
Relevant knowledge of coronaviruses before the COVID-19 pandemic: 

virology and vaccines 

Bart Haagmans, Viroscience department, Erasmus MC, Rotterdam



Coronaviruses

Coronaviruses are found in many different animal species and humans

▪ 4 human CoVs normally cause a common cold

HCoV-NL63

HCoV-229E 

HCoV-OC43 

HCoV-HKU-1

▪ 2 zoonotic CoVs cause severe respiratory infections

SARS-CoV

MERS-CoV



(Menachery et al., Nat Med 2015)

→ Bat CoV SHC014 replicates to similar titers compared to SARS-CoV



A pneumonia outbreak associated with a new coronavirus of probable bat origin
(Zhou, et al., Nature, 2020).

SARS-CoV

SARS-CoV- 2





SARS

- Rivers’ modified Koch’s postulates -

1. Virus isolation 2. Virus propagation 3. filtration

0.2 / 0.4 µM 

4. Disease in macaques 5. Re-isolation & PCR of virus 6. Specific immune response

Fouchier et al., Nature 2003

Kuiken et al., Lancet 2003



Gross pathology in SARS-CoV infected macaques aged macaques



Comparative pathogenesis of COVID-19, MERS, and SARS in a nonhuman 

primate model (Rockx et al., Science 2020)

→ Similar lesions observed in SARS-CoV and SARS-CoV-2 infected NHP



→ RNA ctrls made available through the European Virus Archive platform

MERS-CoV





Diagnostics available 29 january →







Spike protein: binding to receptor 

S1B (RBD) binds DPP4  

(Raj et al., Nature 2013).
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Receptor

Li et al., Nature 2003



Use of coronavirus spike protein to 
detect virus specific antibodies
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Okba et al., EID 2020

Sera from the first three French patients 

and German cluster in Bavaria 
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Use of coronavirus spike protein to 
induce virus neutralizing antibodies

Vaccines 



Marshall and Enserink (Science 2004)



MERS-CoV vaccine candidates

▪ Plasmid DNA vaccine (Innovio/GeneOne)  → phase 1 data

▪ Plasmid DNA vaccine (NIAID, VRC)

▪ Virus like particles (Novavax)

▪ MVA vaccine (IDT, Sutter)                            → phase 1 data

▪ Adenovirus based vectors (Jenner Inst.)      → phase 1 data

▪ Measles virus based vectors (Mühlebach)

▪ RBD vaccine (Jiang)



Rapid identification and characterization of emerging coronaviruses

▪ Genetic characterization of viral genomes allows the development of PCR tests, 

antibody tests and vaccines.

▪ Earlier basic research on SARS-CoV and MERS-CoV was important in the early

COVID-19 response 

However rapid assessment of phenotypic characteristics such as pathogenicity, 

transmission, and antigenicity was more challenging.

→ Further basic virological research needed


