
Primary Immunodeficiency
● DiGeorge Syndrome

●  Severe Combined Immunodeficiency “SCID”

● X-Linked Agammaglobulinemia

● Common variable immunodeficiency (CVID)

● IgA deficiency

● Hyper- IgM Syndrome

● Wiskott-Aldrich syndrome

● Complement deficiencies



Immunodeficiency (or immune deficiency): is a state in which 
the immune system's ability to fight infectious disease and 
cancer is compromised or entirely absent. 

There are two types of immunodeficiency disorders: those 
you are born with (primary), and those that are acquired 
(secondary).



A group of disorders characterized by 
an impaired ability to produce normal 
immune response. 

Most of these disorders are caused by 
mutations in genes involved in the 
development and function in immune 
organs, cells and molecules 

Clinical features: recurrent infections, 
high risk of autoimmune diseases, 
allergy and  malignancies 







DiGeorge syndrome

● Due to 22q11 microdeletion

● Developmental failure of the 
third and fourth pharyngeal 
pouches.

The deletion occurs in 
this region.



So, if there are a failure in the 
development of the 3rd and 4th 
pharyngeal pouch, there will be a 
lack in the thymus and in the 
parathyroid. 





Presents with 
● T-cell deficiency;   due to the lack of thymus. 

So, patients have problem fighting viruses and 
fungal infection.

● Hypocalcemia; due to the lack of parathyroids.

● Abnormalities of heart, great vessels and face.





Defective: 

cell-mediated i.e. T cells 

and 

humoral immunity i.e. B cells



Etiologies (causation of a disease)
You can get SCID through:

● Cytokine receptor defects ـــ   cytokine signaling is necessary for proliferation and 
maturation of B and T cells. 

○ E.g. cytokines produced by Helper T cells help B cells and Cytotoxic T cells to mature



Etiologies (causation of a disease)
You can get SCID through:

● Adenosine deaminase(ADA) deficiency ــــ    ADA is necessary to deaminate 
adenosine and deoxyadenosine for extraction as waste products; build up of 
adenosine and deoxyadenosine is toxic to lymphocytes.



Etiologies (causation of a disease)
You can get SCID through:

● MHC II deficiency  ــــ    MHC class II 
is nesserray for CD4+ helper T cells 
activation and cytokine release, 

● if CD4+ T cells cannot be activated 
then there will be defect function of 
CD8+ T cells and B-cells.



Characteristics 
● Susceptibility to :
1. Viral infection
2. fungal infection

3. Bacterial infection 
4. protozoal infection

● Increase risk for opportunistic infections and live vaccines. 

because they 
don't have T cells.

because they 
don't have B cells.



Treatment
● Sterile isolation “ temporary measure”: they are called bubble baby.
● Stem cells transplant



The normal stem 
cells are injected in 
the bone marrow of 
SCID patient, and 
then the 
hematopoietic stem 
cells will generate 
both T and B cells; 
hence, the patient 
will have the ability 
the develop 
immune response 
to fight infections. 





X-Linked Agammaglobulinemia (XLA)

● It is one of the more common forms of primary immunodeficiency, occurring at 
a frequency of about 1 in 100,000 male infants. 

● Means complete lack of immunoglobulin in blood

● Due to disorder in the maturation of B-cell

● Naȉve B cell cannot mature to plasma cells.

● It’s plasma cells that have the ability to secrete immunoglobulin into the blood, 
hence; if naȉve B cells cannot mature to plasma cells then it cannot drop 
immunoglobulin into the blood.



Due to mutated Bruton tyrosine Kinase (BTK)

● BTK is a signaling molecule that is 
necessary for  B cell to become plasma 
cell, it is X-linked.

● When it is mutated it causes the disease 
X-linked agammaglobulinemia.

● When BTK is nonfunctional, the pre– 
B-cell receptor cannot signal the cells to 
proceed along the maturation pathway. 

   



Can't produce 
immunoglobulin



Complete Ig, it consists 
from 2 heavy chains 
and 2 light chains.

● Ig light chains are not 
produced, and the 
complete Ig molecule 
containing heavy and light 
chains cannot be 
assembled and 
transported to the cell 
membrane, although free 
heavy chains can be 
found in the cytoplasm. 





● During normal B-cell maturation, immunoglobulin (Ig) heavy chain 
genes are rearranged first, followed by light chain genes. 

● At each stage, signals are received from the expressed components of 
the antigen receptor that drive maturation to the next stage; these 
signals act as quality controls, to ensure that the correct receptor 
proteins are being produced.

● In XLA, B-cell maturation stops after the initial heavy chain gene 
rearrangement because of mutations in a tyrosine kinase that is 
associated with the pre–B-cell receptor and is involved in pre-B-cell 
signal transduction. This kinase is called Bruton tyrosine kinase (BTK).  





Presentation 

● After 6 months of life; as maternal antibodies that were 
transported via the placenta are depleted. 

● Recurrent bacterial “ because no IgG is present to 
protect against it”, enterovirus (Polio and 
coxsackievirus) and Giardia lamblia infections,

● Last two infect the mucous surfaces and IgA protect 
against it, with the absence of IgA the patient become 
susceptible to it.

● Live vaccines must be avoided.



● The disease is characterized by a profound reduction in the number of B cells 
in the blood and secondary lymphoid organs and an absence of germinal 
centers and plasma cells in these organs. 

● T-cell numbers and responses may be normal. 

● The treatment of X-linked agammaglobulinemia is replacement therapy with 
intravenous immunoglobulin (IVIG) from pooled human serum. 

Germinal centers or germinal centres (GCs) are sites within secondary lymphoid organs – lymph nodes 
and the spleen where mature B cells proliferate, differentiate, and mutate their antibody genes







Common variable immunodeficiency (CVID)
● Low immunoglobulin due to B-cell or helper T -cell ( produce IL-4 and IL-5 and 

induce Ig production) defects

● Increased risk of bacterial, enterovirus and Giardia lamblia infections

● About 20% of patients have recurrent herpesvirus infections, and serious 
enterovirus infections causing meningoencephalitis

● They are often asymptomatic, and usually the onset of symptoms is later, in 
childhood or adolescence

● In contrast to X-linked agammaglobulinemia, common variable immunodeficiency 
affects both sexes equally

● Increased risk for autoimmune disease and lymphoma.



Lymphoma is cancer that begins in 
infection-fighting cells of the immune 
system, called lymphocytes. 

These cells are in the lymph nodes, 
spleen, thymus, bone marrow, and 
other parts of the body. 

When you have lymphoma, 
lymphocytes change and grow out of 
control



(CVID)
● Common variable immunodeficiency may be genetic or acquired, but mostly 

genetic.
● Different genetic causes have been discovered, including mutations in a 

receptor for BAFF, a cytokine that promotes the survival and differentiation of 
B cells.

● and in a molecule called ICOS, a homologue of CD28 that contributes to the 
function of T helper cells. 

● However, in the majority of cases, the genetic basis is unknown. 





Estimated proportion of each disease gene within the CVID population based 
on published cases. Reproduced with permission from Bogaert et al.



IgA deficiency

● Low serum and mucosal IgA; Most common immunoglobulin deficiency.

● IgA is the major immunoglobulin in mucosal secretions and is thus involved in 
defending the airways and the gastrointestinal tract. 

● So, there are increased risk for mucosal infection, especially viral.

● recurrent infections in places such as the ears, sinuses or urinary and 
intestinal tracts.

● Some may not only suffer from recurrent infections but may take longer to 
heal from them or need additional rounds of antibiotics to fend off an infection.

● Most patients are asymptomatic.





The top panel shows a healthy lung and the 
bottom shows a lung infected with bronchitis 
which is common in patients with IgA 
deficiency



● The pathogenesis of IgA deficiency seems to involve a block in the terminal 
differentiation of IgA-secreting B cells to plasma cells; IgM and IgG subclasses of 
antibodies are present in normal or even supranormal levels. 

● Celiac disease is a GI disease that is associated with Iga deficiency.

● People with IgA deficiency should be tested for celiac disease because they are 10 
to 20 times likely to develop an autoimmune response to gluten than the general 
population.







Hyper- IgM Syndrome
● Characterized by elevated levels of IgM
● To understand how this happens we need to go back to how B cells are activated; 

there are two ways:

1. Antigen binds IgM that present on the surface of naȉve B cells; that results in IgM 
secreting plasma cells.

  



Hyper- IgM Syndrome
2.  B cells can actually present 

MHCII on its surface; 

CD4+ T cells will bind that antigen 
and that will result in the first 
stimulus of B cells, 

the second stimulus happens when 
CD40 ligand binds CD40 receptor on 
the surface of T cells, 

this binding activates T cells allowing 
it to produce IL-4 and IL- 5; which  
allows B cell maturation and class 
switching, so these B cells will 
produce IgA, IgG and IgE.   



Hyper- IgM Syndrome
● Due to mutated CD40L (on helper t cells) 

or CD40 receptor (on B cells).

1. Second signal cannot be delivered to 
helper T cells during B cell activation.

2. Consequently, IL-4 and IL-5 necessary for 
Ig class switching are not produced.

3. Low IgA, IgG and IgE results in:
a.  recurrent pyogenic infections “pus 

forming” (due to poor opsonization, 
due to low IgG), especially at 
mucosal sites (due to low IgA).

● The the first mechanism is intact so IgM is produced with no problem; that's that cause 
of the high IgM levels.



● Occasionally, the IgM react with blood cells, giving rise to autoimmune 
hemolytic anemia, thrombocytopenia, and neutropenia. 

● In older patients, there may be a proliferation of IgM-producing plasma cells 
that infiltrate the mucosa of the gastrointestinal tract. 





Wiskott-Aldrich syndrome
● It characterized with triad:

1. Thrombocytopenia: so they have an increase risk of bleeding.
2. Eczema: Skin rash.
3. A variety of recurrent infections; as they have defective humoral and cellular 

immunity 

In these patients bleeding 
is a major cause of death.





Wiskott-Aldrich syndrome

● The syndrome is caused by mutations in an 
X-linked gene encoding Wiskott-Aldrich 
syndrome protein (WASP). 

● WASP belongs to a family of signaling 
proteins that link membrane receptors, such 
as antigen receptors, to cytoskeletal 
elements. 



● The WASP protein is involved in 
cytoskeleton-dependent responses, 
including cell migration and signal 
transduction.



Complement deficiencies

1. If a patient is deficient in any of 
C5-C9 :  results in increased 
susceptibility to recurrent 
neisserial (N gonorrhoeae and N 
meningitidis) infections, 

as Neisseria bacteria have thin 
cell walls and are especially 
susceptible to the lytic actions of 
complement.



Complement deficiencies

2.   C1 inhibitor deficiency: results in over activation of 
C1 and therefore overactivation of complement 

This causes vasodilation, increased vascular 
permeability -> acute inflammation that causes edema

So this is called hereditary angioedema, which is 
characterized by edema of the skin and mucosal 
surfaces, especially periorbital.



Complement deficiencies
● A deficiency of C1 inhibitor (C1 INH) gives rise to 

an autosomal dominant disorder called 
hereditary angioedema.

● C1 INH is an inhibitor of many proteases, 
including kallikrein and coagulation factor XII, 
both of which are involved in the production of 
vasoactive peptides such as bradykinin.

● Therefore, defective C1 INH activity leads to 
over-production of bradykinin, which is a potent 
vasodilator.

● Affected patients have episodes of edema 
affecting skin and mucosal surfaces.










