Invited article

TRANSPLANT

International
© Springer-Verlag 1989

Transplant Int (1989) 2: 2-7

Positive crossmatches -
when is it safe to transplant?
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Abstract. There is no doubt that the interpretation of
a positive lymphocytotoxic crossmatch test has
changed over the past 10-15 years. It is now gener-
ally accepted that the original dogma put forward in
the mid-1960s “that a renal transplant must not be
performed in the presence of a positive lymphocyto-
toxic crossmatch” is no longer tenable, and many
positive crossmatch transplants have already been
successfully carried out. However, the precise condi-
tions under which such a transplant can be per-
formed are still not fully understood. Some factors
which should be considered when deciding whether
or not to transplant in the presence of a positive
crossmatch are: (1) the specificity of the antibody,
and this can be HLA class I, class I1 or non-HLA;
(2) the time interval between the last positive cross-
match serum and transplantation; and (3) the immu-
noglobulin class of the antibody, either IgG or IgM.
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The lymphocytotoxic crossmatch test was intro-
duced into clinical renal transplantation in the mid-
1960s as a result of the finding by a number of labo-
ratories of a strong association between a positive
crossmatch and immediate failure of the graft[17, 24,
28]. The introduction of and strict adherence to the
dogma “that a renal transplant must not be per-
formed in the presence of a positive lymphocyto-
toxic crossmatch” led to a reduction in the incidence
of hyperacute rejections, but at the same time it
meant that patients with high levels of antibodies
(developed as a result of pregnancies, multiple blood

transfusions or a failed graft) either had to wait a
long time for a crossmatch-negative donor or were
not transplanted at all.

The major advance which has occurred in the
past 12 years or so is the recognition that a transplant
can be successfully performed in the presence of a
positive crossmatch, but only under certain condi-
tions. This advance has particularly benefited the
highly sensitised patient.

Successful B cell positive (T cell negative) cross-
match transplants were first reported in 1976 [7], but
the precise specificity of the antibody was not
defined in that study. In the same year, donor-reac-
tive lymphocytotoxic antibodies that also reacted
with the patient’s own peripheral blood lymphocytes
were described and shown to be non-damaging [5]. -
In the following year, donor-reactive B cell autoanti-
bodies were described and found to be benign [20].
Since these early reports, many studies have been
published on the outcome of renal transplants per-
formed with a positive crossmatch, but the conclu-
sions have been conflicting. For example, some
studies have reported that B cell antibodies are dele-
terious [6] while others have found them to be harm-
less [13]. Furthermore, some authors have stated that
Tcell positive crossmatch transplants are to be
avoided at all costs whereas others have reported a
successful graft outcome [3, 26].

There are at least three reasons for the conflicting
conclusions. Firstly, in most of the studies the au-
thors have not determined the specificity of the anti-
body causing the positive crossmatch. This speci-
ficity analysis is important since we know that
lymphocytotoxic antibodies can have different spe-
cificities, and not all are a cause of graft rejection.
Secondly, there are now data showing that sera col-
lected in the past may not give the clinically relevant
crossmatch result and that it is the current serum



Table 1. Different types of positive crossmatches taking into ac-
count the specificity and immunoglobulin class of the antibody
and whether or not the current serum is positive

Type number Specificity Peak + Ig class
current
1 Auto (non-HLA) + G
2 Auto (non-HLA) + M
3 Auto (non-HLA) - G
4 Auto (non-HLA) - M
5 HLA class II + G
6 HLA class II + M
7 HLA class 1 - G
8 HLA class I1 — M
9 HLA class ! + G
10 HLA class | + M
11 HLA class I - G
12 HLA class | - M

Table 2. Qutcome of positive crossmatch transplants due to auto-
antibodies against T and B cells or B cells alone in recipients of a
first cadaver graft or a living related donor (LRD) graft

Crossmatch Number of Percentage success (months)
T B cases 1 6 12
First cadaver donor

+ + 27 81 77 65
- + 19 95 84 84
- - 148 83 74 69
Living related donor (actual values)

+ + 1 100 100 100
- + 8 100 100 100
- - 64 97 94 92

sample that may give the “correct” result. Since this
is a relatively recent finding, most papers have not
addressed the issue. Thirdly, the effect of the anti-
body on the graft may depend on its immuno-
globulin class. There are data showing that IgM anti-
bodies are benign whereas IgG antibodies are
associated with graft rejection. This is also a relative-
ly new finding and has not been extensively studied.

Therefore, in trying to determine the conditions
under which a positive crossmatch transplant can be
safely undertaken, the three factors mentioned above
need to be taken into consideration. In summary
these are: (1) the specificity of the antibody, (2) the
time period between the last positive crossmatch
serum and transplantation and (3) the immunoglob-
ulin class of the antibody. Taking these three factors
into account, 12 different “types” of positive cross-
matches are possible (Table 1), and the question
which we need to answer is: which combinations are
safe to transplant? The literature provides some
answers but by no means all. In an attempt to ad-
dress this question, I will divide the following discus-
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sion into three main sections according to the speci-
ficity of the antibody. Within each section, I will dis-
cuss the other two considerations, namely, the time
between the last positive crossmatch serum and
transplantation and the imnmunoglobulin class of the
antibody.

The most commonly occurring antibody spe-
cificities are: (1) HLA class I, which usually react
with T and B lymphocytes although weak antibodies
may react with B cells alone since these cells have a
greater density of class I antigens than T cells [18];
(2) HLA-DR, -DQ, which react with B cells; and (3)
autoantibodies, which can react with T and B cells or
with B cells only. In this paper I will firstly discuss
autoantibodies, then class II antibodies, and finally
HLA class I antibodies.

Autoantibodies

There are many published studies confirming the
original finding that autoantibodies that cause a
positive crossmatch are not detrimental to renal allo-
graft function [9,26). The data from the Oxford
Transplant Unit are shown in Table 2. In the cadaver
grafts, the percentages of success values were calcu-
lated actuarially [19]; the survival rates for the T and
B cell positive and B cell positive crossmatch groups
are not significantly different from those for the
group of patients with pregraft antibodies but a neg-
ative crossmatch (P=0.2793). Among the living re-
lated donor (LRD) grafts, those with a positive cross-
match were all successful at 6 months. Only one
graft has subsequently failed, and this was at 5 years
in a recipient of a T and B cell positive crossmatch
graft from his father. Only 5 of the 11 T and B cell
positive crossmatch transplants were from HLA
identical siblings; the remainder were from
haploidentical donors. None of the B cell positive
crossmatch grafts was from an HLA identical sib-
ling. Furthermore, 7 of the 11 grafts of the former
group and all 8 grafts of the latter group had a posi-
tive crossmatch with sera taken at the time of trans-
plantation.

There is no doubt that autoantibodies are benign
even if they react with the donor’s T cells and are
present at the time of transplantation. Autoanti-
bodies usually react with most if not all random
panel cells and thus patients with these antibodies
are wrongly classified as highly sensitised. It is im-
portant that patients with autoantibodies are identi-
fied so that they can be transplanted, even with a
positive crossmatch.

Some characteristics that distinguish autoanti-
bodies from HLA antibodies are:
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1. They react with the patient’s own cells.

2. They usually do not react with (or else react
weakly with) lymphocytes from chronic lymphatic
leukaemia (CLL) patients [25]. CLL cells have both
HLA class I and class IT antigens and therefore the
autoantibody is directed at a non-HLA antigen.

3. In most cases they are IgM. HLA antibodies pro-
duced after pregnancies or blood transfusions are
usually IgG, those that appear “spontaneously”
without any apparent stimuli are IgM [27], and in
transplanted patients under immunosuppression
HLA antibodies can also be IgM [22].

4. The cause of autoantibodies is unknown although
they have been detected after cytomegalovirus infec-
tion [12].

5. Autoantibodies react with the majority of normal
random panel cells and thus do not appear to have
any “specificity”.

In summary, autoantibodies are predominantly IgM
and are not detrimental to renal allografts even if
they react with the donor’s T cells and are present in
the patient’s serum at the time of transplantation,
From Table 1 we can say that it is safe to transplant
with positive crossmatch due to types 1, 2, 3 and 4.

HLA class II antibodies

There is considerable controversy about the rele-
vance of HLA-DR and -DQ antibodies in renal
transplantation. This situation has arisen largely due
to the fact that the results of the early studies on
B cell crossmatching showed that graft outcome was
the same whether the crossmatch was positive or
negative [8, 14]. At that time the assumption was that
all B cell antibodies were directed at HLA class II
antigens, an assumption we now know to be wrong.
B cell lymphocytotoxic antibodies can, in fact, have
one of a number of specificities, including weak
HLA class I, HLA class II, and "autoreactive, as
stated above.

If we group all B cell positive crossmatch trans-
plants together and analyse the graft survival rate we
may obtain misleading conclusions because the ef-
fect of the different B cell specificities may vary. This
can be illustrated from any analysis of the Oxford
data. In Table 3, the survival rates of the first cadaver
grafts are presented. Again, the percentages of suc-
cess values shown were calculated actuarially [19). A
comparison of the survival rates of all B cell positive

Table 3. Survival rates of first cadaver grafts. The total number in
group B is less than the total number of B cell positive crossmatch
transplants because autologous crossmatches were not performed
in all cases. * P=0.8186; ** P=0.0306

Percentage success (month)

1 6 12

Number of

B cell crossmatch
———————  cases

Donor Auto

Group A (all B cell positive crossmatches vs. patients with
pregraft antibodies but a negative crossmatch)*

+ + or — 50 86 72 70
- - 148 83 74 69

Group B (B cell positive crossmatches with and without
autoantibodies)**

+ + 19 84 84 84
+ - 14 7 50 43

crossmatch transplants with the negative crossmatch
group shows no significant difference (P=0.8186).
From this we can justifiably conclude that B cell
antibodies are not detrimental to renal allografts and
B cell crossmatching is not a pre-requisite for trans-
plantation. However, if we now divide the B cell
positive crossmatches into those where the antibody
was either autoreactive or non-autoreactive we see a
different picture. Those without autoantibodies had
a significantly lower graft survival rate than those
with autoantibodies. From these data we can con-
clude that B cell autoantibodies are not detrimental
but that B cell non-autoreactive antibodies are asso-
ciated with a lower graft survival rate. Most of these
failures occurred in the early post-transplantation
period.

There data illustrate that the precise definition of
the specificity of the B cell antibody causing a posi-
tive crossmatch is important before deciding
whether or not to perform the transplant. There are a
number of published studies in which the specificity
of the antibody has been examined and the general
consensus view is that DR antibodies are detrimental
to renal allografts [1, 15}. However, we have success-
fully transplanted a patient with a positive B cell
crossmatch due to a specific DQ antibody in the cur-
rent serum [23]. '

We have retrospectively examined the immuno-
globulin class and specificity of the antibodies
in peak serum causing a B cell positive crossmatch
(negative crossmatch with current serum) and sought
a correlation with graft survival. The specificity was
determined by the cytotoxicity inhibition assay sys-
tem, which has been described elsewhere [4]. The
monoclonal antibodies used for inhibition were
PA 2.6 (directed at a monomorphic determinant of
HLA class I), 100/77 (monomorphic determinant of
HLA-DR, obtained from Dr. S.Fuggle, John Rad-
cliffe Hospital, Oxford, UK), and LEU 10 (HLA-



Table 4. Success rate of cadaver grafts in relation to the specificity
and immunoglobulin class of the antibody causing a B cell peak
positive crossmatch

Specificity Igclass Numberof Percentage success (months)
cases 1 6 12
Non-HLA M 23 93 78 76
HLA class] M 4 75 75 75
HLA-DR M 1 100 100 100
HLA-DQ M 4 25 25 25
Non-HLA G 2 100 100 100
HLA class] G 4 50 50 25
HLA-DQ G 3 67 67 67

DQw1 and -DQw3, Becton-Dickinson, Oxford,
UK). Using these three antibodies it was possible to
define the specificity of the positive crossmatch
serum as HLA-ABC, -DR, -DQ or non-HLA. (The
non-HLA antibodies are probably autoantibodies al-
though an autologous crossmatch was not always
done.) The immunoglobulin class of the antibody
was determined by dithiothreitol (DTT) reduction.
Addition of DTT to the serum destroys IgM mole-
cules so that they are no longer cytotoxic. The pre-
cise method which we use in our laboratory has been
previously described [4]). The results of this study are
shown in Table 4, and the main findings can be sum-
marised as follows:

1. Most of the positive crossmatches were due to
IgM non-HLA antibodies and the success rate in this
group was high (78% at 6 months). This high success
rate was seen in both first grafts (75%, n=12) and re-
grafts (82%, n=11). (Data not shown.) There were
also two IgG non-HLA antibodies and both were
successful.

2. Eight of the 16 B cell positive crossmatches were
caused by HLA class I and not class Il antibodies.
Presumably these were weak antibodies since they
did not react with the donor’s T cells.

3. Patients with HLA antibodies had a lower graft
survival rate than those with non-HLA antibodies
(56% vs 78% at 6 months). The immunoglobulin
class of the antibody did not influence the success
rate in the HLA antibody group (56% for IgM and
57% for IgG). The number of patients with class I,
DR or DQ antibodies is too small to make any de-
finitive conclusions.

In summary, many B cell positive crossmatches are
caused by non-HLA antibodies and not by HLA
class Il antibodies. Non-HLA antibodies are pre-
dominantly IgM and are not a cause of graft failure
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even if the serum taken at the time of transplantation
gives a positive crossmatch. B cell positive cross-
match transplants due to HLA antibodies have a
lower success rate and this suggests a relative but not
an absolute contra-indication to transplantation.
Most of the grafts that did fail did so within the first
month after transplantation.

From Table 1 it is clear that transplantation with
types 7 and 8 can be done but that a lower success
rate may be the result; perhaps this type of trans-
plant should only be contemplated if there is clinical
urgency. There are few data on the relevance of
class II antibodies in the current serum (types 5 and
6), and there is no doubt that more work needs to be
done in the area of B cell crossmatching.

HLA class I antibodies

Until recently a positive crossmatch against T cells
due to HLA class I antibodies was considered an ab-
solute contra-indication to transplantation because
of the high probability of hyperacute rejection. Con-
ventionally, crossmatches were performed (and still
are in most laboratories) with a number of sera col-
lected at different times before transplantation. If
any gave a T cell positive crossmatch, transplanta-
tion was denied to that patient.

In 1982 Cardella et al. [3] reported that trans-
plants could be successfully carried out as long as
the current serum gave a negative crossmatch, even if
the “old” sera gave a positive crossmatch (peak posi-
tive-current negative crossmatch). This finding has
been confirmed by a number of studies [10, 11, 21]
and now many transplant units only use sera col-
lected in the 6 months prior to transplantation for
crossmatching; the “old” sera are either discarded,
kept but not crossmatched or crossmatched but the
results not used in the decision whether or not to
transplant. In spite of the success of these trans-
plants, there are reports of early irreversible rejec-
tions or of an overall lower graft survival rate, and
this indicates that the optimal conditions for
performing these transplants have not been fully
worked out. Some studies have been directed at
elucidating which factors may be important in pre-
dicting success or failure of these grafts.

Ayoub et al. [2] found that the immunoglobulin
class of the antibody causing the positive crossmatch
was important in predicting graft outcome. Those
due to IgM antibodies (n=6) were all successful
whereas only 1 of the 12 with IgG antibodies was
successful. The criticism of this study is that there
was no evidence that the antibodies were HLA;
moreover, the IgM antibodies may have been auto-
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antibodies. Nevertheless, the high failure rate with
IgG antibodies is striking. Many of the studies on
peak positive-current negative crossmatch trans-
plants lack “proof” that the antibodies are HLA
class 1. This distinction between autoantibodies and
HLA antibodies is extremely important since we
know that T cell autoantibodies are not detrimental.
If these transplants are analysed together with those
due to class I antibodies, the conclusions drawn will
not be helpful to the clinician.

We have retrospectively looked at the specificity
and immunoglobulin class of the antibody in peak
T cell positive-current negative crossmatch trans-
plants. The techniques of DTT reduction and cyto-
toxicity inhibition (outlined above) were used. The
monoclonal antibody used for inhibition was PA 2.6
(directed at a monomorphic determinant of HLA
class I). All patients had a negative T cell crossmatch
with sera collected during the 12 months prior to
transplantation. The results of this study are shown
in Table 5, and the results can be summarised as fol-
lows:

1. Non-HLA antibodies are predominantly IgM and
are not detrimental to grafts. An extremely high
survival rate was seen - 93% at 1 month and 83% at
1 year - and this was true both for first grafts (93% at
1 month and 79% at 1 year, n=14) and regrafts (93%
at 1month and 87% at 1year, n=15) (data not
shown).

2. When all positive crossmatches due to HLA
class I antibodies were analysed together, the suc-
cess rate was quite low (64% at 1 month and 46% at
1 year). However, if the crossmatches are divided
into those with IgM antibodies and those with 1gG, a
different picture emerges. The IgM HLA class I anti-
body group had an acceptable success rate (88% at
1 month and 67% at 1 year). Fifteen of the 16 grafts
were regrafts. The success rate in the IgG HLA
class I antibody group was extremely poor: only one
of the nine grafts was successful, with seven of the
eight failures occurring within the first month of
transplantation. Eight of the nine grafts were re-
grafts.

3. In the four cases with IgG antibodies in which the
specificity was not determined, none was successful
beyond 1 month.

Our finding of a detrimental effect of IgG HLA
class I antibodies in peak serum supports the conclu-
sions of Ayoub et al. [2]. However, it is not supported
by Palmer et al. [16], based on the results of their
study of removing 1gG HLA antibodies from sen-
sitised patients by immunoadsorption and sub-

Table 5. Success rate of cadaver grafts in relation to the specificity
and immunoglobulin class of the antibody causing a T cell peak
positive-current negative crossmatch

Specificity  Igclass Numberof Percentage success (months)
cases i P 2
Non-HLA M 29 93 90 83
HLAclassI MorG 25 64 50 46
HLAclass] M 16 88 73 67
HLAclassl G 9 22 11 1"
Unknown G 4 25 0 0

sequent transplantation with a peak positive-current
negative crossmatch. Most of their grafts were suc-
cessful, but all patients were heavily immunosup-
pressed with prophylactic antithymocyte globulin
(ATG) in the early post-operative period, a protocol
which the authors feel is important. In summary,
good graft survival can be achieved if the peak anti-
body is IgM (auto or HLA class I). We feel that the
prognosis is poor if the antibody is IgG; however,
this issue is by no means closed. One can conclude
from Table 1 that it is safe to transplant with type 12
but probably not with type 11. There is no informa-
tion in the literature on the relevance of type 10, and
most people would agree that a type 9 crossmatch
would result in rapid rejection in most instances.

Our knowledge of the different lymphocyte cy-
totoxic antibodies which can occur in the serum of
renal patients has increased over the past several
years. We now know that not all lymphocytotoxic
antibodies are a cause of graft rejection and that
renal transplantation can be safely performed in the
presence of a positive crossmatch, but only under
certain conditions, which have been discussed
above. These findings have greatly increased the
chances of transplanting many sensitised patients,
some of whom were previously considered untrans-
plantable. In spite of these major advances there are
stil many “unknowns” in crossmatching, some
of which have been outlined in this paper. More
good and accurate work is needed to resolve these
issues.
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