
ELISA & IMMUNO ASSAY 

DR. T.F. ASHAVAID
Consultant Biochemist & HeadConsultant Biochemist & Head,

Dept. of Lab. Medicine.
Jt  Director- ResearchJt. Director Research

P.D. Hinduja National Hospital & 
Medical Research Centre,

Mumbai – 400 016.



Analytical techniques used in a clinical chemistry laboratory

Photometry.
Immuno-turbidimetry.
Nephelometry
Electrophoresis.
Chromatography.

assay testing:-Immuno
(EIA) Enzyme immunoassay, is a generic term used to refer to all 

like assays including those designed to detect nucleic acid-ELISA
targets as well as antibodies or antigens).
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History and BackgroundHistory and Background

• In the year 1959 Drs• In the year 1959, Drs. 
Rosalyn Yalow & Soloman 
Berson invented the  
radioimmunoassay, which 
applied the use of
radioisotopes in theradioisotopes in the
measurement of
insulin.

• The RIA is the predecessor 
of modern immunoassays.

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



Structure of an antibodyStructure of an antibody



Analytical needs of immunoassaysAnalytical needs of immunoassays

Accurate measurement in significant concentration range (very low & very g g ( y y

high limits)

Low intra- and inter-assay variances 

High batch consistency and preferably long shelf-life

Rapid and simple performance with a single test principle for a wide range of 

assays

High sensitivity and specificity

Environmental friendliness



Homogenous Immunoassays

All homogenous immunoassay reactions take place in liquid. They do not 
require a solid phase binding of antibodies. Hence they can be easily 
programmed on to a automated chemistry analyzer.

All homogenous immunoassays are designed for

small analytes (TDMs, DAUs, special proteins like CRP).
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Heterogeneous Immunoassays

The distinguishing feature of the heterogeneous 
i  i  th t th  i   lid h   hi h immunoassays is that they require a solid phase on which 
the antibodies are coated. The solid phase may be tube, 
micro-well or a bead particle.p
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Assay TypesAssay Types

Immunometric Competitive

Large analytes

Broad working range

CV relatively constant across range

Small analytes
Narrower working range
CV i    d l  

y g
CV increases at upper and lower 
limits of assay range



Detection principlesDetection principles

Radiolabelled isotopes
125I  32P  35S125I, 32P, 35S

Enzymes 
Peroxidase, Alk. Phosphatase

CLIA CLIA
Adamentyl dioxetane phosphate
Accredinium ester
ECL

Ruthenium Trisbipyridyl  & TPA [tripropylamine] 



RIA (Radio Immuno Assay)
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Radio Immuno Assay (RIA)Radio Immuno Assay (RIA)
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Disadvantages of RIAg

RIA involves use of radio isotopes, which are harmful. Requires special p , q p
laboratory setup and approval from agencies like BARC. 

Apart from being a costly affair, this technique carries a high risk for 
laboratory personnel.

Due to numerous variables, the method is highly unstable and requires day 
to day calibration. Hence not feasible for low volume laboratory & 
assays.

The method is cumbersome  time consuming and tediousThe method is cumbersome, time consuming and tedious.

Even automated procedure involves analytical variables.



Enzyme Immunoassay (EIA)

In enzyme immunoassays (EIA)  enzyme labels are used instead In enzyme immunoassays (EIA), enzyme labels are used instead 
of radioactive labels.

Typical enzyme labels include alkaline phosphatase  horseradish Typical enzyme labels include alkaline phosphatase, horseradish 
peroxidase and -galatosidase.

EIA tests typically use a change in color  emission of light or EIA tests typically use a change in color, emission of light or 
other signal.





Principle of ELISA
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Enzyme Immunoassay (ELISA)Enzyme Immunoassay (ELISA)

E  Li k d I b  A  (ELISA) i   Enzyme Linked Immunosorbent Assay (ELISA) is an 

application of solid phase heterogeneous sandwich 

immunoassay that combines enzyme-antibody label 

reagent with a solid phase bound antibody.



Disadvantages of ELISA

Very cumbersome procedure, even if automated.

T   i bl  d   l h  dToo many variables, due to lengthy procedure.

Sensitivity of the assay over other advanced technologies is a question mark.

A   f  t f th    Assay range for most of the assays are narrow.

Time consuming & not cost effective (still requires frequent calibration).

Methods with better performance characters are available  which has less Methods with better performance characters are available, which has less 
TAT and more economical.





Fluorescence Polarization Immunoassay (FPIA)

Fluorescence Poloarization Immunoassy (FPIA) is a type of homogeneous 
competitive fluoresence immunoassay.

With competitive binding, antigen from the specimen and antigen-fluorescein (AgF) 
labeled reagent compete for binding sites on the antibody.

FPIA is used to provide accurate and sensitive measurements of small toxicological FPIA is used to provide accurate and sensitive measurements of small toxicological 
analytes such as therapeutic drugs and drugs of abuse.

The FPIA reagent includes the antibody reagent  a tracer  and a pretreatment The FPIA reagent includes the antibody reagent, a tracer, and a pretreatment 
detergent.



Fluorescence Polarization ImmunoassayFluorescence Polarization Immunoassay

FPIA  th  t  t   ifi  l t  i   FPIA uses three concepts to measure specific analytes in a 
homogeneous format:

Fluorescence

Rotation of molecules in solution

Polarized light



Fluorescence
Fluorescein is a fluorescence label that absorbs light at 490 nm and releases this 
energy at 520 nm.

Larger molecules rotate more slowly in solution that smaller molecules.

Because of this  we can distinguish between the smaller antigen-fluorescein (AgF) Because of this, we can distinguish between the smaller antigen-fluorescein (AgF) 
label from antibody bound antigen-fluorescein (Ab-AgF).



Polarized LightPolarized Light

When polarized light is absorbed by AgF, the p g y g
molecule rotates quickly before the light 
is emitted as fluorescence.

When the larger-sized Ab-AgF complex 
absorbs the polarized light, it rotates 
more slowly  and the light is emitted in 
the same plane and the detector can 
measure it.measure it.

FPIA results in an inverse response curve 
such that lower levels of patient analyte 
result in a higher signal.





Advantages of Chemi Luminescence immuno-
assays.assays.

Chemiluminescent process needs no light source. The systems that 
perform them need only provide a way to detect light and record the 
result. 
The simple requirements of chemiluminescent methods make them robust p q
and easy to use. 
Most samples have no 'background' signal, i.e. they do not themselves emit 
light. No interfering signal, increases sensitivity. light. No interfering signal, increases sensitivity. 
With all these advantages, Chemi luminescence is the choice for immuno 

(ECL assays, especially, when associated with electrical stimulation 
technology)technology).



ECL- The Process

Known to occur with compounds of Ruthenium, Rhenium and p
Osmium

“Is a process during which highly reactive species are generated Is a process during which highly reactive species are generated 
on the surface of electrode from stable precursors and these 
species react with one another to produce light”

Entire process is Electrically Controlled



ECL-The Reactions
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Detection of a ruthenium labeled immune complex 



C   i i  ECL assay principal 



Sandwich principle 



Detection Limits for Immunoassay Labels

Label Detection LimitLabel Detection Limit
(zeptomoles = 10-21 mole)

Enzyme Immunoassay - Photometry 50,000Enzyme Immunoassay Photometry 50,000
Radioisotope I125 1,000
Fluorescence 1,000
Direct Chemiluminescence 800Direct Chemiluminescence 800
Enzyme-Enhanced Chemiluminescence 1

adapted from:  Kricka, LJ  in Tietz Textbook of Clinical Chemistry.  p , y
Philadelphia, WB Saunders, 1999, p. 219











Protein G Sepharose treatment may remove the 
endogenous cross linking anti animal anti body.



CASE Study
A 38  year  old  female  biochemist  who  used  experimental  animals y p
in  her  research  complained  of  sluggishness  and   lethargic  
outlook.  Her  biochemical  profile  was  normal  except  for  
discrepancies  in  her thyroid  function  test :
T4  14µg / dl (4.5 – 10.9), TSH 15µu / ml, (0.5-5.0)
Free  T4  1.5  ng/dl  (0.7 - 1.9).

A  repeat  TSH  on the  same  sample  by  another  laboratory 
yielded  a  result  of  4 µu/ml  which  was  within  the  reference  
limits   The  subject  was  taking  oral  contraceptive  medication   limits.  The  subject  was  taking  oral  contraceptive  medication.  
Explain  the  discrepancy  between  the  TSH  results  obtained  by  
the  two  laboratories.  Which  TSH  value  would  you  accept  as  
the  correct  one ?.



Macro Hormone 

Some individuals may develop antibody y p y
against the analyte (auto immune) resulting in  
“Macro Hormone” interfering with the g
immunoassay

The macro hormone may dissociate when y
treated with Urea or Poly Ethylene Glycol.









Antibody interference in clinical immunoassay continues to 
alarm clinicians, confound immunoassay manufacturers and 
challenge clinical biochemists.
Every year sees the publication of case studies and articles Every year sees the publication of case studies and articles 
describing situations where immunoassays have returned 
incorrect results and the adverse effect this can have on 
patient care.



Detecting Interferences Detecting Interferences 

Detection of interference can be very difficult. Interferences 
cause inaccurate results. However, we rarely know the true cause inaccurate results. However, we rarely know the true 
concentrations of the analyte and, therefore, have no basis 
on which to judge the accuracy of a result. The best 
opportunity to detect and characterize interferences is 
during the evaluation of an assay. If the evaluation of 
interference is thorough  troubleshooting possible aberrant interference is thorough, troubleshooting possible aberrant 
results during routine use will be facilitated. 



Detecting Interferences during evaluation Detecting Interferences during evaluation 
Several of the routine analyses performed during evaluation of an 
assay allow detection of interference. The strategy is to identify 
samples with apparent interference present and then to 
characterize the interference or at least to determine the 
conditions under which one might suspect the interference to be g p
present in the future. 
In method comparison studies, samples giving unexpected results, i.e. 
outliers  are likely to contain an interferent  To increase the chances outliers, are likely to contain an interferent. To increase the chances 
of finding these samples they should include samples from patients 
with liver and kidney disease, and from patients with potentially 
interfering antibodies such as rheumatoid factor (RF)  anti-nuclear interfering antibodies such as rheumatoid factor (RF), anti-nuclear 
antibodies (ANA), and human anti-mouse antibodies (HAMA)



The commonly tested interferents, lipemia, icterus, and 
hemolysis, may also be included. Sometimes the effects of hemolysis, may also be included. Sometimes the effects of 
these potential interferences can be appreciated by 
including samples containing them in the method 
comparison studies. 
If these samples are outliers, one of the assays is subject to 
interference  However  if these samples are not outliers  interference. However, if these samples are not outliers, 
it is possible that there is no interference or that both 
assays have a similar degree of interference.  y g



Detecting Interferences during Routine Use

In routine use there may  be no indication that an 
interfering substances is causing inaccurate results  interfering substances is causing inaccurate results. 
Usually the only clue is a result that does not fit the 
clinical picture. It is important to remember that an p p
interfering substance may cause results to be falsely 
normal whether the true result is abnormally low or 
high. The initial therapies evaluation of interferences 
may have identified certain clinical conditions or drug 
therapies in which interference is common  therapies in which interference is common. 



Results from patients in these categories may be scrutinized 
more thoroughly. Sometimes automated immunoassay more thoroughly. Sometimes automated immunoassay 
instruments report a blank reading which, if atypical, may 
be a clue to the presence of an interferent. 
In assays that have a high frequency of anomalous results, 
extreme measures to test for interferences may be 
necessary  such as testing nonspecific binding or two necessary, such as testing nonspecific binding or two 
dilutions on all samples. 





Heterophilic antibodies are a well described interferent but poorly 

appreciated and are often not a recognized problem affecting most pp g p g

immunoassays. 

A 60-year old retired female nurse underwent extensive invasive 

investigations, which were ultimately unnecessary, as a result of initial 

analytical interference in the ACTH assay, which could not be resolved 

using a proprietary heterophilic binding reagent . 

This case highlights the inherent difficulty of diagnosing Cushings’s syndrome 

and the large emphasis placed on laboratory tests. The consequence of not 

initially identifying interference in this patient's laboratory test results led 

to unnecessary and costly investigations with potentially adverse outcomes  to unnecessary and costly investigations with potentially adverse outcomes. 



T hank you Thank you





Definitions Definitions 

 Antibodies (also known as immunoglobulins Antibodies (also known as immunoglobulins
abbreviated Ig) are gamma globulin proteins that
are found in blood and are used by the immuneare found in blood and are used by the immune
system to identify and neutralize foreign objects,
such as bacteria and virusessuch as bacteria and viruses.



Definitions- contDefinitions cont
 Antigens
A substance that when introduced into the bodyA substance that when introduced into the body

stimulates the production of an antibody

 Immunoassay
A l b t t h i th t k f thA laboratory technique that makes use of the

binding between an antigen and its
homologous antibody in order to identify andhomologous antibody in order to identify and
quantify the specific antigen or antibody in a
samplep





Definitions- contDefinitions cont
 Analyte

Th l b l d dThe sample being analyzed and in
immunoasssays the analyte is either Antibody

A ior Antigen



AntigenAntigen

 Is present naturally in the body  like hormones

 Is manufactured in special disease status for example
h h i i d t hi h (HCG)human chorionic gonadotrophin hormone (HCG)
which is normally produced by cells of the placenta in
pregnancy is found in the body in some types ofpregnancy is found in the body in some types of
cancer

 Is not present in the body in normal condition like 
drugsg



Introduction Introduction 
 The Antibody: An immunoglobulin, a

s eciali ed imm ne r tein r d ced beca sespecialized immune protein, produced because
of the introduction of an antigen into the body,
and which possesses the remarkable ability toand which possesses the remarkable ability to
combine with the very antigen that triggered
its production (specific affinity)its production (specific affinity)

 The antibody recognises and bind to the
antigenic determinant region of the antigen





Antibody ProductionAntibody Production

 Specific antibodies are produced by injecting Specific antibodies are produced by injecting
an antigen into a mammal, such as a mouse, rat
or rabbit for small quantities of antibody oror rabbit for small quantities of antibody, or
goat, sheep, or horse for large quantities of
antibody Blood isolated from these animalsantibody. Blood isolated from these animals
contains polyclonal antibodies—multiple
antibodies that bind to the same antigen inantibodies that bind to the same antigen—in
the serum, which can now be called antiserum.



Antibody Production-contAntibody Production cont
 To obtain antibody that is specific for a single 

antigen  antibody-secreting lymphocytes are antigen, antibody secreting lymphocytes are 
isolated from the animal and immortalized by 
fusing them with a cancer cell line. The fused g
cells are called hybridomas, and will continually 
grow and secrete antibody in culture. Single 
hybridoma cells are isolated by dilution cloning 
to generate cell clones that all produce the 

 tib d  th  tib di   ll d same antibody; these antibodies are called 
monoclonal antibodies



ELISA techniqueELISA technique
Is a biochemical technique used mainly in
imm n l t detect the resence f animmunology to detect the presence of an
antibody or an antigen in a sample.

 The technique is divided into 

1- Competitive ELISA  p
2- Sandwich ELISA (also called direct ELISA)
3 Indirect ELISA 3- Indirect ELISA 



Competitive ELISACompetitive ELISA

 The labelled antigen competes for primary  The labelled antigen competes for primary 
antibody binding sites with the sample antigen 
(unlabeled)  The more antigen in the sample  (unlabeled). The more antigen in the sample, 
the less labelled antigen is retained in the well 
and the weaker the signal)and the weaker the signal).





Sandwich ELISASandwich ELISA
 The ELISA plate is coated with Antibody to 

detect s ecific anti endetect specific antigen



Results Results 
 After reading the results the standard curve is 

dra n ere the c ncentrati n is bl tted n  drawn were the concentration is blotted on  
the X-axis and the absorbance on the Y-axis

Absorption  
nmnm

Concentration ng/ml



Results-contResults cont
 The standards concentrations is specified on 

the a is and the readin  f each standard is the x-axis and the reading of each standard is 
specified on the y-axis and the standard curve 
is drawnis drawn



Results-contResults cont
 This standard curve is used to determine the 

nkn n c ncentrati n f each sam le b  unknown concentration of each sample by 
finding the opposite concentration to the 
absorbanceabsorbance

Absorption  
nm

C t ti  / lConcentration ng/ml



Results-contResults cont

Th l l l The quality control sample concentration is
determined from the standard curve and if the

l i i h i b h kiresult is in the range given by the kit
manufacturer the results could be accepted



Useful sitesUseful sites

 http://www edumedia-sciences com/en/a543- http://www.edumedia-sciences.com/en/a543-
direct-enzyme-linked-immunosorbent-assay-elisa

 ELISA
 http://www.sumanasinc.com/webcontent/animatio

ns/content/ELISA.html
 http://www.biology.ualberta.ca/facilities/multimedi

a/uploads/procedures/elisa-sound.swf



Structure of AntibodiesStructure of Antibodies

Antibodies are a type of 

protein called  p

immunoglobins.

Most common protein is 

immunoglobin G.



Categories of Immunoassay TestsCategories of Immunoassay Tests

Labels may be applied to either the Competitive

N titi

Labels may be applied to either the 
antibody..

Noncompetitive

HomogeneousHomogeneous

Heterogeneous
..or the antigen.

g



Noncompetitive Assays

Noncompetitive assay formats give the highest 
level of sensitivity and specificity.

Noncompetitive assay formats can use either one step 
or two step methods.

In the two step assay format, there are wash steps in 

They are normally used to measure critical 
analytes such as cardiac and hepatitis markers.

In the two step assay format, there are wash steps in 
which the sandwich binding complex is isolated and 
washed to remove excess unbound labeled reagent.

In noncompetitive assays, the measurement of the 
labeled analyte (usually the antibody) is directly labeled analyte (usually the antibody) is directly 
proportional to the amount of antigen present in 
the sample.



Heterogeneous and Homogeneous Immunoassays Methods

Immunoassays that require separation of the bound Ab-Ag* complex are referred to 
as being heterogeneous immunoassays.
Those that do not require separation are referred to as homogeneous immunoassays.
Homogeneous methods have generally been applied to the measurement of small 
analytes such as abused and therapeutic drugs.



Radioimmunoassay (RIA)Radioimmunoassay (RIA)
Radioimmunoassay (RIA) techniques were developed in the 
1960s and use radioactive isotopes as a label1960s and use radioactive isotopes as a label



Accuracy and Precision
Accuracy means the assay is determining the correct concentration.

Precision is the reproducibility of an assay.

S iti it  d ifi it   b t  f  d i iSensitivity and specificity are subsets of accuracy and precision.

An assay that has the ability to produce accurate and precise results and does not produce false 
positives is considered specific.

An assay that has the ability to produce accurate and precise results and does not produce false An assay that has the ability to produce accurate and precise results and does not produce false 
negatives is said to be sensitive.



Calibrators and ControlsCalibrators and Controls

Controls are samples that contain known p
concentrations of analyte and are used to 
monitor the accuracy and precision of the 
assay and analyzer.

If the control’s concentration is within 2 SDs of 
the QC average, then the assay is said to be 
in control and that the results collected are in control and that the results collected are 
valid



Assay InterferencesAssay Interferences

One step assays may be prone to interferences that One step assays may be prone to interferences that 
affect both sensitivity and specificity.

In general sequential assays are more likely to yield In general sequential assays are more likely to yield 
accurate results by elimination the adverse 
contribution of binding proteins, endogenous 
i t f i  b t  d l t i  ff t  d  interfering substances and general matrix effects due 
to the extra wash step.



ELISAELISA

Enzyme Linked Immunosorbent Assay (ELISA)Enzyme Linked Immunosorbent Assay (ELISA)
Term Was Coined By Engvall and Pearlmann in 1971
Different Types

Sandwich
Indirect  
CompetitiveCompetitive

Similar To RIA, Except No Radiolabel
Can Be Used To Detect Both Antibody and Antigen
Very Sensitive, pg/mL
Relies on Monoclonal Abs



What is an ELISA?What is an ELISA?

Enzyme-linked immunosorbent assayy y
Name suggests three components
Antibody
All  f  ifi  d i  f l  f iAllows for specific detection of analyte of interest
Solid phase (sorbent)
Allows one to wash away all the material that is not specifically captured
Enzymatic amplification
Allows you to turn a little capture into a visible color change that can be 
quantified using an absorbance plate reader



What is it used for?What is it used for?

Measure antibody levels (allergies, vaccines)
Detect viruses (hepatitis, HIV, venereal diseases)
Detect hormonal changes (pregnancy)
Detect circulatory inflammatory markers (cytokines)



AdvantagesAdvantages

Sensitivity
Relative sensitivities of tests (approx)

U l tiSensitivity
Quantitative
Reproducible

Usual operating range
        [Ab] or [Ag]

precipitation
immunoelectrophoresis 10 g/ml  -  1 mg/mlReproducible

Kit format
double/radial diffusion

  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



Enzymes with Chromogenic SubstratesEnzymes with Chromogenic Substrates

Hi h l  i i  ffi i  (i   l  h )High molar extinction coefficient (i.e., strong color change)
Strong binding between enzyme and substrate (low KM)
Li  l ti hi  b t  l  i t it  d [ ]Linear relationship between color intensity and [enzyme]



STR of Antibody STR of Antibody 



AntibodiesAntibodies

Specificity
Diversity – hypervariable region (2020 ~ 1026 combinations; 
human make ~ 108)
Aff   105  K  109 M 1Affinity – range 105 < K < 109 M-1



Capture and Detection AntibodiesCapture and Detection Antibodies



Sandwich ELISASandwich ELISA



Competitive ELISACompetitive ELISA
Less is more.  More antigen in your sample will mean more 
antibody competed away, which will lead to less signalantibody competed away, which will lead to less signal



Essentially, antibody-related immunoassay interference is caused by 
circulating antibodies that can bind to either the analyte or the 
imm n assa  rea ents tentiall  eneratinimmunoassay reagents potentially generating
incorrect results.

The incidence of assay interference is difficult
to establish and is both assay and analyte dependent.



Th l b li  i  i  t i l  tibl  t  i t f  Thyroglobulin immunoassay is notoriously susceptible to interference; 
results from the method comparison study cited here suggest an 
incidence of 12%. 

Thyroid-stimulating hormone (TSH) immunoassay, the incidence of 0.6% 
using polyethylene glycol (PEG) Precipitation and gel filtration 
h h  (GFC) di  i  ll  di bi  i  h  chromatography (GFC) studies is equally disturbing, given the 

widespread use of this assay as a ‘front-line’ test for thyroid 
dysfunction.



Interfering antibodies can be specific to the assay 
t  ( ti i l tib di )  th  l t  reagents (anti-animal antibodies) or the analyte 

(autoantibodies if to an endogenous olecule). 
Weak polyspecific antibodies (heterophilic 
antibodies) are also a common cause of antibody 
interference as, in accordance with Murphy’s law, 
they too can have affinity for analytes or assay y y y y
reagents.



Falsely increased results can be generated with competitive Falsely increased results can be generated with competitive 

immunoassays by antibodies which sequester tracer or block the assay 

antibody. 

Crosslinking of capture and detection antibody in twosite assays also leads 

to false-positive results, and this is the likely mechanism for the false-

positive adrenocorticotrophic hormone (ACTH) result described here.



Negative interference is usually caused by blocking the binding of either the 
capture or detection antibody in two-site assays, which is a likely cause of p y y , y
thyroglobulin assay interference.

Falsely low results in competitive assays are rare, but have been described; in 
thi   th  i t f i  tib d  t t di l t f th  t  f  this case the interfering antibody must prevent displacement of the tracer from 
the detection antibody. Anti-analyte antibodies usually present as falsely 
elevated results as the analyte:antibody complex can be immunoreactive, but 
not biologically active. 

The clearance of the analyte:antibody complex is often delayed compounding 
the effect. These are widely referred to as ‘macro-analytes’; this is a plausible 
mechanism for the falsely elevated TSH cases described heremechanism for the falsely elevated TSH cases described here.



There are several tools that laboratories can use to confirm the presence 
of assay interference  Unfortunately these lack sensitivity, so a variety of 
methods is often required. Method comparison, immunosubtraction and 
GFC are used in these three articles.

When considering method comparison it is best to use a genuinely 
independent method. Unfortunately, many laboratories currently use p y y y
rather similar methods for comparison studies. For example, the use of a 
second one-step method (competitive rather than back titration) to check 
free thyroxine (fT4) results will fail as both assays will be similarly affected 
by anti- T4 antibodies.



Mass spectrometric (MS) methods, where applicable, are an obvious 
choice when checking small molecule immunoassays: indeed these choice when checking small molecule immunoassays: indeed these 
approaches have started to replace immunoassay as front-line 
methods.

If immunoassay is to be used as a comparator then a different 
architecture is preferable. Crane et al. use a competitive assay to p p y
check results from a two-site assay. The pattern of results from 
different assays can give insight into the nature of the interference.



‘Macro-analytes’ typically give higher results in assays with higher 
affinity capture antibodies, longer incubation times and greater sample affinity capture antibodies, longer incubation times and greater sample 
dilution as the ‘macrocomplex’ is more likely to dissociate during 
assay. PEG precipitation is the most commonly used 
i b i  h d d hil   i h  bl  i  i  immunosubtraction method and while not without problems, it is 
widely accepted for the detection of macroprolactin but also a variety 
of other analytes, including TSH.



In the presence of heterophilic antibodies 
a dramatic reduction in apparent concentrationa dramatic reduction in apparent concentration
is often observed upon dilution; this is due to an overwhelmed 
blocking agent becoming effective as the interfering heterophile is 
diluted. 

Dilution of macro-analyte complexes can give spectacular increases in 
apparent concentration as large amounts of analyte can be released pp g y
from low affinity high capacity macrocomplexes.

Cross-linking heterophiles can also show a more subtle increase in 
apparent concentration on dilution due to a complex mechanism akin 
to pH buffering.



For TSH and ACTH the clinician is typically interested in the For TSH and ACTH the clinician is typically interested in the 
biologically active hormone, as this is likely to correlate with the 
clinical presentation. For tumour markers such as thyroglobulin 
total analyte concentration is more relevant. Thus harsh physical 
methods such as tryptic digestion followed by MS analysis can be 
used for the quantitation of thyroglobulin, as antibody interference q y g , y
is negated by the proteolytic digestion6 and ‘total’ analyte
concentration is returned.



More challenging is the estimation of biologically active (or ‘free’) 
hormones. Even GFC, which is widely touted as the ‘gold standard’ hormones. Even GFC, which is widely touted as the gold standard  
method for macro-analyte analysis, is not foolproof as the dilution 
incurred during filtration can affect the ratio of antibody-bound to 
‘f ’ l  ‘free’ analyte. 

GFC  as stated by Mills et al 2 can also be confounded by cross-GFC, as stated by Mills et al.,2 can also be confounded by cross-
linking antibodies, which can also present as a high molecular mass 
immuno reactivity



After identifying obvious outliers for further study and 
removing those points from the statistical analysis, a low g p y
correlation coefficient may indicate that interference is 
contributing to the scatter.
Samples may be put in two groups  those with the most Samples may be put in two groups, those with the most 
positive bias and those with the most negative bias, to 
identify samples with possible interferences present. It is 
i   k  i  i d  (i) h  h  i f   important to keep in mind; (i) that the interferences may 
be in the comparison method and not in the new 
method; and (ii) if the interference affects both assays ( ) y
equally, it will not be detected by the comparison study. 



In linearity studies, often referred to as tests of parallelism 
in the case of immunoassays, nonlinearity upon dilution y y p
usually indicates the presence of some type of 
interference, the effect of which is diminished by dilution. 
Often one (or more) sample with a high analyte Often one (or more) sample with a high analyte 
concentration is diluted with the recommended diluents 
or a sample with a low concentration of the analyte. In 
addition  those samples identified in the method addition, those samples identified in the method 
comparison study as possibly containing an interferent 
should be retested after dilution. It is important to keep 

 d h  l h h l  l   d  in mind that although nonlinearity implies inaccuracy due 
to interfering substances, linearity does not guarantee 
accuracy. y



In recovery studies, a known amount of pure analyte, if 
available, or a small volume of a sample with a very high p y g
analyte concentration is spiked into samples and analyzed 
for the expected increase in concentration.
Results significantly different than 100% recovery may Results significantly different than 100% recovery may 
indicate incorrect assignment of the calibrator values or 
the presence of an interfering substance in the samples to 

hi h h  l  i  dd d  A  i h li i  di  which the analyte is added. As with linearity studies 
recovery studies should be done on those samples 
identified in the method comparison study as possibly p y p y
containing an interferent. 



Wh   h f  b   d f d  h  Whenever specimens with interfering substances are identified, other 
laboratory data and clinical information on the patient, especially 
any acute and chronic diseases and medications, should be obtained. 
This information may provide clues to the cause of the interference This information may provide clues to the cause of the interference 
and samples can be obtained from other patients based on these 
clues. 

Information from several such patients may allow identification of the 
interfering substance. Changes in the degree of interference in a 
series of samples from the same patient can be compared with the series of samples from the same patient can be compared with the 
clinical course of the patient and with dosing of medication, which 
may give clues to the cause of the interference. Attempts to 
separate the analyte from the interfering substance or to separate separate the analyte from the interfering substance or to separate 
heterogeneous forms of the analyte may  be pursued by various 
extraction, chromatographic, or electrophoretic techniques. 



Cross reactivity and heterogeneous analytesCross reactivity and heterogeneous analytes
The power of immunoassays is derived from their analytical 
sensitivity and specificity of the antigen is compromised sensitivity and specificity of the antigen is compromised 
by the ability of other molecules with structurally similar 
or identical epitopes to bind to the antibody. This 
completion is commonly referred to as cross reactivity. 
The problems and solutions to interferences associated 
with multiple forms of the analyte (e g  isoforms and with multiple forms of the analyte (e.g. isoforms and 
partially degraded forms of proteins) are often similar to 
those of cross reactivity and will be included in this y
section. 



Sources of Cross reactivity Sources of Cross reactivity 
Reports of cross reactive interferences are so numerous as 
to prohibit comprehensive listing. We will describe, to prohibit comprehensive listing. We will describe, 
however, examples of some commonly encountered 
sources of cross-reactivity, as well as examples of some 
subtle or unusal sources. Hopefully, this selection of 
examples will allow the reader to anticipate problems of 
cross-reactivity in the future  cross reactivity in the future. 



Large Analytes

For large analytes such as proteins, cross-reactive interferences is due 
predominantly to the presence of multiple similar proteins or to 
heterogeneity of the analyte. A classic example is the similarity in structure g y y p y
of the glycoprotein hormones, e.g. human chorionic gonadotropin (hCG), 
luteinizing hormone (LH), and follicle stimulating hormone (FSH) due to 
their common α-subunit. The antisera used in the original assays for these 
proteins had significant cross-reactivity with the other members of this p g y
group. Although these cross-reactions were eliminated by the 
development of antisera specific for the β-subunits , further improvements 
in specificity and sensitivity have led to the recognition of multiple 
molecular forms of these glycoprotein hormones. For example, besides g y p p ,
intact hCG , other recognized forms include free β-subunits, carbohydrate 
variants, and several partially degraded forms. In addition, peptide 
hormones may exist in serum along with precursor forms, for example, 
insulin, proinsulin, and C-peptide. And, finally, for any protein antigen, p p p y y p g
genetic variants may exist. Some epitopes of genetic variants may have 
altered immunoreactivity due to conformation changes, and some epitopes 
may be absent. This latter situation is suspected to be the cause of 
discrepancy in two reported cases in which LH was not detectable by p y p y
some assays.



Small AnalytesSmall Analytes
Many sources of cross-reactivity in immunoassays for small 
molecules such as nonprotein hormones, vitamins, and molecules such as nonprotein hormones, vitamins, and 
drugs, are similar to those in assays for proteins. 
There is a large number of steroid hormones of very 
similar structure, each usually having multiple metabolites 
also with similar structures. This can be particularly 
problematic for urinary steroid assays due to the problematic for urinary steroid assays due to the 
presence of metabolites. In assays for drugs, the most 
common source of cross-reactive interference is from 
metabolites of the drug. 



Cyclosporine A.for example, has a large number of metabolites, some 
of which cross react to some extent in the newer monoclonal 

 assays. 
In drug assays for the purpose of therapeutic drug monitoring, cross-
reactivity with other drugs can occasionally be a problem. Examples 
i l d  th  t f t b bit l i  th   f include the measurement of pentobarbital in the presence of 
phenobarbital and the measurements of digoxin in the presence of 
spironolactone. On the other hand, cross reactivity with other 
drugs is common problem when screening for drugs of abuse  The drugs is common problem when screening for drugs of abuse. The 
cross-reactivity of many nonprescription cold medications in 
amphetamine assays is well know. However, some unexpected 
cases  of cross reactivity have also been reported, e.g. metabolites cases  o  c oss eact v ty ave a so bee  epo te , e.g. etabo tes 
of chlorpromazine and brompheniramine and a metabolite of the 
synthetic sweetener cyclamate. 



Variations in cross-reactive molecules in 
disease statesdisease states

The concentrations of various cross-reactive molecules 
may increases dramatically in disease states, especially in 
renal insufficiency and live disease. This is because 
cross-reactants are often metabolites of the analytes 
and because of the roles of liver and kidney in a  because o  t e o es o  ve  a  ey  
formation and excretion of metabolites. The effects of 
liver and kidney disease are especially important in 
contributing to interferences in drug assays  contributing to interferences in drug assays. 
Positive interferences in the assays for theophylline and 
phenytoin have been reported in patients with kidney 
failure. A particularly interesting interferent in digoxin 
assays is digoxin like immunoreactive 



factor (DLIF) which is increased in the serum of patients with liver or 
kidney disease, and in pregnant and neonatal individuals. 
There are many other examples of variations in the concentrations of 
cross-reactive molecules in disease state. For examples, parathyrin 
(PTH) is cleaved in the circulation into N-terminal and C-terminal (PTH) is cleaved in the circulation into N terminal and C terminal 
fragments. The N-terminal portion is further degraded and generally 
causes no problem, whereas the C-terminal fragment is usually 
removed by glomerular filtration ; therefore  its concentration can removed by glomerular filtration ; therefore, its concentration can 
increase dramatically in renal failure. This increase can cause 
positive interference in older, less specific PTH assays and has been 
reported to cause negative interference in some two-site intact reported to cause negative interference in some two-site intact 
PTH  assays using C-terminal capture antiboides. 



With glycoprotein antigens the changes in disease are often due to 
changes in the carbohydrate moieties. For examples 

i b i  i  (CEA) i   i  d   carcinoembryonic antigen (CEA) concentration can increase due to 
colorectal cancer or liver  disease and the carbohydrate moieties 
are different in these two disease. Sometimes disease realted 
changes in the carbohydrate moieties of glycoproteins can be used 
for diagnosis or differential diagnosis. Carbohydrate-deficient 
transferrin can be used to detect alcohol abuse and the extent of 
concanvalin A-binding of prostate-specific antigen may be able to 
differentiate patients with prostate cancer from those with benign 
prostatic hyperplasia. 



Cross-Reactivity with Monoclonal Antibodies Cross Reactivity with Monoclonal Antibodies 
A common misconception is that MAb are absolutely 
specific; often this is not the case. Since we a Mab is p
directed against a single epitope, it may be referred to as 
monospecific . However, all considerations regarding 
cross-reactivity also apply to the binding to that epitope. cross reactivity also apply to the binding to that epitope. 
Molecules having structural similarity to the epitope may 
compete for binding and the identical epitope may be 
present in many different molecules  The cross reactivity present in many different molecules. The cross-reactivity 
of cyclosporin metabolites is may even the greater in a 
monoclonal assay than in a  polyclonal assay. These 

l  d  h   f  h h  f examples indicate the necessity for thorough screening of 
MAb to select those with minimal cross-reactivity. 



Reducing cross-reactive interferences Reducing cross reactive interferences 
The use of two-site assays, which require two distinct 
epitopes on the antigen to be recognized by the capture epitopes on the antigen to be recognized by the capture 
and detection antibodies greatly decreases, but does not 
eliminate, cross-reactive interference. 
Two site assays are only applicable to the measurement of 
analytes large enough to simultaneously bind to two 
antibodies  For small molecules such as steroids  small antibodies . For small molecules such as steroids, small 
peptides, and drugs other solutions to achieve 
immunoassay specificity have been found to be useful .y p y



Separation of Ligands prior to immunoassay
Ch l d  f h   Chemical destruction of the cross reactant
Adjusting the incubation time
Adj i  h  i b i  Adjusting the incubation temperature
Use of more specific antibodies 
Use of two site assaysUse of two site assays
Blocking of cross reactivity.



Heterophile and anti-animal antibodiesHeterophile and anti animal antibodies
Heterophilic antibodies are a group of antibodies that are 
poorly defined and react with a wide spectrum of poorly defined and react with a wide spectrum of 
antigens. Historically, heterophile antibodies were defined 
as a group of IgM antibodies associated with 
mononucleosis. Antibodies that interfere with 
immunoassays have been called heterophile and, more 
commonly  heterophilic antibodies  or more commonly, heterophilic antibodies, or more 
appropriately heteroantibodies. These antibodies are a 
group of poorly defined antibodies that react with a wide 
spectrum of antigens. Heteroantibodies include idiotypic 
antibodies, RF, and multispecific antibodies. 



The mechanism of interference by heteroantibodies is the same as 
interferences caused by anti-animal antibodies, such as HAMA. Anti-

i l tib di   d l    lt f t t t ith i l animal antibodies may develop as a result of treatment with animal 
immunoglobulins for the purpose of immunotherapy or 
immunodiagnostic, or in persons who have continued, close 
occupational exposure to animals  such as animal handlers  occupational exposure to animals, such as animal handlers. 
Heteroantibodies are directed against ill-defined antigens and may be 
more difficult to identify and to remove, These antibodies mainly 
interfere with two-site immunometric assays  and that use cells as interfere with two-site immunometric assays, and that use cells as 
the solid phase binder such as Raji cells, and only to a lesser extent 
with CB and light scatter assays. 

Heteroantibodies are endogenous polyreactive antibodies that are 
produced against no clear immunogen. 



The ruthenium complex



Heterophilic antibody interference in an 
adrenocorticotropic hormone immunoassay not 
detectable using a proprietary heterophile detectable using a proprietary heterophile 
blocking reagent. 



The use of non-human antibodies can produce erroneous results with 
serious clinical diagnostic and management consequences. One of 
the relatively well recognized causes of analytical error is 
heterophilic antibody interference. Heterophilic antibodies are 
proteins that bind animal antigens. They may be endogenous p g y y g
antibodies or auto antibodies usually polyspecific, and show low 
affinity with weak binding to a heterogeneous group of antigens. 
Immunometric assays that utilize nonhuman cells to manufacture y
analytically useful antibodies introduce an inherent risk that a 
patient’s sample with endogenous heterophilic antibodies could 
react in a similar fashion to the analytes of interest resulting in y g
positive assay interference. 



Positive assay interference could occur when heterophilic 
antibodies bridge the capture and detection assay antibodies bridge the capture and detection assay 
antibodies, resulting in elevated analyte results. Rarely, 
heterophilic antibodies can also lead to false negative or 
low analyte results due to interfering with analyte binding 
to either capture or detection antibodies. 



A 60 year old retired female nurse with a history of hypertension and 
depressive illness presented following the diagnosis and treatment 
of breast cancer which was deemed to be in clinical remission. The 
patient was noted to have bilateral adrenal gland enlargement on a 
recent abdominal CT scan. On initial presentation, there were a few p
clinical features suggestive of glucocorticoid excess; however, over 
the subsequent 12 months, classic features of Cushing’s syndrome 
developed including hypertension, weight gain, bruising and moon p g yp g g g
facies. Bone mineral density evaluated using dual-energy X-ray 
absorptiometry (DEXA) scan confirmed osteoporosis with lumbar 
spine and left total hip T-scores of 3.4 and 2.9, respectively. p p , p y



The patient proceeded to a right unilateral adrenalectomy. A well 
circumscribed nodule measuring 23x17x23 mm with a variegated 
brown and golden yellow cut surface was seen on macroscopic 
examination. Microscopic assessment shoed a well-defined, but un 
encapsulated nodule composed of nests of large polygonal p p g p yg
eosinophilic cells with fairly uniform round nuclei and an 
intervening delicate fibrovascular network. The lesion exhibited 
no malignant features. The histological changes were consistent g g g
with a dominant adrenal nodule arising in the background of 
nodular adrenal hyperplasia. Post surgical urine free corticoids 
were 360nmol/d (<900) and at 8.00, the serum cortisol was 240 ( ) ,
nmol/L (150-700) confirming biochemical normalization. 



Serum thyroglobulin (Tg) is useful for monitoring patients 
with differentiated thyroid cancer (DTC) but is limited by with differentiated thyroid cancer (DTC) but is limited by 
interference from anti-Tg antibodies (TgAb). We 
determined Tg assay discordance between a 
radioimmunoassay (RIA) and one of two immunometric 
assays (IMA) in DTC patients over a 9-year period to 
gauge assay performance against evidence of gauge assay performance against evidence of 
recurrent/progressive DTC.



Patients with DTC monitored for >1 year attending local 
clinics between September 2000 and January 2010 were clinics between September 2000 and January 2010 were 
included. All samples were analysed for Tg using both RIA 
and IMA. TgAb were measured on all Tg requests made 
after May 2006. Bias plots comparing RIA against IMA 
were established to calculate a 2-SD outlier limit. Clinical 
records were viewed to compare discordant Tg results records were viewed to compare discordant Tg results 
against clinical evidence of recurrent/progressive DTC.



Discordant Tg results were observed in 53/433 patients 
(12.2%). Four were discordant owing to a higher IMA (12.2%). Four were discordant owing to a higher IMA 
result, one of which demonstrated recurrence. The 
remaining 49 patients demonstrated a disproportionately 
higher RIA result, of which four had recurrent/persistent 
disease. Twelve patients with a higher RIA result but no 
evidence of recurrence underwent thyrogen stimulation evidence of recurrence underwent thyrogen stimulation 
testing, which was negative in all 12. In many cases, assay 
discordance appeared more sensitive at indicating 
interference than direct measurement of TgAb.



Competitive principle



ECL signal generation 



Interference was evident with both Tg assays, such that 
neither could be solely relied upon to provide the neither could be solely relied upon to provide the 
correct result in the presence of TgAb. The concomitant 
measurement of Tg by RIA and IMA methods should be 
considered as an alternative to monitoring TgAb status.


