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COVID-19 – SARS-CoV-2

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the virus that causes coronavirus disease 2019
(COVID-19), the respiratory illness responsible for the 
COVID-19 pandemic.

The World Health Organization declared the outbreak:
-a Public Health Emergency of International Concern on 30 
January 2020 
-a pandemic on 11 March 2020. 

SARS-CoV-2 is a positive-sense single-stranded RNA virus.
As described by the US National Institutes of Health, it is the 
successor to SARS-CoV-1, the virus that caused the 2002–
2004 SARS outbreak. 
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COVID-19 Manifestations



COVID-19 Risk Groups



COVID-19 Risk Factors



COVID-19 Management



SARS-CoV-2 Life Cycle



SARS-CoV-2 & ACE2



SARS-CoV-2 Transmission

A zoonosis (plural zoonoses, or zoonotic diseases) is an infectious disease caused by a pathogen (an infectious agent, such as a 
bacterium, virus, parasite or prion) that has jumped from an animal (usually a vertebrate) to a human.
Typically, the first infected human transmits the infectious agent to at least one other human, who, in turn, infects others.
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SARS-CoV-2 Transmission



Detection Methods





https://theconversation.com/evidence-
shows-that-yes-masks-prevent-covid-19-
and-surgical-masks-are-the-way-to-go-
167963

Covid-19: Protective masks



Covid-19: Clinical Symptoms



Covid-19: IFN-I & Clinical Symptoms



Covid-19: IFN-I & 
Clinical Symptoms

Mahdi Eskandarian Boroujeni, et al.
Frontiers in Immunology, 2022



SARS CoV-2: Potential target tissues



SARS CoV-2: Excessive Lung Inflammation



SARS CoV-2: Cardiovascular Complications



Covid-19: Immune Therapy



COVID-19: Treatment



COVID-19: 
Treatment



COVID-19: 
Treatment

Mahdi Eskandarian Boroujeni, et al.
Frontiers in Immunology, 2022



COVID-19: 
Treatment

Mahdi Eskandarian Boroujeni, et al.
Frontiers in Immunology, 2022



Drug Discovery

(Machine learning)



Translational Model Systems

Fig. 4 Overview of the different translational model systems 
used to interrogate disease mechanisms of SARS-CoV-2. 
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Animal Models



COVID-19: Mouse Models



hACE2 Expressing Mouse
Intra Nasal vs Intra Gastric



Overexpression of ACE2 in the lung epithelium facilitates SARS-CoV-2 
infection in mice

SARS-CoV-2 infection in K18-ACE2 transgenic mice replicates 
human pulmonary disease in COVID-19

hACE2 Transgenic Mouse

https://www.nature.com/articles/s41423-020-00616-1
https://www.nature.com/articles/s41423-020-00616-1


hACE2 Transgenic Mouse Lines
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Mouse Lines



Category 1 Design: Knock-In



Category 2 Design: Cre-Lox



Category 3 Design



Survival after Infection



SARS CoV-2 Infection in K18-hACE2 Mice 



SARS CoV-2 Infection in K18-hACE2 Mice 



SARS CoV-2 Infection in K18-hACE2 Mice 

Fig. 1 |SARS-CoV-2 infection in 
K18-hACE2 mice. 

Lung tissue



Histopathological analysis of SARS-CoV-2 infection in K18-hACE2 mice.a, 
Hematoxylin and eosin staining of lung sections from K18-hACE2 mice 
following mock infection or after intranasal infection with 2.5 × 104 p.f.u. 
SARS-CoV-2 at 2, 4 and 7 dpi. 

SARS CoV-2 Infection in K18-hACE2 Mice 

Lung tissue



SARS-CoV-2 infection in extra-pulmonary 
organs.a. SARS-CoV-2 RNA in situ hybridization 
of brain sections from K18-hACE2 mice 
following intranasal infection with 2.5 x 104 
PFU of SARS-CoV-2 at 7 dpi. 

SARS CoV-2 Infection in K18-hACE2 Mice 

Brain



Immune response to SARS-CoV-2 infection in 
the lungs of K18-hACE2 mice.a,b, Flow 
cytometric analysis of lung tissues (a) and BAL 
(b) at 2, 4 and 7 dpi with SARS-CoV-2.

SARS CoV-2 Infection in K18-hACE2 Mice Lung tissue

Bronchoalveolar lavage



Immune response to SARS-CoV-2 
infection in the lungs of K18-hACE2 
mice. Inflammatory gene expression 
and Immune cell influx.

SARS CoV-2 Infection in K18-hACE2 Mice 

Lung tissue



Distinct transcriptional 
signatures are 
associated with early 
and late immune 
responses to SARS-CoV-
2 infection.

SARS CoV-2 Infection in K18-hACE2 Mice 



Transcriptional immune signatures following 
SARS-CoV-2 infection. Heat maps of 
significantly upregulated genes during SARS-
CoV-2 infection enriched in neutrophil 
activation pathways

SARS CoV-2 Infection in K18-hACE2 Mice 

Neutrophil activation



SARS CoV-2 Infection in K18-hACE2 Mice 

Anosmia



Potential Therapeutic Targets 

Rahul Kumar et al. ERJ Open Res 2020;6:00405-2020



Remdesivir

As an adenosine nucleoside triphosphate analog
(GS-443902), the active metabolite of remdesivir 
interferes with the action of viral RNA-
dependent RNA polymerase and evades 
proofreading by viral exoribonuclease (ExoN), 
causing a decrease in viral RNA production.

https://en.wikipedia.org/wiki/Adenosine
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Vaccine Development



Novel Therapeutic Targets



Novel Therapeutic Targets

The main protease (Mpro, also known as 
3CLpro), is one of the coronavirus 
nonstructural proteins (Nsp5) 
designated as a potential target for 
drug development7,8. Mpro cleaves the 
viral polyproteins, generating 12 
nonstructural proteins (Nsp4-Nsp16), 
including the RNA-dependent RNA 
polymerase (RdRp, Nsp12) and the 
helicase (Nsp13).

https://www.nature.com/articles/s41589-020-00689-z#ref-CR7
https://www.nature.com/articles/s41589-020-00689-z#ref-CR8


Fig. 1 Schematic diagram of the design of novel SARS-CoV-2 
Mpro inhibitors.

Novel Therapeutic Targets



Fig. 3 Antiviral activity of six compounds against SARS-
CoV-2 in cell-based assays.

Jingxin Qiao et al. Science 2021;371:1374-1378

Novel Therapeutic Targets



Fig. 4 MI-09 and MI-30 reduce lung viral loads and 
lung lesions in a SARS-CoV-2 infection transgenic 

mouse model.

Jingxin Qiao et al. Science 2021;371:1374-1378

Novel Therapeutic Targets



Long COVID



Long COVID



Long COVID

https://www.dw.com/en/tracking-
long-covid-in-the-blood/av-
60658430





Long COVID



WHO-COVID19



WHO-COVID19



COVID-19 Manifestations



Distinct transcriptional 
signatures are associated 
with early and late 
immune responses to 
SARS-CoV-2 infection.

SARS CoV-2 Infection in K18-hACE2 Mice 



Detection Methods



SARS CoV-2: Excessive Lung Inflammation



COVID-19: Treatment



COVID-19: 
Treatment


	Slide 1: Mouse Models: COVID-19
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70

