Medical Immunology:

Immune Deficiency Diseases

Objective 1: List those attributes of a patient’s history and presentation that would favor a diagnosis of an immune deficiency and briefly outline a strategy that would allow you to make a differential diagnosis.

Attributes of a patient history and presentation which would favor a diagnosis of an immune deficiency include 

· Age of onset, i.e. recurrent infections (bacterial) after 3-6 months of age – B cell deficiency, viral and fungal infections from birth – T cell deficiency;

· Family History

· High Risk Factors/Behaviors, i.e. drug use, multiple sexual partners, tranfusions, hemophilia

· Occupation, i.e. Ionizing Radiation

· Immunosuppression, i.e. Tranplant patients

· Prior successful therapies

· Prior Infections

· Frequency

· Duration

· Complications

· Response to Antibiotics

· Age of Onset

A brief outline of strategy to make a differential diagnosis:

I. Patient History

II. Physical Exam

III. Laboratory Tests

A. CBC & Differential – Leukocytes, Lymphocytes, Monoctyes

This is not useful for B cell deficiencies – often will not show deficiency, the problems are more related to B cell differentiation and Ab production

B. Quantitative Ig levels (At KU – nephthelometry)

Can test serum, saliva, mucus

C. T & B cell panels

CD3+

CD4+   
(  T cell counts (with subsets)
CD8+

CD19  ( B cell count

D. Complement levels (Individual components measured)

Most common component deficiencies are C2, C4, Factor B;

*Also CH50 test which analyses total complement activity

IV.
More specific tests

Objective 2: Discuss the typical history, patient presentation, physical examination and laboratory findings for the following antibody deficiency diseases: 

· X-linked agammaglobulinemia (XLA)

· Selective IgA deficiency

· Transient hypogammaglobulinemia of infancy 

· Common Variable Immune Deficiency (CVID)


Typical History &

Patient Presentation
Physical Exam
Laboratory Findings

XLA
Pyogenic infections after 6 mos.; Paralytic dis. After oral polio immunization
Infection in lungs, sinuses and bones
IgG<100 mg/dl

Other Igs lo-absent

B cells – lo-absent

T cells normal

Selective IgA Deficiency
Recurrent respiratory infections, chronic diarrhea, allergy, Autoimmune disease

Low serum IgA

Normal other IGs

Transient Hypogamma
Bacterial infections age 3-6mos., persists for 6-18mos.

Lo IGs, Normal B cells, Lo TH cells

CVID
Recurrent bact. Infections, usually in teens and 20s

Lo Igs & Ab levels

Objective 3: Identify the defect, pathogenesis and treatments for the diseases listed in #2, and identify the common infections seen in these patients.


Defect
Pathogenesis
Common Infections
Diagnosis
Treatment

XLA
Defect in Btk (Bruton’s tyrosine kinase) gene prevents differententiation of pre-B to B cells
Absence of peripheral B cells, none in follicles of lymph node or in spleen 
Pneumococcus, Hemophilus, Streptococcus, Chronic Echovirus Encephalitis
1. Quantitative Igs

2. Isohemoglutinin

3. Test titer levels (ELISA, Serum IgA)

4. Exclude Complement/T cell defic.


1. Antibiotics with infection

2. IVIG, every 21 days, only need 30-40%

*NOTE: 

A. Do not give IVIG to IgA Deficiency – results in serum sickness/

Anaphylatoid Reaction

B. Never give Bone Marrow transplant to B cell defic., risks are much higher than IVIG

Selective IgA Deficiency
Unable to differentiate B cell to Plasma cell
IgA bound B cells, Absent free IgA in saliva, lo in serum; Normal levels of other IGs
Many are asymptomatic because compensation by secreting other Igs (IgM ( transported to gut mucus membrane with Secretory Component – No treatment needed; Some have infections



Transient Hypogamma
Delayed maturation of B cells, possibly related to maturation of T cells
IGs not found in periphery until 18 mos.+, normal B cells
Bacterial infections



CVID
1. Production of Antibodies

2. Differentiation of B cells to Plasma Cells

3. Ig loss from extraneous challenge (burn pts., protein losing interopathies, drugs, multiple myeloma, autoAb to T or B cells
Recurrent Infections, Diarrhea, Malabsorption, nodular lymphoid hyperplasia of the GI tract, bronchiectasis
Bacterial Infections



Objective 4: Discuss the typical history, patient presentation, physical examination and laboratory findings for the following T cell deficiency diseases: 

· DiGeorge Syndrome

· Acquired Immune Deficiency Syndrome (AIDS)

· Severe Combined Immune Deficiency (SCID)

· Adenosine Deaminase (ADA) Deficiency

· Bare Lymphocyte Syndrome (BLS)

· Wiscott-Aldrich Syndrome

Note which of these are actually combined deficiency syndromes.

AND

 Objective 5: Identify the defect, pathogenesis and treatments for the diseases listed in #4, and identify the common infections seen in these patients.

T-CELL DEFICIENCIES: Increased susceptibility to viral and protozoal infections, and to intracellular pathogens such as mycobacterium tuberculosis, candida albicans, and pneumocystis carinii.  

I. DIGEORGE SYNDROME: Congenital malformation of 3rd and 4th Brachial Pouches, resulting in no formation of Thymus or Parathyroid Glands. 

               SYMPTOMS: 

                    Patient will present with  as hypothymic, lypmphopenic (Loss of the 75-80% of lymphocytes which are T cells), severe hypocalcemia due to hypoparathyroidism (Parathyroid does not form normally).  Concurrent cardiac and vessel defects are common, and the most common cause of death.  There are early viral and fungal infections

               TREATMENT: Grafting of fetal thymus tissue (only need epithelial cells). Must use fetal tissue younger than 14 months to prevent Graft -vs- Host Disease. 

II. ACQUIRED IMMUNE DEFICIENCY SYNDROME (AIDS): 

Most common immune deficiency, therefore should always rule out (i.e. If child presents with oral thrush, should first rule out HIV).

Mechanism: Infection of CD4 cells (TH cells, Dendritic cells) by HIV retrovirus. 

Two phases to the disease:

1. Dysregulation of Immune Response

A. CD4+ cells 400-1000/(l

B. Polyclonal Ig increase, though a decrease in Ab specific to pathogens

C. Macrophage respond with TNF(, IL-1, IL-6

2. Immune Deficiency

A. CD4+ cells<200/(l

B. Infections are paramount – recurrent, opportunistic, complicated-opportunistic (Mycobacterium, parasites,…)

C. Inversion of CD4:CD8 ratio -  Normal: 1.5-2.5

          Immune Defic. Pt.: <0.5

DIAGNOSIS:  

1. CD4 count

2. CD4:CD8 ratio

3. Ab response to gp120 (the viral-coat protein, which recognizes CD4 receptors on TH cells in order to gain entry into the cells) 

4. Western Blot 

TREATMENT: Numerous medications are needed to respond to infection as well as prophylactic medications to prevent recurrent infections; AZT and Protease inhibitors as well.
COMBINED IMMUNODEFICIENCIES: 

For all of the following deficiencies, the Diagnostic criteria and treatment are the same:

DIAGNOSIS: History (early onset <6 mo.)

                       
Labs: CBC & Diff: lymphopenia


Flow cytometry: CD4:CD8, CD3 counts


Skin Test – tests hypersensitivity reactive ability

TREATMENT:  

1. Must avoid live virus vaccines

2. Must irradiate all blood products in order to prevent graft-vs.-host disease

3. Antimicrobial drugs

III. BARE LYMPHOCYTE SYNDROME: Deficiency in expression of MHC molecules resulting in impaired antigen presentation to T cells.

Three Types: 

          Type-I: Defective MHC-I expression


Defect in TAP transporter protein results in a lack of antigenic peptides passed into the E.R., which prevents assembly of MHC-I ( chain to (2-microglobulin and therefore are not expressd on the membrane.

          Type-II: Defective MHC-II. 


The loss of a transcription factor which binds all three MHC-II loci (DP, DQ, DR) promoter regions leads to the coordinated loss of all three MHC-II molecules

          Type-III: Defective MCH-I & MCH-II


The cause of this type is not addressed.

Age of onset is earlier than 3 months with viral and bacterial infections and the infant often dies by 5 years of age.

IV. SEVERE COMBINED IMMUNODEFICIENCY (SCID): Absence of both T and B-Cells. Onset at 3-6 months. 

PATIENT PRESENTATION: Structural and functional abnormalities in both the humoral and cell-mediated branches.  Tonsils are absent, peripheral lymph nodes are small or absent, and thymus does not appear on X-ray.

COMMON PATHOGENS:  Individuals with severe combined immunodeficiency (SCID) are susceptible to the whole range of infectious agents including organisms not ordinarily considered pathogenic. Multiple infections with viruses, bacteria, fungi and protozoans occur, often simultaneously.  The most common results are pneumonia due to pneumocystis carinii, diarrhea due to rotavirus or bacterial infections of the GI tract, and moniliasis caused by Candida albicans.

LAB VALUES: low lymphocytes, low Ab levels, Negative skin test for hypersensitivity, little if any proliferation in mitogen-stimulation assays, and markedly reduced cytokine production.

There are multiple forms of SCID, including X-linked SCID and autosomal-recessive SCID.

1. X-LINKED SCID (XSCID): 

DEFECT: The receptors for IL-2, IL-4, IL-7, IL-9, and IL-15 all contain a common receptor subunit termed the common  subunit, or c. The ( chain gene for c is on the q arm of the X chromosome, and

mutations of c result in XSCID.

AUTOSOMAL-RECESSIVE SCID

2. ADA-DEFICIENCY

Adenosine Deaminase Deficiency is usually the cause in autosomal-recessive SCID. Deficiency of ADA leads to accumulation of deoxyadenosine and its derivatives (e.g., deoxy-ATP), which are toxic to immature lymphocytes (B and T cells).  Therefore patients with ADA deficiency have markedly lower levels of mature B and T cells. 

3. PNP-DEFICIENCY

PNP deficiency results in accumulation of dGTP and dATP.  Both are selectively toxic for maturing lymphocytes and reduce the number of B and T cells.

TREATMENT: Bone-marrow transplant is a possibility. In the case of ADA deficiency, you can treat with  the enzyme. Gene replacement has been partially successful so far only in SCID patients with ADA deficiency.  

V. WISKOTT-ALDRICH SYNDROME: Rare X-linked, cause unknown. 

PATIENT PRESENTATION: Male infants present with bleeding; many do not survive childhood, dying of complications of bleeding, infection or lymphoreticular malignancy.

PHYSICAL EXAM: Eczema, thrombocytopenia, and repeated infections.  Platelets are small and have shortened half-life.

FINDINGS: Normal IgG and IgA, low IgM, elevated IgE

DEFECT: Mutations in the WASP gene on the short arm of the X chromosome are responsible

for this disease. The WASP protein may serve an important role in transduction of

cellular signals.

PATHOGENESIS: It is a complete failure to produce antibodies against polysaccharide antigens.  Tcell defect is secondary – anergic T cells.  


TREATMENT: Stem Cell Transplantation, IVIG + Splectomy – improves platelet counts and 

reduces hemorrhaging. Also prophylactic antibiotics.

Objective 6: Discuss the typical history, patient presentation, physical examination and laboratory findings for the following phagocytic cell deficiencies: 

· Leukocyte Adhesion Defect (LAD)

· Chronic Granulomatous Disease (CGD)

· Myeloperoxidase (MPO) Deficiency

AND

Objective 7: Identify the defect, pathogenesis and treatments for the diseases in #6, and characterize the infections that are typical of patients with phagocytic cell deficiencies.

PHAGOCYTIC IMMUNE DEFICIENCIES: As a group these diseases lead to recurrent bacterial and fungal infections. 

I. LEUKOCYTE ADHESION DEFECT (LAD): Inability for neutrophils to extravasate due to inability to bind to endothelia. 

LAD Type I: Abnormal (2-Chain of LFA-1 and Mac-1 Integrin molecules (CD18) on leukocytes, resulting in deficient immunity.

LAD Type II: Absence of sialyl-Lewis X, the a carbohydrate ligand for E-selectin found on neutrophils.

      

PATHOGENESIS: 

          
 Complement Receptors, CR3 and CR4 deficient, or, 

          
 LFA-1 could be deficient, resulting in no adhesion to ICAM-1 in endothelia. 



Susceptibility to infections and poor wound healing

II. CHRONIC GRANULOMATOUS DISEASE (CGD): 

PRESENTATION: Severe infections of skin, ears, lungs, liver, and bone with catalase-positive   microorganisms such as S. aureus, Burkholderia cepacia, Aspergillus sp., Chromobacterium

   
violaceum; often hard to culture organism; excessive inflammation with granulomas, frequent lymph node suppuration; granulomas can obstruct GI or GU tracts; gingivitis, aphthous ulcers, seborrheic dermatitis

PATHOGENESIS: Absent respiratory burst due to the lack of one of four NADPH oxidase                       subunits in neutrophils, monocytes, and eosinophils.

1. X-Linked recessive (60%)

Cytochrome-B (Membrane component) deficiency resulting in no NADPH Oxidase ------> No Oxidative Burst, because of inability to recycle NADP.

2. Autosomal Recessive (Cytoplasmic components) (40%)

      

 Impairs the killing ability of neutrophils. 

       Catalase-negative bacteria can still be killed by the defective neutrophils, because they form their

       own H2O2 in bacterial metabolism, and they don't have the catalase to break it down. 

DIAGNOSIS: NBT test; absent superoxide and H2O2 production by neutrophils; absent                                       chemiluminescence; immunoblot for NADPH oxidase components      

PROGNOSIS: Children often die of septicemia by 7 years of age. 

III. MYELOPEROXIDASE DEFICIENCY (Autosomal recessive): 

PRESENTATION: Clinically normal except in patients with underlying disease such as diabetes mellitus;  then candidiasis or other fungal infections.

PATHOGENESIS: Absent myeloperoxidase due to pre- and posttranslational defects

DIAGNOSIS: NBT test; absent peroxidase in neutrophils

· Objective 8: Discuss the typical history, patient presentation, physical examination and laboratory findings for the following complement deficiency diseases:

· C1q Deficiency

· C5-8 Deficiency

· Hereditary Angiodema (HAE)

· Paroxysmal Nocturnal Hemaglobulinemia (PNH)

AND

Objective 9: Identify the defect, pathogenesis and treatments for the diseases in #8, and identify the common infections seen in these patients.

The C2 deficiency is the most common deficiency of all components.  
DIAGNOSIS: Single component measurement as well as CH50 test is done for all of the following deficiencies.

I. HEREDITARY ANGIO-EDEMA (HAE): Genetic inability to produce C1Inh 

          SYMPTOMS: Swelling of arteries. 

          PATHOPHYSIOLOGY: Defective C1Inh leads to a hyperactive classical pathway ------> C2-kinin split

          products ------> vascular permeability and angioedema. 

II. PAROXYSMAL NOCTURNAL HEMOGLOBINEMIA (PNH): Defect in CD59 and DAF inhibitors. 

          CD59 and DAF are alpha-adrenergic (IP3) linked proteins. 

          SYMPTOM = hemolytic anemia. 

III.  C1q DEFICIENCIES

C1q deficiency results in the inability to convert C1qr2s2 into it’s active form in order to cleave C2 and C4.  The loss of the classical pathway “early component deficiencies (C1q,r,s, C2 or C4)” cause increase susceptibility to infections, with the major manifestation being an SLE-like disease.  This disease is not well understood, but theory is that the Ag:Ab complexes can’t be cleared as well with macrophages and hence are deposited in tissues.   

IV. C5-8 DEFICIENCIES


Lacking any of the components for MAC (membrane attack complex) will inhibit the ability of MAC production.  C5-C8 are needed for MAC integrity, and C9 provides a more stable structure with faster cytolysis.  
      
PATHOGENESIS: Increased susceptibility to recurrent Neisserial (gonococcal and meningoccoal) infecctions. 

          Poor wound healing.
Objective 10: List the therapies commonly used in the treatment of immune deficiencies, the rationale for their use and their contra-indications.

1.      THERAPIES


RATIONALE


CONTRA-INDICATIONS


Antimicrobials/

Antibiotics

Assist in defeating micro-organisms
Produce resistant strains, 

hemolytic anemia, GI ulcers

IVIG


Provides natural protection against Ag
Hypersensitivity response (i.e. 

IgA defic. are sensitized to Igs)


Stem Cell Tranplantation




Healthy Stem Cells will have opportunity 
B cell & Combined Deficiencies



to provide new immune system which is 



autotolerant and immuno-capable
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