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Abstract

Renal transplantation remains the best option for
patients suffering from end stage renal disease (ESRD).
Given the worldwide shortage of organs and growing
population of patients with ESRD, those waitlisted for a
transplant is ever expanding. Contemporary crossmatch
methods and human leukocyte antigen (HLA) typing play
a pivotal role in improving organ allocation and afford
better matches to recipients. Understanding crossmatch
as well as HLA typing for renal transplantation and
applying it in clinical practice is the key step to achieve a
successful outcome. Interpretation of crossmatch results
can be quite challenging where clinicians have not had
formal training in applied transplant immunology. This
review aims to provide a worked example using a clinical
vignette. Furthermore, each technique is discussed in
detail with its pros and cons. The index case is that of a
young male with ESRD secondary to Lupus nephritis. He is
offered a deceased donor kidney with a 1-0-0 mismatch.
His complement dependent cytotoxicity (CDC) crossmatch
reported positive for B lymphocyte, but flow cytometry
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crossmatch (FCXM) was reported negative for both B
and T lymphocytes. Luminex-SAB (single antigen bead)
did not identify any donor specific antibodies (DSA).
He never had a blood transfusion. The positive CDC-
crossmatch result is not concordant with DSA status.
These implausible results are due to underlying lupus
erythematosus, leading to false-positive B-lymphocyte
crossmatch as a result of binding immune complexes to
Fc-receptors. False positive report of CDC crossmatch can
be caused by the underlying autoimmune diseases such
as lupus erythematosus, that may lead to inadvertent
refusal of adequate kidney grafts. Detailed study of DSA
by molecular technique would prevent wrong exclusion of
such donors. Based on these investigations this patient is
deemed to have “standard immunological risk” for renal
transplantation.

Key words: Human leukocyte antigen typing; Cytotoxic
crossmatch; Flow cytometry crossmatch; Virtual crossmatch;
Human leukocyte antigen null alleles

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Understanding crossmatch for renal transplantation
and applying it in clinical practice is the fundamental step
to achieve a successful outcome. At times, interpreting an
ambivalent report of crossmatch can be very challenging
for clinicians since they have not been trained formally in
applied transplant immunology. While there are several
published reviews, this is presented as a worked example
and is aimed to discuss immunological risk stratification
by using an example of an index case.

Althaf MM, El Kossi M, Jin JK, Sharma A, Halawa AM. Human
leukocyte antigen typing and crossmatch: A comprehensive
review. World J Transplant 2017; 7(6): 339-348 Available from:
URL: http://www.wjgnet.com/2220-3230/full/v7/i16/339.htm
DOIL: http://dx.doi.org/10.5500/wjt.v7.i6.339

INTRODUCTION

Renal transplantation is the best option in suitable and fit
patients who have end stage renal disease (ESRD) as a
result of lupus nephritis. Several studies have shown that
five- and ten-year allograft survival are similar to that of
recipients with other causes of ESRD™. 1t is also worth
noting that lupus nephritis can recur in the allograft.
The risk of recurrence of clinically apparent disease in
renal transplantation is between 2%-30% of cases™*,
Systemic Lupus Erythematosus and its complications
predominantly occur in women. However, it is worth
noting that clinical manifestations are slightly different
in men who have poorer outcomes®”’. Understanding
crossmatch for renal transplantation and applying it in
clinical practice is the key step to achieve a successful
outcome. At times, interpreting an ambivalent report
of crossmatch can be very challenging for clinicians
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since they have not been trained formally in applied
transplant immunology. The following review is aimed
to discuss an immunological risk stratification by using
an example of an index case.

CLINICAL VIGNETTE

We are presented with a 30-year-old male patient who
had been on maintenance haemodialysis for five years.
His primary disease was Systemic Lupus Erythematosus
which was complicated with lupus nephritis which
eventually progressed to end-stage renal disease. He
was offered a kidney from a deceased donor with a 1-0-0
mismatch. His complement dependent cytotoxicity
(CDC) crossmatch reported positive for B lymphocyte,
and flow cytometry crossmatch (FCXM) was reported
negative for both B and T lymphocytes. His Luminex-
SAB did not identify any donor specific antibodies (DSA).
He never had a blood transfusion.

HLA TYPING

HLA typing is a crucial step in renal transplantation, as
recognition of foreign HLA by recipient T lymphocytes
would trigger an immune response. T lymphocyte
activation initiates a cascade of mediators that direct the
immune system against the allograft™. HLA laboratories
currently perform serologic as well as molecular typing
methods.

Serological typing

In this approach, a tray containing sera with antibodies
to a multitude of known HLA alleles is used. These are
commercially available. For typing, recipient lymphocytes
are introduced into the tray wells contacting sera,
complement and dye. In tray wells where antibodies
can bind to the antigens on the surface of lymphocytes;
complement is activated. This results in complement
pathways triggered resulting in cell death, ultimately
allowing the dye to enter the cell. Tray wells with
significant cell death are then identified under phase
contrast microscopy. Through a process of comparison
and elimination of positive wells the HLA type is
assigned. The key benefit of serologic typing is that
results are available in a short period. This is particularly
important in deceased donor renal transplantation.
Quick results mean less cold ischemia times. This
method also offers the ability to differentiate HLA alleles
that have identifiable DNA sequences with molecular
typing but with no cell surface antigen expression.
These alleles termed “null” HLA alleles are of less
immunological significance!®. The downside of this
method is the lack of sera with antibody specificities
that are capable of identifying the ever-growing number
of HLA alleles™. The HLA-Cw, DQ, and DP antigen
may have clinically significant effects on the outcomes
of allografts. However, serologic assays are scarce for
these loci. Furthermore, serologic methods do not
readily detect differences in HLA protein small amino
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acids. These may be antigenic enough to trigger potent
immunological responses'**?, With more advanced
methods of typing currently available serological typing
has fallen into disuse.

Molecular typing

Sequence-specific primer polymerase chain
reaction: In this approach extracted DNA from the
subject is amplified in several wells. Each well has
primers that are complementary to specific HLA alleles.
In wells where DNA probes are complementary to the
specific sequence of the HLA molecule, an amplification
product is formed. This is then instilled into an agarose
gel and undergoes electrophoresis where they appear
as a band. HLA typing is then allocated by matching the
primers of the amplification product to DNA sequences
of several candidate alleles.

Sequence specific oligonucleotide probes: Amplified
DNA is mixed with oligonucleotide probes that are
complementary to specific segments of the DNA of
different alleles. Unique HLA alleles are then identified
using fluorescent tags. For a particular gene of interest,
the precise order of nucleotides is determined through
sequencing. HLA type is then assigned using available
HLA allele sequences™.

Direct DNA sequencing: This method determines
the precise order of nucleotides in the gene of interest.
Using published HLA allele sequences, HLA type is
subsequently assigned by comparison.

Molecular typing regardless of the method can clearly
identify differences in HLA antigen between donor and
recipient. Often with detail to the amino acid level that
can provide insight to the risk accompanying mismatched
donor-recipient antigens, epitopes and amino acid™***.
HLA typing based on polymerase chain reaction (PCR)
is highly specific where specific alleles are identified
with no cross-reactivity. However, a gene may occur in
two or more forms called alleles. Cross-reactivity is the
identification of an allele which is essentially similar to the
allele of interest. While this feature is a key advantage
of this method its acts as a double-edged sword. The
disadvantage it poses is that new alleles not currently
on the HLA sequence databank will fail to be identified.
Primers used in HLA-typing are constructed on an HLA
sequence databank that contains alleles available when
the databank was designed™.

HLA typing of the donor kidney and our patient
revealed a 1-0-0-mismatch that corresponds to the pair
of alleles mismatched, respectively, at HLA-A, HLA-B and
HLA-DR. These three antigens are the considered as the
most important ones in kidney transplantation. Logically
the fewer the mismatches; the better the match between
donor and recipient resulting in a successful transplant
outcome. The dissimilarity in the HLA antigen reflects the
alloimmune burden that a donor kidney presents to the
recipient. In this case, there is 1 HLA mismatch which
is that of HLA-A. Mismatch for different HLA antigens
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does not have equal weight. We know from the initial
Collaborative Transplant Study (CTS) analysis that HLA-
DR and HLA-B antigens offer the most alloimmune
burden with less so from HLA-A™, Eurotransplant and
old United Kingdom transplant data suggest that HLA-
DR matching has a far greater effect than HLA-A or
HLA-B™*""), Interestingly one study demonstrated that
the influence of HLA-DR mismatching had the most
effect during the first six months post-transplant while
the maximal effect of HLA-B mismatching occurred two
years post-transplant™. Data from the United Network
for Organ Sharing (UNOS) registry further highlighted
the significance of paying attention to having the least
number of mismatches. They looked at quantifying
the risk of transplant failure with HLA mismatch in
patients who had their first adult kidney allografts from
deceased donors. This study revealed that having six
HLA mismatches translated to a 64% higher risk while
the risk was down to 13% with just one HLA mismatch.
Furthermore, these results were independent of locus!*.,
Another study identified seven specific HLA mismatch
combinations that were associated with decreased
renal allograft survival. These were termed “taboo
mismatches”. A taboo mismatch translated to 81% one-
year survival and 50% five-year survival®®.

In recent times, the HLA mismatching in deceased
donor kidney transplants is of lesser significance due to
the use of more potent immunosuppression and better
identification of non-immunological determinants of
transplantation'*). Nonetheless, HLA matching continues
to have a significant impact on allograft survival.

HLA ANTIBODY SCREENING

Almost a third of patients who are waitlisted for
transplantation may have a degree of anti-HLA antibodies
detected. The usual route for sensitisation towards HLA
antigens occurs in three instances; pregnancy, post
blood transfusion and prior transplantation. Preformed
antibodies increase the chances of immunological failure
of the allograft by causing positive crossmatches and,
thereby, result in the exclusion of donors™., The index
patient did not have a history of prior transplantation or
blood transfusions. Both sensitive and specific detection
of anti-HLA antibodies is crucial. Where crossmatch
is negative, even low titres of DSA can lead to early
as well as late antibody mediated rejection®®?*, For
sensitised patients, successful transplantation is possible
by employing strategies such as desensitisation, paired
exchange and acceptable mismatching™*****!, There are
different methods used for HLA antibody screening as
shown below.

Cytotoxic (cell-based) antibody screening

A set of cell donors are randomly selected to be represen-
tative of a population. This should be representative of
the population of potential deceased donors. Each panel
consists of around 30 to 40 different donor lymphocytes.
The method is similar to that of serologic typing however
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Figure 1 Schematic diagram of lymphocyte based antibody screening and solid phase (bead based) antibody screening. A: Cell based antibody

screening; B: Solid phase (bead based) antibody screening.

here recipient serum is mixed with “cell donor” lymphocytes
in individual wells along with complement and dye.
Where the serum contains antibodies that bind to the cell
surface with adequate density complement pathways are
activated which results in cell death and uptake of the
dye (Figure 1A). The degree of cytotoxicity is expressed
as percentage PRA (panel reactive antibody). It is a tool
that can be employed to approximate the risk of a given
recipient of having a positive crossmatch. This is to a
likely organ donor taken from a similar population.

The limitations of this method are that PRA percent
can be different numerically without a corresponding
change in the type or amount of antibody. This largely
depends on the cell panel used which are commercially
produced and may not truly represent the population.
HLA frequencies and racial differences need to be
factored in but cannot be done. Moreover, significant
false positive results can be produced due to non-
HLA antibodies, autoantibodies and nonspecific IgM
antibodies. Similarly, false negative results are possible
as this is purely complement dependent that requires
higher antibody titres to be activated®?, The lack of a
complement activation simply due to low titres allows a
true antibody to be hidden™., Precise, complete lists of
antibody specificities and unacceptable antigens cannot
be identified using this method as there are several
antigens in each well™®.,

Solid phase antibody screening
This method employs soluble or recombinant HLA molecules
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instead of lymphocytes targets - as lymphocytes present
both HLA as well as non-HLA molecules (Figure 1B). The
variants of these methods are:

Enzyme-linked immunosorbent assay platform:
In this method, purified HLA molecules are applied to
enzyme-linked immunosorbent assay (ELISA) platforms
and will bind individually to HLA antibody after the
addition of recipient serum®®3!!, Enzyme conjugated
antibodies to IgG (human) is then added to detect the
presence of HLA antibody in the serum which is bound
to the antigen. Detection is performed by optical density
reading.

Microbead platform/single-antigen beads: Pooled
panel beads with several different class 1 or I HLA
antigens on a bead yield a positive or negative result
and are utilised for screening®. The phenotype or also
known as ID beads are individually coated with class
I or I HLA antigens of an individual patient-derived
cell line. Microbead that is fluorescent dye conjugated
is then added to detect the presence of HLA antibody in
the serum which is bound to the antigen. Fluorescence
detection can be done traditionally using a flow
cytometer (Flow PRA®) or via the single-antigen beads
(SAB) Luminex® platform. These estimate PRA by the
proportion of positive beads. SAB are individually coated
with a single HLA antigen and yield a list of distinct
antibody specificities’®®. Specificities are subsequently
compared with HLA frequencies in the donor population
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to determine the calculated panel-reactive antibody
(cPRA)PY, This yields the best estimate of the likelihood
of a positive crossmatch/donor specific antibody to a
randomly selected donor>*%,

It is important to understand the difference between
PRA and cPRA. A high traditional PRA value translated to
a high probability of a positive crossmatch. cPRA is based
on unacceptable HLA antigens - those that the patient has
been sensitized to. Furthermore, if these were present
in a donor, would represent an unacceptable risk to the
potential recipient or organ transplantation program.
cPRA is calculated from HLA antigen frequencies among
approximately twelve thousand kidney donors in the
United States during the period between 2003 and 2005.
This, therefore, represents the proportion of actual organ
donors who express one or more of the unacceptable
HLA antigens®®'. cPRA is useful in the allocation of kidney
and pancreas transplants. cPRA estimates the proportion
of donors with whom a particular recipient would be
incompatible. An offer for a recipient with a high cPRA is
a high probability of a positive crossmatch. Formerly, the
same highly sensitised potential recipient would be higher
on the list of each match run for donors with their blood
group. Renal transplant programs were hesitant to set up
final crossmatches for more highly sensitised patients for
fear of not allocating the kidneys™">,

We are able to better discriminate immunologically
relevant positive crossmatches from false-positive results
when traditional cell based methods are complemented
with solid phase assays'*®. Microbead assays (both Flow
PRA® and Luminex®) are ten percent more sensitive for
lower titre antibody than ELISA. ELISA is ten percent
more sensitive compared to anti-human globulin (AHG)
enhanced cytotoxicity based assays. Being in control
of the antigens places on the beads, these assays are
specific for anti-HLA antibodies. SAB assays are rapid with
results available in 3-4 h. The assay is also quite efficient
in a single reaction chamber up to one hundred unique
antigen beads can be tested. Its additional multiplexing
ability permits testing many patients simultaneously™"’.
Results from SAB enable virtual crossmatching (VXM)
to identify DSA pre-transplant, thereby enabling organ
allocation and risk stratification™”, SAB assays permit
identification of anti-HLA antibodies for all common
and numerous rare antigens and alleles. Its range of
identification is up to eleven HLA loci®.

Despite the fact that solid phase antibody screening
addresses most of the short comings with cellular
assays they have limitations as well. They detect both
complement and non-complement binding simultaneously.
Being too sensitive they can detect antibody that is below
the threshold associated with a positive crossmatch.
The detected antibody may not always have clinical
implications but can preclude a potential donor. Non-
HLA antibodies are also increasingly being recognised
as clinically relevant predictors, and these cannot be
accounted for utilising this method solely™***!, With the
ever-growing list of HLA alleles, the complete spectrum
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of unique HLA antigens cannot be fully presented on solid
phase assays.

The SAB - Luminex® assay has been shown to
be susceptible to an artefact known as the prozone
phenomenon™. This phenomenon is recognised when
sera with high titer anti-HLA antibodies give negative
results when tested neat, however, react strongly positive
after 1:10 dilution™**, The complement-mediated
prozone effect is most likely caused by complement
component 1 (C1) by competitively displacing the
detection antibodies in the confined spaces between
antibodies bound to HLA molecules. This in turn prevents
HLA antibody binding to the HLA antigen on the bead.
A similar scenario can arise with the binding of IgM
antibodies or other serum factors to the beads. This can
be resolved by treatment with dithiothreitol (DTT) and
serum dilution. It is worth noting that nonspecific binding
by serum proteins as well as drugs such as intravenous
immunoglobulin (IVIG) could also interfere with the
specific binding of anti-HLA antibodies to the HLA
antigens on beads. Another cause for a false negative
result is epitope sharing. Different HLA antigens on
different beads share mutual antibody binding epitopes
leading to the binding of an anti-HLA antibody to more
than one bead. This leads to a reduction in the mean
fluorescence intensity (MFI) on a single bead™".

CROSSMATCHING (XM)

The cytotoxic assay was implemented as the requisite
test prior to transplantation when it was shown that
recipients with DSA had significantly higher rates of
allograft failure due to hyperacute rejection as well as
primary failure®”*®, The presence of donor-specific
cytotoxic antibodies depicted as a positive crossmatch
was a contraindication to transplantation. With PRA
that identifies several antibodies to a potential cluster
of donors, the crossmatch will identify if a recipient had
antibodies to a specific donor of interest. Despite the
obvious benefits of testing the T cell cytotoxic crossmatch
had a twenty percent false positive rate and a four
percent false negative rate. Therefore, it is insufficient
to identify all relevant antibodies, and in addition to
that, it may needlessly exclude patients from transplant.
The solid-phase antibody test should be used together
with crossmatch results to identify those that are
immunologically relevant'™.

Complement-dependent cytotoxicity crossmatch

Similar to cytotoxic assay the complement-dependent
cytotoxicity crossmatch is interpreted as positive if a
considerable number of lymphocytes are destroyed
after the incorporation of complement (Figure 2A). This
suggests that a significant DSA has been bound to the cell
surface. Complement-dependent cytotoxicity crossmatch
(CDC-XM) can be done for B and T lymphocytes.
Sensitivity is limited if the relevant antibody is in low titres,
but this can be overcome by increasing the incubation
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Figure 2 Schematic diagram of complement-dependent cytotoxicity crossmatch antibody to human immunoglobulin complement-dependent cytotoxicity
crossmatch flow cytometry crossmatch. A: CDC; B: AHG-CDC; C: FCXM. CDC: Complement-dependent cytotoxicity; AHG: Antibody to human immunoglobulin;

FCXM: Flow cytometry crossmatch.

time, the use of the AHG-enhanced method as well
as additional wash steps”®?”). The complement fixing
antibody to anti-human immunoglobulin (AHG) will bind
to any DSA present on lymphocytes (Figure 2B). This
increases the chances of activating complement and
thus raises the sensitivity of the test.

The antibodies that are present in lower titres are
clinically significant as a negative test has an 18%
graft loss in 1 year compared to a positive test that is
associated with 36%'*®. Similar to cytotoxic PRA this
method could miss low titre antibody resulting in false
negatives. CDC-XM can also give false positives by
detecting autoantibody, IgM/IgG HLA or non-HLA.

Flow cytometry crossmatch

Flow cytometry crossmatch (FCXM) detects DSA
independent of complement fixation. It precisely detects
the presence or lack of IgG DSA on donor lymphocytes.
In this method, recipient serum is mixed with donor
lymphocytes and then tagged with a fluorochrome-
conjugated anti-IgG antibody. Several antibodies with
separate fluorochromes particular to B and T lymphocyte
surface proteins can be added (Figure 2C). With the use
of flow-cytometry, B and T lymphocytes can be readily
identified and have their DSA individually interrogated.
Compared to complement-dependent cytotoxicity
crossmatch this offers greater sensitivity”®.. Different
laboratories use different methods, and this can result in
a difference in the results between them™. However, this
approach is not widely available, and its role in assessing
immunological risk is still unclear.

Virtual crossmatching

In virtual crossmatch (VXM), both donor HLA typing and
solid phase antibody screening are utilised together. It is
not precisely a crossmatch in the sense of mixing serum
and lymphocytes. The data is used to forecast the actual
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in vitro crossmatch results by “mixing” identified antibody
specificities of recipient serum with donor HLA antigens..
The use of VXM can lead to shorter wait times and
improved outcomes for sensitised transplant recipients.
The speed of results generated allows a VXM to be
performed at the time of donor identification owing to the
fact that there is progressively sensitive and specific flow
cytometry technology. VXM permits transplant physicians
to consider donor organs that would not otherwise be
available by means of a prospective crossmatch strategy,
and thereby, allows to consider a potentially positive
crossmatch a risk factor for donor selection®,

Titres, specificities, and presence or absence of
antibodies could significantly vary over time. Thus, the
use of antibody specificity from historical serum sample
(earlier than six months) could not predict a crossmatch
with certainty. Other factors that can influence antibody
specificities should be considered, and these include
pregnancies, transplants and blood transfusions. The
VXM should, therefore, be done considering all available
serum results including at least one recent within less
than 3-6 mo for a given patient. False positive results
of VXM may arise where there are significantly low titre
and/or non-complement binding antibodies, thereby,
resulting in the wrong exclusion of potential donors™. The
VXM can also give false negative results due to the fact
that the list of all potential HLA donor antigens have been
classed differently and, therefore, can not be correctly
represented™®., The results from VXM are not a hundred
percent accurate and current practice mandates an actual
crossmatch be performed as well®. Furthermore, VXM
does not identify the HLA “Null” alleles. Null HLA alleles
are ones have identifiable DNA sequences with molecular
typing but do not express HLA products on the cell
surface. In excess of 190 null alleles have been identified
across HLA class 1 and II. There is a significant risk
where a null allele is misidentified for its fully expressed
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Table 1 Summary of the pre-transplant risk assessment of immunological challenge

Donor crossmatch result Crossmatch Current or Antibody screening results Interpretation of

method historical immunological risk
Positive T and B lymphocyte CDC (DTT) C IgG HLA class I DSA High risk'

Hyperacute rejection
(veto to transplantation)
Positive B lymphocyte CDC (DTT) C IgG HLA class I DSA High risk'
Positive B lymphocyte CDC (DTT) C Weak IgG HLA class I DSA Intermediate risk®
Positive T and B lymphocyte FCXM (CDC neg) C IgG HLA class I DSA Intermediate risk®
Positive B lymphocyte FCXM (CDC neg) C IgG HLA class II DSA Intermediate risk®
Positive T and B lymphocyte CDC (DTT) H IgG HLA class I DSA High risk’
Positive B cell CDC (DTT) H IgG HLA class I DSA High risk’
Positive B lymphocyte CDC (DTT) H Weak IgG HLA class I DSA Intermediate risk®
Positive T and B lymphocyte FCXM (CDC neg) H IgG HLA class I DSA Intermediate risk®
Positive B lymphocyte FCXM (CDC neg) H IgG HLA class II DSA Intermediate risk®
Positive T and B lymphocyte CDC (neg DTT) CorH IgM HLA class I DSA Standard risk
Positive B lymphocyte CDC (neg DTT) CorH IgM HLA class I DSA Standard risk
Positive T and B lymphocyte CDC (neg DTT) CorH IgM non-HLA (often autoreactive) Standard risk
Positive B lymphocyte CDC (neg DTT) CorH IgM non-HLA (often autoreactive) Standard risk
Negative T and B lymphocyte FCXM CorH IgGHLACclass I or Il DSA (detected Standard risk
by Luminex SAB alone)
Positive T and/or B lymphocyte ~ CDC and/or FCXM CorH Negative (Luminex Ab detection Standard risk (IgM/IgG non-HLA, often
and/or SAB) showing 7z 7#70 autoreactivity)

Positive T; Nnegative B lymphocyte CDC and/or FCXM CorH Positive (Luminex SAB-not donor- Standard risk (results suggest antibody is

specific) or negative not HLA-specific)

Negative T and B lymphocyte FCXM CorH Positive (Luminex SAB) not donor Standard risk
HLA-specific
Negative T and B lymphocyte CDC and/or FCXM CorH Negative (Luminex Ab detection Standard risk

and/or SAB)

Donor crossmatch result Crossmatch method Current or Antibody screening results Interpretation of immunological risk

historical
Positive T and B lymphocyte CDC (DTT) C IgG HLA class I DSA High risk'
Hyperacute rejection
(veto to transplantation)

Positive B lymphocyte CDC (DTT) C IgG HLA class I DSA High risk’
Positive B lymphocyte CDC (DTT) C Weak IgG HLA class I DSA Intermediate risk®
Positive T and B lymphocyte FCXM (CDC neg) C IgG HLA class I DSA Intermediate risk’
Positive B lymphocyte FCXM (CDC neg) C IgG HLA class II DSA Intermediate risk’
Positive T and B lymphocyte CDC (DTT) H IgG HLA class 1 DSA High risk’
Positive B lymphocyte CDC (DTT) H IgG HLA class II DSA High risk’
Positive B lymphocyte CDC (DTT) H Weak IgG HLA class I DSA Intermediate risk®
Positive T and B lymphocyte FCXM (CDC neg) H IgG HLA class 1 DSA Intermediate risk2
Positive B lymphocyte FCXM (CDC neg) H IgG HLA class II DSA Intermediate risk2
Positive T and B lymphocyte CDC (neg DTT) CorH IgM HLA class I DSA Standard risk
Positive B lymphocyte CDC (neg DTT) CorH IgM HLA class I DSA Standard risk
Positive T and B lymphocyte CDC (neg DTT) CorH IgM non-HLA (often autoreactive) Standard risk
Positive B lymphocyte CDC (neg DTT) CorH IgM non-HLA (often autoreactive) Standard risk
Negative T and B lymphocyte FCXM CorH IgGHLACclass I or Il DSA (detected Standard risk

by Luminex SAB alone)
Negative (Luminex Ab detection Standard risk (IgM/IgG non-HLA, often
and/or SAB) showing 7z o7#70 autoreactivity)
Positive (Luminex SAB-not donor- Standard risk (results suggest antibody is
specific) or negative not HLA-specific)

Positive T and/or B lymphocyte ~ CDC and/or FCXM CorH

Positive T; negative B lymphocyte CDC and/or FCXM CorH

Negative T and B lymphocyte FCXM CorH Positive (Luminex SAB) not donor Standard risk
HLA-specific
Negative T and B lymphocyte CDC and/or FCXM CorH Negative (Luminex Ab detection Standard risk

and/or SAB)

'High immunological risk: Hyperacute rejection is unlikely (reported only in cases with very high titre HLA-DR antibodies) but donor-specific HLA class IT
antibodies are increasingly recognised as being associated with refractory humoral rejection and poor transplant prognosis; “Intermediate immunological
risk: Transplantation should be avoided if reasonably possible (i.e., short waiting time, easy to avoid unacceptable mismatches) but may be undertaken with
appropriate clinical caution; consideration for enhanced immunosuppression, proactive use of clinical intervention strategies and post-transplant antibody
monitoring; *Risk of anamnestic secondary T and/or B lymphocyte response: Need to consider high risk immunosuppression strategy, the duration, titre
and priming source of antibody and repeat mismatches (pregnancy or regraft). Historical positive crossmatches caused by cross-reactive alloantibodies
(avoiding the main specificity and priming stimulus) constitute intermediate immunological risk and are less likely to be associated with refractory T or B
lymphocyte responses. CDC: Complement dependent cytotoxicity; DTT: Dithiothreitol; HLA: Human leukocyte antigen; DSA: Donor specific antibodies;
FCXM: Flow cytometry crossmatch; SAB: Single-antigen beads.
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counterpart in stem cell transplantation. However, the
risk is slightly lower in solid organ transplantation. A
recipient will have the risk of developing DSA for the
mismatch where the null allele is misidentified as a fully
expressed product and, therefore, transplanted with a
donor bearing the expressed antigen. This mismatch is
not life threatening but can affect future transplantation.
In contrast, where a donor null allele is misidentified as
a fully expressed product and subsequently transplanted
into a recipient bearing the expressed antigen results in
no humoral rejection and is well tolerated™.

DEFINING RISK

Gebel et al* stratified the prospective renal transplant
patients into various categories according to immunological
risk in renal transplantations. On the basis of this with
further additions the principles of risk assessment are as
follows:

High immunological risk

At the time of transplantation, there are high titres of
circulating antibodies specific for mismatched donor
HLA (DSA). This can lead to hyperacute rejection. The
presence of DSA predludes transplantation. However, there
are reports of innovative pre-transplant desensitisation
regimens to reduce this risk.

Intermediate immunological risk

At the time of transplantation, there is a low titer of DSA,
and historic DSA is not detectable. It may be acceptable
to consider intensified immunosuppression as well as
immunological monitoring in the post-transplant period.

Standard immunological risk

Where there is no evidence of donor directed sensitisation
to HLA. Refer to Table 1 that gives a summary of the
immunological risk assessment pre-transplant based on
donor crossmatch and antibody screening outcomes®,

RISK ASSESSMENT OF OUR CLINICAL

VIGNETTE

Our patient had CDC-XM reported positive for B and
T lymphocytes but FCXM was reported negative for
both B and T lymphocytes. His Luminex-SAB did not
identify any DSA. These results can be risk stratified
as “standard immunological risk”, and we can proceed
with transplantation. Positive CDC-XM result is not in
accordance with DSA status. These implausible results
are due to underlying lupus erythematosus, leading to
false-positive B- lymphocyte crossmatches as a result of
binding immune complexes to Fc-receptors.

CONCLUSION

Interpretation and clinical application of transplant
immunology are crucial steps to a successful outcome.

JBaishideng® W]T I WWW.ngnet.COm

346

Understanding of crossmatch results and the caveats of
individual tests can be quite challenging where clinicians
have not had formal training in applied transplant
immunology. This case illustrated a common scenario and
detailed the approach to testing and its interpretation.
If we were to rely simply on the CDC-XM, we would
have made an erroneous conclusion. It is crucial to
realise that false positive report of CDC-XM can be due
to autoimmune diseases where type IlI hypersensitivity
occurs such as in Systemic Lupus Erythematosus. The
false-positive B-lymphocyte crossmatch result from
immune complexes binding to Fc-receptors®®**”). Such a
result may lead to inadvertent refusal of adequate kidney
grafts. It has been previously reported that false positive
CDC-XM could also be a result of medications such as
Isoniazid and Hydralazine®**. Detailed study of DSA by
molecular technigue would prevent erroneous exclusion of
such donors. This can eventually lead to improved organ
allocation and shorter waiting times in transplant lists.
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