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

COVID-19 = Corona Virus Disease - 2019

→ These terms are used interchangeably 

DEFINITIONS



March 2020 Italian hospitals overwhelmed with  COVID patients 
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Death toll worldwide mainly in April 2020 
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1918 : Field hospital in Camp Funston, Kansas, filled with “Spanish Flu” patients
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SARS-CoV-2 and COVID-19

1) Virology      
2) Clinical  aspects
3) Diagnosis
4) Epidemiology and transmission
5) Immunology and pathogenesis
6) 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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Class IV: Positive strans ss-RNA viruses

- Purified (+) ss RNA is directly infectious and functions as mRNA
- The ONLY class where viral proteins are made BEFORE transcription
- Some families are naked, others enveloped  

Families: 
1) Picornaviridae
2) Togaviridae
3) Flaviviridae
4) Coronaviridae
5) Calciviridae
6) Astroviridae
7) (+) sense Plant virussen

11/03/2021 8



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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A) The structure of SARS-CoV-2 virion, with the main structural glycoproteins: spike, envelope and membrane in the viral envelope and nucleocapsid around RNA. 
(B) Domain organization of SARS-coronavirus spike (S) glycoprotein, the N-terminus S1 units contains the receptor binding domain (RBD) which is required for 
binding of the virus to ACE2. The C-terminus S2 harbours the functional elements required for fusion. It also contains a transmembrane domain (TM) for membrane 
anchoring and a cytoplasmic tail for appropriate intracellular trafficking.

Structure of SARS-CoV-2 and trimeric Spike protein

Spike trimer



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 )

R.J.G. Hulswit. Coronavirus Spike Protein and Tropism Changes. Advances in Virus Research. 2016
14

Receptor usage by different Coronaviruses

11/03/2021

https://www.sinobiological.com/cd13-anpep-protein-antibody-a-290.html
https://www.sinobiological.com/ace2-cov-receptor.html
https://www.sinobiological.com/dpp4-cd26-protein-a-303.html
https://www.sinobiological.com/ace2-cov-receptor.html
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Entry of SARS-CoV-2 into cell

A) Endocytosis: Binding of a viral (S) glycoprotein to ACE2 receptor can be followed by receptor mediated endocytosis, which ends up in endosomes, where an 
increase in H+ influx activates cathepsin L which activates viral (S) glycoprotein and facilitates viral membrane fusion and releases of ssRNA

B) Alternatively, proteolytic cleavage of the viral (S) protein by TMPRSS2 (Transmembrane protease, serine 2) protease on the surface of host cell can induce 
direct fusion of the viral and plasma membrane leading to release of the viral ssRNA into the cytoplasm. 



Entry process of SARS-CoVs

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

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

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

• → SAR-CoV-2 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. 

1611/03/2021
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Expression of ACE-2 throughout the body

Ref 7 Vabret N et al Immunity 52, June 16, 2020
11/03/2021



Ind J Pharmacol 2020 DOI: 10.4103/ijp.IJP_115_20J Med Virol. 2020;92:424–432.
18

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”

11/03/2021
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Papain-like pro and 3CLpro 
= viral proteases
for processing from viral polyprotein into 
functional enzymes and other proteins

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-2/11/03/2021
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Genomic organisation and function of various non-structural proteins (nsp) of SARS-CoV-2 

R. Arya Journal of Molecular Biology 433 (2021) 166725

Various nsp
- Role in viral cycle
- Interference with host cells

- Type 1 IFN antagonism
- Activation inflammasome
- Virus-induced apoptosis
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Detailed cell cycle of SARS-CoV-2

R. Arya Journal of Molecular Biology 433 (2021) 166725

RTC = replication-transcription complex
DMV = double-membrane vesicles
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- G614 is associated with higher viral loads in patients
- G614 is more transmissible

D614G mutant replaced original Wuhan strain in spring 2020

Ref 9 Korber et al., 2020, Cell 182, 1–16
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New variants arising in the winter of 2020-2021

Wuhan

“British”

“South-African”

“Brazilian”

New variants all carry “older” D614G mutation and “new” N501Y mutation, which promote viral entry → fitness

South-African and Brazilian variants contain also K417N and E484K mutation, which escape from neutralizing Ab



SARS-CoV-2 and COVID-19

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

Disease course of COVID-19

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

2511/03/2021



Symptoms of COVID-19

2611/03/2021

Cardial and vasculatory: 
- Thrombosis
- Myocarditis
- Stroke 



COVID-19 Symptoms 

LUNGS
Patient coughs, fevers rise, and breathing becomes labored
→ blood oxygen may decrease.

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

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

11/03/2021 27



COVID-19 Symptoms

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

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

11/03/2021 28



COVID-19 Symptoms

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

11/03/2021 29



COVID-19 Symptoms

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: “Common rhinitis” can be COVID
Some patients lose their sense of taste and smell 

- rather typical 
- often the only symptom in young people
- can persist for a long timer

11/03/2021 30



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

Henry 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 

11/03/2021



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

3211/03/2021



Age and sex distribution in COVID hospitalized patients 
As compared to general population in Belgium

Risk factors in  65+, hospitalized COVID

33
Sciensano

11/03/2021
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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.

Case definition according to Sciensano

11/03/2021



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology and transmission
5) Immunology and pathogenesis
6) 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 Naso-pharyngeal or throat swabs, saliva, lung aspirate Blood
Feces….

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

11/03/2021 36



Naso-pharyngeal swab (NPS) 

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

37

Oro-pharyngeal swab (OPS)

11/03/2021
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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)  

11/03/2021
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Classical viral culture in “plaque assay” in VERO E6 (+ TMPRSS2) cells 

11/03/2021



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 

11/03/2021 40



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
41

↓ Day 0 is the first day of symptoms

duration of positive PCR

time point of symptoms resolution 

↓ 

11/03/2021



Ref 19 Yongjian Wu Lancet Gastroenterol Hepatol March 19, 2020
42

Fecal RNA remains positive in many patients after resolution of symptoms and after negative throat swabs

11/03/2021
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Blood and urine are rarely positive for SARS-CoV-2

Ref 21 Yu F Clin Infect Dis 71 793 2020 11/03/2021

Nasal Throat Sputum Blood Urine 
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Transmission of SARS-CoV-2 in 282 clusters in Catalonia, Spain: a cohort study 

Marks  Lancet Infect Dis Feb 2021 

Relationship between viral load (VL) of the index case and the proportion of contacts developing COVID-19: 
36 of 284 contacts if  VL <1 × 10⁷ copies per mL, 72 of 398 if VL  10⁷ to 10¹⁰, and 17 of 71 if VL ≥1 × 10¹⁰. 



11/03/2021 45

Risk of developing symptomatic COVID-19 in 282 clusters in Catalonia, Spain: a cohort study 

Marks  Lancet Infect Dis Feb 2021 

(A) Probability of symptomatic disease by viral load. (B) Time to symptomatic disease by viral load. 



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

11/03/2021 46
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Viral load dynamics and disease severity in patients infected with SARS-CoV-2 in Zhejiang province, 

Zheng BMJ. 2020; 369: m1443.

Viral load respiratory sample > stool >> serum 
severe > mild disease 



11/03/2021 48

Viral load dynamics and disease severity in patients infected with SARS-CoV-2 in Zhejiang province, 

Zheng BMJ. 2020; 369: m1443.

Viral detectability  in respiratory sample :   severe man >  severe women 
severe old > severe younger 
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(A) ΔCt value of patients in each clinical course: no statistically significant difference between severe/critical group and others
(B) (B) ΔCt value of patients in each clinical courses according to age groups: no statistically significance difference

No association of viral load with age and disease severity in children with COVID‐19

Kubra Aykac J Med Virol. 2021;1–7.
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Upper respiratory tract SARS-CoV-2 RNA loads in symptomatic and asymptomatic children and adults

Viral load overall similar inchildren and adults.  
Symptomatic adults, but not children have higer viral load than asymptomatics



SARS-CoV-2 from feces 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

11/03/2021 51



52

Summary on PCR as diagnostic tool:

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

2) There is a relation between respiratory viral load and probability of transmission, 
occurrence of symptoms and disease severity

3) No difference in viral load between children and adults → children equally infectious?

4) Blood and urine are of no diagnostic use, 
5) Feces is often positive,  but no evidence of feco-oral transmission

6) PCR positivity in respiratory (and feces) samples can persist after clinical “cure”: 
→ Are these patients still infectious? Maybe not according to Danish study 
26 “respiratory PCR persisters” for > 3 weeks: none of their 753 contacts tested positive   

11/03/2021
Vibholm EBioMedicine 64 (2021) 103230



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
11/03/2021 53

Virus present



SARS-CoV-2 in sample

SARS
-
CoV-
2

SARS-
CoV-2

54

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? 

11/03/2021



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

https://www.corisbio.com/Products/Human-Field/Covid-19.php
55

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

11/03/2021

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

11/03/2021

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
11/03/2021 57



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

5811/03/2021



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 

5911/03/2021

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
60

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

11/03/2021



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

11/03/2021 61

1) A dilution series of the patient serum 
is  pre-incubated with the virus

2) The mixture is incubated with a 
monolayer of susceptible cells

3) The resulting “plaques” (viral lysis) 
are counted. 

4) If serum has neutralizing activity, it 
will reduce plaque formation

Viral control
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Kinetics of diagnostic tests
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Summary rapid antigen and antibody tests

1) Rapid antigen tests: have a good specificity; sensitivity is suboptimal but increasing
→ is 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 will miss early infection
→ More useful for epidemiological studies:  how many infections occurred in a population.   

3) A combination of rapid antigen and antibody testing may be useful for low-middle 
income countries.  

11/03/2021



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology and transmission  
5) Immunology and pathogenesis
6) Vaccination
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Top 20 killers  in the world 2019 (WHO)

With 2 by the end of 2020, COVID will overtake HIV, tuberculosis, liver diseases, road accidents, neonatal deaths, dementia…..

6511/03/2021
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State of the Pandemic 7 March 2021: worldwide

https://www.worldometers.info/coronavirus/
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European Center for Disease Control 6 March 2021

State of the Pandemic 7 March 2021: by continent

Cases

Deaths

America  >

Europa >>>

Asia >>

Afrika >

Oceania

Africa

America
Asia

Europa
Oceania

Africa

America
Asia

Europa
Oceania
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Hardest hit countries 7 March 2021

Diagnoses        Per 100,000 Deaths Per 100,000 Case fatality

rate (CFR)

World 117,000,000         2,600,000 2.2 %

1) USA 30,000,000         8,900 540,000 160 1.9 %

2) India 11,000,000             807 158,000 11 1.4 %

3) Brazil 11,000,000            5122  264,000 124 2.4 %

4) Russia 4,423,000            2960 89,100 61 2.0 %

5) UK 4,213,000            6184 124,400 183 3.0 %

6)   France 3,882,500            5,940 88,400 135 2.3 %

7)   Spain 3,149,000            6,733 71,140 152 2.2 %

8) Italy 3,057,000            5,044 99,580 165 3.3% 

9) Turkey 2,769,000            3,260 29,000 34 1.1%

10) Germany 2,502,000            2,980 72,500 86 2.9 %

21) Nederland 1,115,550           6,500 15,800 92 1.4 %

27) Belgium 785,800             6,760 22,240 191 2.8 % 

https://www.worldometers.info/coronavirus/
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Regional differences

Scandinavia (except Sweden) less affected than rest of Europe
East-Asia and Oceania: much less affected, but large differences

Latin America similarly affected than Europe and N-America
Afrika less affected except South-Africa
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How to explain regional differences in COVID epidemiology? 

1) Diagnostic capacity: Pacific rim = Europe = North America > Latin America = South-Africa >>>> Rest of Africa
2) Tracing: Pacific rim > Europe = N-America >> Latin America = South Africa >>> Rest of Africa
3) Population structure: Europe =  N-America  = Pacific rim  (oldest) >> Latin-America = South-Africa >>  Africa (rest) 
4) Population density en relative isolation: may partly explain “Scandinavian exception”, also Australia, New-

Zealand, Taiwan. 
5) Living outside: favoring Africa, but also Brazil? 
6) Betting on “herd immunity”: explains  why Sweden is doing relatively bad (as compared to rest of Scandinavia); 

may also play a role for UK and Nederland.
7) Personal freedom versus community: may explain why US and Western Europe have big problems as compared 

to Scandinavia (except Sweden) and South-East Asia 
8) Political organization: may partly explain why South-East Asia is doing so well and Belgium and US (amongst 

others) are doing poor?  
9) Time to prepare the response? Unlikely: China is best off, Brazil f.i. had much more time
10) Human genetics? Unlikely
11) Viral evolution? More transmissible and immune escape mutants originate in dense epidemics (e.g. UK, Brazil, 

South-Africa, US…) → but give the epidemics clearly a ‘second breath” 



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 
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COVID epidemiology in Belgium

Sciensano Dashboard https://epistat.wiv-isp.be/covid/
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COVID epidemiology in Belgium

Compare with PCR (+) tests: 5.6 % on 1 Jan: seroprevalence = 3 X higher
Decreasing trend: loss of antibodies in previously infected subjects?  

Sciensano Dashboard https://epistat.wiv-isp.be/covid/
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COVID epidemiology in Belgium

Seroprevalence in HCW about 1.5 X that in blood donors 

Sciensano Dashboard https://epistat.wiv-isp.be/covid/



Theoretically potential modes of transmission

Rutu Karia SN Comprehensive Clinical Medicine Sept 2020

SARS-CoV-2 has been shown in all these bodily fluids, 
but in respiratory and GI fluids at much higher conc.
Until now: only cultivated from respiratory fluids  

11/03/2021 76

Most important

Possible, but (much) less 
frequent in practice

Very limited evidence, 
but not impossible
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Transmission pathways of SARS-CoV-2

11/03/2021
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Primordial importance of transmission by (micro)-droplets 

Transmission by larger droplets: 
- Drop down close to infector 
- Stay in upper respiratory airways of infectee

Transmission by  aerosol = micro droplets   
- Stay in the air and diffuse over meters in closed room.
- Penetrate deeply in the lungs (alveoli) of infectee



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 
7911/03/2021

These experiments were done with large amounts of cultivated virus  
Translation in the real world?  The infector coughs or sneezes on a surface, 

→  someone else touches it firmly and puts his finger deeply in his nose or mouth
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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;

11/03/2021



Ref 41 Shujuan Ma  medRxiv March 2020

Transmission parameters of SARS-Cov-2 

81

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

Median: -1 to 0 days
→ most people are infected by 
a- or pre-symptomatic infector! 

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

11/03/2021
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In principle similar 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 

11/03/2021

https://www.statista.com/chart/20641/average-number-infected-by-an-individual-with-diseases/


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
84

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

Ref 44 Hammer MMWR / May 15, 2020 / Vol. 69 / No. 19 
8511/03/2021
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A choir of older man in  Skagit County, Washington, early March 2020 

11/03/2021
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 

8711/03/2021
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
11/03/2021



Measures against the Spanish Flu in 1918

89



Instructions for prevention of Influenza,
Illustrated Current News, on Oct. 18, 1918.

Measures against Spanisch Flu in 1918 

A group of Canadian Bank of Commerce employees during the 
Spanish flu epidemic.
People forced themselves to go to work for fear of losing their 
jobs and to earn money to treat sick family members.
There was no universal health care and few unions

90
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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
11/03/2021



Fifty ways 
to screw up 

masks wearing 

9311/03/2021



Filter capacity of various masks towards aerosol, produced by speaking 

11/03/2021 94



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 
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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 face mask ON when speaking! (you produce more microdroplets)

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

11/03/2021
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Imagine combining 4 independent interventions each 70 % effective
→ a 100 % chance on infection is reduced to 0.3 X 0.3 X 0.3 X 0.3 = 0.008: less than 1 % !!!  



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology and transmission
5) Immunology and pathogenesis
6) Vaccination
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Proposed host immune responses during SARS-CoV-2 infection 

Ref 25 Asian Pac J Allergy Immunol DOI 10.12932/AP-200220-0772
99

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)?  

11/03/2021



100

5. Immunology and pathogenesis

5.1. Type 1 IFN clear role in protection

5.2. B cells  and T cells

5.3. Models of pathogenesis 

11/03/2021



Calu-3 cells were left untreated or pretreated with 
100 or 500 U/ml human IFN-β for 18 h, and then cells 
were mock-infected or infected with SARS-CoV-2 at 
an MOI of 0.5. RTPC or culture done 24 H later

SARS-CoV-2 is sensitive to type I interferon treatment

Xiaobo Lei Nature Comm 11 3810 2020
11/03/2021 101

Clementi J Infect Dis 222: 722 2020

IFN treatment after infection also 
reduces SARS-CoV-2 replication



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

Xiaobo Lei Nature Comm 11 3810 202011/03/2021 102

Viral RNA IFN-beta Interferon stimulated gene (ISG) 

SARS-CoV-2 infection

Sendai infection

After in vitro infection: IFN-beta and ISG are induced after 8 hrs by Sendai, but only after 24 hrs by SARS-CoV-2



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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Margarida Sa Ribero PLOS Pathogens 29 July 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. NSP4a, NSP4b, NSP15) 

11/03/2021
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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  

Q. Zhang et al., Science10.1126/science.abd4570 (2020). 11/03/2021
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The first line of defense: type 1 Interferon :  
Genetic errors found in association with serious COVID-19

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.
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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 

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

11/03/2021



Impaired type I interferon activity and inflammatory responses in severe COVID-19
(in population without genetic errors or IFN-auto-antibodies) 

Hadjadj et al., Science 369, 718–724 (2020)11/03/2021 109

Type 1 IFN is less induced in 
severe or worsening COVID

Viral load, and inflammatory 
cytokines  (IL-6 and TNF) are more
induced in severe/critical COVID 



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
11/03/2021 110



Age-associated impaired plasmacytoid dendritic cell functions lead to decreased CD4 and CD8 T cell immunity

Sridharan Age 2011 33:363–376

PDCs 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 priming
cytotoxic CD8 T cell:
→ lower IFNγ, perforin 
and granzyme  

11/03/2021 111

Un = untreated; CPG = TLR9 agonist, FLU = Influenza



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 immune 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

11/03/2021 113
Agrawal Gerontology Jan 2013
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Overview on the role of type 1 Interferon in COVID-19 

Glossary
IFN = interferon
ISG = interferon-stimulated genes
CD4/8  = CD4 and CD8 T cells
IRF  = IFN-regulatory factor
TNF = tumor necrosis factor
IL6   = interleukin-6 
NF-kB  = Nuclear factor kappa-B
Nsp = non-structural protein 
M     = Membrane protein 
Orf = open reading frame
JAK   = Janus-like kinase

STAT = signal transducer and 
activator of transcription
ACE-2 = angiotensin converting 
enzyme 2

Schreiber Front Immunol Sept 202011/03/2021 115
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SARS-CoV-2 and type 1 (and 3) Interferon

1) SARS-CoV-2 induces IFN-1 but slowly and induction is lower
- in people with co-morbidities 
- old age (?)
- severe critical and  worsening COVID

2) SARS-CoV-2 is sensitive to IFN-1,
but interferes with induction and effects of IFN

3) Genetic errors in IFN-1 pathways or auto-antibodies to IFN-1 associated with severe COVID

4) Deficient IFN-1 associated with reduced  immune responses (NK-T-B cells) and hyper-inflammation

5)   Role for IFN-1 in treatment?   
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5. Immunology and pathogenesis

5.1. Type 1 IFN clear role in protection

5.2. B cells  and T cells

5.3. Models of pathogenesis 

11/03/2021
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Adaptive immunity in SARS-CoV-2

Kinetics of immune responses to SARS-CoV-2 under conditions of average COVID-19 (non-hospitalized cases) and severe or fatal COVID-19. 
‘‘Innate immunity’’ line specifically refers to the peak kinetics of innate cytokines and chemokines detectable in blood; innate immune responses occur locally. 
‘‘T cells’’ refers to virus-specific CD4+ and CD8+ T cells. ‘‘Antibodies’’ refers to virus-specific neutralizing antibodies. 

Allesandro Sette Cell 184, February 18, 2021



Relation of viral load and antibodies with age and severity 

Ref 31 Kelvin Kai-Wang To Lancet Infect Dis 23 March 2020 
119

Ref 32 Young Clin. Infect Dis Aug 2020

Viral load correlates with age Antibody titer correlates positively with disease severity 

11/03/2021
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Neut. Ab highest in severe cases but decrease faster than in mild. 
Asymptomatics have low neut titers and may negativate

Eric Lau Nat Comm 2021 12:63 

B) Frequencies of bone marrow progenitor cells (BMPC) secreting IgG 
antibodies specific for the indicated antigens, indicated as 
percentages of total IgG-secreting BMPC in convalescent (open circles) 
and control (closed circles) participants

Neutralizing antibodies decrease after recovery, but long-term bone marrow progenitor cells for > 6 months
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Early induction of functional SARS-CoV-2-specific T cells associates with rapid viral clearance and mild disease

Tan Cell Reports 34, Feb 9, 2021

Early induction of functional SARS-CoV-2-specific T cells 
against structural (nucleoprotein [NP], membrane [M], 
ORF3a, and spike) and non-structural (ORF7/8, NSP7, and 
NSP13) proteins was observed in patients with mild 
disease and rapid viral clearance. 

In contrast rapid induction and quantity of antibodies 
against spike and NP associate with disease severity,

This observation supports the prognostic value of SARS-
CoV-2-specific T cells, but not antibodies.
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Low-Avidity CD4+ T Cell Responses to SARS-CoV-2 in Unexposed Individuals and Humans with Severe COVID-19

Bacher et al. identify excessive but low-avidity T cell responses to SARS-CoV-2 
as a hallmark of severe but not mild COVID-19.

SARS-CoV-2-reactive CD4+ memory T cells were present in virtually all 
unexposed individuals examined, with low functional avidity and multiple, 
highly variable cross-reactivities that were not restricted to Common CoVs.

Immune ageing is characterized by such low avidity cross-reacting responses

Bacher Immunity 53, 1258–1271, Dec 15, 2020
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5. Immunology and pathogenesis

5.1. Type 1 IFN clear role in protection

5.2. B cells  and T cells

5.3. Models of pathogenesis 
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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
11/03/2021 124



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
12611/03/2021



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
11/03/2021 127
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Relations between RAS, ACE inhibitors and SARS-CoV-2 

ACE2 inhibits angiotensin (Ang) II activity in the renin-angiotensin system through degradation of Ang I and Ang II into Ang 1-9 and Ang 1-7. 
Ang II and the AT1 receptor (AT1R) have proinflammatory effects that may lead to acute lung injury or myocarditis, 
whereas AT2 and Mas receptors have anti-inflammatory effects. 
SARS-CoV-2 uses ACE2 as its functional receptor and induces acute lung injury and myocarditis through unknown mechanisms. 
Angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARB) inhibit the Ang II/AT1R axis, which may be anti-inflammatory; 
they also increase ACE2 expression, which may increase SARS-CoV-2 virulence. 

Hanff Association COVID-19 mortality and RAS Clinical Infectious Diseases March 2020



Immune senescence and metabolic comorbidities as Predisposing Risk Factors for the COVID-19

Hazeldine Front Immunology Oct 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 an early response is beneficial, but low avidity T cells may have a role in immune 
pathogenesis. 

(T cells may also have a role in vaccine-induced protection)

3. B cells: the polyclonal antibodies, induced by infection, have in vitro neutralizing activity, but rather 
follow disease progression and decrease after a while, but B memory persists. 
(Ab most likely essential for vaccination) 

→  Reinfection with similar virus remains rather rare, but escape variants can overcome existing immunity

11/03/2021
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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 an early response is beneficial, but low avidity T cells may have a role in immune 
pathogenesis. T cells may also have a role in vaccine-induced protection

3. B cells: the polyclonal antibodies, induced by infection, have in vitro neutralizing activity, but rather follow 
disease progression and decrease after a while,  but B memory persists. 

→  Reinfection with similar virus remains rather rare, but escape variants can overcome existing immunity

4. Complex interplay between (1) infection of pneumocytes +  endothelial  cells  
(2) the reaction of various immunocytes, RAS, coagulation and inflammation                                      

can result in life threatening  disease (A) lung destruction: with acute need for oxygen 
(B) systemic implications: cardiovascular, neural, hepatic and renal dysfunctions and damage

5. Chronic inflammation and non-specific immune activation/exhaustion, in ageing combined with co-morbidities
predisposes to severe disease by slowing down interferon response and lowering the quality (avidity) of 
adaptive T and B cell responses. 

11/03/2021



Poonia Frontiers in Immunology Sept 2020

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

Therapeutic options: 

1) Overall: OXYGEN + supportive therapy (anti- fever, fluid balance, cardiac, renal support, treat superinfections etc)

2) Viral phase: potent anti-Spike neutralizing monoclonal antibodies (e.g. Regeneron), but not convalescent plasma 
and the polymerase inhibitor (Remdesivir) have proven effect. 

3) Inflammatory phase: only corticosteroids have proven effect. 
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During the initial phase, infection of epithelial cells by SARS-CoV-2 induces weak production of interferon (IFN) α/β and the initiation of a limited antiviral immune 
response, leading to apoptosis of infected cells, the production of proinflammatory molecules, and the recruitment of immune cells. 
At this time, the viral load might be reduced by antivirals combined with an antiviral IFNα/β response. 
Later, in some patients, an excessive inflammatory/immune response might give rise to a cytokine storm and/or acute respiratory distress syndrome (ARDS). This 
hyperinflammation might be dampened by anti-inflammatory/immunosuppressive treatments. 
Abbreviations: Abs, antibodies; ACE2, angiotensin-converting enzyme 2; IVIg, intravenous immunoglobulin therapy; IL, interleukin; TNF, tumor necrosis factor.

Hypothetical Model of the Two Phases of COVID-19 and the Steps at Which Various Treatments may be efficient 

Feuillet Trends in Immunology vol 42 Jan 2021



SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Epidemiology and transmission
5) Immunology and pathogenesis
6) Vaccination
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1918: Protest against compulsatory vaccination against smallpox, Toronto, Canada.
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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

13611/03/2021



1) General principles of COVID vaccines

2) Efficacy results in phase 3 trials
- mRNA Pfizer and Moderna
- Recombinant Adeno: Chimp Adeno (Astra-Zeneca) 

Human Ad26 + Ad5 (Sputnik V)
- Other candidates

3) Potential implication of novel variants on vaccine efficacy 

11/03/2021 137



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

11/03/2021 139
Ref 50 Florian Krammer Nature 23 Sept 2020



1) General principles of COVID vaccines

2) Efficacy results in phase 3 trials
- mRNA Pfizer and Moderna
- Recombinant Adeno: Chimp Adeno (Astra-Zeneca) 

Human Ad26 + Ad5 (Sputnik V)
- Other candidates 

3) Potential implication of novel variants on vaccine efficacy 

11/03/2021 140



When starts the vaccinal efficacy? 

Fernando P. Polack NEJM 16 Dec 202011/03/2021

- Covid-19 cases begins to diverge by 12 days after first dose
(= 7 days after median viral incubation period of 5 days).

- Interval between 1st and 2nd doses, efficacy was 52%, 
- In the first 7 days after dose 2, it was 91%, 
- 7 days after dose 2: full efficacy of 95 %  against disease

141

Efficacy of the Pfizer BNT162b2 mRNA Vaccine against disease



FDA Briefing Document Pfizer-BioNTech COVID-19 Vaccine: 
Effect of comorbidities
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1) General principles of COVID vaccines

2) Efficacy results in phase 3 trials
- mRNA Pfizer and Moderna
- Recombinant Adeno: Chimp Adeno (Astra-Zeneca) 

Human Ad26 + Ad5 (Sputnik V)
- Other candidates 

3) Potential implication of novel variants on vaccine efficacy 

11/03/2021 143
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FDA Briefing Document: Moderna COVID-19 Vaccine

144

Effect of age

Pre-existing Ab
(as evidence of 
previous infection)



Fernando P. Polack NEJM 16 Dec 202011/03/2021

FDA Briefing Document: Moderna COVID-19 Vaccine

145

Comorbidities



FDA Briefing Document: Moderna COVID-19 Vaccine
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When starts the effect? 



1) General principles of COVID vaccines

2) Efficacy results in phase 3 trials
- mRNA Pfizer and Moderna
- Recombinant Adeno: Chimp Adeno (Astra-Zeneca) 

Human Ad26 + Ad5 (Sputnik V)
- Other candidates 

3) Potential implication of novel variants on vaccine efficacy 
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Efficacy of the Astra-Zeneca  ChAdOx1 nCoV-19 vaccine against SARS-CoV-2:

Merryn Voysey Lancet 8 Dec 202011/03/2021 148



Astra-Zeneca INFORMATION FOR UK HEALTHCARE PROFESSIONALS

11/03/2021 149



1) General principles of COVID vaccines

2) Efficacy results in phase 3 trials
- mRNA Pfizer and Moderna
- Recombinant Adeno: Chimp Adeno (Astra-Zeneca) 

Human Ad26 + Ad5 (Sputnik V)
- Other candidates

3) Potential implication of novel variants on vaccine efficacy 
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Sputnik V vaccine (Gamaleya Institute, Russia): recombinant Adeno26 followed by r-Adeno5 after 21 days

Sputnik V showed 91·6% efficacy against COVID-19 disease and was well tolerated 



CONCLUSIONS VACCINES

1) mRNA vaccines are very efficacious at preventing COVID disease, irrespective of 
age, ethnic group, co-morbidity, previous SARS-CoV-2 infection….

2) Astra-Zeneca: standard dose presumably less efficacious, 
better with low initiating dose and 3 months  interval between; 

3)    Sputnik V: similar protection as mRNA vaccines

Level of protection against infection? Not well studied, but maybe less
→  Effect on transmission? 
→  Effect of incomplete immunity on selection of (new or existing) variants? 
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Other candidates close to approval (but no official publication)

11/03/2021 153

Johnson and Johnson (Ad26) : 43 783 people 3 continents (US, Latin America, and South Africa): 
34% of participants were over 60, and 41% had comorbidities

Single dose of Ad26 → protection against moderate/severe illness 28 days later: 
72 % in US; 66 % in Latin America and 55 % in South-Africa

Novavax (S protein):  15 000 people in UK and 4 400 in S-Africa
Two doses: 95.6 % prevention of COVIDS disease with “original variant”; 

85 % effective against British (B.117) and 60 % against S-African (B 1.351)  

Chinese inactivated vaccines: 
- Nice phase 1 and 2 publications for Chinese Sinopharm and Sinovac
- Press releases over phase 3: not clear how many participants

- Sinopharm claims 79 % effectiveness against COVID in Turkey or United Emirates?
- Sinovac: very confusing data 

- small trials in Philippines and Indonesia: 65 – 90 % efficacy 
- In Brazil only 50.38% overall efficacy rate   (78 % in mild and 100 % in severe 

cases)  (with new variant present)?

Indian inactivated Covaxin (Bharat Biotech): no data at all! 

Mahase BMJ 2021;372:n296



1) General principles of COVID vaccines

2) Efficacy results in phase 3 trials

3) Potential implication of novel variants on vaccine efficacy
Effect on in vitro neutralization 
- By convalescent serum 
- By sera from Moderna and Pfizer vaccine recipients
First clinical results in Israel, South-Africa and Scotland
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Wang bioRxiv 26 Jan 2021

South-African (B1.351) variant has 9 mutations  in Spike = SA∆9

UK variant (B.117) has 8 mutations in Spike = UK∆8  

Receptor binding motif (RBM) and N-terminal domain (NTD) are “hotspots” for infection-induced neutralizing antibodies



How susceptible are novel variants to antibodies from vaccinated subjects? 

11/03/2021 156

1) Convalescent serum: 2-3 X less effective against UK variant
20-30 X less against SA variant

→ Implication for re-infection with these variants? 

2) Serum from mRNA vaccinees: 2 X less against UK variant
10 X less against SA variant

→  Implication for vaccine durability? 



Negligible impact of SARS-CoV-2 variants on CD4+ and CD8+ T cell reactivity in COVID-19 exposed donors and vaccinees.

11/03/2021 157
Tarke bioRxiv 1 March 2021

Finding: CD4+ and CD8+ T cell responses in convalescent 
COVID-19 subjects or COVID-19 mRNA vaccinees are not 
substantially affected by mutations found in the SARS-CoV-
2 variants.

Reason: vast majority of SARS-CoV-2 T cell epitopes are not 
affected by the mutations in the variants

→ Immune escape mainly induced by antibodies, not T cells 



1) General principles of COVID vaccines

2) Efficacy results in phase 3 trials

3) Potential implication of novel variants on vaccine efficacy
Effect on in vitro neutralization 
- By convalescent serum 
- By sera from Moderna and Pfizer vaccine recipients
First clinical results in Israel, South-Africa and Scotland
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COVID-19 dynamics following a broad national immunization program with Pfizer mRNA in Israel
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Rossman medRxiv 9 Feb 2021

New PCR + cases New hospitalizations

The number of new cases (A) and hospitalizations decreases more rapidly in the over 60 yrs group (B), 
whch has been vaccinated much  more (E vs F) 



Poor efficacy of Astra-Zeneca (ChAdOx-1nCoV19) in South-Africa

11/03/2021 160
Madhi bioRxiv 12 Feb 2021

Kaplan-Meyer plot of ChAdOx-1 nCoV19 against all-severity symptomatic Covid-19 illness following two doses versus placebo.
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Madhi bioRxiv 12 Feb 2021

Neutralization of live B.1.1 (WT) and B.1.351 (SA variant) virus by plasma of vaccinated participants (n=19) and of 
placebo recipients who had natural-infection induced antibody (n=6). 
Points are reciprocal 50% inhibitory dilution (1/ID50) per participant. Participants with NAAT confirmed illness are 
shaded in grey and participants with no detectable neutralization (defined as 1/ID50<1) shaded in red.

Poor efficacy of Astra-Zeneca (ChAdOx-1nCoV19) in South-Africa

but previous COVID infection

WT virus South-African variant WT virus South-African variant



High effectiveness of first dose of COVID-19 vaccines against hospital admissions in Scotland 

11/03/2021 162Vasileiou preprint 22 Feb 2021 

Clearly, one dose of Astra-Zeneca seem at least as effective as Pfizer to prevent hospitalization in Scotland. 

This effect was also present in the oldest (> 80 yrs) population, 



General Conclusions on vaccines

11/03/2021 163

1) Two very efficacious mRNA have been developed (Pfizer and Moderna): > 90 % effective against 
“wild type” (Wuhan and European D614G).  They require two doses and freezing for storage

2) The viral vector vaccines (Astra-Zeneca, Johnson and Johnson and Sputnik): may be equally 
effective against wild type.  They can be stored in the fridge and J§J may require only 1 dose

3) The Chinese and Indian inactivated vaccines may be less efficacious: no data from phase III 

4) The protein vaccine from Novavax may be useful as well 

5) While the “British” variant poses no serious problem to vaccination, the South-African and 
Brazilian variants are clearly less sensitive.  Can this still be sufficient to prevent severe disease or 
do we need adapted vaccines very soon?  

→ In any case a very high coverage of the population (90 %? ) will be needed for “herd immunity”
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COVID vaccination in Belgium

Sciensano Dashboard https://epistat.wiv-isp.be/covid/
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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 are disproportionally affected.
- The non-COVID care 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. 
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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 (e.g. Belgium). 
- Large Western democracies are powerless against the epidemic (e.g. 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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