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Body Defense Mechanisms
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Humoral (antibody) response:

Like other infectious agents, viruses induce production of antibodies in the
blood. Antibodies are:

1) Immunoglobulins- proteins which react specifically with antigens-
which are also usually proteins and of which the most important in

protective immunity are those on the surface of virus particles.
C S‘S“Pf"w" or Spikc. )

(e 2 Plasma cells- formed when B-lymphocytes are activated by
encounter with antigen. B-lymphocytes have immunoglobulin on their
surface, which acts as receptors for virus antigen. Helper T cells

contribute to the differentiation of B- cells into plasma cells.
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Body Defense Mechanism
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Humoral (antibody) response:

Three immunoglobulins are mainly responsible for humoral immunity in
virus infections:

Peakmer 1) IgM- the earliest antibody produced: appears at a variable interval after

5Y exposure, depending on the virus, imcubation period, dose and route of
transmission; persists for about 4-6 weeks, sometimes longer; a pentamer
of five IgG molecules.

mne ¢ 2) IgG- formed later than IgM but persists long term, often for years:
responsible for immunity to reinfection.

smer ¢ 3) IgA- a dimeric molecule, found in body secretions (as well as blood),

e  l.€., saliva, respiratory secretions, tears and intestinal contents; the main
antibody involved in 1immunity to respiratory viruses and in gut immunity
associated with enteric virus infection; secretory IgA  acquires a
carbohydrate ‘transport piece” in extracellular fluids that 1s absent from
serum IgA.
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Phases of immune responses
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Humoral (antibody) response:

Three immunoglobulins are mainly responsible for humoral immunity in virus
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1) igM- the earliest antibody produced: appears at a variable interval after
exposure. depending on the virus., incubation period, dose and route of

transmission: persists for about 4-6 weeks, sometimes longer: a pentamer of five
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2) 1IgG- formed later than IgM but persists long term, often for years: responsible

for immunity to reinfection.
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3) IgA- a dimeric molecule, found in body secretions (as well as blood), i.e.. saliva,
respiratory secretions, tears and intestinal contents: the main antibody involved in

immunity to respiratory viruses and in gut immunity associated with enteric virus

- = - S g ———— — T —

=== — T T T g T — e T g W T T

3) lgA- a dimeric molecule, found in body secretions (as well as blood.. i.e.. saliva.
respiratory secretions, tears and intestinal contents: the main antibody involved in
immunity to respiratory viruses and in gut immunity associated with enteric virus
infection: secretory IgA acquires a carbohydrate ‘transport piece” in extracellular

fluids that is absent from serum IgA.
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Body Defense Mechanisms

Ve
Cell-mediated immunity: T cell

Cellular immunity plays an important part in the response of the body to
viruses.

Children with congenital deficiency of cellular immunity are abnormally
susceptible to virus infection and often (although not always) develop
unusually severe disease: those with humoral immune deficiency, on the
other hand, respond normally to virus infections.

Cell-mediated immunity is the mechanism for the elimination of virus-
infected cells- and therefore virus- from the body.
B cells i (2ysT)55309 9 )

T- or|thymustdependent lymphocytes are the principal cells involved in this.
bone o s=uis T cell Ll «s sa,s maturation Ld,oay9 bone marrow L= origin JI B celld!
There are two main types: ’[hmeS - maturation L@-b:\m:ﬁj marrow

1) CD4-positive helper T-cells 2) CDS8-positive cytotoxic T-cells
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Body Delfense Mechanisms
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Cellular immunity plays an important part in the response of the

body to viruses.

Children with congenital deficiency of cellular immunity are

abnormally susceptible to virus infection and often (although not
always) develop unusually severe disease: those with humoral

immune deficiency, on the other hand, respond normally to virus
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Antigen processing and presentatjl 5—?‘}

TRy
i. '.}'Z polt ol | (e u_\ s
R\ essaos o
a‘a ;

Epitope

MHC Distinguish between self and nonself

MHC I all cells
MHCII Macrophages, dendritic cells, some T and B
cells
Endogenous Exagenous
Antigen pathway pathway
presentation
to CTLs _ — Extracellular
— @/ | pathogen
'Q proteins §b

allsill 8 MHC JI

@ Q . ;
o Virus phagosytesis __Phagosome
Jars ‘9]” Q ( Proteosome 39 -
presentation or 4
D

) PYEN | R s o —~ )

MHC 54 HLA J! \ Wecognise
humans & g‘{s_s_“f r_e-sema[/_ =9 Antigen
A presentation
to helper
) T cells
MHCJH O J
O \ -
TAP i -
G[g Proteasome AU 1elease Cj‘}°k‘“es

00 MHC class i activated CO-3— |3s'|s e—aC'}iVa‘}fJ, macmphaggsé/



Antigen processing and presentation
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Body Defense Mechanism

Cell-mediated immunity:(continue)

1) CD4-positive helper T-cells- carry CD4 receptors as markers on the
their surface. The most important cells in the cellular response, they
liberate cyfokines that activate and modulate cellular immune responses.
They require MHC (Major Histocompatibility Complex) class II antigens
to be presented in association with the target antigen for their activation.
They also interact with B-lymphocytes for antibody production.

2) CD8-positive cytotoxic T-cells- carry the marker CDS8 receptor on their
surface and are MHC Class I antigen-restricted. They lyse target cells
such as virus-infected cells and tumour cells; the main mechanism for
elimination of virus-infected cells from the body; also release cytokines.

Suppressor function: note that both CD4 and CD8 cells can suppress as well
as activate the cellular response. o=l sl LAl Gal] Gl &4 delll Sl Jas influenza virus Jao
T regulatory ¢ cha Joaas (ne palag WAL gla ,SI sas oY start having inhibitors signals .« (54 ,,foreign antigen (s

Virus is recognized as antigen by helper T-cells when presented by"'d cytokines

macrophage or dendritic cell (found in lymph nodes and skin) acting as an
antigen-presenting cell: recognition is dependent on MHC Class 11
antigens. 18



T-cell response
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Principal mechanisms of defense against mig

Antibodies Phagocytes _ psonisatian T\*’\ T cells
(may work with antibodies, T cells)
Antibodies block Phagocytosis and intracellular T lymphocytes Kkill
infectivity of microbes  Kkilling of microbes infected cells

)
/—'( Antibodies (and

complement proteins)
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preventing promote phagocytosis //'\,
infection before and intracellular Killing
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Properties and roles of memory cells

EITNRY °
Survive even after infection is cleared state very low J‘y—w S

melaboliem
Numbers more than naive cells “er

Respond to antigen challenge (recall) more rapidly than
do naive cells

Memory T cells: migrate to tissues, some live-in mucosal
tissues and skin

Memory B cells: produce high affinity antibodies

Provide rapid protection against recurrent or persistent
infections

Goal of vaccination is to induce effective memory
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Type of microbe Adaptive immune response mechanism

Extracellular microbe  Endocytosed antigen stimulates Neutralization,
(bacteria, viruses) CD4+ helper T cells (Ty1, Tyl7) --> phagocytosis
antibody, inflammation

Intracellular microbe Antigen in vesicles or cytosol IFN-g activates

in phagocytes --> CD4+, CD8+ T cells phagocytes; Killing
of infected cells

Intracellular microbe Antigen in cytosol --> Killing of

in non-phagocytic CD8+ CTLs infected cells

cell (virus)
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CD4+ and CD8+ T cells cooperate in cell-mediated
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-1IFN-g

Viable microbe
in cytoplasm

Killing of microbes
in phagolysosomes

Phagocytosed microbes
ﬂ in vesicles and cytoplasm

Killing of
infected cell

CD4+ T cells: help to kill microbes in
vesicles of phagocytes

CD8+ CTLs: kill microbes that have
escaped into the cytoplasm



Innate and adaptive immunity to viruses

Inhate immunity Adaptive immunity
D Type |
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Antibody Protection
© % 5= against
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Virus Antiviral -
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cel Killing of || | CD8*  Infected Killing of infection
infected CTL cell infected
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Innate and adaptive immune responses in viral inf
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Antibody overview and timeline in Sars-CoV-2 infection
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" Humoral immunity  Mucosal immunity, Neutralization Humoral immunity , Neutralization Allergy & Parasite
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Roles of antibodies and CTLs in adaptive imm
viruses

* Antibodies neutralize viruses and prevent infection

— Block infectious virus early in course of infection (before
entering cells) or after release from infected cells
(prevents cell-to-cell spread)

 (CTLs kill infected cells and eradicate reservoirs of
established infection

— In some latent viral infections (EBV, CMYV), CTLs
control but do not eradicate the infection; defective T
cell immunity leads to reactivation of the virus (in HIV,
immunosuppression caused by leukemias, treatment for
graft rejection)



Immune evasion by viruses
KLl 3l Isislat Sl ulill GIaS Il GokIT st

Antigenic variation .
RNA VIWus
— Influenza, HIV, rhinovirus L. glycoprotein Jl catins J<s V- i
Inhibition of the class I MHC antigen processing pathway
— Different viruses use different mechanisms

— NK cells are the host adaptation for Kkilling class | MHC-negative
infected cells killer cells 3,k e Lule Cliti c4as antigen LS| aias s MHC auia’ fias (yug ldll

Production of immune modulators

— Soluble cytokine receptors may act as “decoys” and block actions
of cytokines (wgﬁmmune system JI activation Jesis Lo Ul cytokines wo basisis olisiyys ahens
— Immunosuppressive cytokines, e.g. ILEIO (EBYV)
Infection of immune cells Suppression JI immunity

— HIV iﬂ?eded_ CD-Y



Efficacy of vaccines

* Vaccines have been useful for generating
protective antibodies, but so far, not for
generating effective cell-mediated immunity

* Vaccines work best against microbes that:

— Do not vary glw\eil‘ 1?ntigens sim poas (glae ] sl (5 AL (s 05 Le S
de bl j o, —
— Do not have animal reservoirs Human

— Do not establish latent infection within host
cells

— Do not interfere with the host immune response
HIV <5



Roles of antibodies and CTLs in adaptive immunity
to viruses
« Antibodies neutralize viruses and prevent infection
- Block infectious virus early in course of infection (before entering cells or

after release from infected cells (prevents cell-to-cell spread)

« CTLs killinfected cells and eradicate reservoirs of established infection

~ In some latent viral infections (EBV. CMV|, CTLs control but do not

eradicate the infection; defective T cell immunity leads to reactivation of

the virus (in HIV, immunosuppression caused by leukemias, treatment for
dorsal ganglia Jb lgsu egl LSS U1 latent infection (I

graft rejection) infection Jlg slawwi LgiSI LIS agliai lgil CTLS J1 280 o Join
b ope Infection Waic jua g 4l sagi 7)) T cells JI yads



Immune evasion by viruses
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— Influenza, HIV, rhinovirus

« Inhibition of the class | MHC antigen processing pathway
— Different viruses use different mechanisms

— NK cells are the host adaptation for killing class | MHC-negative

infected ce“s adadl Cagain Lo ‘_T,J\;lb o 3 Jol wasye antigen Jllaa 13 e C‘-’ Ls (,\..QJI allagil MHC 1 )3
dbaall

* Production of immune modulators

— Soluble cytokine receptors may act as “decoys” and block actions
of cytokines (poxviruses)

— Immunosuppressive cytokines, e.g. IL-10 (EBV)

« Infection of immune cells

HIV



EHPlcacy of vaccines

« Vaccines have been useful for generating protective antibodies.

but so far, not for generating effective cell-mediated immunity
cellular response I Fouoge §  Jaidi la g 182G Jsae mp @il Lle Jaiilcs Usl vacecine Ju

« Vaccines work best against microbes that:

— Do not vary their antigens

— Do not have animal reservoirs

— Do not establish latent infection within host cells

- Do not interfere with the host immune response
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