
IMMUNODEFICIENCY

Dr Dinesh Kumar Sharma



INTRODUCTION

➢Integrity of the immune system is essential for defense against infectious

organisms and their toxic products and therefore for the survival of all individuals.

➢ Defects in one or more components of the immune system can lead to serious

and often fatal disorders, which are collectively called immunodeficiency

diseases.

➢ These diseases are broadly classified into two groups. The congenital, or

primary, immunodeficiencies are genetic defects that result in an increased

susceptibility to infection that is frequently manifested early in infancy and

childhood but is sometimes clinically detected later in life.

➢ Acquired, or secondary, immunodeficiencies are not inherited diseases but

develop as a consequence of malnutrition, disseminated cancer, treatment with

immunosuppressive drugs, or infection of cells of the immune system, most

notably with the human immunodeficiency virus (HIV), the etiologic agent of

acquired immunodeficiency syndrome (AIDS).



Classification of ID

Primary

(Congenital)

Genetic Mutation

Monogenic (Single gene)

Polygenic (Multiple genes)

Secondary

(Acquired)

Malnutrition

Viral and Bacterial 
Infections

(AIDS)

Immunosuppressive 
Therapy

(Corticosteroids)  

Excessive Proteins Loss

(Burns, nephrotic
syndrome)



PRIMARY IMMUNODEFICIENCY

Congenital (inherited)

❖ Primary immunodeficiencies are inherited defects of the immune system

❖ These defects may be in the specific or nonspecific immune mechanisms

❖ They are classified on the basis of the site of lesion in the developmental or

differentiation pathway of the immune system











DiGeorge Syndrome

• Poorly developed or functioning thymus

• Associated with other developmental conditions

• Depression of T cell numbers

• Absence of T cell response

• Humoral response to T independent antigens only

Wiskott Aldrich Syndrome

• X linked disorder

• Affects platelet numbers/function

• Affects T cell function

• Cytoskeleton of lymphocytes affected

• Lower amounts of IgM

• Increased susceptibility to certain bacterial infections



LEUKOCYTE ADHESION DEFICIENCY:

➢Leukocytes lack the complement receptor CR3 due to a defect in CD11 or
CD18 peptides and consequently they cannot respond to C3b opsonin.

➢Alternatively there may a defect in integrin molecules, LFA-1 or mac-1
arising from defective CD11a or CD11b peptides, respectively.

➢These molecules are involved in diapedesis and hence defective
neutrophils cannot respond effectively to chemotactic signals.

CHRONIC GRANULOMATOUS DISEASE (CGD):
➢CGD is characterized by marked lymphadenopathy, hepato-

splenomegaly and chronic draining lymph nodes.

➢In majority of patients with CGD, the deficiency is due to a defect in

NADPH oxidase that participate in phagocytic respiratory burst.



Deficiency of all complement components   
have been described C1-C9

http://www.ncbi.nlm.nih.gov/books/NBK27109/figure/A1506/?report=objectonly


SECONDARY IMMUNODEFICIENCY

Secondary immunodeficiencies, also known as acquired immunodeficiencies,

can result from various immunosuppressive agents, for example, malnutrition,

aging and particular medications (e.g., chemotherapy, disease-modifying

antirheumatic drugs, immunosuppressive drugs after organ transplants,

glucocorticoids).

For medications, the term immunosuppression generally refers to both beneficial

and potential adverse effects of decreasing the function of the immune system,

while the term immunodeficiency generally refers solely to the adverse effect of

increased risk for infection. Many specific diseases directly or indirectly cause

immunosuppression.

This includes many types of cancer, particularly those of the bone marrow and

blood cells (leukemia, lymphoma, multiple myeloma), and certain chronic

infections. Immunodeficiency is also the hallmark of acquired immunodeficiency

syndrome (AIDS), caused by the human immunodeficiency virus (HIV). HIV

directly infects a small number of T helper cells and also impairs other immune

system responses indirectly.



ACQUIRED IMMUNE DEFICIENCY SYNDROME

(AIDS)

AIDS (acquired immune deficiency syndrome) was the great pandemic of the

second half of the twentieth century. Fortunately the 2011 report issued by the

Joint United Nations Programme on HIV I AIDS and the WHO indicates that

the number of new HIV infections has decreased 2 1% since 1997, when the

epidemic began to peak globally. Today 34 million people are infected and

living with HIV/AIDS worldwide, up 17% since 2001.

First described in 1981, AIDS is the result of an infection by the human

immunodeficiency virus (HIV), a positive- strand, enveloped RNA virus within

the family Retroviridae. Molecular epidemiology data indicate that HIV-1 arose

from the simian immunodeficiency virus (SIV) harbored by the chimpanzee

(SIVcpz).





HIV

The human immunodeficiency viruses (HIV) are two species of Lentivirus (a

subgroup of retrovirus) that infect humans. Over time, they cause acquired

immune deficiency syndrome (AIDS), a condition in which progressive failure

of the immune system allows life-threatening opportunistic infections and

cancers to thrive. Without treatment, average survival time after infection with

HIV is estimated to be 9 to 11 years, depending on the HIV subtype. In most

cases, HIV is a sexually transmitted infection and occurs by contact with or

transfer of blood, pre-ejaculate, semen, and vaginal fluids.

HIV-1, was discovered and characterized in the laboratories of Luc Montagnier

in Paris and Robert Gallo in Bethesda, Maryland.

About 2 years later, the infectious agent was found to be a retrovirus of the

lentivirus genus, which display long incubation periods (lente is Latin for

“slow”). Retroviruses carry their genetic information in the form of RNA, and

when the virus enters a cell this RNA is reversetranscribed (RNA to DNA,

rather than the other way around) by a virally encoded enzyme, reverse

transcriptase (RT).



This copy of DNA, which is called a provirus, is integrated into the cell

genome and is replicated along with the cell DNA. When the provirus is

expressed to form new virions (viral particles), the cell lyses.

Alternatively, the provirus may remain latent in the cell until some regulatory

signal starts the expression process. The discovery of a retrovirus as the cause

of HIV was novel, since at the time only one other human retrovirus, human T-

cell lymphotropic virus I (HTLV-I), had been identified.

Although comparisons of their genomic sequences revealed that HIV-1 is not a

close relative of HTLV-I, similarities in overall characteristics led to use of the

name HTLV-III for the AIDS virus in early reports.

HIV-1 virions are approximately 110 nm in diameter, have a cylindrical core

capsid, and their membrane envelopes are peppered with viral spike proteins.

The core contains two copies of its RNA genome and several enzymes. Ten

virus-specific proteins have been discovered. One of them, the gp120 envelope

protein, facilitates attachment to a susceptible host cell (e.g., T-helper cell).





















IMPORTANT POINT

• Primary immunodeficiency diseases result from intrinsic defects in immune

system cells, complement components, and phagocytic cells.

• Defects in B cell function result in recurrent pyogenic infections. Defective

antibody responses are due to failure of B cell function, as occurs in X-linked

agammaglobulinemia, or failure of proper T cell signals to B cells, as occurs in

hyper-IgM (HIgM) syndrome, common variable immunodeficiency (CVID),

and transient hypogammaglobulinemia of infancy.

• Poor T cell function results in susceptibility to opportunistic infections.

Defective cell-mediated immunity is due to failure of T cell function, seen for

example in severe combined immunodeficiency (SCID), MHC class II

deficiency, ataxia telangiectasia (AT), the Wiskott–Aldrich syndrome (WAS),

and the DiGeorge anomaly.



• Hereditary complement component defects are found in a number of

clinical syndromes, the most common of which is that of the C1 inhibitor,

which results in hereditary angiedema (HAE). Hereditary complement

deficiencies of the terminal complement components (C5, C6, C7, and C8)

and the alternative pathway proteins (factor H, factor I, and properdin) lead to

extraordinary susceptibility to infections with the two Neisseria species, N.

gonorrheae and N. meningitidis.

• Genetic defects of phagocytes can result in overwhelming infection. Defects

in the oxygen reduction pathway of phagocytes, such that the phagocytes

cannot assemble NADPH oxidase and produce the hydrogen peroxide and

oxygen radicals that kill bacteria, are the basis of chronic granulomatous

disease (CGD). The resulting persistence of bacterial products in phagocytes

leads to abscesses or granulomas, depending on the pathogen.

• Leukocyte adhesion deficiency (LAD) is associated with a persistent

leukocytosis because phagocytic cells with defective integrin molecules cannot

migrate through the vascular endothelium from the blood stream into the

tissues.



IMPORTANT POINTS

(AIDS and Secondary Immundeficiency)

• Some drugs selectively alter immune function.

Immunomodulatory drugs can severely depress immune functions. Steroids

affect cell traffic, induce leukocytopenia, and inhibit cytokine synthesis.

Cyclophosphamide, azathioprine, and mycophenolate mofetil act directly on

DNA or its synthesis.

• Nutrient deficiencies are generally associated with impaired immune

responses. Malnutrition increases the risk of infant mortality from infection

through reduction in cell-mediated immunity, reduced CD4 helper cells,

reduced T cell help, and a reduction of secretory IgA. Trace elements, iron,

selenium, copper, and zinc are important in immunity. Lack of these elements

can lead to diminished neutrophil killing of bacteria and fungi, susceptibility to

viral infections, and diminished antibody responses. Vitamins A, B6, C, E, and

folic acid are important in overall resistance to infection.



• Antioxidant activity. Carotenoids are antioxidants like vitamin C and E and

can enhance NK cell activity, stimulate the production of cytokines and

increase the activity of phagocytic cells. Diet and nutrition are powerful

innovative tools to reduce illness and death caused by infection.

• The most significant global cause of immunodeficiency is HIV infection.

AIDS is caused by HIV, which is a double stranded RNA retrovirus that infects

CD4 T cells. Severe CD4 depletion results from a variety of mechanisms, with

drastic functional impairment of cell-mediated immunity and death from

opportunistic infections.

• Combination therapy for AIDS with inhibitors of reverse transcriptase,

protease, and viral entry are reasonably successful, but associated with long-

term toxicities in almost 50% of persons. An effective vaccine remains an

elusive goal.

Note: A state in which the ability of the immune system to fight infectious

disease is compromised or entirely absent. A person who has an

immunodeficiency is said to be immuno-compromised.
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