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Source: WHO, as of May 5th, 2021

• caused by a newly emerged coronavirus, SARS-CoV-2

• respiratory illness

• possible long-term effects (long COVID) in convalescents

• course of disease varies in symptoms and severity

• multiple SARS-CoV-2 variants are circulating globally

Globally > 170 million confirmed cases

Coronavirus disease (COVID-19)



Source: Funk CD et al., Front Pharmacol., 2020

Understanding the host immune defense



Significance to understand humoral responses:

• strategies for active and passive immunization

• accurate serological diagnostics

• epidemiological studies

Essential for anti-viral defense:

• virus neutralization

Antibody responses to SARS-CoV-2



Epitope-resolved view of antibody responses

Whole proteome of SARS-CoV-2 isolate Wuhan-Hu-1 (GenBank

ID: MN908947.3) translated into 4,883 individual peptides

Proteome-wide antibody screening



• High spot density (1,200 peptides/cm2)

• Digital printing flexibility: multiple formats 

with high scalability

• Fast production times

• High peptide quality with routine double 

couplings 

• Very low material consumption

Our Platform Technology



SARS-CoV-2 proteome-wide antibody screening
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SARS-CoV-2 proteome-wide antibody screening



Schwarz T., Heiss K., et al., (2021) Front. Immunol. 12:629185; Wölfel R. et al., (2020) Nature 581,465-469.

• Longitudinal antibody response to SARS-CoV-2 Spike S1 

COVID-19 patients

3 weeks p.s.o.

Longevity of epitope-specific antibody responses

• Neutralization titers



• Heterogeneous breadth of antibody responses across COVID-19 patients for both IgG and IgA

• IgG: increasing epitope-specific antibody responses in most instances towards later time points

• IgA: early responses rather weak; peak in antibody responses 3 weeks p.s.o. before declining for most of the epitopes

Longevity of epitope-specific antibody responses

Schwarz T., Heiss K., et al., (2021) Front. Immunol. 12:629185. 
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Longevity of epitope-specific antibody responses



• Significant reactivity against a NSP15-derived peptide

(E6662-R6676) across the entire time span of analysis

• Most epitopes could be assigned to proteins located

in the ORF1a/b polyprotein

• The other peptides were only significant at the late

convalescent phase

• Spike protein-derived epitope C649-D663 is located in

the S1 domain, adjacent to the S1/S2 cleavage site

Schwarz T., Heiss K., et al., (2021) Front. Immunol. 12:629185. 

E6662-R6676: a potential serological marker



SARS-CoV-2 proteome-wide antibody screening

Schwarz T., Heiss K., et al., (2021) Front. Immunol. 12:629185. 
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Higher antibody response against S1 in severe COVID-19



Longevity of epitope-specific antibody responsesEpitope signatures in mild & severe COVID-19

Schwarz T., Heiss K., et al., (2021) Front. Immunol. 12:629185. 



Longevity of epitope-specific antibody responses
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Epitope recognition associated with severe COVID-19 



SARS-CoV-2 proteome-wide antibody screening identified:

• Antibody responses to linear B cell epitopes potentially applicable as serological markers of early and/or late

SARS-CoV-2 infection

• Epitopes as potential biomarkers able to discriminate severe from mild COVID-19 disease courses

• Antibody responses to a Spike S1 epitope, which may interfere with furin-mediated cleavage

• Further validation of suitability as serological markers needed (e.g. larger patient cohorts)

Conclusions

Schwarz T., Heiss K., et al., (2021) Front. Immunol. 12:629185. 



MRC Laboratory of Molecular Biology, anti-Spike responses

Huamin Medicine Co Ltd, anti-Spike responses

National Research Council of Italy, proteome-wide screening

MPI of Colloids and Interfaces, proteome-wide screening

SARS-CoV-2 customer studies



Epitope mapping
Discriminative epitope

biomarkers for diagnostics

Vaccine development &

monitoring

Applications for peptide microarrays



Universidad de Chile, Epitope Screening for Antigen Design Icahn School of Medicine, Immunotherapeutics and Vaccines

BNI for Tropical Medicine, EBOV Antibody Signatures

Vaccine development & monitoring

Heidelberg Hospital & Sumaya Biotech, Malaria Vaccine Phase 1 Trial



Janssen Diagnostics, Proteome-wide Epitope Mappings

University of Bari & Bu-Ali Sina University, Epitope mapping

Heidelberg Hospital & Aggeu Magalhães Institute, Epitope mapping 

Aggeu Magalhães Institute & Federal University of Pernambuco

Biomarker discovery & epitope mapping



Applications for peptide microarrays
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Workflow for statistical analysis

Appendix


