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Introduction

      Rheumatic diseases are a major cause of morbidity and long term disability. Approximately one-third of individuals aged over 75 years of age in the UK population has significant muscloskeletal problems. There has been a tremendous expansion in the use of laboratory services over the past 10 years in rheumatology , and present day rheumatological practice relies heavily on serological testing . This has resulted from major advances in research in this field , particularly in the areas of immunology , the genetics of the human leucocyte antigen (HLA) system and the biochemistry of inflammation.

The spectrum of rheumatic diseases
    The rheumatic diseases range from localized musculoskeletal syndromes to more severe systematic inflammatory disease. Localized musculoskeletal disorders include tendenitis , fibrositis and other forms of soft tissue rheumatism that are less frequently associated with signs and symptoms of inflammation . Osteoarthritis is a common degenerative disorder of old age often localized to the weight bearing joints . It is generally regarded as a non-inflammatory disease , but occasionally , affected joints do become locally inflamed. In contrast , the systemic inflammatory rheumatic diseases are characterized by articular and / or extra-articular inflammation , which can be present in any organ system and can involve all humoral and cellular aspects of the immune system . These diseases include:-
A)- Autoimmune rheumatic diseases, characterized by a humoral immune response directed at components of the nucleus , cytoplasm or surface of cells – they include rheumatoid arthritis (RA) , systemic lupus erythromatosis (SLE) , Sjogren's syndrome , polymyositis / dermatomyositis and systemic sclerosis.

B)- Seronegative spondiloarthropathies e.g. ankylosing spondylitis , Reiter's syndrome , psoriatic arthritis.

C)-Vasculitides e.g. Wegner's granulomatosis (WG) , polyarteritis nodosa (PAN) , polymyalgia rheumatica / temporal arteritis.

D)- Crystal induced arthropathies e.g.gout and pseudogout .
Laboratory tests in rheumatic diseases:-

They can be divided into :-

1- General laboratory tests (assessment of inflammatory process).

2- Specific laboratory tests , namely , immunological tests and synovial fluid analysis.

1- General laboratory tests of inflammation:-

 The erythrocyte sedimentation rate (ESR), plasma viscosity and C-reactive protein have been widely used in clinical practice as markers of inflammation .

I-  Erythrocyte sedimentation rate (ESR):-

  Inflammation elicits a systemic reaction , known as the acute phase response . The acute phase reactants , mainly fibrinogen , bind non-specifically to red blood cells and increase the ESR. This simple and inexpensive test for inflammation has several limitations . Fibrinogen is slow to increase after inflammation and persists long after inflammation subsides ; as a consequence , the ESR is both insensitive and poorly related to the time course of inflammation . Because fibrinogen is unstable , stored samples Cannot be used . The ESR can be raised by many factors including anemia , smoking and raised levels of plasma proteins . The ESR is higher in women compared with men , and under the age of 50 years . The upper limit of the  reference range in men is 15 mm/h and in women is 20 mm/h . The ESR rises with age and the corresponding upper limit above the age of 50 years in men is 20 mm/h and in women is 30 mm/h . The ESR is affected in an irregular and unpredictable way by pregnancy , and is increased or decreased by many drugs.

Comments and interpretation

  In the absence of clinical symptoms and signs of inflammatory arthritis , moderate elevations of the ESR , e.g. 30-60 mm/h, are not helpful in establishing a diagnosis . In a patient with clinical symptoms of arthritis but few overt clinical signs , such elevations in  the ESR  can alerts the physician to the presence of an underlying systemic inflammatory disease which may become more overtly manifest in time . However , it is also known that the ESR can be normal in patients with active inflammatory rheumatoid arthritis . A very high ESR at presentation (> 100 mm/h) is almost always pathological and indicate a serious underlying pathology , e.g. myeloma or other malignancies , or severe systemic inflammatory disease. The ESR is useful in monitoring treatment in systemic inflammatory rheumatic diseases , and for prognosis in RA. In RA , a high ESR at presentation is a predictor of joint erosions and in conjunction with other clinical parameters , can identify individuals with a poor prognosis , requiring more aggressive treatment. There is some evidence that it correlates well with the severity of inflammation in RA and can therefore be useful in assessing response to treatment with disease modifying drugs , although the interpretation of a raised ESR may be difficult if anemia and / or raised globulin levels are present.
II- Plasma viscosity (PV):-
  Plasma viscosity (PV) is becoming increasingly used instead of the ESR . Like the ESR , it is determined predominantly by the concentration of fibrinogen. PV rises 24-48 h after the onset of inflammation and returns to normal 8-12 days after inflammation ceases . It has several advantages as a routine laboratory measure . Firstly , PV is minimally affected by age and sex , and is not affected by anemia or drugs . Its measurement is cheap , fully automated , easy to perform and standardize , and can be performed on samples stored for up to 7 days . The only disadvantage is the cost which is two to three times greater than that of ESR measurement .

III- C-reactive protein (CRP):-
   It is an acute phase protein produced by the liver in response to cytokines generated by inflammation. While the precise function of the CRP during the acute phase is not known , this protein may have the potential for influencing inflammation and other defense mechanisms.
Comments and interpretation
  CRP levels are elevated in serum by many inflammatory conditions other than inflammatory arthritis , e.g. infection . In isolation it has no diagnostic role but in conjugation with other clinical parameters it may provide useful information on the severity and prognosis in certain forms of arthritis . It is a sensitive indicator of the severity of active inflammation in RA , and in ankylosing spondylitis and Reiter's syndrome . In RA , it correlate better than ESR with inflammation and subjective parameters such as pain , stiffness and grip strength . However , one notable exception is in SLE , where in active disease the ESR is usually elevated but CRP levels can be normal , unless there is superimposed bacterial  infection . CRP increases more rapidly and decreases sooner with resolution of the inflammatory process than does ESR. CRP levels can be a useful indicator of the response to anti-inflammatory treatment .CRP levels have been shown to predict radiologically measured deterioration in RA , but the wide variation in levels amongst patients limit its use as a prognostic indicator. Thus , the ESR ( or PV) can be useful in the diagnosis of many systemic inflammatory rheumatic diseases , and also as a prognostic indicator in RA . The CRP level may be more suited to monitoring disease activity in inflammatory arthritis . In patients with unexplained elevations of ESR ( or PV) , a normal CRP suggests that the underlying aetiology is non-inflammatory , and CRP is therefore a useful complementary test in this clinical situation. 
IV- Measurements of Complement

The Complement System

  Complement is a complex system of at least 30 proteins that play key roles in the innate and adaptive immune responses. Effector functions of complement include opsonization, chemotaxis and activation of leukocytes, lysis of bacteria and cells, promotion of antibody responses, and clearance of immune complexes and apoptotic cells. Three enzymatic complement cascades (the classical pathway, the alternative pathway, and the mannose-binding lectin pathway) lead to the generation of a convertase that cleaves C3, releasing C3a (an anaphylatoxin) and producing C3b, which binds to the target surface. C3b, a potent opsonin, forms a complex that cleaves C5 to C5a (another anaphylatoxin) and C5b, which sequentially binds C6, C7, C8, and C9 to form the membrane attack complex, a channel that can induce osmotic lysis of the target cell.
Indications for Measurements of Complement

  Complement should be measured when there is clinical suspicion of a disease that is associated with hypocomplementemia or an inherited or acquired abnormality of the complement system Complement levels also can be used to monitor the activity of diseases such as SLE. Some components of the complement system, including C3 and C4, are acute phase proteins, and their synthesis increases during the acute phase response. Because the liver synthesizes many complement components, severe hepatic failure can produce hypocomplementemia.
	Immune Complex Diseases Associated with Hypocomplementemia



	

	· Systemic lupus erythematosus
· Vasculitis
· Hypocomplementemic urticarial vasculitis
· Polyarteritis nodosa (especially hepatitis B-associated)
· Glomerulonephritis
· Post-streptococcal
· Membranoproliferative
· Cryoglobulinemia (type II and III)
· Subacute bacterial endocarditis
· Serum sickness


	Clinical Syndromes Associated with Deficiences of Components of the Classical Pathway of Complement Activation



	· Component
· Syndrome
· Pathway components
 

·   C1q, C4, C2
· Lupus-like syndromes
·   C3
· Recurrent pyogenic infections; immune complex glomerulonephritis
·   C5, C6, C7, C8
· Recurrent neisserial infections
· Regulatory proteins
·   C1 inhibitor
· Angioedema


	


  There are three commonly used measurements of complement in clinical practice: the CH50 and determination of the levels of C3 and C4.

V- Cytokines:-

Cytokines are hormone like proteins secreted by a variety of cells in response to an antigenic or inflammatory  stimuli. Cytokines help to regulate immune and inflammatory responses . Many different cytokines have been described e.g. interleukins , tumor necrosis factor , macrophage activating factor , etc. They play integral role in the pathogenesis of autoimmune rheumatic diseases . Immunoassays such as ELISA can be used to detect and quantify cytokines in both serum and synovial fluid . 
2- Synovial fluid Analysis:-
  Microscopic analysis of synovial fluid is increasingly recognized  amongst rheumatologists as a useful diagnostic investigation of rheumatic disorders from RA to a torn meniscus . In patients presenting with joint effusions , aspiration and subsequent synovial fluid examination using polarized light can directly identify urate and calcium pyrophosphate crystals , and thus aid in the diagnosis of gout and pseudogout .  
3- Speific  immunological tests in rheumatic disease:-
   Immunological investigations have assumed increasing importance in rheumatological practice since it was shown that several specific autoantibodies present in the serum of patients correlate with clinical syndromes , disease features and prognosis . Specific serological tests can be used in conjunction with the clinical history and physical examination to :-

A)- Determine the precise diagnosis.

B)- Assist in the early recognition of incompletely expressed disease.

C)- Identify particular subsets of disease and provide information on prognosis .

D)- Monitor disease activity and response to therapy.
1)- Cryoglobulins:
Classification

  Cryoglobulins are cold-insoluble immunoglobulins that dissolve on rewarming. The Brouet classification describes three categories.

Type I is a monoclonal immunoglobulin that precipitates in the cold. Type I cryoglobulins are often associated with underlying lymphoproliferative disorders and may cause cold-induced hyperviscosity symptoms if the monoclonal immunoglobulin precipitates at physiologically relevant temperatures.

Type II cryoglobulins are immune complexes composed of a monoclonal immunoglobulin (usually IgM) with rheumatoid factor activity and polyclonal IgG. Most cases of type II cryoglobulinemia are associated with chronic hepatitis C infection and manifest clinically as an immune complex–mediated vasculitis with palpable purpura . The levels of C4 are usually low. Tests for serum rheumatoid factor are positive unless handling of the sample at lower than 37°C produces a false-negative test.

Type III cryoglobulins are immune complexes composed of polyclonal rheumatoid factor and polyclonal IgG. Type III cryoglobulinemia occurs in hepatitis C, other chronic infections including subacute bacterial endocarditis, and autoimmune diseases such as SLE and rheumatoid arthritis.

Measurement

   Blood to be tested for cryoglobulins is drawn in prewarmed tubes, is allowed to clot at 37°C, and then is centrifuged at 37°C; exposure to temperatures lower than 37°C during these steps can result in a false-negative test due to premature precipitation of the cryoglobulin. The resulting serum is placed at 4°C for 2–7 days (usually 2–3 days) and then is examined for a precipitate. A "cryocrit" provides a crude estimate of the quantity of cryoglobulin. The highest levels are usually seen in type I cryoglobulinemia, but in general the cryocrit correlates poorly with clinical severity. Analysis of resolubilized cryoglobulins by immunofixation electrophoresis permits classification as type I, II, or III.
2)- Immunoglobulins:-
  Both quantitative and qualitative studies of serum immunoglobulins are valuable in clinical rheumatology . The indication for these tests include:

a)- Detection and characterization of monoclonal immunoglobulins.

b)- Detection of polyclonal increases in immunoglobulin production.

c)- Detection of antibody deficiency ( either primary or secondary).

Comments and interpretation:

a)- Detection of monoclonal immunoglobulins:
  Monoclonal proliferation of B- lymphocytes and plasma cells e.g. non-Hodgkin's lymphoma and multiple myeloma , can present with musculoskeletal symptoms and conversely some rheumatic diseases are associated with an increased  risk of this type of malignancy . Multiple myeloma commonly presents to rheumatologists as bone pain , pathological fracture or diffuse osteoporosis , and these features should prompt consideration of immunoglobulin studies of serum and urine . B-cell lymphoma presents less commonly with rheumatological problems but can produce lytic bony lesions and even a clinical picture suggestive of an inflammatory arthritis or connective tissue disease . Small amounts of paraprotein ( usually IgM) can be detected in in many patients with lymphoma . Not all paraproteins detected in patients with rheumatic disease will be truly pathological ; patients with systemic autoimmune disease have an increased incidence of benign monoclonal gammopathies ( present in around 2-5% of patients with RA). Patients with primary Sjogren's syndrome have 40-fold increase in risk of B-cell lymphoma . The appearance of a paraprotein in these patients , or a fall in their total serum immunoglobulins levels , should raise the possibility of a lymphoma being present.

b)- Detection of polyclonal increases in immunoglobulin production :
   Polyclonal increases in immunoglobulins ( especially IgG) are seen in many systemic rheumatological diseases and are usually of little diagnostic significance . Very marked polyclonal elevations of IgG (>40g/L) are more unusual and suggest certain specific diagnoses in subjects presenting with features suggestive of rheumatological disease , most commonly primary Sjogren's syndrome.

c)- Detection of antibody deficiency:
  Primary defects in immunoglobulin production may present with rheumatological disorders , particularly septic arthritis due to mycoplasma , pneumococcal or haemophilus influenza infection , but also with a sterile arthritis that may mimic rheumatoid disease or juvenile chronic arthritis . Particularly in children , measurement of serum immunoglobulins should be considered an important component of the assessment of inflammatory arthritis . Secondary defects in immunoglobulin production can occur because of decrease synthesis ( which can occur  in B-cell malignancy or as an adverse drug reaction) , or because of increased loss from the gut or the kidney. When immunoglobulin levels are low because of loss from these sites , albumin is usually also lost and there is an overall decrease in plasma proteins . If low immunoglobulin concentrations are found in association with a normal albumin , loss from the gut or kidney is unlikely to be the cause. Several disease modifying rheumatic drugs can depress immunoglobulin production , e.g. cytotoxic drugs such as cyclophosphamide , methotrexate , D-penecillamine , gold , and sulphasalazine.   
3)- Autoantibodies are antibodies directed against self antigens including immunoglobulins, cell surfaces, circulating molecules as well as cytoplasmic antigens, nuclear antigens they are frequently observed in the sera of patients with rheumatological diseases.
Basics of Immunology
1- Immune Mechanisms of disease:-
Fundamental principles of pathogenesis of autoimmune diseases:-

· Disease results from a failure to discriminate between self and non-self.
· Autoreactive T cell is a common effector of many of these diseases.

· Certain HLA haplotypes are associated with increased susceptibility to disease.
· Activated immune system against self -----» cell damage/destruction ---------»altered cell function
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Mechanisms of immunologically mediated disorders (4 types of immune reactions):

I-Anaphylactic (type I):-
· Formation of IgE ----» release of mediators from basophils/mast cells

· Diffuse inflammation.
· E.g. asthma, allergic rhinitis, anaphylaxis.
II-Cytotoxic (type II):-
· Formation of antibody-----» deposit and bind to Ag on cell surface----» phagocytosis or lysis of target cell.
· E.g. autoimmune hemolytic anemia, Goodpasture's syndrome, Graves' disease, pernicious anemia.
III-Immune complex (type III):-
· Ag-Ab complexes form -----» activate complement ----» attracts inflammatory cells anet release of cytokines.
· E.g. SLE, PAN, post-streptococcal glomerulonephritis.
IV-Cell-mediated/delayed hypersensitivity (type IV):-
· Sensitized T cells' release of cytokines and T-cell mediated cytotoxicity.
· E.g. contact dermatitis.
2- Immunogenetics and Disease

· Cell surface molecules called human leukocyte antigen (HLA) or majorˇ histocompatibility complex (MHC) playa role in mediating immune reactions.
· Discrete domains of hypervariability within MHC molecules appear to representˇ "susceptibility determinants".
· There are three classes of MHC; the gt'nes encoding them are on chromosome 6.
Table showing Classes of Major Histocompatibility Complexes (MHCs):-
Methods for Detecting Autoantibodies

  A variety of basic assays are used to detect autoantibodies. More than one type of assay may be available for any given autoantibody, and the particular test used may vary from institution to institution. In general, there has been a trend away from labor-intensive tests, such as agglutination assays and countercurrent immunoelectrophoresis, and toward assays amenable to automation, such as nephelometry and enzyme-linked immunosorbent assay (ELISA).

1- Indirect immunofluorescence assays:-

   Identify autoantibodies reactive with antigens in particular tissues or subcellular compartments (eg, nuclear antigens). Fixed tissue samples or cells are overlayed with patient sera and then washed. The presence of autoantibodies that have bound to the tissue sample is then revealed by staining with a fluorescein-labeled antiserum to human immunoglobulin (Ig).

2- Agglutination assays:-

 Identify autoantibodies through the aggregation of particles, such as latex beads, coated with a defined autoantigen.

3- Immunodiffusion assays:-

 Detect the formation of immune complexes in a semisolid support, such as an agar gel. Patient sera and antigen, placed in separate wells in the gel, diffuse toward one another and form a line of precipitation when insoluble immune complexes form. Placing the gel in an electrical field (countercurrent immunoelectrophoresis) increases the rate of diffusion and facilitates complex formation.

4- Nephelometry:-

   Measures the interaction of antibodies and antigens in solution, detecting immune complex formation by monitoring changes in the scattering of an incident light.

5-ELISA:- 
  Uses an enzymatic readout to detect reactive antibodies. Sera to be tested for an autoantibody is incubated with the relevant autoantigen immobilized on a surface. After extensive washing, a detecting antibody (eg, an antiserum to human immunoglobulin) that has been conjugated to an enzyme is added. In the final step, substrate is added, and the product of the enzymatic reaction is measured. The amount of product reflects the quantity of detecting antibody bound to the autoantibody. There are several modifications of the basic ELISA test, but all take advantage of the remarkable sensitivity imparted by the enzymatic readout.
The autoantibodies include the followings:-

1- Rheumatoid Factor (R.F):-
Definition:-

   It is an autoantibody  Immunoglobulin M (IgM) {occasionally IgG, IgA or IgE} directed against Fc portion of  self IgG forming immuno-complxes which contribute to the disease process. Rheumatoid factor can also be a cryoglobulin (antibody that precipitates on cooling of a blood sample); it can be either type 2 (monoclonal IgM to polyclonal IgG) or 3 (polyclonal IgM to polyclonal IgG) cryoglobulin.

Methods of detection:-
    The most commonly used methods of detecting rheumatoid factor are latex fixation (using latex beads coated with human IgG) and nephelometry (using human IgG as the target antigen). Both assays primarily detect IgM rheumatoid factors. The results of latex fixation assays are reported as the greatest dilution that retains agglutination activity; in most laboratories, sera with titers of >1:40 are considered abnormal. Rheumatoid factor measured by nephelometry is quantified in international units, with 20 IU reported as abnormal in most laboratories. ELISAs for rheumatoid factor are also available but are not in wide use. ELISAs can measure IgG, IgA, and IgM rheumatoid factors.
Disorders Associated with a Positive Test for Rheumatoid Factor:-
I- Autoimmune rheumatic diseases :
· Rheumatoid arthritis (70 % - 80 %).

· SLE (15-35 %)

· Polymyositis, dermatomyositis (5-10 %).

· Mixed connective tissue disease (50-60%).

· Sjogren's disease (90 %).
· Scleroderma (30 %).
· ANCA( antineutrophilic cytoplasmic antibodies) associated vasculitis.
II- Infections:
· T. B. 
· Infective endocarditis.

· Syphilis
· Kala - azar

· HCV & HBV 
· HIV
III-Normal population:
Especially elderly and relatives of patients with rheumatoid arthritis.
IV- Miscellaneaous :
· Autoimmune hepatitis. 

· Fibrosing alveolitis.

· Sarcoidosis. 
· Waldenstroms macroglobulmamia.

· Chronic liver disease. 
· Cryoglobulinemia.
· Idiopathic pulmonary fibrosis
·   Silicosis
·   Asbestosis
· Malignancy
·   Age>= 65
Indication:
  Rheumatoid factor should be ordered when there is clinical suspicion of rheumatoid arthritis.

Interpretation of Results:
   Because of the large number of disorders associated with rheumatoid factor , the value of a positive test for rheumatoid factor depends on the pretest probability of the disease. In the proper clinical setting a positive test provides strong support for the diagnosis of rheumatoid arthritis. However, it should be kept in mind that the combination of arthritis and a positive test for rheumatoid factor is not specific for rheumatoid arthritis and can be seen in patients with systemic lupus erythematosus (SLE), mixed connective tissue disease, systemic vasculitis, polymyositis, dermatomyositis, sarcoidosis, subacute bacterial endocarditis, and viral infections, particularly hepatitis C.

   A negative test for rheumatoid factor should not be the only reason to rule out the possibility of rheumatoid arthritis. From 10–30% of patients with long-standing disease are seronegative. At the time of presentation, however, the prevalence of a positive rheumatoid factor test is substantially lower (in the range of 50%). Therefore, the sensitivity of the test is lowest when the diagnosis is most likely to be in doubt.

2-Anti-citrullinated protein/peptide antibodies (ACPAs):-

  They are auto antibodies (antibodies directed against one or more of the individual’s own proteins) of IgG type  frequently detected in rheumatoid arthritis patients. During inflammation, citrulline is incorporated enzymatically into proteins, what is called citrullination. Recently, these ACPAs have turned up as powerful biomarkers, which are accepted as a major diagnostic tool in diagnosing rheumatoid arthritis (RA) already in a very early stage of disease and they are highly specific for RA ( specificity 98%). "Cyclic citrullinated peptide" is also known as "CCP" . It is a cyclic peptide incorporating the amino acid citrulline.

  Proteins that contain citrulline are the target of an autoantibody response that is highly specific for rheumatoid arthritis. Citrulline, a neutral amino acid, is not genetically encoded. Citrullinated proteins arise through a posttranslational modification in which arginine residues are converted enzymatically to citrulline. Currently autoantibodies to citrullinated proteins are detected using ELISA with synthetic cyclic citrullinated peptides (CCP).

Associated Conditions

   The presence of anti-CCP antibodies appears to be quite specific for rheumatoid arthritis. The second-generation ELISA tests for anti-CCP antibodies (anti-CCP2) have a specificity for rheumatoid arthritis as high as 97%. The sensitivities of anti-CCP tests are in the range of 70–80% for established rheumatoid arthritis and 50% for early-onset rheumatoid arthritis. Thus, compared to rheumatoid factor, the currently available anti-CCP ELISA tests have superior specificity and comparable sensitivity for the diagnosis of rheumatoid arthritis. Most patients with rheumatoid arthritis are positive for both anti-CCP antibodies and rheumatoid factor, but some have only one of these autoantibodies, and others have neither.

Indication:
Anti-CCP antibodies should be ordered when there is clinical suspicion of rheumatoid arthritis.

Interpretation of Results:
   The presence of anti-CCP antibodies provides strong support for the diagnosis of rheumatoid arthritis. Moreover, in patients with early-onset, undifferentiated, inflammatory arthritis, the presence of anti-CCP antibodies is a strong predictor of progression to rheumatoid arthritis and for the development of joint erosions.

   A negative test for anti-CCP antibodies does not exclude the possibility of rheumatoid arthritis, particularly at the time of initial presentation when approximately 50% of patients lack detectable anti-CCP antibodies.

   The specificity of the anti-CCP ELISA test suggests that this test will prove useful when determinations of rheumatoid factor are not. For example, initial studies indicate that anti-CCP antibodies are not associated with chronic hepatitis C infection. In contrast to rheumatoid factor, therefore, testing for anti-CCP antibodies may help to distinguish concomitant rheumatoid arthritis from viral arthritis in patients infected with hepatitis C.
3- Antinuclear Antibodies:-
   Antinuclear antibodies (ANA) are autoantibodies directed against histones, double-stranded and single-stranded DNA, ribonucleoprotein (RNP) complexes, and other nuclear components. Current indirect immunofluorescence assays for ANA use HEp-2 cells, a human epithelial cell line, as the source of nuclei and are more sensitive than older tests that used rodent liver and kidney.

   Indirect immunofluorescence assays for ANA report the titer of the ANA and the pattern of nuclear staining. In most laboratories, ANA with titers>= 1:40 are considered positive. The staining patterns are diffuse or homogeneous (due to antibodies to histone), rim (an uncommon pattern due to antibodies to nuclear envelope proteins and to double-stranded [ds] DNA), speckled (due to antibodies to Sm, RNP, Ro/SS-A, La/SS-B, and other antigens), nucleolar, and centromeric. In general, there is a poor correlation between the pattern of the ANA and the identity of the underlying disease. An exception is the centromeric pattern, which has considerable specificity for limited scleroderma . Patients often have antibodies to multiple nuclear components, and the staining pattern of certain autoantibodies (eg, antihistone antibodies) can prevent detection of others. The pattern of the ANA should not preclude, or substitute for, the ordering of more specific tests that are otherwise indicated. If ANA is positive, it is important to ask about specific antibodies  (ANA) profile).
Associated Conditions

  Positive tests for ANA occur in wide range of conditions, including SLE and other rheumatic diseases, organ-specific autoimmune diseases, lymphoproliferative diseases, and chronic infections .  A number of drugs induce ANA, and less commonly, a lupus like syndrome . Low-titer ANA are relatively common among healthy adults; in one analysis, an ANA titer of 1:40 was seen in 32% of healthy adults and 1:160 was seen in 5%.
I- Rheumatic Diseases:-
· Systemic lupus erythematosus
· Mixed connective tissue disease
· Scleroderma
· Sjögren syndrome
· Rheumatoid arthritis
· Polymyositis
· Dermatomyositis
· Discoid lupus
II- Organ-Specific Autoimmune Diseases

· Autoimmune thyroid disease
· Autoimmune hepatitis
· Primary biliary cirrhosis
· Autoimmune cholangitis
III- Other

· Drug-induced lupus (Drugs that can induce lupus or positive tests for ANA include procainamide, hydralazine, minocycline, antitumor necrosis factor agents, interferon-α, isoniazid, quinidine, methyldopa, chlorpromazine, quinidine, penicillamine, and anticonvulsants.
· Asymptomatic drug-induced ANA
· Chronic infections
· Idiopathic pulmonary fibrosis
· Primary pulmonary hypertension
·  Lymphoproliferative disorders
Indications

   Testing for ANA by indirect immunofluorescence is a very useful initial laboratory investigation when there is clinical suspicion of SLE, drug-induced lupus, mixed connective tissue disease, or scleroderma. The ANA may provide useful prognostic information for patients with isolated Raynaud phenomenon, identifying those at greater risk for systemic rheumatic disease.

Interpretation of Results

   The sensitivity of the immunofluorescent ANA for SLE is very high (>95%). A negative result, therefore, is very strong evidence against this diagnosis and usually precludes the need to pursue tests for antibodies to specific nuclear antigens (eg, dsDNA, Sm, or RNP). A positive ANA test is one of the diagnostic criteria for drug-induced lupus and mixed connective tissue disease. The sensitivity of the ANA for scleroderma is >85%.

   In general, the probability of an underlying autoimmune disease increases with the titer of the ANA. Nonetheless, because the specificity of the ANA is limited, the value of a positive test depends on the pretest probability of disease. In the proper clinical context, a positive ANA by immunofluorescence provides supportive evidence of disease and should prompt tests for antibodies to specific nuclear antigens . Serial determinations of ANA by immunofluorescence are not useful for monitoring disease activity.

	Table summarizes Selected Antinuclear Antibodies with High Sensitivity or Specificity for Rheumatic Diseases



	

	Condition
High Sensitivitya
High Specificityb
Systemic lupus erythematosus
ANAc
Anti-dsDNA, anti-Sm
Drug-induced lupus
ANA, antihistoned
—
Neonatal cutaneous lupus
Maternal anti-Ro/SS-A (90%)
—
Congenital complete heart block
Maternal anti-Ro/SS-A
—
Mixed connective tissue disease
ANA, anti-RNPe
—
Primary Sjogren syndrome
Anti-Ro/SS-A (75%)
—
Limited and diffuse scleroderma
ANA (>85%)
Anticentromere, anti-Scl-70, and other antinucleolar antibodies



aSensitivity (probability of a positive test result in a patient with the disease) > 95% except where noted.

bSpecificity (probability of a negative test result in a patient without the disease) >95%.

cANA: antinuclear antibodies determined by immunofluorescence using HEp-2 cells.

dAnti-histone antibodies occur in only a minority of cases of minocycline-induced lupus.

eThe presence of antibodies to ribonucleoprotein (RNP) is required for diagnosis.

4- Antibodies to Defined Nuclear Antigens (ANA profile) i.e tests that measure ANAs specific for certain nuclear antigens. :-
I- Antibodies to Double-Stranded DNA:-
   Antibodies to dsDNA recognize its base pairs, its ribose-phosphate backbone, and the structure of its double helix. ELISA is the most commonly used method to detect antibodies to dsDNA and has largely supplanted the Farr radioimmunoassay and the crithidia immunofluorescence assay, which measures binding to the dsDNA of the protozoan Crithidia luciliae.

Associated Conditions

   Antibodies to dsDNA occur in SLE and are rare in other diseases and in healthy persons. When detected outside the context of SLE, antibodies to dsDNA are almost always of low titer. Antibodies to dsDNA do not occur in most forms of drug-induced lupus but have been observed during treatment with penicillamine, minocycline, and anti–tumor necrosis factor agents.

Indications

Antibodies to dsDNA should be measured when there is clinical suspicion of SLE and the ANA is positive. The yield of testing for anti-dsDNA antibodies is extremely low when ANA are not detected by indirect immunofluorescence on HEp-2 cells. Longitudinal determinations of the levels of antibodies to dsDNA may aid in the analysis of disease activity for patients with known SLE.

Interpretation of Results

  The specificity of anti-dsDNA antibodies for SLE is 97% overall and approaches 100% when the antibody titer is high. A positive test, therefore, is a very strong argument for the diagnosis of SLE.

  Antibodies to dsDNA occur in 60–80% of patients with SLE. Because titers can fluctuate in and out of the normal range over time, the sensitivity of an isolated test for anti-dsDNA antibodies is probably in the range of 50% for SLE. A negative test, therefore, does not argue strongly against the diagnosis of SLE.

   Studies of patient populations indicate that the level of anti-dsDNA antibodies correlates with certain manifestations of SLE activity, such as lupus nephritis, but not others. The strength of this relationship, however, varies from patient to patient. For most patients, a rise in antibody titer often precedes—or occurs concomitantly with—a disease flare. However, there are subsets of patients who manifest disease flares in the absence of anti-dsDNA antibodies, and others whose disease is quiescent despite elevated levels of this autoantibody.

II- Antibodies to Sm & RNP:-
   Smith (Sm) and RNP were initially identified as extractable nuclear antigens. Antibodies to Sm recognize nuclear proteins that bind to small nuclear RNAs, forming complexes involved in the processing of messenger RNA. Antibodies to RNP recognize a complex of protein and the small nuclear RNA designated U1. ELISA has largely replaced immunodiffusion assays for the measurement of antibodies to Sm and RNP. Antibodies to Sm or to RNP produce a speckled pattern on indirect immunofluorescence assays for ANA.

Associated Conditions

  Antibodies to Sm are specific for SLE. Antibodies to RNP occur in SLE and mixed connective tissue disease. The prevalence of these autoantibodies in other conditions is very low.

Indications

  Antibodies to Sm and RNP should be determined when there is clinical suspicion of SLE or mixed connective tissue disease and the ANA are positive by indirect immunofluorescence.
Interpretation of Results

  Antibodies to Sm are highly specific for SLE but occur in only 10–40% of patients. The prevalence of anti-Sm antibodies appears to be lower in white patients than in African American and Asian patients.

  Antibodies to RNP occur in 30–40% of patients with SLE. The diagnosis of mixed connective tissue disease requires the presence of antibodies to RNP; by definition, therefore, 100% of patients with this disease have anti-RNP antibodies.

  Serial determinations of antibodies to Sm and RNP are not useful for monitoring disease activity.

III- Antibodies to Ro (SS-A) & La (SS-B):-
  The Ro (also known as Sjögren syndrome A or SS-A) and La (SS-B or Sjögren syndrome B) antigens are distinct RNP particles. ELISA and immunoblot assays are supplanting the older immunodiffusion assays for detection of anti-Ro and anti-La antibodies. Antibodies to Ro and La produce a speckled pattern on immunofluorescence assays for ANA. When rodent tissues were used for this assay, antibodies to Ro often went undetected and were a cause of "ANA-negative" lupus if these were the dominant autoantibody system. The use of HEp-2 cells enhances detection of anti-Ro antibodies and has led to a decline in the prevalence of ANA-negative lupus.

Associated Conditions

  Antibodies to Ro are uncommon in the normal population and in patients with rheumatic diseases other than Sjögren syndrome and SLE. Antibodies to Ro are present in 75% of patients with primary Sjögren syndrome but only in 10–15% of patients with rheumatoid arthritis and secondary Sjögren syndrome. In SLE, anti-Ro antibodies are present in up to 50% of patients and are associated with photosensitivity, subacute cutaneous lupus, and interstitial lung disease. Transfer of maternal anti-Ro antibodies across the placenta appears to be important in the pathogenesis of neonatal cutaneous lupus and congenital complete heart block . Antibodies to La occur, almost always in association with anti-Ro antibodies, in primary Sjögren syndrome (40–50%), SLE (10–15%), congenital complete heart block (90%), and neonatal cutaneous lupus (70%).

Indications

  Antibodies to Ro and La should be measured when there is clinical suspicion of primary Sjögren syndrome or SLE. Even when ANA are not detected by indirect immunofluorescence, testing for anti-Ro antibodies is still indicated for patients with suspected subacute cutaneous lupus or with recurrent photosensitive rashes. Mothers of children with neonatal cutaneous lupus and congenital complete heart block should be tested for antibodies to Ro and La; many of these women are asymptomatic. Testing is also indicated for patients with SLE who become pregnant or who are planning to become pregnant.

Interpretation of Results

  The presence of antibodies to Ro, or to Ro and La, is a strong argument for the diagnosis of Sjögren syndrome in a patient with sicca symptoms. Although not a sensitive test for SLE, a positive test for anti-Ro antibodies can facilitate a diagnosis of subacute cutaneous lupus

IV- Anticentromere Antibodies:-
  Antibodies to centromere proteins produce a characteristic pattern of staining in indirect immunofluorescence assays using HEp-2 cells. Anticentromere antibodies can be measured by ELISA, but indirect immunofluorescence is the most commonly used method of detection.

Associated Conditions

  Anticentromere antibodies occur in limited scleroderma and scleroderma. They are very rare in other rheumatic conditions and in healthy persons.

Indications

  Anticentromere antibodies should be determined when there is clinical suspicion of scleroderma or its CREST variant (calcinosis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasias).

Interpretation of Results

  Anticentromere antibodies occur in approximately 60% of patients with CREST and in 15% of those with scleroderma. The specificity of this test is remarkable (>98%). Therefore a positive test for anticentromere antibodies is a very strong argument for the presence of CREST or scleroderma. The presence of anticentromere antibodies early in the course of disease predicts limited cutaneous involvement and a decreased likelihood of interstitial lung disease. Anticentromere antibodies and antibodies to Scl-70 rarely coexist. Serial determinations of anticentromere antibodies are not useful for monitoring disease activity.

5- Antibodies to Nucleolar Antigens:-
I- Antibodies to Scl-70 (Topoisomerase-I):-
  Antibodies to Scl-70 (or topoisomerase I) produce nucleolar staining on indirect immunofluorescence and are measured by immunodiffusion assays, immunoblotting, and ELISA.

Associated Conditions:
 Antibodies to Scl-70 occur in scleroderma and are rare in patients with other systemic rheumatic diseases and in healthy persons.

Indications

Antibodies to Scl-70 should be measured when there is clinical suspicion of scleroderma.

Interpretation of Results

  Immunodiffusion assays identify antibodies to Scl-70 in 20–30% of patients with scleroderma; approximately 40% of patients have antibodies to Scl-70 detectable by immunoblotting or ELISA. The specificity of anti-Scl-70 antibodies approaches 100% for the immunoblotting and immunodiffusion assays. Therefore a positive test by these assays is a very strong argument for the diagnosis of scleroderma. The specificity of ELISA is not certain but it may be lower. The presence of antibodies to Scl-70 has prognostic value in scleroderma and carries an increased likelihood of diffuse skin involvement and of interstitial lung disease. Serial determinations of anti-Scl-70 antibodies are not useful for monitoring the disease.

II- Antibodies to Other Nucleolar Antigens:-
   Antibodies to nucleolar antigens other than Scl-70 occur in scleroderma. Antibodies with high specificity for scleroderma include anti-RNA polymerase I, anti-RNA polymerase III, anti-U3 small nucleolar RNP (or anti-fibrillarin), and anti-Th small nucleolar RNP. The low sensitivity of these antibodies limits their usefulness in the diagnosis of scleroderma. Antibodies to RNA polymerase II are present in scleroderma, SLE, and overlap syndromes. Antibodies to PM-Scl occur in scleroderma and in an overlap syndrome of myositis and scleroderma.

6- Antibodies to Histones:-
   Antibodies to histones usually produce a homogeneous staining on indirect immunofluorescence assays for ANA. Antihistone antibodies are almost always present in lupus induced by drugs such as procainamide, hydralazine, and isoniazid (sensitivity >95%). An important exception is minocycline-induced lupus; antihistone antibodies are present in only a minority of patients with this disorder. Antibodies to histones are common in SLE (prevalence 50–70%) and occur at low frequency in a range of rheumatic and nonrheumatic disorders. The clinical usefulness of testing for antibodies to histones is limited. Antihistone antibodies are nonspecific and do not distinguish drug-induced lupus from SLE. Although the absence of antihistone antibodies is strong evidence against most forms of drug-induced lupus, the clinical diagnosis of drug-induced lupus is based on the clinical manifestations, a positive test for ANA by indirect immunofluorescence, and resolution of symptoms following withdrawal of the implicated drug.

7- Anti-neutrophil cytoplasmaic antibodies (ANCA):-
  Antibodies to neutrophil cytoplasmic antigens are frequently seen in patients with vasculitis , they are usually detected using indirect immunoflourescence with human neutrophils as a substrate , Although several ANCA antigens have been described , only two of them of value in clinical practice particularly in the diagnosis of vasculitis which are :
1- Anti-proteinase-3 antibodies (anti-PR3): produce a cytoplasmic staining on immunoflourescence (c-ANCA). They are specific for Wegener's granulomatosis (WG)  and useful in diagnosis of this condition as they are found in 90% of these cases , and they reflect disease activity and can be useful in monitoring response to treatment.   
2- Anti-myeloperoxidae antibodies (anti-MPO):give perinuclear staining pattern (p-ANCA) on ethanol fixed neutrophils as this method of fixation causes MPO to clump around the nuclear membrane. They are specific to microscopic polyarteritis (MPA)  and Idiopathic rapidly progressive crescentic glomerulonephritis . They are also detected in other inflammatory diseases e.g. ulcerative colitis , RA and autoimmune liver disease 
8- Myositis-Associated Antibodies: They include the followings:-
 I- Anti-Jo-1 & Other Antisynthetase Antibodies:-
   Autoantibodies against amino acyl-tRNA synthetases occur almost exclusively in inflammatory myositis and can cause cytoplasmic staining when sera are analyzed for ANA by indirect immunofluorescence. The most common of these autoantibodies (anti-Jo-1) is directed against histidyl-tRNA synthetase and is present in 20–30% of patients with polymyositis. Patients with antisynthetase antibodies tend to have interstitial lung disease, arthritis, mechanic's hands, and Raynaud phenomenon, as well as myositis.

II- Antibodies to Signal Recognition Particle:-
  These antibodies recognize a cytoplasmic RNP, occur in 4% of myositis patients, and are associated with acute onset and severe disease.
III- Anti-Mi-2 Antibodies:-
  These antibodies are directed against helicase activities and produce homogeneous nuclear staining on indirect immunofluorescence assays for ANA. Anti-Mi-2 antibodies have high specificity for dermatomyositis and occur in 15–20% of patients with that disorder.

Musculoskeletal disorders are classified into:
· Inflammatory joint diseases e.g rheumatoid disease, seronegative spondarthritis, crystals associated disease, juvenile idiopathic arthritis.

· Diseases of bone e.g osteoporosis, osteomalacia.

· Osteoarthritis.

· Systemic C.T diseases, e.g SLE, scleroderma, mixed C.T disease, dermatomyositis, vasculitis.
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