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1 | INTRODUCTION

| Huayu Zhang®? | Limei Qu® | Zhen Zhao'* | Lingbo Li'*

Abstract

Anti-human globulin (AHG) reagents are widely applied in pretransfusion compatibil-
ity tests. The accuracy of detection with AHG reagents is mainly affected by irregu-
lar antibodies or cold agglutinins in blood samples, which are related to the human
complement system. Although much has been written about various types and ap-
plications of AHG reagents, their characteristics, interference factors and optimal se-
lection in pretransfusion compatibility tests still need to be further clarified. Here, we
review clinical practice and basic studies that describe each AHG reagent, summarize
the advantages and disadvantages of using different AHG reagents in the presence of
cold agglutinins or complement-fixing antibodies, explore the potential mechanisms
by which the complement system influences detection with AHG reagents and ad-
dress the question of how to optimally select AHG reagents for clinically significant

antibody detection.
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and hemolytic transfusion reactions (HTRs).1 Coombs, Mourant

The antiglobulin test, also known as a Coombs test, has high diag-
nostic value in transfusion medicine. This test is mainly used to de-
tect free and sensitized blood group antibodies and to investigate

the causes of hemolytic disease of the fetus and newborn (HDFN)

and Race first successfully detected red blood cell (RBC) antibodies
in the maternal serum of patients with HDFN using an antiglobu-
lin test.? The test that detects maternal serum antibodies is called
an indirect antiglobulin test (IAT). The IAT is primarily applied as a

pretransfusion compatibility test, including antibody screening and
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identification, crossmatching and RBC phenotyping, in the field of
transfusion medicine.>* In this review, pretransfusion compatibility
test primarily refers to antibody screening and identification and
crossmatching using an IAT.

The Standard Terminology for Blood Transfusion Medicine (WS/T
203-2001) promulgated in China in 2001 defines compatibility test
as a detection procedure to determine whether the blood of a donor/
recipient has antibodies against blood group antigens in the poten-
tial recipient/donor, in other words, to detect the presence of clin-
ically significant irregular IgG antibodies in recipient blood that will
react with the donor RBCs or screening cells. In general, people with
these antibodies have a history of blood transfusion (including blood
components), pregnancy (including miscarriage) or transfusion of
blood products.’ The aim of a pretransfusion compatibility test is to
prevent the production of these clinically significant antibodies and
to ensure a safe and effective blood transfusion by selecting blood
components compatible with a recipient's blood type and maintain-
ing the functional activity of transfused blood components.®”

Complement is an important blood component that affects de-
tection in pretransfusion compatibility tests. The content of the
complement system is relatively stable in the serum of healthy peo-
ple and is irrelevant to the immunostimulatory effects of foreign
antigens. Complement activation can play an important role in cell
lysis in vivo. Changes in complement content and activity can occur
in some diseases,® the detection of which shows important clinical
value for assessment of immune status and diagnosis and treatment
of disease. However, complement detection is not included in the
pretransfusion compatibility test, except that sensitization type and
complement content must be detected in autoimmune diseases,
complement-related hereditary disease and disease characterized
by a marked decrease in complement level.2 Thus, it is often neces-
sary to optimize the selection of anti-human globulin (AHG) reagents
during the pretransfusion compatibility test procedure to avoid in-
terference by complement.

This review systematically summarizes the type and character-
istics of AHG reagents, discusses the influence of the complement
system and its potential mechanisms in the detection of irregular an-
tibodies by AHG reagents, and explores optimized selection of AHG
reagents in the IAT according to the aims of the compatibility test.
Full understanding of these issues may guide accurate and effective
use of AHG reagents in clinical practice.

2 | AHG REAGENTS

There are two types of AHG reagents, polyspecific and monospecific
reagents. Polyspecific reagents mainly include anti-immunoglobulin
G (anti-1gG) and anti-complement components; monospecific rea-
gents contain only one component, such as anti-lgG or anti-C3d an-
tibody.” Among them, IgG antibodies are the most meaningful index
in the pretransfusion compatibility test, while application of poly-
specific AHG reagents with anti-complement components has raised
many problems in transfusion-associated 1ATs.>%'! The American

Association of Blood Banks (AABB) describes the AHG reagents for
detecting RBC antibodies as follows: Although the use of polyspe-
cific AHG reagents is advantageous for detection of some Kidd an-
tibodies, the application of anti-IgG reagents can avoid unexpected
reactions caused by complement binding to cold-reactive antibodies
in vitro.> A number of studies have shown that when polyspecific
AHG reagents are used in an IAT for pretransfusion compatibility
testing, anti-complement components can easily lead to clinically

),10’12'14 and clini-

insignificant positive reactions (false agglutination
cally significant antibodies that can be detected only by binding
to complement are rare.!! These findings suggest that researchers
should carefully weigh the pros and cons of using AHG reagents with

anti-complement components.

3 | INFLUENCE OF IRREGULAR
ANTIBODIES IN THE USE OF AHG
REAGENTS AND THEIR MECHANISMS

Clinically significant antibodies mainly refer to irregular alloanti-
bodies that react at 37°C and cause HDFN and HTRs or reduce
the survival of transfused RBCs.>® Clinically insignificant anti-
bodies refer to irregular antibodies that are mostly nonreactive at
37°C. Most cold agglutinins are clinically insignificant antibodies.
However, some high-titer cold agglutinins acquire weak reactivity
at 22°C or even at 37°C in certain diseases. They agglutinate with
RBCs and then bind to complement, resulting in hemolysis, which
cannot be ignored as an interference factor in blood transfusion.¢
Therefore, interference of cold agglutinins should be minimized in
serological tests before blood transfusion. The Technical Manual
(19th edition) of the AABB® recommends detection of clinically
significant antibodies as quickly as possible and avoidance of de-
tection of clinically insignificant antibodies. A recent study showed
that out of 6 million subjects, approximately 14,000 contained un-
expected antibodies (irregular antibodies) in China from 1963 to
2014.Y7 Most were clinically significant antibodies and could cause
HDFN and HTRs, while some were clinically insignificant immuno-
globulin M (IgM) that were inactive at 37°C, such as anti-IH, anti-P
and anti-l antibodies.'® IgM antibodies are the agglutinins most
effective at activating complement because a single IgM pentamer
contains enough sites to bind to both a cell surface antigen and
complement Clq, while only two individual IgG antibodies suffi-
ciently close to each other on the cell surface can bind to both
an antigen and a C1g molecule; otherwise, complement cannot be
activated.!* Most IgM cold agglutinins agglutinate RBCs and cause
complement sensitization at low temperatures.9 These IgMs can
detach from RBCs at high temperatures or by repeated washing,
while the complement still adheres to the RBCs. Thus, the use of
polyspecific AHG reagents in serological tests will result in a posi-
tive reaction through anti-C3d component binding to complement
on RBCs but cannot cause RBC destruction and hemolysis. If mon-
ospecific anti-lgG AHG reagents are used instead of polyspecific
AHG reagents, occurrence of false positives will be avoided.*? In
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2001, Shulman et al. reported that monospecific anti-IgG reagents
were applied in approximately 70% of laboratories in the United
States in 1998, which was increased by approximately 19% com-
pared with 1995.18

Certain irregular antibodies, named complement-fixing anti-
bodies, can only be detected in the presence of polyspecific AHG
reagent and activated complement. This type of antibody includes
anti-Jk? and anti-Jk® antibodies of the Kidd system,® IgM-type anti-
Le* antibodies of the Lewis system19 and a few anti—Fyb antibodies
of the Duffy system®. However, these antibodies are rarely clinically
significant.

The Kidd blood group system antibodies are rare alloantibod-
ies, usually of the IgG class, occasionally IgG and IgM mixtures and
rarely of the 1gM class, and mainly include anti-Jk? and anti-Jk® an-
tibodies. They are often found in antibody mixtures, reflecting the
low immunogenicity of Kidd system antigen.19 Kidd antibodies are
often difficult to detect. The weak antibodies can be detected by
using protease-treated RBCs; certain antibodies, known as elusive
antibodies, can directly agglutinate antigen-positive RBCs with weak
agglutination intensity.?’ The missed detection of Kidd antibodies
caused by rapidly decreasing activity to an undetectable level in
plasma can lead to delayed HTRs,"? suggesting the importance of
detecting weak Kidd antibodies. A study on detection methods for
Kidd system antibodies showed that the Coombs test has advan-
tages in sensitivity, detection rate and a significant dose effect com-
pared to other methods.?! Therefore, Kidd antibodies are usually
detected using a Coombs test. Among them, only Kidd antibodies
containing 1gM but not pure 1gG can bind to complement (approx-
imately 40%-50% of Kidd antibodies).”? IgG class Kidd antibodies
are detected using monospecific IgG reagent, while IgM class Kidd
antibodies can only be detected using polyspecific AHG reagents or
anti-complement reagents.'? The activity of complement affects the
detection rate of IgM antibodies. In general, only IgM antibodies in
fresh, complement-containing serum but not in preserved serum can
be detected by corresponding antigens due to the reduction in com-
plement activity in long-preserved serum samples, which obviously
decreases the antibody detection rate.}’ One study reported that
addition of 0.1 mol/L K,EDTA (eg, per 5 mL serum supplemented
with 7 uL EDTA solution) to a serum sample contributed to com-
plete inactivation of complement, which ultimately resulted in a
significantly lower rate of IgM detection.®> Furthermore, antibody
complement-binding ability also affects the IgM detection rate,
which generally requires the presence of Ca* and/or Mg?*. Thus,
the use of most anticoagulants that are chelated with Ca®* and Mg?*
is the major cause of failure to detect the antibodies in anticoagulant
samples in a number of medical facilities. However, Kidd antibodies
are rarely detected in a complement-dependent manner. One study
carried out a qualitative detection of 43 cases of Kidd antibodies,
including complement binding in only 12 cases (27.9%), and IgM-
containing anti-Jk? antibodies could not be found to bind to com-
plement in further tests, suggesting that excessive dependence on
polyspecific AHG reagents in the previous detection methods and

strategies for Kidd antibodies should be urgently renegotiated.?°

Wi LEYJﬂ

Natural IgM antibodies are the most common type of anti-Le?
antibody. In clinical practice, it is rare to observe HTRs caused by
antibodies of the Lewis system. The major reason is that most Lewis
system antibodies are clinically insignificant and have no activity at
37°C. Furthermore, the soluble RBC antigens of the Lewis system
in donor plasma decrease in quantity through neutralization of the
Lewis system RBC antibodies of the recipient, and the Le® antigens
on the surface of transfused RBCs will diffuse into the recipient
plasma, resulting in decreased antigenicity.5 A study of European
populations suggested19 that Lewis system antibodies that were ac-
tive during in vitro tests below 37°C could not excessively destroy
their antigen-specific RBCs transfused in vivo, and thus, patients
with Lewis system antibodies could be transfused with crossmatch-
compatible blood at 37°C. However, some data have shown that
Lewis antibody titers may be much higher in Southeast Asian pop-
ulations than in Europeans and that these antibodies can bind to
complement to induce hemolysis in vivo.* Although Lewis system
antibodies rarely induce HTRs, whether missed detection of anti-
bodies that are inactive at 37°C in pretransfusion tests leads to a
risk of HTR occurrence in the Chinese population remains unclear.
Notably, specific binding of some IgM-type Lewis antibodies to RBCs
can activate complement, forming a complement coating rather than
immunoglobulin coating on the surface of RBCs in vitro.> Therefore,
the use of polyspecific AHG reagents with complement components
in compatibility tests tends to produce clinically insignificant agglu-
tination, which interferes with the interpretation of test results. In
China, a microcolumn agglutination card has been commonly used
for antibody screening and crossmatching. This method avoids the
problem of IgM antibody shedding from RBCs after the washing pro-
cedure and can also detect the reactive Lewis system antibodies at
37°C. However, since Lewis system antibodies show better reaction
conditions at room temperature or 4°C, a low-temperature incuba-
tion technique can also be used as needed in antibody screening and
identification procedures.*

The anti-Fyb antibody of the Duffy system is a relatively rare
antibody in the clinic, usually of the IgG1 class, and can easily be
detected with a Coombs test. Complement-fixing anti-Fy® antibody
is even rarer. Anti-Fy® antibodies are only found in the serum of pa-
tients with the Fy(b-) phenotype and occasionally cause mild hemo-
lytic disease in newborns. In China, anti-Fy® antibody is commonly
found in serum mixed with other RBC alloantibodies,?? inducing
weaker immune responses compared to anti-Fy? antibody and rarely
causing rapid HTRs.® A recent report stated that no anti-Fy® anti-
bodies were present among the irregular antibodies that were found
to induce HDFN and HTRs in China during the last 50 years.17

4 | INFLUENCE OF COMPLEMENT
ADHERING TO RBCS IN THE USE OF AHG
REAGENTS AND THEIR MECHANISMS

Under in vivo and in vitro experimental conditions, complement

adheres to the RBC membrane through one or two of the following
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mechanisms: first, antibodies specifically bind to the RBC mem-
brane to form antigen-antibody complexes that further activate
complement to adhere to the RBC membrane; second, immune
complexes nonspecific to RBC antigen are present in the plasma
and activate complement components nonspecifically adhering to
the RBC membrane. After dissociation of the immune complex,
only the activated complement is still attached to the RBC mem-
brane. The mechanism of complement attachment to the RBC
membrane not involving specific antigen-antibody reactions is re-
ferred to as innocent bystander or complement coating.® Based on
the two mechanisms described above, continuous activation from
complement C1 to C9 will trigger RBC destruction and hemolysis;
however, hemolysis will not occur if complement activation only
proceeds to C3 and/or C4. The reason is that C3 adhered to the
RBC membrane is not bioactive C3b but inactive C3d, which only
binds firmly to C3 and C4 receptors on RBCs. This effect is mainly
found in low affinity antibodies,?® cold antibodies,?* autoantibod-
ies?® or drug-dependent antibodies?® tending to detach from the
RBC membrane after reacting with RBCs, leaving only comple-
ment components firmly bound to the RBC membrane. In these
cases, a pretransfusion compatibility test using polyspecific AHG
reagents can often exhibit positive results for RBC agglutination,
while the use of monospecific reagents effectively avoids detec-

tion of the clinically insignificant positive results.?”28

5 | SELECTION OF AHG REAGENTS
ACCORDING TO TEST PURPOSES

The aim of antibody screening is to detect the reactive antibodies
at 37°C by reacting serum samples from a recipient with reagent
RBCs of known blood groups. Once the antibodies are detected,
their specificity should be determined with an antibody identifica-
tion test.* Both serum and plasma samples can be used for antibody
screening and identification, but if the detection target is an anti-
body that needs to be confirmed by activating complement, such
as Kidd system antibodies, serum samples and polyspecific anti-
complement reagents are recommended.” In the test for irregular
antibody screening and identification, some IgMs that are reactive
at room temperature (such as anti-Le?, anti-Le®, anti-l and anti-IH
antibodies) are considered clinically insignificant and negligible anti-
bodies, and thus, there is no need to provide corresponding antigen-
negative donor RBCs to recipients during blood transfusion.® To
avoid the insignificant positive results caused by the above anti-
bodies, monospecific anti-lgG reagents should be used for irregular
antibody screening and identification. In addition, for detection of
immune antibodies in patients with cold autoimmune hemolytic ane-
mia or cold agglutinin disease, the screening cells and patient plasma
are normally incubated at 37°C before the IAT to exclude the screen-
ing cells coated with complement components (mostly C3d) that are
activated by cold IgMs. Using monospecific anti-lgG reagent instead
of multispecific AHG reagents is also helpful.3 However, to ensure
that antibody screening does not miss detection and can exclude

interference factors other than immune antibodies, it has been sug-
gested that different types of AHG reagents can be used for simul-
taneous detection.’*?” If the use of polyspecific AHG reagents and
monospecific anti-IgG reagents exhibits positive results and nega-
tive results, respectively, the serum samples should be incubated at
56°C for 30 minutes to inactivate complement before irregular anti-
body screening and identification. If agglutination or HTR in serum
samples is not be observed in polybrene, polyspecific AHG reagent
or anti-C3d medium, this finding can indicate that there are no clini-
cally significant alloantibodies in the serum of the patient.27

The main purpose of crossmatching is to test whether there are
specific antigen-antibody reactions between donor and recipient
blood. In addition to crossmatching in saline medium, a crossmatch-
ing test should also be conducted to detect IgG-type alloantibodies
in AHG medium, which could adopt the same procedure as antibody
screening and identification.* However, patients with certain dis-
eases, such as mycoplasmal pneumonia, infectious mononucleosis,
malignant lymphoma, viral infection and autoimmune diseases, easily
produce high titers of cold agglutinin.?’=3! These cold agglutinins in
the serum of the abovementioned patients can cause RBC agglutina-
tion and bind to complement, resulting in hemolysis at low tempera-
tures; when the ambient temperature rises, the antibodies detach
from RBCs while complement remains on the surface of RBCs, which
results in false-positive reactions in crossmatching.!*#32%3 Because
of the complement C3d coating on patient RBCs, which often leads
to strong positive results in direct AHG tests, RBCs should be
washed with saline at 37°C to remove IgM-type cold agglutinins.
The interference of complement in the crossmatching test can also
be avoided by using monospecific anti-lgG reagent. To detect the
presence of IgG alloantibodies, the crossmatching temperature
should be strictly controlled at 37°C to eliminate the interference
of cold agglutinins. When using an AHG test for crossmatching, the
recipient's serum and donor's RBCs should be mixed well and incu-
bated at 37°C for 30 minutes before detection. When the sample is
serum rather than plasma, the use of monospecific anti-1gG reagents
is preferable to polyspecific AHG reagents.'*

6 | CONCLUSION AND PERSPECTIVE

In the IAT method used in pretransfusion compatibility tests, the se-
lection of AHG reagents is related to the purpose of the blood trans-
fusion test. The use of monospecific anti-lgG reagents can avoid the
false-positive reactions caused by clinically insignificant cold anti-
bodies, while the use of polyspecific reagents can prevent missed
detection of complement-fixing antibodies. In clinical practice, if
the use of monospecific anti-IgG AHG reagents in a compatibility
test yielded negative results in the detection of clinically significant
blood type alloantibodies, polyspecific AHG reagents also rarely de-
tect these alloantibodies.! However, the detection of irregular an-
tibodies using monospecific anti-IgG AHG reagents can effectively
avoid the interference of clinically insignificant in vitro complement

sensitization and thus improve detection accuracy.
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