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Topic Learning Outcomes COs BL 

1 Describe different techniques of serology and its application CO2 L2 
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 Serology is the scientific study of serum and other 
body fluids. 

 Usually refers as diagnostic identification of Ab in the 
serum 

SEROLOGY 
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Antibody Targets & Functions 

 Immune complex formation = antigen-antibody binding. 

 

 Antigen –antibody reactions in vitro are serological reactions  

 In vitro many diseases are diagnosed by demonstrating 
antibody to causal organism in patient serum 

 

 Main reactions are-  

1. Precipitation 

2. Agglutination 

3. Complement fixation 

4. Neutralization 
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Antibody Targets & Functions 
  Complement fixation: cells & bacteria. 

 Immune complex formation exposes a complement binding site 
on the C region of the Ig. 

    Complement fixation results in cell lysis. 
 

 Neutralization: immune complex formation blocks specific sites on 
virus or toxin & prohibit binding to tissues 
 

 Agglutination: cells are cross-linked by immune complexes & clump 
together 
 

 Precipitation: soluble molecules (such as toxins) are cross-linked, 
become insoluble, & precipitate out of the solution. 

    Inflammation & phagocytosis prompted by debris 
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Characteristics of antigen- antibody 
reactions 

1. The reactions are highly specific 

2. There is no denaturation of antigen or antibody  during the 
reactions 

3. Combination occurs at surface, hence surface antigen are 
immunological relevant 

4. Combination is firm but reversible. It is influenced by affinity 
and avidity 

5. Entire molecule should react not fragment 

6. Antigen and antibody  forms the ppt , they may combine in 
different ratio 
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 - The reactions b/w Ag & Ab occurs in 3 stages: 

 1st = formation of Ag-Ab complex. 

 2nd = leads to visible events like precipitation, agglutination 
etc. 

 3rd = destruction of Ag or its neutralization. 
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Antigen- antibody reactions 

 Two imp parameter-  

1. Specificity 

2. Sensitivity 

 Two stages of antigen- antibody  reactions- 

1. Primary interaction- interaction between two without any  
visible effect. Involves the use of one or other reactant 
labeled with suitable marker such as fluorescent dye or 
radioactive isotope 

2. Secondary interaction-visible result of antigen antibody 
reactions e.g. ppt, agglutination 
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Classification of antigen-antibody 
interactions: 
1. Primary serological tests: (Marker techniques) e.g. 

 Enzyme linked immuno sorbent assay (ELISA) 
 Immuno florescent antibody technique (IFAT) 
 Radio immuno assay (RIA) 
 

2. Secondary serological tests: e.g. 
 Agglutination tests 
 Complement fixation tests (CFT) 
 Precipitation tests 
 Serum neutralization tests (SNT) 
 Toxin-antitoxin test 
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 Precipitation Reaction: 
 When a soluble Ag combines with its Ab in the presence of an 

electrolyte (NaCl) at a particular temperature and pH, it forms 
an insoluble precipitate of Ag-Ab complex. The Ab causing 
precipitation is called Precipitin and the reaction is called as 

    precipitation reaction.   
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 PRINCIPLE 

 - Soluble antigen + antibody (in proper proportions) - 

 visible precipitate 

 - Lattice formation (Ag binds with Fab sites of 2 Ab’s) 
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 Ppt reactions are very sensitive and can detect as little as 1 
mcg  of protein antigen 

 Can be qualitative ( presence of antigen) and quantitative 

 Imp in –  

1. Identification of bacteria 

2. Identification of bacterial component 

3. Detection of unknown  antibody 

4. Human blood group identification 

5. Serological identification of various pathogens 
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Applications of agglutination tests 
  i. Determination of blood types or antibodies to blood 
group antigens. 
  ii. To assess bacterial infections 
   
e.g. A rise in titer of an antibody to a particular bacterium 
indicates an infection with that bacterial type. N.B. a fourfold 
rise in titer is generally taken as a significant rise in antibody 
titer. 
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Examples of agglutination test 

1. Widal test for typhoid- used for diagnosis of typhoid fever- 
agglutinating typhoid bacilli with patient serum containing 
antibody 

2. Tube agglutination test for brucellosis- 

3. Streptococcus MG agglutination test- for pneumonia 

4. Cold agglutination test- pneumonia 

5. Weilfelix reaction for serodiagnosis 
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 EXAMPLE 

 ABO BLOOD GROUP – 

  The typing of blood , for ABO groups or Rh groups, involves 

 agglutination reaction. 

 For typing blood , a drop of the blood sample is mixed with a 
drop of antiserum A & another drop of the blood sample is 
mixed with a drop of antiserum B on a glass slide. 

 If belongs to A is clumped with antiserum A , the sample 
belongs to belongs to B is clumped with antiserum B , if the 
sample is clumped with both antiserum A & antiserum B , the 
blood sample belongs to group AB .  

 If there is no agglutination the blood sample belongs to group 
O. 
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1. Indirect ELISA 

 The steps of the general, "indirect," ELISA for determining serum antibody 
concentrations are: 

1. Apply a sample of known antigen of known concentration to a surface, 
often the well of a microtiter plate. The antigen is fixed to the surface to 
render it immobile. Simple adsorption of the protein to the plastic 
surface is usually sufficient. These samples of known antigen 
concentrations will constitute a standard curve used to calculate antigen 
concentrations of unknown samples. Note that the antigen itself may be 
an antibody. 

2. The plate wells or other surface are then coated with serum samples of 
unknown antigen concentration, diluted into the same buffer used for 
the antigen standards. Since antigen immobilization in this step is due 
to non-specific adsorption, it is important for the total protein 
concentration to be similar to that of the antigen standards.   

3. A concentrated solution of non-interacting protein, such as Bovine 
Serum Albumin (BSA) or casein, is added to all plate wells. This step is 
known as blocking, because the serum proteins block non-specific 
adsorption of other proteins to the plate.  
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4. The plate is washed, and a detection antibody specific to the antigen 
of interest is applied to all plate wells. This antibody will only bind 
to immobilized antigen on the well surface, not to other serum 
proteins or the blocking proteins.  

5. The plate is washed to remove any unbound detection antibody. After 
this wash, only the antibody-antigen complexes remain attached to 
the well.  

6. Secondary antibodies, which will bind to any remaining detection 
antibodies, are added to the wells. These secondary antibodies are 
conjugated to the substrate-specific enzyme. This step may be 
skipped if the detection antibody is conjugated to an enzyme.  

7. Wash the plate, so that excess unbound enzyme-antibody conjugates 
are removed.  

8. Apply a substrate which is converted by the enzyme to elicit a 
chromogenic or fluorogenic or electrochemical signal.  

9. View/quantify the result using a spectrophotometer, 
spectrofluorometer, or other optical/electrochemical device.  
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A less-common variant of this technique, called "sandwich" ELISA, is used 
to detect sample antigen. The steps are as follows: 

1. Prepare a surface to which a known quantity of capture antibody is bound.  

2. Block any non specific binding sites on the surface.  

3. Apply the antigen-containing sample to the plate.  

4. Wash the plate, so that unbound antigen is removed.  

5. Apply primary antibodies that bind specifically to the antigen.  

6. Apply enzyme-linked secondary antibodies which are specific to the 
primary antibodies.  

7. Wash the plate, so that the unbound antibody-enzyme conjugates are 
removed.  

8. Apply a chemical which is converted by the enzyme into a color or 
fluorescent or electrochemical signal.  

9. Measure the absorbance or fluorescence or electrochemical signal (e.g., 
current) of the plate wells to determine the presence and quantity of 
antigen.  
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Applications: 

• Presence of antigen or  antibody in sample 

• Determination of Serum Ab concentrations in virus test. 

• Used in food industry for detecting potential food allergen. 

• For detection of HIV, STD. 

• For screening of Monoclonal Ab. 

• Detection of pregnancy 
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Immunoassay 
• An immunoassay is a test that uses antibody and antigen 

     complexes. 

• An antibody: antigen complex is also known as an                

     immune complex. 

• “Immuno” refers to an immune response that causes the     

     body to generate antibodies “assay” refers to a test 

     immunoassay is a test that utilizes immuno complexing 

     when antibodies and antigens are brought together. 
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 An antibody is a protein that is produced by the body in 

    response to an “invading” (foreign) substance. 

 Antibodies are produced as part of the body’s immune 

    response to protect itself. 

  An antigen is the substance that the body is trying to “fight 

    off” by mounting an immune response. 

    e.g. the drug is the antigen that binds to the antibody. 

 An immunogen is a substance that elicits immune response. 

    e.g. drug-protein conjugate. 
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 An analyte is anything measured by a laboratory test. 

  In immunoassay testing, the analyte may be either an 

antibody, or an antigen. 

 Immunoassays utilize one or more selected antibodies to 
detect analytes of interest. 

  The analytes being measured may be:- 

   1. That are naturally present in the body (such as a thyroid 

 hormone) 

  2. The body produces but are not typically present (such as a 

   cancer antigen) 

  3. Do not naturally occur in the body (such as an abused drug) 
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 Radio Immuno Assay (RIA) is an elegant tech. in analytical 
chemistry. 

  If substance to be analysed is in very low quantities, in the 
orders of micrograms, nanograms, conventional methods 

    like gravimetric and colorimetric method fail. 

  RIA finds extensive application in the assay of many 

   substances which are present in trace amount in blood. 
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 Principle Of RIA- 

 The amount of Ab per tube is kept constant, the amount of 
antigen added (known or unknown) is the variable parameter. 

  The added antigen will be distributed between a bound (B) and a 
free (F) fraction. 

  This distribution is governed by the association constant (KA) of 
the Ab: 

 Ab + Ag                    AgAb 

 K = [AbAg] /[Ab][Ag]    

 Competitive binding of radiolabelled antigen and unlabelled 
antigen to a high affinity antibody. 

 The labelled antigen is mixed with the antibody at a concentration 
that saturates the antigen –binding sites of the antibody. 

 As the concentration of the unlabelled antigen increases more 
labelled antigen will be replaced from the binding site  
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 The decrease in the amount of radiolabelled antigen bound 
specific antibody in the presence of the test samples is 
measured to determine the amount of antigen Present in 
the test sample. 

 In std Condition, amount of labelled antigen bound to the 
antibody decreases as the amount of unlabelled antigen 
increases in sample 
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 Reagents used in RIA: 

1. A tracer i.e. a labelled ligand. 

2. A binder (Antibody) which is the specific antiserum. 

3. A separation system to separate to separate the ‘bound’ and 
‘free’ phases. 

4. A standard (in highly pure form) 

5. A free human antiserum. 

 

 Reagents used in RIA: Tracer 

 The radioisotopes used are – 

 Beta emitters- 3H and 14C 

 Gamma emitters- 125I 
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 125I is most favoured because- 

  It can be obtained with specific activity and almost 100% 

 isotopic abundance, thus reducing counting time and 

    being economic. 

 Convenient half-life (60.2 days) hence shelf life for labelled antigen 
is long. 

  Iodine is natural constituent of thyroxine and triiodothyronine. 

  It can be easily introduced into peptide molecules, steroids. 

 Gamma emission permits the use of simple inexpensive 

    equipment for counting radioactivity. 

 

 Disadvantages- 

 The damage to the ligand may occur during storage. 

  Health hazards are more. 
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 3H is more efficient when relatively small sample is to be 
determined. 

  Advantages- 

  Long shelf life (12.3 yrs). 

  Higher affinity and no necessity for derivative preparation. 

  Minimal health hazards. 

 

  Disadvantages- 

  Requires scintillation counter which is costly 

  Low specific activity (10000 14C = 100 3H = 1 125I). 
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 General Procedure for Performing a RIA  Analysis 

  A known quantity of an antigen is made radioactive. 

  This radiolabeled antigen is then mixed with a known    
amount of antibody for that antigen, and as a result, the 

   two chemically bind to one another. 

  a sample of serum from a patient containing an unknown 

   quantity of that same antigen is added. 

  This causes the unlabelled (or "cold") antigen from the 

     serum to compete with the radiolabeled antigen for 

     antibody binding sites. 

  As the concentration of "cold" antigen is increase, more of 

      it binds to the antibody. 
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 And by displacing the radio labelled variant and reduces 

   the ratio of antibody-bound radio labelled antigen to free 

 radio labelled antigen. 

  The bound antigens are then separated from the unbound 

    ones. 

 The radioactivity of the free antigen remaining in the 

   supernatant is measured. 

 separating bound from unbound antigen is crucial. 

  Initially, the method of separation employed was the use 

    of a second "anti-antibody” R 
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 Advantages of RIA 

  Radio immuno assay is very sensitive technique used to  
measure concentrations of antigen without the need to use a 
bioassay. It can measure one trillionth (10-12) of a gram of 
material per milliliter of blood. 

  It is structurally specific as antigen: antibody reaction are 

       highly specific. 

 It is indirect method of analysis. 

 It is a saturation analysis as active reagent added in smaller 
quantity than that of analyte. 
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 Disadvantages Of RIA 

  Prolonged reaction time (in days) as a consequence highly 

    diluted reagent is used. 

  Radioactive Iodine used in is not a cheap reagent. 

  Possible health hazards due to handling of radioisotopes. 

  All the reagents must be added precisely. 

  Limited assay range. 

  Lack of direct linear relationship between analyte  concentration   

    and signal response. 

  Difficulty of automation. 

  Lengthy counting time. 

IR@AIKTC aiktcdspace.org



 Applications for RIA- 

  Narcotics (drug) detection 

 Blood bank screening for the hepatitis (a highly contagious 
condition) virus 

  Early cancer detection 

 Measurement of growth hormone levels 

  Tracking of the leukaemia virus 

  Diagnosis and treatment of peptic ulcers  

  Research with brain chemicals called neurotransmitters 
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IMMUNOFLUORESCENCE 
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 Immunofluorescence : Immunofluorescence is a powerful 
technique that utilizes fluorescent-labelled antibodies to detect 
specific target antigens. 

 Fluorescein is a dye which emits greenish fluorescence under 
UV light. It can be tagged to immunoglobulin molecules. 

 This technique is sometimes used to make viral plaques  more 
readily visible to the human eye. 

  Immunofluorescent labelled tissue sections are studied using a 
fluorescence microscope. 

 e.g. Dye Fluorescein, Rhodamine 
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 There are two ways of doing IF staining 

1. Direct immunofluorescence 

2. Indirect immunofluorescence 

 

1. Direct immunofluorescence 
  It’s just a simple & a very common procedure in this regard. 

  Ag is fixed on the slide 

 Fluorescein labeled Ab’s are layered over it. 

  Slide is washed to remove unattached Ab’s. 

  Examined under UV light in an fluorescent microscope. 

 The site where the Ab attaches to its specific Ag will show 
apple green fluorescence 

  Use: Direct detection of Pathogens or their Ag’s in tissues or 
in pathological samples. 
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2. Indirect immunofluorescence: 

  Indirect test is a double-layer technique 

 The unlabelled antibody is applied directly to the tissue 
substrate. 

  Treated with a fluorochrome-conjugated  anti-immunoglobulin 
serum. 

 Advantage over direct IF 

 Since several fluorescent anti-immunoglobulins can bind to 
each antibody present in the first layer, the fluorescence is 
brighter than the direct test. 

 It is also more time-efficient since it is only one signal labelled 
reagent, the antiimmunoglobulin, is prepared during the 
lengthy conjugation process. 
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 Applications- 

 Immunoflourescence is a Microscopic-based technique, 

 used clinically to diagnose certain cutaneous diseases 

 ( e.g; Lyme Disease) by the detection of AG:AB Complexes. 

 Techniques including DIF, IDIF & Salt-split Skin are utilized 
depending on clinical scenario. 

  DIF is performed on patient’s skin using flourophorelabeled 

    antibodies that directly bind to pathogenic autoantibody-
antigen complexes in the skin. 

 IDIF techniques are used in Dermatology primarily to detect 
circulating pathogenic autoantibodies. 

 Limitations: 

 Fluorescence signals depend on the quality & Concentration of 
antibodies, proper handling of specimen & detection with 
appropriate secondary antibodies. 
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Review questions to ensure attainment 
of TLOs/ Cos 
 
1. Write the difference between agglutinin and precipitation reaction . 
2. What do you mean by ELISA and its application in diagnostic industry. 
3. Define ELISA 
4. Name two application of agglutination test  
5. What are the types of antigen-antibody reaction write precipitation technique and 

its application. 
6. Comment on RIA and write the application of it. 
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