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The reliability of single antigen bead (SAB) assays and their use in predicting a negative cell based cross
match (CBXM) is essential in the era of expanded organ sharing. A wide range of accuracy (80–95%) in
predicting negative CBXM has been reported. We hypothesized that in SAB assays an antibody against
an HLA eplet that was common among a number of different HLA alleles would be distributed among
all of the shared eplet positive SABs. This would reduce binding to the donor specific SAB resulting in
an under-estimate of antibody strength. We tested this proposal in adsorption studies using, instead of
lymphocytes, a novel reagent, single-SAB (sSAB). Properties of SAB assays were examined that provided
a basis for conducting adsorption – elution experiments with the sSABs. We found that incubation of sera
with sA*02:01 or sB*42:01 not only depleted reactivity to these alleles but also depleted reactivity to
beads that shared the reactive eplet. Anti-eplet strength from SAB data (sum of the MFI of eplet positive
SABs (MFI-s) was compared with CBXM out comes in two case studies and with 99 proficiency testing
sera. In these validation studies, an MFI-s above 11,000 was associated with a positive FCXM. This
approach was placed into clinical practice for listing unacceptable antigens that shared a common eplet.
CDCXMs (n = 3261) and FCXMs (n = 1012) were performed on patients listed in UNOS for deceased donor
kidneys. All CDCXMs were negative and all FCXMs except one were negative. We conclude that summa-
tion of eplet strength provides a highly reliable method of predicting prospective negative CBXMs result-
ing in substantial savings of time and effort. Based on shared eplet summation data, CMS/NYSDOH has
accepted our bead based XM (BBXM) method (aka, virtual XM) performed prior to transplant as fulfilling
the regulation that XM results be available before kidney transplantation.
� 2022 The Author(s). Published by Elsevier Inc. on behalf of American Society for Histocompatibility and
Immunogenetics. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
1. Introduction

The use of optical bead microarrays and analysis by Luminex
technology has revolutionized diagnostic and prognostic labora-
tory tests for anti-HLA antibodies [1–4]. This technology has been
used primarily in three circumstances; pre transplant determina-
tion of unacceptable donor HLA antigens for listing with UNOS/
UNetSM, evaluation of potential recipients for anti-HLA antibodies
when a deceased donor kidney becomes available (the virtual cross
match) and monitoring recipients for the development of donor
specific anti-HLA antibodies (DSA) after transplantation [5–10].
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Unacceptable antigens (UA) are those which the transplant pro-
gram believes will cause a positive cell based cross match (CBXM)
due to preexisting anti-HLA antibodies when a donor with such
HLA becomes available for kidney transplantation and will be
detrimental to the survival of the allograft [2,8,11]. The identifica-
tion of UA has not been standardized and has been a center specific
process [1,8].

Prior to the advent of single HLA antigen bead (SAB) assays
using a Luminex platform, identification of anti-HLA antibodies
was typically performed by complement dependent cytotoxicity
cross matches (CDCXM), flow cytometry cross matches (FCXM)
and/or ELISA The former two tests utilize lymphocytes and the lat-
ter assay used cellular extracts bound to a solid support as targets
[2,12–14]. Currently two companies provide reagents for SAB
assays. Each vendor has indicated that these assays are intended
to determine the specificity of anti-HLA antibody present in the
serum of patients and is not for quantitative analysis of the level
of anti-HLA antibody, i.e., strength determinations. Never-the-
less SAB assay/Luminex reports not only indicate the presence or
absence of an antibody to a specific HLA allele but also provide a
semi-quantitative strength indicator, the Mean Fluorescent Inten-
sity (MFI) value for each bead. Most laboratories worldwide use
the MFI values in some manner as an indicator of the strength of
the antibody and provide an assessment to transplant clinicians.
Such reports range from an indication that the antibody when pre-
sent against a particular HLA allele is, for example, weak, moderate
or strong, to providing raw MFI data or a modified MFI ‘‘score”
(MFI-s). In most cases it is clear that however the level of antibody
is categorized, nil to weak donor specific antibodies (DSA) typically
do not result in positive cell based cross matches (CBXMs),
whereas ‘‘strong DSA” typically gives positive CBXMs [9]. However,
moderate levels of anti-HLA antibodies and infrequently DSA char-
acterized as weak may also give unexpected positive CBXMs.
Inconsistent results in the latter circumstances decrease the relia-
bility of assessing UA and DSA when a deceased donor’s HLA type
becomes available. The shipping of organs across the country based
on unreliable SAB results is problematic and of great concern [1]. A
wide range of accuracy (80–95%) in predicting a negative CBXM
has been reported. Continued improvements in predicting CBXM
outcomes based on SAB analyses are therefore needed for more
reliable assessment of HLA antibody strength to avoid unexpected
positive XMs [1,2,8].

In consideration of this objective, we developed an analytic
approach for assessment of anti-HLA antibody strength derived
from SAB data for use in our kidney transplant program. The
rational employed in this endeavor ultimately took advantage of
a fundamental property of antibodies to HLA in that they are
induced by and bind to short stretches of 15–22 amino acids
within the HLA protein termed an epitope [15]. HLA epitopes ini-
tially were characterized by serologic methods and were found
on more than one HLA, and therefore were described as public epi-
topes [16]. Subsequently, Fuller and Rodey categorized the sero-
logic cross-reactivity of these public HLA class I specificities by
placing them into 8 cross-reactive groups (CREGs) [17,18]. With
the advent of SAB/Luminex technology and nucleotide sequencing
of HLA the exact amino acid sequence of HLA could be determined
collectively revealing > 100 shared class I epitopes and additionally
HLA class II epitopes [19–22].

Within the epitope is an immuno-dominant region consisting of
at least one to three polymorphic amino acids. [15,23,24]. The term
‘‘eplet” was coined by Rene Duquesnoy to refer to these amino
acids, which are located within 3.0–3.5 Angstroms of each other
on the molecular surface of HLA [15]. In this report we use the term
eplet when referring to this polymorphic region and the term epi-
tope when referring to the larger polypeptide that contains the
eplet. We and others have hypothesized that in SAB assays an anti-
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body against an HLA eplet that was common among a number of
SABs would bind to all of these beads thereby reducing the amount
of antibody bound to a donor specific SAB [2,25–28]. This situation
would likely result in an under estimate of antibody strength if one
considered just the donor specific SAB. This shared-eplet phe-
nomenon has been observed to result in under representing anti-
body strength or completely missing the specificity due to
binding of the antibody to competing targets on multiple antigen
beads, effectively ‘‘diluting” the resulting MFI readout on each
SAB [25,28]. This situation, we believed, could be overcome by
assessment of anti-HLA antibody strength by summing the MFI
of all potential donor eplet positive SABs.

We investigated the above hypothesis by using a novel adsorp-
tion tool; SAB manufactured with only one attached HLA allele
(single-SAB, sSAB). These beads are used to construct the multiplex
standard SAB kits. If the specific antibody was in fact distributed
among all eplet positive beads then incubation of sera with such
a bead would not only deplete reactivity to the sSAB used for
adsorption but would also remove reactivity to all non DSA beads
that shared the reactive eplet. Adsorption – elution strategies using
cell lines expressing single recombinant HLA have been a standard
method to characterize HLA epitopes but this approach has not
been used to characterize antibody strength [19,20,29]. This report
provides novel data on the properties of SAB assays that were use-
ful in adaptation of standard adsorption – elution assays with cells
to sSABs. These findindings provided the basis for development of
an analytic method for assessing unacceptable antigens by anti-
HLA eplet strenght and subsequently to place this method into
clinical laboratory practice. Six years of data on > 3,000 cell based
cross matches are presented.
2. Materials and methods

2.1. Laboratory Tests.

This study was approved by the SUNY Downstate Institutional
Review and Safety Board (Protocol 341403-1). All histocompatibil-
ity tests were performed as previously described [27] in accor-
dance with ASHI/CAP/UNOS/CMS standards. HLA typing was
performed by standard serologic and DNA, Sequence Specific
Oligonucleotide Probes and Sequence Specific Primers methods
using commercial reagents supplied by the following vendors:
One Lambda/Thermofisher, West Hills, CA Transtype, Frederick,
MD, Biotest Diagnostics Corporation, Rockaway, NJ and Lifecodes/
Immucor, Peachtree Corners, GA. Anti-HLA antibody tests were
performed quarterly with screening beads and/or SABs on a Lumi-
nex platform (Lifecodes/Immuncor). Cross matches were per-
formed by CDCXM on T cells (AMOS one wash) and by flow
cytometry (FCXM) on T and B cells using a FACSORT Flow Cytome-
ter, Becton Dickinson, Franklin Lakes, NJ) as previously described
[27,30]. A FCXM is considered positive if the MCS above the nega-
tive control serum is > than two SD for T cells and 3 SD for B cells
(15 cells tested with the negative AB sera).
2.2. Comparison of anti-HLA antibody strength based on the sum of
potential donor specific SABs or the sum of potential donor specific
eplet positive SABs.

Calculation of antibody strength was performed by either addi-
tion of the MFI of the donor specific HLA SABs or the donor specific
eplet positive SABs. For example in the former case, A*02:01, 3000
MFI + B*57:01 4000 MFI = 7000 MFI-s). For example, in the latter
case the donor specific eplet positive 62GE SABs are summed
(A*02:01 3000 MFI + A*02:02 MFI 2800 + A*02:05 MFI
2700 + A*02:06 MFI 2500 + B*57:01 MFI 2500 + B*58:01 MFI
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig. 1. Fig. 1.Kinetics of anti-HLA binding to SABs. SABs were incubated for the
times indicated on the abscissa with serum from two different patients on the
active list for a deceased donor (DD) kidney transplant (A and B). All other
conditions for SAB analysis were performed in accordance with the manufacturer’s
instructions. Upper panel: Maximum MFI occurred in 90–120 min against the
indicated SABs and are representative of 45 positive beads (>1500 MFI) in that
serum. Maximum MFI occurred in 90–120 min against the A66 SAB (lower panel).
In contrast, maximum binding of antibody to the B45 SAB occurred in 30 min. The
serum in the lower panel had 55 positive SAB >2000 MFI.
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2400 = MFI-s 15,900). We use the HLA Epitope Registry to deter-
mine which eplet(s) may be responsible for the observed antibody
reactivity, http://epregistry.ufpi.br/index/index [31]. We use the
background adjusted MFI values from all antibody reactive eplet
positive HLA - A, B, C, DR, DQ and DP loci presented on SABs for
summation. In a nuanced approach that was empirically developed
from 2008 to 2011, we reduce MFI values of eplet positive DRB3, 4,
5 by 8 fold and C locus antigens by 4 fold, respectively, to take into
account low expression in tissues when listing patients’ unaccept-
able antigens. This procedure gives more weight to high expression
HLA loci e.g., as we would not wish eliminate B locus antigens with
a total summed eplet of 5000 MFI-s for example, by addition of
6500 non adjusted MFI-s from the C locus (ie MFI-s > 11,000). In
another example of a nuanced approach to listing unacceptable
antigens; if antibodies were present to DR15 but not to DR16, DR
51 would not be entered as unacceptable even though the DR51
SAB was reactive since a non-reactive DR16 donor would not be
considered for transplant if DR51 were listed as an AU. Our trans-
plant team will not perform a kidney transplant across a B cell pos-
itive XM involving DQ or DP DSA as well as DR DSA based on
outcome data (see reference [26]) so no adjustments in MFI are
made to eplet reactive DQ and DP loci. Additionally, if antibody
is present to C locus eplets only the MFI is not modified and the
eplet positive alleles are listed as unacceptable since we have
observed positive T and B cell FCXMs > 11,000 MFI-s for the C-
locus, which are a contra indication to transplantation at our cen-
ter. Empirically these and other nuanced approaches to eplet sum-
mation have been quite successful in predicting negative CBXMs
(see Results and Discussion).
Fig. 1 (continued)
2.3. Adsorption of sera with sSAB and subsequent SAB analysis.

In preliminary studies the optimal amount and incubation time
with SABs was determined as this information had apparently not
been published. Serum was incubated for 2 h at room temperature
with an optical bead preparation that had only one type of HLA
SAB. The sSAB s used for adsorption in this study were sA*02:01
or sB*42:01 (supplied at no cost by Lifecodes). These beads are rou-
tinely mixed with the other sSAB to yield the SAB kits used in clin-
ical laboratories to assess anti-HLA antibody reactivity. We note
that the incubation time of the standard SAB assay is 30 min. The
beads were centrifuged and the supernatant and bead pellet col-
lected. The beads were then wash two times with phosphate buf-
fered saline (PBS) by centrifugation and then incubated in a
glycine buffer, pH 4.0 for 30 min. The pH 4.0 extract was dialyzed
against PBS, pH 7.4. The adsorbed serum and the bead extract were
each tested for the presence of anti-HLA antibodies in the standard
SAB assay.
3. Results

3.1. Kinetics of antibody binding to SAB

In order to design experiments to assess anti-HLA eplet strength
as it relates to CBXM outcomes it was necessary to determine the
kinetics of antibody binding to SABs as published data on this mat-
ter was not found. The optimal incubation time was necessary for
adsorption – elution experiments using s SABs. Sera from sensi-
tized patients were reacted with SABs for increasing incubation
times before the MFI was determined. Fig. 1 shows representative
binding assays for highly reactive sera with different antibody
specificities (>45 reactive SABs). The reaction typically goes to
completion in about 90 min. We note that the level of antibody
at 30 min, the vendor recommended assay time, is only about
55% of the maximum binding of antibody at 90 min for antibodies
484
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in this particular serum (Fig. 1 upper panel). In some sera the max-
imum MFI to a particular antigen was reached in only 30 min,
whereas in the same serum the maximum MFI of an antibody to
another antigen is not achieved until 90 min of incubation (Fig. 1
lower panel). The latter SABMFI is 63% at the usual incubation time
of 30 min similar to the binding experiment in Fig. 1 upper panel.
These results are consistent with the understanding that binding of
anti-HLA antibodies to SABs is an equilibrium reaction that goes to
completion depending, in part, on the concentration and affinity of
the antibody as well as other factors [32].

We examined this issue further by incubation of sera for 30 min
or 120 min with SAB and then assayed the supernatant for reactiv-
ity with fresh beads in 30 and 120 min assays. Representative data
are shown in Fig. 2. These experiments demonstrate that there is
substantial HLA specific antibody remaining in the supernatant
after 30 min incubation and at 120 min incubation though more
antibody is bound to the beads when incubated for the longer per-
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.
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Fig. 2. Anti HLA antibodies partition between the reactive SAB and the serum. Two
sera with specificity to A*02:03 and B*82:01, respectively, were used in this study.
The sera were first incubated in the standard assay for 30 min with SABs (medium
blue bars) or 120 min, light blue bars and the MFI determined. After centrifugation,
the sera from the 30 min incubations were then analyzed with a new aliquot of
SABs in the standard 30 min assay (orange bars) and for 120 min incubation (grey
bars). The reactive sera from the 120 min SAB assay (light blue bars) also underwent
centrifugation and then was analyzed with fresh SABs in the standard 30 min assay
(green bars) and for 120 min (dark blue bars). Similar results were obtained with
serum reactive to A*02:03 and B*82:01. These experiments demonstrate that 10–30
percent more of the reactivity as measured by the MFI value in the 30 min assay is
present in the serum after the initial 30 min assay. (Compare the medium blue bars
to the orange bars). However, when SABs and serum are first incubated for 120 min
there is 46–62 percent less reactivity remaining in the incubated serum as
measured by the MFI value in the 30 min assay (compare the light blue bars to the
green bars). This finding likely occurs as the maximum binding of antibody to SABs
is usually not achieved until 90–120 min of incubation (Fig. 1). These findings
indicate that a substantial quantity of anti-HLA antibody remains in the serum after
the standard SAB assay is performed. The amount of antibody that partitions
between the serum and on the beads at equilibrium is likely a function of the
antibody concentration, time of incubation and its affinity.
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iod. Apparently, an equilibrium is reached between the bead -
bound antibody and the antibody remaining in the sera as the reac-
tion goes to completion. Importantly, the amount of SABs recom-
mended for standard SAB assays was not sufficient to remove the
majority of anti-HLA antibodies with low to moderate MFI values
(1000–7500) from the sera. Therefore, the SABs in the standard kits
are not useful for adsorption – elution experiments. Consequently
we used sSAB where we could obtain higher concentrations of
eplet specific beads.
Fig. 3. Concentration dependent adsorption of anti-HLA antibody by sSAB. sSABs
were obtained from Lifecodes/Immuncor without charge. The exact quantity of
beads per ll was considered proprioritary by the vendor and was therefore not
provided. However, we understood that 1ul of a particular sSAB allele was added to
make up the SAB mixture for the standard multiplex assay. Increasing amounts of
sSAB A*02:01 or B*42:01 were incubated for two hours at room temperature with
10 ll of serum (in 50 ll) containing the reactive antibody. The supernatants were
then analyzed in the standard SAB assay. Antibody to A*02:01(upper panel) and
antibody to B*42:01 (lower panel) was depleted from the patients serum by
incubation with increasing amounts of sSAB A*02:01 or sSAB B*42:01, respectively
as indicated on the abscissa.
3.2. Establishment of additional conditions for adsorption – elution of
eplet specific anti-HLA antibody with sSAB

To assess whether antibody against specific eplets would be dis-
tributed over all SAB that had an antigen which expressed the
eplet, we designed adsorption experiments using beads that had
only a single attached HLA antigen (sSAB). These individual beads
are routinely manufactured by the vendors to express single HLA
alleles. They are then combined to yield the mixture of SABs for
the assay kits. If antibody were distributed among all SABs that
expressed a specific eplet then we reasoned that adsorption of
serum with a sSAB containing the reactive eplet would, under
the proper conditions, deplete the reactivity to all SABs that
expressed that eplet. The amount of sSAB needed to deplete eplet
485
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specific antibody to sSAB A*02:01 and B*42:01is shown in Fig. 3
upper panel and 3 lower panel, respectively. Based on these exper-
iments and proprietary information from the vendor we concluded
that about a 30 fold excess of sSAB that are represented in the
assay kit was needed to deplete substantial antibody reactivity
from the serum.
3.3. Sera adsorbed with sSAB will remove reactivity to itself as well as
other SABs that express the identical eplet

To investigate whether anti-HLA antibody directed against a
particular eplet will be distributed among all eplet positive SABs
in the bead set, we designed adsorption – elution experiments
where sera was incubated with beads that had only one bound
HLA allele expressing the reactive eplet (sSAB). If anti-eplet anti-
body is distributed among all eplet positive beads then incubation
of serum with a sSAB that contained the eplet would not only
deplete reactivity to the adsorption bead but would also deplete
reactivity to all other SABs that contained the same eplet as the
sSAB. Below we provide evidence that the DSA in SAB assays is
in fact adsorbed by all beads that express the reactive eplet even
though a bead(s) is not specific to the donor’s HLA type. The serum
studied in Fig. 4 contains antibodies directed to eplet 62GE (A*02,
B*57, B*58) and to eplet 144TKH (A*02, A*68, A*69, respectively.
We chose to use sSAB A*02:01since it expresses multiple eplets
for adsorption. Two hours incubation with sSAB A*02:01 removed
most of the reactivity (85%) in the serum to A*02:01, the other A2
SABs but also depleted reactivity to SAB B57, B58, A68 and A69
with which they share the above indicated common reactive eplets
(Fig. 4 upper panel). Incubation of sera with reactivity to sSAB
B*42:01, (likely eplet 65QIA) removed reactivity to 65QIA positive
SABs (Fig. 5 upper panel). The anti-eplet reactivity was recovered
from the sSABs, A*02:01 and B*42:01 after adsorption by elution
in acidic buffer (Fig. 4 and Fig. 5, lower panels, respectively).
Importantly, adsorption with non-eplet positive beads failed to
remove most of the eplet specific reactivity.
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
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Fig. 3 (continued)
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3.4. Anti-HLA antibody strength determined by the sum of antigen
positive SABs: Correlation with FCXM results

We initially evaluated patients DSA with SAB MFI data in com-
parison to FCXM results (Fig. 6). If the DSA was against more than
one antigen the MFI values of the highest bead in each antigen
serologic group were added to give a net MFI score (MFI-s). For
example, if the DSA reacted against A*11:01 at MFI 2300 and
A*11:02 at 2450, the A*11:02 MFI value was used in the calculation
along with the highest B7 SAB of 3680 MFI to give a combined MFI-
s of 6130. Based on representative data shown in Fig. 6, an initial
predicted positive FCXM cutoff of 11,000 MFI was selected with
the understanding that 10,000–11, 000 MFI-s was a ‘‘grey area”.
Fig. 4. Depletion of antibody to eplet 62GE and 144TKH by adsorption of serum with sSA
and perhaps 62GK was incubated with 30 ll of sSAB A*02:01in a volume of 50 ll for tw
eluted from the adsorbed sSAB (lower panel) were tested in the standard SAB assay. Resu
shown by the blue bars in the upper panel. The red bars in the upper panel show reactivi
in the upper panel show reactivity of serum incubated with sSAB B*42:01. Serum incubat
A*02:01 and the other A2 SABs but also depleted reactivity to SABs, A68, A69, B57 and B5
eplet reactivity is recovered from the sSAB A*02:01 after elution in acidic buffer (lower p
most of the reactivity to SABs specific for eplets 62GE and 144TKH (yellow bars) since B42
depleted reactivity to SABs that share an eplet found on B*07:02, B*27:05 and B*27:08. (F
referred to the web version of this article.)
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3.5. Comparison of SAB/eplet summation to DSA summation of patient
samples at the time of deceased donor cross matches

SAB results were used for real time evaluation of two recipients
for different deceased donor kidney transplants (Fig. 7). We note
that these cases occurred before UA were listed based on eplet
summation of SAB data. In the first case (Fig. 7 upper panel), the
only donor reactive SAB for which there was detectable antibody
was B42. The SAB, B*42:01 (bead 261) had a background sub-
tracted MFI of 1,100, a value well under the cutoff of 11,000 MFI
that our initial studies had indicated would be associated with a
positive CBXM (Fig. 6). The T cell CDCXM was negative but the T
and B cell FCXM were positive consistent with the understanding
that FCXMs are more sensitive than non-augmented CDCXMs
[2,13,27]. The question of how to account for the positive FCXM
when the SAB assay showed such a weak level of DSA against the
B*42:01 can be resolved by summation of the donor HLA eplet
reactive SABs that share a common eplet. Examination of the pat-
tern of the bead reactivity for the above patient suggested that the
antibody was directed to an eplet(s) that was common to the donor
specific SAB but was also reactive to non-DSA beads that shared
eplets with the donor HLA allele. This included, B7, B27, B42,
B54, B55, B56, B81, B82, eplet 65QIA and eplet 66AA, B7, B42,
B57, B58 (Fig. 7A). In this situation, it appeared that a relatively
low level of DSA was spread over 10 eplet positive beads that
was sufficient in cumulative strength above 11,000 MFI-s that
resulted in a positive FCXM (MFI-s 11,973). This conclusion was
supported by experiments shown in Figs. 4 and 5, where incuba-
tion of donor reactive beads adsorbed antibody to non-donor SABs
that expressed the eplet. In the above example, one may speculate
that if there was only one eplet positive bead instead of 10 it would
have an MFI of >11,000 not 1100 [25,26] but this is difficult to test
as the vendor software is set to analyze all of the different allele
specific SABs or it will fail to provide results.
B A*02:01. Serum was diluted 1:4 and 10 ll containing reactivity to 62GE, 144TKH
o hours at room temperature. The adsorbed serum (upper panel) and the antibody
lts of pre adsorption serum with reactive SABs (eplets 62GE, 144TKH and 62GK) are
ty against eplets 62GE, 144TKH after adsorption with sSAB A*02:01. The yellow bars
ed with sSAB A*02:01 removed most of the reactivity (85%) in the serum reactive to
8, with which they share the common reactive eplets, 144TKH and 62 GE. The anti-
anel). Importantly, adsorption of this serum with the B*42:01 sSAB did not remove
does not express either of these eplets. Adsorption of this serum with B*42:01 sSAB
or visual confirmation of the references to colour in this figure legend, the reader is

f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
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Fig. 4 (continued)

Fig. 5. Depletion of antibody to eplet 65QIA by incubation of serum with sSAB
B*42:01. Serum was diluted 1:4 and 10 ll containing reactivity to eplet 65QIA was
incubated with 30 ll of sSAB A*42:01in a volume of 50 ll for two hours at room
temperature. The adsorbed serum (upper panel) and the antibody eluted from the
adsorbed sSAB (lower panel) were tested in the standard SAB assay. Results of pre
adsorption serum with reactive SABs (eplet 65QIA) are shown by the blue bars in
the upper panel. The yellow bars in the upper panel show reactivity of serum
adsorbed with sSAB A*42:01. The red bars in the upper show reactivity after
incubation with sSAB A*02:01. The adsorbed serum (upper panel) and the antibody
eluted from the adsorbed sSAB (lower panel) were subsequently tested in the
standard SAB assay. Sera incubated with sSAB B*42:01 removed most of the
reactivity (>80%) in the serum to B*42:01 but also depleted reactivity to other SABs
with which they share the common reactive eplet 65QIA (yellow bars, upper panel).
The reactivity was recovered (lower panel) from the sSAB B*42:01 as well as all
other eplet 65QIA positive SABs after elution in acidic buffer (B, B*07:02 to B*81:01
shown on the abscissa). Importantly, adsorption of this serum with the A*02:01
sSAB did not remove most of the reactivity to SABs specific for eplet 65QIA (Fig. 4)
since A*02:01 does not express this eplet. Incubation of this serum with sSAB
B*42:01 did not remove reactivity to the 144TKH eplet positive beads A*02:01,
A*68:01. (For visual confirmation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Fig. 5 (continued)
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SAB data from a second case is shown in Fig. 7 lower panel. A
Luminex SAB report is shown where the deceased donor cell HLA
mismatch was HLA A*74:01 and B*45:01. The MFI-s for eplet sum-
mation included all beads with the donor eplet 66NV (n = 19
beads) and eplet 162GLS (n = 4 beads) was 33,176. In contrast,
addition of the MFI values of the donor HLA SABs (HLA A*74:01
MFI 1,456, plus B*45:01, MFI 1,378) totaled 2,834 MFI-s well below
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Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library o
2022. Para uso personal exclusivamente. No se permiten otros usos sin autor
our summed 11,000 cutoff. Laboratories using a cutoff of 3000 MFI
for donor specific SABs would predict a negative cell based FCXM
in the latter situation. The eplet/SAB calculation method correctly
predicted a positive T and B cell FCXM.
3.6. Prediction of XM outcomes of proficiency testing sera based on the
sum of the MFI of the antigen reactive SABs compared to the sum of the
MFI of the eplet positive SABs

We subsequently analyzed a larger number of samples, tested
in our laboratory, using HLA class I and Class II CAP proficiency
testing sera for prediction of FCXM outcome based on SAB assays.
We compared the two methods of predicting CBXMs, one by anti-
gen summation of donor HLA reactive beads and the other by sum-
mation of donor eplet positive SABs (Fig. 8). A comparison of
antigen calculated – SAB data to eplet calculated – SAB data asso-
ciated with FCXM outcomes was performed in 65 HLA class I and
36 HLA class II proficiency testing sera from 2010 to 2017. We con-
firmed the HLA typing of the cells provided in the CAP surveys for
XM tests. The sum of the MFI-s of eplet positive SABs (show by the
red bars, Fig. 8 upper panel) correctly predicted positive T cell
FCXMs in 58 of 59 sera (98.5%) of the HLA class 1 reactive sera
(n = 58/59) and a negative FCXM in 6/6 sera when a cutoff of
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig. 6. Donor specific HLA SAB reactivity correlated with FCXM results. The total of
the donor specific SAB MFI is shown on the y axis. If more than one reactive allele
specific bead was present from a serologic group, the bead with the donor allele or if
unknown the bead with the highest MFI value was used in the calculations. The MFI
of donor reactive SABs from different serologic groups were added (e.g., A*02:01,
MFI 2389, B*15:12, MFI, 3481 = 5870 MFI-s). The method of performing FCXMs is
described in detail in a previous publication [27]. T cell FCXM negative results for
each serum are shown in orange and positive XMs are shown in blue. In general the
FCXMs were positive when the MFI was in the 10,000–11,000 range. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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11,000 MFI-s was used. In contrast, calculation of the sum of the
DSA positive SAB (shown in blue), only predicted a positive T cell
FCXM in 47% (28 of 59) of the sera. Even if the cutoff for the sum
of DSA calculations of positive SAB is decreased, the predictive
value is not superior to the eplet based method. For example, pre-
diction of a positive T cell FCXM is observed in 79.7% of the sera
when the cutoff is adjusted to 5000 MFI, 84.7% when the cutoff
is set to 2500 MFI and 93.2% if the cutoff is set at 1000 MFI. Com-
parison of the two methods of predicting positive FCXMs for sera
with HLA class II reactivity is shown in Fig. 8 lower panel. Summa-
tion of the DSA SABs demonstrated 36.7, 70.0, 80.0 and 86.7 per-
cent accurate prediction of a positive FCXM when the cutoffs are
set at 11,000 MFI, 5000 MFI, 2500 MFI and 1000 MFI, respectively,
whereas summation of the donor eplet positive SABs predicted
100% positive FCXM with an MFI cutoff of 11,000.

3.7. Use of SAB/eplet summation for determination of unacceptable
antigens: prediction of negative cross matches

Based on the evaluation of proficiency testing specimens and
patient samples, our center has successfully used donor eplet sum-
mation of SAB MFI data in clinical practice as demonstrated below.
From 2012 to 2017 the epitope positive SAB MFI were summed to
give an MFI-s of patients sera. Similar numbers of patients were
cross matched on a yearly basis during this period (Table 1A).There
were approximately 300–350 patients on our active list during this
period of which about 35% were sensitized to HLA. All of the eplet
positive antigens that had an MFI-s equal to and above 11,000 were
listed as unacceptable in UNET so that most patients on a match
run for a DD would have no DSA. Alleles that contained the positive
eplet below 11,000 MFI-s were not listed as UA. However, at the
time the laboratory was asked to evaluate recipients against a
specific deceased donor, the eplet based MFI-s were provided to
the transplant service for use in considering this deceased donor
kidney for transplantation. A representative example of an initial
eplet based prospective donor specific SAB report to the transplant
team is shown in Fig. 9. This real time information allows the sur-
gical team to accept a deceased donor kidney for transplantation
even if the recipient has DSA, though at a level below that which
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would result in a positive XM. Note that the retrospective FCXM
was negative as were the donor specific SABs of this patient.

Comparisons of eplet based MFI-s with 3012 CDCXM and 1012
FCXM were performed in 2012–2017 (Table 1). All patients during
this period were XM by CDC whereas only patients likely to be
offered the kidney were tested with a FCXM as well. Table 1B
shows the expected negative CDCXM and FCXM results based on
the actual SAB/HLA eplet analyses that were provided to the trans-
plant service in the recipient selection period (Fig. 9). All XMs that
were predicted to be negative by the SAB/eplet summation method
were negative in the CDC T cell XMs. Remarkably, only one FCXM
that was predicted to be negative by the SAB/eplet method was
positive in a B cell FCXMs. In this case the MFI-s was 7,483 against
an HLA class II eplet (less than the11,000 MFI-s cutoff). We consid-
ered that a high level of complement binding was blocking the sec-
ondary PE labeled antibody from binding to the IgG anti-donor HLA
antibody attached to the SABs. On further analysis after heat treat-
ment of the serum to inactivate complement (63 �C, 2 min) the
sum of the eplet positive beads was 78,811 MFI-s, a value that
would have predicted a positive FCXM. Subsequently all of the
antigens with the reactive eplet were listed as unacceptable.
Patients are now tested in SAB assays at room temperature and
after treatment at 63 �C for 2 min. If the heated specimen gives
an MFI-s greater than 2,500 above the non - heated specimen then
further SAB tests are performed with heat treated serum.
4. Discussion

Adsorption – elution studies with cell lines that express single
recombinant HLA alleles and theoretical investigations have iden-
tified numerous HLA eplets [15,19–21,33], thereby greatly expand-
ing an understanding of the molecular basis of cross reactive
groups [17,18]. The previous cellular adsorption studies do not,
however, address properties of SAB assays as they relate to the
kinetics and distribution of anti-eplet antibody binding, nor have
they been used routinely to assess the strength of anti-HLA anti-
bodies or predict CBXM outcomes. Experiments in the current
report demonstrate properties of SAB assays that should be consid-
ered when evaluating the strength of anti-HLA antibodies in a
patient’s serum. In standard 30 min assays maximum binding of
the antibody to the specific bead is typically not achieved but
rather maximum binding is observed at 90–120 min incubation
although maximum biding may occur in 30 min for highly reactive
antibodies. Anti-HLA antibody partitions in a relatively equal
amount between the reactive SABs and the serum in standard
30 min assays. This is an important factor since small differences
in incubation times may have a large effect on observed MFI from
run to run.

It is well known that incubation of sera containing anti-HLA
antibodies with cells expressing the reactive HLA eplet will remove
the antibody to all cells expressing the eplet [19,20]. This phe-
nomenon has not been demonstrated in peer reviewed reports
for SABs. The above referenced adsorption – elution studies were
a starting point for performing SAB adsorption studies to test
whether eplet specific antibodies were distributed among all eplet
positive SABs. It was clear from these experiments that the incuba-
tion of SABs with sera should be for at least 90 min to obtain max-
imum binding in adsorption studies. Several experiments indicated
that the number of beads in the standard SAB assay would be
insufficient to adsorb >95% of eplet specific anti-HLA antibodies.
However, available sSABs preparations would provide adequate
amounts of eplet specific beads for adsorption studies. Adsorption
– elution experiments demonstrated that antibody directed against
specific HLA eplets when adsorbed with sSABs expressing the reac-
tive eplet would not only remove antibody to the sSAB used for
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
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Fig. 7. Comparison of two methods for predicting a CBXM result from SAB assays on evaluation of recipients for deceased donor kidney transplantation. Two representative
cases are shown in the upper and lower panels . We did not initially list these antigens as unacceptable as we evaluated these patients before the establishment of the MFI-s
cutoff of 11,000 using eplet summation. In the first case, B*42:01 was the only donor specific antibody that was detected (blue arrow). The net MFI of this bead was 1,011, far
below the 11,000 MFI cutoff that we believed would predict a positive FCXM (see Fig. 6). However, the FCXM was positive. One explanation for this result was that the DSA
was spread over 10 eplet positive SABs shared with the donor HLA, B*42:01. Examination of the pattern of the bead reactivity in the above patient’s serum suggested that the
antibody was directed to an eplet(s) that was common to the donor specific SAB but was also reactive to non-DSA beads that shared eplets with the donor HLA allele. This
included eplet 65QIA, B7, B27, B42, B54, B55, B56, B81, B82, and eplet 66AA, B7, B42, B57, B58 (upper panel). In this situation, it appeared that a relatively low level of DSA was
spread over 10 eplet positive beads that was sufficient in cumulative strength above 11,000 MFI-s that resulted in a positive FCXM (MFI-s 11,973). SAB data from a second
case is presented in the lower panel. A Luminex SAB report is shown where the deceased donor cell was mismatched for HLA A*74:01 and B*45:01. The MFI-s for eplet
summation was 33,176, including all beads with the donor eplet 66NV (n = 19 beads) and eplet 162GLS (n = 4 beads). In contrast, addition of the MFI values of the donor HLA
SABs (HLA A*74:01 MFI 1,456, plus B*45:01, MFI 1,378) totaled 2,834 MFI-s. Laboratories using a cutoff of 3000 or less may predict a negative CBXM. The eplet/SAB calculation
method correctly predicted a positive T and B cell FCXM. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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adsorption but would deplete reactivity to other beads which
expressed the shared eplet. The anti-eplet antibody was recovered
from the eplet positive sSAB by elution in acid buffer. Subse-
quently, We demonstrated with proficiency testing sera and sensi-
tized patients’ sera that assessing the reactivity of an antibody
against a donor antigen bead would occasionally under estimate
the prediction of a positive FCXM if the antibody was relatively
weak and spread over a number of eplet positive beads. In contrast,
eplet summation of SAB data correlated 100% with negative FCXMs
in 99 proficiency testing sera.

These results support our original proposal and that of subse-
quent investigators that anti-eplet antibodies would be distributed
among all SABs that contained the reactive eplet [2,25,27,28].
However, one may occasionally observe significant differences in
MFI between SABs carrying the identical eplet. This situation
may occur by a number of different mechanisms. Differential pre-
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sentation of an attached antigen on one of these beads, which may
occur in the manufacturing process, could alter the binding, i.e.,
reducing the MFI, of the anti-eplet antibody. Also, reduced MFI of
an anti-eplet antibody binding to a non-immunizer eplet positive
SAB could occur relative to the inducer allele due to alternative
amino acid residues near the eplet changing its configuration
[29,34]. Furthermore, binding of an anti-eplet antibody, for exam-
ple, shared by two beads but binding of a second anti-eplet anti-
body to just one of those SABs could cause a substantial
difference in the observed MFI of the two beads. There are several
methods that are discussed below which we have used in an
attempt to resolve the above situations.

While we wished to put this analytic approach using eplet
quantitation of SAB data into clinical practice, we recognized a
number of issues that could confound the application of this
method as mentioned above. Highly sensitized patients present a
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
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Fig. 7 (continued)
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major problem in that it may be difficult to determine the identity
of the reactive eplets. While the Immucor software lists possible
eplets associated with positive SABs (a useful starting point) it is
not programed to filter out recipient eplets and may not be up to
date. Consequently, we always review possible eplets listed in
the HLA Epitope Registry where such a filter can be used for this
purpose (https://www.epregistry.com.br/). Furthermore, many
sera have complex mixtures of anti-HLA antibodies where multiple
anti-HLA eplet antibodies bind to many reactive SABs. In this cir-
cumstance antibody to more than one eplet is bound to reactive
SABs, which may cause substantial differences in their MFI as men-
tioned in the above paragraph.

We have developed several approaches to address the latter sit-
uation. For example, if one wishes to calculate the strength of a
donor specific eplet and there were more than the donor eplet
listed on each of 10 SABs but an 11th bead had only the donor
specific eplet, then the MFI of that bead would be multiplied by
11 to give an estimated MFI-s. If the value was above 11,000
MFI-s we would record all antigens with that eplet as unaccept-
able. If the MFI-s was below 11,000 the antigens expressing the
eplet would not be recorded as unacceptable but would be
reported to the transplant service when the patient was listed for
a deceased donor kidney transplant (Fig. 9). In this circumstance
the surgeon has the option to accept the kidney for transplantation
after, for example, pretransplant plasmapheresis.

In other circumstances where a patient had a reactive A locus
eplet of 7000 MFI-s for example and a B locus antigen of 5000
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MFI-s, we would not record either of these antigens as unaccept-
able but would report the MFI-s of 12,000 at the time a deceased
donor was under evaluation for this patient (indicating a likely
positive FCXM). A typical report form is shown in Fig. 9. Another
method of discerning the reactive eplet among multiple SABs is
to perform a XM with a sentinel cell. This is a useful technique if
there is a SAB that expresses one eplet that is part of one set of
beads that would give an MFI-s >11,000 and a positive XM but if
it was part of another eplet group that would give an MFI-s below
11,000 and therefore a negative XM. If the difference in the MFI-s
for the two possible eplets in the above example would not give
different XM results than one can perform an adsorption study
with a sentinel cell or with sSABs if the latter should become an
available reagent from the vendors. In this situation, the adsorbed
serum would be tested in a SAB assay to determine which group of
eplet positive beads had reduced MFI. Another circumstance that
may reduce the observed strength of anti-HLA antibody is blocking
of the secondary labelled antibody by complement thereby reduc-
ing the estimate of MFI-s strength. This issue can be addressed by
heat treatment or addition of EDTA to inactivate complement [35].

In this report we demonstrate a highly effective method that
uses eplet analysis and quantitation of SAB MFI data to predict
the outcome of the XM against donor specific HLA. The use of this
analytic technique has been highly effective in the identification of
UA for listing in UNet and to advise the transplant service, at the
time of the deceased donor match run, regarding the presence of
donor specific anti-HLA antibody reactivity and the likelihood of
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
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Fig. 8. Two methods of analyzing proficiency testing sera by SAB: comparison in predicting positive FCXM results. The results of SAB assays and the FCXM assays are those
obtained by our laboratory and not the consensus results reported by the participating laboratories. Summation of donor HLA antigen positive SAB (blue bars) is compared to
summation of the donor eplet positive SAB (MFI-s, red bars) for correlation with T and B cell FCXMs. FCXMs were performed as previously reported [27]. FCXMs were
considered positive when the mean channel shift (MCS) of the patient’s serum was 2 and 3 standard deviations above the control AB serum for T and B cells, respectively. This
typically was a MCS of 100 for positive T cell FCXMs and a MCS of 120 for B cell FCXMs. The upper panel compares HLA class I SAB assays with FCXM results. The lower panel
compares HLA class II SAB assays with FCXM results. CAP Proficiency Testing sera that had antibodies to HLA class II and not to HLA class I were provided by the survey. Sera
to the left of the vertical line had negative FCXMs. Summation of the MFI of eplet positive SABs had a greater positive predicted value then summation of the MFI of the donor
HLA reactive SABs. Our FCXM results were graded 100% correct according to the laboratory consensus. (For visual confirmation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Fig. 8 (continued)

Table 1
Prospective CDCXM were performed against T cells. FCXM were performed against T
and B cells of 506 recipients. All patients were XM by CDC whereas only patients
likely to be offered the kidney were tested by a FCXM as well as a CDCXM. About 25%
of our patients had >50% cPRA. There were 506 T cell FCXMs and 506 B cell XM
performed concurrently on the same patients for a total number of 1012. (A) Cross
matches performed on a yearly basis. An increase in the number of XMs occurred
from 2012 to 2017 though UAs were listed by the eplet summation method. (B)
Comparison of predicted negative XM outcomes by eplet calculation of SAB data. All T
cell CDCXMs that were predicted to be negative by the SAB/eplet calculation method
were negative. All but one FCXM that was predicted to be negative by the SAB/eplet
calculation method was positive in a B cell FCXM. In this case the MFI-s was 7483
against an HLA class II epitope. We presumed that this discrepant result was due to a
high level of complement binding to the donor eplet positive SAB. After heat
treatment to inactive complement (63 �C, 2 min) the sum of the eplet positive beads
was 78,811 MFI, a value that predicts a positive FCXM.

(A)

Year T cell CDCXMs Performed Recipient FCXMs Performed

2012 339 71
2013 380 47
2014 435 59
2015 598 102
2016 620 99
2017 889 128
Total 3261 506

(B)

Predicted Negative T Cell CDCXM Actual Negative T Cell CDCXM
3261 3261
Predicted Negative T and B Cell FCXM Actual Negative T and B Cell FCXM
1012 1011
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a negative XM. Nearly 100 percent correlation has been achieved,
using an 11,000 MFI-s cutoff derived from SAB/eplet calculations,
with negative CDCXMs and FCXMs. Studies presented in this report
have used the SAB kits from Lifecode/Immucor. In principle, the
method of assessing anti-HLA antibody strength using eplet quan-
titation should be applicable to the One Lambda/Thermofisher SAB
kits as well, since the property of eplet sharing by HLA molecules is
universal. We submit, therefore, that the results of the present
investigation will also apply to One Lambda SAB eplet calculations,
provided that the detected antibody reacts against a defined eplet
on the native HLA trimer [2,36–40]. In this regard One Lambda
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SABs express denatured HLA class I and class II and may therefore
give false positive or false negative reactions in some patient’s
serum [38–40]. The MFI-s cutoff established in our program has
f Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
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Fig. 9. An example of a pretransplant report of a list of patients for evaluation against a deceased donor on request by the transplant service. Eplet positive antigens that had
an MFI-s equal to or above 11,000 were listed as unacceptable in UNET and were therefore not on the match run list. SABs that contained a positive eplet that was below
11,000 MFI-s were not listed as unacceptable and therefore patients could be listed on the match run even if the donor HLA was positive for the eplet. However, at the time
the laboratory was asked to evaluate recipients for a deceased donor, the MFI-s were provided to the transplant service for use in selecting recipients(s) to receive the kidney
for transplantation. A representative example of a deceased donor specific SAB evaluation report is shown in this figure. FCXMs are now only performed retrospectively on
patients that are designated to receive the kidney for transplantation as a quality assurance measure unless the surgical team or the laboratory director requests a prospective
FCXM. The latter circumstance may occur for example, if the eplet is not clearly identified and the choice between eplets would result in one eplet above the 11,000 MFI-s
cutoff and one eplet below the cutoff. Occasionally, a patient with an MFI-s above 11,000 is listed. This occurs when a patient is newly activated but has not been evaluated for
UA.
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proved efficacious and therefore has provided a basis for a quanti-
tative approach to accessing UA. Clearly, differences in laboratory
and transplant service practices warrant individualized validation
studies for selection of center specific cut points based on HLA
eplet quantitation. Though not formally performed in the current
study, ROC analyses may be useful in establishing cutoffs for pro-
grams that wish to investigate the use eplet summation for select-
ing UA.

Fig. 9 of this report gives an example of a real time donor eplet
specific bead based prospective XM with transplant service
selected patients against a deceased donor. Also shown is a retro-
spective FCXM of the patient that received the deceased donor kid-
ney. By federal regulation, 42 CFR 493.1278 f (2), kidney transplant
programs are required to have available results of cross matches
before the kidney is transplanted. This regulation has been inter-
preted that a donor – cell based XM must be performed in a timely
manner and that a prospective virtual XM cannot be substituted
for a CBXM. However, the preceding Centers for medicare & Med-
icaid Services (CMS) standard defines the types of XMs that satisfy
the above regulation, 42 CFR 493.1278 e (2) (ii): ‘‘Crossmatching.
The laboratory must do the following: (2) Have available and fol-
low written criteria for the following: ‘‘(ii) The preparation of
donor cells or cellular extracts (for example, solubilized antigens
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and nucleic acids), as applicable to the cross match technique(s)
performed.” As transmitted by email to A. Norin, from CMS/New
York State Department of Health (NYSDOH), a ‘‘bead based cross
match” (BBXM), is permissible under 42 CFR 493.1278 e (2) (ii)
when an extract from cells contains HLA and the HLA is then cova-
lently bound to individual beads by a manufacturer, i.e., SABs, and
is mixed with a patient’s serum.

In order to obtain this determination it was a requirement to
provide these agencies with data showing a high degree of correla-
tion of negative donor eplet reactive BBXM results compared to
negative CBXM results. The data provided showed that our SAB-
eplet based XM method had a very high degree of correlation
(>99.9%) with CBXMs. Consequently, CMS/NYSDOH approved of
retrospective BBXM as satisfying the above stated regulations (re-
ceived by A. Norin on February 22, 2019 by email). Our BBXM has
been reviewed subsequently during routine inspections by ASHI,
CAP, and the NYSDOH and the laboratory recertified under this
DD XM provision. Email documentation of this string of communi-
cations is available on request by appropriate individuals.
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