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Aim of the Study
Build a Mathematical model to characterize respiratory viral infection dynamics along the respiratory tract.



Aim of the Study
Build a Mathematical model to characterize respiratory viral infection dynamics along the respiratory tract.

1. The geometry of the respiratory system

2. Propagation of virus particles 

3. Deposition of virus particles 

a) Impaction

b) Sedimentation

c) Diffusion

4. Viral infection and  reproduction. 



..…..

Trachea Bronchus Alveolus..…..

- Virus	reproduction	with	rate	p

- Virus	deposition	with	rate	k	

control	volume,	V		=	A	∆x

x
x x	+	∆x

f(x	+	∆x,	t		+ ∆t	)f(x,	t	)

∆x

A

Virus	propagation	through	an	airway	generation

- T-cell	reproduction	with	rate	r	

Mathematical Model

Virus Deposition Rate (k) 

Virus concentration over Gi
th airway generation 

D- diffusion coefficient

Airflow velocity (u) Virus reproduction Rate (p) 



Model Outcomes: Virus Dynamics  

1. Virus deposition and initiation an infection

2. Virus dynamics along the respiratory airway generations



SARS-CoV-2 Dynamics with Different Factors
(1) Exposure dose and initial immune response 

Strong early inhibition of the virus can effectively control the progression of the infection
(2) Efficacy of immune response under severe and mild conditions

Greater effectiveness of the immune response helps controlling the spread of virus down
the respiratory tract

(3) Immune response with gender and life habits
Aged people can have a greater viral load than child  

& smoking and alcohol increase the risk of spreading virus along the respiratory tract  

(4) Impact of  ACE2 expression  
Increased density of cells expressing ACE2 with age and bad life habits  increases 

the risk of spreading virus down the respiratory tract  



Advantages and Challenges 

❖ Advantages 

1. Can be applied to explore dynamics of any respiratory infection, 

2. Design personal need based therapeutic treatments, 

3. Enables exploring other viral infections, given physiological characteristics of the mostly 

affected organ (e.g., digestive system).

❖ Challenges

1. Lack of experimental data 

2. SARS-CoV-2 dynamics are still being investigated  (e.g., impact of full immune response )
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Thanks for your attention 

Any Question ? 


