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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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1918 : Field hospital in Camp Funston, Kansas, filled with “Spanish Flu” patients
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1st wave Feb-March 1918 ; 2nd in winter; 3rd in spring 1919

Waves of Spanish flu Waves of COVID 

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

On 12 Feb 2022: 411 million infected
and 5.8 million deaths
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Different age-related death profile in Spanish flu and COVID 

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

COVID kills elderly more selectively 
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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
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1918: Protest against compulsatory vaccination against smallpox, Toronto, Canada.
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SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Immunology
5) Vaccination
6) One Health aspects
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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
- The RNA is translated into polyproteins, which have to split by viral proteases
- Viral polymerases are needed for (+) RNA genome transcription into (-)RNA antigenom e and 

back to (+) RNA genome 
- Some families are naked, others enveloped
- Some families have a “complex” cycle (structural proteins translated from subgenomic RNA) 

Families: 
1) Picornaviridae
2) Togaviridae
3) Flaviviridae
4) Coronaviridae
5) Calciviridae
6) Astroviridae
7) (+) sense Plant virussen
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Phylogenetic tree of alpha-beta coronavirus.

Nitilescu Int J Mol Med 2020
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Loeffelholz 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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SARS-CoV-2 structure and genetic organisation

Hassine Rev Med Virol. 2021;e2313.
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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 )

R.J.G. Hulswit.. Advances in Virus Research. 2016

Receptor usage by different Coronaviruses
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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


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 

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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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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Expression of ACE-2 throughout the body

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.

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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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. 

gvanham@itg.be
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Altered entry pathway of Omicron leading to more rapid replication in the nasal epithelium 

Previous SARS-CoV-2 variants, such as Delta, only enter cells efficiently 
by binding ACE2 and activating fusion via TMPRSS2. This allows them 
to enter at the cell surface and bypass the endosome, where potent 
restriction factors, such as IFITM proteins, are enriched. 
Omicron, is able to enter cells in both a TMPRSS2-dependent and –
independent manner, having evolved the ability to avoid endosomal 
restriction. This allows Omicron to infect any ACE2-expressing cell in 
the airway instead of relying solely on double ACE+ TMPRSS2+ cells. 

Delta entry in primary human nasal epithelial cells 
is inhibited by Camostat, which blocks the TMPRSS2 
activity, while omicron is NOT blocked by Camostat

Peacock bioRxiv 3 Jan 2022
gvanham@itg.be



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-2/15/02/2022 23gvanham@itg.be
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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
+gRNA and –gRNA 

= genomic and antigenomic RNA

gvanham@itg.be



- 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

Early evolution of  SARS-CoV-2 Spike in Spring 2020: 
Evidence that D614G Increases Infectivity of the COVID-19 Virus

Korber et al., 2020, Cell 182, 1–16
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Alpha

Beta

Gamma

Delta

Omicron

Hirabara Front Cell Infect Micro Jan 2022

I = infectivity;  VL = viral load;  BAA = binding affinity for ACE-2; 
T = transmissibility;  SPC = Spike protein cleavage; 
IER = immune evasion risk; nAb = neutralizing Antibody 

Wuhan 

Genetic evolution in Spike protein across the « variants of concern » (VOC)
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Hirabara Front Cell Infect Micro Jan 2022

Omicron sublineages

Iketami bioRxiv 9 Feb 2921
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Genome surveillance data in Belgium 4 Jan 2021- 25 Jan 2022
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SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Immunology
5) Vaccination
6) One Health aspects
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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 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
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 →
- 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
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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?  
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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
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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 can persist
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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
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Signs and Symptoms of COVID-19

Drain N Engl J Med 2022;386:264-72
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Standardized scale of COVID clinical progression 

pO2 = partial pressure of oxygen by arterial gass measurement: should be 80-100 mm Hg
SpO2 = peripheral capillary oxygen saturation (by pulse oxymetry): should be > 95 % 
FIO2 = fraction of inspired oxygen in the mixture that is provided to the patient 

Plaçais Mucosal Immunology Oct 2021
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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  

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 
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Different symptoms between delta and omicron

Omicron generally less severe: infects rather upper airway:  
More “sore throat” and less “loss of taste and smell” in omicron versus delta

15/02/2022 41gvanham@itg.be



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

Source: Sciensano
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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
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Poonia Frontiers in Immunology Sept 2020

Stages of COVD-19 with corresponding intervention options

Therapeutic options: 

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

2) Viral phase: Potent anti-Spike neutralizing monoclonal antibodies, but NOT convalescent plasma 
Polymerase inhibitor (Remdesivir, Molnupiravir) have proven effect.  
Now also protease inhibitor PF-07321332 (Pfizer)

3)   Inflammatory phase: only corticosteroids have proven effect by their strong anti-inflammatory action.  
Monoclonal antibodies against IL-6 and other inflammatory mediators limited effect.  
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Proposed clinical classification of COVID-19 disease spectrum

Rajesh Gandhi NEJM 29 Oct 2020
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SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Immunology
5) Vaccination
6) One Health aspects
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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
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Naso-pharyngeal swab (NPS) 

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

Oro-pharyngeal swab (OPS)
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Principle of reverse-transcriptase polymerase chain reaction for SARS-CoV-2
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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)  
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Magleby R. CID  30 June 2020

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

Freedom from intubation Survival
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Throat viral load remains positive after resolution of symptoms in half of the patients 

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

↓ Day 0 is the first day of symptoms

duration of positive PCR

time point of symptoms resolution 

↓ 
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Yongjian Wu Lancet Gastroenterol Hepatol March 19, 2020

Faecal RNA remains positive in many patients after resolution of symptoms and negative throath swabs
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Blood and urine are rarely positive for SARS-CoV-2

Yu F Clin Infect Dis 71 793 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 
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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 get COVID if  VL <1 × 10⁷ copies per mL, 72 of 398 if VL  10⁷ to 10¹⁰, and 17 of 71 if VL ≥1 × 10¹⁰. 

gvanham@itg.be
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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. 
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Viral load dynamics and disease severity in patients infected with SARS-CoV-2 in Zhejiang

Zheng BMJ. 2020; 369: m1443.

Viral load respiratory sample > stool >> serum 
severe > mild disease 
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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 human transmission via this 
route

- Could be used  as early warning of outbreaks
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Variant Detection with a High-Fidelity CRISPR-Cas12 Enzyme

Workflow comparison between the DETECTR® assay 
and SARS-CoV-2 whole-genome sequencing (WGS).
RT-LAMP = reverse transcriptase  and loop-mediated 
isothermal amplification
gRNA = guide RNA 
SSDBA = single stranded DNA

Schematic of CRISPR-Cas gRNA design for 
SARS-CoV-2 S gene mutations

Fasching medRxiv 3 Feb 2022
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VarLOCK - sequencing independent, rapid detection of all SARS-CoV-2 variants of concern

Xinsheng Nan medRxiv 8 Jan 2022

The region with wildtype (green) or mutant (pink) sequence of 
SARS-CoV-2 RNA is amplified by either LAMP or PCR. 
Amplified DNA fragments are subjected to SHERLOCK assay with 
a pair of guide RNAs matching the wildtype sequence (wt gRNA, 
green) or the mutant sequence (VOC gRNA, pink)

Nineteen mutation sites were chosen for VarLOCK assay for which gRNA 
pairs were designed and optimised. 
Nucleotide sequences encoding the relevant amino acids are shown in 
the table and the nucleotide substitutions/deletions are marked in red. 
The association of the mutations with various variants of concern is 
indicated in the table, creating a barcode-like identification matrix 
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Summary on PCR as diagnostic tool:

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

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

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

4) 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   

Vibholm EBioMedicine 64 (2021) 103230
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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 ELISA, Neut assay

Substrate Respiratory* swabs, saliva, feces…. Blood

* naso-pharyngeal, throat, lung aspirate

Ab at the END +AFTER viral presenceVirus present
15/02/2022 65gvanham@itg.be



SARS-CoV-2 in sample

SARS
-
CoV-
2

SARS-
CoV-2

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? 
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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….

Sensitivity = 84 %→ 16 % False Negative
Specificity = 99.5 %  → 0.5 % False Positive
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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 ELISA (Immunochromatography)
Neutralization assay

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

Virus present Ab at the END +AFTER viral presence
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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
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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 

15/02/2022 70gvanham@itg.be
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Profiling Early Humoral Response to Diagnose against SARS-CoV-2

Ref 23 Li Guo CID 21 March 2020

SARS-CoV-2-specific  IgM and IgA become detectable earlier (median Day 5) 
than IgG (median Day 14) after symptoms onset  
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Testing neutralizing antibodies by Plaque Reduction Neutralization Test (PRNT)

Convalescent serum dilution:
prevents cytolytic effect up to 1/256

neutralization titer is 256 = the 
reciprocal of the last dilution at which 
infection was completely blocked

Control serum dilution: 
Fails to block cytolysis at any dilution

VC = virus control

Add dilution series of  
heat-inactivated serum

target cells
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1) Measuring viral production in cultures by direct ELISA or PCR: how much is viral production suppressed by 
addition of a serum dilution?  

Alternatives to PRNT

Anti-gag p24 n°2

Gag p24 containing sample

Anti-gag p24 n°1 

To detect SARS-CoV-2 To detect HIV 

n°2

n°1

15/02/2022 73gvanham@itg.be



Alternatives to PRNT

2) Pseudovirus neutralization: recombinant virus expressing preferred viral envelope + biomarker (e.g. luminescence)

In this case, the G Env of Vesiculo-Stomatitis Virus (VSV) is deficient in the genome
and “complemented” via a plasmide by Spike from SARS-CoV-2.  
The genome of the  resulting “pseudovirus” lacks G and S, but the particle expresses SARS-CoV-2 Spike. 
→ The “pseudovirus” can only infect a cell expressing ACE-2, but not replicate

Viral infection → target cells light on

Serum with neutralizing antibodies prevent viral infection →  light off

VSV core -SARS-CoV2 S 
pseudovirus

ACE-2
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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 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.  
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Pathophysiology and Timeline of Viremia, Antigenemia, and Immune Response during Acute SARS-CoV-2 Infection

In some persons, reverse-transcriptase–polymerase-chain-reaction (RT-PCR) tests can remain positive for weeks or months after initial infection with 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), but this positivity rarely indicates replication-competent virus that can result in infection.

Drain N Engl J Med 2022;386:264-72
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Kinetics of diagnostic tests
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SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Immunology
5) Vaccination
6) One Health aspects
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SARS-COV-2 clinical immunology

1) Overview on pathogenesis and immune responses

2) Focus on role type 1 interferon

3) Adaptive immunity and interplay between T and B cells
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3-D reconstruction of CT Thorax from COVID patient

multifocal ground glass opacities without consolidation
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Plaçais Mucosal Immunology Oct 2021

Proposed model of immune responses kinetics in COVID-19

IFN interferons,   DfSO days from symptoms onset,   ICU intensive care unit, ARDS acute respiratory distress syndrome,  NIV non-invasive ventilation,  IMV invasive mechanical ventilation, 
*in patients with impaired type I IFN response
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Infected pneumocytes, 
infected endothelial cells 
and alveolar macrophages (?) 

+ recruited T lymphocytes, 
monocytes, and neutrophils. 

→  Release inflammatory 
molecules

Pathogenesis of pulmonary syndrome:    1) Early stage 

Subpleural 
ground-glass 
opacity

Interstitial mononuclear 
inflammatory infiltrates
dominated by lymphocytes

Wiersinga JAMA 2020 vol 324(8) p 782
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Pulmonary edema + hyaline membranes
fill the alveolar spaces: 
obstruction of gass  exchange
→ acute respiratory distress syndrome.

Pathogenesis of pulmonary syndrome:    2) ARDS stage 

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

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

Wiersinga JAMA 2020 vol 324(8) p 782
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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 intravascular coagulation (DIC)
- and deregulated inflammatory cell infiltration.

Teuwen Nature Review Immunol 2020 vol 20 p 389
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A) Innate immune response is activated within hours releases 
a series of anti-viral molecules, including type 1 IFN  at the 
site of infection. 

B) Adaptive immune response is initiated after being primed 
by innate immune system: 

- CD4 T follicular helper cells stimulate B cells → antibodies
- CD8 T cells differentiate in cytotoxic cells 

Primed immune memory cells remain following viral clearance, 

(STAT, signal transducer and activator of transcription;  JAK, Janus kinase; 
CD, cluster of differentiation; MHC, major histocompatibility complex; 
TCR, T-cell receptor)

Key components of antiviral immunity

Mistry Front Imm Jan 2022
15/02/2022 85gvanham@itg.be



SARS-COV-2 clinical immunology

1) Overview on pathogenesis and immune responses

2) Focus on role type 1 interferon

3) Adaptive immunity and interplay between T and B cells

4) Monoclonal antibodies as treatment and prevention

5) Some aspects of vaccination
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The first line of defense: type 1 Interferon :  
SARS-CoV-2 is susceptible to inhibition by type 1 IFN 
BUT IFN and Interferon Stimulated Genes (ISG) are induced slower by SARS-CoV-2 than by Sendai virus, 

Xiaobo Lei Nature Comm 11 3810 2020

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

Calu-3 cells were left untreated (0) or 
pretreated with 100 or 500 U/ml IFN-β for 18 h, 
and then cells were infected with SARS-CoV-2.  

Viral culture 24 h later shows 1-2 logs inhibition
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The first line of defense: type 1 Interferon :  
Immune evasion mechanisms by Corona viruses

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)

(ISRE = Interferon-sensitive response element)

Prompetchara Asian Pac J Allergy Immunol 2020 vol 38 p 1-9
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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;  
UNC93B = UNC-homologue 93 B1
NEMO= Nuclear factor-kappa B Essential Modulator
TRIF = TIR-domain-containing adapter-inducing interferon-β
TRAF = TNF receptor associated factor
TBK-1 = TANK-binding kinase 1 

IRF = interferon regulatory factor;  
IFNAR = Interferon-alpha receptor; 
STAT =   Signal Transducer and Activator of Transcription;
ISG = interferon-stimulated genes

Red: deleterious genetic variants in critical influenza

Blue: deleterious variants in other viral illnesses  

Q. Zhang et al., Science10.1126/science.abd4570 (2020). 
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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 upon SARS-CoV-2 stimulation

Binding of serum Ab to type 1 IFN

Production of type 1 IFN upon 
SARS-CoV-2 stimulation
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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)

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 
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Age-associated impaired plasmacytoid DC 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.
Upon stimulation with cpg or influenza

PDCs from aged are impaired in 
priming cytotoxic CD8 T cells
→ lower IFNγ, perforin and granzyme  

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

Agrawal Gerontology 2013 vol 59 p 421
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Cytokines in Naso-Pharyngeal fluid from 25 adult and 9 pediatric COVID patients

Markers of innate responses increased in nasopharynx from pediatric compared to adult COVID 

Pierce JCI Insight 2021;6(9):e148694

Transcriptional profiles in pediatric and adult nasopharyngeal samples.

Clear segregation between adult 
and pediatric transcription with 
principal component analysis in D 

Is largely due to interferon type 1 
stimulated genes in E 
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Pre-activated antiviral innate immunity in the upper airways controls SARS-CoV-2 infection in children

Loske Nature Biotechnology Aug 2021

Schematic representation of epithelial response to SARS-CoV-2 
including genes involved in virus sensing and subsequent IFN response

Dot plots depicting the expression of virus-sensing 
genes in epithelial cells of children and adults

IRF3
TLR3
LP2
MDA5
RIG-I

IRF3
TLR3
LP2
MDA5
RIG-I

IRF3
TLR3
LP2
MDA5
RIG-I

Conclusion: difference children versus adults
- uninfected children express higher levels of various RNA-sensors
- SARS-COV-2 infected children show a higher early enhanced expression of these RNA sensors
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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

Schreiber Front Immunol Sept 2020
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SARS-CoV-2 and type 1 (and 3) Interferon

1) SARS-CoV-2 induces IFN-1 but slowly
SARS-CoV-2 is sensitive to IFN-1,

but the virus interferes with induction and effects of IFN

2)   Interferon induction is deficient: 
- in people with co-morbidities 
- old age
- severe critical and  worsening COVID

3)   Children have more efficient type 1 IFN response than adults

4)    Genetic errors in IFN-1 pathways or auto-antibodies to IFN-1 are associated with severe COVID in young people
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SARS-COV-2 clinical immunology

1) Overview on pathogenesis and immune responses

2) Focus on role type 1 interferon

3) Adaptive immunity and interplay between T and B cells
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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
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Early induction of functional SARS-CoV-2-specific T cells associates with rapid viral clearance

Tan Cell Reports 34, Feb 9, 2021

Early induction of functional SARS-CoV-2-specific T cells 
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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Early induction of functional SARS-CoV-2-specific T cells associates with rapid viral clearance

Longitudinal analysis of SARS-CoV-2-specific antibody-related responses in acute COVID-19 patients:
Rather HIGHER in severe disease

= surrogate viral neutralization test 

Tan Cell Reports 34, Feb 9, 2021
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Early induction of functional SARS-CoV-2-specific T cells associates with rapid viral clearance

Longitudinal analysis of SARS-CoV-2 T responses during acute infection and at convalescence: 
HIGHER and EARLIER in mild disease

Tan Cell Reports 34, Feb 9, 2021
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Pre-existing T cell memory as a risk factor for severe 1 COVID-19 in the elderly 

In all unexposed donors: pre-existing COVID-19 reactive memory T cells
• increased in the elderly, 
• Not primarily driven by Common CoVs (hence not cross-reactive). 
• 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.

Bacher 2020, Immunity vol 53 p. 1258
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Pre-existing T cell memory as a risk factor for severe 1 COVID-19 in the elderly 

CD4 T memory cells expand more 
according to disease severity 

Unfocused expansion of pro-inflammatory T cells of low avidity during severe COVID increases with age

Disease severity increases with age

T cell response is less focused in hospitalized patients 

T cell functional avidity is lower in hospitalized patients 
(Concentration of peptides to induce response  is higher)  

Increase of pro-inflammatory cytokines (TNF-a, IFN-g) and 
decrease of anti-inflammatory T cell responses 
over time  in hospitalized patients 

Bacher 2020, Immunity vol 53 p. 1258
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Immune senescence and metabolic comorbidities as Predisposing Risk Factors for the COVID-19

Hazeldine Front Immunology Oct 2020
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Severe cases demonstrate high plasma levels of IL-6, IL-8, TNFα, and MCP-1, 
Disease resolution in non-ICU and ICU patients associates with 
- antibody specificity for receptor binding motif and fusion peptide, 
- antibody affinity maturation
- BUT no clear difference in neutralization capacity !!! 

Antibody affinity maturation and plasma cytokines associate with clinical outcome in hospitalized COVID-19 

Tang Nat Comm 2021 Vol 12 p 1221

PsVNA50: pseudovirus neutralization
ACE2 = ACE2 inhibition 
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Innate and Adaptive Immune response to SARS-CoV-2

A) Following rapid action by the innate immune system immediately after virus exposure, B and T cell responses develop within the first weeks. 
Short lived IgM antibodies are produced by responding B cells initially and is followed by a more persistent and high-affinity IgG response. 

B) Production of diverse virus-specific antibodies. After antigen encounter, activated naïve B cells enter the germinal center (GC) where they 
receive T cell help to generate a high-affinity antibody repertoire. Short-lived peripheral plasma cells produce most antibodies during the infection, 
while GC-derived memory B cells and bone marrow-resident plasma cells cooperate to provide long-lasting protection against re-infection. 

C)  Maturation of the antibody response following viral clearance. While the magnitude of the antibody response gradually wanes after
the virus replication is controlled, the quality of the B cell response continues to improve by Somatic Hyper Mutation for several months. 

Castro Dopico J Int Med, 2022, 291; 32–50
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Relation of viral load and antibodies with age and severity 

Ref 31 Kelvin Kai-Wang To Lancet Infect Dis 23 March 2020 
109

Ref 32 Young Clin. Infect Dis Aug 2020

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

Seow medRxiv 11 July 2020
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Temporal maturation of neutralizing antibodies in
COVID-19 convalescent individuals improves
potency and breadth to SARS-CoV-2 variants

Evolution of antibody immunity with time that counters 
SARS-CoV-2 variants  via affinity maturation and 
durable elicitation of IgG resistant to viral escape.
Despite decrease of overall neutralization titers

Moriyama Immunity 2021 Vol 54 p 1841

Affinity maturation of SARS-CoV-2 neutralizing
antibodies confers potency, breadth, and 
resilience to viral escape mutations

Muecksch Immunity 2021 Vol 54 p 1853

Maturation over months increases potency of SARS-CoV-2
neutralizing antibodies  → restricts options for viral escape

Antibody-spike structures reveal changes that improve
potency and breadth
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Conclusions on immunity during and after COVID

1) Innate immunity (mainly type 1 IFN): prevents most severe disease in children and youngsters

2) High affinity protective T and B responses are induced in younger subjects with mild disease

3) Antibody titers wane over months, but a maturation occurs with further increase in affinity and 
breath towards variants

4) Imunosenescence impairs several aspects of innate and adaptive immunity.  
- The innate immunity is characterized by low IFN and high inflammation
- T and B cells, low affinity, short persistence and weak protection are characteristic
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SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Immunology
5) Vaccination
6) One Health aspects
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Vaccine platforms used for SARS-CoV-2 vaccine development

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

Florian Krammer Nature 23 Sept 2020
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Platforms for SARS-CoV-2 vaccine (1)

Ref 50 Florian Krammer Nature 23 Sept 2020

Inactivated virus - conventional vaccine
2 Chinese (Sinovac en Sinopharm)
1 Indisch (Covaxin)
1 Europeans (Valneva) 
Activity:  
- Between 50-80% protection
- Immunity wanes rapidly

Isolated "spike" protein
1 American Novavax
1 Chinese Clover
- 90% protection in UK
- Only 60 % in South- Afrika (already beta variant present)  

Trimeric receptor binding domain (RBD) protein
1 Chinese ZIFIVAX:
- Active in animal models
- Human phase 3 ongoing
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Ref 50 Florian Krammer Nature 23 Sept 2020

RNA-vaccines (Messenger RNA) voor Spike
Pfizer-BioNtech and Moderna
- Highly effective in phase 3 > 90%
- Less active against variants
- Wanes over 6 months

Adenovirus - Spike virale vectorvaccines
Astra-Zeneca, Sputnik V en Janssen
Activity in clinical phase 3: 
In Europe, VS, Russia 80 - 90% 
In South-Africa 50-60% (effect beta variant)
→ wanes over 4 months

Platforms for SARS-CoV-2 vaccine (2)

15/02/2022 118gvanham@itg.be



Success of mRNA vaccination: trick 1 modifications

Jung Woo Park Int. J. Biol. Sci. 2021, Vol. 17 p 1446

mRNA molecules are synthesized in vitro with cap1 structure (m7GpppNm), the substitution of uridine with pseudouridine, and the use 
of the preferred codon in humans, optimized UTR and polyA tail sequence. 
These modifications results in the increase of RNA stability and translation efficiency, but also reduction of immunogenicity to be 
compensated by adjuvant activity of LNP. 
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Recognition and Consequences of using Unmodified and Modified mRNA in Vaccines.

As shown in Panel A, unmodified messenger RNA (mRNA) engages 
endosomal and cytosolic pattern-recognition receptors to induce cell 
death or an inflammatory response. 
In addition, recognition of the unmodified mRNA by protein kinase R
shuts down protein synthesis and reduces antigen expression. 
Vaccines that contain unmodified mRNA show increased 
reactogenicity, a narrow therapeutic window, and reduced 
immunogenicity. 

As shown in Panel B, mRNA that has been modified by the addition 
of pseudouridine does not engage intracellular and cytosolic 
pattern-recognition receptors and shows reduced inflammation and 
cell death. 
The failure of modified mRNA to activate protein kinase R results in 
continued protein expression and strong immunogenicity.
In the clinic, vaccines that contain modified mRNA show less 
reactogenicity, a wider therapeutic window, and improved 
immunogenicity. 

IRF =  interferon regulatory factor, NF  = nuclear factor, 
RIG-I = retinoic acid–inducible gene I protein, TLR = toll-like receptor.

Stuart 2021 NEJM vol 385 p 1436
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Success of mRNA vaccination: trick 2 formulation 

Pilkinton Acta Biomaterialia 131 (2021) 16–40 

LNP formation by a microfluidic platform with a staggered herringbone 
micromixer (SHM). 
Fifteen mixing cycles needed to obtain a stable and homogenous LNP.  

Structure of a typical lipid nanoparticle  (LNP) formulation. 
A representative cryogenic transmission electron micrograph

Function of LNP:  Stability of mRNA (protection from ubiquitous RNA’ses)
Adjuvant activity  
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Bloom Gene Therapy (2021) 28:117

Self-amplifying RNA for infectious diseases

m7G = methyl-guanine or 5’CAP; UTR= untranslated region; polyAAA

CSE = 19-nucleotide conserved sequence element; NSP= non-structural proteins or  RdRP = RNA-dependent RNA polymerase
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Hu Ad5 = common human serotype 
→ possible interference of pre-existing antibodies with efficacy
= basis for Chinese vaccine (Cansino co) 
→ Weak vaccine responses: due to pre-existing anti-Hu Ad5 antibodies? 

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 

Russian vaccine (Sputnik)= Hu Ad26 as prime and Hu Ad5 as boost 

Various Adenoviruses in clinical trial 
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Viral pathway of Adenoviruses

Adenoviruses have to deliver their DNA to the nucleus to produce mRNA 
for viral structural and non-structural  proteins 
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Principle of adenovirus vector vaccines

Schematic of replication-incompetent adenoviral vector particle and its DNA. 
Early adenovirus genes 1 and 3, needed for replication (E1 and E3) are deleted
E1 is replaced by the Spike DNA

Formation of vaccine particles in producer cell line 
complementing E1 from chromosomally integrated E1 gene 
to allow production of replication-incompetent vaccinal vectors

Expression of spike in cells of vaccinated individuals. 
- Shedding of S1 and conversion of S2 into its post-fusion structure (S2*)
- Expression of vector proteins, but no competent viruses

Heinz NPJ Vaccines 2021 art 10415/02/2022 125gvanham@itg.be



Induction of T and B cell immune responses by Adenoviral vaccine vectors
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Neutralizing antibody levels are highly predictive of immune protection from symptomatic SARS-CoV-2 infection

Khoury DS Nature Medicine VOL 27  July 2021 

Relationship between neutralization level and protection from SARS-CoV-2 infection. 
The reported mean neutralization level from phase 1 and 2 trials and the protective 
efficacy from phase 3 trials for seven vaccines, as well as the protection observed in 
a seropositive convalescent cohort, are shown 

The predicted relationship between efficacy against any symptomatic 
SARS-CoV-2 infection and the efficacy against severe infection, 
Efficacy against severe disease is always higher.  

= Moderna

= Novavax S protein
Pfizer = 

= Sputnik

= Astra-Zeneca

= Janssen J&J
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Fiolet Clin Microbiol Infect28 (2022) 202e221

Vaccine effectiveness (VE) of mRNA against infection from real-world studies (in % and 95% CI)

VE against alpha (always > 80 %) > beta/gamma  > delta
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VE against symptomatic disease VE against hospitalisation

Evolution of VE in England against delta and omicron before and after booster

UK Health Security Agency COVID-19 vaccine surveillance report 27 Jan 2022

After 2nd Pfizer, 25+ weeks  VE against symptomatic  infection 
is reduced to
- 60 % against Delta
- 10 % against omicron 

After booster with either Pfizer or Moderna VE:
- > 90 % against delta
- 60-80 % against omicron and waning  to 40-60 % 

After 2nd Pfizer, 25+ weeks  VE against hospitalization
- Remains > 90 % against delta
- Decreases to 30 % against omicron

A booster with either Pfizer or Moderna 
- restores VE hospitalization  to > 90 % against omicron 
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Example of HYBRID immunity (vaccination + infection) in Health Care Workers in England

Conclusion: each encounter with Spike protein (infection or vaccination) contributes to protection against symptomatic infection
(but vaccination is safer than infection)  
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Post-acute or Long COVID and protection by vaccination 

Kuodi medRxiv 17 Jan 2022
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Omicron constitutes a separate « neutralization serotype »

Previously unvaccinated individuals, infected with the Omicron only, 
induce  only weak neutralization against omicron and even less against other VOC 
→ should consequently be vaccinated for full protection.

Neutralization profile by sera from Omicron infected subjects who were previously:  

D614G α β γ δ θ D614G α β γ δ θ D614G α β γ δ θTarget VOC

Omicron infected but non-vaccinated subjects 
have weak neut against omicron 
and very weak cross-neutralization

Omicron infected subjects who were previously already 
infected with D614G (   ) or delta (    )               OR                   vaccinated with Pfizer 

have broad cross-neutralizing antibodies (but a bit weaker against omicron)

Rössler medRxiv 2 Feb 2022 
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Is a pan-sarbeco vaccine possible? 

Definition: Sarbeco (SARS-like beta Corona viruses) 
= subgenus of related human and animal beta CoV, 
many using the ACE-2 receptor

- Human = SARS-CoV-1 and SARS-CoV-2
- Animal  = SARS-CoV-1 related: Bat WIV1 and LYRA11

SARS-CoV-2 related: Bat RaTG13 and pangolin GX-P5L

Purpose: develop a vaccine against conserved (cross-reactive) 
parts of sarbeco-viruses to protect against: 
- All possible variants of SARS-CoV-1 and SARS-CoV-2
- Novel zoonotic transmissions
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Is a pan-sarbeco vaccine possible? 
Sotrovimab (S2K146 or S309), a human monoclonal Ab, derived from a SARS-CoV-1 survivor, neutralizes (low EC50 values): 
(1) Several SARS-CoV-1 related viruses (clade1a) (2) All tested SARS-CoV-2 variants and relayted animal viruses 

Park et al., Science 375, 449–454 (2022)
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Is a pan-sarbeco vaccine possible? 
S2H97, a human monoclonal Ab, derived from a SARS-CoV-1 survivor, has an even broader neutralizing capacity than S309 
including clade 2 (on-ACE-2 utilizing) and clade 3 sarbecoviruses

→  a pansarbeco vaccine should be possible if the correct epitope is targeted  

Starr et al., Nature 597 p. 9 (Sept 2021)
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Is a pan-sarbeco vaccine possible? 

Comparison of various cohorts

1) SARS-CoV-1 survivors = SARS patient 
2) SARS-CoV-2 infection  = COVID-19
3) SARS-CoV-2 vaccination = Healthy vaccinated (Pfizer)
4) SARS-COV-2 infection + vaccination = COVID-19 vaccinated
5) SARS-CoV-1 + vaccination = SARS-vaccinated

Neutralization against a panel of SARS-CoV-2 variants, SARS-CoV-1 and bat viruses, related to either SARS-CoV
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Is a pan-sarbeco vaccine possible? 

(Receptor Binding Domain) 

15/02/2022 138gvanham@itg.be



Is a pan-sarbeco vaccine possible? 

SARS-CoV-1 infection, followed by SAR-CoV-2 vaccination→ pan-sarbeco neutralizing antibodies
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Onset of protection for RNA vaccines  from 12 days after 1st dose: 
- Spike-specific T cells and binding Ab present
- Neutralizing Ab only on day 21.

Early induction of SARS-CoV-2-specific T cells 
Associated with mild COVID-19

Tan et al., 2021, Cell Reports 34, 108728 Kalimuddin et al., 2021, Med 2, 682
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CONCLUSIONS VACCINES

1) mRNA vaccines are very efficacious at preventing COVID disease, irrespective of age, ethnic group, co-
morbidity, previous SARS-CoV-2 infection….
Adenoviral vaccines: standard dose presumably less efficacious, wanes more rapidly
S-protein vaccines: promising

2) Vaccine effectiveness 
- Against death > hospitalization > symptomatic infection > asympt infection
- Against alpha > beta or gamma > delta >> omicron 

- Waning over 4-6 months, but 
- restored with booster, still based on Wuhan strain = consequence of “maturation” (= broadening and 

increasing affinity of Ab responses)
- Increases also after infection with any variant = consequence of B or T cell immunity against “conserved 

parts” of Spike or other structural/non-structural proteins?  

3) Omicron is a separate “serotype”: need for booster vaccine or “hybrid immunity” for full protection
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SARS-CoV-2 and COVID-19

1) Virology
2) Clinical  aspects
3) Diagnosis
4) Immunology
5) Vaccination
6) One Health aspects
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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, neurological ..

PEDV = porcine epidemic diarrhea virus 
TGEV = transmissible gastroenteritis virus
FIPV = feline infectious peritonitis virus
FECoV = feline enteric coronavirus
CCoV = canine coronavirus
BCoV = bovine coronavirus
PHEV = porcine hemagglutinating encephalomyelititis virus
MHV = murine hepatitis virus
IBV = infectious bronchititis virus 
TCoV = turkey coronavirus
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Goraichuk Virus Research 302 (2021)

Zoonotic origin of human beta-CoV
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Controversy about the origin of SARS-CoV-2: zoonosis or lab leak? 

Phylogenetic pattern is consistent with emergence from one or more contacts 
with infected animals and/or traders, 
as potentially infected or susceptible animals were moved into or between 
Wuhan markets via shared supply chains

Bat virus RaTG13 from Wuhan Institute of Virology (WIV)  is NOT the direct 

precursor of SARS-CoV-2:  genetic distance of 4% (1,150 mutations) reflecting 

decades of evolutionary divergence

RmYN02, RpYN06, and PrC31, captured in South-East Asia—are closer in 

most of the virus genome than RaTG13  (particularly ORF1ab) and thus share 

a more recent common ancestor with SARS-CoV-2

Holmes Cell 184, September 16, 2021
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R = Rhinolophus (horseshoe bat)

M= Manis (pangolin)

SARBECOVIRUSES closely related to SARS-CoV-2 in China and South-Asia
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Covid-19: natural or anthropic origin?

A. Hassanin Mammalia April 2020
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Controversy about the origin of SARS-CoV-2: zoonosis or lab leak? 

LAB ESCAPE from WIV unlikely

- No data to suggest that the WIV—or any other laboratory—was working 

on SARS-CoV-2, or any virus close enough to be the progenitor, prior to 

the COVID-19 pandemic. 

- There have been no reported cases related to any laboratory staff at the 

WIV, and all staff in the laboratory of Dr. Shi Zhengli were said to be 

seronegative SARS-CoV-2 when tested in March 2020. 

- Bat virus RaTG13 from the WIV has reportedly never been isolated or 

cultured and only exists as a nucleotide sequence assembled from short 

sequencing reads.

- Amplification in Vero E6 cells, a process that consistently results in the 

loss of the SARS-CoV-2 furin cleavage site

Holmes Cell 184, September 16, 2021
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Alpha

Beta

Gamma

Delta

Omicron

Hirabara Front Cell Infect Micro Jan 2022

I = infectivity;  VL = viral load;  BAA = binding affinity for ACE-2; 
T = transmissibility;  SPC = Spike protein cleavage; 
IER = immune evasion risk; nAb = neutralizing Antibody 

Wuhan 

Genetic evolution in Spike protein across the « variants of concern » (VOC)
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Hirabara Front Cell Infect Micro Jan 2022

Similar and different mutation in Spike protein across the VOC

Wuhan α β γ δ θ
Similarities (convergent evolution):

1) NTD (N-terminal domain): ∆ 69-70 (deletion): α + θ

2) RBD (receptor-binding domain)

- T478 K (Threonine  → Lys):  δ + θ
- K417 N/T (Lys → Asp, Thre): β + γ + θ 
- E484 K/Q/A (Glutamic acid → Lys, Glu, Ala):  β + γ + δ + θ
- N501Y (Asp → Tyr): α + β + γ + θ 

3) D614G (Aspartic Acid → Gly):  all VOC (already before origin of α

4) S1-S2 boundary:  P681R/H (proline → Arg or His): α + δ + θ

Significance: 

- Diagnostic tool: ∆ 69-70 
- Increased affinity for ACE-2 receptor or host range : e.g. N501Y
- Increased cell fusion e.g. P681R/H
- Increased replication capacity: e.g. D614G
- Immune escape: e.g. K417N; E484K/Q/A  
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Similar and different mutation in Spike protein across the VOC

Mistry Front Imm Jan 2022
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Sun J Safety Biosecurity Jan 2022

Similar and different mutation in Spike protein across the VOC
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Three hypotheses to explain the « sudden » emergence of omicron in South-Africa

1) Long unnoticed evolution in a human population: closest known ancestor probably dates back to mid 2020:
“unnoticed” gradual evolution in a population, outside S-A, where less genotypic is done?
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2) Evolution via zoonosis and reverse zoonosis involving a rodent (rat, mouse)

Omicron binds much better to ACE2 
from mice, rats, horseshoe bats

(Peacock bioRxiv 3 Jan 2022)

2.1. Receptor usage screened using pseudoviruses expressing the either D614G or Omicron Spike interaction with BHK-21 cells expressing animal ACE2 protein.

Mouse-ACE 2 binding 

2.2. Mutations in the Omicron spike protein overlapped with those  known to promote adaptation to mouse hosts 

Comparison between Omicron mutations 
and those in seven mouse adapted
SARS-CoV-2 variants in the spike protein.

(Wei J Genetics and Genomics Dec 2021)

Three hypotheses to explain the « sudden » emergence of omicron in South-Africa
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Sun J Safety Biosecurity Jan 2022

Seven key mutations in Spike during adaptation to mouse

5 out of 7 in common with omicron !
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3) Evolution in chronically infected immunocompromised person(s) 

“Ancestral” SARS-CoV-2 (= before Beta and Delta variants) in a person with 

advanced HIV in South Africa.

Evolution over 6 months 

- a multitude of mutations found in Omicron and other variants 

- weak neutralization by self-plasma

- substantial but incomplete Pfizer BNT162b2 escape

- extensive escape of Delta infection-elicited neutralization

Even pre-beta and delta SARS-CoV-2 in immune-compromised hosts may 

evolve into “Omicron-like” virus  with immune escape

Cele  Cell Host & Microbe Feb 2022

Three hypotheses to explain the « sudden » emergence of omicron in South-Africa
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Transmission pathways and susceptibility of SARS-CoV-2 to domestic and wild animals

Islam Transbound Emerg Dis. 2021;1–21.
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Zoonosis and reverse zoonosis between minks and humans 
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Farmed mink populations and reported outbreaks of SARS-CoV-2

The case of Denmark:  
- Till 1 December 2020, approximately 20% (289 farms) of all 

mink farms in Denmark have been infected with COVID-19
- 644 human cases have been linked to mink farming.
- Danish government decided culling 17 million minks farms

Islam Transbound Emerg Dis. 2021;1–21.
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SARS-CoV-2 spike mutations during SARS-CoV-2 transfer from humans to minks and back to humans 

Reminder: 

L452R occurs in delta VOC
E484K/A/Q: in β + γ + δ + θ
N501Y : in α + β + γ + θ 

= receptor-binding motif
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SARS-CoV-2 Infection in two wild American Mink (Neovison vison) caught in Spain

Aguiló-Gisbert Animals 2021, 11, 1422

- Close genetic relationship with human SARS-CoV-2 sequences and identity with Danish farm mink: 
- Infection in wild animals: potential importance of indirect transmission routes, presumably wastewater
→ Other river-roaming species, especially carnivores, should also be investigated SARS-CoV-2 infection
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Recommendation: surveillance of SARS-CoV- 2 in free-ranging deer AND  of their susceptible predators and scavengers

SARS-CoV-2 exposure in wild white-tailed deer (WTD or Odocoileus virginianus) 

Result of surrogate virus neutralization tests

SARS-CoV-2 Ab in WTD sampled in 2021 in the US. 
Circle size =  relative number of samples tested, 
color intensity  = relative seroprevalence

Predators of WTD

Mountain lion

Wolf

Coyote

Bear

Chandler PNAS 2021 Vol. 118 No. 47
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One health perspective of infectious disease transmission and susceptibility dynamics

Transmission from humans → domestic animals → wildlife. 
Bats, primates and rodents live in groups→ spreading in large group of animals: establishment of the virus in wildlife 
Emergence of viral variant strains capable of transmitting back to humans or domestic animals through reverse zoonoses. 

Knowledge of animal reservoirs and the transmission cycle will mitigate the gaps between animal and human spread in the future.

Islam Transbound Emerg Dis. 2021;1–21.
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Experimental Models of COVID-19

Front Cell Infect Microbiol Jan 2022 | Volume 11 | Article 792584
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Experimental Models of COVID-19

Front Cell Infect Microbiol Jan 2022 | Volume 11 | Article 792584
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Experimental Models of COVID-19

Front Cell Infect Microbiol Jan 2022 | Volume 11 | Article 792584
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Experimental Models of COVID-19

Front Cell Infect Microbiol Jan 2022 | Volume 11 | Article 792584
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Ben Killingley Research Square 1 Feb 2022

Viral kinetics and symptoms during SARSCoV-2 human challenge

- A minority of participants showed symptoms (see below).  
- Remarkably 70 % had loss of taste and smell, persisted for 6 months in 5 
- No quantifiable relation between viral load and symptoms 

15/02/2022 176gvanham@itg.be



Ben Killingley Research Square 1 Feb 2022

Viral kinetics and symptoms during SARSCoV-2 human challenge

Positivity by LFA (= antigen tests)
- Median 3.5 days after inoculation
- 1-2 days after PCR signal
- Simultaneous with culture (FFA = 

focus-forming assay)
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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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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  
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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

15/02/2022 gvanham@itg.be



15/02/2022 181

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
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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 
18215/02/2022

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;
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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 

15/02/2022 gvanham@itg.be

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


Superspreading in a restaurant in Guangzhou 

Ref 43 J Lu Em Infect Dis July 2020
185

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

15/02/2022
Ref 44 Hammer MMWR / May 15, 2020 / Vol. 69 / No. 19 
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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 

18815/02/2022
Ref 45 Hendrik Streeck medRxiv 20 June 2020 
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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
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Measures against the Spanish Flu in 1918
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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
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Fifty ways 
to screw up 

masks wearing 
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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”
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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 % !!!  
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