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Lessons learned from the SARS-CoV-2 pandemic 
- vaccines, neutralising antibodies, antigen tests -

 Vaccine platforms and efficacy (Hildt, Grabski, Meyer et al.)

 Booster vaccinations

 Vaccine pharmacovigilance

 CoV-2 neutralising antibodies

 Rapid antigen tests

 Summary 
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The pooled primary analysis should provide compelling 
evidence of VE, with a lower limit of the confidence 
interval surrounding the VE estimate that is well above 
zero (e.g. it would be highly desirable that the lower 

bound is ≥20% or even ≥30%) and the point estimate 

of VE should be well above 50%.

CHMP advice on lower boundary of the confidence interval for vaccine efficacy 
and on safety follow-up of vaccines (2021)

Evidence of COVID-19 vaccine safety will require a 
safety database that includes a minimum of 3,000 

participants vaccinated with all of the required doses 
(the full regimen) .  Considering that most adverse 
reactions occur within 4-6 weeks and  rarely later, 
safety data for at least 6 weeks after the final 

vaccine dose would be expected at time of initial 
submission for authorisation. A longer follow-up period 
may be required before authorization on a case by case 
basis to address any potential risk. 

Participants in clinical trials should continue to be 
followed for at least 1 year and up to 2 years to 

assess the duration of protection and longer-term 

safety following authorisation of the vaccine, and 
data should be provided to the regulators for 
assessment.  Safety should also be supported by 
appropriate non-clinical studies, including robust 
studies assessing the risk of vaccine-associated 
enhanced respiratory disease.
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-> Vaccine efficacy turned out 

better than assumed. 

-> Inclusion of 10,000 and more verum

vaccinated participants in phase 2/3 

trials allowed detection of rare adverse

reactions and established a good

safety data base.
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Viral vaccine types

PEI Homepage 2022-02

(1) Live attenuated vaccine (apathogenic vaccine virus)

(2) Inactivated vaccines

(3) Genetic vaccines

whole virus inactivated vaccine

vaccine based on purified virus components

split vaccine

subunit vaccine

recombinant protein vaccine and virus-like particles (VLPs) 

RNA and DNA vaccine

vector vaccine

replication-incompetent vector vaccine

conditionally replicating habrid virus

Drug substance DNA or RNA Drug substances is protein
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Viral vaccine types

PEI Homepage 2022-02

(1) Live attenuated vaccine (apathogenic vaccine virus)

(2) Inactivated vaccines

(3) Genetic vaccines

whole virus inactivated vaccine

vaccine based on purified virus components

split vaccine

subunit vaccine

recombinant protein vaccine and VLPs (Novaxovid) 

RNA and DNA vaccine (Comirnaty, Spikevax)

vector vaccine

replication-incompetent vector vaccine (Vaxzevria, Jcovden)

conditionally replicating hybrid virus

Drug substance DNA or RNA Drug substances is protein
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 1st dose Spikevax

 S1 subunit of the spike
protein detectable in 
plasma for about a 
week

 Anti-spike protein
antibodies formed about
2 weeks post
vaccination

Ogata et al.
Clin Infect Dis. 2021 May 20 : ciab465. 
Published online 2021 May 20. 
doi: 10.1093/cid/ciab465

Biodistribution and 
Pharmakokinetics
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neutralising
Abs to RBD

cell
infection
via
S/ACE-2 
interaction

Abs triggering
premature
fusion

FcR-mediated
virus opsonisation

Anti-viral humoral immune response: neutralising antibodies
inhibit cell entry of virus and thereby infection
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Higher antibody titers in blood/serum of vaccinated persons
correlate with better protection from CoV-2 infection
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Higher efficacy of COVID-19 vaccines
correlates with higher titers of CoV-2 neutralising antibodies
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Higher antibody titers in blood/serum of vaccinated persons
protect from breakthrough infection

Stronger anti-CoV-2 antibody responses to mRNA vaccines,
stronger cellular immune responses to adenovector vaccines
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Heterologous COVID-19 vaccination schemes 
improve immune responses 
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mRNA-induced humoral reponses wane within weeks or months,
4th RNA vaccine dose (2nd booster) increase anti-Omicron antibody titers

to the level after 3rd RNA dose (1st booster)

-> Good level of protection against COVID-19, 

reduced level of protection against infection.

-> Next generation COVID-19 booster vaccines shall induce

a broader immune response,

hopefully also against future escape variants.
16
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Omicron sublineages display escape mutations
in the receptor-binding domain and N-terminal domain

RBM: receptor-binding motif

U.S.A. dominance 2022-06

German upcoming

dominance 2022-06
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Omicron-adapted COVID-19 vaccines for autumn 2022
- bivalent Wuhan/Omicron candidate vaccines -

-> Increase of neutralising antibody titers

-> Induction of antibodies against Omicron variant(s) (BA.1)

-> Goal: broadening of antibody response against BA.5 and future variants
18
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Omikron-adapted COVID-19 vaccines for autumn 2022
- bivalent Wuhan/Omicron candidate vaccines -

19

-> How do we keep up the development of variant-adapted COVID vaccines?

-> How do we adapt the regulation of such vaccines?
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Lessons learned from the SARS-CoV-2 pandemic 
- vaccines, neutralising antibodies, antigen tests -

 Vaccine platforms and efficacy

 Booster vaccinations

 Vaccine pharmacovigilance (Keller-Stanislawski et al.)

 CoV-2 neutralising antibodies

 Rapid antigen tests

 Summary 
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COVID-19 vaccine doses administered in the EU/ EEA 
(24 April 2022; www.ema.europa.eu)

21

vaccine MA holder doses

Comirnaty BioNTech 627.000.000

Spikevax Moderna 135.000.000

Vaxzevria AstraZeneca 69.000.000

Jcovden Janssen-Cilag 19.400.000

Nuvaxovid Novavax 178.000

0.8 billion
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Spontanmeldungen Verdachtsfälle 
an das PEI (1.1.2021-31.03.2022)
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Regulatory assessment of 
reported suspected adverse reactions

Report of a suspected adverse reaction

Assessment of individual cases
taking prior diseases and
additional clinical information
into account

Assessment on the basis of 
statistical considerations,
clinical study results and
scientific publications
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Regulatory assessment of 
reported suspected adverse reactions

Report of a suspected adverse reaction

Assessment of individual cases
taking prior diseases and
additional clinical information
into account

Assessment on the basis of 
statistical considerations,
clinical study results and
scientific publications

Favourable benefit-risk ratio

New and increased risks may
require measures, for example:
- modified indication(s)
- contra indications
- warning statements
- compulsory physical
examinations or tests

Unfavourable benefit-risk ratio

Withdrawal of marketing
authorisation of the vaccine
product
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Very rare serious adverse reactions to COVID-19 vaccines

 Ca. 1 Mrd. einillion Covid vaccine doses until 05-2022 in EU/EEA

 <10 reported suspected serious adverse reactions per 10.000 doses

 Myocarditis/Pericarditis post mRNA vaccinations

 Erhöhtes Risiko bei jungen Männern <30 Jahre nach zweiter Dosis

 Überwiegende Mehrheit (Peri-/Myokarditis-Patienten) spricht gut auf Behandlung an

 Risiko sehr selten, aber etwas höher bei Spikevax im Vergleich zu Comirnaty

 Anaphylaxis post all COVID vaccines licensed in the EU

 weniger als 1  Fall pro 100.000 Impfungen

 vermutlich mehrheitlich nicht IgE-vermittelt, sondern über Komplement 
(CARPA complement activation-related pseudoallergy)

 TTS post adenovector vaccines, lethal outcome in single cases

 GBS post adenovector vaccines: 0.88 and 1.89 per 100.000 doses, respectively (Vaxzevria, Janssen)

 ITP (Immunthrombozytopenie), single reports post Janssen/Vaxzevria

 Thrombosis study results inconsistent – risk due to COVID-19 higher than post COVID vaccination
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Proof of mechanism underlying TTS
associated with COVID-19 adenovector vaccines

Hogan M, Berger JS 2020 Schönborn L et al., DOI: 10.1056/NEJMc2112760

substance in adenovector vaccines
causing formation of PF4 
complexes unknown
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COVID-19 vaccine safety and regulation
made fully transparent
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Lessons learned from the SARS-CoV-2 pandemic 
- vaccines, neutralising antibodies, antigen tests -

 Vaccine platforms and efficacy

 Booster vaccinations

 Vaccine pharmacovigilance

 CoV-2 neutralising antibodies (van Zandbergen, Groß, Klug et al.)

 Rapid antigen tests

 Summary 
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 Viral replication inhibitors (molnupiravir, paxlovid)

 Reduce multiplication of viral 

genomes and new virus particle

formation within each infected cell

 Neutralising antibody-containing medicines

reducing spread of virus within the body

 Neutralising monolconal antibodies and

antibody cocktails

 Specific immunoglobulin preparations

 Convalescent plasma (directional administration)

 Immunomodulation

 Monoclonal antibodies reducing cytokine storm targeting e.g. the IL-6 receptor

Medicines for Covid-19 therapy

30

Pol inhibitor



Paul-Ehrlich-Institut

 Viral replication inhibitors (small molecules)

 Reduce the multiplication of viral 

genomes and new virus particle

formation within each infected cell

 Neutralising antibody-containing medicines

reducing spread of virus within the body

 Neutralising monoclonal antibodies and

antibody cocktails

 Specific immunoglobulin preparations

 Convalescent plasma (directional administration)

 Immunomodulation

 Dexamethasone

 Monoclonal antibodies reducing cytokine storm targeting e.g. the IL-6 receptor

Biomedicines for Covid-19 therapy
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Neutralising
monoclonal antibodies
for Covid-19 therapy

(Feb. 2021)



Wiltype Delta BA.1  BA.2  BA.5

SARS-CoV-2-neutralizing mAbs

Ronapreve/Regn-CoV2 (Casirivimab/Imdevimab)

Roche/Regeneron

Since 12.11.2021 EU/1/21/1601/001; in Germany available via 

MedBVSV Artikel 5(3) (treatment / prophylaxis)

Regkirona (Regdanvimab)

Celltrion

Since 12.11.2021 EU/1/21/1597/001; not launched yet

(treatment)

Xevudy (Sotrovimab)

GSK

Since 17.12.2021 EU/1/21/1562/001; launched in Germany since 

01/2022 (treatment)

Evusheld (Tixagevimab/Cilgavimab)

AstraZeneca

Since 18.02.2022 EMEA/H/C/005788; in Germany available via 

MedBVSV Artikel 5(3) (prophylaxis/treatment ongoing line ext.)
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Lessons learned from the SARS-CoV-2 pandemic 
- vaccines, neutralising antibodies, antigen tests -

 Vaccine platforms and efficacy

 Booster vaccinations

 Vaccine pharmacovigilance

 CoV-2 neutralising antibodies

 Rapid antigen tests (Nübling, Scheiblauer)

 Summary 

34



Paul-Ehrlich-Institut Quelle: Peeling et al (2022). The Lancet 399, 757-768
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Course of SARS-CoV-2 load in nasopharynx
- PCR and rapid antigen test results both positive 

for high virus loads-



Paul-Ehrlich-Institut

PCR tests positive for a wide range of virus loads
- reliable detection of CoV-2 infection at all stages of disease/infection -

1

1b

Viruslastbereich

für positiven 

PCR-Tests

1a: Verlauf der Viruslast (PCR) im Nasen-/Rachenraum

Quelle: Peeling et al (2022). The Lancet 399, 757-768
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Rapid antigen tests postive for high virus loads
- detection of persons posing a risk for transmission (very high virus loads) -

Niedriger Ct-Wert = hohe Viruslast

Ct ≤ 25 

2

2b

Viruslastbereich

für positiven 

Antigentests

2a: Verlauf der Viruslast (Antigentest) im Nasen-/Rachenraum

2c Threshold of infectiousness:

Bei einer sehr hohen Viruslast entsprechend Ct ≤ 25

wird infektiöses SARS-CoV-2 in Abstrichproben

festgestellt.

Infektiöses Virus kann beim Ausatmen, Sprechen, 

Singen oder Niesen ohne Maske auf 

Kontaktpersonen übertragen werden.

Quelle: Peeling et al (2022). The Lancet 399, 757-768
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PEI-Liste Rank 1 7 17 29 55 86 95 99 104 108 165 168 172 173 176 178 180 186 188 192 225

Wuhan

2,80E+08

Viral RNA
copies per

sample (25 µl)
1 8 8,8E+08 387 185 385 7,2 87,8 179 212 308 287 158 157 139 141 30,5 130 115 194 225 160 114 87
2 32 2,2E+08 279 88 287 6,1 28,8 87 68 158 86 73 44 41 72 8,4 16 5 43 102 71 18 25
3 128 5,5E+07 189 41 143 4,3 9,8 13 7 48 12 13 11 6 22 1,5 5 2 7 11 14 9 5
4 512 1,4E+07 52 5 25 1,01 2,9 0 0 9 0 0 4 0 2 0,3 2 0 0 2 4 2 0
5 2.048 3,4E+06 8 0 6 0,3 0,8 2 0 0 0 0 0 inv 1 0,1 0 0 0 0 0 0 0
6 8.192 8,5E+05 0 0 0 0,5 0,2 0 0 0 0 0 0 0 0 0,0 0 0 0 0 0 0 0

LoD RNA 2,E+06 1,E+07 2,E+06 1,E+07 5,E+06 2,E+07 3,E+07 7,E+06 2,E+07 2,E+07 1,E+07 3,E+07 2,E+07 4,E+07 3,E+07 1,E+08 3,E+07 2,E+07 1,E+07 2,E+07 4,E+07

Omicron

1,50E+08

Viral RNA
copies per

sample (25 µl)
1 8 4,7E+08 352 194 381 9,2 88,9 249 270 350 293 296 193 159 95 34,6 232 199 154 133 178 46 209
2 32 1,2E+08 277 121 333 8,9 46,6 102 87 152 77 91 67 37 82 13,2 60 15 64 37 100 9 54
3 128 2,9E+07 182 32 160 5,8 11,2 18 8 40 14 16 7 4 19 2,2 7 5 7 5 16 4 12
4 512 7,3E+06 24 3 49 1,7 2,9 4 0 5 3 0 3 0 5 0,3 2 0 2 0 3 1 2
5 2.048 1,8E+06 4 2 7 1,1 0,4 0 0 0 0 0 0 0 0 0,1 0 0 0 0 0 0 0
6 8.192 4,6E+05 0 0 0 0,4 0,2 0 0 0 0 0 0 0 2 0,0 2 0 0 0 0 0 0

LoD RNA 1,E+06 7,E+06 1,E+06 2,E+06 3,E+06 6,E+06 2,E+07 5,E+06 7,E+06 1,E+07 1,E+07 2,E+07 5,E+06 2,E+07 1,E+07 2,E+07 1,E+07 2,E+07 7,E+06 2,E+07 1,E+07

Antigen test sensitivity: Wuhan vs Omicron (PEI mit IM Bundeswehr)

 Sensitivity ranking of CoV-2 antigen tests : 
 similar for Wuhan vs Omicron 

(PEI mit IM Bundeswehr)
 CoV-2 antigen tests not affected by the 

four Omicron mutations in the N protein (test target)
 Labeled “ja” in list of antigen tests which can 

be reimbursed
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Heroes of vaccine research and development

Live attenuated virus vaccines

 mumps

 measles

 rubella

 hepatitis A and B

 chickenpox…

Cancer immunotherapy pioneer

 1997 human tumour antigen

serology/immunotherapy

 2010 actively personalized

cancer immunotherapy

 2020 COVID-19 mRNA vaccine

Pioneer in RNA technology

 1999 in vivo transfer of RNA in 

mice mediates encoded protein

expression (urokinase rec.)

 2005 RNA methylation reduces

acute innate immune response

Maurice Hilleman
1919-2005

Ugur Sahin
Katalin Kariko
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Regulatory support for vaccine and biomedicine developments
and pandemic preparedness

PRAC

28+2 national CA experts

& 6 EC+1+1 coopted

CTCGBWPGMDP
IWP

PhVWP

HEMWP

QWP

NCWP

SAWP

PCWP

MWP

BWP

VWP

CHMP

2 +2 national CA experts

& 5 coopted

CHMP and WPs

Center for
Pandemic Vaccines
and Therapeutics

ZEPAI, PEI

Div. Virology, 
PEI

(human viral 
vaccines)

PRAC
Div. Pharmacovigilance, PEI

Div. Immunology, 
PEI

(antibodies)
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Paul-Ehrlich-Institut
Our focus is on health!www.pei.de

Twitter @PEI_Germany
YouTube www.youtube.com/PaulEhrlichInstitutGermany
Since 1896 our focus has been on health
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