
Summary. Antibodies directed against HLA antigens of
a given donor represent the most prominent cause for
hyper-acute and acute rejections. In order to select
recipients without donor-specific antibodies the
complement-dependent cytotoxicity (CDC-) crossmatch
as the standard procedure was established. As a
functional assay it strongly depends on the availability of
isolated donor lymphocytes and in particular on their
vitality. However, due to several diseases or
pharmacological treatment of a given recipient
unexpected “false-positive” results of the CDC-
crossmatch may arise. We here present three groups of
patients which demonstrate the limits of the
conventional crossmatch. 1) Kidney recipients before
living donations exhibited positive CDC-reactions due to
their conditioning using the therapeutical anti-CD20
mAb Rituximab (n=7), routinely used to deplete B-cells,
or the anti-CD25 mAb Basiliximab (n=2) to inhibit the
proliferation of activated T-cells. 2) Recipients suffering
from various leukaemias (n=5) exhibited “positive”
CDC-crossmatches using PBL of the donors, although
formerly these patients had never shown anti-HLA
antibodies. Instead of donor-specific allo-antibodies,
cytostatic agents such as 6-Mercaptopurine led to an
unspecific cell death. 3) Patients projected for post
mortem or living kidney donations (n=44) exhibited
“positive” CDC-crossmatch results which were not in
accordance with their former antibody status and,
partially, with high degrees of HLA-matching. These
implausible results were due to underlying auto-immune

diseases, mainly of the systemic Immune Complex Type
III such as Lupus Erythematosus, mainly leading to
false-positive B-cell crossmatches by immune
complexes binding to Fcγ-receptors. In all these 58 cases
the alternatively performed ELISA-based “Antibody
Monitoring System” (AMS-) crossmatch assay was not
artifically affected, suggesting that this assay may be
comprehensively established at least for the cases
described. 
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Introduction

More than 40 years ago the correlation between
antibodies, which are directed against antigens of donor
tissues and hyper-acute rejections of allografts, was
described for the first time (Patel and Terasaki, 1969).
Later studies provided evidence that these antibodies
were directed against human major histocompatibility
complex (MHC) antigens, the so-called human
leukocyte antigens (HLA) (Ahern et al., 1982; Chapman
et al., 1986). To prevent a recipient from a hyper-
acute/acute rejection, a crossmatch (CM) procedure, the
complement-dependent cytotoxicity assay (CDC), was
developed and established in the late 1960s as a standard
technique in order to detect donor-specific antibodies by
incubating the recipient’s serum with lymphocytes
isolated from the donor’s blood. As a functional assay
the CDC detects only those antibodies which exert their
allogeneic detrimental function by an activation of the
complement system, finally leading to the lysis of donor
cells. Thus, this technique does not identify antibodies
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which lack complement-fixing activity, although these
may also be detrimental for organs/cells of a donor
(Sumitran-Holgersson, 2001; Slavcev et al., 2003).
Furthermore, the CDC is characterized by a low
sensitivity, which led to its modification by the use of
secondary anti-human immunoglobulin antibodies
directed against the primary donor-specific antibodies
[anti-human globulin (AHG)-enhanced CDC
crossmatch] to increase the complement-mediated cell
lysis (Gebel and Bray, 2000; Karpinski et al., 2001). All
variants of the CDC-assay, however, depend on a high
quality of the donor cells and the results are hardly
interpretable if the lymphocytes exhibit vitality rates
lower than 90% or are contaminated with other
leukocytes. To circumvent these CDC-CM-specific
problems the flow cytometric (FACS) crossmatch was
developed by Garovoy and co-workers (1983), allowing
the detection of both complement-activating and
complement-independent donor-specific antibodies. The
sensitivity of this assay was in the range of the AHG-
enhanced CM (Scornik et al., 1997; Bittencourt et al.,
1998). However, in spite of its higher sensitivity the
outcome of the FACS-CM is frequently influenced by
artefacts due to the “irrelevant” binding of antibodies
through their Fc parts to Fc receptors, which are strongly
expressed on B-lymphocytes (Altermann et al., 2006;
Hajeer et al., 2009). The second striking disadvantage
the same as with the CDC-CM is that this assay does not
lead to valid results if only cells of poor quality are
available. As a consequence of these methodological
drawbacks, novel methods which are completely
independent of the cell quality were generated. In this
context two assays have been developed in the design of
solid-phase based assays for the detection of donor-
specific antibodies. These are the AbCross HLA class
I/II ELISA (Biotest, Dreieich, Germany) and the
Antibody Monitoring System (AMS) HLA class I/II
ELISA (GTI Diagnostics, Waukesha, USA). Both assays
result in the detection of donor-specific antibodies by
immobilizing extracted donors’ HLA molecules to pre-
coated capture antibodies which are directed against a
monomorphic epitope of the respective class of donors’
HLA molecules (Altermann et al., 2006; Yang et al.,
2006; Schlaf et al., 2010). Due to its first commercial
availability, the AMS-ELISA (GTI diagnostics) was
established in our tissue typing laboratory and used for
the data which are presented in this study. The AMS-
ELISA was the first procedure, which exhibited
complete independence of the quality of the donor cells.
Considering three groups of patients, we review and
provide our own data, which clearly show the superiority
of these novel ELISA-based CM-assays in comparison
to the conventional CDC-CM. Due to the high
susceptibility of this CDC-based standard method to
disruptive factors or artefacts, the solid phase-based
crossmatch assays, under certain circumstances,
represent the only procedure leading to reliable and
reproducible results as shown for these three
patients’groups.

Patients and methods

Patients

All of the patients (n=58) were examined for the
purpose of routine diagnostics in the tissue typing
laboratory Halle/Germany (GHATT) between February
2008 and September 2010. Crossmatching was initially
performed by the standard CDC-CM procedure and, in
the cases of implausible results, using the AMS-ELISA
as a second approach. The classification of the patients
resulted in three groups for which the CDC-based CM
generally did not lead to plausible results. i) Patients
destined for AB0-bloodgroup-incompatible living
kidney donations (n=7) and pre-conditioned using the
therapeutical anti-CD 20 monoclonal antibody (mAb)
Rituximab or, for other reasons pre-conditioned with the
therapeutical anti-CD 25 mAB Basiliximab/Daclizumab
(n=2), ii) patients suffering from various forms of
leukaemia (n=5), destined for a therapeutical transfer of
stem cells and medically treated using the cytostatic
agent 6-Mercaptopurine and iii) patients projected for
post mortem or living kidney donations (n=44) and
exhibiting artificially positive crossmatches which were
not in accordance with the anti-HLA antibody status
determined prior to crossmatching.
Detection of panel-reactive anti-HLA antibodies (PRA)
and Donor-specific antibodies (DSA)

For the general detection of anti-HLA class I
antibodies the sera were screened using the GTI
QuikScreen-Screening ELISA (GTI, Waukesha, USA).
For the screening of anti-HLA class II antibodies the B-
Screen ELISA (GTI, Waukesha, USA) was used. The
ELISA-based screening assays were modified by using
secondary antibodies specific for primary antibodies of
both IgG and IgM isotypes. Serum samples positive in
this first screening step were afterwards investigated
using the miniaturized chip technology (Invitrogen/
Dynal, Bromborough, UK), named DynaChip™ HLA
antibody analysis. Although the DynaChip™ is not a
single antigen assay the combination of single-donors’
immobilized class I (n=106) and class II (n=47) antigens
allowed the identification of antibody specificities in
about 80% of the sera under investigation. To become
acquainted with this assay the system had formerly been
used in parallel for two consecutive quarters in
comparison with our former combined screening
ELISA- and in house CDC/cell tray-based quarterly
antibody monitoring method of the waiting list patients
(Schlaf et al., 2010). In addition to the CDC-based cell
tray method, the DynaChip assay allows the
identification of non-complement fixing antibodies also
relevant for graft failures (Sumitran-Holgersson, 2001;
Slavcev et al., 2003). Sera characterized by a high level
of PRA were additionally analyzed using the Lambda
Antigen Tray™ ELISA single antigen class I (One
Lambda, Inc., Conaga Park, USA) to resolve the single
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specificities of anti-HLA class I antibodies.
DSA were detected using the conventional CDC-CM

with peripheral blood lymphocytes, as well as isolated T-
and B-lymphocytes. It is dictated by the Eurotransplant
Foundation, and at present is the standard method, to
detect alloantibodies in a potential recipient against
HLA-antigens of donor cells. For the isolation of T- and
B-cells the tetrameric antibody complex technology
cross-linking unwanted cells to red blood cells and their
consecutive elimination by density gradient
centrifugation (System RosetteSep, Stem Cell
Technology, St. Katharinen, Germany) had formerly
been implemented, since the conventional CM without
previous isolation of T- or B-lymphocytes had not
resulted in clearly interpretable results in about 20% of
all assays performed. Generally, anti-HLA class II
antibodies are in many cases not detectable if isolated
HLA-class II bearing B-lymphocytes are not used. After
their initial isolation the cells were incubated with serum
of the chosen recipient before adding complement
proteins from rabbit. In this assay the complement
system is activated via the classical activation pathway
only by those antibodies which have been bound to the
cells in the first incubation step and which belong to the
complement system-activating IgM/IgG (sub-) isotypes.
The result was determined by two colour fluorescence
microscopy. Dead cells, attacked by the complement
system, were consequently stained red by the DNA-

intercalating reagent ethidium bromide, whereas vital
cells exhibited a green staining pattern due to the active
uptake of acridine orange. The intensity of the
complement reaction was categorized by indicating the
number of dead cells with a score system of the National
Institute of Health (Washington, USA) as shown in the
legend of Table 1.

Alternatively, the AMS-ELISA (GTI, Waukesha,
USA; FDA-No. BK060038 given in June 26th, 2006)
was used for crossmatching. Regarding the workflow of
this procedure (Fig. 1) detergent lysate of a given
donor’s materal was pipetted into the wells of ELISA
strips pre-coated with mAb, which are directed against a
monomorphic epitope of the HLA class I or class II
molecules, respectively (Fig. 1A). After incubation with
the donors’ lysates the strips were washed and incubated
with the recipients’ sera. These may contain donor-
specific antibodies to be detected in this assay since they
serve as detection antibodies in the case of recognizing
the immobilized HLA molecules (Fig. 1B). Upon
additional washing steps the samples were incubated
with secondary alkaline phosphatase-conjugated anti-
human IgG antibodies to recognize the immobilized
donor-specific antibodies. This last step was modified in
our laboratory by using secondary antibodies directed
against IgG/M/A isotypes of primary human antibodies
(Fig. 1C). For the validation of the data three included
controls were performed: i) The Lysate Controls (LCR)
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Fig. 1. Flow diagram of the
AMS-ELISA shown for the
detection of HLA class I
molecules. A. Binding of the
donor’s solubilized HLA class I
molecules by monoclonal
capture antibodies recognizing
a monomorphic epitope on
HLA class I molecules. B.
Binding of the donor-specific
anti-HLA antibodies out of the
recipient’s serum to the HLA
molecules of the donor. C.
Binding of alkaline
phosphatase-conjugated
secondary antibodies to the
recipient’s bound donor-
specific anti-HLA class I
antibodies and subsequent
colour reaction. The original
protocol was modified by
substituting the human IgG-
specific by a human IgG/M/A-
specific secondary antibody.
D. Lysate control using an
alkaline phosphatase-
conjugated monoclonal
detection antibody directed
against a second
monomorphic epitope to

confirm the immobilization of a sufficient amount of HLA molecules by the solid phase-bound capture antibody. The AMS-ELISA variant for the
identification of donor-specific antibodies directed against HLA class II molecules is correspondingly designed.



consist of a second enzyme-labelled mAb for the
detection of immobilized HLA class I or II molecules,
respectively, by recognizing a second monomorphic
epitope on the bound HLA-molecules. Thus, general
evidence is provided that the amount of the donors’
immobilized HLA-molecules is sufficient to get a signal
(Fig. 1D). ii) The positive control, the control of
reagents, consists of freeze-dried control lymphocytes
and HLA-class I- and II- positive serum samples. After
rehydration of the dried lymphocytes the cell lysate was
employed to detect HLA molecules by the positive
human serum, included in the reagents of the assay. This
control demonstrates the functionality of the reagents,
provided by the supplier even if the preparation of the
donor’s material is insufficient. iii) The negative control
corresponds exactly to the positive control of reagents
with the difference that an irrelevant human serum,
which is negative for HLA antigens, is used. The value
of a recipient’s serum sample under investigation has to
exceed two-fold the background value of the negative
control for its positive classification. This modified
assay established in our laboratory about five years ago
(Altermann et al., 2006) has been employed in addition
to the conventional CDC-based crossmatch for all cases
of the three groups of patients described here to finally
draw the conclusion of whether a crossmatch result is
positive or negative. 
False positive CDC-crossmatch results in patients
treated with the therapeutical antibody Rituximab

Humanized murine monoclonal antibodies have
been increasingly used for the treatment of acute

rejection therapy. Among these, Rituximab (anti-CD20)
or Basiliximab/Daclizumab (anti-CD25) are most
commonly used for the induction therapy to avoid acute
rejection. Rituximab, which was originally used to treat
B-cell non-Hodgkin’s lymphoma (Plosker and Figgitt,
2003) was afterwards successfully implemented to
defend recipients against humoral rejections, especially
to eliminate naturally occurring antibodies highly
deleterious in the cases of AB0 bloodgroup-incompatible
kidney donations (Vieira et al., 2004; Jordan and Glotz,
2010). Between the years 2008 and 2010 three of the
four kidney transplant centres which are in contract with
our tissue typing laboratory have implemented the
procedure of AB0-bloodgroup-incompatible living
kidney donations, by pre-conditioning the recipients
with the therapeutical anti-CD20 mAb Rituximab.
According to German transplantation law and the
guidelines of the different transplant centres, two or
three crossmatches are required prior to transplantation.
In this context it became evident that the CDC-based
CM was highly influenced by the application of
Rituximab. In all cases of Rituximab application the
results were positive, although most of the patients (six
cases) did generally not exhibit anti-HLA antibodies
using various antibody screening and differentiation
assays [anti-HLA class I Quik Screen (GTI), anti-HLA
class II B-Screen (GTI), anti-HLA class I and II
DynaChipTM analysis (Invitrogen/Life Technologies),
anti-HLA class I single antigen ELISA (One Lambda)].
No correlation was visible between the specificities of
the recipients’ anti-HLA antibodies and the donors’
HLA-phenotypes (two cases). Furthermore, in three
cases the initial CDC-based crossmatches were
performed prior to the Rituximab treatment and did not
detect donor-specific antibodies, whereas the
consecutive ones, after the application of Rituximab,
were clearly positive without any immunizing event of
the potential recipient in the meantime. The outcomes of
all the CDC- and AMS-ELISA crossmatches, performed
under the influence of Rituximab, are shown in table 1.
Using the CDC-CM very similar results were obtained
for all patients using their prospective donors’ PBL with
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Table 2. Comparison of the outcome between CDC- and AMS-
ELISA–based crossmatching, representing five patients treated with the
cytostatic agent 6-Mercaptopurine.

Case CDC-CM (#) AMS-ELISA-CM
PBL T-cell B-cell Class I Class II

1 2 n.d. n.d. neg. neg.
2 4 n.d. n.d. neg. neg.
3 2 2 2 neg. neg.
4 1/2 1/2 1/2 neg. neg.
5 4 4 4 neg. neg.

n.d., not done due to an insufficient number of isolated donor cells; #,
NIH score system as shown in table 1.

Table 1. Comparison of the outcome between CDC- and AMS-
ELISA–based crossmatching, representing seven patients treated with
the therapeutical antibody Rituximab and two patients treated with
Basiliximab.

Case CDC-CM (#) AMS-ELISA-CM
PBL T-cell B-cell Class I Class II

Rituximab:
1 2 1/2 6/8 neg. neg.
2 2/4 1/2 8 neg. neg.
3 2 1 6 neg. neg.
4 2/4 1/2 6/8 neg. neg.
5 4 2 8 neg. neg.
6 n.d. 2 n.d. neg. neg.
7 n.d. 1/2 n.d. neg. neg.

Basiliximab:
8 2 2 4 neg. neg.
9 2 2 4 neg. neg.

n.d., not done due to the artificial influence of Rituximab; neg., negative;
#, NIH score system of the standard CDC-crossmatch as percent of
positive/dead (red coloured) cells (%): 1: < 10% (negative), 2: 10-20%
(doubtfully positive), 4: 20-50% (weakly positive), 6: 50-80% (positive),
8: 80-100% (strongly positive).



weakly positive score values between 2 and 4, using
their T-cells with doubtfully positive values between 1
and 2, and their isolated B-cells with strongly positive
values between 6 and 8. In agreement with the anti-HLA
antibody screening/differentiation results using the
assays mentioned above, no donor-specific antibodies
were detectable using the alternative AMS-ELISA. The
data strongly suggested that the positive reactions of the
CDC-CM were not due to allo-antibodies directed
against HLA molecules of the donor, but due to the
therapeutical anti-CD20 Rituximab antibodies as part of
the recipients’ sera, which subsequently attacked the B-
cells of the respective preparations (PBL, T-cells and B-
cells). Thus, the score values of the preparations
represent the part of included B-cells, which are
afterwards destroyed during the crossmatch incubations.
In this context it is well known that B-cells account for
up to five percent of the cells of the T-cell fraction, and
up to 20% of the unseparated PBL fraction (both using
the RosetteSep Systems) which clearly explains the
score values of the respective CDC-CM reactions (Table
1). Thus, even the approach to perform a CDC-based T-
cell crossmatch did not lead to satisfying results due to
the number of residual B-cells included in the fractions
of isolated T-cells and destroyed by the therapeutical
mAb Rituximab (cases 6 and 7). 

The other therapeutical anti-CD25 antibodies
Basiliximab/Daclizumab (Cai and Terasaki, 2010;
Kandus et al., 2010) recognizing the alpha-chain of the
interleukin 2 receptor and thus directed against activated
T-cells, B-cells and monocytes, influenced the CDC-
crossmatch more or less evenly in all three cell fractions
under investigation. With score values between 2 and 4
there was a clear effect upon CDC-based crossmatching
observable (Table 1). The artificial reaction, which was
mediated by Basiliximab, exerted no influence on the
outcome of the corresponding AMS-ELISA. However,
the outcome of the CDC may depend on the status of
activation of the T-cells, which was not demonstrable
here as only two patients were investigated, although
they exhibited identical results after Basiliximab
application (cases 8 and 9). Additional crossmatches
after Basiliximab/Daclizumab treatment of patients will

have to be performed to clarify whether our data
obtained with these limited number of cases are indeed
representative. 
Cytostatic agents such as 6-Mercaptopurine lead to
false-positive crossmatches in patients suffering from
various forms of leukaemia and destined for a transfer of
hematopoetic stem cells

Patients suffering from various leukaemias and
destined for an allogeneic stem cell transfer regularly do
not have to fulfil the criterion of a negative crossmatch
prior to the transfer. Apart from a few exceptions, a
given recipient and her/his chosen donor have to be
identical at the high resolution (four digit) level of HLA-
typing. For this reason crossmatching is not frequently
asked for by the centres responsible for the stem cell
transfer. However, some cases exist where the transfer
was performed between two persons not completely
HLA-identical in all phenotypes, or only identical for
one haplotype if the donation is e.g. arranged between
parents and their children. Specifically, this
configuration may lead to the detection of donor-specific
antibodies as a contra-indication for a stem cell transfer
and the requirement of a crossmatch to exclude them. In
the past our laboratory was asked five times to perform a
crossmatch prior to a bone marrow transfer. In all of the
five cases the CDC-based results did not allow the
conclusion of a negative crossmatch, as all results were
doubtfully or weakly positive. Additionally, the general
existence of anti-HLA antibodies was clearly excluded
in all five cases using the screening ELISA systems as
well as the DynaChip analyis mentioned above. For this
reason the AMS-ELISA was additionally performed for
the five crossmatches and, in agreement with the results
of antibody screening/differentiation, did not exhibit
donor-specific antibodies (Table 2). It has to be
concluded that the positive crossmatch reactions are due
to an unspecific cell death by the cytostatic agent 6-
Mercaptopurine used for the therapy of the five
prospective recipients. The reactions shown in table 2,
which in all of the single cases do not differ between
PBL and isolated T- or B-cells, respectively, strongly

35
Limits of the classical CDC-based crossmatch

Table 3. Exemplary case of the systemic disease “Lupus Erythematosus” leading to a false-positive CDC-based but not the AMS-ELISA –based
crossmatch.

CDC-CM (#):
NC 06/2008 08/2008 10/2008 01/2010 PC Donor Cells
1 1 2 2 1 8 PBL
1 1 1 1 1 8 T-cells
1 1 4 4/6 1 8 B-cells
corresponding AMS-ELISA (OD-values) (§):
NC 06/2008 08/2008 10/2008 01/2010 PC HLA Class I/II antib.
0.136 0.128 0.156 0.172 0.184 1.756 HLA Class I
0.144 0.119 0.139 0.155 0.096 1.221 HLA Class II

NC, Negative Control; PC, Positive Control; #, NIH score system as shown in table 1; §, the cut off value to define a positive reaction is twice the
negative control



suggest that this agent led to an unspecific cell death of
the donor lymphocytes.
Underlying systemic diseases such as Systemic Lupus
Erythematosus (SLE) or Rheumatoid Arthritis (RA) result
in artificially positive crossmatches which are not in
agreement with the anti-HLA antibody status determined
in parallel to crossmatching

The third and largest group of patients (n=44) is
characterized by crossmatch reactions which are false-
positive without any involvement of medical treatment
of the prospective recipients, but due to underlying
autoimmune diseases such as Systemic Lupus
Erythematosus (SLE). Forty-four patients suffering from
autoimmune diseases have clearly been identified during
the last years. Although they did not exhibit donor-
specific allo-antibodies, all of them showed positive
CDC-based crossmatch results, especially of the B-cell
crossmatches. None of these 44 patients’ positive CDC-
based results were reproducible using the AMS-ELISA.
Their typical crossmatch results (about 80% of the cases)
are shown in Table 3. As is also visible using the
example of Table 3, most of the patients are additionally
characterized by positive CDC-CM results only for a
limited period i.e. a couple of weeks, indicating other
reasons than donor-specific allo-antibodies for the
positive reactions. Similar results were obtained with
Rheumatoid Arthritis (RA) patients who, using the
CDC-based crossmatch, in most cases exhibited clearly
positive score values mainly (but not only) in the B-cell
crossmatches in contrast to the negative values of the
corresponding AMS-ELISA. Exceptionally, the results
of additionally performed AMS-ELISA were artificially
influenced in very few cases of patients (n=2) who
suffered from a severe acute rheumatoid attack. It is
noteworthy that in these two special cases both the
CDC-based and the AMS-ELISA –based auto-
crossmatches additionally exhibited positive results. As
only two patients out of 14 RA-patients were
characterized by a positive AMS-ELISA, a highly
decreased susceptibility of the AMS-ELISA to
interfering rheumatoid factors in comparison with the
CDC-based procedure was demonstrable. In agreement
with the outcome of the AMS-ELISA, neither the
Screening ELISA nor the DynaChip™ assay detected
HLA-specific allo-antibodies in the sera of the
prospective recipients of this group (n=44). False-
positive T-cell crossmatches were additionally
observable in about 30% of the positive B-cell
crossmatches, although in all of the cases with
considerably decreased intensities. This suggests that the
CDC-crossmatch using isolated B-cells is particularly
susceptible to artefacts, most probably due to disease-
accompanying immune complexes. These bind to the Fc-
γ receptors highly expressed on the surface of B-cells
and, consecutively, activate the rabbit complement, thus
leading to false-positive CDC-reactions. 

Conclusion: Urgent need to complement or replace the
CDC-based crossmatch

It was the aim of this publication to summarize quite
common situations of crossmatching which never lead to
reliable results using the conventional CDC-based
crossmatch technique. The CDC-based crossmatch itself
was established as the “proto type” technique to detect
donor-specific antibodies in transplant centres in the late
1960s and has unquestionably improved the outcome for
grafted patients, as hyper-acute and acute rejections have
efficiently been reduced using this procedure
(Kissmeyer-Nielsen and Kjerbye, 1967; Patel and
Terasaki, 1969). Major improvements in the
development of immunosuppressive drugs have
additionally led to a significant reduction of rejections
and thus, have contributed greatly to an improvement of
the quality of life for transplant patients. In spite of this
progress, to circumvent allograft rejections of the hyper-
acute- or the acute type, and to adequately allocate
organs remains a serious problem if CDC-based
crossmatch assays are used i) which do not allow the
detection of pre-formed allo-antibodies of non-
complement activating isotypes, ii) which urgently
require donor cells of a high grade of vitality and iii)
which are highly susceptible to artificial reactions in the
situations described for three selected groups of patients
as shown in this article. About thirty years ago Ozturk
and Terasaki (1980) and twenty years later Sumitran-
Holgersson (2001) in their articles published the
observation that false-positive outcomes of the CDC-
crossmatch, especially caused by auto-antibodies and
immune complexes such as rheumatoid factors actually
represent a frequent event, which has been confirmed by
our laboratory with 44 well-defined cases (group 3). The
consecutive implementation of the flow cytometry
crossmatch contributed to a considerable improvement
of the kidney graft survival in allo-immunized patients.
However, this procedure was also associated with up to
10% false-positive reactions (Sumitran-Holgersson,
2001; Altermann et al., 2006) most probably as a result
of insufficient blocking of Fc-receptors. This serious
problem of flow cytometry crossmatching may, for the
first time, be successfully overcome by the blocking
procedure recently proposed by Hajeer and co-workers
(2009). Other approaches to improve the outcome e.g.
by pre-digesting the cells with the enzyme pronase had
formerly not resulted in a reproducible standardization
of this technique. Due to these methodical
disadvantages, especially affecting the FACS-CM of B-
cells, this procedure is currently employed by only very
few laboratories working under the supervision of
Eurotransplant. Furthermore, both methods, the CDC-
and the FACS-based crossmatch, require cells of a high
vitality degree, which are not available in many cases for
reasons recently described by us (Schlaf et al., 2010).
Both procedures are characterized by the additional
disadvantage that they are not specific for HLA
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polymorphisms. 
The relevance of antibodies not detectable by the

classical CDC-crossmatch has also been discussed for
years. Although single laboratories strictly adhere to this
procedure, most groups have successfully established
alternative crossmatch and antibody-detection/
identification procedures to profit from the clear
advantages as demonstrated by further publications
(Slavcev, 2003; Slavcev et al., 2003; Smith et al., 2007;
Bartel et al., 2008; Lachmann et al., 2009). Although
pointing to some controversial results concerning these
antibodies’ clinical relevance for organ rejection, Cai
and Terasaki highlighted the aspect that there exist other
mechanisms of antibody-mediated renal endothelium
damage than its destruction via the activation of the
classical pathway of complement (Cai and Terasaki,
2005). In addition to these aspects, limiting the outcome
of CDC-based crossmatching, it was the aim of this
article to provide examples of general disruptive factors,
which demonstrate the failures of the CDC-crossmatch
under certain circumstances. As is shown, these
disruptive conditions comprise accompanying
autoimmune diseases, as well as medical treatment of
the recipients. Interestingly, the aspect of medical
treatment never leading to a valid outcome of the CDC-
based crossmatch has been described in the past only a
few times. The interference of the humanized chimeric
monoclonal antibodies Rituximab (anti-CD20),
Basiliximab/Daclizumab (anti-CD25) and Alemtuzumab
(anti-CD52) for CDC- and FACS- crossmatches leading
to false-positive results, mainly of the CDC-CM, but
also of the FACS-CM, was described by Book and co-
workers (2005). In contrast to these assays the precursor
of the current Micro AMS-ELISA, the TMS (Transplant
Monitoring System), was the only crossmatch procedure,
which was not artificially influenced by the therapeutical
antibodies listed above. Due to the old name TMS-
ELISA we were not aware of the investigations of Book
and co-workers for years. Thus, we independently
developed the idea to perform the AMS-ELISA-based
crossmatching to exclude an influence of pharmaceutical
treatment (e.g. of the antibodies Rituximab and
Basiliximab) leading to cell death but not indicating
donor-specific anti-HLA alloantibodies. In addition to
therapeutical antibodies, cytostatic agents such as 6-
Mercaptopurin lead to the unspecific cell death of the
donor lymphocytes, supporting the statement that the
CDC-CM especially is highly susceptible to various
artefacts, as described formerly in various publications,
and sometimes named technical failure (Ozturk and
Terasaki, 1980; Sumitran-Holgersson, 2001; Book et al.,
2005; Cai and Terasaki, 2005; Altermann et al., 2006;
Schlaf et al., 2010). In view of the apparent drawbacks
of the CDC-CM, the latest tendencies to implement the
CDC-based procedure as the leading method to define
highly sensitized patients (Doxiadis et al., 2010) may be
much more harmful for the patients than ELISA-based
techniques. The methodical drawbacks described hold
true for both direct CDC-crossmatching using cells of a

given donor and the CDC-based antibody screening as a
basis for virtual crossmatching i.e. the selection of organ
donors by avoiding the specificities of the recipients’
identified anti-HLA antibodies. In their recent article
Doxiadis and co-workers (2010) do not consider that the
various diagnostic tools, such as Luminex- or ELISA-
based assays, are characterized by completely different
features and drawbacks, which they solely refer to under
the collective term “solid phase assays”. Furthermore,
they do not discuss at all the fact that i) especially CDC-
based assays are most susceptible to artefacts, as has
been known for many years and that ii) these assays
generally do not lead to valid results under the quite
common circumstances described elsewhere and in the
current review article. We conclude the urgent need to
legitimize the AMS-ELISA by the certifying societies
for its general implementation as a routine tool, since
this assay indeed provides the solution for most of the
CDC-based crossmatching problems.
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