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Pathophysiology of the SARS-CoV-2 virus 
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Virus infection – immune response - inflammation
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Infection spreading virulence and infectivity

System characteristic Biological 
interpretation

wave speed c virulence 
(disease severity)

total viral load 𝑉 𝑑𝑥 infectivity
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Model from 3 equations
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Model of the viral infection with respect to inflammation

• U – uninfected cells

• W – infected cells

• V – virus

• S – inflammatory 
cytokines

V
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Case 1: clearance of cytokines = 0

• Swell / edema

• Stationary points: 

• Virus replication number:

• Wave

• total viral load:

• wave speed: 

α – effective cell death due to 
inflammation

for α -> 0 all formulas are the same 
as for UIV system
for 

there is no solution of the equation 
for X
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Dependence of the total viral load and the wave speed on the 
effective cell death due to inflammation

inflammation reduces both infectivity and severity of the disease

for α = 0 – the same as in UIV without inflammation

The values of the wave speed and the total viral load are bounded from above by the values obtained in UIV system
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Case 2: clearance of cytokines ≠ 0

• Stationary points:

• Virus replication number:                          - the same as for UIV system

• Wave

• Total viral load: 

• wave speed:

For α -> 0 (β -> 0 or β is fixed): the UIV case
For β -> 0 (α is fixed, ≠0): the previous (sigma4=0) case  - all the dynamics depends only on α
For β -> infinity  (α is fixed): the UIV case where the R_v inversely depends on alpha
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Dependence of the total viral load and the wave speed on the 
inflammation parameters
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Dependence of the wave speed and total viral load on the 
effective cell death induced by inflammation (α)

effective cell death decreases both the severity and infectivity of the disease

For α -> 0 (β -> 0 or β is fixed): the UIV case: 

The values of the wave speed and the total viral load are bounded from above by the values obtained in UIV system
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Dependence of the wave speed and total viral load on the 
effective cytokine clearance (β)

Effective cytokine clearance increases both the wave speed and total viral load from the value of the no-clearance case 
but not higher that the value of UIV case 

For β -> 0 (α is fixed): the previous (sigma4=0) case  - all the dynamics depends only on α
For β -> infinity  (α is fixed): the UIV case where the R_v inversely depends on alpha

from the value in case sigma4=0
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Conclusions

• The inflammation decreases both the total viral load and the wave speed

• In the swell (edema) presence, the total viral load and the wave speed 
are reduced by inflammation (effective cell death induced by 
inflammation)

• The increased clearance results in the increasing of the total viral load 
and the wave speed up to values which they have in the case without 
inflammation (in the infinity)

The results show that the swell can be a positive mechanism for revealing 
the virus infection. The last conclusion requires further investigations
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Thank you for attention!
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