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Types of antigenTypes of antigen-- Antibody reactions in Antibody reactions in 
vivovivo
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Types of  antigen antibody Types of  antigen antibody 
reactions used in vitroreactions used in vitro
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Applications / use in vitroApplications / use in vitro
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How antigen How antigen –– antibody reactions in vitro antibody reactions in vitro 
helps in Dx?helps in Dx?
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Which diseases can be diagnosed by Which diseases can be diagnosed by 
antigenantigen-- antibody reactions?antibody reactions?
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Other examples of how immunology can be Other examples of how immunology can be 
used in the diagnostic laboratoryused in the diagnostic laboratory
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What is the basis of AgWhat is the basis of Ag-- Ab Ab 
reactions?reactions?
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What are the limitations?What are the limitations?
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How antigen How antigen –– antibody reactions in vitro helps antibody reactions in vitro helps 
in Dx of infectious disease?in Dx of infectious disease?
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AgglutinationAgglutination
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Types of AgglutinationTypes of Agglutination
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Advantages and disadvantages of Advantages and disadvantages of 
agglutinationagglutination
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Direct agglutinationDirect agglutination
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Direct agglutination..2Direct agglutination..2
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Indirect or Passive agglutinationIndirect or Passive agglutination
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Passive Passive 
Agglutination/HemagglutinationAgglutination/Hemagglutination
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Latex agglutinationLatex agglutination
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Latex agglutinationLatex agglutination
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Latex agglutinationLatex agglutination
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HemagglutinationHemagglutination
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Coombs (Antiglobulin)TestsCoombs (Antiglobulin)Tests

• Incomplete Ab
• Direct Coombs Test

– Detects antibodies on erythrocytes
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Patient’s RBCs Coombs Reagent
(Antiglobulin)

���������������� ��������
��	
����
����������
��	
����
������



Coombs (Antiglobulin)TestsCoombs (Antiglobulin)Tests
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Coombs Reagent
(Antiglobulin)

Step 2
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Coombs (Antiglobulin)TestsCoombs (Antiglobulin)Tests
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Flocculation testsFlocculation tests
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PrecipitationPrecipitation
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Types of precipitationTypes of precipitation
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Advantages and disadvantages of Advantages and disadvantages of 
precipitationprecipitation
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Radial Immunodiffusion (Mancini)Radial Immunodiffusion (Mancini)
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• Method
– Ab in gel
– Ag in a well

AgAgAgAg

Ab in gel
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IImmunoelectrophoresismmunoelectrophoresis
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– Ab is placed in trough cut in the agar 

• Interpretation
– Precipitin arc represent individual antigens
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IImmunoelectrophoresismmunoelectrophoresis
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Countercurrent electrophoresisCountercurrent electrophoresis
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Complement fixation test Complement fixation test 
(CFT)(CFT)
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CFTCFT
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Complement Fixation Reaction

• Antibody titer may be too low for

agglutination/precipitation

• Can detect presence based on ability to deplete

complement fromserum (complement fixation)

• Antigen added to serumwith complement

• If antibodies against antigen present, activates and

depleted complement
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�� InterpretationInterpretation ofof CFTCFT
•• IfIf nono AbAb isis presentpresent inin thethe patientspatients serum,serum, thethe

complementcomplement isis notnot fixedfixed andand isis freefree toto interactinteract inin thethe
indicatorindicator systemsystem andand lyselyse thethe rbc’srbc’s.. (Hemolysis(Hemolysis
indicatesindicates aa negativenegative testtest;; negativenegative forfor thethe unknownunknown
AbAb inin thethe patientspatientsserumserum.. TheThe onlyonly thingsthings reactingreactingAbAb inin thethe patientspatientsserumserum.. TheThe onlyonly thingsthings reactingreacting
areare thethe knownsknowns..))

•• Ag/Ab/CAg/Ab/C ++ AbAb--coatedcoated rbc’srbc’s == nono hemolysishemolysis
(positive)(positive)

•• Ag/CAg/C ++ AbAb--coatedcoated rbc’srbc’s == hemolysishemolysis
(negative)(negative)
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Complement fixation testComplement fixation test
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Advantages and disadvantages of CFTAdvantages and disadvantages of CFT
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Complement FixationComplement Fixation
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– Erythrocytes coated with Abs is added
– Amount of erythrocyte lysis is determined

• Methodology
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serum

Ag No Ag
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Radioimmuoassays (RIA)Radioimmuoassays (RIA)
EnzymeEnzyme--Linked Immunosorbent Linked Immunosorbent 

AssaysAssays (ELISA)(ELISA)AssaysAssays (ELISA)(ELISA)
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Detection principlesDetection principles

�� 2
	���
#����	���������2
	���
#����	���������
77 ��"��" )��)�� ���� ������ ���� ������ �"�" 00

�� .�!$���.�!$����� .�!$���.�!$���
77 �����$	
�������$	
��

�� �,�����,�����,�����,����
77 *��������������#������������������������*��������������#������������������������

���������������� �"�"����
��	
����
����������
��	
����
������



��������	
���	����
��������	
���	����


�� ��
������������
���������� ��
�	
�����������	���	
�����������	����	����� 	�������
�

������������
����	���� ���

������������
����	���� ��
�����	����!�	�
��	���	� ������	����!�	�
��	���	� �
���	���	�
���	���	�

"" ���
���������� ��������	�����
���������� ��������	��"" ���
���������� ��������	�����
���������� ��������	��

#$%$���������������&�
 �%%�#$%$���������������&�
 �%%�
"" �����
���	�������	������'������
���	�������	������'�

�	��������&�
 �%(��	��������&�
 �%(�

���������������� �(�(����
��	
����
����������
��	
����
������



Rosalyn S. YalowRosalyn S. Yalow
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Improved DiagnosticsImproved Diagnostics
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RIA: radio immuno assay RIA: radio immuno assay 
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ELISA FormatsELISA Formats

DirectDirect sandwichsandwich ELISAELISA –– antibodiesantibodies (Ab)(Ab) areare
coatedcoated toto micromicro wellswells.. AntigenAntigen (Ag)(Ag) isis addedadded andand
bindsbinds withwith antibodyantibody.. ExcessExcess antigenantigen isis washedwashed awayaway..
EnzymeEnzyme conjugateconjugate (Ab(Ab--E)E) isis addedadded andand bindsbinds withwith
antigenantigen toto formform thethe doubledouble antibodyantibody sandwichsandwich.. WellsWells
areare washedwashedtoto removeremoveanyany excessexcess(Ab(Ab--E)E).. SubstrateSubstrate isisareare washedwashedtoto removeremoveanyany excessexcess(Ab(Ab--E)E).. SubstrateSubstrate isis
addedadded andand colorcolor developmentdevelopment isis observedobserved.. TheThe
enzymeenzyme conjugateconjugate bindsbinds ‘directly’‘directly’ toto thethe antigenantigen..
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Types of ELISA

• Three different methods used to perform ELISAs

• Direct method (different from book)

• Indirect method

• Capture method (called direct method 
in book)
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Direct ELISA (According to Dr. Nika)
• Antigen attached to well

• Unbound antigen removed by washing

• Enzyme conjugated antibody added to well

• Unbound antibody washed away

• Substrate to enzyme conjugated to antibody added

• If antibody bound, substrate is cleaved 

• Color develops, allows identification of organism

• Requires production of conjugated antibody for each 
bacterial species���������������� "�"�����
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Indirect ELISA
• Antigen attached to well

• Primary antibody added, unbound antibody removed

• Enzyme conjugated secondary antibody added, 
recognizes primary antibody

• Unbound secondary antibody removed• Unbound secondary antibody removed

• Substrate for enzyme conjugated to secondary 
antibody added

• Color develops only if primary antibody bound

• More sensitive than direct ELISA, does not require 
production of numerous conjugated antibodies���������������� "�"�����
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Capture ELISA
• Antibody attached to well

• Sample added to well, antigen captured by antibody

• Enzyme conjugated second antibody against antigen 
added to well - may be against second epitope or same 
epitope as antibody used to capture antigen

• Unbound antibody removed

• Substrate added, color develops if antigen present in 
sample applied to well

• Useful for detecting antigens present as very minor 
species in sample
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Elisa: Elisa: EnzymeEnzyme--linked immunosorbent assaylinked immunosorbent assay
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Sandwich ElisaSandwich Elisa
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ComponentsComponents
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Solid Phase NonSolid Phase Non--Competitive Competitive 
RIA/ELISARIA/ELISA
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Solid Phase NonSolid Phase Non--Competitive Competitive 
RIA/ELISARIA/ELISA
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Competitive RIA/ELISA for AgCompetitive RIA/ELISA for Ag
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Prior to Test
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+
Patient’s
sample

Labeled
Ag

+• Use predetermined 
amounts of labeled Ag 
and Ab and add a sample 
containing unlabeled Ag 
as a competitor
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Competitive RIA/ELISA for AgCompetitive RIA/ELISA for Ag
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Phase

• Quantitative
– Most sensitive test

– Concentration determined from a standard curve 
using known amounts of unlabeled Ag
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ImmunofluorescenceImmunofluorescence
• Direct

– Ab to tissue Ag is labeled with fluorochrome
–Fluorescen isothiocyanate (FITC), Tetramethy 
Rhodamine ����,���$
�
���%52)5�'

Ag

Fluorochrome
Labeled Ab

Tissue Section
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Direct Immunofluorescent Test
• Requires production of species specific antibody

• Fluorescent group (FITC) directly conjugated to species specific 
antibody

• Bacteria attached to slide, antibody added to bacteria, unbound 
antibody removed

• Bacteria observed at wavelength of light that causes conjugate to 
fluoresce 
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Indirect Immunofluorescent Test
• Primary antibody added to specimen, unbound washed away

• Secondary conjugated antibody added, recognizes primary 
antibody

• Unbound secondary antibody removed, specimen observed at 
wavelength of light that produces fluorescence 

• More sensitive, secondary antibody amplifies signal

• Also more time consuming
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ImmunofluorescenceImmunofluorescence
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Fluorochrome
Labeled Anti-Ig

Unlabeled
Ab
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 Ag

Tissue Section

Ab

• Qualitative to Semi-
Quantitative
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ImmunofluorescenceImmunofluorescence

• Flow Cytometry
– Cells in suspension are labeld with fluorescent tag

• Direct or Indirect Fluorescence
– Cells analyzed on a flow cytometer

Flow
Tip

Laser

FL
Detector

Light
Scatter

Detector
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ImmunofluorescenceImmunofluorescence

• Flow Cytometry cont.
– Data displayed

One Parameter Histogram
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Two Parameter Histogram

Green Fluorescence Intensity
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Unstained cells

FITC-labeled cells

Red Fluorescence Intensity
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use the cellular immune response to use the cellular immune response to 
diagnose infections?diagnose infections?
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