
A novel human Coronavirus SARS-CoV-2 is here to stay.
Where does it come from? 

Why is it so pathogenic? 

How will we deal with it?  

Guido Vanham, MD, PhD
University of Antwerp

Institute of Tropical Medicine
14 October2020

gvanham@ext.itg.be

114/10/2020

mailto:gvanham@ext.itg.be


1918 : Field hospital in Camp Funston, Kansas, filled with “Spanish Flu” patients
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March 2020 Italian hospitals overwhelmed with  COVID patients 
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Death toll worldwide mainly in April 2020 
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Second COVID wave in Belgium on Oct 14 2020



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
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5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination
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Coronaviruses were detected by a female scientist

In 1960 Dr. June Almeida (1930-2007) observed a coronavirus by EM microscopy 
in the “snot” of a pupil at a boarding school in Surrey 
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Ding et al Gastroenterology 2020;159:53–61

Coronaviruses and their associated diseases

v

v

Animal ad human CoV have either 
respiratory and/or enteric symptoms

Sometimes also hepatic, neurologial 
etc?...
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Ref 2 Loeffelholz and Tang Emerging Microbes and Infections March 2020

Emerging Human Coronavirus Infections  since the sixties
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The origin of human SARS-like Coronaviruses
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The (reverse) zoonotic transmission of SARS-CoV-2 
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Genera HCoV Types Host receptors

Alphacoronavirus HCoV-229E APN ( aminopeptidase N, CD13 )

Alphacoronavirus HCoV-NL63 ACE2 ( angiotensin-converting enzyme 2 )

Betacoronavirus HCoV-HKU1 O-ac Sia

Betacoronavirus HCoV-OC43 O-ac Sia

Betacoronavirus MERS-CoV DPP4 ( dipeptidyl peptidase 4 )

Betacoronavirus SARS-CoV 1 and 2 ACE2 ( angiotensin-converting enzyme 2 )

Ref 3 R.J.G. Hulswit. Coronavirus Spike Protein and Tropism Changes. Advances in Virus Research. 2016
13

Receptor usage by different Coronaviruses
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Entry process of SARS-CoVs

Spike attaches to ACE-2 = angiotensin converting enzyme- 2 
and is activated by cellular enzymes: TMPRSS2 and furin

ACE-2 has a physiological role in  
- Blood pressure regulation
- Inflammation 

• → persons with hypertension are more susceptible to SARS-CoV

• → SAR-CoV can induce a deadly “cytokine storm”

Blocking the interaction between “spike” en ACE2 (via antibodies)
= basis for convalescent plasma therapy, monoclonal Ab (e.g. 
Regeneron) and vaccination. 
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The physiology of Renin-Angiotensin System 

Ref 4 Cheng et al. J Med Virol. 2020;1–5. DOI: 10.1002/jmv.25785
15

Inflammation
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ACE-2 is receptor for both
SARS-COV and SARS COV-2 
(COVID 19) 

SARS CoV-2 (COVID 19) has a RBP
that can “open” to bind ACE2 better
(NOT SARS-CoV)   

Structure-function relation of SARS-Cov-2 Spike protein 

1614/10/2020 https://microbenotes.com/structure-and-genome-of-sars-cov-2/



Ref 6 N.M.A. Okba medRxiv https://doi.org/10.1101/2020.03.18.20038059

SARS-CoV-2 proteins are most related to SARS-CoV-1 

17

Nucleoprotein  = more conserved than Spike.  
Receptor binding domains rather similar with SARS-CoV-1 : bind to same ACE2 receptor  

N = nucleoprotein;   S : Spike;  RBD = Receptor Binding Domain 
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Expression of ACE-2 throughout the body

Ref 7 Vabret N et al Immunity 52, June 16, 2020
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Ind J Pharmacol 2020 DOI: 10.4103/ijp.IJP_115_20J Med Virol. 2020;92:424–432.
19

1) Direct translation of enzymes 
(polymerase and protease) 

2)  Production antigenome (= - strand RNA)

3)  Transcription of full genomic + strand RNA 
AND subgenomic mRNA for structural proteins

4)   Translation of subgenomic mRNA 
into envelope and core proteins

5)  Assembly and release  of new virions

SARS-CoV-2 = + RNA virus with “complex cycle”
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Papain-like pro and 3CLpro 
= viral proteases
for processing from polyprotein

Polymerase complex for 
genome multiplication 
and transcription of 
subgenomic RNA

→ Development of specific protease and 
polymerase inhibitors as treatment 
e.g. Remdesivir

Genomic organization of SARS-CoV-2

https://microbenotes.com/structure-and-genome-of-sars-cov-2/14/10/2020
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- 80% of recurrent mutations → non-synonymous changes at the protein level
- 3 sites in Orf1ab and 1 in the Spike protein show > 15 recurrent mutations:  convergent evolution

→ ongoing adaptation of SARS-CoV-2 to humans ? 

Ref 8  Van Dorp Infection, Genetics and Evolution 83 (2020) 104351

Emergence of genomic diversity and recurrent mutations in SARS-CoV-2
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- A SARS-CoV-2 variant with Spike G614 has replaced D614 
as the dominant pandemic form

- G614 is associated with higher viral loads in patients
- G614 grows to higher titers in vitro
- G614 is more transmissible in hamster model

Tracking Changes in SARS-CoV-2 Spike: 
Evidence that D614G Increases Infectivity of the COVID-19 Virus

Ref 9 Korber et al., 2020, Cell 182, 1–16



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology
5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination
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https://www.researchgate.net/figure/Clinical-course-of-SARS-CoV-2-infection_fig3_341918470

Disease course of SARS-CoV-2/COVID-19

• Three stages: mild symptoms, serious pneumonia, intensive care
• A lot of asymptomatic cases, who can to transmit the infection.
• Recovery can be slow, even after mild disease (“Long haulers”)

VIRUS = SARS-CoV-2 = Severe Acute Respiratory 
Syndrome - Corona Virus- type 2

DISEASE = COVID-19 = Corona Virus Disease -
2019

→ These terms are used interchangeably 
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Symptoms of COVID-19
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COVID-19 Symptoms from head to toe

LUNGS
Patients cough, fevers rise, and breathing becomes labored
→ blood oxygen may decrease.

Moderate cases: fluid accumulation in alveoli 
because of 
- infection of type II cells →
- inflammation, decrease surfactant 
▪ vasodilation and transudation
▪ accumulation of neutrophils and macrophages

Severe cases: 
- Cytokine storm and immune attack
- Destruction of type II cells 
→ Collapse of alveoli

14/10/2020 26



COVID-19 Symptoms from head to toe

CARDIOVASCULAR
- Thrombosis and diffuse intravascular coagulation
- Myocarditis and heart attack. 
- Hypotension and shock

Role of “endothelitis”:  infection of and inflammation around endothelial cells?  

14/10/2020 27



COVID-19 Symptoms from head to toe

LIVER: 
Raised liver enzymes as evidence of hepatitis-like  damage

KIDNEY: 
Kidney failure is common in severe cases and has a bad prognosis
Is it a direct effect or via shock (plummeting of blood pressure)? 

INTESTINES: rich in ACE-2 receptors
→ diarrhea in 20 + % of patients: may be mild and single symptom

(Intestinal tropism in addition or instead op respiratory?) 
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COVID-19 Symptoms from head to toe

BRAIN: 
Some patients have strokes, seizures, confusion, and brain inflammation: 
direct infection or indirect effect (e.g. thrombosis)? . 

EYES
Conjunctivitis, inflammation of the membrane that lines the front of the 
eye and inner eyelid, is more common in the sickest patients

NOSE
Some patients lose their sense of taste and smell = rather typical 
and maybe mild 

14/10/2020 29



Clinical presentation of patients with COVID-19 pneumonia In Milan

Ref 10 Giacomelli A  Clin Infect Dis March 2020
30

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

Ref 11Henry et al. Clin Chem Lab Med 2020  https://doi.org/10.1515/cclm-2020-0369  
31

Liver injury
Kidney dysfunction
Tissue and muscle injury
Heart injury

= C-reactive protein

= pro-calcitonin

Blood gasses: O2 saturation < 95 % → provide extra O2

Remark: hypoxemia is often “silent” in elderly COVID 

14/10/2020



Risk factors for serious COVID illness

1. Age (> 60) and gender (male> female) 
2. Metabolism: diabetes, obesity, fat disorders 
3. High blood pressure, cardiovascular disease 
4. Chronic lung disease, smoking 
5. Kidney failure and / or chronic hepatitis 
6. Cancer 
7. Pregnancy 
8. Other forms of suppressed immunity 

- untreated or poorly treated HIV; 
- severe treatment with immunosuppressive medication 

Yet a (small) number of “healthy young” people have died from COVID-19! 
See the recent finding on problems with “ type 1 interferon” = human antiviral protein

3214/10/2020



Age and sex distribution in COVID hospitalized patients 
As compared to general population in Belgium Risk factors in  65+, hospitalised COVID

33
Sciensano
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https://ourworldindata.org/coronavirus#interpreting-the-case-fatality-rate
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A possible case of COVID-19 is a person with:  

1) MAJOR At least one of the following main symptoms that arose acutely, without other obvious 
cause: 

Lower resp tract: cough; dyspnea; thoracic pain; 
Upper resp tract: acute anosmia or dysgeusia;

OR
2)     MINOR At least two of the following symptoms, with no other apparent cause: 
Systemic: fever; fatigue; muscle pain;  
Upper resp tract:  rhinitis; sore throat;  
Gastro-Intestinal: anorexia; watery diarrhea; 
Neurologic: headache, acute confusion; sudden fall 

OR
3) Worsening of chronic respiratory symptoms (COPD, asthma, chronic cough ...)

Without any other apparent cause.

→  TO BE TESTED FOR CONFIRMATION

Case definition according to Sciensano

14/10/2020



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis: PCR, antigen test and serology
4) Epidemiology
5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination
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Overview SARS-CoV-2 diagnostic methods 

Detection of SARS-CoV-2  RNA SARS-CoV-2 protein (S, N..) Anti-SARS-CoV-2 antibodies

Technique Reverse-transcriptase PCR     ELISA, immunochromatography ELISA, Neut assay

Substrate Respiratory* swabs, saliva, feces…. Blood

* naso-pharyngeal, throat, lung aspirate

Virus present: but is it INFECTIOUS or NOT? → Viral culture !
Ab at the END +AFTER viral presence

14/10/2020 37



Naso-pharyngeal swab (NPS) 

Technique to take a nasopharyngeal and throat swab for PCR diagnosis of SARS-CoV-2

38

Oro-pharyngeal swab (OPS)

14/10/2020



Principle of reverse-transcriptase polymerase chain reaction for SARS-CoV-2

3914/10/2020
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Principle of “real time PCR”

- After the reverse transcription of viral RNA,  the resulting cDNA is subjected to “real time PCR”
- Amplification of DNA is followed in “real time” by fluorescent probes. 
- The higher the initial viral load, the sooner  (= the lower the cycle number)  to  reach the threshold value (Ct) for detection
- Calibration with 10-fold dilution of standard number of copies (right panel)  

14/10/2020
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Classical viral culture in “plaque assay” in VERO (TMPRSS2) cells 
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Ref 12 Jafaar R  CID 28 Sept 2020 

Associations of nasopharyngeal viral load at admission with  cultivability, severity of disease and survival

Lower Ct in PCR (≈ higher VL) → higher percentage and sooner positive cultures 

14/10/2020 42



Severe clinical COVID-19 is associated with higer nasal viral load and delayed viral clearance

43

Lower Ct in PCR (≈ higher VL) in severe versus mild cases 

Ref 13 Yang Lancet Infect Dis 2020 14/10/2020



Ref 15 Magleby R. CID  30 June 2020

Associations of nasopharyngeal viral load at admission with  cultivability, severity of disease and survival

Freedom from intubation Survival

14/10/2020 44



Throat viral load remains positive after resolution of symptoms in half of the patients 

Ref 16 De Chang et al. Am J Respir Crit Care Med. March 2020
45

↓ Day 0 is the first day of symptoms

duration of positive PCR

time point of symptoms resolution 

↓ 

14/10/2020



Temporal profiles of viral load of SARS-CoV-2 in posterior oropharyngeal and saliva

Ref 17 Kelvin Kai-Wang To Lancet Infect Dis 23 March 2020 Ref 18 Moreno-Contreras JCM vol 58 Oct 2020
46

Saliva is a possible alternative to naso-pharyngeal (NPS or oral swab  (OPS) and is gaining sensitivity

14/10/2020



Ref 19 Yongjian Wu Lancet Gastroenterol Hepatol March 19, 2020
47

Faecal RNA remains positive in many patients after resoltion of symptoms and after negatiuve throath swabs

14/10/2020



SARS-CoV-2 from faeces to wastewater treatment: What do we know?

Ref 20 Foladori Science Total Environment 743 (2020) 140444

- Viability of SARS-CoV-2 decreases in waste-
water due to temperature, pH, 
micropollutants…

- High inactivation in WWTPs obtained only by 
using disinfection (free chlorine, UVC light).

- No evidence of transmission via this route

- Could be used  as early warning of outbreaks

14/10/2020 48
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Blood and urine are rarely positive for SARS-CoV-2

Ref 21 Yu F Clin Infect Dis 71 793 2020 14/10/2020
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Summary on PCR as diagnostic tool:

1) PCR on respiratory samples is the gold standard, more sensitive than culture

2) Saliva could be an alternative for naso-pharyngeal swab

3) There is some relation between respiratory viral load and disease severity 

4) Blood and urine are of no diagnostic use, but feces is often positive

5) PCR positivity in respiratory and feces samples can persist after clinical “cure”: 
→ How long are these patients still infectious?  

14/10/2020



Overview SARS-CoV-2 diagnostic methods 

Detection of SARS-CoV-2  RNA SARS-CoV-2 protein (S, N..) Anti-SARS-CoV-2 antibodies

Technique Reverse-transcriptase PCR ELISA ELISA, Neut assay

Substrate Respiratory* swabs, saliva, feces…. Blood

* naso-pharyngeal, throat, lung aspirate

Ab at the END +AFTER viral presence
14/10/2020 51

Virus present



SARS-CoV-2 in sample

SARS
-
CoV-
2

SARS-
CoV-2

52

Principle: detection of antigen (protein) in stead of RNA → no amplification step: 
→  less sensitive (more false negatives) especially if virus conc is low
→  may be reasonably specific (few false positive)

Reading: directly visible line -
or with a colorimetric device: presumed to be more sensitive (i.e. less false negative results) 

Question: performance of these tests as compared to PCR? 

14/10/2020



First generation  rapid SARS-CoV-2 test from CORIS®

https://www.corisbio.com/Products/Human-Field/Covid-19.php
53

Critique: - Low sensitivity → will systematically miss patients with lower viral load
- Positive/negative predictive value only evaluated at HIGH prevalence (30 %)  

14/10/2020
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Second generation  rapid SARS-CoV-2 test from BD Veritor®

What? Chromatographic digital immunoassay for the direct and qualitative detection 
of SARS-CoV-2 nucleocapsid antigens in nasal swabs

Limitations: only for nasal swabs processed within 1 hour

Extraction from the swab
By mixing and squeezing

Then dispense on 
the sample well and read….

14/10/2020

Sensitivity = 84 %→ 16 % False Negative
Specificity = 99.5 %  → 0.5 % False Positive



Overview SARS-CoV-2 diagnostic methods 

Detection of SARS-CoV-2  RNA SARS-CoV-2 protein (S, N..) Anti-SARS-CoV-2 antibodies

Technique Reverse-transcriptase PCR ELISA ELISA (Immunochromatography)
Neutralization assay

Substrate Respiratory* swabs, saliva, feces…. Blood
* naso-pharyngeal, throat, lung aspirate

Virus present Ab at the END +AFTER viral presence
14/10/2020 55



Serum antibody Serum antibody

SARS-CoV-2 antigen for Ab detection in serum : recombinant Spike, 
receptor binding domain (RBD) 
or Nucleoprotein 

Schematic representation of ELISA for serum antibody detection against SARS-CoV-2

5614/10/2020



Ref 22 Zhengtu Li J Med Virol Feb 2020 DOI: 10.1002/jmv.25727

Rapid IgM-IgG Combined Antibody Test for SARS-CoV-2 Infection Diagnosis 

5714/10/2020

https://doi.org/10.1002/jmv.25727


Profiling Early Humoral Response to Diagnose against SARS-CoV-2

Ref 23 Li Guo CID 21 March 2020
58

SARS-CoV-2-specific  IgM and IgA become detectable earlier (median D5) 
than IgG (media, D14) after symptoms onset  

14/10/2020



Rationale for combined use of PCR and antibody detection

59

PCR may become negative in later stages →  IgM antibodies become positive 

Ref 23 Li Guo CID 21 March 2020
14/10/2020



Evaluation neutralization of serum or antibody  
by plaque reduction (PRNT) =  conventional neutralization test (c-VNT)  

14/10/2020 60



SARS-CoV-2 surrogate virus neutralization test (s-VNT): antibody-mediated blockage of ACE2–spike interaction

Ref 24 Nature Biotech Vol 38 Sept 2020:  1073–1078

s-VNT= surrogate viral neutralization test: 
- discriminates between convalescent COVID sera and controls 
- Is specific for COVID-19: no cross-neutralization by sera from 

patients with other Coronavirus
- Except some cross-neut by SARS-CoV-1 sera
- Correlates very well with c-VNT (= conventional test with life virus)   
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Summary rapid antigen and antibody tests

1) Rapid antigen tests: have a good specificity; sensitivity is suboptimal but increasing
→ may become an alternative if PCR capacity gets overwhelmed, 
certainly if  prevalence of infections is high (improved positive predictive value)

→ limited negative predictive value remains a problem: 
true positives (with low viral load) will be missed, 
but those individuals may be less likely to become severely ill and/or to transmit 

2) Rapid antibody tests are easy, but by definition will miss early infection
→ More useful for epidemiological studies:  how many infections have 
occurred in a population.   

3) A combination of rapid antigen and antibody testing may be useful for LMIC.  

14/10/2020



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology
5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination
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Observed new COVID diagnoses in the world until end Sept   
(“incidence”, mainly based on PCR test)

Afrika

Amerika

Azië

Europa
Oceanië

Africa = under-represented in relation ton  population because of: 
- Less testing
- Young population (few symptoms)  

6414/10/2020
The Economist 27 Sept 2020



Afrika
Amerika
Azië
Europa
Oceanië

COVID mortality in the world until end of September

6514/10/2020
The Economist 27 Sept 2020



Periode % PCR (+) % antistof (+)  % Verandering

in antistof (+) 

30 Ma- 5 Apr 0.2 2.9 -

20-26 Apr 0.4 6.0 + 3.1
18-25 Mei 0.5 6.9 + 0.9

8-13 Juni 0.5 5.5 - 1.4
29 Juni- 3 Juli 0.5 4.5 - 1.0

Evolution of percentage PCR-conformed COVID patients versus antibodies 
in the general population during and after the “first wave” in Belgium

- Active  (PCR+) patients and antibody (+) persons reach maximum end of May
- Apparently > 10 X more infections based on antibodies 
- Antibodies decrease after MAY: loss of Ab in the patients, infected in Feb?    

Vandamme P. KAGB 26 Sept 2020
6614/10/2020



Underestimation of cases by PCR versus more complete picture with antibody studies 

The Economist 27 Sept 2020
14/10/2020 67



← Estimated Incidence: cases per day worldwide 

← Estimated cumulative cases worldwide 

Based on seroprevalence data, 
the total number of COVID cases worldwide 
is not 30 million at end of Sept 2020, 
but rather between 500 and 750 million

The Economist 27 Sept 2020
14/10/2020 68



Underestimation of confirmed COVID deaths as compared to excess mortality

Overall: by Sept 2020: probably not 1 million but 2 million COVID deaths worldwide? 
→  Now that the second wave hits: HOW MANY MILLIONS WILL WE END IN 2020?

The Economist 27 Sept 2020
14/10/2020 69



Top 20 killers  in the world 2019 (WHO)

With 1 million dead (end of September) and 2 to 2.5  million by the end of 2020, 
COVID will overtake HIV, tuberculosis, liver diseases, road accidents, neonatal deaths, dementia…..

7014/10/2020



1st wave Feb-March 1918 ; 2nd in winter; 3rd in spring 1919

The Spanish flu came in three waves and affected all ages

One third of world population was infected
with 15-50 million deaths = more than WW I 

71

Spanish flu: killed all ages, but especially babies and elderly

COVID more selectively kills elderly 



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
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4) Epidemiology
5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination

7214/10/2020



Proposed host immune responses during SARS-CoV-2 infection 

Ref 25 Asian Pac J Allergy Immunol DOI 10.12932/AP-200220-0772
73

Defense

First innate line: type 1 IFN
Second adaptive  T cells and B cells ?

Pathology: 

- Role of T cells?
- Role of myeloid cells: PMN +  MO/MA ? 
- Role of other inflammatory and 

thrombogenic systems? 
- Role of Renin-Angiotensin System (RAS)?  

14/10/2020
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4. Immunology and pathogenesis

4.1. Type 1 IFN clear role in protection

4.2. T cells pathogenic or (partly) protective? 

4.3. B cells limited evidence of protection

4.4. Complementary models of pathogenesis: 

14/10/2020
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The first line of defense: type 1 Interferon :  
Pathways and genetic errors known  in other serious viral infections

TLR = Toll-like receptor;  
IRF = interferon regulatory factor;  
IFNAR = Interferon-alpha receptor; 
STAT =   Signal Transducer and Activator of Transcription;
ISG = interferon-stimulated genes
TBK-1 = TANK-binding kinase 1
UNC93B = UNC-homologue 93 B1

Red: deleterious genetic variants in critical influenza

Blue: deleterious variants in other viral illnesses  

Ref 26  Q. Zhang et al., Science10.1126/science.abd4570 (2020). 14/10/2020
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The first line of defense: type 1 Interferon :  
Genetic errors found in association with serious COVID-19

Ref 26 Q. Zhang et al., Science10.1126/science.abd4570 (2020). 

TLR = Toll-like receptor;  
UNC93B = UNC-homologue 93 B1;
TCAM1 = Toll Like Receptor Adaptor Molecule 1;
TBK-1 = TANK-binding kinase 1;
IRF = interferon regulatory factor;  
IFNAR = Interferon-alpha receptor.

14/10/2020
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The first line of defense: type 1 Interferon :  
Auto-antibodies against type I IFNs in patients with life-threatening COVID-19 

Ref 27  P. Bastard et al., Science 10.1126/science.abd4585 (2020). 

Some subjects with severe COVID 
have auto-Ab against type 1 IFN

Subjects with either IFN auto-Ab 
or inborn genetic IFN errors 
fail to show enhanced IFN levels

14/10/2020
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The first line of defense: type 1 Interferon :  
Immune evasion mechanisms by Corona viruses

Ref 25 Asian Pac J Allergy Immunol DOI 10.12932/AP-200220-0772

Coronaviruses interfere with initial innate response:

(1 and 2) RNA sensing in endosomes and cytoplasm

(3) Signaling pathway of type I IFN production 

(4) STAT1/2 activation downstream of IFN/IFNAR 

Viral proteins involved are
M =  membrane
NS = nonstructural proteins (eg. NS4a, NS4b, NS15) 

14/10/2020
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4. Immunology and pathogenesis

4.1. Type 1 IFN clear role in protection

4.2. T cells pathogenic or (partly) protective? 

4.3. B cells limited evidence of protection

4.4. Complementary models of pathogenesis: 

14/10/2020



COVID-19 progression is potentially driven by  T cell immunopathogenesis

Depletion of CD11a+ T cells in blood at admission 
is a bad prognostic marker for progression.

Tissue migration of activated effectors T-cells may be crucial in the immunopathogenesis

Ref 28 Anft medRxiv 19 May 2020

Recovery is associated with re-appearance 
of activated CD11a HLA-DR + T cells in blood  

14/10/2020 80



Overall memory T cell responses 
from convalescent individuals 
to most SARS-CoV-2 peptides 
severe > mild cases

Importance of CD8+ T cells to  Membrane and Nucleprotein for protection against severe disease?   

Higher proportion CD8/CD4 T  in mild disease 
to Membrane and Nucleoprotein > Spike 

Ref 29 Peng et al bioRxiv June 2020

Importance to include M and N/P in vaccines to induce CD8 T cell protective immunity? 

14/10/2020 81



In all unexposed donors: pre-existing COVID-19 reactive memory T cells
▪ increased in the elderly, 
▪ not primarily driven by Common CoVs. 
▪ only low TCR avidity, suggesting impaired functionailty. 

In severe COVID-19 (in contrast to mild disease): functional impairment in COVID-reactive memory T cells
→ they may originate from pre-existing memory T cells. 

Mechanism: Memory T cells are expanding with age  and have a lower activation threshold
→ a large number of suboptimal low avidity memory cells may compete and prevent naive T cell activation 
and high affinity selection

Thus immunological age =  potential risk factor for severe COVID-19.

Pre-existing T cell memory as a risk factor for severe COVID-19 in the elderly ?

Ref 30 Bacher medRxiv 18 Sept 2020 14/10/2020 82
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4. Immunology and pathogenesis

4.1. Type 1 IFN clear role in protection

4.2. T cells pathogenic or (partly) protective? 

4.3. B cells limited evidence of protection

4.4. Complementary models of pathogenesis: 

14/10/2020



Relation of viral load and antibodies with age and severity 

Ref 31 Kelvin Kai-Wang To Lancet Infect Dis 23 March 2020 
84

Ref 32 Young Clin. Infect Dis Aug 2020

Viral load correlates with age Antibody titer correlates with disease severity 

14/10/2020



Sex, age, and hospitalization drive antibody responses

Composite scores based on response across the anti-spike S1 IgG, anti-S-IgG, anti-RBD IgG, and neutralizing antibody (NT)

Marker indicates the expected 
increase in score for a one unit 
increase in each predictor

Ref 33 Sabra L. Klein  medRxiv 28 June 202014/10/2020 85



- 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

→ A dozen 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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High-throughput single-cell RNA and VDJ sequencing 
of antigen-enriched B cells from 60 convalescent patients 
→ 8,558 antigen-binding IgG1+ clonotypes 
→ 14 potent neutralizing antibodies 
→ Of these BD-368-2: 
- IC50 of 15 ng/mL against authentic SARS-CoV-2 in vitro 
- Therapeutic and prophylactic efficacy in SARS-CoV-2-

infected hACE2-transgenic mice

14/10/2020 87Ref 35  Yunlong Cao Cell July 2020



Mice were inoculated intranasally with MA-SARS-CoV-2 
12 hours later given the indicated monoclonal antibody treatments
Viral burden in the lungs at 2 dpi was measured by plaque assay.

Two potently neutralizing and protective human antibodies against SARS-CoV-2

Mab COV2-2130 and 2196 bind different 
epitopes on the viral Spike 

Ref 36 Seth Zost Nature 584  443 20 Aug  2020 
14/10/2020 88
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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 mow 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) 

14/10/2020
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4. Immunology and pathogenesis

4.1. Type 1 IFN clear role in protection

4.2. T cells pathogenic or (partly) protective? 

4.3. B cells limited evidence of protection

4.4. Complementary models of pathogenesis: 

❑ Lung infection and inflammation
❑ Endothelitis → lung pathology and systemic disease

14/10/2020



Infected pneumocytes  
+  infected endothelial cells 
+ 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

Ref 37 Wiersinga JAMA 25 Aug 2020
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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

Ref 37 Wiersinga JAMA 25 Aug 2020
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3-D reconstruction of CT Thorax from COVID patient

multifocal ground glass opacities without consolidation
9314/10/2020



A central role for infection of endothelial cells in COVID pathogenesis? 

The complications in lungs and other organs may be related to infection, dysfuntion and death of endothelial cells 
with resulting - vascular barrier breach, leading to tissue oedema (causing lungs to build up fluid), 

- activation of coagulation with potential disseminated intravasc coagulation (DIC)
- and deregulated inflammatory cell infiltration.

Ref 38 Teuwen Nature Review Immunol 2020
14/10/2020 94



1 Supplement with IFN- λ to activate the innate immunity;     2 Using immunomodulator to restore immune balance; 
3 Inhibiting the production of cytokines;      4 Scavenging cytokines;    5 Inhibiting macrophage recruitment and function; 
6 Strengthening the vascular barrier by activating of the endothelial Slit-Robo4 signal pathway. 

Pathogenesis 
and potential 
treatment of the 
cytokine storm 

14/10/2020 95

Ref 40 Qing Ye Cytokine storm J Infect 2020
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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 mow 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

14/10/2020



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology
5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination
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Theoretically potential modes of transmission

Rutu Karia SN Comprehensive Clinical Medicine Sept 2020

SARS-CoV-2 has been shown 
in all these bodily fluid, 

but in respiratory and GI fluids 
at much higher conc.

Until now: only cultivated 
from respiratory fluids  
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Ref 41 Shujuan Ma  medRxiv March 2020

Transmission parameters of SARS-Cov-2 

99

Time point of exposure = 
interval of infectee’s exposure to infector 
relative to the infectors symptom onset 

Median: -1 to 0 days

Incubation period  = 
interval between exposure 
and onset of disease 

Median= 5 days 

Serial interval  = 
duration between symptom onset of an 
infector(e.g., a primary case) and that of 
an infectee (e.g., a secondary case) 
in a transmission chain

Median = 5 days
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In principle equal infectiousness (R0) of 
SARS-CoV-1 and SARS-CoV-2

BUT: 
- SARS-CoV-1 only infectious from 

SYMPTOMATIC infector

- SARS-CoV-2 also infectious 
from NON- or PRE SYMPTOMATIC infector 

14/10/2020

https://www.statista.com/chart/20641/average-number-infected-by-an-individual-with-diseases/
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Transmission pathways of SARS-CoV-2
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Viability of SARS-CoV-1 and SARS-CoV-2 in Aerosols and on Various Surfaces.

Ref 42 Van Doremalen New Eng J Med March 2020 
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Superspreading 
Corona party 
Rose Garden
Washington DC 
on 26 Sept 2020
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Superspreading in a restaurant in Guangzhou 

Ref 43 J Lu Em Infect Dis July 2020
104

On January 24, Mr. A1, who had just returned from 
Wuhan, went for lunch with his family in Guangzhou. 

At the tables next to family A, family B and C. There 
was a lunchtime overlap of 53 min with family B and 
73 min with family C. 

The ventilation actually blew the air back and forth 
across these three families without refreshment. 

In the evening, Mr. A1 became ill with COVID and 
through contact tracing it was found that he had 4 of 
his own family members (A2-A5), as well as three 3 
members of family B (1-3) and two of family C (1-2 ). 

It is interesting to note that all these 10 people 
became ill within 2 weeks, while all 73 other attendees 
(customers and staff) went into quarantine, but tested 
negative permanently.

14/10/2020



A choir of older man in  Skagit County, Washington, early March 2020 

Ref 44 Hammer MMWR / May 15, 2020 / Vol. 69 / No. 19 
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A choir of older man in  Skagit County, Washington, early March 2020 

14/10/2020
Ref 44 Hammer MMWR / May 15, 2020 / Vol. 69 / No. 19 



The Carnival in Gangelt, at the border of D, B and NL

o Percent infections (PCR) = 3.3 % → seeking medical attention
o Percent antibodies:  15.5 % → real number of infected subjects
o Only 7 deaths → case fatality rate (CFR) =  1.5, but infection fatality rate (IFR) = 0.35 % 
o The virus clearly spreads in households: infection risk is double 

10714/10/2020
Ref 45 Hendrik Streeck medRxiv 20 June 2020 
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Presumed transmission situations in the Netherlands 1 July-1 Oct 2020

Epidemiologische situatie COVID-19 Nederland 06-10-2020. Bron: RIVM
14/10/2020



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology
5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination
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Measures in 1918 against the Spanish Flu

110
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https://www.statista.com/chart/21198/effect-of-social-distancing-signer-lab/
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Avoid accumulation of respiratory microdroplets indoors

Only recirculation of air
→ microdroplets stay in the air 

The air is refreshed 
→ microdroplets rapidly decrease  

Droplet transmission = larger 
droplets with viral content deposit 
close to the emission point.   

Aerosol transmission  = 
microdroplets can travel 
tens of meters indoors.

The problem The solution

Ref 46 Morawska L Environmen International 10 April 2020
14/10/2020



Fifty ways 
to screw up 

masks wearing 

11314/10/2020



Filter capacity of various masks towards aerosol, produced by speaking 
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FFP2 (N95) and surgical masks are best ‘(> 95 %) .
Various multilayerd polypropylene coton  are reasonably good (> 80 %) 
A knitted mask, badana opr fleece is poor and should be avoided 

Filter capacity of various masks towards aerosol, produced by speaking 

14/10/2020 115
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“For example, studies used a sample of 10⁷, 10⁶, and 10⁴ particles of infectious virus on a small surface area, 
→  in real-life situations, the amount of virus actually deposited is several orders of magnitude smaller.

In my opinion, the chance of transmission through  inanimate surfaces is very small, 
→  only realistic risk  if  an infected person coughs or sneezes on the surface,  and someone else touches that 
surface soon thereafter (within 1–2 h).”

Exaggerated risk of transmission of COVID-19 by fomites

Ref 48 Emanuel Goldman Lancet Inf Dis Aug 2020  

•. 2020 Aug;
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How to prevent SARS-CoV-2 transmission in practice 
at this stage of generalized epidemic? 

1. Limit number of “close contacts” to a minimum (family and friends with whom you use no  barriers)

Important = especially inter-generational: (grand)children, who have “unprotected” contacts at school or 
in free time:  should create a physical barrier with their (grand) parents!    

2. Physical barrier with non-close contacts (study, work, sport, leisure…)

2.1. Outdoors: keep physical distance (1.5 meter) to prevent “macro-droplets” infection

2.2. Indoors:  good quality and well-fitted face mask + ventilation with fresh air. 
Notes: physical distance does NOT substitute for mask + ventilation  

keep fask mask ON when speaking! (you produce more microdroplets)

3. Hygiene: hand-washing + toilet (ventilation) + disinfect possible “fomites”

14/10/2020



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology
5) Immunology and pathogenesis
6) Transmission
7) Prevention 
8) Vaccination
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Overview of Potential SARS-CoV-2 Vaccine Platforms

Ref 49 Amanat and Krammer, SARS-CoV-2 Vaccines: Status Report, Immunity (2020)
11914/10/2020



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

14/10/2020 121
Ref 50 Florian Krammer Nature 23 Sept 2020
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Testing neutralizing antibodies by Plaque Reduction Neutralization Test (PRNT)

Convalescent serum dilution Control serum dilution

Add dilution series of  
heat-inactivated serum
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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)14/10/2020 125



PiCoVacc immunization elicits an NAb response in mice against 10 representative SARS-CoV-2 isolates

14/10/2020 126

ELISA IgG

Neut Ab titers

EC50= effective concentration to induce 50 % plaque reduction

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

Ref 51 Gao et al., Science 369, 77–81 (2020)
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Ref 52 Yang, J. RBD vaccine  Nature 29 July 2020 

A protein vaccine RBD of the S protein of SARS-CoV-2 induces protective immunity

RBD = receptor binding domain
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SARS-CoV-2 cycle : subgenomic RNA as marker of replication-competent virus 

Subgenomic RNA for structural proteins: 
transcribed from full length negative 
strand (= antigenomic) RNA 
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Yang, J. Nature https://doi.org/10.1038/s41586-020-2599-8

A vaccine targeting the RBD of the S protein of SARS-CoV-2 induces protective immunity

Neut Ab after vaccination, Genomic versus subgenomic RNA in lung and throat 
after challenge
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A vaccine targeting the RBD of the S protein of SARS-CoV-2 induces protective immunity

1) ACE-2 transgenic mice were vaccinated with RBD or PBS 
→ their serum and T lymphocytes were harvested 

2)    Naive syngenic mice were “loaded” with either: 
- Sera from RBD or PBS vaccinated mice
- Lymphocytes from RBD or PBS vacc mice

3)     “Loaded mice” were challenged with SARS-CoV-2

→ Only immune sera (not lymphocytes) protected 

Ref 52 Yang, J. RBD vaccine  Nature 29 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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2020: Protest in Spain and California against 5G, testing, lockdown, vaccination and face masks 
……. While COVID infections, disease and deaths peak

13714/10/2020



Readiness to accept COVID vaccine in Europe

138Vandamme P. KAGB 26 Sept 202014/10/2020
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Further questions for vaccine development

1. Long-term effects of vaccination:
- How many doses will be  needed? 
- How long will protection be maintained: waning of Ab and evolution of the virus?
- Will elderly be well protected?
- Is there a risk for antibody-mediated enhancement in the next seasons (after viral evolution)?   

2. Whom to prioritize?
- Health care workers for sure
- Elderly or younger people? 
- Access in LMIC? 
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COVID-19 and vulnerability

1) Medical: 
- In High Income Countries: Illness and death mainly affect frail and elderly people, 

- But also ethnic minorities, migrants and refugees disproportionally
- The non-COVID care for other acute and chronic conditions suffers  

- In LMIC the health implication are a consequence of diversion of the staff and tools toward 
COVID: adverse effects on mother-and-child care; chronic infections (TB, HIV, malaria) and 
vaccination programs.
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COVID-19 and vulnerability

1) Medical: In High Income Countries: Illness and death mainly affect frail and elderly people, but also 
ethnic minorities, migrants and refugees disproportionally.  In LMIC the health implication are a 
consequence of diversion of the staff and tools toward COVID: adverse effects on mother-and-child 
care; chronic infections (TB, HIV, malaria) and vaccination programs.

2) Economical: Lockdown and restrictions affect the most vulnerable sectors in our society, 
with already fragile employment and wages in “normal” times e.g. catering, culture sector.  
The implications in LMIC on the “informal economy” may be even worse. 

14/10/2020
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COVID-19 and vulnerability

1) Medical: In High Income Countries: Illness and death mainly affect frail and elderly people, but also ethnic 
minorities, migrants and refugees disproportionally.  In LMIC the health implication are a consequence of 
diversion of the staff and tools toward COVID: adverse effects on mother-and-child care; chronic infections (TB, 
HIV, malaria) and vaccination programs.

2) Economical: Lockdown and restrictions affect the most vulnerable sectors in our society, with already fragile 
employment and wages in “normal” times e.g. catering, culture sector.  The implications in LMIC on the 
“informal economy may be even worse. 

3) Socio-psychological: Poverty, isolation, depression, violence in the elderly and underprivileged. 

4) Politics: 
- The democratic consultation model appears to be very fragile and inefficient (eg Belgium). 
- Large Western democracies are powerless against the epidemic (eg USA). 
- Are the Far East's more authoritarian and collective political systems better?

5)   Philosophical: Trust in Science and Enlightenment is at rock bottom.  See WWW for fake news…… 
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