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1. State the principle of the antiglobulin test.

2. Differentiate monoclonal from polyclonal and

monospecific from polyspecific antihuman globulin (AHG)

reagents.

3. Describe the preparation of monoclonal and polyclonal

AHG reagents.

4. Explain the antibody requirements for AHG reagents.

5. Discuss the use of polyspecific versus monospecific AHG in

the indirect antiglobulin test (IAT).

6. Discuss the advantages and disadvantages of anticomple-

ment activity in polyspecific AHG.

7. Compare and contrast the IAT and the direct antiglobulin

test (DAT).

8. Include an explanation of (1) principle, (2) applications,

and (3) red blood cell sensitization.

9. List the reasons for the procedural steps in the DAT and

IAT.

10. Interpret the results of a DAT panel.

11. List the factors that affect the antiglobulin test.

12. List the sources of error associated with the performance

of the antiglobulin test.

13. Discuss new techniques for antiglobulin testing.

On completion of this chapter, the learner should be able to:

O B J E C T I V E S

C H A P T E R
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Introduction
The antiglobulin test (also called Coombs’ test) is based on
the principle that antihuman globulins (AHGs) obtained from
immunized nonhuman species bind to human globulins such
as IgG or complement, either free in serum or attached to
antigens on red blood cells (RBCs).

There are two major types of blood group antibodies, IgM
and IgG. Because of their large pentamer structure, IgM anti-
bodies bind to corresponding antigen and directly agglutinate
RBCs suspended in saline. IgG antibodies are termed nonag-
glutinating because their monomer structure is too small to
agglutinate sensitized RBCs directly. The addition of AHG
containing anti-IgG to RBCs sensitized with IgG antibodies
allows for hemagglutination of these sensitized cells. Some
blood group antibodies have the ability to bind complement
to the RBC membrane. Antiglobulin tests detect IgG and/or
complement-sensitized RBCs.

History of the Antiglobulin Test
Before the discovery of the antiglobulin test, only IgM anti-
bodies had been detected. The introduction of the antiglobu-
lin test permitted the detection of nonagglutinating IgG
antibodies and led to the discovery and characterization of
many new blood group systems.

In 1945, Coombs and associates1 described the use of the
antiglobulin test for the detection of weak and nonagglutinat-
ing Rh antibodies in serum. In 1946, Coombs and coworkers2

described the use of AHG to detect in-vivo sensitization of the
RBCs of babies suffering from hemolytic disease of the new-
born (HDN). Although the test was initially of great value in
the investigation of Rh HDN, its versatility for the detection
of other IgG blood group antibodies soon became evident. The

first of the Kell blood group system antibodies3 and the asso-
ciated antigen were reported only weeks after Coombs had
described the test.

Although Coombs and associates1 were instrumental in
introducing the antiglobulin test to blood group serology,
the principle of the test had in fact been described by
Moreschi4 in 1908. Moreschi’s studies involved the use of rab-
bit antigoat serum to agglutinate rabbit RBCs that were sen-
sitized with low nonagglutinating doses of goat anti-rabbit
RBC serum.

Coombs’ procedure involved the injection of human serum
into rabbits to produce antihuman serum. After absorption to
remove heterospecific antibodies and dilution to avoid pro-
zone, the AHG serum still retained sufficient antibody activi-
ty to permit cross-linking of adjacent RBCs sensitized with
IgG antibodies. The cross-linking of sensitized RBCs by AHG
produced hemagglutination, indicating that the RBCs had
been sensitized by an antibody that had reacted with an anti-
gen present on the cell surface.

The antiglobulin test can be used to detect RBCs sensitized
with IgG alloantibodies, IgG autoantibodies, and complement
components. Sensitization can occur either in vivo or in vitro.
The use of AHG to detect in-vitro sensitization of RBCs is a
two-stage technique referred to as the indirect antiglobulin
test (IAT). In-vivo sensitization is detected by a one-stage pro-
cedure, the direct antiglobulin test (DAT). The IAT and DAT
still remain the most common procedures performed in blood
group serology.

AHG Reagents
Several AHG reagents have been defined by the Food and
Drug Administration (FDA) Center for Biologics Evaluation
and Research (CBER). These are listed in Table 5–1 and are
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Reagent Definition

Polyspecific

1. Rabbit polyclonal Contains anti-lgG and anti-C3d (may contain other anticomplement
and other anti-immunoglobulin antibodies).

2. Rabbit/murine monoclonal blend Contains a blend of rabbit polyclonal antihuman IgG and murine
monoclonal anti-C3b and -C3d.

3. Murine monoclonal Contains murine monoclonal anti-IgG, anti-C3b, and anti-C3d.

Monospecific Anti-IgG

1. Rabbit polyclonal Contains anti-IgG with no anti-complement activity (not necessarily
gamma-chain specific).

2. IgG heavy-chain specific Contains only antibodies reactive against human gamma chains.
3. Monoclonal IgG Contains murine monoclonal anti-IgG

Anticomplement

Rabbit polyclonal
1. Anti-C3d and anti-C3b Contains only antibodies reactive against the designated complement
2. Anti-C3d, anti-C4b, anti-C4d component(s), with no anti-immunoglobulin activity.

Murine Monoclonal
1. Anti-C3d Contains only antibodies reactive against the designated complement
2. Anti-C3b, anti-C3d component, with no anti-immunoglobulin activity.

Modified from Tyler, V (ed): Technical Manual, ed 12. American Association of Blood Banks, Bethesda, MD, 1996.

TABLE 5–1 Antihuman Globulin Reagents
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discussed in the following paragraphs. Antihuman globulin
reagents may be polyspecific or monospecific.

Polyspecific AHG

Polyspecific AHG contains antibody to human IgG and to the
C3d component of human complement. Other anticomple-
ment antibodies, such as anti-C3b, anti-C4b, and anti-C4d,
may also be present. Commercially prepared polyspecific AHG
contains little, if any, activity against IgA and IgM heavy
chains. However, the polyspecific mixture may contain anti-
body activity to kappa and lambda light chains common to all
immunoglobulin classes, thus reacting with IgA or IgM mol-
ecules.5

Monospecific AHG

Monospecific AHG reagents contain only one antibody speci-
ficity: either anti-IgG or antibody to specific complement
components such as C3b or C3d. Licensed monospecific AHG
reagents in common use are anti-IgG and anti-C3b-C3d.5

Anti-IgG

Reagents labeled anti-IgG contain no anticomplement activi-
ty. Anti-IgG reagents contain antibodies specific for the Fc
fragment of the gamma heavy chain of the IgG molecule. If
not labeled “gamma heavy chain–specific,” anti-IgG may con-
tain anti–light chain specificity and therefore react with cells
sensitized with IgM and IgA as well as with IgG.5

Anti-Complement

Anti-complement reagents, such as anti-C3b-C3d reagents,
are reactive against the designated complement components
only and contain no activity against human immunoglobu-
lins.5

Preparation of AHG
The classic method of AHG production involves injecting
human serum or purified globulin into laboratory animals,
such as rabbits. The human globulin behaves as foreign anti-
gen, the rabbit’s immune response is triggered, and an anti-
body to human globulin is produced. For example, human
IgG injected into a rabbit results in anti-IgG production;
human complement components injected into a rabbit result
in anticomplement. This type of response produces a poly-
clonal antiglobulin serum. Polyclonal antibodies are a mix-
ture of antibodies from different plasma cell clones. The
resulting polyclonal antibodies recognize different antigenic
determinants (epitopes), or the same portion of the antigen
but with different affinities. Hybridoma technology can be
used to produce monoclonal antiglobulin serum. Monoclonal
antibodies are derived from one clone of plasma cells and rec-
ognize a single epitope.

Preparation of Polyspecific AHG

Polyclonal AHG Production

Polyclonal AHG is usually prepared in rabbits, although when
large volumes of antibody are required, sheep or goats may be

used. In contrast with the early production methods, in which
a crude globulin fraction of serum was used as the immuno-
gen, modern production commences with the purification of
the immunogen from a large pool of normal sera.

Conventional polyspecific antiglobulin reagents are pro-
duced by immunizing one colony of rabbits with human
immunoglobulin (IgG) antigen and another colony with
human C3 antigen. Because of the heterogeneity of IgG mol-
ecules, the use of serum from many donors to prepare the
pooled IgG antigen to immunize the rabbits and the pooling
of anti-IgG from many immunized rabbits are essential in
producing reagents for routine use that are capable of detect-
ing the many different IgG antibodies. This is an advantage of
using anti-IgG of polyclonal origin for antiglobulin serum.6

Both colonies of animals are hyperimmunized to produce
high-titer, high-avidity IgG antibodies. Blood specimens are
drawn from the immunized animals, and if the antibody
potency and specificity meet predetermined specifications,
the animals are bled for a production batch of reagent.
Separate blends of the anti-IgG and anticomplement antibod-
ies are made, and each pool is then absorbed with A

1
, B, and

O cells to remove heterospecific antibodies. The total anti-
body content of each pool is determined, and the potency of
the pools is analyzed to calculate the optimum antibody dilu-
tion for use. Block titrations for anti-IgG pools are performed
by reacting dilutions of each antibody against cells sensitized
with different amounts of IgG. This is a critical step in the
manufacturing process because excess antibody, especially
with anti-IgG, may lead to prozoning and, hence, false-
negative test results.

Because it is not possible to coat cells with measured
amounts of complement, the potency of anti-C3 pools is
measured using at least two examples each of a C3b- and C3d-
coated cell. Both anti-C3b (C3c) and anti-C3d are present in
the polyclonal anti-C3 pool. The level of anti-C3d is particu-
larly critical in keeping false-positive tests to a minimum yet
detecting clinically significant amounts of RBC-bound C3d.
Additionally, if the dilution of the anti-C3 pool is determined
on the basis of the amount of anti-C3d present, the level of
anti-C3b (C3c) varies. The inability to determine the potency
of anti-C3b and anti-C3d individually is one of the difficulties
with polyclonal reagents that can be avoided with monoclon-
al products.6 Once the required performance characteristics
of the trial blend are obtained, a production blend of the sep-
arate anti-IgG and anticomplement pools is made.

Monoclonal AHG Production

The monoclonal antibody technique devised by Kohler and
Milstein7 has been used to produce AHG and has proved par-
ticularly useful in producing high-titer antibodies with well-
defined specificities to IgG and to the fragments of C3.8–10

Monoclonal antibody production begins with the immu-
nization of laboratory animals, usually mice, with purified
human globulin. After a suitable immune response, mouse
spleen cells containing antibody-secreting lymphocytes are
fused with myeloma cells. The resulting “hybridomas” are
screened for antibodies with the required specificity and affin-
ity. The antibody-secreting clones may then be propagated in
tissue culture or by inoculation into mice, in which case the
antibody is collected as ascites. Because the clonal line pro-
duces a single antibody, there is no need for absorption to
remove heterospecific antibodies. All antibody molecules
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produced by a clone of hybridoma cells are identical in
terms of antibody structure and antigen specificity. This has
advantages and disadvantages in AHG production. Once an
antibody-secreting clone of cells has been established, anti-
body with the same specificity and reaction characteristics
will be available indefinitely. This allows the production of a
consistently pure and uncontaminated AHG reagent. The dis-
advantage is that all antibodies produced by a clone of cells
recognize a single epitope present on an antigen. For antigens
composed of multiple epitopes such as IgG, several different
monoclonal antibodies reacting with different epitopes may
need to be blended, or a monoclonal antibody specificity for
an epitope on all variants of a particular antigen may need to
be selected to ensure that all different expressions of the anti-
gen are detected. Monoclonal antibodies to human comple-
ment components anti-C3b and anti-C3d may be blended with
polyclonal anti-IgG from rabbits to achieve potent reagents
that give fewer false-positive reactions as a result of anticom-
plement; Gamma Biologicals manufactures AHG reagents
from an entirely monoclonal source. The anti-IgG component
is produced by exposing mice to RBCs coated with IgG. The
resulting monoclonal anti-IgG reacts with the C

H
3 region of

the gamma chain of IgG subclasses 1, 2, and 3. The antibody
does not react with human antibodies of subclass IgG

4
, but

these are not considered to be clinically significant. Blending
the monoclonal anti-IgG with a monoclonal anti-C3b and
monoclonal anti-C3d results in a polyspecific AHG reagent.
The preparation of polyclonal and monoclonal AHG is dia-

grammed in Figure 5–1. Before the AHG is available for pur-
chase, manufacturers must subject their reagents to an eval-
uation procedure, and the results must be submitted to the
United States Food and Drug Administration for approval.
Whether produced by the polyclonal or monoclonal tech-
nique, the final polyspecific product is one that contains both
anti-IgG and anticomplement activity at the correct potency
for immediate use. The reagent also contains buffers, stabiliz-
ers, and bacteriostatic agents and may be dyed green for iden-
tification.

Preparation of Monospecific AHG

Monospecific AHG is prepared by a production process simi-
lar to that described for polyspecific AHG; however, it con-
tains only one antibody specificity. Monospecific anti-IgG is
usually of polyclonal origin; however, monoclonal anti-IgG
has been prepared effectively by hybridoma technology.
Monospecific anticomplement reagents are often a blend of
monoclonal anti-C3b and monoclonal anti-C3d.

Antibodies Required in AHG
Anti-IgG

AHG must contain antibody activity to nonagglutinating
blood group antibodies. The majority of these antibodies are a
mixture of IgG

1
and IgG

3
subclass. Rarely, nonagglutinating
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Conventional Method Hybridoma Technology

Polyclonal Antihuman Globulin

Complement IgG

polyclonal
anti-C3b,d

polyclonal
anti-IgG

monospecific
anti-complement

reagent

monospecific
anti-IgG
reagent

antihuman globulin
polyspecific reagent

polyclonal blend

antihuman globulin
polyspecific reagent

polyclonal monoclonal blend

antihuman globulin
polyspecific reagent
monoclonal blend

monospecific
anti-complement

reagent

monospecific
anti-IgG
reagent

monoclonal
anti-C3b,d,g

monoclonal
anti-IgG

Complement IgG

Monoclonal Antihuman Globulin

� FIGURE 5–1 Preparation of AHG reagents. Polyspecific antihuman globulin may be manufactured by combining polyclonal anti-IgG with
either polyclonal or monoclonal anticomplement components. A monoclonal blend may be manufactured by blending monoclonal anti-C3b,
monoclonal anti-C3d, and monoclonal anti-IgG. Monospecific antihuman globulin reagents can be manufactured by conventional or hybridoma
technology.
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IgM antibodies may be found; however, they have always
been shown to fix complement and may be detected by anti-
complement.11 IgA antibodies with Rh specificity have been
reported; however, IgG antibody activity has always been pres-
ent as well. The only RBC alloantibodies that have been
reported as being solely IgA have been examples of anti-Pr,12

and those antibodies were agglutinating. IgA autoantibodies
have been reported, although very rarely.13 Therefore, anti-
IgG activity must be present in the AHG reagent. Anti-IgM
and anti-IgA activity may be present, but neither is essential.
The presence of anti–light-chain activity allows detection of
all immunoglobulin classes.

Anti-Complement

Some antibodies “fix” complement components to the RBC
membrane after complexing of the antibody with its corre-
sponding antigen. These antibodies are listed in Table 5–2.
These membrane-bound complement components can be
detected by the anticomplement activity in AHG.

Early AHG reagents were prepared using a crude globulin
fraction as the immunogen. In 1947, Coombs and Mourant
demonstrated that the antibody activity that detected Rh anti-
bodies was associated with the anti–gamma globulin fraction
in the reagent. The first indication that there might be anoth-
er antibody activity present that had an influence on the final
reaction was presented by Dacie in 1951.14 He observed that
different reaction patterns were obtained when dilutions of
AHG were used to test cells sensitized with “warm” as com-
pared with “cold” antibodies. In 1957, Dacie and coworkers15

published data showing that the reactivity of AHG to cells sen-
sitized with “warm” antibodies resulted from anti–gamma
globulin activity, whereas anti–nongamma globulin activity
was responsible for the activity of cells sensitized by “cold”
antibodies. The nongamma globulin component was shown
to be beta globulin and had specificity for complement. Later
studies16,17 revealed that the complement activity was a result
of C3 and C4.

During the 1960s many reports were published indicating
the need for anticomplement activity in AHG to allow the
detection of antibodies by the IAT.18–21 Many of the specifici-
ties mentioned in these reports were ones that are now gen-
erally considered to be of little clinical significance (e.g.,
anti-Lea, anti-P

1
, and anti-H). However, one specificity that

was consistently mentioned and that is considered clinically
significant was anti-Jka. Evidence was also presented showing
that the presence of anticomplement activity would enhance
the reactions of clinically significant antibodies (e.g., anti-Fya

and anti-K).18

Use of Polyspecific Versus
Monospecific AHG in the IAT
As previously stated, polyspecific AHG contains both anti-IgG
activity and anti-C3 activity. There is considerable debate
among immunotransfusionists over the use of monospecific
anti-IgG versus polyspecific AHG for routine antibody detec-
tion and pretransfusion testing. Because most clinically sig-
nificant antibodies detected during antibody screening are
IgG, the most important function of polyspecific AHG is the
detection of IgG antibodies.

There have been numerous reports of clinically significant
RBC alloantibodies that were not detectable with monospecif-
ic anti-IgG but were detected with the anticomplement com-
ponent of AHG.22 Unfortunately, polyspecific AHG has also
been associated with unwanted positive reactions that are not
caused by clinically significant antibodies. To investigate
these variables, Petz and coworkers23 examined 39,436 sera
comparing monospecific anti-IgG with polyspecific AHG.
They also compared the albumin technique with low ionic
strength solutions (LISS)-suspended RBCs. Four Jka antibod-
ies were detected with polyspecific but not with monospecific
anti-IgG using albumin or LISS-suspended RBCs. An addi-
tional anti-Jka was detected only with polyspecific AHG when
using LISS but not with albumin. Also, five antibodies of anti-
Kell, anti-Jka, and Fya specificities were detected when using
LISS, but not albumin, with both polyspecific AHG and anti-
IgG. Their results concluded that some clinically significant
antibodies are detected with the anticomplement component
of AHG but not with anti-IgG. This is especially true for anti-
Jka, a complement-binding IgG antibody often associated with
delayed hemolytic transfusion reactions.

Petz and others22 also determined the number of false-
positive reactions obtained when using polyspecific AHG ver-
sus anti-IgG with LISS and albumin. False-positive reactions
were defined as those caused by antibodies with no definable
specificity or by antibodies considered to be clinically insignif-
icant because of optimum reactivity at cold temperatures
(anti-I, anti-H, anti-P

1
, anti-M). Of the unwanted positive

reactions, 93 percent were shown to be caused by C3 on the
cells. The authors emphasize that, if the first step in evaluat-
ing a weakly positive AHG reaction is to repeat using the pre-
warmed technique, about 60 percent of the false-positive
weak reactions become negative.

In a 3-year study, Howard and associates24 found eight
patients whose antibodies were detected primarily or solely
by AHG containing anticomplement activity. Seven of these
antibodies had anti-Jka or anti-Jkb specificity. Some of them
could be detected using homozygous Jka or Jkb cells and
an AHG containing only anti-IgG activity. Two of the anti-
Jka antibodies were associated with delayed hemolytic
transfusion reactions. The complement-only Kidd antibodies
represented 23 percent of all Kidd antibodies detected during
the study. The authors concluded that they would continue to
use polyspecific AHG reagent for routine compatibility test-
ing.

In summary, one must balance the advantage of detecting
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Most Some Rare

ABO S S
Lea Xga P

1

Leb LKE Lua

Jka Lan Lub

Jkb Kell
Sc1 Fya

Co3 Fyb

Ge2 Cob

Ge3
Ii
P
Pk

Vel

Note: These antibodies are discussed in detail in Chapters 6 through 9.

TABLE 5–2 Antibodies Capable of
Binding Complement
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clinically significant complement-only antibodies with the
disadvantages resulting from using antiglobulin serum
containing anti-complement activity.22 A decision on the
use of the AHG reagent for indirect tests is the prerogative
of the individual blood bank. Many blood banks have adopted
the use of monospecific anti-IgG for routine pretransfu-
sion testing, citing cost containment measures necessitated
by the high number of repeats versus the rarity of comple-
ment-only detected antibodies such as anti-Jka. Milam25 states
rare clinical transfusion intolerance when using monospe-
cific anti-IgG over polyspecific AHG reagents to screen for
unexpected antibodies and to test for blood group compat-
ibility offers reliability without interference from common
and clinically insignificant IgM-complement fixing anti-
bodies.

AHG Reagents and the DAT
The DAT detects in vivo sensitization of RBCs with IgG and/or
complement components. During complement activation,
C3 and C4 are split into two components. C3b and C4b bind
to the RBC membrane, whereas C3a and C4a pass into the
fluid phase. Further degradation of membrane-bound C3b
and C4b occurs by removal of C3c and C4c to leave C3d and
C4d firmly attached to the RBC membrane.26–28 Anti-C3c was
considered by the ISBT/ICSH Joint Working Party29 to be
the most important anticomplement component, because
of its limited capacity to cause nonspecific reactions.
However, when RBCs are incubated with serum for longer
than 15 minutes, the number of C3c determinants falls rapid-
ly because C3c is split off the C3bi molecule. This finding fur-
ther supports the use of anti-C3d in international reference
reagents by the Joint Working Party. The final degradation
step has been shown to occur in vivo30 and, in fact, is a com-
mon occurrence in both warm and cold autoimmune
hemolytic anemias. Engelfriet and others31 have also shown
that degradation of C3b to C3d can occur in vitro, providing
that the incubation period is greater than 1 hour. In 1976,
Garratty and Petz32 confirmed the need for anti-C3d activity
in AHG for use in the DAT. They also confirmed Engelfriet’s
observation that, given sufficient time, cell-bound C3b could
be degraded to C3d in vitro.

The detection of C3d on the RBC membrane is important
in the investigation of both warm and cold autoimmune
hemolytic anemia (AIHA). Many cases of warm AIHA are asso-
ciated with both IgG and C3d coating the RBCs. In cold AIHA,
C3d may be the only globulin detectable on the RBC.
Characterization of AIHA requires the detection of the specif-
ic globulin sensitizing the RBCs in vivo, usually IgG or C3d or
both. In the investigation of AIHA, a DAT is performed initial-
ly with polyspecific AHG. If globulins are detected on the RBC
membrane, follow-up testing with monospecific AHG (anti-
IgG, anti-C3d) is performed to identify the coating proteins.
Although the RBCs of most patients with AIHA are coated
with IgG, the cells of some patients will exhibit both IgG and
complement coating or complement alone. The presence of
complement alone may support the diagnosis of AIHA, ren-
dering the finding significant.25

Principles of the Antiglobulin Test
The antiglobulin test is based on the following simple princi-
ples:33

1. Antibody molecules and complement components are
globulins.

2. Injecting an animal with human globulin stimulates the
animal to produce antibody to the foreign protein (i.e.,
AHG). Serologic tests employ a variety of AHG reagents
reactive with various human globulins, including anti-IgG,
antibody to the C3d component of human complement,
and polyspecific reagents that contain both anti-IgG and
anti-C3d activity.

3. AHG reacts with human globulin molecules, either bound
to RBCs or free in serum.

4. Washed RBCs coated with human globulin are agglutinat-
ed by AHG.

The complete procedures for the direct and indirect antihu-
man globulin tests can be found in the procedural appendix at
the end of this chapter. Color Plate 1 summarizes the
methodology of both tests. Figure 5–2 illustrates in-vitro 
sensitization detected in the IAT and in-vivo sensitization
detected by the DAT.

DAT
Principle and Application of the DAT

The DAT detects in-vivo sensitization of RBCs with IgG and/or
complement components. Clinical conditions that can result
in in-vivo coating of RBCs with antibody and/or complement
are:

1. Hemolytic disease of the newborn (HDN)
2. Hemolytic transfusion reaction (HTR)
3. Autoimmune and drug-induced AIHA.

Table 5–3 lists the clinical application and in-vivo sensitiza-
tion detected for each situation.

The DAT is not a required test in routine pretransfusion
protocols. In a study by the College of American Pathologists
in 1998,34 54 percent of 4299 laboratories surveyed reported
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Human red cells

IgG antibody (   )

complement (   )

Sensitized red cells

Antihuman globulin
polyspecific

Cross-linking of sensitized
red cells to produce
hemagglutination

+

+

� FIGURE 5–2 AHG test. The IAT is used to determine in-vitro
sensitization of RBCs, whereas the DAT is used to detect in-vivo
sensitization. Polyspecific AHG contains anti-IgG and anti-complement
activity.
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using the DAT in pretransfusion testing, the primary ration-
ale being early detection of alloimmunization. Eder35 tested
the clinical utility of the DAT at a large tertiary care hospital
in Philadelphia. A retrospective study was performed from
1999 to 2002. DATs with anti-IgG were performed on 15,662
pretransfusion patient samples; 15 percent were positive.
Subsequent eluate testing revealed nonreactivity in 76 per-
cent; 9 percent panreactive; and 12 percent passively acquired
ABO or D antibodies. Only one case demonstrated an RBC
antibody in the eluate that was not detected in the serum,
concluding that even in a tertiary care setting the routine
DAT is inefficient yielding a positive predictive value of 0.16
percent. Judd and coworkers revealed similar findings on
65,049 blood samples in a 29-month period, where only 5.5
percent of samples resulted in a positive DAT.36

DAT Panel

Initial DATs include testing one drop of a 3 to 5 percent sus-
pension of washed RBCs with polyspecific (anti-IgG, anti-C3d)
reagent. Positive results are monitored by a DAT panel using
monospecific anti-IgG and anti-C3d to determine the specific
type of protein sensitizing the cell. Some institutions choose
to run polyspecific and monospecific reagents at one time as
well as a saline control. The saline control serves to detect
spontaneous agglutination of cells or reactions occurring
without the addition of AHG reagents. In warm AIHA, includ-
ing drug-induced hemolytic anemia, the RBCs may be coated
with IgG or C3d, or both. Patterns of reactivity and the type of
protein sensitization in AIHA are summarized in Table 5–4.
In a transfusion reaction workup, the DAT may demonstrate
IgG or C3d, or both, depending on the nature and specificity
of the recipient’s antibody. In the investigation of HDN, test-
ing for complement proteins is not necessary inasmuch as the

protein sensitizing the newborn RBCs is presumed to be
maternal IgG. Problems can arise in accurate D typing in the
case of a newborn with a positive DAT. If the DAT is positive
due to IgG and the immediate spin for D typing is negative, a
test for weak D cannot be performed. The same is true for a
patient with AIHA due to a warm IgG antibody coating the
patient cells. The antibody must be removed from the RBCs
for accurate phenotyping. Other techniques can be used to
remove antibody from the patients RBCs. These include
chloroquine diphosphate, EDTA-glycine, and a method using
murine monoclonal antibodies. 

Evaluation of a Positive DAT

Clinical consideration should dictate the extent to which a
positive DAT is evaluated. Interpreting the significance of a
positive DAT requires knowledge of the patient’s diagnosis,
drug therapy, and recent transfusion history. A positive DAT
may occur without clinical manifestations of immune-
mediated hemolysis. Table 5–5 describes the in-vivo phe-
nomena that may be associated with a positive DAT.

The American Association of Blood Banks Technical
Manual33 states that “results of serological tests are not diag-
nostic; their significance can only be assessed in relationship
to the patient’s clinical condition.” Answering the following
questions before investigating a positive DAT for patients
other than neonates will help determine what further testing
is appropriate:

1. Is there evidence of in-vivo hemolysis?
2. Has the patient been transfused recently?
3. Does the patient’s serum contain unexpected antibodies?
4. Is the patient receiving any drugs?
5. Has the patient received blood products or components

containing ABO-incompatible plasma?
6. Is the patient receiving antilymphocyte globulin or

antithymocyte globulin?
7. Is the patient receiving IVIG or IV RhIG?

IAT (Indirect Antiglobulin Test)
Principle and Application of the IAT

The IAT is performed to determine in-vitro sensitization of
RBCs and is used in the following situations:

1. Detection of incomplete (nonagglutinating) antibodies to
potential donor RBCs (compatibility testing) or to screen-
ing cells (antibody screen) in serum

2. Determination of RBC phenotype using known antisera
(e.g., Kell typing, weak D testing)

3. Titration of incomplete antibodies

Table 5–6 lists the IATs and the in-vitro sensitization detec-
ted for each application.

For in-vitro antigen-antibody reactions, the IAT tasks are
listed and explained in Table 5–7.

The DAT does not require the incubation phase because of
the antigen-antibody complexes formed in vivo.

Factors Affecting the
Antiglobulin Test
The DAT can detect a level of 100 to 500 IgG molecules per
RBC and 400 to 1100 molecules of C3d per RBC.31
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Principle: Detects In-Vivo RBC Sensitization

Application In-Vivo Sensitization

HDN Maternal antibody coating fetal RBCs
HTR Recipient antibody coating donor RBCs
AIHA Autoantibody coating individual’s RBCs

TABLE 5–3 Direct Antiglobulin Test

Anti-IgG Anti-C3d Type of AIHA

� � WAIHA (67%)
� � WAIHA (20%)
� � CHD; PCH, WAIHA (13%)

Modified from Walker, RH (ed): Technical Manual, ed 10.

American Association of Blood Banks, Arlington, VA, 1990.

*The DAT with monospecific antiglobulin reagents is helpful in

classifying AIHAs. Other procedures and studies are necessary to

diagnose and characterize which form of autoimmune disease is

present.

WAIHA � warm autoimmune hemolytic anemia; CHD � cold hemag-

glutinin disease; PCH � paroxysmal cold hemoglobinuria

TABLE 5–4 DAT Panel: Patterns of Reactivity
in Autoimmune Hemolytic Anemia*
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Transfusion

Drug induced

Type (DAT Reactivity)

Autoimmune
hemolytic anemia

Hemolytic
disease of newborn

Miscellaneous

Modified from Walker, RH (ed): Technical Manual, ed 10. American Association of Blood Banks, Arlington, VA, 1990.

AIHA � autoimmune hemolytic anemia; CHD � cold hemagglutinin disease; PCH � paroxysmal cold hemoglobinuria.

TABLE 5–5 In-Vivo Phenomena Associated with a Positive DAT

1. Recipient alloantibody and donor anti-
gen

2. Donor antibody and recipient antigen

1. Drug adsorption

2. Immune complex adsorption mechanism

3. Membrane modification

4. Autoimmunity

1. WAIHA (IgG and/or C3)
2. CHD (C3)

3. PCH (IgG)

1. Maternal alloantibody crosses placenta
(IgG)

1. Administration of equine preparations of
antilymphocyte globulin and antithymo-
cyte globulin

2. Administration of high-dose IV gamma
globulin

Alloantibodies in the recipient of a recent transfusion
that react with antigen on donor RBC.

Antibodies present in donor plasma that react with
antigen on a transfusion recipient’s RBCs.

Penicillin adsorbed to RBCs in vivo. Antipenicillin reacts
with the penicillin bound to the RBCs. Penicillin-
coated RBCs become coated with IgG.

Drug and specific antibody form complexes that attach
nonspecifically to RBCs and initiate complement acti-
vation on the RBC surface.

RBCs coated with cephalothin (Keflin) adsorb albumin,
IgA, IgG, IgM, and � and � (i.e., complement) globu-
lins. The DAT is reactive with anti-IgG and anti-C3d.

Following �-methyldopa therapy, autoantibodies are
formed, which react with intrinsic RBC antigens. DAT
is reactive with anti-IgG.

Autoantibody reacts with patient’s RBCs in vivo.
Cold-reactive IgM autoagglutinin binds to RBCs in

peripheral circulation (32�C). IgM binds complement as
RBCs return to warmer parts of circulation; IgM disso-
ciates, leaving RBCs coated only with complement.

The IgG autoantibody reacts with RBCs in colder parts of
body, causes complement to be bound irreversibly to
RBCs, and then elutes at warmer temperature.

Maternal (IgG) alloantibody, specific for fetal antigen,
coats fetal RBCs. DAT is reactive with anti-IgG.

Heterophile antibodies that are present in ALG or ATG
coat recipient’s RBCs.

Non–antibody-mediated binding of immunoglobulin to
RBCs in patients with hypergammaglobulinemia

Principle: Detects In-Vitro Sensitization

Application Tests In-Vitro Sensitization

Antibody detection Compatibility testing Recipient antibody reacting with donor cells
Antibody screening Antibody reacting with screening cells

Antibody identification Antibody panel Antibody reacting with panel cells
Antibody titration Rh antibody titer Antibody and selected Rh cells
RBC phenotype RBC antigen detection (ex: weak D, K, Fy) Specific antisera � RBCs to detect antigen

TABLE 5–6 Indirect Antiglobulin Test

For the IAT there must be between 100 and 200 IgG or C3
molecules on the cell to obtain a positive reaction. The num-
ber of IgG molecules that sensitize an RBC and the rate at
which sensitization occurs can be influenced by several fac-
tors, outlined as follows:

Ratio of serum to cells. Increasing the ratio of serum
to cells increases the sensitivity of the test system. Generally,
a minimum ratio of 40:1 should be aimed for, and this can
be achieved by using 2 drops of serum and 1 drop of a 5 per-
cent volume of solute per volume of solution (v/v) suspension
of cells.35 When using cells suspended in saline, it is often
advantageous to increase the ratio of serum to cells in an
effort to detect weak antibodies (e.g., 4 drops of serum with

1 drop of a 3 percent [v/v] cell suspension will give a ratio
of 133:1).

Reaction medium. Albumin: The macromolecules of albu-
min allow antibody-coated cells to come into closer contact
with each other so that aggregation occurs. In 1965, Stroup
and MacIlroy37 reported on the increased sensitivity of the IAT
if albumin was incorporated into the reaction medium. Their
reaction mixture, consisting of 2 drops of serum, 2 drops of 22
percent (w/v) bovine albumin, and 1 drop of 3 to 5 percent
(v/v) cells, was shown to provide the same sensitivity at 30
minutes of incubation as a 60-minute saline test. The use of
albumin does not seem to provide any advantage over LISS
techniques and adds to the cost of the test.37 Petz and cowork-
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ers23 also showed that an albumin technique may miss a num-
ber of clinically significant antibodies.

LISS: These enhance antibody uptake and allow incuba-
tion times to be decreased. Some LISS also contain macro-
molecular substances. The LISS technique introduced by Low
and Messeter38 has critical requirements with respect to the
serum-to-cell ratio. Moore and Mollison39 showed that opti-
mum reaction conditions were obtained using 2 drops of
serum and 2 drops of a 3 percent (v/v) suspension of cells in
LISS. Increasing the serum-to-cell ratio increased the ionic
strength of the reaction mixture, leading to a decrease in sen-
sitivity, thus counteracting the shortened incubation time of
the test. A LISS medium may be achieved by either suspend-
ing RBCs in LISS or using a LISS additive reagent.

Polyethylene glycol (PEG): PEG is a water-soluble linear
polymer and is used as an additive to increase antibody
uptake. Its action is to remove water, thereby effectively con-
centrating antibody. Anti-IgG is the AHG reagent of choice
with PEG testing to avoid false-positive reactions.5 Because
PEG may cause aggregation of RBCs, reading for agglutina-
tion following 37�C incubation in the IAT is omitted. Several
investigators40 compared the performance of PEG as an
enhancement media with that of LISS. Findings indicated
that PEG increases the detection of clinically significant anti-
bodies while decreasing detection of clinically insignificant
antibodies. Barrett and associates41 reported that as PEG has
been used for pretransfusion antibody screening, 6353 RBC
components have been transfused without any reported acute
or delayed HTRs.

Temperature. The rate of reaction for the majority of IgG
antibodies is optimal at 37�C; therefore, this is the usual incu-
bation temperature for the IAT. This is also the optimum tem-
perature for complement activation.

Incubation time. For cells suspended in saline, incubation
times may vary between 30 and 120 minutes. The majority
of clinically significant antibodies can be detected after 30
minutes of incubation, and extended incubation times are
usually not necessary. If a LISS technique is being used,38,39

incubation times may be shortened to 10 to 15 minutes. With
these shortened times, it is essential that tubes be incubated
at a temperature of 37�C. Extended incubation (i.e., up to 40
minutes) in the LISS technique has been shown to cause anti-
body to elute from the RBCs, causing a decrease in the sensi-
tivity of the test.42 However, this could not be confirmed by
Voak and coworkers.43

Washing of RBCs. When both the DAT and IAT are per-
formed, RBCs must be saline-washed a minimum of three
times before the addition of AHG reagent. Washing the RBCs

removes free unbound serum globulins. Inadequate washing
may result in a false-negative reaction because of neutraliza-
tion of the AHG reagent by residual unbound serum globu-
lins.

Washing should be performed in as short a time as possi-
ble to minimize the elution of low-affinity antibodies. The cell
pellet should be completely resuspended before adding the
next saline wash. All saline should be discarded completely
after the final wash because residual saline dilutes the AHG
reagent and therefore decreases the sensitivity of the test.

Centrifugation at each wash should be sufficient to provide
a firm cell pellet and therefore minimize the possible loss of
cells with each discard of saline.

Saline for washing. Ideally, the saline used for washing
should be fresh or, alternatively, buffered to a pH of 7.2 to 7.4.
Saline stored for long periods in plastic containers has been
shown to decrease in pH, which may increase the rate of anti-
body elution during the washing process.44 Changes in pH
may have important implications when monoclonal AHG is
used, inasmuch as monoclonal antibodies have been shown to
have narrow pH ranges for optimum reactivity. Significant
levels of bacterial contamination in saline have been report-
ed45; this situation can contribute to false-positive results.

Addition of AHG. AHG should be added to the cells imme-
diately after washing to minimize the chance of antibody elut-
ing from the cell and subsequently neutralizing the AHG
reagent. The volume of AHG added should be as indicated by
the manufacturers. However, Voak and associates46 have
shown that adding two volumes of AHG may overcome wash-
ing problems when low levels of serum contamination
remain. These authors indicated that the neutralization of
AHG is a problem only with free IgG left in serum following
inadequate saline washings and not with residual serum com-
plement components. The complement fragments free in
serum are not the same as the complement fragments bound
to RBCs, and therefore residual serum does not contain C3b
and C3d to neutralize the anti-C3b and anti-C3d in AHG
reagent.

Centrifugation for reading. Centrifugation of the cell pel-
let for reading of hemagglutination along with the method
used for resuspending the cells is a crucial step in the tech-
nique. The CBER-recommended method for the evaluation of
AHG uses 1000 relative centrifugal forces (RCFs) for 20 sec-
onds, although the technique described in this chapter sug-
gests 500 RCFs for 15 to 20 seconds. The use of higher RCFs
yields more sensitive results; however, depending on how the
pellet is resuspended, it may give weak false-positive results
because of inadequate resuspension or alternatively may give
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Task Purpose

Incubate RBCs with antisera

Perform a minimum of three saline washes
Add antiglobulin reagent
Centrifuge
Examine for agglutination
Grade agglutination reactions
Add antibody-coated RBCs to negative reactions

TABLE 5–7 Tasks and Purposes of the Indirect Antigloblin Test

Allows time for antibody molecule
Attachment to RBC antigen
Removes free globulin molecules
Forms RBC agglutinates (RBC Ag � Ab � anti-IgG)
Accelerates agglutination by bringing cells closer together
Interprets test as positive or negative
Determines the strength of reaction
Checks for neutralization of antisera by free globulin molecules

(Coombs’ control cells are D-positive RBCs coated with anti-D)
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a negative result if resuspension is too vigorous. The opti-
mum centrifugation conditions should be determined for
each centrifuge.

Sources of Error
Some of the more common sources of error associated with
the performance of the AHG test have been outlined in the
previous section. Box 5–1 lists reasons for false-negative and
false-positive AHG reactions. An anticoagulant such as EDTA
should be used to collect blood samples for the DAT in order
to avoid the in-vitro complement attachment associated with
refrigerated clotted specimens.

All negative antiglobulin test reactions must be checked by
the addition of IgG-sensitized cells. Adding IgG-coated RBCs
to negative test reactions should demonstrate hemagglutina-
tion of these RBCs with the anti-IgG in the AHG reagent. If
no hemagglutination follows the addition of IgG-coated
RBCs, the test result is invalid and the test must be repeated.
The most common technical errors that result in failure to
demonstrate hemagglutination after the addition of IgG
-coated RBCs are inadequate washing, nonreactive AHG
reagent, and failure to add AHG reagent. While most blood
banks do not check monospecific anti-C3d reactivity with the
addition of C3d-coated RBCs to negative reactions, these cells
are available and may be produced in-house.47

Modified and Automated Antiglobulin
Test Techniques
Modifications to the antiglobulin test technique (LISS, PEG,
and albumin) have been mentioned; however, some other
modifications may be used in special circumstances.

Low Ionic Polybrene Technique

In 1980, Lalezari and Jiang48 reported on the adaptation of the
automated low ionic polybrene (LIP) technique for use as a
manual procedure. The technique relies on low ionic condi-
tions to rapidly sensitize cells with antibody. Polybrene, a
potent rouleaux-forming reagent, is added to allow the sensi-
tized cells to approach each other to permit cross-linking by
the attached antibody. A high ionic strength solution is then
added to reverse the rouleaux; however, if agglutination is
present, it will remain. The test can be carried through to an
AHG technique if required. If this is performed, a monospe-
cific anti-IgG reagent must be used because the low ionic con-
ditions cause considerable amounts of C4 and C3 to coat the
cells and would give false-positive reactions if a polyspecific
reagent were used.

The antiglobulin test has also been performed using
microplates. Crawford and colleagues49 used microplates for a
number of different grouping procedures, including the IAT.
Microplate technology is used increasingly in blood group
serology, and many techniques are being adapted for it.
Redman and associates50 have adapted the LIP technique for
use in microplates. Although their report does not include the
use of an AHG phase, this additional step could easily be
included.

Enzyme-Linked Antiglobulin Test

In the enzyme-linked antiglobulin test (ELAT), an RBC sus-
pension is added to a microtiter well and washed with saline.
AHG, which has been labeled with an enzyme, is added. The
enzyme-labeled AHG will bind to IgG-sensitized RBCs. Excess
antibody is removed, and enzyme substrate is added. The
amount of color produced is measured spectrophotometrical-
ly and is proportional to the amount of antibody present. The
optical density is usually measured at 405 nm. The number of
IgG molecules per RBC can also be determined from this pro-
cedure.

Solid Phase

Solid-phase technology may be used for the performance of
antiglobulin tests. Several different techniques have been
reported using either test tubes51 or microplates.52,53 With the
availability of microplate readers, this modification lends
itself to the introduction of semiautomation. Direct and indi-
rect tests can be performed using solid-phase methodology. In
the former, antibody is attached to a microplate well, and
RBCs are added. If antibody is specific for antigen on RBCs,
the bottom of the well will be covered with suspension; if no
such specificity occurs, RBCs will settle to the bottom of the
well. In the latter, known RBCs are bound to a well that has
been treated with glutaraldehyde or poly L-lysine. Test serum
is added to RBC-coated wells, and if antibody in serum is spe-
cific for antigen on fixed RBCs, a positive reaction occurs as
described above.
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BOX 5–1

Sources of Error in the Antihuman

Globulin Technique

False-Positive Results

� Improper specimen (refrigerated, clotted) may cause in-vitro
complement attachment

� Autoagglutinable cells
� Bacterial contamination of cells or saline used in washing
� Cells with a positive direct AHG test used for the IAT
� Saline contaminated by heavy metals or colloidal silica
� Dirty glassware
� Overcentrifugation and overreading
� Polyagglutinable cells
� Preservative-dependent antibody in LISS reagents (IAT)
� Contaminating antibodies in the AHG reagent
� Centrifugation of test with polyethylene glycol prior to wash-

ing

False-Negative Results

� Inadequate or improper washing of cells
� AHG reagent nonreactive because of deterioration or neutral-

ization
� AHG reagent not added
� Serum not added in the indirect test
� Serum nonreactive because of deterioration of complement
� Inadequate incubation conditions in the IAT
� Cell suspension either too weak or too heavy
� Undercentrifuged or overcentrifuged
� Poor reading technique
� Low pH of saline

Rosenfield, RE, et al: Solid phase serology for the study of human erythrocytic
antigen-antibody reactions. Proc Fifteenth Congr Int Soc Blood Trans, Paris,
1976, p 27.
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Immucor Incorporated manufactures a solid-phase system
for the detection and identification of alloantibodies. Group O
reagent RBC membranes are bound to the surfaces of poly-
styrene microtitration strip wells. IgG antibodies from patient
or donor sera are bound to the membrane antigens. After
incubation, unbound immunoglobulins are rinsed from the
wells; then a suspension of anti-IgG–coated indicator RBCs is
added to the wells. Centrifugation brings the indicator RBCs
in contact with antibodies bound to the reagent RBC mem-
branes. If the test result is negative, a pellet of indicator RBCs
forms in the bottom of the wells. A positive test causes adher-
ence of the indicator RBCs, forming anti–IgG-IgG complexes
and a second immobilized RBC layer.

The Gel Test

The gel test is a process to detect RBC antigen-antibody reac-
tions by means of using a chamber filled with polyacrylamide
gel. The gel acts as a trap; free unagglutinated RBCs form pel-
lets in the bottom of the tube, whereas agglutinated RBCs are
trapped in the tube for hours. Therefore, negative reactions
appear as pellets in the bottom of the microtube, and positive
reactions are fixed in the gel.

There are three different types of gel tests: neutral, specif-
ic, and antiglobulin. A neutral gel does not contain any spe-
cific reagent and acts only by its property of trapping
agglutinates. The main applications of neutral gel tests are
antibody screening and identification with enzyme-treated or
untreated RBCs and reverse ABO typing. Specific gel tests use
a specific reagent incorporated into the gel and are useful for
antigen determination. The low ionic antiglobulin test
(GLIAT) is a valuable application of the gel test and may be
used for the IAT or the DAT. AHG reagent is incorporated into
the gel. For example, in an IAT gel, 50 �L of a 0.8 percent RBC
suspension is pipetted onto a gel containing AHG, serum is
added, and the tube is centrifuged after a period of incubation.
At the beginning of centrifugation, the RBCs tend to pass
through the gel, but the medium in which they are suspend-
ed remains above. This results in separation between the
RBCs and the medium without a washing phase. RBCs come
in contact with AHG in the upper part of the gel, and the pos-
itive and negative reactions are separated. The detection of
unexpected antibodies by GLIAT compares favorably with con-
ventional AHG methods and provides a safe, reliable, and
easy-to-read AHG test.54

For the DAT, 50 �L of a 0.8 percent RBC suspension in
LISS solution (ID-Diluent 2) is added to the top of each
microtube of the LISS/Coombs ID cards. The cards are cen-
trifuged at 910 rpm for 10 minutes.55 In the case of a positive
reaction, monospecific reagents (anti-IgG, anti-C3d) can be
used in the gel test.

Traditional Tube Technique Versus the Gel
Test in the DAT

There have been numerous studies comparing the tube and
gel test when performing DATs. The main difference in the
two techniques is that the former requires washing, and the
latter omits a washing stage, resulting in discrepant results
between the two methods. Chuansumrit et al56 compared the
conventional tube technique with the gel test in evaluating
ABO HDN. Sixty infants with hyperbilirubinemia were tested:
22 cases were ABO-incompatible (A or B infants born to group

O mothers), and 38 were ABO-compatible with the mother.
Whereas the positive rates of the DAT in the incompatible
group were comparable, 54.5 percent (tube) and 50 percent
gel test; the second group showed a positive DAT rate of 2.6
percent (tube) and 10.5 percent (gel). The infants were shown
to have hyperbilirubinemia, and the antibody coating the cells
was found to be IgG only, using monospecific reagents. The
authors concluded the DAT via the gel test is beneficial in
detecting ABO HDN.

Lai et al57 described a case of AIHA with a negative DAT
using the traditional tube test and a positive result using the
gel test. The study found a warm low affinity antibody in the
patient’s serum, by means of the gel test, that was lost in the
tube technique through washing when performing the DAT.
The authors concluded that because the gel test does not
include washing steps, the elution of low-affinity autoanti-
body may be avoided but the eluate may yield a negative
result. Additionally, the gel test, because of its no-wash
nature, might be warranted in the case of a suspected AIHA.
Mitek et al58 compared the gel test to the tube and ELAT tech-
niques. They found the gel test to be more sensitive in the
case of hypergammagloblinemic patients, yielding positive
results due to IgG in the gel test and negative results in the
tube and ELAT. Blood banks should be aware of the differences
in the DAT when using the very popular gel test over and tube
technique. Additional comparative studies will add to the cur-
rent body of knowledge.

The changes in blood bank technology, along with the
changes in emphasis on the importance of crossmatching
versus antibody screening, will probably further modify the
role of the antiglobulin test over the coming years. At present,
however, it still remains the most important test in the blood
bank for the detection of clinically significant antibodies to
RBCs and for the detection of immune hemolysis.

CASE STUDIES

Case One

A 32-year old white female gave birth to a 5 lb 3 oz healthy
male.The mother was an RhIg candidate in that she typed as O,
D-negative. A cord blood was sent down to the blood bank for
ABO, Rh, and DAT.The baby forward-typed as A negative, weak
D-positive.The DAT was also positive with polyspecific AHG and
monospecific anti-IgG.The technologist realized the test for weak
D could not be reported in the presence of a positive DAT and
reported the type as A unknown.

Q uestions
1. What further testing is indicated?
2. Why is a weak test for the D antigen not performed in the

presence of a positive DAT?

Case Two

A 54-year old white male is admitted for an exploratory
laparotomy. A type and antibody screen is ordered prior to his
scheduled surgery. ABO and Rh typing reveal the patient is O-
positive, and the blood bank technologist performed an antibody
screen using the patient serum and a 3-screening cell kit.
Reactions were all negative at 37º and AHG. One drop of
Coombs’ check cells was added to each tube, and the results were
nonreactive.
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Q uestions
1. What is the correct course of action in this case?
2. Give reasons why the addition of Coombs’ check cells

resulted in nonreactivity.
3. What do Coombs’ control cells consist of?

c. Anti-IgG and anti-C3d

d. Anti-C3d

3. Monoclonal anti-C3d is:

a. Derived from one clone of plasma cells

b. Derived from multiple clones of plasma cells

c. Derived from immunization of rabbits

d. Reactive with C3b and C3d

4. Which of the following is a clinically significant anti-
body whose detection may be dependent on anticomple-
ment activity in polyspecific AHG?

a. Anti-Jka

b. Anti-Lea

c. Anti-P
1

d. Anti-H

5. After the addition of IgG-coated RBCs to a negative AHG
reaction during an antibody screen, a negative result is
observed. Which of the following is a correct interpreta-
tion?

a. The antibody screen is negative

b. The antibody screen needs to be repeated

c. The saline washings were adequate

d. Reactive AHG reagent was added

6. RBCs must be washed in saline at least three times
before the addition of AHG reagent to:

a. Wash away any hemolyzed cells

b. Remove traces of free serum globulins

c. Neutralize any excess AHG reagent

d. Increase the antibody binding to antigen

7. An in-vitro phenomenon associated with a positive
IAT is:

a. Maternal antibody coating fetal RBCs

b. Patient antibody coating patient RBCs

c. Recipient antibody coating transfused donor RBCs

d. Identification of alloantibody specificity using panel of

reagent RBCs

8. False-positive DAT results are most often associated
with:

a. Use of refrigerated, clotted blood sample in which com-

plement components coat RBCs in vitro

b. A recipient of a recent transfusion manifesting an

immune response to recently transfused RBCs

c. Presence of heterophile antibodies from administration

of globulin

d. A positive autocontrol caused by polyagglutination

9. Polyethylene glycol enhances antigen-antibody reactions
by:

a. Decreasing zeta potential

b. Concentrating antibody by removal of water

c. Increasing antibody affinity for antigen

d. Increasing antibody specificity for antigen

10. Solid-phase antibody screening is based on:

a. Adherence

b. Agglutination

c. Hemolysis

d. Precipitation
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Important Points to Remember (MT/MLT)
➤ The antiglobulin test is used to detect RBCs sensitized

by IgG alloantibodies, IgG autoantibodies, and/or com-
plement components.

➤ AHG reagents containing anti-IgG are needed for the
detection of IgG antibodies because the IgG monomer-
ic structure is too small to directly agglutinate sensi-
tized RBCs.

➤ Polyspecific AHG sera contain antibodies to human IgG
and the C3d component of human complement.

➤ Monospecific AHG sera contain only one antibody
specificity: either anti-IgG or antibody to anti–C3b-C3d.

➤ Classic AHG sera (polyclonal) are prepared by injecting
human globulins into rabbits, and an immune stimulus
triggers production of antibody to human serum.

➤ Hybridoma technology is used to produce monoclonal
antiglobulin serum.

➤ The DAT detects in-vivo sensitization of RBCs with IgG
and/or complement components. Clinical conditions
that can result in a positive DAT include HDN, HTR,
and AIHA.

➤ The IAT detects in-vitro sensitization of RBCs and can
be applied to compatibility testing, antibody screen,
antibody identification, RBC phenotyping, and titration
studies.

➤ A positive DAT is followed by a DAT panel using mono-
specific anti-IgG and anti-C3d to determine the specific
type of protein sensitizing the RBC.

➤ EDTA should be used to collect blood samples for the
DAT to avoid in-vitro complement attachment associat-
ed with refrigerated clotted specimens.

S U M M A R Y C H A R T :

REVIEW QUESTIONS

1. A principle of the antiglobulin test is:

a. IgG and C3d are required for RBC sensitization

b. Human globulin is eluted from RBCs during saline

washings

c. Injection of human globulin into an animal engenders

passive immunity

d. AHG reacts with human globulin molecules bound to

RBCs or free in serum

2. Polyspecific AHG reagent contains:

a. Anti-IgG

b. Anti-IgG and anti-IgM
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11. A positive DAT may be found in which of the following
situations?

a. A weak D-positive patient

b. A patient with anti-K

c. HDN

d. An incompatible crossmatch

12. What do Coombs’ control cells consist of?

a. Type A-positive cells coated with anti-D

b. Type A-negative cells coated with anti-D

c. Type O-positive cells coated with anti-D

d. Type O-negative cells coated with anti-D
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P R O C E D U R A L A P P E N D I X

Manual Antiglobulin

Test Techniques

I. DAT

A. Procedure

1. Label two 10 or 12 � 75 mm glass test tubes. Test and con-
trol, respectively, and add 1 drop of a 3% v/v suspension of
test cells to each.

2. Wash the cells a minimum of three times with saline, and
ensure that all saline is completely decanted after the last
wash.

3. To the tube labeled “test,” add 1 to 2 drops of AHG as rec-
ommended by the manufacturer and mix.

4. To the control tube add 1 to 2 drops of 3% w/v bovine
albumin in saline and mix.

5. Centrifuge both tubes at 500 RCF for 15 to 20 seconds.
6. Following centrifugation, completely resuspend the cell

pellet by gently tipping and rolling the tube. Read and
score agglutination macroscopically with the aid of a
background light source and low-power magnification.

7. Incubate the tubes for another 5 minutes at room temper-
ature and repeat steps 5 and 6. Most manufacturers rec-
ommend this additional step because it has been shown
that some negative or even weak reactions may increase in
strength. These reactions have been attributed to the pres-
ence of C3d and, to a lesser extent, IgA on the cell surface.
Conversely, the reaction with some cells may weaken after
the extra incubation; this has been attributed to either
detachment of IgG antibody or prozoning when excess
anti-IgG has been added.

B. Controls

To all negative tubes add 1 drop of control cells weakly sensi-
tized with IgG, mix the cells, and repeat Steps 5 and 6. A
mixed-field weakly positive reaction should now be obtained,
indicating that the AHG had been added to the tube and that
it was still reactive. All negative results could therefore be
considered valid. If a negative result was obtained after addi-
tion of the control cells, it would indicate that the AHG had
not been added or that, if added, it was nonreactive. This
could occur if:

1. The reagent had deteriorated in storage.
2. The reagent had been contaminated by serum and the

antibody activity neutralized.

3. The cells had been insufficiently washed and residual
serum or plasma had neutralized the AHG reagent when
added to the tube.

Control cells weakly sensitized with complement should be
used with monospecific anti-C3d reagent to validate negative
results.

The control tube containing cells and 3% w/v bovine albu-
min should give a negative result. If the result is positive, it
indicates that the cells are autoagglutinable and that the test
cannot be properly interpreted.

For reasons previously outlined, the cells used for DATs
should be collected into either EDTA or citrates containing
anticoagulant to minimize the possibility of the in-vitro
attachment of complement components.

II. IAT

A. Procedure

1. Into a labeled glass 10 or 12 � 75 mm test tube, place 2 to
4 drops of test serum and 1 drop of a washed 3% v/v sus-
pension of RBCs.

2. Mix the cell suspension, and incubate for 30 minutes in a
37�C water bath.

3. Centrifuge the tube at 500 RCF for 15 to 20 seconds.
4. After centrifugation, completely resuspend the cell pellet

by gently tapping and rolling the tube. Read and score
agglutination macroscopically with the aid of a back-
ground light source and low-power magnification.

5. Wash the cells at least three times with saline, and ensure
that all saline is completely decanted following the final
wash.

6. Add 1 to 3 drops of AHG as recommended by the manufac-
turer and mix.

7. Repeat Steps 3 and 4.

B. Controls

To all negative tubes, add 1 drop of control cells weakly sensi-
tized with IgG, mix the cells, and repeat Steps 3 and 4.
Negative results can be considered valid if a weakly positive
mixed-field reaction is obtained after addition of the control
cells. If this reaction is not obtained, the test should be
repeated.

When phenotyping RBCs using an AHG-reactive typing
serum, it is important to follow the antisera manufacturer’s
recommendations for the use of the reagent.
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