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What is serology

• Is a branch of immunology dealing with study of 
Ag –Ab interactions in Vitro by different 
serological tests.

• Ag/Ab

• Importance of Lab diagnosis:

1- Save patient’s life

2- Prevent spread of disease

3- Treatment therapy

4- Confirm clinical diagnosis



Lab diagnosis of infectious diseases
1. Isolation  and identification of causative agent by:

a. Morphological tests (microscopy)

b. Biochemical reactions

c. Cultural identification

d. Biotechnology: PCR-DNA probe- DNA finger printing

2. Detection of specific Ab in sera of infected 
patients using serological techniques

3. Diagnosis of other diseases or change of 
condition



Ag & Ab
• Ag
• Antigens (antibody generation)
• Antigen – substance capable of binding specifically to components of 

the immune response; ie BCR, TCR, antibody

• Immunogen - A substance that induces a specific immune response. 
Therefore all immunogens are antigens but not all antigens are 
immunogens

• Epitope (antigenic determinant )

• Ab
– Igs are Glycoprotein molecules that are produced by plasma cells in 

response to an immunogen and which function as antibodies 
– Plasma proteins electerophoresis
– Immunoglobulins (Igs) belongs to Gamma and partially beta regions

– Paratope (single combining site)



Principles of Ag-Ab reactions 

Maximal binding of an antigens by an antibody will occur in the 
presence of such conditions :

• Complementarity

• Close proximity

• High affinity and avidity  

• Presence of equal no of multivalent sites 

• Appropriate concentration of Ag and Ab

• Appropriate environmental factors: ionic strength,  (PH=6.5-7.5),        
temperature (37) , time , stirring ,shaking ,centrifuge 





Antigen-antibody interactions:
Are reversible specific non-covalent biochemical reactions:
– Hydrogen bonds (A chemical bond in which a hydrogen atom of one 

molecule is attracted to an electronegative atom of another molecule)

– Electrostatic bonds(A valence bond in which two atoms, attracted by 

electrostatic forces, transfer one or more electrons between atoms)

– Van der Waal forces (forces acting between nonbonded atoms or 

molecules)

– Hydrophobic bonds(The attractive force between molecules due to the 

close positioning of non-hydrophilic portions of the two molecules

Can be represented by the formula: 

K1=constant of association

K2=constant of dissociation

Ag + Ab Ag Ab 
K1

K2







The affinity:
is the strength of the reaction between a single antigenic 

determinant and a single combining site on the antibody

or it is the association constant for binding (KA)

KA=  k1/k2

Valence: the number of epitopes

Avidity: is the collective affinity of multiple binding 
sites(affinity+ Valence)





Concentration of Ag and Abs

Relative molar concentration, the no of epitopes and the no of 
Ag binding sites 

Precipitin zones :  
• Zone of equivalence 
• Prozone
• Postzone

•Heidel berger
•Ag : polysaccharide : variable  level in tube
•Anti Ag  (Ab) : constant level  add to tube

•Hook effect in immunoassay and nephlometry





Precipitation Curve

Ab excess Ag  excessEquivalence –
Lattice formation



Precipitation Curve



The prozone and postzone phenomena must be considered in the 
clinical setting, because negative reactions occur in both. 

A false-negative reaction may take place in the prozone due to high 
antibody concentration. If it is suspected that the reaction is a false 
negative, diluting out antibody and performing the test again may 
produce a positive result.

In the postzone, excess antigen may obscure the presence of a small 
amount of antibody. Typically, such a test is repeated with an additional 
patient specimen taken about a week later. This would give time for the 
further production of antibody. 

Postzone / postzone



Terms 

• Validity : A serological test should provide an 
indication of which individuals actually have the 
disease and which do not.

• Specificity: ability of a test to identify correctly 
those who do not have the disease.( have least 
cross reactivity)

• Sensitivity: Ability of a test to identify correctly 
those who have the disease( can detect v. small 
amounts)



Sensitivity / specificity 

• The Sensitivity of a test is defined as the 
proportion of diseased individuals in whom the 
test is positive. Low sensitivity  False neg

• The Specificity of a test is the proportion of 
individuals without a given disease in whom the 
test is negative.  Low specificty False pos



Example

Sensitivity : True positive rate of the test( no false –ve)

Specificity: True negative rate of the test(no false +ve)

Test result      Test result Total No

positive         negative            of people

Really have AIDS             99                  1                         100

Do not have AIDS          199                9701                   9900

Totals                              298                9802                   10,000

Sensitivity =99/100 x100 = 99%

Specificity= 9701/9900x100= 98%



PPV/NPV

• Positive predictive value is the probability that 
subjects with a positive screening test truly have 
the disease.

• Negative predictive value is the probability that 
subjects with a negative screening test truly don't 
have the disease





Terms

• Quantitative test: 

• It measures the amount of Ag or Ab.

• Qualitative test :

• It detects the presence or absence of Ag or Ab.



Binding forces : 

• Non covalent and relativity weak 

• Ionic interaction (charge complementarity)

• Hydrogen bonds : form between-negative charged and positive 
charged H+

• Hydrophobic bonds : between nonpolar molecules eliminating 
H2O during the process

• Van der waals forces :   very weak and non specific 

become stronger as the

epitope comes closer to the Ag

binding site  (paratope)



Environmental factors affecting Ag/Ab interaction

• Hydrogen ion concentration : (pH)

Ionization of Abs changes its conformation and modify affinity

• Temperature :

Optimum 37OC , increasing temp decreases stability of the complex 

• Salt concentration :

Low salt is optimum 

• Zeta potential : 

Cell agglutination, IgG is too short to overcome zeta potential, Anti-
IgG added to form bridges between the cells (Anti globulin test) 

Agitation, high or low pH or high salt concentration 



Serological Reactions

• Primary : It measures the direct interaction 
between Ag and Ab in Vitro( test tube).

Example: Elisa, IFA, RIA tests.

• Secondary : It measures the consequences of 
interaction between Ag and Ab in Vitro.

Example: Agglutination, CFT, Precipitation,    
Neutralization tests.

• Tertiary : It measures Ag and Ab interactions in 
Vivo ( in body)



Classification of Ag-Ab Reactions

Primary(immuno Assay)
Labeled immunoassays (Ag/Ab) , More sensitive, 

Time consuming, Heterogenous

(Lattice formation not required)

Secondary:

(Lattice formation is required)



Primary Serologic Reactions
and their labels 

RIA : Radio Immuno Assay

FIA : Fluorescent Immuno Assay

CLIA : Chemi Luminescent Immuno Assay

ECL :  Electro chemiluminescence

ELISA/EIA : Enzyme Linked Immuno Sorbent Assay

ELFA : Enzyme Linked Florescent Assay

IHC  : Immuno Histo Chemistry 



Relative sensitivities of tests 
(approximate)

Method Usual operating range of Ab or Ag

Percipitation 10 -1000 µg/ml  

IFA 0.1 – 10 µg/ml  

ELISA 0.1 – 10 ng/ml  

RIA 0.01 – 10 ng/ml  

CLIA 0.01 – 10 ng/ml  

Why primary reactions are sensitive than others?



Determine  concentration of a 
macromolecule in a solution 

through the use of an antibody

Immunoassay



Macromolecule (Ag) 



Label



Label

Enzyme

Radioactive

Fluorescence



Label

Enzyme

Radioactive

Fluorescence

Enzyme Immunoassay (EIA)

Radioimmunoassay (RIA)

Fluorescence immunoassay
(FIA)



EIA (Enzyme Immunoassay )

Enzyme Linked Immunosorbent Assay (ELISA)



ELISA

• ELISA combines the specificity of 
antibodies with the sensitivity of 
enzyme assays, by labeling the 
Abs or Ags with an easily 
assayable enzyme. 





ELISA procedure in details

1. Coating the plate with Ag or Ab

2. Blocking free sites

3. Addition of standards & samples

4. Conjugated Ab

5. Substrate 

6. Stopping

7. Reading optical density by ELISA reader 



Analyte = antibody                                               Analyte = antigen

Incubate, wash

1. Coat solid phase with
antigen when analyzing  antibody
antibody when analyzing  antigen
Coat Ag or Ab at 0.5 - 20 g/ml
100 l/well, 4oC overnight



Washing

• Buffer + 0.05% Tween 20,    200-300 l/well

• 3 - 6 washes with 30-60 Second soaking time

• Washing methods

– Automated washer

– Flood and Flick (biohazard)

– Multi-channel pipette for dispensing



2. Block free binding sites  

Analyte = antibody                                               Analyte = antigen

Incubate, wash

Inert Protein as Albumin , Casein
Or  Tween 20

0.5 - 2%  Bovine Serum Albumin
2%  Non-fat Dried Milk (skimmed 
milk)

We obtain the commercial ELISA kits while the 

coating and blocking steps was already done



3. Add sample  

Analyte = antibody                                               Analyte = antigen

Incubate, wash

Include known Positive and Negative Controls 
and Standards or Cutoff 

Recombinant protein
International standard antibody
Ddouble-dilute from 10 pg/ml - 10 ng/ml
100 l/well, duplicates



4. Add conjugate.  

Analyte = antibody                                               Analyte = antigen

E        E E E

Incubate, wash

Monoclonal  capture antibody

Polyclonal    detection antibody

Anti-(human) Ig-enzyme
IgG / A / M / E / subclass-specific

Common Enzymes: 
Horse Radish peroxidase (HRP)
Alkaline Phosphatase (Alk.p)



Amplification of Signals

Instead you may add
Biotin-labelled anti-Ig

followed by 
Streptavidin - Enzyme

S
S
SSSS

S
S
S

Directly enzyme conjugated
antibody may give weak signals



5. Add substrate/ Chromogen

6. Incubate, stop enzyme, measure color change

Colorless              

Enzyme

OD

Concentration

Stop

Colored Stable Color

HRP: 
H2O2 + TMB (Tetra methyl Banzidin)  450 nm



Enzymes

horseradish peroxidase (HRP)

alkaline phosphatase (AP) 

glucose oxidase



Enzymes

horseradish peroxidase (HRP)

alkaline phosphatase (AP) 

glucose oxidase



HRP

H202

Tetramethylbenzidine diimine

TMB (Tetramethylbenzidine)

Oxide

H2O
× Acid



HRP

H202

Tetramethylbenzidine diimine

TMB (Tetramethylbenzidine)

Oxide

H2O
× Acid



HRP

H202

Tetramethylbenzidine diimine

TMB (Tetramethylbenzidine)

Oxide

H2O
× Acid



HRP

H202

Tetramethylbenzidine diimine

TMB (Tetramethylbenzidine)

Oxide

H2O
× Acid

Measuring the absorbance 
(450nm)



color intensity

HRP activity

levels of target



ELISA formats

Direct Assay

Indirect Assay

Capture Assay (Sandwich)



Research 



Auto Ab, Toxo G , CMV G , H.Pylori G  , ……..



Ag Capture : Tumor markers , PSA , FSH, LH, TSH, HCG , Cytokine,…
Ab Capture : HBS Ab , …











Advantages

• Sensitivity

• Quantitative

• Reproducible

• Kit format

• No Radiolabel

Relative sensitivities of tests (approx)

Usual operating range

        [Ab] or [Ag]

precipitation

immunoelectrophoresis

double/radial diffusion

10 g/ml  -  1 mg/ml

  immunofluorescence          0.1  -  10 g/ml 

  ELISA  (colour)          0.1  -  10 ng/ml

              (chemiluminescence)             0.01  -  10 ng/ml 

  radioimmunoassay                   0.01  -  10 ng/ml



What is it used for?

• Measure antibody levels (allergies, vaccines)

• Detect viruses (hepatitis, HIV, venereal diseases)

• Detect circulatory inflammatory markers (cytokines)

• Detect hormonal changes (pregnancy)



ELISA Kits







ELISA reader

OD (optical Density)



How covert OD to 
concentration?

by standard Curve





Substrate

Primary 

antibody

Secondary 

antibody

Different antigens in sample

Coloured 

product

principle?



What is an ELISA?

• Enzyme-linked immunosorbent assay

• Name suggests three components

– Enzymatic amplification
• Allows you to turn a little capture into a visible color change that can be 

quantified using an absorbance plate reader

– Antibody (immuno)
• Allows for specific detection of analyte of interest

– Solid phase (sorbent)
• Allows one to wash away all the material that is not specifically captured



Types of Primary Reactions

1. Noncompetitive binding method

a) Ag measuring system (Ab coated wells)

b) Ab measuring system (Ag coated wells)

2. Competitive binding method 
Competition of labelled and unlabelled Ag 
to attach the coated Ab



Enzyme Linked Immunosorbent Assay

• In 1971 Peter Perlmann and Eva Engvall at 
Stockholm University invented ELISA which 
use an immune reaction similar to previously 
invented RIA method (1959), but differed in 
detection system.

• Detection was based on 

– Enzyme catalysed reaction

– NOT radioactivity

Eva Engvall



Solid Phase Non-Competitive ELISA

• Ab detection
– Immobilize Ag

– Incubate with sample 
(containing Ab)

– Add labeled anti-Ig

– Amount of labeled Ab
bound is proportional 
to amount of Ab in the 
sample

Immobilized Ag

Ab in Patient’s
sample

Labeled
Anti-Ig

Ag

AgAg AgAg AgAgAg

Ag

Ag



Solid Phase Non-Competitive ELISA

• Ag detection
– Immobilize Ab

– Incubate with sample 
(containing Ag)

– Add labeled antibody

– Amount of labeled Ab
bound is proportional to 
the amount of Ag in the 
sample

Ag in
Patient’s
sample

Labeled
Ab

Immobilized Ab

Ag





Toxoplasma IgG (ELISA) Kit contents

• Microwells/Strips: Toxoplasma Ag coated wells 
• Serum Controls: Negative, Cut off, Positive 
• Diluent: BSA 1% which is used for dilution of 

controls and patient sera
• Secondry Ab: Enzyme (HRP) conjugated anti-

human Ab
• Substrate: HRP substrate+ chromogen
• Stop solution: 0.1 M acid 
• Some of solutions contain inert dyes which help 

for better distinguishing. 



Toxoplasma IgG (ELISA) Sampling

• Serum Diluent: Used as Blank, contains No Ab

• Negative: (1:21 diluted) Negative serum control

• Calibrator: (1:21 diluted) Cut off serum control 

• Positive: (1:21 diluted) Positive serum control 

• Samples: Sera from patients with unknown 
immune status to toxoplasma Gondii

• How to load your strips

• Blank ,   Neg ,   Cal ,   Pos   ,   Sample × 2

• Incubate 30 min in RT













History of RIA 

In 1959, Rosalyn Yalow & 
Soloman Berson invented RIA. 

They applied radioisotopes for 
measurement of insulin.

RIA is the predecessor of 
modern immunoassays.

Dr. Rosalyn Yalow became the first
female to win a Nobel Prize with her
work on the radioimmunoassay



RIA

• RIA combines the specificity of 
antibodies (or any other ligands) 
with the sensitivity and 
simplicity of radioactivity 
determination.



RIA (Radioimmunoassay) 

• A highly sensitive and specific analytical assay which
uses the competition between radiolabelled and
unlabelled substances in an Ag-Ab reaction to
determine the concentration of the unlabeled
substance.

• Mostly applied for measurement of Hormones,
Vitamins, Metabolites, Drugs and other small Ags.

• (e.g. T3, T4, TSH, LH, FSH, ACTH, B12, Folic acid, Glucagon,
Insulin, Testosterone, Barbiturates, Digoxin, Morphine,
Prostaglandins, Glucocorticoids)



Competitive RIA in Coated tubes

Specimen Labeled antigen

Wash
& 

Count

Ag + Ag* + Ab AgAb + Ag*Ab + Ag + Ag*

Ag* : RadAg : Ligand to be 
measured    labelled ligand

Radioactivity of bound residue is 
measured (CPM)
Ligand concentration is inversely 
related to radioactivity



Assay Procedure in RIA
• Sampling: Add  known amounts  of the sample / 

standards +  labelled antigen into the tubes

• Incubate: Allow the reaction to reach completion

• Washing: Decant & wash  contents of the well to 
remove all unbound antigens

• Measure radioactivity: The remaining radioactivity of 
the standard tubes is measured by a gamma counter

• Intensity of radioactivity is inversely correlated with 
the concentration of antigens in the test sample



Requirements for RIA

1. Preparation and Radiolabelling of the 
Antigen (3 H, 14 C, 125 I)

2. Binding of the Specific Antibody to 
tubes

3. Gamma counter



Disadvantages of RIA to ELISA

• Radiation hazards

• Trained persons

• Special license for laboratory  

• Shorter shelf life of reagents

• Gamma counter is needed



Secondary Ag / Ab Reaction

• Agglutination

• Percipitation

• Fluccolation



Agglutination Reactions 
Principles and Practice

Immunology Department / TUMS



Outlines of Agglutination 

• Definition 

• Classifications  

• Applications 

• Active Microbial Agglutination tests

• Passive Agglutination tests

9/22/2021 91



Serology Present & Past

• Serology as a science began in 1901 by the 
pioneering studies of Karl Landsteiner (1868-
1943) on blood groups. 

• Nowadays, complicated immunodiagnostic 
assays have become very popular in clinical 
laboratories. 

• However, the initially described simple 
serology tests are still very useful and is 
routinely used too.  
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Agglutination

• Agglutination is a simple, sensitive test with 
different applications.

• Firstly observed by Gruber and Durham in1896. 
They  showed serum reaction with bacterial 
cells

• Overall, agglutination is based on aggregation 
of particulate Ags by agglutinins (e.g. Abs).
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Approximate compression of sensitivity of common 
immunology tests

Sensitivity (g/ml)Method

0.01Bacterial  Agglutination 

0.001-0.01Heamagglutination

0.001Passive agglutination

10Precipitation 

1IFA

0.001- 0.0001ELISA

0.001- 0.0001RIA



Agglutination Steps

Agglutination takes place in two steps:

1. Sensitization or initial binding of molecules 

– Rapid and reversible attachment of Abs to 
particulate Ags

2. Lattice formation or aggregation or stabilization

– Cross linking of particles and formation of visible 
enlarged aggregates
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PRECIPITATION

 Is the reaction of soluble Ag with soluble Ab.

The reaction results in the formation of Ag-Ab 
complexes (lattices) 

Antigen

Antibody





Classification
(Based on Ag properties) 

• Active Agglutination Test 

• Passive Agglutination Test 

• Direct / Indirect Agglutination Test 
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Classification 
(Based on method of experiment)  

 Slide Agglutination Test (Rapid)

 Tube Agglutination Test (Standard)

 Microtiter plate Agglutination Test (Micro)
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Slid or Rapid Agglutination Test

• Screening assay

• Qualitative (Pos / Neg), (Pos: 1+, 2+, 3+, 4+): mostly 
used in passive agglutination tests 

(Reactive/ Non-Reactive): blood grouping

• Semi-quantitative (Titer): Brucellosis (Wright),  
Sallemonellosis (Widal)

9/22/2021
R. Falak

Heamagglutination tests
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Tube Agglutination Test

• Also known as the standard or Quantitative
agglutination test, e.g. Brucellosis (Wright)

• Serum is usually diluted in 2-fold manner

• Constant amount of Ag is added to each tube 

• Incubation (overnight/ hours at RT or 37°C)

• Result is read as visible agglutination or precipitation of 
Ag clumps at the bottom of tubes
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Active Agglutination

• Screening of Abs to surface Ags. 

– Wright and Widal tests 

– Blood grouping (Back type)

• Screening of surface Ags via specific Abs. 

– Serotyping of E. coli, Salmonella, Vibrio cholera, … 
with specific antisera

– Blood groups (cell type)
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Serodiagnosis of Brucellosis as a Prototype

Brucellosis is the most common global zoonosis

Serological diagnostic tests are well standardised and 
effective 

Serological diagnosis is based on whole cell Ag 
– B. abortus (Cross-reaction with B. melitensis & B. suis)
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Screening of Brucellosis

• Rapid screening test is performed on card or tile

• Antigen is rose bengal-stained suspension of 
smooth attenuated strain of B. abortus
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10 9 8 7 6 5 4 3 2 1 Tube

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.9 Saline

- 0.1 Serum

- 0.5 
out

0.5
←

0.5
←

0.5
←

0.5
←

0.5
←

0.5
←

0.5
←

0.5
←

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Ag

Control 1:5120 1:2560 1:1280 1:640 1:320 1:160 1:80 1:40 1:20 Titer

Wright Tube Agglutination test



Wright Tube Agglutination test
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1/20 1/40 1/80 1/160
1/320

1/640 Neg. ctrl
1/1280

No agglutinationAgglutination

In this case, the titre is 1/80









Passive Agglutination

• Agglutination reaction of inert particles 
coated with soluble Ags (Ags that are not 
normally found in the cell surfaces)

• Inert Ag carriers:
–Red blood cells (O neg)

–Polystyrene latex

–Bentonite

–Charcoal
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Common Passive Agglutination tests

• CRP (C-reactive protein)

• ASO (Anti-streptolysin O) 

• Gravindex (HCG)

• RF (Rheumatoid factor)

• If Ab is linked to Latex (e.g. RF test) the test is 

named Reverse Passive Agglutination Test.
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Passive Reversed Agglutination
Ag + Anti CRP  Antibody (Latex) 















hsCRP

• The risk of developing cardiovascular 
disease is quantified as follows:

• low: hs-CRP level under 1.0 mg/L

• average: between 1.0 and 3.0 mg/L

• high: above 3.0 mg/L





















Microscopic agglutination
or Flocculation 

• VDRL
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137

Quantitative Micro 
Hemagglutination Test (HA)

Heamagglutination

9/22/2021

RBC



Heamagglutination

• Agglutination of RBCs may occur by:

–Antibodies to RBC surface Ags

–Proteins that interact with RBC surface 
antibodies (Heamagglutinins) 
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Application of Heamagglutination

• Blood grouping 

–Cell type / Cell grouping 

–Back type / Serum grouping 
• Cross match (for transfusion purposes)

– Major and Minor 
• Coombs tests (for immune anti-RBC antibody) 

– Direct and Indirect
• Other diagnostic tests 

– Mono test (Heterophil Abs) 
– Virology tests (anti-Heamagglutinin)



Classification of Blood Group 
Antibodies

• Natural and immune antibodies
– Natural Abs: production does not need pre-sensitization
– Immune Abs: produced following sensitization

• Cold and warm antibodies
– Thermal range of optimal reactivity 
– Most of natural Abs are cold and have less clinical importance
– Most of immune Abs are warm and can destroy RBCs in-vivo

• Complete and incomplete antibodies 
– Depends on agglutination of washed RBCs (away from proteins)
– IgM is complete; IgG and IgA are incomplete Abs 
– Natural antibodies are usually IgM
– Immune Abs are usually IgG and IgA



Cell type / Back type

• Cell type (detection of RBC Ags)
– ABO: (washed) RBC + Anti-A & Anti-B (& Anti AB)

– Rh: (washed) RBC + Anti-D (& Anti C , …..)

• Back type (evaluation of serum Abs)
– Performed for ABO system (Natural Abs)

– Defined washed A and B cells + patient’s serum





Agglutination

RBC 

RBC 

RBC 

RBC 

IgM Antibody 

IgG Antibody 

RBC 

RBC RBC 

RBC RBC 

RBC RBC 



Coomb’s tests

 Coomb’s test is useful for detection of some 
incomplete Abs specially Anti-Rh antibodies

Direct Coomb’s test is usually used for evaluation of 
presence of bond antibodies on RBCs of Rh+ children 
born to Rh- mothers

 InDirect Coomb’s test is usually used for evaluation of 
anti-Rh antibodies in serum of mothers who give birth 
to newborns with jaundice or other immune mediated 
hemolytic diseases 



Antiglobulin (Coombs) Test



Detects antibodies on erythrocytes

+

Newborn 

patient RBCs

Coomb’s Reagent

(Antiglobulin)

Coomb’s (Anti-globulin) Tests 
Direct Coomb’s Test



Coomb’s (Anti-globulin) Tests 
Indirect Coomb’s Test

Detects anti-erythrocyte antibodies in serum

Patient’s 

Serum

O+ 

RBCs

+
Step 1

+

Coomb’s Reagent

(Antiglobulin)

Step 2



Cross Match Test

• Types: Major and Minor

• Major: Donor RBC + Recipient Serum

1- RT

2- Albumin (37 °C)

3- Anti-Human (37 °C) 

• After 1 h the mixture is washed 3 times with saline 
and one drop of anti-human is added and centrifuged

• Minor: Recipient RBC + Donor Serum



Immunoprecipitation
Reactions

Immunology Department

TUMS

DID SRID



Immunoprecipitation
Reactions

• Immunoprecipitation in semisolid media

– SRID 

–DID 

– Immunoelectrophoresis

• Immunoprecipitation in fluids

–Ring test 

–Turbidimetry

–Nephlometry
Immunoprecipitation



Immunology/Serology 
Precipitation Reactions

I- Precipitation in Solution
a) Bottom Precipitate
b) Ring Precipitate (Ring Test)
II- Simple Immunodiffusion (ID)
a) Double ID (Ouchterlony)
b) Single Radial ID (RID) (Mancini)
III- Electro-Immnodiffusion
a) Immunoelectrophoresis (IEP)
a) Immunofixation
b) Rocket Electroimmunodiffusion (EID)
c) Counterimmunoelectrophoresis (CIEP)
IV-Measurement of Precipitation by Light
a) Turbidimetry
b) Nephelometry



Principle of Immunoprecipitation

Immunoprecipitation is the result of the
reaction between soluble antigens (Ag) and
soluble antibodies (Ab) to form a lattice until
the complex is large enough to become
insoluble.

Immunoprecipitation could be studied in
semisolid media or fluids.

Precipitin

(Soluble Ab)

Precipitinogen

(Soluble Ag)

Precipitate

(Ag-Ab lattice)

Immunoprecipitation



Semisolid Media

1. Agar - High molecular weight complex 
polysaccharide from seaweed

2. Agarose- Purified agar 
– Agar , Agarose : 0.3 – 1.5 %

• Semisolid media help to stabilize the diffusion 
process and allow visualization of precipitin 
bands

• Soluble molecules could be washed latter on by 
physiologic buffers (low salt buffers)



Immunoprecipitation appearance

• Immunoprecipitation in semisolid media 
results in visible precipitation line or ring.

• Immunoprecipitation in fluids result in 
significant opacity or cloudiness of the fluid.

AbAg AgAg

DID SRID

Ab



Immunoprecipitation in gel

• Passive immunodiffusion
– Molecules move by diffusion 

– SRID and DID are the most common tests

• Active immunodiffusion
– Electrical current is used to speed up the 

movement and interaction of molecules

– Rocket technique, Immunoelectrophoresis
and Western blotting are more common



Classification of 
Passive Immunodiffusions

• Classification according to number of 
reactants and direction of diffusion 

– Single diffusion: Only one of components diffuse

– Double diffusion: Both of components diffuse



Passive Immunodiffusion in gel

1- Single Radial ImmunoDiffusion (SRID) 

2- Double ImmunoDiffusion (DID) 

AgAg

AbAg

Ab

?

?



I- Precipitation in Solution

Precipitation 

reactions in fluids 

follow the same roles 

of precipitation curve 

zones. 

a)Bottom Precipitate
Occurs when Soluble Ag interact 
with  soluble Ab and form a 
visible precipitate that give 
bottom ppt after centrifugation.



Figure 18.4

b)Ring Precipitate (Ring Test) (Tube 
Precipitation test)

• Involve soluble antigens with 
antibodies in tubes (test  or 
Capillary tubes).

• Layer Ag over Ab

• Precipitate occurs at the interface 
of the two reagents, forming a 
ring.

• Simplest test

• Qualitative

• Can be bone in Agarose.

Test Tube 
reaction

Capillary 
Tube 
reaction

I- Precipitation in Solution (cont.)



II- Simple Immunodiffusion (ID)

a) Single Radial ID (Mancini Reaction)

Ab is put into a gel and Ag is put in a well cut into 
the gel and a precipitin ring formed when Ag 
diffuses out in all directions.

b) Double ID (Ouchterlony Reaction)

Both Ab and Ag diffuse from wells into a gel medium

•Immunodiffusion procedures are carried out in an agar gel medium.

• The precipitate is easily seen in gels                     visible precipitin lines

• But no visible  precipitate forms in regions of Ab or Ag excess. 



Diagrammatic representation of radial & double immunodiffusion.
(Precipitation reactions in gels yield visible precipitin lines;                            

no visible precipitate forms in regions of Ab or Ag excess.) 

The region of equivalence

Simple Immunodiffusion Reactions



a) Single Radial ID
• The technique is quantitative
• is based upon the reaction 

between an Ag, and a specific Ab
during a diffusion period.

• Ag placed in a well diffuses into an 
agar containing the Ag (anti-IgG
looking for serum IgG).

• The Ag-Ab interaction is 
manifested by a well-defined ring 
of precipitation around the Ag 
well.

Interpretation : Diameter of ring is 
proportional to the Antigen 
concentration.

II- Simple Immunodiffusion (ID)



• b) Double ID (Ouchterlony)
• Both antigen and antibody can diffuse independently

• It is based upon the simultaneous application of Ag and Ab in separate but 
adjacent wells of an agar plate.

• As the materials diffuse toward one another, ppt. lines form resulting from the Ag-
Ab interactions (i.e. it is Qualitative).

• If multiple wells of Ag are positioned around an Ab well on the same plate, several 
patterns of reactivity may be observed.

II- Simple Immunodiffusion (ID) (cont.)



Ouchterlony double diffusion 
(Immunodiffusion) Qualitative test

• It is based upon the 
simultaneous application of Ag 
and Ab in separate but adjacent 
wells of an agar plate.

• As the materials diffuse toward 
one another, ppt. lines form 
resulting from the Ag-Ab
interactions.

• If multiple wells of Ag are 
positioned around an Ab well on 
the same plate, several patterns 
of reactivity may be observed.



Ouchterlony double diffusion
(Immunodiffusion)

• If the Ag A (patient) is the 
same as the Ag A (control), 
the reaction with the Ab will 
be the same and the result is 
a solid, continuous, smooth 
line of identity between the 
Ag wells and the Ab well.



Ouchterlony double diffusion
(Immunodiffusion)

• If Ag A (patient) is different 
from Ag B (control), and both 
react with the Abs to A & B, 
the precipitin lines cross and a 
double spur is formed; this is a 
line of nonidentity.



Ouchterlony double diffusion
(Immunodiffusion)

• If Ag A (patient) and Ag 
A1 (control) share a 
common element but are 
not exactly the same (Abs 
to A), a single spur is 
formed. 

• This is the line of partial 
identity.



• In electro-immunodiffusion, diffusion is combined with electrophoresis
• Electrophoresis separates  antigen molecules according to differences in

their electrical charges and molecular weight then specific antibodies
diffuse and react with separated antigen forming precipitin bands.

III- Electro-Immnodiffusion



III- Electro-Immnodiffusion

a) Immunoelectrophoresis (IEP)

a) Immunofixation

b) Rocket Electroimmunodiffusion (EID)

c) Counterimmunoelectrophoresis (CIEP)



a) Immunoelectrophoresis

• Method

– Ags are separated by electrophoresis

Ag

-+

Ag

Ab

Ag

Ab

– Ab is placed in trough cut in the agar 

• Interpretation- Precipitin arc represent individual antigens

• Qualitative - Relative concentration



a)Imunoelectrphoresis (cont.)



b) Immunofixation

• serum electrophoresis several bands

• Anti-immunoglobulin antibodies application

(anti-IgG, -IgA, -IgM, -κ, -)

• Ag/Ab precipitates are formed 

• staining to visualize the precipitation bands



b) Immunofixation (cont.)

patient A healthy control

healthy control: negativepatient A: paraprotein in class IgG (k)



Usage of immunofixation

• Diagnostic for monoclonal gammapathies (multiple 

myeloma, macroglobulinemia, etc..)

• Monoclonal immunoglobulin is synthesized by single 

clones of myeloma cells (neoplastic proliferation of B 

lymphocytes)



c) Rocket Electroimmunodiffusion

• Antigen is electrophoresed into gel containing antibody. 

• The precipitin reaction results in a rocket-shaped 
precipitin formation.

• The distance from the starting well to the front of the 
rocket shaped arc is related to antigen concentration.



d)Counter immunoelectrophoresis

• Reactions occurr between migrating Ag’s and 
Ab’s during electrophoresis (Ag and Ab migrate 
toward each other by electrophoresis)

• Used only when Ag and Ab have 
opposite charges

• Pairs of wells are punched in agarose plates in 
which Ag is placed in one well of each pair and 
Ab in the other.

• Following electrophoresis, precipitin lines will 
be visible between the wells of a pari of wells 
of matching specificity.

• Qualitative

– Its major advantage is its speed.

Ag Ab

- +



IV-Measurement of Precipitation by Light

• Principle: Antigen-antibody complexes, when formed, will 
precipitate in a solution resulting in a turbid or cloudy 
appearance that can be measured by:

 Turbidimetry
Passing light through a cloudy solution.  (Net decrease in light 

intensity)

 Nephelometry
Measuring light scattered at a particular angle after being 

passed through a solution i.e. indirect measure.
Amount of light scattered correlates to the concentration of the 

solution

• Evaluation: Ag concentration is proportional to the
turbidity of complexes („end point“)



Turbidimetry

• precipitation in solution

• measurement of light extraction

(precipitate absorption)

• standard curve

Nephelometry

• precipitation in solution

• measurement of scattered 

light (proportional to number 

of insoluble complexes

• standard curve



Usage of turbidimetry 
and nephelometry 

• measurement of serum proteins‘ concentration 

(immunoglobulins, acute-phase proteins, complement 

components C3, C4, transferrin, albumin,…)

• rapid, 

• fully-automated techniques 

• for large quantity of samples


