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Pathophysiology of the SARS-CoV-2 virus

Immune response
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Virus infection - immune response - inflammation
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Infection spreading virulence and infectivity
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Model from 3 equations

[Ait+22] L Ait Mahiout et al. “Virus replication and competition in a cell culture: Application to the
SARS-CoV-2 variants”. en. In: Appl. Math. Lett. 133.108217 (Nov. 2022), p. 108217.
oU R, = abuy/(po)
T = —d U‘l"f,
o R(w-1=lnw  ©=t0
ol UV - BI = c
=d — b, ~ Vy = f vix)dx = ——Inw
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Figure 1: Left: virus concentration (curve 1) and concentration of infected cells (curve 2) in numerical simulations (red)
and analytical approximation (blue) for the values of parameters: a = 0.1 (1/(hour - virus)),b = 1000 (copies/(hour -
cell)),f = 0.1 (1/hour),c = 0.1 (1/hour),D = 1074 (cmthour). Analytical and numerical solutions for v(£) are
normalized by its maximum, vy, = 3672 (copies/ml). Right: wave speed in numerical simulations and analytical
formula (curves coincide) for the values of parameters: @ = 0.1, D = 0.001,8 = 0,7 = 2 (hour) (upper curve), T = 5
(middle curve) and T = 8 (lower curve).
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Figure 3: Left: human nasal cells, experimental results from [5] (dots) and numerical simulations with the values of
parameters for Delta (blue): @ = 105,65 = 2-107,8 = 0.0, = 1,7 = 15; for Omicron (red): a = 107%,b =
1{)6,,8 = 0.01,0 = 1,7 = 8. Right: human lung cells, experimental results from [5] (dots) and numerical simulations
with the values of parameters for Delta (blue): a = 10,6 = 10,8 = 0.01,0 = 1,7 = 17; for Omicron (red):
a=10"%56=10°8= 001, = 2,7 = 15. Common parameters: D = 0.001,L = 10,xp = 1,vg = 1, Up = 1. Units of

parameters are given in Figure 1.
5/63



Model of the viral infection with respect to inflammation

8U . itation: Mozokhina, A.;
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Case 1: clearance of cytokines =0

* Swell / edema

 Stationary points: W =0,V =0, S and U are arbitrary.

» Virus replication number: pe . keblo
fb op! (kgbh + G'l)
» Wave .
- total viral load: WX =R,(X —1), R,=—22
o3 (v + 07)
cln X  cR,
] )] = — I~ Y .
(v) i L
2
e wave speed: 2 _ i, Di(p+ o1 + o)

15 KoHdpepeHuusa, 1-3 HoAbpsa, 2023

p>po (pt+ o3)(p + o1 + ) — blkaug
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a — effective cell death due to
inflammation

for o -> 0 all formulas are the same
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Dependence of the total viral load and the wave speed on the
effective cell death due to inflammation

for a = 0 —the same as in UIV without inflammation
vel=@. 608376236230508B830452
jﬁ.f=?51349? .8285183183
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inflammation reduces both infectivity and severity of the disease

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 z 0
- Stationary points: W =0,V =0, S =0 and any U.
» Virus replication number: po _ #20% _, - the same as for UIV system

aJ1T
» Wave o
- Total viral load: W X(InX —¢) = Ry(X — 1)(In X —r), R, = __r2bto
o3 (a+o01)
bkoo1 3 bko 3 |
—= — = — B=04/ks.
1 osc(a+01) I g3C | 74/ K

Proposition 1. Equation (2.17) has a solution X € (0,1) if and only if RV > 1.

* wave speed: 2 — nin Dy[(p+ o1)(J(w) + B) + aJ (w)]p?
u>po (p 4 03)[(p+ o1)(J(w) + B) + aJ (w)] — blaug(J(w) + )

5

Fora->0 (B -> 0 or B is fixed): the UIV case
For B -> 0 (a is fixed, #0): the previous (sigma4=0) case - all the dynamics depends only on a
For B -> infinity (a 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

Total viral load
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Dependence of the wave speed and total viral load on the
effective cell death induced by inflammation (a)

. . vel=08.08837683652305686230462
Fora ->0 (B ->0 or B is fixed): the UIV case: jigﬂmmgmm
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effective cell death decreases both the severity and infectivity of the disease

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 (B)

For B -> 0 (a is fixed): the previous (sigma4=0) case - all the dynamics depends only on a Je1-0. 6937633636560030402
For B -> infinity (a is fixed): the UIV case where the R_v inversely depends on alpha Ju=7513497.885188183
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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
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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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