EMFs are bad 
for health

Claassen, 
Timmermans, in 
prep



Risk Communication Corona Vaccin



Small 
chance on 
serious side 
effects



LAREB

Aantal meldingen

In totaal betreft het nu 5.068 meldingen met 24.031 vermoede bijwerkingen. 
…

Vooral bekende bijwerkingen gemeld

De meest gemelde bijwerkingen zijn spierpijn (2.744), hoofdpijn (2.513), je 
niet lekker voelen (2.363) vermoeidheid (2.278), rillingen (1577), misselijkheid 
(1116) en koorts (1052). Ook reacties op de prikplek, zoals pijn (2.209), 
zwelling (865) en warmte (785) zijn vaak gemeld. …. Bij de meeste mensen 
verlopen de klachten mild en zijn ze na een paar dagen over.  

Allergische reacties

Bij 27 meldingen waren er klachten die passen bij een heftige allergische 
reactie bij het vaccin van Pfizer/BioNTech. Bij 9 meldingen was er een 
vastgestelde anafylactische reactie….. Alle patiënten zijn snel en adequaat 
behandeld en hersteld. Heftige allergische reacties na een vaccinatie zijn 
zeldzaam, maar niet uit te sluiten.  

For most people
complaints are mild….  

Allergic reactions are rare, 
but cannot be excluded
..



RIVM website 

Coronamaatregelen na vaccinatie

Eén tot twee weken na vaccinatie is 60-90% van de mensen beschermd tegen 
corona. Dus niet iedereen is beschermd. De kans dat je na twee vaccinaties 
corona krijgt is erg klein, maar niet nul. Als je dan corona krijgt ben je meestal 
minder ernstig ziek. …

Allergie

… Het is mogelijk dat er direct na de vaccinatie een ernstige allergische 
reactie optreedt (anafylactische shock). Inmiddels is het vaccin wereldwijd 
heel vaak gegeven en blijkt dat een anafylactische shock maar heel zelden 
voorkomt.

.. Very small chance 
……  
Mostly

.. Possible …… 

… Very seldom …. 



CBG

Komt het medicijn dan ook altijd op de markt?
Als het CBG vaststelt dat de voordelen (werkzaamheid) 
groter zijn dan de nadelen (bijwerkingen en risico’s), 
dan geeft het een vergunning af aan de fabrikant. De 
fabrikant besluit vervolgens zelf of hij het vaccin wel of 
niet op de markt brengt.
Kunnen er bij goedgekeurde medicijnen 
bijwerkingen optreden?
Zoals voor elk medicijn geldt, kunnen bij elk vaccin ook 
bijwerkingen optreden. De meest voorkomende 
bijwerkingen van vaccins zijn niet ernstig. Deze 
bijwerkingen ontstaan binnen een paar dagen na 
vaccinatie en zijn meestal tijdelijk en kortdurend. 
Bekende bijwerkingen staan in de bijsluiter van het 
vaccin.



CONCLUSIONS

• RISK PERCEPTION:
• Experts and the public differ in their perspectives on health and safety

risks: risks as cognition, risks as feelings, risk as value. 

• RISK COMMUNICATION:
• CONTENT: Effective risk communication takes the public’s beliefs into

account

• FORMAT: Verbal risk terms are too vague and lead to miscommunication, 
numerical terms are preferred but often too difficult to understand. 



NOT GOOD !!

GOOD !!



APH is a collaboration between:
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