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Complex nature of the Immune system
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Mathematical immunology

Mathematics:
Studies the Notions of
Quantity, Structure, Space and Change

Immumeleqy:: The science of biological, chemical and
physical aspects of the immune system functioning to
maintain the antigenic homeostasis

Mathematical immunoloqy

can be defined as the branch of mathematics dealing with the
application of mathematical methods and computer technologies
to explore the structure, organization and regulation of the
immune system in health and disease
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Four dynami@atterns of infectious diseases
(1) subclinical

(i) acute with recovery

(ii1) chronig,

(iv) lethal infection
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A P ar a ntleatdetermsirfethe outcomeof virus infection
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Dynamic interplay between virus & host factors in the
outcome of infection
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Response
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Replication

Replication rate in virus persistence: pro & contra

A Earlier experimental studies with LCMV infection in mice suggested that the faster
speed of virus replication is an advantage for a virus in overcoming the immune
system control and establishing the persistent infection T the tolerance by
exhaustion (Moskophidis et al., Nature (1993) 362: 758-761)

A Theoretical prediction:
C Slow virus replication favors the long-term persistence (Marchuk and Belykh, 1980)




Fundamental models
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Mathematical iImmunology and the nuclear chain reag
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Clonal Selection Theory: F. Burnet, N. Jerne ,JBimage
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Key postulates

1. Each responsive cell makes & expresses on its surface only a
type of antibody (Ig) molecule

2. The selective event is the stimulation by antigen of those cells
which make complementary antibodies

3. This results is proliferation of cells and secretion of the Abs




Immunological Scheme of the basic model of infectic

disease
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Basic model of infectious disealé75)

State space variable

1. Pathogen population
2. Antibodies

3. Plasma cells

4. Tissue damage
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System of Delaifferential Equations iy
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Initial data

V() =Vy F(t)=F, C(t)=C, m(t,)=m,
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Major breakthrough made by G.I Marchuk by 1980
(A.L. AsachenkoyL.N. Belykh, I.B. PogozheyA.A. Romanyukha

N.V. PertceyS.M. Zuevy, )

A Kinetic basis of thehronisation of infectious
diseases

A Quantification of the immunological barrier
(Vi
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on the course of disease

A Novel views on treatment (1) dfie hypertoxic

form of disease and (2) the chronic infections
via exacerbation




Dual Recognition Principle via MHC restriction:

P. Doherty andR.M.Zinkernagel

Mathematical Model Scheme
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