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A positive crossmatch test report is perceived 
as disastrous by the potential recipient since it
vetoes transplantation. Understandably, patients 
and clinicians question the conditions which define 
a positive crossmatch. Histocompatibility laboratory
staff are constantly re-defining crossmatch
boundaries to allow successful transplantation 
of sensitised patients. These guidelines are
published at a time when the ability of
Histocompatibility laboratories to both detect and
define sensitisation has seen significant
improvements over long-established technologies.
Current techniques of ELISA and flow cytometry
provide the breakthrough in standardisation and
quality control, which has been long awaited. 
The aim of this document is to place the output
from these technologies in the clinical context to
support transplant surgeons and physicians in
making their assessment of the immunological risk
should a transplant proceed. With donated organs
being an increasingly rare resource their best use 
is paramount and the dramatic correlation of a
positive crossmatch with hyperacute rejection must
never be ignored. It follows that careful definition of
the conditions defining a positive crossmatch is also
of paramount importance.
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• Laboratories providing services for renal
transplant programmes must have the capability
of precisely defining HLA-A, -B, –C, -DR and
–DQ antibody specificities in their patients so
that donors who will be crossmatch negative 
can be identified.

• HLA antigens to which a patient has produced
antibodies should be listed as ‘unacceptable
mismatches’.

• A pre-transplant crossmatch should be
performed for all patients unless a programme
exists for identifying those individuals who can
confidently be defined as unsensitised.

• Sensitised patients should be crossmatched
using flow cytometric techniques.

• Post-transplant antibody monitoring is
recommended to help identify patients at
increased risk of graft rejection/loss and to 
aid in determining the requirements for
immunosuppression.

• It is the responsibility of the clinical team 
to inform the laboratory of potential 
allo-sensitising events.

Cardio-thoracic organs:
• Laboratories must be able to precisely define

antibodies specific for HLA –A, -B, -Cw, -DR 
and –DQ.

• Unacceptable mismatches should be defined 
as those HLA antigens to which antibodies 
have been detected.

• Patients should be screened for HLA specific
antibodies at regular intervals, especially
following sensitising events, both pre- and 
post-transplantation.

• Prospective crossmatching for all sensitised
patients should be performed. 

• Sensitised patients with fully defined HLA
specific antibodies and with no residual reaction
frequency may be transplanted without a
prospective crossmatch provided the donor 
does not carry those HLA specificities to which
the patient is sensitised.

• A retrospective crossmatch using serum
collected within 24 hours prior to transplantation
should be performed.

• Crossmatch techniques should discriminate
between IgG and IgM as well as T and B cells 
as targets.

• Post transplant antibody monitoring is
recommended to help identify patients at
increased risk of graft rejection/graft loss.

Liver and intestine:
• Prospective crossmatching is not indicated for

recipient selection.

• Identification of donor-specific antibody can 
be used to identify patients at high risk of 
acute rejection and chronic graft loss and 
to aid post-transplant management, such as
changes in immunosuppression regimen or
antibody removal.

Antibody removal:
• The HLA specificity and titre of antibodies

should be fully determined prior to antibody
removal.

• Antibody titre must be monitored regularly
throughout the duration of treatment to
determine its effectiveness.

• Antibody removal should only be undertaken
following establishment of a clinical protocol.

Overview, recommendations and 
best practice
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Immunological risk
Gebel et al [10] have suggested three broad risk
categories for a given donor-recipient combination
(adapted below):

1) High immunological risk is indicated when there
are high titre circulating antibodies specific for
mismatched donor HLA antigens present at the
time of transplantation. In most cases the high
risk of hyperacute rejection would constitute 
a veto to transplantation. Some centres may
advocate carefully planned pre-transplant
desensitisation regimes together with close 
post-transplant immunological monitoring.

2) Intermediate immunological risk is indicated by
the presence of risk factors such as prior donor
reactive sensitisation (that is absent at the time 
of transplantation) and in selected donor-recipient
combinations with only weak sensitisation to
certain mismatched HLA specificities. In such
cases, it may be justified to consider augmented
immunosuppression and post-transplant
immunological monitoring.

3) Low (or standard) immunological risk is indicated
when non-sensitised patients or sensitised
patients receive a ‘favourably’ HLA matched
organ in absence of current or historical donor
reactive antibodies.

Recommendations

Kidney and pancreas
transplantation:
• Laboratories must have a strategy in place for

the detection and characterisation of clinically
relevant antibodies.

• The techniques adopted must have the
capability of defining antibody class and
specificity. 

• As no single technique can provide complete
information, a combination of methods is
recommended. This may have cost implications
for laboratory services.

• Laboratories should have a programme 
for investigating and evaluating newly 
emerging technologies so that the
histocompatibility service supporting clinical
transplant programmes develops in line with
current treatments.

• Patient serum samples must be sent to the
histocompatibility laboratory no less than three-
monthly for routine antibody monitoring and at
14 days and 28 days following transfusion of 
any blood products. 

• Post-transplant serum samples should be
obtained monthly for the first three months,
quarterly up to one year and annually thereafter.

• Serum samples must be stored indefinitely for
potential use in future antibody screening and
crossmatch tests.

• Crossmatch tests should be capable of
distinguishing T cell and B cell populations 
and should discriminate between IgG and 
IgM antibodies.

• Serum samples used for crossmatching must
include a current sample and, where HLA
specific antibodies have been detected, samples
that are representative of the patient’s antibody
profile, over time.

• The reporting of results to clinical teams should
include appropriate advice on the clinical
relevance of the result.
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cytotoxic T cells and are also involved in the non-
specific activation of macrophages and natural killer
cells causing cell-mediated cytotoxicity. Currently
there is no routine assay of T cell sensitisation.

Control of Allorecognition
In kidney transplantation, attempts are made to
reduce the immunogenicity and alloantigen load
through HLA matching of donors to recipients. 
This is effective at reducing the number and 
severity of acute rejection episodes and is also
translated into improved long-term graft survival [1].
In addition, conventional calcineurin inhibitor based
immunosuppressive regimens are potent inhibitors
of naïve T cells and effectively control the primary
immune response to HLA alloantigens expressed 
on transplanted tissue. In individuals who are
already primed to donor HLA antigens both humoral
and cellular secondary responses are poorly
controlled by current immunosuppressive agents.

Priming sources
Exposure of an individual’s immune system to
alloantigens of another individual by pregnancy,
blood transfusion and transplantation can result 
in immunological priming. HLA specific antibodies
have been observed in patients in the absence 
of the above priming sources. Idiopathic HLA
specific antibodies are usually IgM and may arise
through cross-reactivity with infectious micro-
organisms. It has been suggested that the use 
of leucodepleted blood negates the risk of post
transfusion allosensitisation but a randomised trial,
found that buffy coat removal and additional white
blood cell reduction by filtration resulted in similar
post-transfusion alloimmunisation frequencies 
after a single transfusion event [2]. The risk of
sensitisation after blood transfusion is highly 
variable and is influenced by recipient factors such
as genetic control of the immune response, storage
time of transfused blood and previous exposure 
to alloantigens.

Acute Antibody Mediated
Rejection Mechanisms

Hyperacute rejection
Circulating antibodies which bind to donor blood
group or HLA antigens expressed on endothelial 
cells of the transplanted organ cause activation of 
the complement system which can lead to direct
damage of the endothelial cells and to cell lysis. 
There is an accumulation of granulocytes and
platelets, endothelial cell activation, loss of anti-
thrombotic state with coagulation leading to formation
of microthrombi. The vessels become obstructed 
by thrombi leading to ischaemia and infarction of 
the graft. Direct involvement of antibodies in this
process has been shown with deposition of IgG 
in the capillaries of hyperacutely rejected kidneys 
due to antibodies to ABO blood group or HLA 
antigens [3]. Perfusion of kidneys with plasma
containing antibodies directed against HLA antigens
present in the kidney has been shown to cause
hyperacute rejection [4].

Acute rejection
Whilst acute rejection is regarded as primarily a 
cell mediated process there is some evidence for
antibody involvement. The onset of acute rejection
may be accompanied by the appearance of
antibodies specific for donor HLA antigens [5].
Recovery of both lymphocytes and donor HLA
specific antibodies from rejected grafts together 
with the identification of immunoglobulin deposition
in the vessel walls of some grafts [6] and the
demonstration of plasma cells amongst infiltrating
cells recovered from failed renal grafts [7] indicates
that both cellular and humoral responses may be
present in acute rejection. Further evidence comes
from the identification of C4d in biopsies obtained
from kidney and heart transplants undergoing acute
rejection [8]. C4d is a product of complement
activation indicating antibody dependent activation.

Antibodies may also initiate graft damage by the
mechanism of antibody dependent cell-mediated
cytotoxicity (ADCC). Graft infiltrating cells have been
shown to mediate cellular lysis of antibody coated cells
[9] and antibodies eluted from rejected grafts have
been found to mediate ADCC activity to donor cells [6].

Introduction

06

Guidelines for the detection and characterisation of clinically relevant antibodies in solid organ transplantation

British Transplantation Society

The adaptive immune response to infection elicits
antigen specific cells and antibodies that bind with
high affinity to foreign antigens, resulting in recovery
from infection and also protection against re-infection.
An unwanted ‘side effect’ of this adaptive immune
response is the response to non-infectious agents
(e.g. allografts, pollen, drugs) and even to an
individual’s own body constituents (autoimmunity).

Exposure of an individual’s immune system to tissue
from another individual can result in immunological
priming (sensitisation) to alloantigens. Subsequent
re-exposure to the same or structurally related,
cross-reactive antigens causes a vigorous humoral
and/or cellular immune response. In the context 
of organ transplantation, previous immunological
priming to alloantigens can cause hyperacute
rejection due to circulating pre-formed donor
reactive antibodies, or accelerated cellular rejection,
which is difficult to control using conventional
immunosuppressive agents. Patient exposure 
to alloantigens of another individual is a common
occurrence and takes place through pregnancies,
blood transfusions and rejection of a previous
transplant. An audit of the UK National Kidney
Transplant List in 2003 showed that 20% of patients
awaiting a first transplant and 77% of patients
registered for a regraft were sensitised. A critical
function of Histocompatibility Laboratories that
support transplantation programmes is to select a
suitable donor to which the recipient is not sensitised.

The Immune System

T cell recognition of foreign antigens
The essential feature guiding the evolution of the
immune system of all vertebrate species is the 
need to distinguish between ‘self’ and ‘non-self’. 
In humans this is achieved through T cell recognition
of self -human leucocyte antigens (HLA) which bind
and present antigens in the form of processed
peptides (Figure 1).

Antigen specific T cell clones with T cell receptors
(TCR) that recognise foreign peptide bound to self-
HLA engage the antigen presenting cells (APC). In
the presence of co-stimulatory molecules present 
on mature APC’s (e.g. CD28/CD80 interaction), 
T cells receive the second signal that triggers their

activation. Activated T cells undergo clonal
expansion and secrete cytokines that initiate and
control the inflammatory response and are involved
in recruitment of other effector cells such as B cells,
cytotoxic T cells, macrophages and natural killer
cells. In addition, a sub-population of activated 
T cells express the CD45RO molecule and become
long-lived memory T cells that offer a rapid and
vigorous response on re-encounter with the same
priming antigen.

Effector cell activation and functions
The cytokine profile secreted by T helper cells
directs the immune response by regulating effector
cell pathways towards a humoral and/or cellular
response. T cell secretion of the cytokines IL-2, IL-4,
IL-5, IL-6, IL-13 induces activation and differentiation
of antigen specific B cells. In the presence of these
cytokines, naïve B cells that express cell surface IgM
undergo immunoglobulin class switching so that high
affinity IgG antibodies can be produced. Under T cell
help, B cells differentiate into antibody producing
plasma cells with the initial production of IgM
antibodies and subsequently IgG antibodies due 
to class switching; and into memory B cells that
respond rapidly upon repeat exposure to the same
antigenic stimulus (figure 1). Antibody binding to its
target antigen facilitates opsonisation by phagocytes,
and chemotaxis and lysis via the classical
complement pathway.

B cells can also function as antigen presenting cells
to T cells, providing the second signal for T cell
activation. Unlike T cells that recognise processed
antigen in the context of self-HLA, B cells express
cell surface immunoglobulin that can recognise and
bind native antigen enabling the selection of antigen
specific B cell clones. B cells bind exogenous
antigen through their cell surface immunoglobulin
which is internalised and broken down into peptide
fragments. These peptides are loaded into the
antigen binding cleft of HLA class II molecules for
presentation at the cell surface to T cells. The
interaction of the TCR with HLA/peptide complex
together with co-stimulatory molecules
(CD40/CD154) stimulates antigen specific T cell
activation for the provision of B cell help.

Helper T cells can initiate cellular immune
responses by the activation of antigen specific
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Complement dependent
cytotoxicity
The first established method for the detection and
definition of HLA specific antibodies was the
complement dependent cytotoxicity (CDC) test that
employs lymphocyte targets to detect complement-
fixing IgG and IgM antibodies. The CDC test is 
used widely in both antibody screening and
crossmatching protocols. Despite its widespread use
the CDC assay has several inherent problems [11].
An adequate cell panel can be difficult to obtain,
test specificity and sensitivity are influenced by:

cell viability 

the rabbit complement used

Furthermore, only complement-fixing antibodies 
are detected but these may not be HLA specific.
Results from the CDC test are presented as the
percentage of the cell panel with which a serum 
has reacted (%PRA). The “% PRA” is absolutely
dependent on the composition of the cell panel. 
For example, a serum from a patient with a
monospecific antibody to HLA-A2, that is present 
at high frequency in the population, may react with
50% of a random cell panel but with a much lower
percentage of a carefully selected panel. PRA results
cannot therefore be compared between cell panels or
between laboratories and do not necessarily reflect 
a patient’s level of sensitisation to the potential
donor pool. This problem is compounded by false
positive results due to the presence of autoreactive
lymphocytotoxic antibodies which could give 
“100% PRA” but are probably irrelevant to
transplant outcome [12]. Hence patients should 
not be defined as sensitised simply on the basis 
of “%PRA”. Firstly, autoantibodies must be removed
by absorption with autologous lymphocytes and / or
treatment of the serum with dithiothreitol to remove
IgM antibodies. Secondly, the HLA specificities of the
antibodies must be defined.

The detection of IgM antibodies in the CDC test is
seen as a disadvantage and dithiothreitol is used 
to remove ‘false’ positive autoreactivity due to IgM.
However, it will also remove reactivity due to IgM
alloantibodies as well as autoantibodies. A number
of developments in ELISA and flow cytometry assays
have significantly improved the detection and

characterisation of not only IgG but also IgM
alloantibodies in sensitised patients.

Enzyme-linked
immunosorbent assays
ELISA-based tests use soluble HLA antigens as
targets and have advantages over CDC [13,14]:

no requirement for viable lymphocytes and
complement

designed to detect only HLA specific antibodies

detect non-complement fixing antibodies

objective and can be partially automated

commercially available

There are two types of ELISA based assays which
are commercially available. The first detects the
presence or absence of HLA specific antibody.
Large studies of this type of ELISA [15] have found
that they reliably detect IgG HLA specific antibodies
although they may be less reliable for IgM. The
second type of ELISA defines antibody specificity.
These tests have the advantage that when positive
reactions are ranked according to optical density
then specificities cluster. This facilitates analysis of
sera from sensitised patients with a high reaction
frequency [16,17]. The sensitivity of ELISA test kits
is higher than CDC but lower than flow cytometry.

Flow Cytometry
Flow cytometry screening tests were originally
developed using cell pools designed to cover all
major HLA specificities or serological cross reactive
groups. Cells from chronic lymphocytic leukaemia
(CLL) patients [18], Epstein Barr Virus (EBV)
transformed lymphoblastoid cell line cells [19,20]
and peripheral blood lymphocytes (PBL) have all
been used [21,22]. 

Screening sera using flow cytometry with individual
cell panels is cumbersome for large-scale use so the
option of pooled cells offers advantages. It allows for
a large number of sera to be tested over a short
period and is still more sensitive than CDC. Antibody
positive sera are then investigated to define
specificity using flow cytometry against individual

Identification of HLA specific antibodiesDefining risk
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Recent advances in immunosuppressive therapy have
enabled successful transplantation in some sensitised
recipients and it is important for clinicians and
histocompatibility scientists to identify the
immunological risk and understand its clinical
significance. Gebel et al [10] have suggested three
broad risk categories for a given donor-recipient
combination (adapted below):

1) High immunological risk is attributed when there 
are high titre circulating antibodies specific for
mismatched donor antigens present at the time 
of transplantation. In most cases the high risk 
of hyperacute rejection would constitute a veto 
to transplantation although some centres may
advocate carefully planned pre-transplant
desensitisation regimes together with close 
post-transplant immunological monitoring.

2) Intermediate immunological risk may be considered
in the presence of risk factors such as prior donor
reactive sensitisation (that is absent at the time 
of transplantation) and in selected donor-recipient
combinations with only weak sensitisation to certain
mismatched HLA specificities. In such cases, 
it may be justified to consider augmented
immunosuppression and post-transplant
immunological monitoring.

3) Low (or standard) immunological risk may be
attributed to non-sensitised patients or to sensitised
patients receiving a ‘favourably’ HLA matched organ
in absence of known current or historical donor
reactive antibodies.
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pregnancies and infections. It is the responsibility 
of the clinical team to inform the Histocompatibility
Laboratory of potential allo-sensitisation events and
ensure that samples for antibody screening are 
sent to the laboratory at the agreed frequency.
Patient serum samples must be taken at 14 days 
and 28 days following transfusion of any blood
products and no less than three-monthly for routine
antibody monitoring. 

Post-transplant
De-novo synthesis of donor reactive antibodies 
after kidney transplantation is associated with 
acute rejection and chronic graft attrition. Following
transplantation, it is recommended that recipients 
are monitored for the presence of donor reactive HLA
specific antibodies and that the Histocompatibility
Laboratory continues to receive serum samples for
antibody screening. Failure to provide these samples
may jeopardise a patient’s future chances of
transplantation. Local policy should stipulate the
frequency of testing as well as testing following
reduction/cessation of immunosuppression and/or
transplant nephrectomy. It is recommended that, 
post-transplant serum samples are obtained monthly
for the first three months, quarterly up to one year 
and annually thereafter. Additional samples may be
obtained at times of graft dysfunction when rejection 
is a likely cause.

Sample storage
Use of selected historical patient serum samples 
for donor crossmatching is essential to avoid an
anamnestic immune response towards a donor
organ [30]. The use of only contemporary patient
sera in the donor crossmatch test is correlated with
sub-optimal graft survival [31]. Serum samples 
must be stored indefinitely for potential use in 
future antibody screening and crossmatch tests. 
For patients transferring to a different transplant
centre, samples of all archived serum specimens,
records and test results must be made available 
to the centre currently responsible for that patient. 

Recommendations
• Laboratories must have a strategy in place for

the detection and characterisation of clinically
relevant antibodies.

• The techniques adopted must have 
the capability of defining antibody class 
and specificity. 

• As no single technique can provide complete
information, a combination of methods is
recommended. This may have cost implications
for laboratory services.

• Laboratories should have a programme 
for investigating and evaluating newly 
emerging technologies so that the
histocompatibility service supporting 
clinical transplant programmes develops 
in line with current treatments.

• Patient serum samples must be sent to the
histocompatibility laboratory no less than three-
monthly for routine antibody monitoring and at
14 days and 28 days following transfusion of 
any blood products. 

• Post-transplant serum samples should be
obtained monthly for the first three months,
quarterly up to one year and annually thereafter.

• Serum samples must be stored indefinitely for
potential use in future antibody screening and
crossmatch tests.

Identification of HLA specific antibodies
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cell panels, ELISA and CDC. Flow cytometry does
not detect IgM autoreactive antibodies. However,
non-HLA specific IgG antibodies will be detected
using a flow cytometry technique with cell targets
and that must be considered in the interpretation 
of results.

A flow cytometry method using microparticles
coated with soluble HLA antigens to detect
alloantibodies has been described [23]. The
presence of HLA class I specific and/or class II
specific antibodies in a serum can be determined 
in a single test using this method [24]. Following the
same principles, HLA antigen coated microparticles
are available that enable the separate definition of
antibodies to HLA-A, B, Cw and HLA-DR, DQ, DP.
Studies have shown these microparticles to be more
sensitive and more specific than CDC for the
detection of HLA specific antibodies [16]. A further
advance has been the development of microparticles
coated with a single antigen. It is probable that 
these will facilitate antibody specificity definition and
in particular will enable the identification of HLA
specificities to which a highly sensitised patient is not
sensitised termed “acceptable mismatches” [25,26].

Commercially available ELISA and flow cytometry
assays are primarily designed to detect IgG
antibodies specific for HLA antigens although a
recently reported modification to the flow cytometry
assay enables characterisation of IgM antibodies [27]. 

The development of an assay using multiplexed
beads and flow cytometry [28] has also been
applied to the detection and characterisation of HLA
specific antibodies. This method allows
simultaneous analysis of far greater numbers of HLA
antigen coated microparticles than other current
methods although only limited published data are
currently available on the performance of this
technique in the clinical setting [29].

Flow cytometry crossmatching (FCXM) is now widely
used, particularly for sensitised and/or repeat
transplant patients. The increased sensitivity of the
FCXM means that antibody results derived from
screening by CDC are not necessarily predictive of
the FCXM result. There is therefore a requirement for
increased sensitivity in the screening test.

Screening strategies
A comprehensive programme for antibody detection
and characterisation is an essential component of 
the Histocompatibility Laboratory’s support for solid
organ transplantation.

Fewer than half of the transplant candidates
screened for HLA specific antibodies are likely to 
be positive [15]. A rapid screening test is required
to determine whether a sample is antibody positive
or negative. Effort can then be focused on antibody
definition in the positive samples. 

A number of laboratory techniques using CDC, 
flow cytometry and ELISA are now available for 
the definition of recipient sensitisation. These tests
have often been considered as alternatives, but they
each yield different information and have their
individual advantages and limitations. It is possible
to devise a strategy that employs a combination 
of ELISA, flow cytometry and CDC to maximise 
the information obtained from minimal effort.
Approaches may differ between laboratories and
each centre should evaluate which combination of
currently available technologies will most efficiently
and accurately define antibody specificities in their
sensitised patients. It is important to bear in mind
that the crossmatch is the final pre-transplant test.
For antibody screening to provide data predictive 
of the crossmatch result it must employ methods 
of equivalent specificity and sensitivity to the
crossmatch test.

Collection and storage of
samples for antibody
screening and donor
crossmatching

Pre-transplant
The sensitisation status of a patient varies with time,
and therefore regular monitoring of antibody levels 
is necessary from the time transplantation is
considered as a treatment option. In order to define
an individual’s sensitisation status and interpret
antibody screening results it is essential to have
accurate information about the timing and nature 
of potential priming events including transfusions,
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Recommendations
• Crossmatch tests should be capable of

distinguishing T cell and B cell populations 
and should discriminate between IgG and 
IgM antibodies.

• Serum samples used for crossmatching must
include a current sample and, where HLA
specific antibodies have been detected, 
samples that are representative of the patient’s
antibody profile, over time.

• The reporting of results to clinical teams 
should include appropriate advice on the 
clinical relevance of the result. 

Crossmatching

12

Guidelines for the detection and characterisation of clinically relevant antibodies in solid organ transplantation

British Transplantation Society

The purpose of the crossmatch test is to determine
whether a patient has antibodies which indicate
sensitisation against the specific donor. Pre-formed
antibodies present in recipient serum at the time of
renal transplantation and directed against donor HLA
antigens have been shown to cause hyperacute
rejection [32]. A crossmatch between donor and
recipient which detects the presence of such
antibodies is firmly established as an essential pre-
requisite transplantation test to prevent hyperacute
rejection. The pre-transplant crossmatch can also
indicate patients with an increased risk for graft loss.

Crossmatch Techniques
The first technique to be developed to detect donor
specific antibodies was based on the complement
dependent lymphocytotoxicity test [33]. A positive
donor specific lymphocytotoxic crossmatch (CDC)
test was shown to be predictive of hyperacute
rejection in 1969 [34] and since that time has
become a universally accepted method of detecting
pre-transplant donor HLA specific antibodies. The
standard technique detects both HLA and non-HLA
specific complement fixing antibodies. The flow
cytometric crossmatch was later developed [35] and
is also recognised as a reliable and highly sensitive
method for the detection of donor HLA specific
antibodies. Like the CDC test this technique detects
HLA and non-HLA specific antibodies. The test can
be adapted to detect different immunoglobulin
classes although the majority of methods in routine
use detect both complement fixing and non-
complement fixing IgG subclasses. The flow
cytometric crossmatch is therefore able to detect
antibody classes which are not identified by the
standard CDC test. 

The target cells used for the crossmatch test are
donor lymphocytes. These are routinely isolated
from peripheral blood, spleen or lymph node. T cells
are used for the detection of donor HLA class I
specific antibodies and B cells for donor HLA class I
+ II specific antibodies. Target cells isolated from
peripheral blood contain relatively low numbers of B
cells and this can affect the reliability of the test for
the detection of HLA class II specific antibodies.

The selection of patient serum samples is of great
importance and will affect the quality of the
information obtained in the crossmatch. A sample
taken immediately prior to the crossmatch test being
performed is the most reliable means of determining
the current status of donor specific sensitisation. 
In some cases a sample which has been collected
within the last 3 months may be accepted as a
current sample where it is known that the patient
has had no potential sensitising events in the
intervening period. In addition it is advisable to
crossmatch a selection of historic serum samples
which are representative of the patient’s
sensitisation status over time. This should include
samples in which all the antibody specificities which
have been detected are represented. The laboratory
must inform the clinical team whenever more than
three months has lapsed since a patient’s serum
sample has been received. A persistent delay may
justify temporary suspension from the transplant list
due to the increasing risk of unknown sensitisation.

Results
The results of a crossmatch test can be either
positive or negative. A negative crossmatch
indicates absence of donor specific antibodies 
from the recipient serum. A positive result is usually
due to donor specific antibodies but may also occur
due to the presence of non-HLA specific antibodies.
The specificity of the antibodies causing the positive
crossmatch is the most important factor in the
interpretation of the result and where it can be
demonstrated that the antibodies are not HLA
specific the positive result is not generally regarded
as a veto to transplantation. In addition the antibody
class and the timing of samples giving a positive
result (i.e. historic versus current) can be of
relevance in determining the clinical relevance 
of the result. It is essential that the interpretation 
of a positive crossmatch result is undertaken by
experienced personnel who are able to determine
and provide appropriate advice on the clinical
relevance of the result obtained.
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Definition of Unacceptable
Mismatches
The results of antibody screening should be used to
define unacceptable mismatches. These will include
HLA antigens for which the patient has been shown
to develop specific antibodies. Further unacceptable
mismatches may be identified, which can include
mismatched antigens on previous failed transplants
to which specific antibody has not been
demonstrated. Mismatches which do not elicit 
an antibody response are ignored in some centres
and are repeated with no apparent detriment but 
it is important that there is sufficient screening 
data to determine that there has been no antibody
response. This can only be the case where regular
post transplant samples have been collected and
analysed, in particular samples taken at the time of
and subsequent to graft loss. Where it is judged that
the screening history is incomplete such as
mismatches from a past pregnancy all mismatched
antigens should be regarded as potentially
unacceptable.

For patients with a functioning transplant in situ
requiring transplantation of an additional organ 
(e.g. thoracic organ or liver transplant patients
requiring a renal transplant, or renal transplant
patients requiring a subsequent pancreas
transplant) previous mismatched antigens should
not be listed as unacceptable unless antibody
specific for the mismatched antigens has been
demonstrated. This position is based only on case
reports.

Other HLA antigens may be listed as unacceptable
where it is desirable to avoid sensitisation to these
antigens. This would be the case for those patients
who may be considered for living donor
transplantation at a future time.

The Clinical Relevance of
Crossmatching
The crucial factors determining the clinical
significance of any crossmatch are the specificity
and immunoglobulin class of the antibodies causing
a positive result. In addition the timing of the patient
samples and the strength of the reaction may also
be of relevance.

The CDC Crossmatch 
It is generally accepted for renal transplantation that
IgG antibodies directed against donor HLA-A or -B
specificities and present at the time of transplant
will cause hyperacute rejection [46,47]. Although
less data are available, donor HLA-DR specific
antibodies present in the recipient may also result 
in rejection [48]. The outcome will differ between
individuals depending on antibody titre and level 
of expression of HLA-DR on the donor organ.
Hyperacute rejection has been described in cases 
of positive B cell crossmatches due to HLA class II
specific antibody and the elution of class II specific
antibody from the rejected kidney provides strong
evidence of a role for this antibody in the rejection
process [49]. There is little information on the role
of antibodies to HLA-Cw or HLA-DQ specificities 
in transplant failure. Renal transplant failure in a
patient who had antibodies to HLA-Cw5 present 
in the donor has been reported [43] and acute
humoral rejection has been associated with high
titre IgG HLA-DQ specific antibodies [50]. If patients
have antibodies to HLA-Cw or HLA-DQ, many
centres now consider it advisable to avoid organ
donors with those specificities just as they would
when a patient has antibodies to HLA-A, B and DR.

IgM autoreactive antibodies react with autologous as
well as allogeneic lymphocytes in the CDC
crossmatch test and have been shown to be
irrelevant to transplant outcome [51]. They therefore
give rise to false positive results. The clinical
relevance of IgM HLA specific antibodies is not clear
and whilst in many cases they appear not to be
detrimental in some circumstances there may be an
association with rejection [30].

The clinical relevance of antibodies in non-current
sera is also a point of debate. There have been
reports of successful renal transplantation with a
“peak positive, current negative” crossmatch [52]
but again it is the specificity of the antibodies that 
is the crucial factor. IgG HLA-A or B specific
antibodies present in historic sera are associated
with accelerated rejection and decreased graft
survival [46,53]. It has been suggested that the
earlier antibody response might be associated with 
T cell activation which then later mediates acute
graft rejection [54]. This hypothesis is supported by
evidence of rejection associated with the presence
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Particular care is required when a donor kidney or
pancreas is transplanted into a sensitised patient.
Special consideration has to be given to the donor
HLA antigen match grade and to avoid HLA
mismatched specificities to which the patient is
sensitised. The more stringent organ allocation
criteria of a favourable donor HLA match and
negative pre-transplant crossmatch means that
many sensitised patients have longer than average
waiting times. In highly sensitised patients who have
HLA specific antibodies that react against >85% of
potential donors, the increased immunological risk
of transplant rejection may have to be balanced
against clinical risks of remaining on dialysis. In
some highly sensitised patients the likelihood of
locating a suitable donor is remote and specific
strategies for desensitisation should be considered.
Within each HLA mismatch category, sensitised
patients should be given priority over non-sensitised
patients for a crossmatch negative donor organ and
this is optimised by participation within organ
exchange programmes.

Registry data from a large number of transplant
centres has shown that renal transplant outcome 
in sensitised patients and regrafts are inferior to 
that in non-sensitised patients [36]. However with
detailed sensitisation history and careful donor
selection facilitated through antibody screening 
and donor crossmatch strategies, survival rates
equivalent to those of primary allografts in non-
sensitised recipients can be achieved. Data from 
the UK shows that for transplants performed
between 1997 and 2001 1 year graft survival 
in highly sensitised patients (85%) was not
significantly different from that for all other 
patients (87%) [37]. 

Pre-transplant Antibody
Screening
Antibody characterisation aids the interpretation 
of crossmatch results and also contributes to the
success of organ sharing schemes set up to
facilitate successful transplantation of sensitised
patients with well matched kidneys. Although the
importance of HLA matching is well accepted, 
it is not the only factor to influence transplant
outcome. Investigators have reported the

detrimental effect of prolonged cold storage times
and delayed graft function on transplant outcome
[38,39]. It is important that transplant centres
participating in organ sharing programmes ensure
that laboratory processes are in place to minimise
the chance of kidneys being shipped and then being
crossmatch positive.

If sera are carefully screened during patient work-up
for transplantation then HLA specific antibodies can
be defined and hence a patient’s crossmatch
reactivity against a particular donor of known HLA
type predicted [40-42]. In the case of zero HLA-A, 
-B, -DR mismatched transplants, antibodies specific
for these loci would not be expected to have a role.
However, the immunological loss of some zero HLA-
A, -B, -DR mismatched transplants suggests that
antibodies specific for HLA-C or -DQ locus antigens
could have a role in transplant failure [43,44].
Definition of antibodies to HLA-C and -DQ locus
antigens in addition to -A, -B and -DR is therefore
necessary in order to predict whether a crossmatch
with a particular donor will be positive. After initial
sample testing, sera must be screened following
each sensitising event such as blood transfusion so
that at the time of crossmatch against a potential
organ donor each patient has a comprehensive
antibody profile available. This avoids unnecessary
crossmatching and facilitates interpretation of
positive results. A significant influence of matching
for HLA-DP in repeat patients also suggests a
possible role for HLA-DP specific antibodies in
transplant failure [45].

Similarly, the presence of IgM autoantibodies can be
identified during patient work-up through antibody
screening and auto-crossmatching. For patients
known to have IgM autoantibodies, the crossmatch
can be carried out in the presence of DTT and false
positive crossmatch results can therefore be
avoided.
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that a patient has never, at any time, produced HLA
specific antibodies. Some transplant units have
speculated on the possibility of being able to define
a sub-set of patients where the pre-transplant
crossmatch could be omitted [71, 72] with the aim
of reducing cold storage time. It has been
demonstrated that this works in practice with a
study omitting the pre-transplant crossmatch for a
well defined group of patients [73]. Crossmatches
which were performed retrospectively in this group
were all negative indicating that prediction of a
negative crossmatch was reliable in this carefully
selected sub-set of patients. Regrettably, the cold
storage time was not reduced indicating that other
logistical factors come into play. Transplant teams
considering this approach must proceed with
caution.

Reporting Crossmatch Results
A positive crossmatch result is obtained when the
patient’s serum sample contains antibody(s) which
binds to the potential donor’s cells. The evidence
indicates that when this antibody is IgG with
specificity for HLA there is a high risk of rejection
and/or complications. Usually the risk is a veto to
transplantation. Where the antibody is not HLA
specific the positive crossmatch is not a veto to
transplantation. The reporting of crossmatch results
must clearly distinguish between clinically relevant
and irrelevant positive reactions. 

Development of HLA specific
antibodies following renal
transplantation
A significant proportion of renal allograft recipients
develop HLA specific antibodies following
transplantation [57, 70, 74-87]. Antibodies have
been identified either by specifically crossmatching
against donor cells or by demonstrating HLA 
specific antibody reactivity in conventional antibody
screening assays. The proportion of recipients
reported to develop antibodies varies between 
12 and 60% [88]. Clearly a number of factors 
could influence these figures including the type 
and sensitivity of assay used and clinical factors
such as the degree of mismatching between donor

and recipient and immunosuppressive protocols.
Modification of immunosuppressive treatment can
affect antibody production.

The development of HLA specific antibodies following
renal transplantation has been shown to be
associated with a poorer transplant outcome.
Recipients developing HLA specific antibodies have
an increased incidence of acute rejection and of
chronic allograft nephropathy than those patients
without antibodies. Many of the early reports
demonstrated the presence of HLA specific
antibodies using complement dependent cytotoxicity
(CDC) assays, but with the availability of new
technology donor-reactive antibodies have been
more accurately defined using sensitive flow
cytometry and enzyme linked immunosorbent
assays. In order to identify de novo production of
post transplant antibodies it is important to specify
reactivity against mismatched donor antigens. In a
recent report where donor HLA specificity was
assigned to the antibody produced de novo
following renal transplantation, antibodies directed
against donor HLA-A, B, Cw, DR and DQ
mismatches have been shown to be strongly
predictive of transplant failure [57].

Whilst mismatched classical HLA antigens present
targets for antibody responses, other polymorphic
antigens may also be important in this context.
Antibodies to the mismatched MICA antigens have
recently been described in the sera of transplant
recipients [89, 90]. These antibodies may be of
particular interest because MICA expression has
been described on renal tubular epithelia in
rejecting allografts [91] and on endothelium in vitro,
but not on lymphocytes [92, 93] and therefore pre-
existing MICA antibodies would not be detected by
current crossmatching tests. 

While circulating donor-specific antibodies can 
be easily detected following transplantation, the
histological detection of immunoglobulins bound 
to the endothelium in a transplant has proved
difficult, because antibody is rapidly removed from
the endothelial surface. However, after antibody-
mediated activation of the classical complement
pathway, the complement protein C4d is covalently
bound to the endothelial surface leaving an imprint
of antibody activity that persists after complement
activation. Following the initial report from Feucht
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of cyclosporin resistant cytotoxic T lymphocytes
specific for antigens to which antibody had
previously been detected [55,56]. Rejection could
also be antibody mediated as there has been a
report of a renal transplant following a “peak
positive, current negative” crossmatch due to an
IgM alloantibody which resulted in a secondary
antibody response within 5 days post-transplant,
vascular rejection and transplant failure [57].
Decisions regarding the transplantation of patients
with antibodies in non-current sera should take into
account the available immunosuppressive protocols.

Flow Cytometric Crossmatching
The first study of flow cytometric crossmatching
showed the method to be more sensitive than
conventional CDC crossmatches for the detection 
of antibody [35]. The greater sensitivity of flow
cytometry and an association of a positive flow
crossmatch with graft rejection have been confirmed
[58]. The technique has also been shown to be
more sensitive than the AHG augmented CDC
crossmatch as well as the standard method [59]. 

The application of flow cytometry crossmatching
(FCXM) to specific groups of potential recipients 
is a matter on which evidence varies. The first clear
association between a positive flow crossmatch 
and graft failure in CDC crossmatch negative renal
allograft recipients was shown in 1987 [60]. This
association was significant only in sensitised
recipients (those with previous failed grafts or with
panel reactive antibodies). Other studies have
demonstrated associations between positive FCXMs
and complications in both first and re-grafts [61,
62]. In one of the largest studies of FCXM and
primary kidney transplantation there was a
significant association between a positive T cell
FCXM and reduced graft survival at one year [63].
In contrast other studies have not found a
significant association between a positive FCXM 
and graft function [64, 65] although the latter study
did show a non-significant trend towards poor graft
survival in the small number of regrafts studied.

The above studies focused on the T cell FCXM. 
B cell FCXMs are also performed by increasing
numbers of laboratories. A significant association
between positive T and B cell FCXMs and graft
failure has been described [66]. The demonstration

of antibody binding to both T and B cells suggests
the antibody detected is likely to be directed at the
HLA class I antigens. A T cell positive FCXM where
there is no antibody binding with B cells suggests
that the antibody may not be HLA specific. B cell
positive FCXMs may occur when the T cell FCXM 
is negative. A strongly positive B cell FCXM was
significantly associated with poorer graft survival 
at one year compared with those where negative, 
or weakly positive, B cell FCXMs occurred [67]. 
This association was found only in those patients
receiving allografts mismatched for at least one
HLA-DR antigen suggesting that the antibody
detected may be specific for HLA class II. 

Stratification of outcome according to the FCXM
results has been shown with the highest survival 
in patients with T and B cell negative, intermediate
survival with a B cell positive and poorest survival
with T and B cell positive [68,69]. This stratification
has also been shown in relation to the development
of chronic rejection with the incidence highest in 
T and B positive, intermediate in B positive and
lowest in T and B negative FCXM groups [70].

As with the CDC crossmatch the specificity 
of the antibody causing the positive crossmatch 
is a critical factor.

Although some published studies have found no
significant association between a positive FCXM 
and graft outcome the majority indicate that a
positive FCXM is predictive of graft rejection and
failure. In particular large multi-centre studies do
indicate a significant association between FCXM 
and graft outcome [63, 69].

Omitting the Pre-transplant
Crossmatch test – 
“virtual crossmatching”
The purpose of the pre-transplant crossmatch 
is the detection of pre-formed donor-HLA specific
antibodies. It therefore follows that if the recipient
has never experienced any potential sensitising
events and/or has never produced HLA specific
antibodies the crossmatch is superfluous to
requirements. The difficulty in translating this
theoretical standpoint into practice is the uncertainty
that sufficient information exists regarding potential
sensitising events and the ability to prove definitively
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HLA specific antibody
screening and crossmatching
prior to transplantation
For many years thoracic organ transplants were
performed without prospective donor specific
crossmatching due largely to time constraints caused
by the short acceptable cold ischaemic time of
explanted thoracic organs. This has led to a number
of transplants being performed in the face of a
positive crossmatch. In most instances the donor
specific crossmatch is performed retrospectively
using cells isolated from donor spleen.

The published evidence now demonstrates that pre-
transplant donor HLA specific antibodies are strongly
associated with hyperacute or accelerated rejection
of thoracic organ allografts, usually leading to death
of the recipient. [105-108]. An early report showed
that all 4 patients with a positive crossmatch had
early graft failure and death contrasting with 7 of 28
(25%) recipients with a negative crossmatch [107].
When T and B cell crossmatches are analysed
separately it can be seen that a positive IgG T cell
crossmatch is associated with accelerated graft
failure for both heart and heart-lung transplant
recipients [105]. Of 7 patients transplanted with a
positive T cell crossmatch, 5 (71%) had died within
2 weeks of transplantation contrasted with 31 of
258 (12%) patients transplanted with a negative 
T cell crossmatch. Recently, HLA class II reactive
antibodies have also been associated with increased
high-grade acute rejection in recipients of cardiac
allografts [108]. Flow cytometry crossmatching is 
a more sensitive technique than conventional CDC
crossmatching and has demonstrated a correlation
with increased early acute rejection episodes in
heart transplantation [109] and severe graft
dysfunction in lung transplantation [110]. 

Patients should be screened for HLA specific
antibodies following sensitising events such as blood
transfusions so that a complete antibody profile is
available prior to transplantation. It is important
therefore that the Histocompatibility Laboratory is
informed of any sensitising events so that collection
of blood samples can be arranged.

If a potential recipient of a thoracic organ transplant
is shown to have produced HLA specific antibodies 

a prospective crossmatch with donor lymphocytes
should be performed. This requires blood to be 
sent from the donor hospital to the recipient’s
Histocompatibility Laboratory. Given that the
acceptable ischaemia time for thoracic organs is
less than 5 hours careful consideration should be
given to the location of the donor hospital as to
when prospective crossmatching is feasible. There
may be occasions when avoidance of the sensitised
HLA antigens in the donor phenotype may allow
transplantation to proceed without waiting for a
prospective crossmatch result. It is good practice
that for all non-sensitised patients crossmatching 
is performed retrospectively using donor spleen
lymphocytes. However, a lack of accurate
information regarding potential sensitising events in
these patients would mean that there will always be
a degree of uncertainty as to whether some patients
may have produced HLA specific antibodies at
some point in their history e.g. following pregnancy.

The crossmatching techniques utilised, such as
CDC or flow cytometry should be able to determine
the presence of antibodies reactive with T and / or 
B cells as well as immunoglobulin isotype which
may have some relevance to graft outcome.

Post-transplant production of
HLA specific antibodies
HLA specific antibodies produced following thoracic
organ transplantation have also been shown to have
deleterious effects on graft outcome [111-118].
Recipients of cardiac allografts can produce
lymphocytotoxic antibodies following transplantation
some of which are directed against HLA specificities
[112,113]. Antibodies specific for donor HLA
antigens have been shown to convey increased risk
of acute rejection [112,114], poor graft survival
[111] and chronic rejection [117,118].

This is also true for lung transplantation with
patients producing HLA specific antibodies at
increased risk of developing chronic rejection
manifesting as bronchiolitis obliterans syndrome
(BOS). In one study, 66% of 15 patients with BOS
produced HLA specific antibodies, whilst none of 
12 patients free from BOS had formed antibodies
[116]. Similarly, over 60% of lung recipients without
demonstrable HLA specific antibodies lacked signs
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and colleagues [94], the presence of C4d on
peritubular capillaries of renal transplant biopsies
has been shown to be a reliable marker for 
acute humoral rejection and as such an
immunohistochemical marker of post-transplant
donor reactive antibody responses. Studies of
biopsies obtained during renal allograft dysfunction
have revealed that C4d deposition in the peritubular
capillaries is present in approximately 30% of acute
rejection biopsies [95-99]. There is now very strong
evidence that circulating donor reactive antibodies
detected by post-transplant crossmatching and
screening are significantly associated with C4d
deposition [8, 95, 97-100]. Almost all studies show
a significant association between C4d deposition 
in renal allograft biopsies obtained during graft
dysfunction and poor graft outcome in the long-
term. The Banff 97 classification of renal allograft
rejection has been modified to include C4d
deposition as part of the definition of acute humoral
rejection together with the presence of donor-
reactive antibodies and histological evidence of 
graft injury [101].

Since the production of donor HLA specific
antibodies following transplantation is associated
with poor outcome there is a potential benefit to
monitoring patients for production of post transplant
antibody. There is evidence to suggest that the
introduction of agents such as mycophenolate
mofetil into immunosuppressive regimens decreases
antibody production [102-104].

Recommendations 
• Laboratories providing services for renal

transplant programmes must have the capability
of precisely defining HLA-A, -B, –C, -DR and
–DQ antibody specificities in their patients so
that donors who will be crossmatch negative 
can be identified.

• HLA antigens to which a patient has produced
antibodies should be listed as “unacceptable
mismatches”.

• A pre-transplant crossmatch should be
performed for all patients unless a programme
exists for identifying those individuals who can
confidently be defined as unsensitised.

• Sensitised patients should be crossmatched
using flow cytometric techniques.

• Post-transplant antibody monitoring is
recommended to help identify patients at
increased risk of graft rejection/loss and to aid 
in determining the requirements for
immunosuppression.

• It is the responsibility of the clinical team 
to inform the laboratory of potential allo-
sensitising events.
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Studies on HLA specific antibodies in liver
transplantation span transplants performed over
many years during which survival rates continued to
improve. This might reduce the value of comparisons
between studies, which cover different eras. There
is no consensus regarding the clinical significance
of HLA specific antibodies but there is sufficient
published information to indicate where donor-
specific antibodies constitute a risk and how this
might be managed.

Hyperacute rejection of livers is unusual [125]. 
The fact that HLA (and ABO) specific antibodies
can mediate immediate and irreversible rejection 
of liver allografts demonstrates that the liver is not
completely protected from humoral rejection. It has
been suggested that high titre alloantibodies are
necessary for hyperacute rejection, but without
definition of “high titre” in this context. Ratner et al
reported that the associated HLA specific antibodies
had titres of between 1:16000 and 1:32000, which
are high by any measure [125]. The recipient was 
a multiply transfused male, and transfused within 
a few days of his first transplant.

It is the practice of some units to perform a
crossmatch, but often in retrospect and not for
recipient selection. Studies from such centres show
no association between a positive crossmatch and
reduced graft survival in about half [126-133] and 
a significant association in the other half [134-142]
of the transplant recipients. Where a statistically
significant association between a positive
crossmatch and reduced survival has been shown,
the correlation is with early graft loss, within the first
12 months. Furthermore, an increased rate of early
rejection has been found even in the absence of a
high graft failure rate in crossmatch positive cases
[127,129,130].

In general, positive cytotoxic (CDC) T cell
crossmatches have been shown to be a predictor 
of outcome contrasting with B cell or flow cytometry
crossmatches. This implies that clinically significant
specific antibodies may be limited to HLA Class I.
The increased sensitivity of flow cytometry may
detect antibodies at a level below clinical
significance. Where survival data have been
analysed in relation to flow cytometry crossmatches
no association has been seen [131,132], although
Scornik et al [132] found that high level HLA Class

I-specific antibodies were associated with steroid-
resistant rejections.

Evidence shows that donor HLA specific antibodies
represent a risk to liver allografts, but in most cases
this does not result in graft failure. There are
considerable differences between centres regarding
the effect of a positive crossmatch on outcome but
combining all cases shows one year graft survival 
is reduced by about 12%. In most centres the rate
of positive crossmatch transplants is around 10%
(range 7%-23%) and these were more likely for
female recipients.

The detrimental effects of pre-existing donor-specific
antibodies are seen during the early post transplant
period. Graft loss may be prevented by effective
management [127,135] or be dependent on the
HLA specific antibody titre. Persistence after
transplantation has also been shown to be an
important factor in the pathogenicity of donor-
specific antibodies [127,137]. Long term outcome
seems to be less dependent on a positive
crossmatch at the time of transplant. This could 
in part be due to selection for particularly resilient
transplants, as well as the collective effect of 
all other influences that Doyle et al describe as
“background noise” [130]. Overall, the effect 
of a positive crossmatch is measurable and 
stands above the background of other pressures 
on outcome.

Recommendations
• Prospective crossmatching is not indicated for

liver transplant recipient selection.

• Identification of donor specific antibody can 
be used to identify patients at high risk of 
acute rejection and can aid post-transplant
management, such as changes in
immunosuppression regimen or antibody removal.
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of chronic rejection whereas all patients with HLA
specific antibodies had developed BOS within 2
years of transplantation [115].

It is recommended that post-transplant monitoring 
of patients for the production of HLA specific
antibodies is performed at regular intervals 
following transplantation.

Non-HLA specific antibodies
The chronic production of antibodies to non-HLA
antigens, primarily endothelial cell antigens, has
been associated with the development of transplant
associated vasculopathy after cardiac transplantation
[119-122]. Although many antigens are likely 
to be involved, one of these is known to be the
intermediate filament vimentin [123]. A simple 
ELISA for the detection of anti-vimentin antibodies
performed at regular intervals within the first year of
transplant identifies patients at risk for developing
transplant CAV [124].

Recommendations
• Laboratories must be able to precisely define

antibodies specific for HLA –A, -B, -Cw, -DR 
and –DQ.

• Unacceptable mismatches should be defined 
as those HLA antigens to which antibodies have
been detected.

• Patients should be screened for HLA specific
antibodies at regular intervals, especially
following sensitising events, both pre- and post-
transplantation.

• Prospective crossmatching for all sensitised
patients should be performed. 

• Sensitised patients with fully defined HLA 
specific antibodies and with no residual reaction
frequency may be transplanted without a
prospective crossmatch provided the donor does
not carry those HLA specificities to which the
patient is sensitised.

• A retrospective crossmatch using serum
collected within 24 hours prior to transplantation
should be performed.

• Crossmatch techniques should discriminate
between IgG and IgM as well as T and B cells 
as targets.

• Post transplant antibody monitoring is
recommended to help identify patients at
increased risk of graft rejection/graft loss.



23

British Society for Histocompatibility and Immunogenetics

Guidelines for the detection and characterisation of clinically relevant antibodies in solid organ transplantation

Patients with antibodies directed at a broad
spectrum of HLA antigens are likely to wait
significantly longer for a transplant. Although some
of these patients will modulate their antibodies
naturally over a period of time, for others the
antibodies will remain at high titre and of broad
specificity, apparently without any reduction over
many years. The factors which govern the natural
down-regulation of antibody levels are not adequately
understood [146]. Anti-idiotypic antibodies probably
have a role to play in the natural decline of an
antibody response, although in certain circumstances
they may be stimulatory and act to sustain a
response [147]. 

T cell cooperation is needed for B cells to develop
into alloantibody producing plasma cells and the
characterisation of the epitope(s) to which an
alloantibody is directed can be used as a measure 
of the extent of T cell sensitisation. Although the
original T and B cell antibody epitope are not the
same, this use of antibody to characterise the
memory T cell response is an important tool in 
the prevention of accelerated acute rejection, the
“second set” response. The dynamics of an antibody
response may include “epitope spreading” whereby
the original HLA epitope specific antibody may
broaden to cover other specificities. One way of
investigating this is to test a serum in dilution. When
titred the main specificities should become apparent.
It is possible that the main specificity approximates
more closely to the T cell epitope. It may therefore
be conjectured that the removal of the broad or
secondary antibody specificities may not engender
an accelerated memory T cell response in a graft
containing these HLA mismatches. 

The main rationale for removing antibody from
patients awaiting transplantation was provided by
the observation that patients may be successfully
transplanted with a negative crossmatch with
current sera, but a positive T cell crossmatch using
historical sera [148]. Renal transplantation with a
current negative, historic positive crossmatch has
become more widely accepted, but is not always
successful [52]. Nonetheless, the extended waiting
time for a transplant in highly sensitised patients
and the less favourable life expectancy on dialysis
has encouraged the use of antibody removal
techniques to allow transplantation. 

Various methods have been used:

Immunosuppressive Drugs
Reports indicate that HLA specific antibody cannot 
be significantly down-regulated by the administration
of immunosuppressive drugs. Mycophenolate Mofetil
has been shown to inhibit antibody production by 
B cells in vitro [149] and has antibody lowering
effects in vivo [104], it has not been as effective 
in the context of HLA specific antibody reduction 
in patients awaiting transplantation. A chimeric
humanised monoclonal antibody (Rituximab)
specific for the CD20 B cell surface antigen has
been recently reported to reduce HLA specific
alloantibody in five of the nine renal patients treated
[150] Rituximab shows potential in modulating
antibody in some auto-immune diseases [151] 
and may have a role in modulating alloantibody.
Rituximab has recently been used in conjunction
with plasmapheresis, IVIg and splenectomy for
successful pre-transplant HLA specific antibody
removal [152].

Plasmapheresis 
Plasmapheresis or plasma exchange (PP), where 
a patient’s plasma is removed and replaced with
fresh frozen plasma or another substitute, was one
of the first methods to show success in alloantibody
reduction. It has been used to reduce pre-transplant
antibody levels with success [153-156] but it has
the disadvantage that immunosuppressive drugs 
are needed to discourage antibody synthesis and
prevent a rebound of the antibody level post 
plasma removal. Cyclophosphamide was the
immunosuppressive drug of choice in early trials
[153], although mycophenolate mofetil may be an
alternative [156]. 

Another disadvantage of PP is that plasma proteins
need replacement. It has been estimated that the
removal of one gram (g) of IgG antibody by PP
results in the loss of 150g of albumin together with
other proteins and clotting factors [157]. The use of
plasma as a replacement fluid can lead to adverse
side effects, and may even lead to an increase in
allosensitisation [155]. Albumin may normally be
the best replacement fluid, however the use of
plasma has been recommended within 48 hours 

Antibody removalIntestine transplantation
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Due to the current low numbers of intestinal
transplantation there is insufficient evidence to
indicate the value of a pre-transplant crossmatch 
for recipient selection. Rejection is the major cause
of graft failure in intestinal transplantation. In
contrast to renal transplantation, the risk of acute
rejection of an intestine allograft may not be
reduced with concomitant liver transplantation
[143]. Vascular rejection resulting in reduced graft
survival is seen following small bowel transplantation
and this is associated with a positive crossmatch
[144]. Post-transplant production of donor-specific
antibodies has been described in one case with
acute vascular rejection [144]. The incidence of
exfoliative rejection however has been shown not 
to associate with a positive crossmatch [145]. 

Donor-specific antibodies are known to compromise
all other forms of organ transplantation to varying
degrees so it reasonable to assume that intestinal
transplantation is no exception. However the paucity
of current data makes it difficult to determine the
magnitude of the effect of a positive crossmatch in
such transplants. In addition it may be that the
general extreme immunogenicity of intestinal tissue
obscures the effect of such a single factor.

Recommendations
• A pretransplant crossmatch and HLA specific

antibody screen can identify those at high risk 
of acute or vascular rejection.
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the potential importance of these ingredients in the
mechanism of action of IVIg has to be tempered by
their trace amounts. As IVIg preparations are made
from pools the efficacy may vary between batches.

Being a complex mixture, the mechanism of IVIg
action is obscure, but it is likely to be multifactorial
and involve complement down-regulation, Fc
receptors, and anti-idiotypic interactions. IVIg is well
tolerated and a major advantage of IVIg over other
methods of antibody removal is that it does not
require the simultaneous administration of
immunosuppressive drugs. 

There are many reports of the use of IVIg to lower
antibody levels prior to renal [183-188] and cardiac
transplantation [189,190]. In some cases IVIg has
been used in conjunction with PP
[156,185,191,192]. The specific removal of IgG by
IA and its replacement with IVIg would be a logical
approach worthy of investigation.

IVIg has been used as an effective rescue therapy for
acute vascular rejection in renal [193] and cardiac
patients [189]. IVIg has been used to reverse steroid
resistant rejection [194], and in a randomised
prospective study has been compared favourably
with OKT3 as a treatment for rejection [195]. 

Recommendations
• The HLA specificity and titre of antibodies

should be fully determined prior to 
antibody removal.

• Antibody titre must be monitored regularly
throughout the duration of treatment to
determine its effectiveness.

• Antibody removal should only be undertaken
following establishment of a clinical protocol. 

The British Transplantation Society is currently
developing clinical guidelines for antibody removal
see www.bts.org.uk.

Antibody removal
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of a transplant to avoid complications such as
haematoma [156].

PP has been used as therapy for acute vascular
rejection [158-162] and hyperacute rejection of the
lung [163]. A major reason for this use of PP in acute
rejection would appear to be antibody modulation,
but rarely have the donor HLA specific antibody
levels been serially monitored. The reported endpoint
is usually resolution, or otherwise, of the rejection
episode so it is difficult to judge the efficacy of this
procedure in antibody reduction post transplant.

Immunoadsorption
Extra-corporeal immunoadsorption (IA) involves the
removal of immunoglobulin by passage of plasma
over an affinity matrix. Protein A is the most widely
used affinity column in clinical practice and has
been used to reduce alloantibody pre-transplant
[164-169]. Protein A is effective at binding all sub-
classes of IgG except IgG3 which it binds poorly;
Protein G removes all sub-classes of IgG [170]. Two
columns are usually used alternately, by switching
the extracorporeal blood plasma flow between the
columns one column can be regenerated by acid
elution of bound antibody. IA has advantages over
PP, it does not require the replacement of plasma
proteins and allows the treatment of higher plasma
volumes when regeneration of the protein A columns
is used. IA still requires immunosupression to try to
prevent antibody (re)synthesis post treatment and it
is a more complex and expensive process. It has
been estimated that a Protein A column is capable
of adsorbing 50% of the IgG from a volume of
plasma [171] and multiple passages can result in
90% depletion of plasma IgG levels [157,172].

An overview of the early results of a number of
centres [173] indicates that about 50% of patients
reduced their antibodies long-term while the rest
need repeated treatment.

The short-term graft survival of patients transplanted
after immunoadsorption of alloantibody has
generally been lower than might be expected for
unsensitised patients, particularly when the treated
patients had a previous positive crossmatch [168].
A five year follow-up of a series of post IA renal
transplant recipients indicated that there was no
increase in chronic allograft nephropathy in these

patients, and argued that the five year graft survival
(44%) was comparable with figures for highly
sensitised, regrafted patients transplanted in the
same time period (1987-9) [174].

Although it has been reported that donor specific
alloantibody returns immediately post transplant,
this does not necessarily lead to graft loss [175] and
specific modulation of donor specific antibody may
occur. This phenomenon, known as
accommodation, has been intensively studied in
relation to xenograft rejection [176], but has
important implications in the understanding of
antibodies in human allotransplantation. 

Acute immunoadsorption may lead to the
unmasking or production of auto-antibodies [177]
which need to be taken into account in the
crossmatching procedure. A further practical
consideration is the leaching of antibody from the
extra-vascular space; this can convert a negative
crossmatch to positive in a few hours. Prompt
transplantation in these circumstances is important. 

Intravenous Immunoglobulin
(IVIg)
IVIg was originally developed and used to 
provide protection to patients suffering from
agammaglobulinaemia or hypogammaglobulinaemia.
It was observed that administration of high doses 
of immunoglobulin caused an increase in platelet
counts in patients suffering from autoimmune
thrombocytopaenic purpura [178]. This has led 
to the use of IVIg in a wide range of autoimmune
conditions where antibody is implicated [179]. 

Commercial preparations of IVIg contain
immunoglobulins purified from the serum of many
thousands of healthy blood donors, thereby
ensuring there will be representation of virtually all
antigen-binding specificities. The process
concentrates IgG molecules to about ten times the
normal serum concentration but maintains a
distribution of subclasses that corresponds to that
found in normal serum. Very small amounts of IgA
are found in most preparations, with some also
containing trace amounts of IgM [180]. Other
reported components include CD4, CD8, soluble
HLA molecules [181] and cytokines [182], although
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1) Laboratory resources 
and relationship
Crucial to the provision of a quality service and the
introduction of new developments are the staffing
structure and personnel qualifications within the
Histocompatibility & Immunogentics laboratory. 
A medical consultant or a substantive consultant
Healthcare Scientist who is in charge of the day-to-
day laboratory activity and is available for contact
outside normal working hours must direct the
laboratory. The director of the laboratory must 
have experience of working in a Histocompatibility 
& Immunogentics laboratory and must have
Membership of the Royal College of Pathologists in
Histocompatibility & Immunogentics or evidence of
at least an equivalent level of training in the subject.

Other Healthcare Scientist staff should have
successfully completed a recognised training
scheme in Histocompatibility & Immunogentics 
(for example British Society for Histocompatibility 
& Immunogenetics Diploma) and have attained
state registration with the Health Professions
Council. Trainee Healthcare Scientists must
participate in a recognised training scheme so 
it is therefore essential that training opportunities 
be provided within the laboratory for all personnel.

Staffing levels and laboratory resources should 
be sufficient to meet the demands of the service,
including staff training, annual-leave, unforeseen
absence and compliance with the European
Working Time Regulations. Work activity levels and
provision for laboratory resources required to meet
this demand should be an integral part of the
transplant centre Business Plan. Recommendations
for staffing numbers, skills and competencies
required are detailed in the British Renal Society
Renal Workforce Planning document. All
Histocompatibility & Immunogentics laboratory 
staff should participate in appropriate CPD 
activities, provided under the auspices of the 
BSHI, the Institute of Biomedical Sciences (IBMS)
or the Royal College of Pathologists.

It is important that close liaison is maintained
between the laboratory scientists and the clinical
team. The Laboratory Director and other appropriate
laboratory staff must therefore establish good
professional relationships with the medical and
professional staff in the transplant unit. Laboratory
representation at relevant clinical and audit
meetings is essential.

Appendices

Figure 1: Schematic representation of antigen presentation 
to T cells and the activation of effector cells involved in the
immune response.

26

Guidelines for the detection and characterisation of clinically relevant antibodies in solid organ transplantation

British Transplantation Society

Legend
APC Antigen Preventing Cell
Tc Cytomic T cell
NK cell Natural Killer cell
TcR T cell Receptor
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dimers (IgA) or in other forms (IgD, IgE) collectively termed isotypes.

antibody removal An artificial process used to get rid of a usually harmful antibody from a
patient’s blood.

antibody screening A laboratory test to identify the presence of HLA specific antibodies in 
a patient’s serum (blood) sample. If antibodies are identified then they 
must be characterised to define their specificity i.e. to list the antigens 
to which they are directed.

antigen presenting cell An immune system cell which can process antigens and expose them to
other immune system cells to initiate an immune response.

antigen A non-self molecule or part of a molecule, to which the body’s immune
system can manufacture an antibody or mount a cellular response.
Antigens are usually harmful chemicals produced by viruses and bacteria.
In transplantation they are molecules present on the donor organ but
absent in the recipient.

anti-idiotypic antibodies An antibody with specificity for that part of another antibody which 
binds antigen.

audit A cyclic process of review of a laboratory or clinical systems with the aim
of identifying improvements and implementing change.

autoimmunity An immune response to self antigens, tissues and organs which can 
result in serious illness such as type 1 diabetes or rheumatoid arthritis.

autoreactive lymphocytotoxic Antibodies which cause a positive reaction in a lymphocytotoxic assay
antibodies when the serum and target cells are from the same individual. An 

important cause of a false-positive result. Are of no clinical relevance.

B cell crossmatch (B-cell XM) A crossmatch test in which target cells are B lymphocytes. 

B lymphocytes White blood cells, which produce antibodies. They circulate in the blood
and increase in number at the time of infection or in transplantation, at
the time of rejection. They work with T-lymphocytes. Their action can be
limited by immunosuppressive drugs.

Banff 97 grades An internationally recognised system of grading pathology in biopsy
specimens from a kidney. Used to diagnose and grade rejection.

Biomedical Scientist A Healthcare Scientist qualified to practice following a specified training
course leading to State Registration (www.hpc.org.uk) and attaining
continuous professional development. 

British Renal Society www.britishrenal.org

British Society for www.bshi.org.uk
Histocompatibility and 
Immunogenetics

Appendices
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2) Glossary (intended for non-professional readers)

ABO blood group Sugar molecules carried by red blood cells (and other tissues) which
function as antigens. There are four main ABO blood groups, O (46% of
616 heart-beating deceased kidney donors in the UK in 2003), A (41%),
B (9%) and AB (4%). Group O patients have naturally occurring
antibodies to groups A and B, group A to group B, group B to group A
while group AB have no naturally occurring antibodies. Organ transplants
and blood transfusions can be:
ABO identical e.g. O to O, A to A etc
ABO compatible e.g. O to A, B to AB etc
ABO incompatible e.g. B to A 
ABO incompatibility constitutes a high risk (usually a veto).

absorption Active process of binding to another substance e.g. binding of antibody 
to an affinity column.

acceptable mismatch A non-self HLA antigen to which a recipient has no antibody reactivity,
prior to transplantation.

accommodation An incompatibility which is accepted by the recipient.

acute rejection episode The recipient immune response (usually mediated by T cells) attempts to
reject a transplanted organ. This usually occurs during the first three
months after transplantation.

affinity column A matrix, usually polymer beads in suspension, which acts as a carrier 
of biologically or chemically active molecules capable of binding 
anther molecule.

allele A genetic variant with a frequency of more than 1%. An allele can be at
the DNA or protein level.

allograft A transplant between members of the same species e.g. between humans.

anamnestic response A response because of memory. The immune system responds
aggressively when re-exposed to an antigen in a secondary response.

antibody A serum protein produced by B-lymphocytes, which is capable of binding
to a unique antigen. Antibodies are part of the natural defence
mechanism and function to rid the body of harmful pathogens such as
viruses and bacteria. In transplantation they can cause rapid destruction
of the transplanted organ.

antibody dependent cell Cell killing which has specificity (antibody) and is mediated by cytotoxic
mediated cytotoxicity cells.
(ADCC)

antibody detection A method which identifies the presence of an antibody in a 
serum sample.

antibody isotype Immunoglobulins occur as single molecules (IgG), pentamers (IgM),
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CPD Continuous Professional Development schemes provide independent
assessment that an individual maintains ongoing training.

crossmatch test (XM) A test to identify antibody mediated reactivity to target antigens in a
potential organ donor. The test report must be either positive or negative.

cross-reactive An antibody which is able to bind to a series of structurally closely 
related antigens.

cyclophosphamide A drug which is cytotoxic. A powerful, infrequently used 
immunoablative drug.

cytokine A chemical secreted by an immune cell which may either enhance or
suppress an immune response.

desensitisation Removal of antibodies which are indicative of sensitisation.

differentiation A process of specialisation of cells and tissues to become a functional
organ or system. A one way step.

dithiothrietol A chemical used in laboratory assays to dissociate the pentameric IgM
molecule and abrogate its activity.

donor / recipient The degree to which a donor’s tissues or organs differ from a recipient’s.
(in)compatibility The reactivity of a recipient’s immune response to donor antigens.

endothelial cells Cells which line the blood vessels.

enzyme linked immunosorbent A laboratory assay in which antibody can be detected. Known antigens 
assay (ELISA) are bound to a plastic plate and reacted with a patient’s serum sample. 

If antibody is present it will bind to the immobilised antigen and can be
detected by activation of an enzyme resulting in coloration of the reaction.
An instrument is used to measure the colour change.

epitope That part of the antigen structure to which antibody binds.

Epstein-Barr virus (EBV) A common virus causing glandular fever in healthy persons. In
immunosuppressed transplant patients it can cause post-transplant
lymphoproliferative disease, used to transform B cells into stable cell lines.

extra corporeal Outside of the body.

FC receptor A B cell surface molecule which binds to the constant sequence domain
of an immunoglobulin molecule.

false positive A laboratory assay reaction which gives a positive result which does not
correlate with the clinical situation. An erroneous result.
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bronchiolitis obliterans Occlusion of the airways in a transplanted lung. A manifestation of rejection.
syndrome

C4d A component of the complement system which indicates an antibody
mediated process has occurred. Detection is diagnostic of rejection.

calcineurin inhibitor An immunosuppressive drug (ciclosporin, tacrolimus) which acts by
blocking immune cell activation by the calcineurin pathway.

CD-4, 8, 20, 28, 40, 80, 154 Cell surface molecules (Cluster of Differentiation) defined and recognised
by an international standardisation body http://ca.expasy.org/cgi-
bin/lists?cdlist.txt

cell viability The proportion of target cells alive before or after a CDC assay. 

characterisation of antibodies A process of testing for antibody(s) in serum in such a way as to identify
the specific antigen(s) with which the antibody reacts.

chemotaxis Attraction of a cell to a source mediated by secretion of a chemical
attractant.

chronic lymphocytic Chronic lymphocytic leukaemia is a cancer of a B lymphocyte lineage
leukaemia (CLL) cells resulting in high numbers of B cells entering the blood system. These can

be used as target cells in a CDC assay.

chronic rejection Response to a transplanted organ characterised by agreed (Banff) criteria.
Onset is usually at least one year after transplantation and progression is
slow. E.g. chronic transplant nephropathy (kidney), bronchiolitis obliterans
syndrome (lung) and coronary artery disease (heart).

class switch The event when antibody in the circulation changes in isotype e.g. from
IgM to IgG indicating specificity.

clinical significance Of relevance to and influential of patient treatment.

cold ischaemia time The time during which an organ for transplant is stored outside the body,
usually in melting ice at 4C.

complement A group of chemicals in the blood which react together to severely
damage or kill body cells.

complement dependent A laboratory test to identify presence of antibodies in a serum sample 
cytotoxicity (CDC) using lymphocytes bearing antigens as targets. 

Clinical Scientist A science graduate who has followed a recognised training scheme to
achieve Registration with the Health Professions Council
(www.hpc.org.uk). Consultant CSs have Membership of the Royal College
of Pathologists, have extensive (more than 8 years) experience and have
documented continuous professional development (CPD). 

co-stimulatory molecule A cell-surface molecule which enhances recognition of non-self antigens
by binding to a ligand on a T cell in association with HLA antigens and 
the T cell receptor.
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IgG, IgM An immunoglobulin antibody isotype.

immune response The reaction of the body’s immune system to non-self foreign substances
e.g. viruses, bacteria.

immunoadsorption Binding of immunoglobulins to a solid phase. A process which can
remove immunoglobulin from the blood.

immunogenicity The degree to which a substance can provoke the immune system to
respond e.g. high or low.

immunoglobulin A protein manufactured by B cells and which binds to an antigen.

immunohistochemical A laboratory test which localises an antigen in a tissue section.

immunosuppression Drug induced manipulation of the immune response to lessen 
its effectiveness.

inflammatory response Cell and tissue swelling which accompanies an immune response.

interleukin IL-2, -4, -5, -6, -13. Molecules manufactured by immune system cells
which can up- or down-regulate immune cell activity.

IVIg Intravenous immunoglobulin. A commercial preparation of serum from a
large number of blood donors which has high levels of immunoglobulin
with a wide range of antibody specificities. Used to enhance, or suppress
the immune response.

locus The positioning of a specified gene in the DNA sequence.

lymph node Discrete, widely distributed body tissue at which lymphocytes reside.

lymphocyte A white blood cell central to the actions of the immune system. There 
are many types and sub-types e.g. B lymphocytes, T lymphocytes, 
CD4 T lymphocytes.

lymphoid cell line (LCL) cells White blood cells manipulated in the laboratory with EBV to grow rapidly
to give large numbers of B cells of a specific type which can be used in
some assays.

macrophage A white blood cell specialised to engulf antigenic substances (viruses,
bacteria) which can be presented to the immune system to induce an
immune response.

memory T cell A white blood cell T lymphocyte which is able to recall prior exposure to a
specific antigen and respond immediately to kill the antigen carrying cell.

MICA – MHC class Molecules with close structural similarity to HLA molecules but with a
I like molecules different function. MICA interact with natural killer cells to regulate 

immune cell responses. 

mycophenolate mofetil An immunosuppressive drug with anti-proliferative properties.

microparticles / beads Microscopic plastic beads which are commercially available as solid phase
carriers of biological molecules such as antigens or antibodies.
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“favourable” mismatch A donor / recipient combination where there is no mismatch for HLA-DR
and only one mismatch at HLA-A or –B or one mismatch at each of HLA-
A and –B. ‘100’ or ‘010’ or ‘110’. A UK Transplant definition.

flow cytometric crossmatch A test of donor/recipient compatibility, which uses a flow cytometer to
(FCXM) measure binding of patient antibody to donor antigens. Sometimes, 

incorrectly this test is called a “FACS crossmatch”.

flow cytometer Equipment using laser technology and a fluorescent stain coupled to a
detection antibody and is a highly sensitive, semi-qualitative technique.

guideline A statement intended to offer advice of how to proceed. Based on
published evidence or established best practice.

haematopoietic stem cell A cell which can differentiate into one of many possible blood lineage
cells. Used to treat leukaemia by transplantation from a healthy donor. 

health professions council The UK regulatory body overseeing registration of Healthcare Scientists;
www.hpc.org.uk

highly sensitised patient (HSP) A patient who has developed HLA specific antibodies to 85% or more 
of a representative cell panel. This definition is set by UK Transplant.

histocompatibility The degree of similarity between cells, tissues and organs of donors and
recipients assessed by HLA antigen typing and matching.

histocompatibility laboratory A highly specialised laboratory staffed by Healthcare Scientists 
who perform tests to facilitate effective organ, tissue and stem 
cell transplantation.

historic serum sample A serum sample collected from a patient and stored for testing, usually at
least six months prior to the current date.

HLA antigens Human Leucocyte Antigens. Cell surface molecules coded on chromosome
6 which function as immune recognition antigens. There are several genes
(HLA-A, -B, -Cw, -DR, -DQ, -DP) each coding for separate molecules and
each gene locus is highly variable leading to a complex genetic system of
fundamental importance in the immune response.

HLA class I molecules HLA-A, -B and –Cw molecules with structural and functional similarity.
Occur on almost all body cells.

HLA class II molecules HLA-DR, -DQ and –DP molecules with structural and functional similarity.
Restricted distribution on immune active cells.

HLA specific antibodies Antibodies which bind to HLA antigens.

humoral Of the blood. Usually used to indicate an antibody mediated response (cf
cellular response).

hyperacute rejection Rejection of a transplant within a very short time of operation (minutes)
usually caused by antibodies present in the recipient which react 
with antigens on the transplanted donor organ. Usually results in
immediate failure.
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primary response The reaction of the immune system at the time of its first exposure to a
novel antigen. Usually mild and non-specific.

protein A A substance which non-specifically binds to immunoglobulins.

rabbit complement Serum from rabbits. A laboratory reagent used as source of complement
in the complement dependent cytotoxicity assay. 

reaction frequency The percentage of panel cells reacting with a serum sample.

recommendation A guideline which should usually be adhered to.

registry A database of patient records usually including outcome data facilitating
survival analysis. e.g. www.renalreg.org, www.ctstransplant.org

regraft Second and subsequent transplants.

rescue therapy A treatment aimed to prevent failure of a transplanted organ in the face of
an aggressive immune response. Usually uses an immunosuppressive
drug which has not already been used in the patient’s treatment.

risk The degree to which a hazardous outcome is predicted.

rituximab A monoclonal antibody modified to be mainly human protein. Specificity is
for CD20. Used in transplantation to severely restrict the efficacy of the
immune response.

Royal College of Pathologists www.rcpath.org

screening strategy A process to detect and define sensitisation.

secondary response An aggressive immune response mounted on re-exposure to a previously
recognised antigen.

sensitisation An immune response to an antigen resulting in alloreactive T and B cells
and antibody formation.

sensitivity (of a patient) The ability to mount an immune response to an antigen.

sensitivity (of an assay) An evaluation of the accuracy of the results of a laboratory test to predict
an outcome. Usually quoted as a percentage.

serum The straw-coloured fluid from the blood plasma in which body chemicals
are suspended. Serum is used to test for the presence or absence and
levels of these chemicals, including antibodies.

solid phase assays A laboratory test to identify presence of antibodies in a serum sample
using antigen targets immobilised to a plastic tray or microparticle. These
assays are performed as ELISA or fluid phase assays using a flow
cytometer. The antigen target is usually cell free HLA antigens.

specificity The defined reactivity of an antibody e.g. specific for an HLA molecule.

spleen An organ located close to the liver which acts as a reservoir of immune
active lymphocytes.
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microthrombi Very small clumps of red blood cells which can cause blockage of
capillary blood vessels.

monospecific An antibody which reacts with a single structurally discrete antigen.

natural killer cell White blood cells which function to moderate immune system responses.
They prevent immune cells acting against the body’s own cells and
moderate production of cancer cells.

negative crossmatch Result of a laboratory test which has not detected donor-specific antibody.

non-self Substances which elicit an immune response, antigens or allo-antigens.

OKT3 Outdated name for the CD3 molecule. An antibody to OKT3 can be used
as a highly potent immunosuppressive drug (Muromab-CD3, Orthoclone
OKT3). Now used infrequently.

organ exchange Agreed transport of a donated organ for transplantation into the most
suitable recipient at another transplant centre. Facilitated by UK
Transplant following exchange rules decided by agreement between
transplant centres.

panel reactive antibodies The calculated % of a panel of lymphocytes with which a patient’s serum
(PRA or % PRA) reacts. Now considered an outdated term, ‘%PRA’ was a guide to the 

degree of sensitisation.

peak positive / current A crossmatch result where reactivity to donor target cells has been
negative crossmatch detected only in historic serum samples. There is no reactivity to donor
(PPCN XM) target cells in recent serum. 

peptide A fragment of a protein molecule.

peripheral blood A blood sample taken for clinical investigation from a vein.

peritubular capillaries Small blood vessels located in the kidney adjacent to the structures
(nephron) which filter the blood.

phagocytes White blood cells which engulf antigenic substances.

plasma cell A lymphocyte which actively manufactures antibodies, of B cell lineage.

plasma exchange or Removal of some of the plasma, usually about 0.5 litre at a time and
plasmapheresis replacement with plasma from a blood bank. This process can be used to 

lower the amount of an antibody in the blood.

positive crossmatch Result of a laboratory test which has detected donor-specific antibody.

post-transplant Laboratory tests which may indicate the immune reactivity of a recipient 
immunological monitoring to transplanted tissues and organs.

pregnancy Any exposure to fetal immunogenetic tissues including miscarriages 
and live births.
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steroid-resistant rejection A rejection episode which cannot be suppressed by administration of
steroid drugs.

T cell receptor A T cell surface molecule which interacts with HLA antigens on antigen
presenting cells to initiate an immune response.

T lymphocyte A white blood cell which gains maturity in the thymus. There are several
types and sub-types reflecting the function of a specific group of T cells.
Characterised by expression of specific CD markers.

target cell A cell population used in an immune reactivity assay which carries
antigenic molecules to which the test cell or serum responds.

T-cell crossmatch (T-cell XM) A crossmatch test in which the target cells are T lymphocytes.

thoracic organ An organ located in the chest cavity (thorax); the heart and lungs.

titre The level at which an antibody occurs in blood. Measured by repeatedly
diluting serum until activity disappears.

transplant list A register of patients eligible to receive an organ transplant. May include
patients temporarily unavailable due to ill health or absence on holiday.

unacceptable antigen HLA specificities which must not be present on a transplanted organ
(veto). They can be the result of sensitisation or prior exposure, as in 
a pregnancy.

vascular rejection An immune response with activity detected in the blood vessels 
of the transplanted organ. Usually an aggressive process mediated 
by antibodies.

vasculopathy Diseased blood vessels.

veto Prohibition or contra-indication to a transplant proceeding due to a
considered unacceptable high risk of early transplant failure e.g. ABO
blood group incompatibility.

“weak positive” crossmatch Redundant term. The report following a crossmatch test must either be
‘positive / incompatible’ or ‘negative / compatible’. 

xenograft Transplantation of an organ between different species e.g. baboon liver 
to a human.
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1) The percentage of patients shown to have
developed HLA specific antibodies for:

Transplant list patients according to time waited 
and number of sensitising events

Transplanted recipients according to time after
transplantation and by HLA mismatch

2) For antibody positive patients the frequency of:

a) de novo specific sensitisation

b) immunoglobulin class established

c) specificity for HLA class I, II and I+II

3) The percentage of transplant list patients 
from whom:

serum samples were received within the past
three months

a positive crossmatch report was issued

4) Positive crossmatch rates according to patient
gender, local or imported donor organ and 

HLA mismatch including specificity for HLA-Cw, 
-DQ and –DP mismatches

5) The percentage of transplanted patients 
from whom:

a crossmatch test was performed with a non-
current serum sample, including timing

a flow cytometric crossmatch assay was
performed

a retrospective crossmatch was performed
including positive results

6) Occurrence of “high” and “intermediate” risk
transplants as defined in these Guidelines.
Include pre-transplant treatments and post-
transplant management

7) The incidence and timing of post-transplant
serum sample receipt and testing

8) The concurrence of post transplant biopsy C4d
positivity and HLA specific antibody positivity with
and without specificity for donor antigens
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