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Question : identify and briefly explain 5 primary immunodeficiency disorders and 2 secondary immunodeficency disorders.

A. Primary immunodeficiency disorders
Primary immunodeficency diseases are genetic in origin and result from intrinsic defects in the cells of the immune system.Primary immunodeficencies represent inborn errors of immune function that predispose people to frequent, severe infections; autoimmunity; and cancer.

Common primary immunodeficiencies include disorders of humoral immunity (affecting B-cell differentiation or an-tibody production), T-cell defects, combined B- and T-cell defects, phagocytic disorders, and complement deficiencies.

1.) Phagocytic dysfunction;

In phagocytic cell disorders, there is an increased incidence of bacterial and fungal infections caused by organisms that are normally nonpathogenic. People with these disorders may also develop fungal infections from Candida organisms and viral infections from herpes simplex or herpes zoster. These patients experience recurrent cutaneous abscesses, chronic eczema, bronchitis, pneumonia, chronic otitis media, and sinusitis. In one rare type of phagocytic disorder, hyperim-munoglobulinemia E syndrome (formerly known as Job syndrome), white blood cells cannot initiate an inflammatory response to infectious organisms. This results in recurrent bacterial infections of the skin and lung; abnormalities of connective tissue, skeleton, and dentition; and extremely elevated levels of IgE. 

A variety of primary defects of phagocytes may occur; almost all of them are genetic in origin and affect the natural (innate) immune system. In some types of phagocytic disorders, the neutrophils are impaired so that they cannot exit the circulation and travel to sites of infection. As a result, the person cannot initiate a normal inflammatory response against pathogenic organisms. In some disorders, the neutrophil count may be very low; in others, it may be very high because the neutrophils remain in the vascular system.

Phagocytic cell disorders are characterized by disease specific infections, such as chronic granulomatous disease.

2.) B cell deficiencies
Two types of inherited B-cell deficencies exist. The first type results from lack of differentiation of B-cell precursors into mature B cells. As a result, plasma cells are absent, and the germinal centers from all lymphatic tissues disappear, leading to a complete absence of antibody production against invading bacteria, viruses, and other pathogens.This syndrome is called X-linked agammaglobulinemia (Bruton’s disease), because all antibodies disappear from the patient’s plasma. B cells in the peripheral blood and IgG,IgM, IgA, IgD, and IgE are low or absent. Infants born with this disorder suffer from severe infections starting soon after birth. Males are at a high risk for having X-linked agammaglobulinemia if they have an affected male relative. More than 10% of patients with X-linked agammaglobulinemia are hospitalized for infection when they are younger than 6 months of age; prognosis depends on prompt recognition and treatment .

Autosomal agammaglobulinemia refers to a rare instance in which normal hypogammaglobulinemia of infancy is pro-longed. It can result from mutations in a variety of genes whose products are required for differentiation of B cells.

However, IgG levels do rise eventually. Periodic immunologic assessment is needed to differentiate transient hypogammaglobulinemia from other forms of antibody deficiency. 

The second type of B-cell deficiency results from a lack of differentiation of B cells into plasma cells. Only diminished antibody production occurs with this disorder. Although plasma cells are the most vigorous producers of antibodies, affected patients have normal lymph follicles and many B lymphocytes that produce some antibodies. This syndrome, called hypogammaglobulinemia, is a frequently occurring immunodeficiency. It is also called CVID; this disorder encompasses a variety of defects ranging from IgA deficiency, in which only the plasma cells that produce IgA are absent, to the other extreme, in which there is severe panhypoglobulinemia (general lack of immunoglobulins in the blood) 

3.) T-Cell Deficiencies 

 Defects in T cells lead to opportunistic infections. Most primary T-cell immunodeficiencies are genetic in origin.

Partial T-cell immunodeficiencies constitute a heterogeneous cluster of disorders characterized by an incomplete reduction in T-cell number or activity. Unlike severe T-cell immunodeficiencies, however, partial immunodeficiencies are commonly associated with hyperimmune dysregulation. including autoimmune disorders, inflammatory diseases, and elevated IgG production . Although an increased susceptibility to infection is common, symptoms can vary considerably, depending on the type of T-cell defect. Because the T cells play a regula-tory role in immune system function, the loss of T-cell function is usually accompanied by some loss of B-cell ac-tivity.

DiGeorge syndrome, or thymic hypoplasia, is an example of a primary T-cell immunodeficiency. This rare, com-plex, multisystem genetic abnormality, which affects multiple organ systems, has been mapped to chromosomes 10 or 22. The symptom variation is a result of differences in the amount of genetic material affected. T-cell deficiency occurs when the thymus gland fails to develop normally during embryogenesis. The syndrome often manifests in the neonatal period as a cardiac anomaly, although hypocalcemic tetany and facial abnormalities may also occur. It is one of the few immunodef i ciency disorders with symptoms that manifest almost immediately after birth.

Chronic mucocutaneous candidiasis is a rare T-cell dis-order, which is thought to be an autosomal recessive disor-der that affects both males and females. It is considered an autoimmune disorder involving the thymus and other endocrine glands. The disease causes extensive morbidity resulting from endocrine dysfunction.

4.) combined B-Cell and T-Cell Deficiencies 

 T-cell and B-cell immune deficiencies comprise a heterogeneous group of disorders, all characterized by profound impairment in the development or function of the cellular, the humoral, or both parts of the immune system. A variety of inherited (autosomal recessive and X-linked) conditions fit this description. These conditions are typified by disruption of the normal communication system of B cells and T cells and impairment of the immune response, and they appear early in life.

Ataxia-telangiectasia is an autosomal recessive neurode-generative disorder characterized by cerebellar ataxia (loss of muscle coordination), telangiectasia (vascular lesions caused by dilated blood vessels), and immune deficiency.The immunologic defects reflect abnormalities of the thymus. The disorder is characterized by some degree of T-cell def iciency, which becomes more severe with advancing age.

Frequent causes of death are chronic pulmonary disease and malignancy. While lymphomas are most common, other carcinomas occur. The disease is also associated with neuro-logic, vascular, endocrine, hepatic, and cutaneous abnormalities.. 

Severe combined immunodeficiency disease is a disorder in which both B cells and T cells are missing. Conse-quently, both cell-mediated and humoral functions are affected. In addition, SCID is marked by susceptibility to serious fungal, bacterial, and viral infections. It refers to a wide variety of congenital and hereditary immunologic defects characterized by early onset of infections, defects in both B-cell and T-cell systems, lymphoid aplasia, and thymic dysplasia. It is one of the most common causes of primary immunodeficiencies. Inheritance of this disorder can be X linked, autosomal recessive, or sporadic..

Wiskott-Aldrich syndrome (WAS), a variation of SCID, is an inherited immunodeficiency caused by a variety of mutations in the gene encoding the WAS protein. It is characterized by frequent infections, thrombocytopenia with small platelets, eczema, and increased risk of autoimmune disorders and malignancies. Vasculitides and autoimmune hemolytic anemia are the two most common autoimmune manifestations and often cause considerable morbidity and mortality. The prognosis is poor, because most affected people develop overwhelming fatal infections.

5.) Deficiencies of the Complement System ;

The complement system is an integral part of the immune system, and deficiencies in normal levels of C2 and C3 complement result in increased susceptibility to infectious diseases and immune-mediated disorders. Improved tech-niques to identify the individual components of the complement system have led to a steady increase in the number of deficiencies identified. 

Hereditary angioneurotic edema results from the deficiency of C1-esterase inhibitor, which opposes the release of inflammatory mediators.. The clinical picture of this autosomal dominant disorder includes recurrent attacks of edema formation in the subcutaneous tissue, gastrointestinal tract, and upper air-way.

Paroxysmal nocturnal hemoglobinuria is an acquired clonal stem cell disorder resulting from a somatic mutation in the hematopoietic stem cell. An absent glycosylphos-phatidylinositol (GPI)-anchored receptor prevents several proteins from binding to the erythrocyte membrane. These include the complement regulatory proteins, CD55 and CD59, the absence of which results in enhanced complement mediated lysis. Clinical manifestations may be indolent or life threatening. The disorder is characterized by hemoglobin uria that increases during sleep, as well as intravascular hemolysis, cytopenia, infections, bone marrow hyperplasia, and a high incidence of life-threatening venous thrombosis, which occurs most commonly in the abdominal and cerebral veins.

Severe fatigue, abdominal pain, and esophageal spasm may also be present. Leukopenia, thrombocytopenia, and episodic crises are common. Severe infection can occur as a result of aplastic bone marrow and splenic thrombosis. 

B. Secondary immunodeficency disorders
In secondary immunodeficiencies, abnormalities of the immune system affect both natural and acquired immunity, may be subtle, and are usually heterogeneous in their clini-cal manifestations. Patients with secondary immunodeficiencies are known as immunocompromised hosts.Examples of secondary immunodeficiency disorders include:AIDS, cancers of the immune system, like leukemia, immune-complex diseases, like viral hepatitis, multiple myeloma (cancer of the plasma cells, which produce antibodies) etc.

1.)Acquired immunodeficiency syndrome (AIDS); 

AIDS, the most common secondary immuno deficiencies. It is  the most advanced stage of HIV. 

HIV kills CD4 cells. Healthy adults generally have a CD4 count of 500 to 1,500 per cubic millimeter. A person with HIV whose CD4 count falls below 200 per cubic millimeter will be diagnosed with AIDS.A person can also be diagnosed with AIDS if they have HIV and develop an opportunistic infection or cancer that’s rare in people who don’t have HIV. Untreated, HIV can progress to AIDS within a decade. There’s no cure for AIDS, and without treatment, life expectancy after diagnosis is about three years . This may be shorter if the person develops a severe opportunistic illness. However, treatment with antiretroviral drugs can prevent AIDS from developing.

If AIDS does develop, it means that the immune system is severely compromised. It’s weakened to the point where it can no longer fight off most diseases and infections. That makes the person vulnerable to a wide range of illnesses, including:

pneumonia, tuberculosis, oral thrush, a fungal infection in the mouth or throat, cytomegalovirus (CMV), a type of herpes virus, cryptococcal meningitis, a fungal infection in the brain,.toxoplasmosis, a brain infection caused by a parasite, cryptosporidiosis, an infection caused by an intestinal parasite, cancer, including Kaposi’s sarcoma (KS) and lymphoma

The shortened life expectancy linked with untreated AIDS isn’t a direct result of the syndrome itself. Rather, it’s a result of the diseases and complications that arise from having an immune system weakened by AIDS.

2.) Multiple myeloma

Multiple myeloma is a type of cancer that affects plasma cells. Plasma cells are a type of white blood cell found in bone marrow, which is the soft tissue inside most of your bones that produces blood cells. In the bone marrow, plasma cells make antibodies. These are proteins that help your body fight off diseases and infections.

Multiple myeloma occurs when an abnormal plasma cell develops in the bone marrow and reproduces itself very quickly. The rapid reproduction of malignant, or cancerous, myeloma cells eventually outweighs the production of healthy cells in the bone marrow. As a result, the cancerous cells begin to accumulate in the bone marrow, crowding out the healthy white blood cells and red blood cells.Like healthy blood cells, cancerous cells try to make antibodies. However, they can only produce abnormal antibodies called monoclonal proteins, or M proteins. When these harmful antibodies collect in the body, they can cause kidney damage and other serious problems.

