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Body Defense Mechanisms
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.

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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Antibodies
• Immunoglobulin (Ig)
• A large Y-shaped protein 
• Consists of 4 polypeptide 

chains
• Contains 2 identical fragments 

(Fab) with ends that bind to 
specific antigen

• Fc binds to Fc receptor on B 
lymphocytes, DC, NK, macrophages, 
neutrophils, eosinophils, basophils, 
platelets, and mast cells.
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Body Defense Mechanisms
Humoral (antibody) response:
Three immunoglobulins are mainly responsible for humoral immunity in 

virus infections:
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 IgG molecules.

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

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 infection; secretory IgA acquires a
carbohydrate ‘transport piece” in extracellular fluids that is absent from
serum IgA.
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Naïve T cells 
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Effector T cells
CD4+, CD8+, Treg cells

Memory T cells 

Naïve B cells 
Plasma cells Memory B cells 

Rapid protection Long-lived protection 

Phases of immune responses 





Body Defense Mechanisms
Cell-mediated immunity:
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. 

T- or thymus-dependent lymphocytes are the principal cells involved in this.

There are two main types: 
1)  CD4-positive helper T-cells 2)  CD8-positive cytotoxic T-cells
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 bone بتيجي من T cell برضو فيه، اما maturation وبصيرلها bone marrow تبعها origin ال B cellال
thymus ب maturation وبصيرلها marrow





Antigen processing and presentation
Epitope

MHC Distinguish between self and nonself
MHC I all cells
MHCII Macrophages, dendritic cells, some T and B 
cells

جهاز ا0ناعة مو بس بقرأ antigen تبعت 
MHC < كمان بقرأ MHC itself وبحكيلي 

 nonself >و self اذا هو
 kidney transplant بمعنى لو واحد عمل

ال MHC اللي كان self رح يصيرله 
recognise ل nonself،، طبعا لو ما 

تصنع MHC جهاز ا0ناعة ما رح 
 antigen يقدر يتعرف ع

ال MHC هو النظام 
اللي بعمل 

 presentation
با<نسان او بالحيوان.. 

 MHC هو HLA ال
 humans تبع





Body Defense Mechanisms
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 cytokines 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 CD8 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.

Virus is recognized as antigen by helper T-cells when presented by a
macrophage or dendritic cell (found in lymph nodes and skin) acting as an
antigen-presenting cell: recognition is dependent on MHC Class II
antigens. 18

ال natural killer cells او لقو خلية ما عليها MHC بتفترض ال killer جد2 انو هاي الخلية فيها فايروس 
 MHC بكون عليها infected ف بتقتلها،، 2نو بالوضع الطبيعي الخلية اللي مو MHCمانع انو يصير ل

 صلخي ىتحل اي=خلل ةيجاتن7ا ةقاطلا عفر ،ةعان,ا زاهج لغش influenza virus لخدب
 T regulatory ؟ كيه لمعب Mم ،،صلخو اي=خلا ياه رسكا يدب ونstart having inhibitors signals 7 ريصب نوه ,,foreign antigen نم

with cytokines 



T-cell response

Specific antiviral 
antibodies bind 
circulating virus

B-cell proliferation and 
differentiation

CD4
coreceptor

CD8
coreceptor



Cytotoxic T cells
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Principal mechanisms of defense against microbes

Antibodies                  Phagocytes                              T cells (CTLs) 
(may work with antibodies, T cells)

All microbes 

All 
microbes

Intracellular 
microbes, esp. 

viruses



Properties and roles of memory cells 
• Survive even after infection is cleared 
• Numbers more than naïve cells 
• Respond to antigen challenge (recall) more rapidly than 

do naïve 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  



Specialization of immune responses to microbes

Type of microbe Adaptive immune response
Effector

mechanism

Extracellular microbe
(bacteria, viruses)

Endocytosed antigen stimulates
CD4+ helper T cells (TH1, TH17) --> 
antibody, inflammation 

Neutralization,
phagocytosis

Intracellular microbe
in phagocytes

Antigen in vesicles or cytosol
--> CD4+, CD8+ T cells

IFN-g activates
phagocytes; killing
of infected cells

Intracellular microbe 
in non-phagocytic 
cell (virus) 

Antigen in cytosol -->
CD8+ CTLs

Killing of
infected cells

… مهانيكح $صا انحا ،،مهنع انيرم يللا تادي$سلا

!"



CD4+ T cells: make phagocytes
better killers of microbes

CTLs: eliminate the 
reservoir of infection 

Cell-mediated immunity against intracellular microbes 



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

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

CD4+ and CD8+ T cells cooperate in cell-mediated 
immunity against intracellular microbes 



Innate and adaptive immunity to viruses



Antibody

Innate and adaptive immune responses in viral infections
Innate
immunity

Adaptive
immunity





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 kill infected 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 
graft rejection)



Immune evasion by viruses

• Antigenic variation
– Influenza, HIV, rhinovirus

• Inhibition of the class I MHC antigen processing pathway
– Different viruses use different mechanisms
– NK cells are the host adaptation for killing class I MHC-negative 

infected cells
• 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

شو الطرق اللي بتخلي الفايروسات يتجاوزوا جهاز ا%ناعة 

في ١٠٠ شكل مختلف لل glycoprotein تبعها 

 killer cells معه، بنتغلب عليها عن طريق antigen او بمنع ارتباط MHC الفايروس بمنع تصنيع

 immune system لل activation وبالتالي ما بتعمل cytokines بصنع بروتينات بترتبط مع

Suppression لل immunity 



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 their antigens
– Do not have animal reservoirs
– Do not establish latent infection within host 

cells
– Do not interfere with the host immune response

كل ما يكون في إخت1ف بدي اضل اعطي مطعوم جديد
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