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Lab : 1               Practical Immunology                 Dr.Ibtihal abdulhadi 

Animal  Identification  : 

Proper identification of research animals is an essential component of a research project. Identification 

allows an animal to be monitored throughout the course of a project and assists animal care staff in 

providing appropriate care to individual animals. 

1-  Cage Cards – REQUIRED FOR ALL MICE 

 Cage card information must include, at a minimum: species, strain, sex, number of animals in the cage, 

investigator and protocol number, date of birth or arrival. 

2-  Temporary Markings 

Use an indelible (permanent) marker to write numbers, bars, or other distinguishable markings 

on the tail or the ears. Temporary markings last up to 3-4 days. Repeat markings can be made 

every 3-4 days as necessary. 

3- Tattooing 

The tattoo is placed on a toe or tail. 

4- Eartd Tags 

     Involves using a special applicator to place an "earring," or metal tag with an identification            

number 

5- Ear  Punching 

Restrain the mouse by the scruff and use the ear punch to create holes and/or notches in the 

ears, following an identification chart. 

6- Microchipping 

Implant microchips subcutaneously in the dorsal neck area. Microchips are about the size of a 

grain of rice and transmit a unique alphanumeric code for each mouse. The codes are easily 

distinguished from one another by a computer. 

 

Routes of Administration 

The route of administration is largely dependent on the property of the test substance and the 

objective of the experiment. Good handling and restraint is the most important technique for 

correct administration. Proper restraining leads to successful administration and varies with the 

routes of administration. 

 

Site of administration 

Drugs and other substances can be administered to laboratory mice by a variety of routes. 

1- Oral administration 



 

 

 

Some compounds can be administered in the food or water; however, under the best of 

circumstances, direct administration by oral gavage is often a preferred approach. 

2- Intraperitoneal (IP) 

Intraperitoneal injections are made into the caudal left (to avoid the cecum on the right) 

abdominal quadrant. 

 

3- Subcutaneous administration  (SC) 

 SC injections may be made through the loose skin over the upper back and neck 

4- Intravenous administration (i.v.) 

Administrations are usually made into the lateral tail veins not into the dorsal tail vein 

(Figure 32.12a), as it is not straight. 

6- Intramuscular administration (i.m.) 

This should usually be avoided, as mouse muscles are small. If necessary, it may be given into     

            the thigh muscle with injection volumes 0.05 ml.  Intramuscular injections are generally made        

         into the muscles at the back or top of the thigh.  

5- Intranasal administration (i.n.) 

These are usually performed with the mouse lightly  anesthetized. The volume should be 

0.02 ml, excess volume or rapid injection will induce suffocation and death. 

 

 

Sampling methods 

- (Blood  ,Urine , Feces ,DNA ) 

- The blood volume of the average adult mouse is only 2–2.75 ml 

- Methods that are used to obtain blood samples from mice: 

 

1- Retro-orbital sinus puncture 



2- Tail laceration 

3- Cardiac puncture 

Lab 2                                      Practical Immunology              Dr.Ibtihal abdulhadi 

The bactericidal activity of serum 

   Bacteria that invade across the host epithelial barriers can cause severe diseases. One important 

aspect of the innate immune defense is the bactericidal activity of serum. This bactericidal action 

is an effect of the complement system, which consists of more than 30 proteins, either 

membrane-bound as receptors, or secreted in serum and body fluids.  Functionally, the 

complement system can be divided into three parts.  

1. Phagocytosis – by opsonizing antigens. C3b has most important opsonizing activity 

2. Inflammation – by attracting macrophages and neutrophils 

3. Membrane attack(MAC)  – by rupturing cell wall of bacteria 

Activation of the complement system occurs via three different pathways; the Classical pathway, 

the Lectin pathway or the Alternative pathway. 

 

 

 

 

 

 

 

 

 

The complement factors have to recognize the target bacteria and activate the complement 

cascade. After marking the pathogen by deposition of C5 convertases there is a time-restricted 

sequence initiated by C5b, resulting in the membrane attachment of C5b-7. Further incorporation 

of C8 and C9 molecules lead to permeabilization of the target membrane. From model systems 

we know that these C5b-9 complexes and form both pores and other membrane disrupting 

structures. 

https://en.wikipedia.org/wiki/Phagocytosis
https://en.wikipedia.org/wiki/Opsonin
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Complement_membrane_attack_complex


Differences between the envelope composition of Gram-positive and Gram-negative bacteria 

have important consequences for their complement sensitivity. MAC has only been found 

bactericidal towards Gram-negative bacteria. Gram-negative bacteria are composed of an inner 

membrane, lining the cytoplasm, and an outer membrane lining the extracellular space. The outer 

membrane consists mainly of lipopolysaccharide (LPS). Between the two membranes a thin 

peptidoglycan layer  extends into the interstitial periplasm, and is necessary to maintain the 

turgor pressure of the cytoplasm. Gram-positive bacteria are composed of only one membrane 

surrounded by a thick multilayer of peptidoglycan. Differences between the envelope 

composition of Gram-positive and Gram-negative bacteria have important consequences for their 

complement sensitivity. 

Procedure: 

To test the bactericidal effect of normal serum, the heat-inactivation (heating the serum to 56°C 

for 30 minutes) is done to inactivate the complement and the experiment is applied on E.coli (G-

ve) and S.aureus (G+ve). 

1. Serial of dilutions will prepared as follow: 

 Add 9 ml of normal saline in 6 tubes then add 1 ml of fresh culture into first tube and 

mix well by pipetting to get 10
-1

 

 Take 1 ml of the first tube and add it into the second tube to get 10
-2

  

2. After the preparation of dilutions, one serum tube  hold in water bath at 56C for 30 min           

and  another  hold in room temperature. 

3. Add  0.5 ml of each  normal and heated serum to 0.5 ml of bacterial culture  (10
-4

-10
-6

 

dilution) and incubate at 37C for 15-30 min  

4. Add 1 ml from each tube to the sterilized plate then add the nutrient agar media above and 

circulate it in each side to homogenize the serum with media, let it to solidify. 

5. Incubate the cultured plates for 24h at 37C. 

6. Calculate numbers of colonies in each plate, number of cells by: 

No.of cells (cell/ml)= No. of  colonies × dilution factor  

7. Compare between the results of normal serum, heated serum and normal saline. 

 

 

 

 

 

 

 



 

 

 

 

 

 

Lab : 3               Practical Immunology                 Dr.Ibtihal abdulhadi 

                                            Antigen Preparation 

      Antigen is a molecule that binds to Ag-specific receptors, but cannot 

necessarily induce an immune response in the body by itself. Antigens are 

usually proteins, peptides (amino acid chains) and polysaccharides (chains of 

monosaccharides/simple sugars) but lipids and nucleic acids become antigens only 

when combined with proteins and polysaccharides. Saccharides and lipids (as 

opposed to peptides) qualify as antigens but not as immunogens since they cannot 

elicit an immune response on their own.  

A peptide to induce an immune response (activation of T-cells by antigen-

presenting cells) it must be a large enough size, since peptides too small will also 

not elicit an immune response. 

 The Antigens classification on basis of Source/Origin 

 

1. Exogenous antigens: These are antigens which are foreign to host body 

hence are also called foreign antigens. These are antigens that enters the 

body of the organism from the outside, e.g. through inhalation, ingestion, 

or injection. The uptakes of these exogenous antigens by APCs are mainly 

mediated by the phagocytosis. E.g. Bacteria, Fungi, Viruses etc. 

2. Endogenous antigens: These are antigens which originate from own body 

of host organisms.. The endogenous antigens are processed by the 

macrophages which are later accepted by the cytotoxic T – cells. E.g. Blood 

group antigens, HLA (Histocompatibility Leukocyte antigens) etc.  

3. Auto antigens: These are usually a normal protein or protein complex (and 

sometimes DNA or RNA) that is recognized by the immune system of 

patients suffering from a specific autoimmune disease. These are not 

immunogenic under normal condition however due to genetic and 

environmental changes or factors immunological tolerance is lost and 

immune response is generated. E.g. Nucleoproteins, Nucleic acids, etc. 

https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Peptide
https://en.wikipedia.org/wiki/Polysaccharide
https://en.wikipedia.org/wiki/Lipid
https://en.wikipedia.org/wiki/Immunogen
https://en.wikipedia.org/wiki/Antigen-presenting_cell
https://en.wikipedia.org/wiki/Antigen-presenting_cell


 

 

 

 The Antigens classification on the basis of immune response 

1. Immunogens/ Complete antigens: A substance that induces specific 

immune response can be called as immunogen. Antigens which are able to 

generate immune response by themselves are known as complete antigens. 

These are generally molecules with high molecular weight (more than 

10,000 Daltons).  

2. Haptens/ Incomplete antigens: Antigens which are unable to generate the 

immune response themselves are termed as incomplete antigens however on 

coupling with carrier proteins they can be immunogenic. They are also 

called haptens. When a molecule of haptens are coupled to carrier proteins 

they become accessible to immune system and function as an immunogen. 

They generally have low molecular weight (Less than 10,000 Daltons) and 

are usually non-protein substances. E.g. Capsular polysaccharide of 

pneumococcus, polysaccharide “C” of β-haemolytic streptococci,  etc. 

 

Property of antigens/ Factors Influencing Immunogenicity 



1. Foreignness: An antigen must be a foreign substances to the animal to elicit an 

immune response. 

2. Molecular Size: The most active immunogens tend to have a molecular mass of 

14,000 to 6,00,000 Da. 

3. Chemical Nature and Composition: In general, the more complex the substance 

is chemically the more immunogenic it will be. 

4. Physical Form: In general particulate antigens are more immunogenic than 

soluble ones. 

5. Antigen Specificity: Antigen Specificity depends on the specific actives sites on 

the antigenic molecules (Antigenic determinants). 

6. Species Specificity: Tissues of all individuals in a particular species possess, 

species specific antigen. 

7. Organ Specificity : Organ specific antigens are confined to particular organ or 

tissue. 

 



8. Genetic Factors : Some substances are immunogenic in one species but not in 

another .Similarly, some substances are immunogenic in one individual but not in 

others (i.e. responders and non-responders). 

9. Age : Usually the very young and the very old have a diminished ability to elicit 

and immune response in response to an immunogen. 

10. Degradability : Antigens that are easily phagocytosed are generally more 

immunogenic. 

11. Dose of the antigen : There is a dose of antigen above or below which the 

immune response will not be optimal. 

12. Route of Administration : Generally the subcutaneous route is better than the 

intravenous or intragastric routes. Antigen administered intravenously is carried 

first to the spleen, whereas antigen administered subcutaneously moves first to 

local lymph nodes. 

13. Adjuvants : Substances that can enhance the immune response to an 

immunogen are called adjuvants. Example: aluminum hydroxide. 

 

 

PREPARATION OF ANTIGEN 

Heat killed / formalinized whole cell bacterin 

1. Plate out the bacterial culture from appropriate stock culture onto a BHI agar 

plate,or other suitable medium. Incubate overnight at 37°C (±2°C). 

2.Bacterial Growth is transferred to normal saline solution. Thoroughly mixed . 

3.Expose to heat by heating the broth culture for 30 min at 100°C (Free Steam). 

OR Add Formalin (40% w/v) was added to the broth culture at a final 

concentration of 0.5% (V/V) and left 48 hrs at room temperature. 

4.Centrifuge the killed bacterial suspension and resuspend the sediment in a small 

volume of normal saline. Repeat the step twice or thrice. 

5.Adjust the opacity of suspension to the tube No.4 of Mac Farlands nephlelometer 

by adding required amount of normal saline. 

6. The antigen thus prepared can be used for immunization  or testing antibodies 

against specific antigen by agglutination tests. 



 

 Preparation of somatic O antigen  

1- Streaking a few typical Salmonella  colonies from salmonella shigella 

agar (S.S agar) plate onto brain heart infusion agar using a sterile 

cotton swab. 

2- Plate were incubated overnight  at 37 C. 

3- Serial normal saline was used to harvest the lawns and a bottle 

containing  250 ml of bacterial suspension was immersed in a boiling 

water bath for 2.5 hr (OR :  Using a Pasteur pipette, wash off the 

culture, preferably inside a safety cabinet, with approximately 2 ml of 

absolute alcohol, and transfer into a sterile universal container to 

enable the alcohol to kill the bacteria and detach flagellae instead of 

boiling ) 

 

4- Leave the antigen at room temperature overnight and again immersed 

in boiling water for additional 1.5hr on the next day  

  

5- The killed bacteria were washed 3 times with normal saline 

6- It was judged sterile by its frailer to cause turbidity in  brain heart 

infusion broth tubes after prolonged incubation at 37C and its failure 

to produce growth on S.S agar plates. 

7- Storage was in 0.3 % Normal saline at 4 C.  

 

 Preparation of Flagellar H  antigen  

1- Inoculated a few typical Salmonella colonies from S.S agar plate onto a 250 

ml brain heart infusion broth  

2- Broth was incubated overnight at 37C 

3- Then ,250 ml of 0.6 %formal saline was added ad the mixture was allowed 

to stand at room tempreture for 5 hr and sterility test were performed 

4- Washing killed bacteria and discard the supernatant  

5- Re suspend the precipitate with 0.3 formal saline and storage at 4C  

 

 Preparation of sheep RBC suspension for raising haemolysin 

1. Collect 5 ml of blood using Alsever‟s solution (Equal proportion) in a 

centrifuge tube. 



2. Centrifuge at 2000rpm for 6 minutes. 

3. Discard the supernatant plasma and  buffy coat without disturbing the RBC. 

4. Add 5 ml of Phosphate buffer saline solution to the RBC pack and centrifuge 

for 2 minutes at 1000rpm. 

5. Repeat step 4 for 2-3 times. 

6. Finally collect the packed cell volume of RBC and prepare the RBC 

suspensions as required 1%, 10% and 20% for immunization 

(For preparing 10% RBC suspension : 1 ml of Packed volume of RBC should be 

added to 9 ml of Normal saline) 

 

 

 

 

 

 

 

 

 

 

 

 



Lab : 4              Practical Immunology                 Dr.Ibtihal abdulhadi 

Rosetting Techniques 

Human lymphocytes are divided into two populations, thymus-dependent or T-

cells, required for cell-mediated immunity, and B-cells which are thymus 

independent and responsible for antibody-mediated immunity. Conventional light 

microscopy cannot differentiate between T and B lymphocytes, but the 

introduction and studies of lymphocyte membrane markers have shown a 

lymphocyte heterogeneity.  

Resetting techniques are used to identify or isolate particles or cells bound by 

indicator cells or erythrocytes. For example, mixing sheep erythrocytes with 

human blood cells results in rosetting of human T cells surrounding the sheep 

erythrocytes. This erythrocyte (E) rosette was the first technique in separating T 

from B cells. The receptor responsible for this binding is the CD2 molecule on T 

cells. The rosettes are named after the central particle, i.e. E-rosette, Rosette test 

for Rh factor erythrocyte, antibody (EA) rosette, or erythrocyte antibody 

complement (EAC) rosette. 

E-rosetting 

E-rosetting is used in the identification of T cells where a T cells CD2 surface 

protein is bound to a sugar based  LFA-3 homologue on the surface of a sheep red 

blood cell. Because the LFA-3 homologue is only present on the surface of sheep 

red blood cells other species red blood cells can not be used in this type of 

resetting. 

 

Rosette test for Rh factor 

 

The Rosette test will determine whether or not there are Rh positive cells present 

in the mother's blood stream that are left over from her fetus who may have had a 

positive blood type. Think of it as a first line test that will routinely be conducted 

on mothers with a negative blood type. Depending on whether the test comes 

back positive for the presence of Rh positive cells, a follow-up test may be 

needed, which is when the Kleihauer-Betke test would be ordered.  

https://en.wikipedia.org/wiki/CD2
https://en.wikipedia.org/wiki/LFA-3


In this test, a sample of maternal blood is incubated with Rho(D) immune globulin, 

which will bind to any fetal Rh positive red blood cells, if present.  Upon addition 

of enzyme-treated CDE indicator cells, the presence of Rh positive fetal blood 

causes rosetting, which can be seen by light microscopy. The test is recommended 

for Rh negative mothers within 72 hours of giving birth to an Rh-positive infant. In 

a positive test, it is recommended that a Kleihauer–Betke test should be performed 

to confirm and quantify any positive rosette tests.  

The Kleihauer-Betke test is used for two reasons. The first reason is to determine 

the amount of medication to give to the mother to prevent her from forming 

antibodies against future pregnancies. The second reason is to calculate the risk 

of fetomaternal hemorrhage.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Light_microscopy
https://en.wikipedia.org/wiki/Kleihauer%E2%80%93Betke_test
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ABO blood grouping 

      Humans can have the A, B, AB, or O blood type. The phenotypic differences are due to 

proteins anchored in the red blood cell (RBC) membrane and in the blood plasma. The proteins 

anchored on the red blood cells act as antigens  and the proteins in the plasma act as antibodies. 

For example, type A blood has A antigens on the surface of the red blood cells and B 

antibodies(anti-B) in the blood plasma, whereas type B blood has B antigens on the surface of 

the red blood cells and A antibodies (anti-A) in the blood plasma. Type AB blood is unique 

because it has both A and B proteins on the surface of the red blood cells, but no plasma 

antibodies. Type O blood is equally unique because it has no antigens on the surface of the red 

blood cells, but has both A and B antibodies in the blood plasma. 

 

 

 

 

 

 

 

 

 

 

 

 

Relative frequency of different blood types: 

• O   47% 

• A    41% 

• B    9% 

• AB  3% 

 

 



Rh factor 

Rh (Rhesus) factor is found on the RBC's surface in most people. Like A and B, this is also an 

antigen and those who have it are called Rh+. Those who lack the antigen on the surface of 

RBCs are called Rh-. A person with Rh- blood does not have Rh antibodies naturally in the 

blood plasma. But a person with Rh- blood can develop Rh antibodies in the blood plasma if he 

or she receives blood from a person with Rh+ blood, whose Rh antigens can trigger the 

production of Rh antibodies (as the immune system is triggered by the presence of an unknown 

antigen in the system). A person with Rh+ blood can receive blood from a person with Rh- blood 

without any problems. 

Rh typing is important during pregnancy. If you are Rh negative and your baby is Rh positive, 

you may have an Rh incompatibility. During pregnancy, it's possible that some of your baby's 

blood could pass through the placenta into your body. Your body may react to the baby's blood 

as a foreign substance and make antibodies against it. This can cause a miscarriage, anemia, and 

problems in later pregnancies. The first pregnancy is usually not affected by Rh incompatibility 

because the baby is often born before many of the antibodies develop. These risks can be 

lowered by a shot or shots of Rh immunoglobulin during each pregnancy, miscarriage, or other 

instances when you may have been exposed to Rh positive blood.  

  

 

 

 

 

Procedure: 

1. Open an Alcohol swab, and rub it at the area from where the blood will be sampled 

(finger tip). (Discard the swab) 

2. Open the Lancet cover, put pressure at the tip of the finger from where blood will be 

sampled (maintain it). Prick the finger tip with the opened Lancet.(Discard the Lancet) 

3. As blood starts oozing out, make 1 drop fall on the three depressions of the glass slide. 

(in clinical setup, there will be a fourth well used as a control). 

4. Place a cotton ball at the site where it was pricked. Using the thumb, put pressure on the 

area to stop blood flow. 

5. Take the Anti-A (blue) bottle, resuspend the content and use the dropper to place a drop 

of the Mab in the 1st spot. Place the bottle back in ice. 



6. Take the Anti-B (yellow) bottle, resuspend the content and use the dropper to place a 

drop of the Mab in the 2nd spot. Place the bottle back in ice. 

7. Take the Anti-D (colorless) bottle, resuspend the content and use the dropper to place a 

drop of the Mab in the 3rd spot. Place the bottle back in ice. 

8. Take a tooth pick and mix the content in each well. Discard the tooth pick after using in 

one well (take a new one for the next well). 

9. After mixing, wait for a while to observe the result. 
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                                           Phagocytosis 

Phagocytosis: Process by which cells ingest other cells, cell fragments, bacteria 

and other small particles  

Functions of Phagocytic Process: 

1. Host defense  

Destruction of invading pathogens, Starts Antigen Presentation 

2. Maintenance  

Removal of  tissue debris and dead cells, important in nonimmunological and 

immunological clearance – apoptosis 

 

Phagocytic cells 

 
1. Professional Phagocytes 

Neutrophils, macrophages, monocytes, dendritic cells, osteoclasts and 

 eosinophils  

 

2. Nonprofessional Phagocytes Epithelial and Endothelial cells. 

 

 Phagocytosis is a receptor-mediated event, these are essential for efficient 

phagocytosis 

Receptors: 

 A. Fc Receptors 

 B. Complement  

 

 

 

https://en.wikipedia.org/wiki/Neutrophil
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Monocyte
https://en.wikipedia.org/wiki/Dendritic_cell
https://en.wikipedia.org/wiki/Osteoclast
https://en.wikipedia.org/wiki/Eosinophil


 

 

 

 

 

 

 

 

 

 

Phagocytosis steps  

 

 



Procedure: 

1-  Inject  the mouse by 0.1 ml  of S. aureus  intraperitoneally  

2- After 18-24 hrs, inject the mouse by 0.5 ml of saline  

3- Make a slide of intraperitoneal fluid, liver, spleen and heart 

4- Dry the slide, stain by Wrights stain for 5 min  

5- Wash the slide by water 

6- Examine 5-10 field and count 

 

                                                 No. of phagocytoic 

Phagocytic.Index  =             --------------------------------------------------  

                                         No. of phagocytoic that contain bacteria  

 

Phagocytic index depends on: 

 Rout of injection 

 No. of injected bacterial cells 

 No. of phagocytic cells in the organ  

 Ability of phgocytic cells to engulf bacterial cells 

 Ability of bacterial cells to reach all organs 
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*Serological tests 

Serological reactions occur between the interaction of specific antibodies with the 

foreign antigens that recognized by the immune system. Serological reactions 

included agglutination (such as blood groups) and precipitation (such as 

complement fixation) that used in the diagnosis of microbial infections, these tests 

can be qualitative or quantitative. 

 

Agglutination test 

Agglutination test:  is a serological test used to detect the presence of specific 

antibodies resulting from specific antigens (microorganisms), it can be divided 

into: 

1. Qualitative agglutination test 

Agglutination tests can be used in a qualitative manner to assay for the presence of 

an antigen or an antibody. The antibody is mixed with the particulate antigen and a 

positive test is indicated by the agglutination of the particulate antigen. For 

example, to determine patient‟s blood group, the red blood cells of the person can 

be mixed with antibody to a blood group antigen. Another example is that to assay 

the presence of antibodies in a patient sample, the serum of the patient is mixed 

with the red blood cell (RBC) of a known blood type. Also, widal test that used to 

diagnose Salmonella typhi or Salmonella paratyphi infections through the 

interaction between the bacterial particles with specific Abs. 

 

 

 

 



2. Quantitative agglutination test 

To measure the level of antibodies to particulate antigens, agglutination test can be 

widely used. For this test, serial dilutions of the sample can be made and it is tested 

for antibody. Then a fixed amount of particulate antigen or bacteria or red blood 

cells can be added to it. Determine the maximum dilution which forms 

agglutination and this maximum dilution which gives observable agglutination is 

known as the titer. The results are shown as the reciprocal of the maximum dilution 

that forms visible agglutination. 

3. Passive Hemagglutination 

The sensitivity and simplicity of agglutination reactions can be extended to soluble 

antigens by the technique of passive heme agglutination. In this technique, antigen 

coated red blood cells are prepared by mixing a soluble antigen with a red blood 

cells that have been treated with tannic acid or chromium chloride, both of which 

promote adsorption of antigen to the surface of the cells. However, it is possible to 

coat erythrocytes with a soluble antigen (e.g. viral antigen, a polysaccharide or a 

hapten) and use the coated red blood cells in an agglutination test for antibody to 

the soluble antigen. 

Serially diluted serum which contain antibody is loaded to each well of the 

microtiter plate, after that antigen coated red blood cells is applied to each well. 

The characteristic pattern of agglutinated red blood cells on the wells is used as a 

tool for assaying the agglutination reactions. If the antigen is particulate, then the 

antigen can react with the antibody in the serum and results in the clumping of 

antigen which shows a positive result. 

Over the past several years, there has been a shift away from red blood cells to 

synthetic particles, such as latex beads. The use of synthetic beads offers the 

advantages of consistency, uniformity, and stability. Furthermore, agglutination 

reactions employing synthetic beads can be read rapidly, often within 3 to 5 

minutes of mixing the beads with the test sample. Whether based on red blood cells 

or the more convenient and versatile synthetic beads, agglutination reactions are 

simple to perform, do not require expensive equipment, and detect small amount of 

antibody (concentrations as low as nanograms per milliliter). 



 

 

 

 

The initial step in the test is the linking the latex particle with the antibody 

molecules that specifically attach to the antigenic determinants on the surface of 

the particles. The antigen-antibody complexes can be magnified using the latex 

particles. 

The Latex Particles 

The latex agglutination test is a clinical method to detect certain antigens or 

antibodies in a variety of body fluids such as blood, saliva, urine or cerebrospinal 

fluid. The sample to be tested is sent to the lab and where it mixed with latex beads 

coated with a specific antigen or antibody. The clumping of latex beads 

(agglutination) indicates the presence of suspected particles. 

Latex agglutination test includes some of the advantages. They are: 

1. Ability to obtain semi-quantitative results. 

2. A low individual test cost. 

3. Relatively short time to obtain results. 

 

By performing 2- to 10-fold dilutions of specimens we can obtain the semi-

quantitative results. Latex agglutination test has some disadvantages also which 

include: 

1. Need to carefully interpret marginal results. 

2. Problems with specificity due to interfering substances in many assays. 

Positive result will show development of an agglutinated pattern showing clearly 

visible clumping of the latex particles. Negative result will show no agglutination 

and the milky appearance remains unchanged throughout the test. 

 



There were several factors that effect on agglutination tests such as: 

1. Electrical charge of the medium: Bacterial cells have repulsive forces to 

negative charge on their surface. 

2. Salts concentration: using serial dilutions to have isotonic solution. 

3. pH: if the reaction pH was acidic, it will induce the acidic agglutination by 

the action of acidity; so, it gives false result. 

4. Temperature: high temperature can increase the agglutination rate, it 

increases the mechanical action of the practices that increase the 

agglutination, the Ags/Abs will denature in the highest temperatures. 

5. The concentration of Ags and Abs. 

6. The number of antigen sites, it is important since the more antigen sites 

result in more antibodies being attached and forming cross-linkage, these 

cross linkages result in agglutination. 

7. The optimum incubation times. 

8. The size and structure of Abs: IgM is more efficient than IgG. 

Agglutination test mechanism 

              
          
⇒               

1. Pro zone antibody excess: the antibodies saturating all the antigens sites; no 

antibodies cross-linkage between cells; no agglutination. 

2. Zone of equivalence: the antibodies and antigens presented in optimum 

ratio; the agglutination formed. 

3. Zone of antigens excess (Post-zone): too many antigens, any agglutination 

hidden by masses of unagglutinated antigens. 

 

 

Method: 

1. Dilute serum (2 fold) 

Tube 1 2 3 4 5 6 7 

Dilution 1/10 1/20 1/30 1/40 1/50 1/60 1/70 

2. Add 0.5 ml of O Ag in each tube. 

3. Incubate the tubes in the incubator at 37 °C for two hours. 

4. Examine each tube for agglutination. 



5. The titer is the highest dilution with agglutination. 

 

 Positive results: agglutination of suspension. 

 Negative results: suspension remains turbid. 

 Antigen control tube: suspension remains turbid. 

Agglutination tests applications: 

 Blood groups 

 Widal test for Salmonella H and O antigen detection. 

 Rose Bengal test for Brucella antigen detection. 

 Diagnosis of different diseases such as rheumatoid arthritis, C-reactive 

protein and ASOT. 

 Pregnancy test (hCG). 
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Precipitation tests 

Precipitation test is another serological test that used to detect the interaction 

between the soluble Ags with specific Abs forming Ags/Abs complexes, the 

reaction occurs in two steps: 

o Primary complex: Ag/Ab complex, heat independent. 

o Secondary complex: Ag/Ab complex precipitate, heat dependent. 

Precipitation test advantage: 

1. Highly specific. 

2. Involved several bonds such as Ag-Ab bound, hydrogen bound, and 

Vandervalk bound. 

3. The high molecular weight of Ags bind to more Abs. 

 

  



Method: 

Precipitation in liquid 

1. Dilute antigen (2 fold) 

Tube 1 2 3 4 5 6 7 

Dilution 1/10 1/20 1/40 1/80 1/1600 1/320 1/640 

2. Add 0.5 ml of human serum in each tube. 

3. Incubate the tubes in the incubator at 37 °C for two hours. 

4. Examine each tube for precipitation. 

5. The titer is the highest dilution with precipitation. 

 

 

Precipitati

on in gel 

Immunodi

ffusion: 

the 

diffusion 

of antigens 

and 

antibodies 

to each 

other 

forming a 

precipitatio

n in gel 

that 

represents 

the equivalence zone of optimum antigen to antibody ratio. 

Factors that effect on immunodiffusion test: 

1. Chemical structure of antigens. 

2. Diffusion coefficient. 



3. Ags and Abs concentration. 

4. The molecular weight of Ags. 

5. pH and temperature. 

 

Oudin tube test: is a single immunodiffusion, single dimension. 

+-]  

Ouchterlony plate test: is a double immunodiffusion, double dimension. 

A. Identity pattern: 

The Abs in the serum react with both antigens resulting in a straight line of 

precipitate. The Abs cannot distinguish between Ag1 and Ag2. i.e., the two 

antigens are immunologically identical. 

B. Partial Identity pattern: 

 In the „pattern of 

partial identity‟, 

the Abs react more 



with one of the antigens than the other. 

C. Non-Identity pattern: 

1.  In the „pattern of non-identity‟, two antigens react with different Abs, i.e., 

Ag1 differ from Ag2.  

 

 

 

 

 

 

 

 

 

 

Precipitation lines shape identification: 

A. Ag | Ab means Ag and Ab have similar M.Wt. 

B. Ag (Ab means M.Wt. of Ag < M.Wt. of Ab 

C. Ag) Ab means M.Wt. of AG > M.Wt. of Ab 

Importance of the test: 

1. Identification of Ags that contained in a mixture. 

2. Finding the antigenic relationship between different Ags. 

3. Finding the relationship between Ag/Ab complex. 

Immunodiffusion applications: 

1. Fungal immunodiffusion test system: used to test patients' sera for 

precipitating antibodies against antigens of pathogenic fungi. The presence 

of precipitating antibodies in a patient specimen indicates active or recent 

infection. 



2. Candida antibody system: Immunodiffusion tests are used for the detection 

of precipitating antibodies (primarily of the IgG and IgA classes) against 

antigens of C. albicans. The presence of precipitating antibodies indicates 

active or recent infection. 

3. Exogenous antigen identification system:  Exo-Antigen or 

immunoidentification of microorganisms, it is a simple, cost-effective 

method of identifying or confirming the suspected identified organisms, 

even in the absence of typical morphology. 

\ 
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Enzyme-Linked Immunosorbent Assays (ELISA)  

( EIA: enzyme immunoassay)  
ELISA (enzyme-linked immunosorbent assay) is a plate-based assay technique 

designed for detecting and quantifying substances such as peptides, proteins, 

antibodies and hormones. In an ELISA, an antigen must be immobilized on a solid 

surface and then complexed with an antibody that is linked to an enzyme. 

Detection is accomplished by assessing the conjugated enzyme activity via 

incubation with a substrate to produce a measureable product.  

Types of ELISA  
1-Direct ELISA  
Direct ELISAs involve attachment of the antigen to the solid phase, followed by an 

enzyme-labeled antibody. This type of assay generally makes measurement of 

crude samples difficult, since contaminating proteins compete for plastic binding 

sites.  

2- Indirect ELISA  

Indirect ELISAs also involve attachment of the antigen to a solid phase, but in this 

case, the primary antibody is not labeled. An enzyme-conjugated secondary 

antibody, directed at the first antibody, is then added. This format is used most 

often to detect specific antibodies in sera.  

3-Competitive ELISA  
The third type of ELISA is the Competition Assay, which involves the 

simultaneous addition of 'competing' antibodies or proteins. The decrease in signal 

of samples where the second antibody or protein is added gives a highly specific 

result.  

4-Sandwich ELISA  
The last type of assay is the sandwich ELISA. Sandwich ELISAs involve 

attachment of a capture antibody to a solid phase support. Samples containing 

known or unknown antigen are then added in a matrix or buffer that will minimize 

attachment to the solid phase. An enzyme-labeled antibody is then added for 

detection.  



There are four main parts to an ELISA assay.  
The coating step occurs when the antigen or “capture” antibody (for a sandwich 

ELISA) is adsorbed to the wells of a microtiter plate. Coating immobilizes the 

antigen onto a solid surface for subsequent incubations, washes and detection.  

Once coated, the plate is incubated with blocking buffer to block any unoccupied 

binding sites in the wells. Blocking is important for reducing background and 

increasing the signal-to-noise ratio.  

The wells are then incubated with specific “detecting” antibody(ies) and washed 

with washing buffer to remove unbound antibody. When using the direct detection 

method, a single primary antibody is used that is conjugated to a substrate for 

detection. With indirect detection, the samples are first incubated with a primary 

antibody and then a secondary antibody that is conjugated to the substrate.  

Finally, the antigen is detected. Color-producing (chromogenic), light-producing 

(chemiluminescent) or fluoresecent detection methods can all be used.  
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   Complement fixation test  
Complement is a group of serum proteins there was:  
1. A not immunoglobulins.  

2. Their concentration in serum does not increase after antigenic stimulation.  

3. One IgM is required for fixation of the first complement, while two IgG 

molecules are required.  

4. IgA and IgE do not fix the complement.  

 5. The major activities of complement are: a. Lysis of gram-negative 

bacteria.  

 b. Activation of immune system.  

 c. Hemolysis of RBCs.  

 d. Opsonization: complement facilities phagocytosis of bacteria.  

 e. Sediment immune complex antigen-antibody.  

  

 6. Complement fixation test is used in diagnosis of several infections (viral).  

 

Complement Fixation Test: Principle, Procedure and Results:  
The complement fixation test is one of the major tests for demonstrate the presence 

of specific antigens or antibodies. It requires numerous preparatory steps. There are 

almost as many versions as there have been users; the microtiter version developed 

at the Centers for Disease Control and Prevention (LBCF Test) includes rigorous 

controls and is commonly used.  

The complement fixation test (CFT) does not depend on hem-agglutinating activity 

of the virus, but the antibodies must fix the complement, and the sera must be free 

of anti-complementary activity. The test has been superseded, in many instances, 

by newer tests, such as enzyme immunoassay (EIA).  

  



complement for reaction with antibodies to the erythrocytes. Thus, the presence 

of specific antibody is indicated by the absence of hemolysis.  

Fig.1: Fixation of Complement  

Materials and Reagents  

1. Sheep erythrocytes suspension (5% suspension of washed sheep RBCs)  

2. Hemolysin (rabbit anti-sheep red-cell antibody)  

3. Guinea pig complement, free of antibodies to the agent of interest (Note: Guinea 

pig is the commonest source of fresh complement)  

4. Barbital-buffered diluents  

5. Plastic microtiter plate  

6. Centrifuge adapter for microtiter plates  

7. Water bath for incubation of plates  

8. Color standards for judging hemolysis (prepared by lysing various 

concentrations of red cells)  



Fig. 2: Complement Fixation Test Procedure/Results  
 

 



Procedure of Complement Fixation Test  
Complement Fixation Test (CFT) consists of two stage:  

First step (Complement fixation stage): a known antigen and inactivated 

patient‟s serum are incubated with a standardized, limited amount of complement.  

#Note: patient‟s serum is heated at 56°C for 30 minutes to inactivate endogenous 

complement which may disturb the test calibration.  

1. If the serum contains specific complement activating antibody, the 

complement will be activated or fixed by the antigen-antibody complex.  

2. However, if there is no antibody in the patient‟s serum, there will be no 

formation of antigen-antibody complex, thus complement will not be fixed but will 

remain free (In the indicator stage this complement will react with RBC coated 

with antibody to sheep RBC).  

 

Ag + Ab (serum) + complement  

If specific antibodies are present the complex that formed Ag-Ab and complement 

will be fixed.  

Second step (Indicator Stage): The second step detects whether complement has 

been utilized in the first step or not. This is done by adding the indicator system.  

1. If the complement is fixed in the first step owing to the presence of antibody 

there will be no complement left to fix to the indicator system. There won‟t be 

any lysis of RBCs.  

2. However, if there is no specific antibody in the patient‟s serum, there will be no 

antigen-antibody complex, therefore, complement will be present free or unfixed 

in the mixture. This unfixed complement will now react with the antibody- coated 

sheep RBCs to bring about their lysis.  

 

Indicator system in which (RBCs + hemolysin) are added:  

1. If complement is not free (Ab) no lysis to RBCs +ve.  

2. If complement is free (no AB) lysis of RBCs -ve.  

 

 

Results and Interpretation  
No lysis of sheep red blood cells (positive CFT) indicates the presence of 

antibody in the test serum,  

while lysis of sheep red blood cells (Negative CFT) indicates the absence of 

antibody in the serum  

 

Complement Fixation Test in Microtiter Plate, rows 4 - 6 exhibit complement 

fixation obtained with acute and convalescent phase serum specimens, 



respectively. (2-fold serum dilutions were used) The observed 4-fold increase 

is significant and indicates infection.  
Notes: All reagents must be free of anticomplementary activity, the correct 

quantity of complement must be added, and the control specimens must react as 

expected.  

Materials required for Quality Control  
1. Known positive antibody or antigen  

2. Known negative antibody or antigen  

3. Serum control without antigen (to detect anticomplementary activity)  

4. Antigen controls without serum (to detect anticomplementary activity)  

5. Tissue control (the cells or tissue in which the antigen was prepared)  



 

6. Buffer control without antigen or antibody  

7. Back titration of complement to document the use of 5CH50 units  

 

Controls should be used along with the test to ensure that  
Antigen and serum are not anti-complimentary  



The sheep red blood cells do not undergo autolysis  

 

Aim of the experiment:  
1. Complement titration (unit).  

2. Hemolysin titration (unit).  

3. Optimum concentration of antigen.  

4. Determine titer of unknown serum.  

 

Advantages of Complement Fixation Test  
1. Ability to screen against a large number of viral and bacterial infections at the 

same time.  

2. Economical.  

 

Disadvantages of Complement Fixation Test  
1. Not sensitive – cannot be used for immunity screening.  

2. Time consuming and labor intensive.  

3. Often non-specific e.g. cross-reactivity between HSV and VZV.  
 

 

 

 

 

 

 

 

 

 


