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Viral infections

Viral Infections
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What Is a Virus?

Viruses are small particles of genetic material (either DMA or RNA) that are surrounded by
a protein coat. Some viruses also have a fatty "envelope” covering. They are incapable of
reproducing on their own. Viruses depend on the organisms they infect (hosts) for their
very survival. Viruses get a bad rap, but they also perform many important functions for
humans, plants, animals, and the environment. For example, some viruses protect the
host against other infections. Viruses also participate in the process of evolution by
transferring genes among different species. In biomedical research, scientists use viruses
to insert new genes into cells.

www.medicinenet.com,/viral_infections_pictures_slideshow,/article.htm




Virus replication
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Human immunodeficiency virus (HIV)

B ® ay
Play | Pause - Audio | Text
Inside the core are two identical copies of single-stranded RNA viral genome and

three enzymes, reverse transcriptase (RT), protease (PR) and integrase (IN).
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To establish infection, HIV must first attach to its host cell. Attachment occurs by

interaction between gpl20 on the surface of the virus and the CD# antigen
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InT lymphocytes, the co-receptor is called CXCR-4, whereas on macrophages,
receptor on the surface of the host cell.

A complementary DNA strand is then added by the reverse transcriptase, and
the co-receptor is called CCR-5. After attachment, the viral envelope and host the ends of the resulting double-stranded DNA segment are joined non-
cell membrane fuse, resulting in entry of the virus into the cell iy
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The resulting circular DNA is then moved to the nucleus and inserted into the

host cell chromosome by the viral integrase (IN) enzyme. The integrated viral
DNA is now referred to as proviral DNA.
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Following incegration, the proviral DNA may remain dormant or, with host cell

activation, RNA may be synthesized from the DNA, yielding messenger RNA and
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gp4! and gpl20 are inserted into the host cell membrane and the structural

viral genome RNA.

2p4! and gp|20 are inserted into the host cell membrane and the seructural
proteins surround the viral RNA to form the core. Finally, the virion is released

proteins surround the viral RNA to form the core. Finally, the virion is released
by budding. by budding.
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Innate and adaptive immune response
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body. Macrophages that encounter the pathogen ingett. process and display the
antigen fragments on their cell surfaces.

Activation of the immune response typically begins when a pathogen enters the
| body. Macrophages that encounter the pathogen ingest, process and display the
antigen fragments on their cell surfaces.

During the interaction, the macraphage releases a chemical alarm signal called
interleukin- |, which stimulates the Thelper cell to secrete interleukin-2.

Interleukin-2 causes the proliferation of certain cytotoxic T cells and B cells.
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Diaih ol the Iitaciad ells Femles In distrisction of the paihogen B cols Akl When B cells become activated by T-helper cells, they differentiate into plasma Antibodies bind to the antigens on the surfaces of the pathogens, marking them
come in milons of different types, each able 1o recognize a particular antigen. cells. These plasma celis become antibody-producing factories, flooding the for destruction by macrophages.

| bloodstream with antibodies that can bind to the antigen involved in this infection. |
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Immune response
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Because of these memory B cells, the "secondary immune response” to a future
Infection by the same pathogen is swifter and stronger:
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Nonlocal and delay equations

u(x,t) — virus density

ou d*u
57 = Dﬁ +ru(l —qJ(u)) —uf(S(u,)) — o(x)u

Diffusion or  Repjication e Death
mutations response

J(u) = [ é(x —y)u(y,t)dy

S(ur)(y,t) = [7_¥(y — 2)u(z,t — 7)d>
Time delay in adaptive
Immune response
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Models: ODE-DDE system
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els: ODE system and single
quatlon
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le delay equation: linear stabillity

f(u) f(w)
L= | f

du | |

— =ku(l —u— f(u '
f, | f,

u u, u
'l-‘(;'l’-, t) = vy + Ee)xH-iaI
/ Stability boundary
A= —Da.2 — Up (1 - f’(‘lﬁo)e_)‘T) 10 = o . TV g Vo (1 = f'('l_ro)g_id”) ,

Set 2 = ¢7. Then from (2.2), (2.3) we obtain

Da® + v,
cosz = ————
1, 7 1

T wef'(w) 4 (vof'(vg)sinz)

Proposition 1. If f'(vg) > 1+ Da®/vg, then for all 7 > z/(vo f'(vo) sin z) the solution vy of
equation (1.1) is unstable. Here z is determined from the first equation in (2.4). )




Delay reaction-diffusion equation
for infection dynamics

N. Bessonov', G. Bocharov?, T.M. Touaoula®, S. Trofimchuk®, V. Volpert®&¥

delay equation: global stabillity

% =u(l —u— f(u;)), t>0,

u(t) =o(t), —7<t<N0.

(H1) (1 — s) f(s) is non-increasing over [0, 1].
(H2) (1 — s) + f(s) is non-increasing over [0, 1].
(H3) (1 —s) + f(s) + (1 — s)f(s) is non-increasing over [0, 1].

(K1)1—M < f(s) for all0 < s < 1.
(K2) f(0) >1—M and f(s) > 1—A for all M < s <1 with A is defined as f(A) =1-M
and M < A< 1.

/

We will suppose now that f(u) has a single maximum, f(M) = maxy<,<; f(u) and f is
increasing over (0, M) and decreasing over (M, 1).

Theorem 4. Assume that either condition (K1) or (K2) hold, and let f(M) < 1. Then
the equilibrium uq is globally attractive if there exists at least one test function T(s) strictly
monotone on the interval [0, M].

Theorem 5. Assume that either condition (K1) or (K2) hold. Let f(M) > 1 and f(0) >

1 — 6 where 0 < @ < M is determined from the equation f(6) = 1. Then the equilibrium ug

is globally attractive if there exists at least one test function T(s) strictly monotone on the 10/25/16
interval [U._ M.



Delay reaction-diffusion equation
for infection dynamics
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delay equation: period doubling

u u

u

Figure 2: Period doubling bifurcations for the non-monotone function f(u). Upper row:
simple oscillations (f3 = 2.5) and period 2 oscillations (fy3 = 2). Lower row: period 4
oscillations ( f3 = 1.899) and period 8 oscillations ( f3 = 1.898). The dots show the beginning
of the periods. The values of parameters: f; =0, fo = 0.1, f3 varies, u; = 0.1, uo = 0.3, ug =
05, T=2.
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DDE system
Z—; = kv(1l — v) — ve, Virus
% = d(v:)e(1 — ¢) — Y(v,)e. Immune cells
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DDE system: two time delays

dv
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PAvailable online at wew,sgencedirect com Current Opinion in
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ELSEVIER
Viruses exploit the tissue physiology of the host to

spread in vivo

Xaver Sewald', Nasim Motamedi’ and Walther Mothes® ®“‘""‘"“

chanisms of virus spreading
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/\/ [ Infection-replication |
/ Immune response:

Delay RD eqguation

Time delay
Growth for small load
Decay for large load

f(v)

1-v

Lgcal virus concentration in the tissue (lymph node, spleen)

v Da%

5 = Pa.2 + kv(l —v) — f(vr)v.

U= ’U(‘T&t): Ur = U(Iﬂt_T)



Delay RDE: spatio-temporal
patterns and quasi-waves
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Single RDE without delay: waves
and systems of waves




s spread without time delay

ov 9%v
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Reaction-diffusion waves:
the beginning (the 1930s)
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Reaction-diffusion waves
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Reaction-diffusion waves
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Systems of waves: existence and
convergence
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s spread without time delay

0% F(v)

igh dose
w-High dose

Spatial location in tissue, X



Delay RDE: waves
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RESEARCH ARTICLE

Spreading in Tissues

Gennady Bocharov"®'®*, Andreas M '23 Nickolai
Sergei Trofimchuk®, Vitaly Volpert' #7#

—m\_ —\——“'“k ﬁ'lL WNIJWWMMI_

Monostable

L\_‘ WMU\ MM | \!"“\ﬂu‘\wd*\“d\“_‘ Monosisbe-

Spatiotemporal Dynamics of Virus Infection



Wave existence in delay RDE

Single equation

SIAM J. MATH. ANAL. (© 2018 Society for Industrial and Applied Mathematics

F Vol. 50, No. 1, pp. 1175-1199
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System of equations

Journal of Dynamics and Differential Equations
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Existence of waves:
mathematical theory

Linear elliptic problems in unbounded domains, Fredholm
property, index, solvability conditions

Topological degree, Leray-Schauder method
A priori estimates of solutions in weighted spaces

Existence of waves for monotone and locally monotone systems,
bistable delay and nonlocal equations, existence of pulses, ...
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Covid

» Pathophysiology:
lung alveoli - spontaneous coagulation;
lung bronchi - cilia cells - mucus production and motion;

ACEZ2 receptors — endothelial and epithelial cells — other
organs

®» |mmunology: deficient lymphocytes — cytokine storm —
excessive immune response
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Stay healthy !

T# D
i I
’j;‘ii m/ho

HAPPY -
HEALTHY



