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Clinical and pathological stages of COVD-19 with corresponding intervention options



Summary of laboratory changes in patients with severe COVID-19.

Henry et al. Clin Chem Lab Med
3

Liver injury
Kidney dysfunction
Tissue and muscle injury
Heart injury

= C-reactive protein

= pro-calcitonin

Blood gasses: O2 saturation < 93 % → provide extra O2

Remark: hypoxemia is often “silent” in elderly COVID 
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Infected pneumocytes  
+  infected endothelial cells 
+ infected alveolar macrophages 

Recruited T lymphocytes, 
monocytes, and neutrophils. 

Release inflammatory molecules 

Pathogenesis of pulmonary syndrome:    1) Early stage 

Subpleural 
ground-glass 
opacity

Interstitial mononuclear 
inflammatory infiltrates
dominated by lymphocytes

Wiersinga JAMA 25 Aug 2020



Pulmonary edema +hyaline membranes
fill the alveolar spaces 
→ acute respiratory distress syndrome.

Pathogenesis of pulmonary syndrome:    2) ARDS stage 

Diffuse alveolar damage with edema 
and fibrine deposition, 
indicating ARDS with early fibrosis

Bilateral and peripheral 
consolidation, ground-
glass with reticulation,
and bronchodilatation

Wiersinga JAMA 25 Aug 2020



Type 1 IFN and ISG are slower induced by SARS-CoV-2 than by Sendai virus (Sev)  

Infectious virus Viral RNA   IFN-beta Interferon stimulated gene (ISG) 

Xiaobo Lei Nature Comm 11 3810 202018/11/2020 6

SARS-COV-2

Sendai virus



Activation and interference with type 1 IFN production and signaling

Margarida Sa Ribero PLOS Pathogens 29 July 2020

IFN, interferon; IFNAR, interferon alpha and beta receptor; IκB, inhibitor of nuclear factor κB; IKKε, IκB kinase-ε; IRF, IFN regulatory factor; ISG, IFN-
stimulated gene; JAK, Janus kinase; M, membrane; MAVS, mitochondrial antiviral signaling protein; MDA5, melanoma differentiation-associated gene 
5; N, nucleocapsid; Nsp, nonstructural protein; ORF, open reading frame; P, phosphate; PLP, papain-like protease; RIG-I, retinoic acid-inducible gene 1; 
SARS-CoV, severe acute respiratory syndrome coronavirus; STAT, signal transducer and activator of transcription; TANK, TRAF family member associated 
NF-κB activator; TBK1, TANK-binding kinase 1; TRAF3, tumor necrosis factor receptor-associated factor 3; TYK2, tyrosine kinase 2.
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Genetic errors or auto-antibodies against type I IFNs in life-threatening COVID-19 

Ref 26 Q. Zhang et al., Science10.1126/science.abd4570 (2020). 
Ref 27  P. Bastard et al., Science 10.1126/science.abd4585 (2020). 

Subjects with either IFN auto-Ab 
or inborn genetic errors in IFN pathways  
fail to show enhanced IFN levels
During COVID infection
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Impaired type I interferon activity and increased inflammation in severe COVID-19
(in population without genetic errors or IFN-auto-antibodies) 

Hadjadj et al., Science 369, 718–724 (2020)18/11/2020 9



IFN-I deficiency is believed to play a key role in SARS-CoV-2 pathogenesis

Delayed IFN-I signaling is associated with robust virus replication 
and severe complications, i.e., inflammation and “cytokine storm”

ACE2, angiotensin I converting enzyme 2; IFNAR, interferon alpha and beta receptor; 
ISG, IFN-stimulated gene; pDC, plasmacytoid dendritic cell;

Margarida Sa Ribero  PLOS Pathogens 29 July 2020
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Age-associated impaired plasmacytoid dendritic cell functions lead to decreased CD4 and CD8 T cell immunity

Sridharan Age 2011 33:363–376

PDCs (plasmacytoid dendritic cells)  
from aged subjects are impaired in
their capacity to secrete IFN-I and IFN-III, 
but NOT in inflammatory cytokines.

PDCs from aged are 
impaired in their 
capacity to prime
cytotoxic CD8 T 
lymphocyte responses
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Type 1 interferon is decreased in diabetics, cancer and infections, but not in healthy aged subjects

Uno J Interf Cytok Res 1996 16:911-918 

Compared type1 IFN-producing
capacity of healthy controls and
patients with lung cancer,
myelodysplastic syndromes (MDS),
type 2 diabetes mellitus (DM)
tuberculosis (TB) and HIV.

Longitudinal IFN α production data of
one individual whose pattern is typical 
of the majority of the population

Uno BMJ Open 2013;3:e002113.
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Viruses activate PDCs and MDCs (plasmacytoid and myeloid dendritic cells ) to induce type I and type III IFN which 
activate and prime antiviral responses in various cells.
In aged  or diseased subjects, reduced secretion of types I and III IFN (red arrow) results in  inefficient immune responses

Age and/or chronic disease -associated Impaired Innate Interferon Secretion by Dendritic Cells
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Agrawal Gerontology Jan 2013

SARS-
CoV-2



Immunesenescence and metabolic comorbidities as Predisposing Risk Factors for the Development of COVID-19?

Hazeldine Front Immunology Oct 2020

= Type 2 diabetes and obesity



Relation of viral load and antibodies with age and severity 

Ref 31 Kelvin Kai-Wang To Lancet Infect Dis 23 March 2020 
15

Ref 32 Young Clin. Infect Dis Aug 2020

Viral load correlates with age Antibody titer correlates with disease severity 
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- ID50 (inhibitory dose 50 %) values plotted against the days post onset of symptoms (POS) at which sera was collected.      
- Colored dots indicate disease severity (0-5).

Neutralizing antibodies against SARS-CoV-2 decline TWO months after infection

The more severe patients  
- Neut titers rise higher 
- But equally decline after 50 days  

Ref 34 Seow medRxiv 11 July 2020

→ Dozens of reinfections in HCW and other patients has 
been published.  How many will follow in 2nd wave? 

→ Hopefully a COVID vaccine will do better! 
(But that's not clear yet)
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Summary immune defense and pathogenic mechanisms

1. Type 1 interferon pivotal in early defense, but the virus has developed avoiding strategies

2. T cells: evidence that they have a role in immune pathogenesis, but limited evidence of 
role in protection: activation of low affinity clones 

3. B cells: the polyclonal antibodies, induced by infection, have in vitro neutralizing activity, 
but rather follow disease progression and are of short duration. 

Very potent but rare monoclonal antibodies against Spike can be generated  from   
convalescent B cells, which may be therapeutically useful  in early stage of infection  
(See Elli Lily and Regeneron trials with “cure” of DJ Trump) 

4. Complex interplay between (1) infection of pneumocytes +  endothelial  cells  and             
(2) the reaction of various immunocytes, the RAS, coagulation and inflammatory systems                                     
can result in (A) lung destruction and (B) systemic implications with cardiovascular, neural, 
hepatic and renal dys-functions and damage, resulting in life threatening  disease
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Vaccine platforms used for SARS-CoV-2 vaccine development

Ref 50 Florian Krammer Nature 23 Sept 2020
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Vaccine platforms used for SARS-CoV-2 vaccine development
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Ref 50 Florian Krammer Nature 23 Sept 2020



18/11/2020 20



18/11/2020 21

Testing neutralizing antibodies by Plaque Reduction Neutralization Test (PRNT)

Convalescent serum dilution Control serum dilution

Add dilution series of  
heat-inactivated serum



18/11/2020 22

T cell responses: ELISPOT and ICS

ELISPOT: mainly CD8 T cell responses to Ag peptides Intracellular cytokine staining (ICS) after Ag peptide 
stimulation can differentiate between CD4 and CD8 T cells



Development of an inactivated vaccine candidate for SARS-CoV-2

Ref 51 Gao et al., Science 369, 77–81 (2020)18/11/2020 23
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Immunogenicity and protective efficacy of PiCoVacc in nonhuman primates.

Ref 51 Gao et al., Science 369, 77–81 (2020)

Strong induction of Neut Ab. 
After challenge: protection against viral load and pathology in lung



Prime-boost on days 1 and 29

L.A. Jackson N Engl J Med 2020;383:1920-31

Spike mRNA-1273 Moderna prime-boost elicits strong RDB binding and neutralizing antibodies in Healthy Donors

CD4 T response CD8 T response
- Strong neutralzing (PRNT) induced
- Clear Th1 (IFN-g, IL-2 TNF) reponse in CD4 T cells
- Weak CD8 T cell reponse



Induction of neut Ab and Th1 responses by an RBD-mRNA vaccine (Pfizer-BioNTech)

Induction of strong neut titers 
- ≈> convalescent HCS
- Neutralizes 17 variant RBD 

Ugur Sahin medRxiv 20 July 2020



Induction of neut Ab and Th1 responses by an RBD-mRNA vaccine (Pfizer-BioNTech)

Induction of strong Th1 responses in 
CD4 and CD8 T cells
- High levels of IL-2, IFN-g, TNF-a, IL-12
- No IL-4 or IL-5 (= Th2) 

Ugur Sahin medRxiv 20 July 2020
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Hu Ad5 = common human serotype 
→ possible interference of pre-existing antibodies with efficacy
= basis for Chinese vaccine

Hu Ad 26 = rare human serotype: 
→ few people with pre-existing Ab
= basis for Janssen vaccine

Ch Ad 63 (basis for ChAdOx1) = chimp virus, 
→ in principle no people with Ab
= basis for Oxford-Astra Zeneca vaccine 

Note: Russian vaccine combines Hu Ad5 and Hu Ad26

Various Adenoviruses in clinical trial 
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ChAdOx1 nCoV-19 vaccine prevents SARS-CoV-2 pneumonia in rhesus macaques

Codon-optimized full-length SARS-CoV-2 spike protein

Ref 53 van Doremalen ChAdOx1 vaccine Nature 30 July 2020

V = vaccination; E = exam; C = exam and challenge; N = exam and necropsy

Prime boost compared to prime only: 
- higher neut Ab, 
- but similar TH1 responses
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ChAdOx1 nCoV-19 vaccine prevents SARS-CoV-2 pneumonia in rhesus macaques

Vaccinated compared to sham after challenge:
- Lower clinical scores
- Low viral load (genomic and subgenomic) in BAL
- No pneumonia 

Ref 53 van Doremalen ChAdOx1 vaccine Nature 30 July 2020



Traditional and accelerated vaccine development pipelines

Florian Krammer Nature 23 Sept 2020

- Discovery skipped, due to knowledge gained with SARS-CoV-1 and MERS CoV vaccine
- Phase I/II trials were started. 
- Phase III trials were initiated after interim analysis of Phase I/II results with several 

clinical trial stages going in parallel. 
- In the meantime, vaccine producers started large scale GMP production at risk. 
- The exact licensing pathway (e.g. via an initial EUA) is not yet clear.
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Discussie vraag: Wat is de betekenis van antistoffen bij COVID-19?

- Diagnostisch
- Pathogeen? 
- Bescherming tegen re-infectie? 
- Correlaat van vaccin efficiëntie? 


