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Goals for today’s lecture

• Understanding the coronavirus replication cycle

• Overview of highly pathogenic coronaviruses - origins

• Update: SARS-CoV-2 and COVID-19
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Coronaviruses
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Coronaviruses 

o Family: Coronaviridae

o Genus: Coronavirus

o Enveloped

o Size: 80 – 150 nm

o Genome: 27 – 32 kb

o ss (+) RNA

Created with BioRender.com
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Coronaviruses – Epidemiology

• Human Coronavirueses are endemic worldwide

• Cause approx. 15% of the yearly common colds

• Three pathogenic human Coronaviruses

• SARS-CoV

• MERS-CoV

• SARS-CoV-2

V Kovski Nat Rev Microbiology 2020  https://doi.org/10.1038/ s41579-020-00468-6 
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Coronaviruses - Genera

• 4 Genera (Alpha-, Beta-, Gamma-, Deltacoronaviren)
• Coronaviruses can infect many species
• A zoonotic origin is suspected for all human CoVs
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Coronaviruses - Zoonosis

PLoS Pathog 16(8): e1008762.
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Past – Present – Future?
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Coronaviruses

Genomic Organization 
and 

Replication Cycle
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Coronaviruses –Genomic organisation

Created with BioRender.com
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Coronaviruses – Structural proteins

Created with BioRender.com

o Spike glycoprotein (S)  
• Binds receptor
• Induces fusion
• Target of neutralizing antibodies

o Nucleocapsid phosphoprotein (N) 
• Binds viral RNA
• Target of cellular immunity

o Membrane glycoprotein  (M)  
• Determines budding
• Triggers virus assembly

o Envelope protein (E) 
• Involved in assembly and release
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Coronaviruses – Replication cycle
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Coronaviruses - Receptor

Westhoven et al (2025) mBio
https://journals.asm.org/doi/10.1128/mbio.02437-25
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Coronavirus - entry

Created with BioRender.com
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Created with BioRender.com

Coronavirus - entry

Qu et al.  (2024) PNAS 
https://doi.org/10.1073/pnas.2407437121
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Coronaviruses – Replication cycle
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Coronaviruses - Polyprotein

V Kovski Nat Rev Microbiology 2020  https://doi.org/10.1038/ s41579-020-00468-6 
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Coronaviruses – Replication cycle

Created with BioRender.com



19

Coronaviruses – Replication complex

Created with BioRender.com
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Coronaviruses – Replication cycle
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Coronaviruses – Double Membrane Vesicle

• Spatial compartment for replication and transcription

• Concentration of macromolecules

• “Hiding” of replication intermediates from cytosolic sensors

Cortese et al., 2020. Cell Host & Microbe 28, 853-866 
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Coronaviruses – Replication cycle
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Coronaviruses - Replication

V Kovski Nat Rev Microbiology 2020  https://doi.org/10.1038/ s41579-020-00468-6 
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Nat Commun 11, 6059 (2020).

Coronaviruses - Replication
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Innate Immune antagonism by SARS-CoV-2
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Coronaviruses – Translation/Assembly
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Coronaviruses – Translation/Assembly
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ER and ER-GOLGI Intermediate compartment: 
(ERGIC) Assembly and budding site

Blue arrows: SARS-CoV-2 assembly intermediates
Pink arrows: Transport vesicles
Black arrows: vesicles containing virus particles

DMV: Double membrane vesicles SMV: Single membrane vesicles
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Coronaviruses – Egress
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Coronaviruses – Egress

ht
tp

s:
//

w
w

w
.n

cb
i.n

lm
.n

ih
.g

ov
/p

m
c/

ar
tic

le
s/

PM
C7

59
08

12
/

Egress through exocytosis-like mechanism (main) or lysosomal trafficking (alternative)
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Highly pathogenic coronaviruses

SARS-CoV
MERS-CoV

SARS-CoV-2
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SARS-CoV

SARS-CoV
Severe acute respiratory Coronavirus
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SARS-CoV - Transmission

• Prof. Liu enters the hotel
• In the elevator he meets 

• Businessmen from the US
• Lady from Toronto

• In the hallway: 
• Stewardesses from Singapur

• A couple of days later….
                                              .... he dies!
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SARS-CoV - Transmission
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SARS-CoV - Conclusion

2002/2003 SARS
– Severe atypical pneumonia in Guandong Province, China  24 

countries affected
– 20-30% of infected: ICU, external Respiration necessary
– 774 Deaths, ca. 8.000 infected  10 % Mortality
– Droplets/Aerosols, „Superspreader“
– No new natural infections since 2004

Science 15 Mar 2013: Vol. 339, Issue 6125, pp. 1272-1273
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MERS-CoV

MERS-CoV
Middle East Respiratory Sydrome Coronavirus



36

MERS-CoV

2012 MERS
– Identified in Saudi Arabia
– So far 2.589 laboratory confirmed cases in 27 countries (940 

deaths)
– Acute respiratory syndrome, Pneumonia

• Ca. 34.3% CFR
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MERS-CoV - Transmission

– Zoonotic transmisson
• Close contact to infected animal
• Camels are zoonotic reservoir

– Human-to-human transmission 
     (not very efficient)  
– Aerosol/Droplet
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SARS-CoV-2

SARS-CoV-2
Severe Acute Respiratory Syndrome Coronavirus - 2
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SARS-CoV-2

A novel Disease breaks out
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SARS-CoV-2 – Identify Pathogen

Next Generation Sequencing:

Fragmentation

Cluster 
Amplification Assembly Annotation Identification
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SARS-CoV-2 – Identify Pathogen
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SARS-CoV-2 - Timeline

https://doi.org/10.1128/CMR.00228-20
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SARS-CoV-2 - Pandemic

December 2019 (Wuhan)
Caused COVID-19 Pandemic
Johns Hopkins University (10/03/2023)
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SARS-CoV-2 – Origin

https://virological.org/t/early-appearance-of-two-distinct-genomic-lineages-of-sars-cov-2-in-different-wuhan-wildlife-
markets-suggests-sars-cov-2-has-a-natural-origin/691

89 – 96 %

86 – 92 %
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SARS-CoV-2 - Transmission

Created with BioRender.com

Main route

Less frequent
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SARS-CoV-2 - Transmission

Created with BioRender.com
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Reproduction Number

Created with BioRender.com



48

Superspreader – SARS-CoV-2

Nat Med 26, 1714–1719 (2020).



49

SARS-CoV-2 – Tropism

• Entry mediated by ACE2 und TMPRSS2 (Lung)

Created with BioRender.com
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COVID-19 – Multi Organ Tropism

COVID-19

Pulmonal Disease

Neurological Symptoms

Heart/Circulation

Dermatological Manifestation

Gastrointestinal symptoms

Created with BioRender.com



51

COVID-19 – Multi Organ Tropism

Created with BioRender.com
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COVID-19 – Course of disease

https://doi.org/10.3390/transplantology1010001



53

COVID 19 – Cytokine Storm

Created with BioRender.com
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- RT-PCR

- Sequencing

- Antigen-ELISA

- Rapid Antigen Test

- Western Blot

- …

SARS-CoV-2 - Diagnostic

I) Direct (Virus) II) Indirect (Immunreaction)

- Antibody-ELISA

- Neutralization Assay

- T-Cell activity

- …
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SARS-CoV-2 - Antivirals

https://www.frontiersin.org/articles/10.3389/fphar.2022.840639/full
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SARS-CoV-2 - Antivirals

Drug Class Target Application

Remdesivir Nucleoside-
Analog

Replication I.V

Paxlovid
(Nirmatrelvir/ 
Ritonavir)

Protease 
inhibitor

MPRO Oral

Molnupiravir Nucleoside 
derivate

Copying errors Oral

Bebtelovimab mAB Spike I.V.

Several more….. 
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SARS-CoV-2 - Vaccines

https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-022-00853-8
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Coronaviruses

SARS-CoV-2
Variants
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Coronaviruses – Mutations

Virus Host
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Coronaviruses – Replication errors
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Coronaviruses – Replication errors

Errors:

DNA polymerase: 1: 107 – 109 nucleotides
RNA polymerase: 1: 1000 – 10.000 nucleotides

Coronaviruses: Proof-reading function (NSP14) 
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Coronaviruses – Replication errors
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SARS-CoV-2 - Variants
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SARS-CoV-2 - Variants

Spike Mutations: Can affect infectivity and antibody recognition
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SARS-CoV-2 - Omicron

https://www.mdpi.com/2076-393X/11/1/160
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SARS-CoV-2 - Omicron spread

Xia et al. (2022) Signal Trasduction and Targeted Therapy
https://www.nature.com/articles/s41392-022-01105-9
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SARS-CoV-2 - Omicron

Quelle https://publichealth.jhu.edu/2022/omicrons-many-subvariants
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Thank you for your 
attention
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