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Preface

Tulip Diagnostics (P) Ltd and its divisions, namely, Orchid Biomedical Systems, Qualpro
Diagnostics, Zephyr Biomedicals, Viola Diagnostic Systems, Microxpress, Coral Clinical
Systems and BioShields are ISO:13485 certified companies, involved in the manufacture and
marketing of in-vitro diagnostics reagents and kits, dehydrated culture media and high
technology disinfectants since 1988. The companies’ commitment in building products of
international standards, through indigenous R&D has accorded them virtual leadership in
most product segments in the Indian marketplace. The company’s state-of-art manufacturing
facilities based in Goa and Uttarkhand, India, conforms to the strictest FDA (India) and GMP
regulations. Most of the products are CE marked. It is this commitment to Quality, which has
given the company international acclaim. Products are now exported to over 88 countries
globally with an ever-increasing user base.

With three decades of experience in in vitro diagnostics (IVD), Tulip Diagnostics has created a
strong knowledge base and believes that regular upgradation of knowledge is essential not
only for better diagnosis and patient care, but also to improve the overall quality of life.

From time to time, Technical publications in form of The CRUX bimonthly magazine, The
Journal of Hygiene Sciences and Technical Series on relevant topics were made available to
the Laboratory professionals and clinicians as updated knowledge is vital for them to set trends
In their day-to-day practice.

On completion of 30 glorious years in Diagnostic services, Tulip Diagnostics (P) Ltd., presents
Knowledge book- encompassing all the publications of Technical Series in a single booklet for
the benefit of professional in the health care segment.
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E Anti Human Globulin Reagent - Basic Concepts and Practice - .

Historical Perspective

The first step towards a rational approach to blood transfusion became possible with Landsteiners discovery in 1901 of the ABO blood group system.
Nearly half a century later, the next advance occurred with the introduction of serological techniques permitting the detection of incomplete antibodies,
which are nonagglutinating immunoglobulin G (IgG) antibodies that sensitize red blood cells. In 1945, Coombs et al. described the use of anti human
globulin test for the detection of weak and non-agglutinating antibodies in serum. Further in 1946, Coombs et al. described the use of anti human globulin
testto detect in vivo sensitization of red blood cells in babies suffering from haemolytic disease of the newborn. Although the test initially was of great value
in investigating Rh, (D) haemolytic disease of the newborn, it was not long before its versatility for the detection of other IgG blood group antibodies
became evident.

Although Coombs and his coworkers were instrumental in introducing the anti human globulin test to blood group serology, the principle of the test had
infact been described by Moreschiin 1908. Moreschis studies involved the use of rabbit anti goat antiserum to agglutinate rabbit red blood cells that were
sensitized with low non-agglutinating dose of goat anti rabbit red cell serum.

Later in 1957, Dacie et al. published data regarding the importance of anti human complement activity. Further in 1960 many reports were published
indicating the need for anti human complement activity in anti human globulin serum to allow the detection of antibodies in the indirect test. Though many
of the antibody specificities mentioned in these reports are now considered of little clinical significance, however one specificity that was consistently
mentioned and is still considered to be clinically significant was Anti-Jk". Further it was also shown that the presence of anti human complement activity
would enhance the reaction of some antibodies namely Anti-Fy* and Anti-K.

Preliminary Notes-Antigen and antibody related to blood group serology

Antigens are foreign substances, which initiate an immune response in human body and react specifically with antibodies. Blood group antigens that are
located on the surface of red blood cells when transferred to another individual are almost certain to carry antigens not possessed by the recipient. These
foreign antigens then initiate an immune response and production of antibodies in vivo.

Antibodies are counter agents produced as a defense mechanism when foreign antigen enters human body. With respect to blood group serology it
means that blood group antibodies are specific and are formed against red blood cell antigens not possessed by the recipient.

Antibody nomenclature with respect to blood group serology

Red blood cell antibodies may be naturally occurring orimmune in nature. Naturally occurring antibodies are produced because of the exposure of human
body to certain bacteria and plant substances whose antigenic structure resembles blood group antigens. Naturally occurring antibodies are most often
IgM class of antibodies.

Immune antibodies (alloantibodies) are antibodies present in an individual due to transfusion or pregnancy. Immune antibodies most often are IgG class
of antibodies, sometimes IgM or a mixture of IgM and IgG class of antibodies.

IgM class antibodies

IgM antibodies are pentamers in which five polypeptide sub units are held together by disulphide bonds and joined by J chain. IgM antibodies do not cross
. the placenta but are most effective in activating complement.
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lgG class antibodies:

IgG antibodies are monomers with two heavy chains and two light chains. IgG is the only immunoglobulin that can cross the placental barrier, a fact which
explains the role of IgG antibodies in haemolytic disease of the newborn. Four subclasses of IgG are present and they vary widely in their ability to activate
complement. IgG3 molecules are highly effective in activating complement, IgG1 moderately activate complement, 1gG2 slightly activate complement

and lgG4 do not activate complement.
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Fig. 3 Structure of four subclasses of IgG

IgG antibodies are also known as incomplete antibodies because they cannot bridge the distance between two red blood cells and bring about direct
agglutination like the IgM immunoglobulins. Antibodies that do not agglutinate red blood cells directly are termed as incomplete antibodies or sensitizing
antibodies and the red blood cells that have such antibodies on their surface are known as sensitized cells. Incomplete antibodies sensitized onto red
blood cells can be agglutinated by anti human globulin reagent through the usage of enhancement medium to visualize agglutination.

Fig . 4 lllustration of red blood cells sensitized with incomplete antibodies Fig. 5 lllustration of IgG sensitized red blood cells agglutinated by AHG reagent

Role of enhancement medium
An enhancement medium can either be a protein (e.g. Bovine serum albumin) or enzymes (e.g. papain, bromelin, ficin) or low ionic salt solution (LISS) or
charged molecules (polybrene) that reduce zeta potential, enhance antibody uptake, enhancement in agglutination reactions.

Inorder to clearly understand antibody enhancement methods, it is important to consider the basic aspect of haemagglutination reactions. Agglutinationis

areversible chemical reaction and occurs probably in two stages:
® Sensitizationi.e. attachment of antibody to red blood cell membrane antigen.
@® Formation of bridges between the sensitized red blood cells to form lattice (crosslinking) to visualize agglutination.

Thus various factors that affect these two stages can be manipulated to enhance agglutination.




Enhancementtechniques

® Albuminadditives
Bovine serum albumin, a dipolar protein has been used routinely for many years as an enhancement medium. The enhancement effect of albumin is
attributed to its influence on the second stage of agglutination by reducing the net negative charge on the red blood cell membranes thereby
potentiating agglutination. Bovine serum albumin is available as solutions of 22% or 30% concentration.

® Enzymes
Treating red blood cells with certain enzymes enhances agglutination of antibodies with red blood cell antigens. Most commonly used enzymes in
Immunohaematological procedures are papain, bromelin and ficin belong to thiol protease class of enzymes.

Proteolytic enzymes reduce the red blood cell surface charge by cleaving sialic acid molecules on red blood cell membrane, lowering the zeta
potential and enhance agglutination. Enzyme treatment also causes spicule formation on the red blood cell membrane. This greatly increases the
potential number of contact points for antibodies to react with corresponding antigens on red blood cell membrane.

The reaction of Anti-P, Lewis and Kidd blood group antibodies are stronger with enzyme treated red blood cells. Another important observation is that
Lewis and Kidd blood group antibodies may lyse enzyme treated red blood cells.

® Positively charged molecules
In the presence of positively charged polymers such as hexadimethrine bromide (Polybrene®), protamine sulphate and poly-L-lysine, normal red
blood cells exhibit spontaneous aggregation. Thus any red blood cells sensitized with antibody will exhibit enhanced agglutination.

The action of these charged molecules may be due to neutralization of negative charge contributed by sialic acid and release of water molecules that
cover red blood cell membrane thereby enhancing agglutination.

Polybrene” generally is added to red blood cells that have been incubated with antibody at low ionic strength and low pH.

® Polyethylene Glycol (PEG)
PEG is a water-soluble polymer used as an additive to increase antibody uptake. Its action is to remove water molecule that takes up more space
around the red blood cellmembrane, thereby enhancing antibody uptake and reaction strength.

® LISS (Low lonic Salt Solution) and LISS additives
LISS (approximately 0.03 M) greatly increases stage 1 uptake of antibody to red blood cells, as compared to normal saline (approximately 0.17M). To
preventlysis of red blood cells at such a low ionic strength, a non-ionic substance such as glycine is incorporated in LISS.

LISS additives may sometimes contain macromolecules (e.g. BSA) in addition to ionic salts and buffers. Addition of macromolecules to LISS reduces
lonic strength with shortened incubation times.
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Complement

An observable phenomenon that may result from red blood cell antigen-antibody interaction is haemolysis. This requires co-operation of another defense
mechanism of body known as the complement system. Complement is the name given to a set of approximately twenty serum proteins, which in response
to antigenic stimulus react with one another in a sequential cascade.

The most important complement component is C3b, which can be, activated either by the classical or the alternate pathway. The antigen-antibody
interactions activate the classical pathway thatis of great significance in blood group serology.
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Fig. 7 Activation of Classical complement pathway

Immunoglobulin requirements for activation of classical pathway
The mode of activation of classical pathway is through binding of C1q to CH2 domain of IgM or to the CH2 domain of IgG1 or IgG3 antibodies. The C1q

molecule has six Fc binding sites and inorder to make a firm bond with antibody molecule, atleast two of these sites must bind to antibody.

— QN

, Papain cleavage

e Pepsin cleavage
:‘/ Carbohydrate

/4 ' Heavy chain =

4

"

v

C

¥
Hinge region 2 |

E C terminus
C) C.2 GE

Fe

Antigen
binding
sites

Disulphide bonds

C
C -

Light chain
| g

Fig.8 lllustration of immunoglobulin molecule

In case of IgM antibodies, when the molecule is in planar or star form, there is only a single binding site for C1q, as a result it cannot bind firmly and activate
C1qg. However when combined with antigen, IgM molecule usually assumes staple form with the F(ab) at right angle with Fc. The distortion produced by
this movement exposes an additional C1q binding site. As a result IgM antibody combined with its corresponding antigen bind to two C1q sites on single

lgM molecule.
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Fig 9. lllustration of staple form-lgM molecule




In case of IgG antibodies, two IgG antibodies must be present on antigen surface at a distance of 20-30 nm apart from each other. This is the maximum
span of the C1gmolecule. Itis for this reason IgM is considered more effective in activating C1q than IgG molecule.

An important point to note is that all examples of immune Anti-D fail to activate complement. The reason being that the D antigenic sites are too far apart
from each other on the red blood cell surface. As discussed two IgG molecules must be at a distance of 20-30 nm apart from each other so as to activate
C1q. Since D antigenic sites are too far apart from each other, the bound IgG molecules cannot activate C1q.

Complement binding antibodies

Complement components may attach to red blood cells in vivo or in vitro via one of the probable mechanisms
® Complement binding alloantibody (blood group antibodies present in individual due to transfusion or pregnancy) specific for red blood cell antigen
may cause sensitization of complement component on red blood cell surface due to transfusion.

Complement binding alloantibodies when present in low concentrations bring about the attachment of complement component upto the C3 stage, but
produce little or no haemolysis. Further activation of C3 occurs only when complement is powerfully activated due to high concentration of antibodies,
leading to the generation of large amount of C3b. Certain antibodies such as Anti-Jk® are seldom lytic but invariably activate complement thereby leading
to the deposition of complement components on the red blood cell surface.

Complement binding by human red cell Antibodies
System Antibody Readily detegtible Pumtw? antiglobulin
haemolysis test (anti-complement)
ABO anti-A
anti-B } many many
ant-A,B
anti-A, none very few
anti-HI none few
anti-H all all
Lewis anti-Le’ some all
anti-Le" few many
P anti-P, few few
ant-PP, P all a
anti-P (auto-) all a
anti-P (allo-) many a
| it ] 2
anti-|
Sd anti-Sd° hone some
Rh anti-D none none
anti-c, E, etc. none none
K anti-K none many
Fy anti-Fy” none many
JK ant-Jk few all
MNSs anti-M, -N none none
anti-S, -s none some
Lu anti-Lu®, -Lu° none none
Di anti-Di° few few-
Xg anti-Xg° none many




@® About 10-20% of patients with warm AIHA (Autoimmune haemolytic anaemia) demonstrate in vivo sensitization with complement component C3.

® In cold haemagglutinin disease, the cold reactive autoantibody can react with red blood cell antigens at temperature upto 32°C range (thermal
amplitude 10-32°C). When the patient is exposed to cold temperature, red blood cell is sensitized with autoantibody, which activates complement. If
the red blood cells escape haemolysis, they return to the central circulation where the temperature is 37°C and the autoantibody dissociates from the
cells, leaving complement component C3d firmly bound to the red blood cell membrane.

Basic concepts of Anti human Globulin testing

Two major class of antibodies react with red blood cell antigens namely the complete antibodies and the incomplete antibodies.
Complete antibodies, or saline agglutinins will agglutinate red blood cells suspended in saline, which are usually IgM class of antibodies.
Incomplete antibodies do not react in saline but require special techniques to agglutinate red blood cells; which are IgG class of antibodies.

After combining with their corresponding antigen, blood group antibodies have the ability to activate complement. Thus sensitization of incomplete
antibodies or complement component can occur either in vivo or in vitro. Anti human globulin reagent is used to detect IgG or complement sensitized red
blood cells.

For detecting in vivo antibody or complement sensitization DAT (Direct Antiglobulin Test) is used whereas for detecting in vitro antibody or complement
sensitization IAT (Indirect Antiglobulin Test) is used.

Anti Human Globulin Reagents
Polyspecific Anti human globulin (Coombs) Reagent:

The term ‘polyspecific’ reagent refers to reagent system containing blend of antibodies for more than one antigeni.e. blend of Anti human-IgG, Anti human
C3b, Anti human C3d. Polyspecific reagent may be a blend of:

@® Polyclonal Antihuman-IgG, polyclonal Antihuman C3b, polyclonal Anti human C3d.
@® Polyclonal Anti human-IgG, monoclonal Anti human C3b, monoclonal Anti human C3d.
® Polyclonal Anti human IgG, monoclonal Anti human C3d.

ICSH Recommendations for Polyspecific Anti Human Globulin reagents

ICSH has recommended certain specifications, which a commercially available Anti human globulin reagent should comply:

Specificity:

The reagent should only agglutinate red blood cells sensitized with antibodies and /or coated with significant levels of complement components.

® Potency of Anti-human IgG antibodies:
The potency of Anti-human IgG component should be evaluated by serological titration (chequer board titration).

® Specificity and potency of Anti human complement antibodies:
A polyspecific reagent should contain Anti-C3c and Anti-C3d at controlled levels to avoid false positive reactions or a suitable potent monoclonal Anti-
C3d. It should contain little or no Anti-C4 activity. The assessment of these qualities requires red cells specifically coated with complement
components for evaluating the serological potency.

® Allthe evaluations should be done in parallel with international reference reagents.

Complement (C3b, C3d)
IgG
Pniyclnnal antisera Monoclonal antisera
Y
Tl i
Anti human C3b, Anti human Igg  Anti human C3b,Anti human C3d,
Anti human C3d \ A:t/miman C3g
Aﬂti Human Globulin Anti Human Globulin
Polyspecific - Polyspecific
Anti Human Globulin Anti Human Globulin Anti Human Globulin
Monospecific Monospecific Monospecific

Fig. 10 Anti Human Globulin Manufacture




Polyclonal Anti human-1gG is usually prepared in rabbits, though when large volumes of antibody are required sheep or goats may be used. In production
of polyclonal Anti human-IgG, animals are hyperimmunised to produce high titer, high avidity Anti human IgG class antibodies. After achieving the desired
specificity and titer, the animals are bled for the production batch of reagent.

With monoclonal antibodies, the hybrid clones are screened for antibodies with the required specificity and affinity. The antibody secreting clones may
then be propagated in culture or by innoculation into mice, in which case the antibody is collected in ascites. Monoclonal anti human complement may be
either igM or IgG class of antibodies.

Thus separate blends of Anti human-IgG and Anti human complement antibodies are made, and each pool is then adsorbed with A,, B and O red blood
cells to remove heterospecific antibodies. The total antibody content of each pool is determined and then pools are analysed by titration method to
calculate the optimum antibody dilution for Anti human IgG component and Anti human complement component.

Optimum concentration of Anti human IgG component is ascertained by chequer board titration method. In chequer board titration dilutions of Anti human
IgG are reacted with various dilutions of Anti-D 1gG sensitized cells. This is a critical step because excess Anti human IgG may lead to prozoning during
test returning false negative results, correspondingly if Anti human IgG concentration is less than optimum it may lead to false negative results with weakly
sensitized cells. The evaluation procedure should also involve parallel testing with international reference reagent (e.g. W.H.O. RIIIM - Polyspecific Anti
human globulin serum, available from Central Laboratory of Netherlands Red Cross Transfusion Service, Amsterdam).

Similarly optimum concentration of Anti human Complement is ascertained by sensitizing complement to O Rh_ (D) positive red blood cells by the sucrose
method, preparing various dilutions of complement sensitized cells. The optimum concentration of Anti human complement component is evaluated by
reacting dilutions of Anti human complement with dilutions of cells sensitized with different levels of serially diluted complement in parallel with
international reference reagent.

Once the required optimum performance characteristic for each component is ascertained, reagent blend of Anti human IgG and Anti human Complement
antibodies is prepared and run as a system in parallel with the international reference reagent. Thus the final product is one that contains optimum
concentration of Anti human IgG and Anti human Complement antibodies for broad spectrum reactivity.

Dilutions of 1gG Sensitized Cells

Dilutions of AHG

\ WHO.RIIIM Commercially available Polyspecific AHG

Fig. 11 Chequer board titration results

Monospecific Coombs Reagent:

Monospecific reagents for use in anti human globulin test are prepared by similar procedure, however the reagent contains antibody of only one
specificity.

® Monospecific Anti human IgG reagent contains only polyclonal Anti human IgG

® MonospecificAntihuman C3b reagent contains only polyclonal Anti human C3b or monoclonal Anti human C3b.

® Monospecific Antihuman C3d reagent contains only polyclonal Anti human C3d or monoclonal Anti human C3d.




Direct Anti Human Globulin Test (DAT)

DAT is used to detect in vivo sensitization of red blood cells with immunoglobulin, complement or both. A positive DAT, with or without shortened red blood

cell survival, may result from:

Autoantibodies to intrinsic red blood cell antigens.

Alloantibodies in recipients circulation reacting with antigens on recently transfused donor red blood cells.

Alloantibodies in donor plasma, plasma derivatives or blood fractions, which react with antigens on red blood cells of transfusion recipients.

Alloantibodies in maternal circulation, which cross placenta and sensitize foetal red blood cells (HDN).

Antibodies directed against certain drugs, which bind to red blood cell membranes (e.g. Penicillin)

Adsorbed proteins, including immunoglobulins, which attach to abnormal membranes or red blood cells modified by therapy with certain drugs,

notably those of cephalosporin group.

Complement components or rarely IgG bound to red blood cells after administration of drugs such as quinidine and phenacetin may induce drug/anti

drug interaction.

® Non red blood cell immunoglobulins associated with red blood cells in patients with hypergammaglobulinaemia or recipients with high dose of
intravenous gammaglobulin.

® In-patients with organ transplantation, passenger lymphocytes of donor origin produce antibodies directed against ABO or other antigens on the
recipient’s cells, causing a positive DAT.

@® Patients receiving ALG (antilymphocyte globulin) or ATG (antithymocyte globulin) of animal origin may develop a positive DAT within a few days,
apparently related to high titer heterophile antibodies in these products and the presence of corresponding antibodies in animal derived AHG sera.

Major applications of DAT in blood group serology

Haemolytic disease of the newborn (HDN)
In HDN foetal red blood cells in vivo are sensitized with IgG alloantibody of maternal origin thereby demonstrating a positive DAT with cord red blood cells.
The most commonly observed HDN is due to Rh_ (D) incompatibility between mother and foetus.
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Fig. 12 lllustration of HDN

If the father is Rh, (D) positive and the mother is Rh, (D) negative and during first pregnancy their progeny inherits Rh, (D) positive red blood cell antigens.
During parturition, the foetal red blood cells can enter mother’s circulation providing antigenic stimulus for the production of Anti-D antibodies. These Anti-
D antibodies normally will not have any effect during the first Rh-incompatible pregnancy unless the mother has Anti-D antibodies by previous
Incompatible blood transfusions.

During subsequent pregnancy, for the same couple, if the foetus is Rh, (D) positive again, the Anti-D antibodies will be activated along with the presence of
Anti-D antibodies from the first pregnancy already in the circulation. Since the IgG antibodies cross the placental barrier, these circulating Anti-D will
sensitize and destroy foetal Rh, (D) positive cells. This process is demonstrated by a positive DAT on cord red blood cells.

Transfusion Reactions
A patient will demonstrate positive DAT, if serum contains antibodies against red blood cell antigens of donor red blood cells. Likewise antibody present in
donor plasma may also react with recipient red blood cells thereby demonstrating positive DAT.

Otherimmune haemolytic diseases
A positive DAT may be observed due to acquired haemolytic anaemia probably because of autoantibodies directed against individuals own intrinsic red
blood cell antigens.




Classification of Autoimmune Haemolytic Anaemia:
® \WarmAutoimmune Haemolytic Anaemia (WAIHA)
- Primary (idiopathic)
- Secondary (to conditions such as lymphoma, SLE, carcinoma, drug therapy

® ColdAgglutinin Syndrome (CAS)
- Primary (idiopathic)
- Secondary (to conditions such as lymphoma, mycoplasma pneumonia, infectious mononucleosis)

® Mixedtype AIHA
- Primary (idiopathic)
- Secondary (to conditions such as SLE, lymphoma)

® Paroxysmal Cold Haemoglobinuria (PCH)
- Primary (idiopathic)
- Secondary (to conditions such as syphilis, viral infections)

® DAT Negative AIHA
- Primary (idiopathic)
- Secondary (to conditions such as lymphoma, SLE)

Drug induced haemolytic anaemia:

Also certain drugs namely penicillin, procainamide, cephalosporins may also be associated with immune red blood cell destruction thereby
demonstrating a positive DAT.
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Fig. 13 lllustration of Drug induced antibody reactions

Importance of serological studies in DAT positive results
As per AABB technical manual, three investigation approaches are helpful in evaluation of positive DAT:

® Test the DAT positive red blood cells with Monospecific Anti human-IgG and Monospecific Anti-C3d reagents to characterize type of proteins
sensitized with red blood cellmembrane.

® Testserum/plasma to detectand identify clinically significant antibodies to red blood cell antigens.

® Testeluate prepared from sensitized red blood cells with a panel of reagent red blood cells to define whether the sensitized protein is immunoglobulin
or complement component. Elution frees antibody from sensitized red blood cells and recovers antibody in usable form. When only complement is
sensitized, eluates are frequently non-reactive.
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Probable serological findings with DAT positive- AIHA/Drug induced HA:

Mixed Drug induced
Parameter WAIHA CAS type AIHA PCH QA[H A
DAT positive IgG/ 1gG + C3/ Mostly C3 gG +C3 Mostly C3 IgG/IgG + C3
result C3
Immunoglobulin :gf éﬁmﬁ“f‘ﬂﬂﬁ gM IgG, IgM IgG IgG
Type rarely alone
Eluate lgG Non reactive  1gG Non reactive IgG
Serum * May React * IgM e IgG IAT * IgG biphasic | * IgG antibody
by IAT haem- reactive haemolysin similar to
o May agglutinating antibody (Donath WAIHA
haemloyze antibody , laMm Landsteiner
enzyme reactive at haem antibody)
treated red 4°C agglutinating
cells at 37°C usually antibody
Mostly react at usually FEI;EJE’E
* agglutinate 30Cin at 50 37°C
enzyme albumin |ri saline,
treated red a0 may |
G reactat4 C
cells at 37 C saline
May
« agglutinate
untreated
red cells at
20'C
Rarely
., agglutinate
untreated
Cells at 37 'C
Specificity Usually Rh Usually Anti-l ~ Usually Anti-P (non- Specificity
Specificity but can be specificity reactive with often Rh
Anti-i, rarely unclear, can pand P’ related
Anti-Pr be Anti-1, red cells
Anti-i or other
cold agglutinin
specificities

Indirect Anti human Globulin Test (IAT)

In IAT procedures, serum or plasma is incubated with red blood cells, washed to remove unbound globulins. Agglutination that occurs after addition of Anti
human Globulin reagent indicates reaction between antibody in the serum and antigen present on the red blood cell membrane.

Applications of IAT

IAT determines in vitro sensitization of red blood cells and is used in following situations:

@ Detection ofincomplete antibodies to potential donor red blood cells, pregnant women, blood donors.
® |dentification of antibody specificity using a panel of red blood cells with known antigenic profile.

® Determination of red blood cell phenotype using known antisera (e.g. D" testing)

@® Titration ofincomplete antibodies.

Probable sources of Error in Antihuman Globulin Testing

False Negative Results
® Neutralization of Antihuman Globulin Reagent
® Failure towash cells adequately to remove all serum/plasma. Fill tube atleast three fourth full of saline for each wash.
- Ifincreased serum volumes are used, routine wash may be inadequate. Wash additional times more than three or four wash phases.
- Contamination of Anti human globulin reagent by extraneous protein. Do not use finger or hand to cover tube. Contaminated droppers or wrong
reagent dropper can neutralize entire vial of Anti human globulin reagent.
- High concentration of IgG paraproteins in test serum (cryoglobulin). Wash additional times more than three or four wash phases.

® |Interruptionintesting
- Bound IgG may dissociate from red blood cells or leave too little 1gG to detect or may neutralize Anti human globulin reagent. Perform the test
immediately.
- Agglutination of IgG coated cells will weaken. Centrifuge and read immediately.

® |mproperreagent storage

- Anti human globulin reagent may loose reactivity if frozen. Reagent may become bacterially contaminated. Store at the recommended storage
condition.

- Excess heat or repeated freeze/thaw cycles may cause loss of reactivity of Anti Human globulin reagent. Replace the reagent back to the
recommended storage condition.
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® |mproperprocedure
- QOvercentrifugation may pack cells so tightly that agitation required to resuspend cells breaks up agglutinates. Undercentrifugation may not be
optimal for agglutination. The optimum centrifugation speed should be ascertained for each centrifuge.
- Failure to add test serum, enhancement medium or Anti human globulin reagent may lead to negative test result. Follow the manufacturers
instructions meticulously.
- Tooheavy red cell concentration may mask weak agglutination. Too light suspension may be difficult to read.
Improper/insufficient serum:cell ratio

® Complement
- Rareantibodies, notably Anti-Jk® and Anti-Jk’ may only be detected when polyspecific Anti human globulin reagent is used and active complement
Is present.

® Saline
- Low pH of saline solution can decrease sensitivity of Anti human globulin test. Optimal wash solution for most antibodies is pH 7.0-7.2. It has been
observed that commercially available infusion saline/ saline stored in plastic containers can seriously compromise the sensitivity of anti human
globulin test. Saline stored in plastic containers and further autoclaved leads to leaching of certain chemicals which shifts the pH to the acidic side
and impacts the sensitivity of anti human globulin test. Preferably use phosphate buffered saline as wash solution or suspending medium.
- Some antibodies may require saline to be at specific temperature to retain antibody on red blood cell. Use 37°C or4°C saline.

False Positive Results
® Particles or Contaminants
- Dust or dirt in glassware may cause clumping of cells. Fibrin or precipitates in test serum may similarly produce cell clumps that mimic
agglutination

® |mproperprocedure
- Overcentrifugation may pack cells so tightly that they do not easily disperse and appear positive
- Centrifugation of test with polyethylene glycol or positively charged polymers prior to washing may create clumps that do not disperse.

® Cells with positive DAT result
- Cells that are positive by DAT will also be positive in any indirect antiglobulin test. In such case antibodies should be eluted from the sensitized
cells.

® Complement
- Complement components, primarily C4, may bind to cells from clots or from CPDA-1 donor segments during storage at 4°C and occasionally at
higher temperature. For DATs, use red blood cells anticoagulated with EDTA, ACD or CPD
- Samples collected in scratched glass tubes can lead to spurious activation of complement.
- Complement may attach to cells in specimens collected from infusion lines used to administer dextrose-containing solutions. Strongest reactions
are seen when large bore needles are used or when sample volume is less than 0.5 ml.

Coombs Control Cells/Complement Coated Cells

Coombs control cells should be used routinely in direct and indirect Anti Human Globulin test. Coombs control reagent is Anti-D 1gG sensitized, washed
and made upto a 5% suspension. Coombs control cells are used for:

® Procedural validation of tests employing Coombs reagent. Coombs control cells are added after performing Anti Human Globulin test. To a negative
result after addition of Coombs control cells, agglutination indicates that AHG was indeed added and that it has not been neutralized.

® Functional validation of Coombs reagent. The performance of Coombs reagent can be validated as a quality control measure on routine basis.

Similarly complement coated cells can also be prepared in vitro. Thus complement coated cells can also be used for functional validation of Coombs
reagent.

Now with commercially available red blood cell stabilizing solution, the Coombs control cells and complement coated cells can be prepared in situ and
stored in cell stabilizing solution for long term use and storage.
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