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Abstract

The development of sensitive methods for alloantibody detection has been a significant advance in 

clinical transplantation. However, the complexity of the data from solid phase and crossmatch 

assays has led to potential confusion about how to use the results for clinical decision making. The 

goal of this review is to provide a practical guide for transplant physicians for the interpretation of 

antibody data to supplement consultation with local tissue typing experts. Sources of variability in 

both the solid phase and crossmatch assay are discussed as are recent data regarding C1q binding 

antibodies and IgG subclass testing. While definitive approaches to alloantibody testing are not 

possible with our current knowledge, we outline a pragmatic approach that we hope will enhance 

clinical management in this area.

 Introduction

Despite improvements in patient selection and management, every transplant carries some 

risk of graft loss. Donor-specific alloantibody (DSA) either present at the time of 

transplantation or arising de novo posttransplant is a risk factor for antibody mediated 

rejection (AMR) and potentially allograft loss in almost all types of organ transplants (1-6). 

Ideally all DSA would be avoided, but this is often impractical in the setting of organ 

scarcity and recipient sensitization. Instead the clinician must estimate the risk of AMR in 

each situation, while considering the consequences of remaining on dialysis. Understanding 

the complexities and limitations of DSA detection techniques is key for making an accurate 

risk assessment while improving access to transplantation.

The goal of this overview is to provide a practical guide for using solid phase assays and 

crossmatch (XM) testing. We also provide possible explanations for ambiguous test results 

and recommendations for further investigation. This guide is not a substitute for meaningful 
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interaction with your local tissue typing laboratory experts because their guidance remains 

crucial for proper decision making. Our major emphasis is on pretransplant alloantibody 

assessment in kidney transplant candidates, but the basic principles apply posttransplantation 

and to other solid organ transplants - particularly heart, lung, and pancreas.

 General Principles: The Initial Evaluation

The initial assessment of a potential renal transplant candidate involves HLA typing of the 

donor and recipient, screening for alloantibody against HLA, and obtaining a history of 

sensitizing events (previous transplant, blood transfusion, and/or pregnancy). HLA typing 

ideally includes A; B; C; DRB1; DRB3,4,5; DQB1; DQA; DPB1; and DPA; but this is not 

always the performed(7). The single antigen bead (SAB) solid-phase [LAB screen (One 

Lambda) or LifeScreen (LifeCodes-Immucor)] assay are most commonly used as the first 

line of screening for alloantibody, but multi-antigen screening beads can be used.

Fortunately, many renal transplant candidates—especially in the absence of a sensitizing 

event—have little or no alloantibody detected on the solid phase assay. These patients 

usually require no further investigation. However, if the solid phase assay is positive 

suggesting the presence of alloantibody, further evaluation is necessary. A basic 

understanding of the technical aspects of the solid phase and XM assays is essential for 

optimal interpretation.

 The solid phase single antigen bead (SAB) assays

The current fluorescent based solid phase assay is able to concurrently distinguish up to 100 

different micro particles or beads. Phenotypic or multi-antigen beads contain Class I and 

Class II antigens from a single cell line, while each SAB contains a single HLA antigen(8). 

In both cases, the beads contain a unique ratio of different fluorochromes that provide a 

distinctive signal that is recognized by Luminex® technology(8). The patient's serum is 

incubated with the solid phase platform (beads) and a fluorescent-conjugated anti-human 

IgG, which binds to alloantibody bound to its antigenic target. If the multi-antigen beads 

used for screening are positive, we suggest doing SABs to precisely identify the HLA-

antigen to which the patient has alloantibody. For the purposes of this overview, we will 

mostly discuss SAB testing. The SAB output is a semiquantitative measure of the amount of 

antibody (total IgG – all subclasses combined) referred to as mean fluorescence intensity 

(MFI). However, the assay is only FDA approved as a qualitative assay (negative or 

positive). Determining a negative SAB result is often the single most important aspect of 

alloantibody testing because it is used for donor selection and calculated panel reactive 

antibody (cPRA) assignment, yet this can be difficult because results are not dichotomous 

and depend on laboratory conditions. The MFI threshold to distinguish negative and positive 

also depends on a particular center's risk tolerance for AMR and clinical context. This MFI 

cutoff also differs depending on the organ to be transplanted. An MFI of less than 2000 is 

usually considered negative at our kidney transplant center. We recognize that DSA may be 

present using this cutoff, but it also increases our patients' access to transplantation. 

Regardless, an MFI < 1000 in a patient who has not had a sensitizing event is considered 

negative at most kidney transplant centers.
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 Crossmatch Testing (9-11)

The XM is considered the final test to determine the safety of moving forward with 

transplantation, but now sensitive SAB assays have made the virtual crossmatch possible. 

When SAB testing is completely negative in a patient who has not had a sensitizing event, 

XM testing is unlikely to add to the AMR risk assessment. The XM is most valuable 

whenever there is SAB positivity. Different XM techniques exist and each has its own set of 

limitations and varied sensitivity.

The complement-dependent cytotoxicity crossmatch (CDC-XM) was historically performed 

routinely. For this test, donor lymphocytes and recipient serum are mixed with complement. 

The membrane attack complex forms when alloantibody is cell bound leading to cell lysis. 

This testing is not sensitive for non-complement binding DSA of low affinity/avidity and 

therefore the modified T-cell anti-human globulin-enhanced cytotoxicity XM (T-cell AHG 

CDC) was developed. The addition of AHG to the cytotoxic assay improved its sensitivity, 

yet its sensitivity is variable. It also does not detect DSA against class II (T cells do not 

express Class II HLA). The CDC-XM with enriched B cells can be used to detect Class II 

DSA, but this technique can be technically difficult and AHG treatment is not 

recommended.

The flow cytometric crossmatch (Flow XM) has improved sensitivity for the detection of 

both complement and non-complement binding class I and Class II DSA as compared to the 

gold-standard CDC-XM(10). This method also reduces the subjectivity and inter-observer 

variability associated with the CDC-XM because it is reported as mean channel shift rather 

than positive or negative result based on visual interpretation. Therefore to best estimate a 

patient's risk for AMR, we suggest using the flow XM as adjunct to SAB, as opposed to 

other methods. This is our personal recommendation. The international Antibody Consensus 

Group supported by the Transplantation Society has not made recommendations for or 

against the use of CDC versus flow XM (11).

The flow XM is performed by incubating donor lymphocytes, recipient serum, and a 

fluorescent labelled anti-human immunoglobulin together and running them through a flow 

cytometer (9). The level of fluorescence is proportional to the amount of antibody bound to 

the cell. Markers with different fluorochromes are also added to separate T and B cell 

reactivity. This is important because class I anti-HLA antibodies bind both T and B cells, 

while antibodies against Class II antigens usually bind only B cells. Activated donor T cells 

express class II antigen in the presence of certain cytokines, which is a consideration in 

some cases (12).

 Identifying a transplant that is low risk for AMR

With every transplant comes some risk, but when the SABs are completely negative, 

especially if the patient has not had a sensitizing event; the risk for AMR is exceedingly low. 

However, it is important to recognize that not uncommonly either the SAB or XM are falsely 
positive for anti-HLA alloantibody. In these situations, the risk of AMR is also low Table 1.
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 Alloantibody to denatured HLA

The SAB assay does not measure antibody directly, but rather measures the binding of 

antibody towards an antigen, which is made up of multiple epitopes. This is essential to 

conceptualize when interpreting SAB results. When the HLA antigen is attached to the bead, 

a conformational change can expose cryptic binding sites that are otherwise not accessible 

on donor cells (13-17) (15, 16). Alloantibody binding to these denatured rather than intact 

HLA antigens leads to SAB positivity, yet the flow XM will be negative. Recognizing this 

phenomenon is valuable because antibodies toward denatured antigen alone are not 

clinically relevant and by making the corresponding HLA antigen acceptable for organ 

offers increases a patient's access to transplantation. One way of detecting these antibodies is 

to treat the SABs with acid to denature all HLA antigens. If the antibody only binds 

denatured antigen, the SAB result will remain positive despite acid-treatment (16). Few 

studies have been done on this subject, but 21-39% of patients are thought to have at least 

1antibody towards a denatured antigen (14, 17). These antibodies have only been reported to 

be directed towards class I HLA and are not associated with previous sensitization (14). 

Transplant recipients with alloantibody exclusively towards denatured antigen appear to 

have similar long term allograft survival as compared to transplant recipients no DSA (13, 

17).

 Laboratory factors

Occasionally the SAB test is mildly positive to multiple antigen specificities, yet the patient 

has not had a sensitizing event. Likewise, the MFI may be 800 on 1 occasion and 1200 the 

next. These results to do not necessary indicate that the patient has alloantibody or even that 

there has been an increase in alloantibody. Inter and intra laboratory variability and 

background SAB fluorescence can sometimes lead to these results. The SAB assay is only 

semi-quantitative, and the variation in MFI has been reported as high as 62%, especially 

when the MFI is relatively low (1000-3000) (18).

Laboratory variability exists because of differences in the SAB product itself depending on 

the bead manufacturer, batch, or lot (19-21). Manufacturers have different antigen sources, 

distinctive specificity representation, and varied antigen density on the beads [18]. Even with 

identical product; intra-laboratory variability can occur depending on laboratory personnel, 

reagents, equipment, and conditions (19, 20, 22). As with any test using flow fluorescent 

technology there is also background fluorescence. Laboratories validate their assays with 

clearly defined positive and negative controls to compensate for this, yet it is important to at 

least consider. Whenever it is suspected that laboratory factors are contributing to positive 

SAB results, it is important to consult with your local tissue typing expert for advice.

 Nonspecific binding on donor lymphocytes: Recent anti-CD20 treatment or “auto-
antibodies”

A false positive flow XM can occur with nonspecific binding of IgG to Fc receptors by 

factors in recipient serum. Anti-CD20 monoclonal antibody (rituximab) has most commonly 

been implicated. Pre-treatment of donor lymphocytes with pronase can be helpful in 

removing the effect of CD 20 binding (23). Treatment of donor cells with pronase is only 

recommended when needed because it can interfere with the donor HLA expression, which 
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can lead to unreliable results(24). Other unidentified substances or “auto-antibodies” in 

recipient serum can also occasionally lead to nonspecific binding to Fc receptors, and an 

auto-flow XM (recipient lymphocytes and serum) can provide clues to this phenomenon 

(25). The long term significance of an isolated auto-flow XM has not been thoroughly 

studied in the era of sensitive testing for anti-HLA antibody. Our unpublished single center 

experience has been that non-sensitized patients with negative SAB tests and positive donor/

recipient flow XM thought secondary to auto-antibody (positive auto flow XM) have short-

term outcomes comparable to recipients who have a pretransplant negative B flow XM.

 Identifying a transplant that is high risk for AMR

When a patient has a history of a sensitizing event, SAB testing is positive for DSA, and the 

flow XM is positive; it is obvious the patient is at higher risk for AMR. But there are also 

high risk situations that are not as apparent when looking at SAB tests alone Table 1. 

Whenever a patient is sensitized (especially highly sensitized ex. cPRA >80%) you need to 

have a heightened concern for AMR, and it is important to consider situations in which the 

virtual crossmatch is falsely negative to avoid an unanticipated positive final flow XM. For 

this reason, we suggest consulting with the HLA laboratory whenever your patient is highly 

sensitized.

 Prozone effect

High levels of anti- HLA antibody with strong affinity and avidity can saturate the solid 

phase platform or interfere with alloantibody binding to the beads leading to SAB results 

that are lower than expected for a particular antigenic specificity. This is referred at the 

prozone or hook effect. External substances such as IgM antibody(26), intravenous 

immunoglobulin, antithymocyte globulin (27), immune complexes, and complement (28, 29) 

can interfere with antibody binding to the bead or the secondary detection agent and lead to 

this phenomenon(30, 31). This effect does not necessarily affect all antigen specificities for a 

particular patient and is mainly a consideration for highly sensitized patients (cPRA >80%). 

In 1 highly sensitized cohort studied, 71% had at least 1 anti-HLA antibody specificity 

demonstrating a prozone(31). However, this amounted to only 0.5% of the total SAB tested.

Serum treatment with EDTA/dithiothreitol, heat, or hypotonic dialysis treatment (29, 30) can 

mitigate the prozone effect somewhat. These treatments are not part of the SAB 

manufacturer's standard operating procedure, and are therefore not routinely recommended. 

These treatments can also non-uniformly dilute the sample making the MFI results less 

reproducible.

The most reliable way to recognize this effect is to do a serum dilution. If the MFI does not 

decrease linearly as expected, the prozone effect should be suspected. For example, a patient 

with a cPRA of 95% has an MFI of 800 to B44, but repeat SAB testing after a 1:8 serum 

dilution demonstrates an MFI result of 3000. We routinely do a 1:8 serum dilution in all 

patients with cPRA of greater than 80% who are eligible for a deceased donor transplant. We 

then consider antigens to which a prozone effect exists unacceptable for transplantation. We 

recognize that further serum dilution is needed to obtain the antibody titer, which is optimal 
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to determine the level of antibody. However, in most instances the detection of prozone 

alone (not antibody titer) is sufficient to consider the transplant high risk.

 Incomplete donor/recipient HLA typing

An unexpected final positive crossmatch can occur if the donor and/or recipient are not 

completely typed for HLA. This is especially a consideration for highly sensitized transplant 

candidates. As mentioned above, UNOS does not currently require the reporting of DQA or 

DP typing, yet 1.6%-21.6% of transplant candidates have alloantibody towards DQA and 

6.6-33.7% have alloantibody towards DP antigens(7) according to a survey of the UNOS 

Histocompatibility Committee members. The international Antibody Consensus Group 

supported by the Transplantation Society recommends that donor typing for HLA-A,B,C, 

DRB1,DRB3,DRB4,DRB5, DQA,DQB, DPA, and DPB be performed for all potential 

recipients enrolled in paired exchange registries(11). This group also recommends that DSA 

be consistently negative against the above antigens to rely on a virtual cross-match 

alone(11).

 SABs do not include donor HLA antigen

Although the beads in the SAB assay include most potential donor HLA antigens, it is not 

entirely comprehensive. Just as it is important to ensure that donor typing is accurate, it is 

important that the donor antigen is represented on the SABs. If the donor antigen is not 

represented in the particular kit used, then it may be worthwhile using a different vendor for 

that particular patient. Supplemental kits are also available if needed.

 Shared epitopes

Alloantibody can bind a shared epitope on multiple antigens resulting in the positivity of 

more than 1 bead (19, 32-34). The strength of this antibody would be diluted and 

underrepresent its clinical importance if the donor cell only has 1 of these antigens. This is 

most relevant for alloantibody towards public epitopes present such as those on HLA Bw4 or 

Bw6 (11, 20). The HLA laboratory can identify whether it appears that an antibody is 

present towards a shared epitope. The flow XM would also be positive in this scenario.

 Uncertain risk for AMR

 Historical Alloantibody

Careful attention to the patient's sensitization history can provide clues about previous HLA 

antigen exposure, specifically donor typing from a previous transplant or paternal HLA 

typing in the setting of pregnancy. Furthermore, many sensitized patients have historically 

positive SAB results. Notably, the peak MFI of a particular DSA is most predictive of AMR 

and graft loss, even if it is a historical measurement (35). The risk of AMR in the setting of 

historically positive DSA, yet negative crossmatch is not known. To minimize the risk of 

AMR many transplant centers avoid HLA antigens to which the patient has been previously 

exposed or has had historical alloantibody.
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 Low HLA expression on donor cells

Regardless of the strength of alloantibody, without an antigenic target; the risk of AMR is 

generally low. Occasionally, the HLA expression on donor cells is low or at least different 

than that represented on the beads. Low expression of HLA Cw and DP is very common, but 

occasionally other HLA antigens have low expression(20). Although the risk to undergo 

transplantation is generally low, it is unclear whether the HLA expression could change 

during an inflammatory event, for example. Low HLA expression should be considered 

when the SABs are positive, but flow XM and testing for alloantibody towards denatured 

antigen is negative. Although there are not readily available tests to determine HLA 

expression on the intended donor cells, occasionally a XM can be done with a surrogate 

donor (a different donor with same HLA), which would be positive.

 DSA with low affinity/avidity

Even if donor HLA is expressed, sometimes DSA is of low enough affinity and avidity that 

it does not produce a positive flow XM. Although ideally all DSA would be avoided, it is not 

always possible. Although the presence of DSA in the setting of positive CDC or T-cell 

AHG is associated with AMR and allograft loss, the significance of DSA with low affinity/

avidity with a corresponding negative flow XM is not as clear. If transplantation is 

performed in this setting, frequent early posttransplant DSA monitoring may be helpful.

 Non-HLA antibodies

Sensitized transplant recipients of kidney transplants from HLA identical siblings have 

inferior 10-year allograft survival as compared to non-sensitized recipients(36) and specific 

cases of AMR after donation from an HLA identical sibling have been reported(37). 

Although these reports suggest a role of non-HLA antibodies in AMR, the significance of 

these antibodies completely independent of alloantibody towards HLA remains unclear.

Testing for non- HLA antibodies has historically been labor intensive and not validated. 

Most non-HLA antibodies are expressed on endothelial cells and not lymphocytes. Some of 

the antigenic targets on the endothelial cell that have been studied includes: anti-vimentin, 

anti-major histocompatibility I related chain A, anti-major histocompatibility I related chain 

B, perlecan, Kα-tubulin, protein kinase C, and anti-angiotensin A1 receptor among others 

(38, 39) (40-42) (43) (44-47) . An endothelial XM has also been developed recently (XM-

ONE®; AbSorber AB, Stockholm, Sweden)(48, 49). Antigen targets other than those 

present on the endothelial cell are less well studied and include anti-myosin, anti-nuclear, 

anti-smooth muscle, anti-nucleoprotein, anti-DNA, anti-cytoplasmic, and anti-mitochondrial 

among others(38, 50).

The study of non-HLA antibody was previously limited by the lack of concurrent sensitive 

testing for anti-HLA antibodies and small numbers of patients. The true prevalence of non-

HLA antibodies, their relationship to allograft pathology in the absence of anti-HLA 

antibody, and their mechanism of action remains unclear; thus routine testing for them 

cannot be recommended currently. That being said, if a sensitized patient has AMR without 

detectable anti-HLA DSA, testing for non-HLA antibodies using the few commercially 

available assays is a consideration.
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 Not all DSA is the same: Risk stratification in the setting of known DSA—
Although it is advantageous to completely avoid DSA, it is not always possible given a 

patient's sensitization. Patient survival has been shown to be improved with positive XM 

transplantation and desensitization as compared to waiting on dialysis for a negative XM 

transplant (51). For this reason, some programs accept the potential risk for AMR and 

proceed to transplantation in the setting of known DSA. Not all DSA is the same and its 

pathogenicity remains difficult to predict. Understanding DSA characteristics beyond 

positive and negative can help further stratify the risk of AMR.

 Alloantibody quantification

Although the current SAB assay is FDA approved as a qualitative assay for alloantibody 

(positive versus negative) detection, it has been used clinically as a semiquantitative assay to 

estimate the amount (strength and avidity) of anti-HLA antibody (52, 53) and attempt to 

assess posttransplant risk. Numerous groups have shown that a higher DSA MFI and/or XM 

has been associated with increased AMR and allograft loss (35, 52, 53)but the correlation 

between MFI and these outcomes is far from precise. Another way of determining the 

strength and avidity of alloantibody is by obtaining the antibody titer. This is especially 

important in patients with prozone as described above, but may be helpful in any patient 

with alloantibody. The antibody titer is determined by doing serial dilutions. The dilution at 

which antibody is no longer detected is considered its titer (31). Figure 1 shows a 

comparison between neat MFI, serum dilutions, C1q MFI, and the MFI of EDTA treated 

samples in a cohort of sensitized patients. Obtaining the antibody titer is clearly a more 

reliable means of quantifying antibody strength and avidity as compared to MFI alone in 

highly sensitized transplant candidates because of the limitations of the SAB assay (31), yet 

it remains unclear whether a higher antibody titer is more strongly correlated with AMR and 

allograft loss than MFI alone.

The disadvantage of determining antibody titer is the increased cost and labor involved with 

doing multiple tests, but this is not always needed. Our personal recommendation is to 

perform only one serum dilution in highly sensitized patients at baseline and as needed to 

detect prozone. The information can be used when assigning unacceptable antigens and for 

future reference because the mere presence of prozone indicates high risk for 

transplantation. Serial serum dilutions and antibody titer determination can often be reserved 

to assess the response to antibody depletion therapy in clinical practice or research.

 Single versus Multiple DSA

It remains unclear whether there is a difference in long term outcomes depending on the 

number of DSA the patient has at the time of transplant, independent of the DSA MFI or 

crossmatch results. Several groups have reported outcomes based on the immunodominant 
(highest MFI) at the time of transplantation (54, 55), but this approach is complicated 

because a DSA that appears immunodominant pretransplant may not be immunodominant 
posttransplant. Other groups have correlated the MFI sum with long term outcomes (52, 56). 

That approach is also problematic because the SAB is only semi-quantitative. Clearly further 

study is needed in this area. For now, we suggest using the B flow XM to guide decision 

making as it provides a summation of the effect of the DSA on the donor cell.
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 Complement binding DSA

Recent studies have suggested that assessing antibodies for the ability to bind C1q can help 

differentiate pathogenic from non-pathogenic DSA (57). Complement activation is an 

important mechanism by which DSA leads to allograft damage, and this activation begins by 

antibody binding of C1q (58). Downstream, C3 is cleaved leaving C3d. Commercially 

available modified SAB tests have been developed to specifically detect C1q and C3d 

binding. C1q or C3d binding positivity represents the presence of DSA that is a complement 

fixing subtype of IgG at a high enough level to bind complement (59, 60). DSA with C1q 

and/or C3d binding positivity is associated with the development of AMR and allograft loss 

(57, 60, 61) and some groups routinely use these tests to distinguish the most deleterious 

DSA. However, the presence of C1q binding antibodies is also associated with DSA MFI 

and antibody titer (62, 63). It remains unknown whether C1q positivity is any more 

predictive of AMR or graft loss than MFI or antibody titer (31, 62, 64) and thus testing for 

C1q or C3d binding is not yet universally performed.

 Immunoglobulin Subclasses

SABs provide a semiquantitative measure of total immunoglobulin G (IgG) rather than IgG 

subclasses. This is relevant because each subclass has a differing role in the immune 

response and varied ability to bind the Fc receptor or activate complement(65). Specific 

subclass profiles may have a stronger association with the development of chronic AMR or 

allograft loss than total IgG. IgG subclass characterization is now performed in the research 

setting using a modified SAB assay in which the conventional phycoerythrin-conjugated 

anti-human IgG is replaced with an IgG subclass-specific anti-human IgG(66).

Of the 4 subclasses, IgG1/IgG3 has the strongest ability to bind complement. Emerging 

evidence suggests that DSA of the IgG 3 subclass is particularly deleterious to the renal and 

liver allografts (54, 66-72). However, studies of IgG subclasses in transplantation are limited 

because few groups have examined complete IgG subclass characterization [IgG1-IgG4] 

serially. The complexity of studying IgG subclasses is overwhelming, but provides clues 

about the pathogenicity of certain DSA and the immune response, and thus it will likely 

become an important aspect in donor selection in highly sensitized patients. More study of 

the significance of DSA subclass characterization and testing methods are needed before 

routine clinical use.

 Practical approach to alloantibody testing—In an ideal world, comprehensive 

DSA testing would be performed for each patient including antibody titer, non-HLA 

antibody, auto-flow XM etc; but this is not practical given time constraints and is not cost-

effective. We suggest the evaluation be tailored based on type of donor (deceased versus 

living) and the patient's sensitization Figures 2 and 3. Additionally, we always recommend 

consultation with local tissue typing experts and consideration of clinical context. These 

algorithms are based on our personal recommendations and apply to renal transplant 

recipients only. These algorithms may differ depending on the organ transplanted.

For transplant candidates awaiting a deceased donor, the goal is to optimize access to 

transplantation, while avoiding an unexpected final XM. Time constraints limit the ability to 
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do further testing after an unexpected positive final XM, and thus we recommend as much 

testing as possible before or at the time of the final XM.

If the patient has completely negative solid phase testing (single antigen bead or multi-

antigen beads), their risk for AMR is low. Crossmatch testing does not add considerably to 

risk stratification and in that case, one could argue that it is not needed. However, for 

patients with SAB positivity or history of sensitizing event, unacceptable antigens (or 

acceptable mismatch) must be assigned and a final XM is valuable. Because highly 

sensitized transplant candidates (cPRA >80%) have the least access to transplantation and 

are the most likely to have an unexpected positive XM, we recommend testing for prozone 

and alloantibody towards denatured HLA prior to unacceptable antigen assignment. The 

assignment of unacceptable antigens is variable among centers and is dependent on center 

preferences and underlying patient characteristics (age, sensitization, historical alloantibody, 

and waiting time). Inter and intra-laboratory variability and background positivity of the 

single antigen bead assay should also be taken into consideration. For the most part, if 

alloantibody is present with MFI of > 1000 or prozone is present, the corresponding antigen 

is considered unacceptable. Conversely, if the SAB is only positive because alloantibody is 

toward denatured HLA, it can be considered acceptable.

When an organ is offered, we also recommend obtaining an auto-flow XM at the time of 

final crossmatch and treating donor lymphocytes with pronase if the potential recipient has 

had recent exposure to anti-CD20. Usually all XM testing is negative, and transplantation 

can proceed. However, occasionally the final crossmatch is positive in which case the auto-

flow XM is helpful. If the auto-flow XM is positive, and you have confirmed that the patient 

has not had any recent sensitization and the donor typing is complete, you can proceed to 

transplant. If the final XM is unexpectedly positive, but the auto-XM is negative, the risk of 

transplantation is uncertain. The potential considerations include recent sensitization 

(previous SAB testing is not current), incomplete donor/recipient HLA typing, SAB non-

inclusive of donor HLA, alloantibody toward a public epitope, or alloantibody towards non-

HLA Figure 2.

When a potential living donor has been identified, the timing of DSA testing is somewhat 

modified as shown in Figure 3. Again, if the solid phase assay is completely negative, the 

risk for AMR is low, and the XM does not add considerably to the evaluation. However, in 

other cases, we recommend a flow XM at the time of donor identification. Further testing is 

only done if the flow XM result is not consistent with the SAB – whether it is a positive 

SAB suggestive of DSA and negative XM or negative SAB and positive XM Figure 4. The 

risk of AMR in the setting of positive SAB and a negative XM is generally low, but we 

recommend consulting with the HLA laboratory and sometimes testing for alloantibody 

towards denatured antigen. The risk of transplantation in the setting of a positive XM and 

negative DSA is less certain. Although the XM is often falsely positive from non-specific 

binding of donor lymphocytes (auto-flow XM positivity); prozone effect, incomplete donor 

typing, SAB non-inclusive of donor HLA, alloantibody towards a shared epitope, and non-

HLA alloantibody should be considered especially if the patient has a cPRA of greater than 

80%.
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Although we provide a framework for DSA testing, it does not substitute clinical judgement. 

Consultation with the HLA laboratory is crucial to accurately estimate your patient's risk for 

AMR. Consideration of the underlying clinical context is also critical. We optimally avoid 

DSA in the setting of a young nonsensitized patient who is not yet on dialysis, yet consider 

positive XM transplantation with known DSA in a highly sensitized candidate with 

prolonged waiting time. Although beyond the scope of this article, it is also always 

important to have a protocol to manage AMR because AMR can unexpectedly occur even in 

presumably low risk situations.

 Conclusion

Our understanding of DSA has advanced overtime, and sensitive techniques for DSA 

detection are now available, but the interpretation remains difficult. Optimal patient 

management involves experts from the HLA laboratory and careful interpretation of 

alloantibody testing while considering the clinical context. Recent modifications of the SAB 

assay to determine particular DSA characteristics including complement binding and IgG 

subclass will complicate alloantibody interpretation, but likely provide clarity about the 

prognostic significance of particular DSA. An efficient and cost-effective approach to 

alloantibody testing can minimize the risk of AMR for patients, yet optimize access to 

transplantation.
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 Abbreviations

AMR antibody mediated rejection

CDC XM complement-dependent cytotoxicity crossmatch

cPRA calculated panel reactive antibody

DSA donor specific antibody

HLA human leukocyte antigen

MFI mean fluorescence intensity

SAB single antigen bead

XM crossmatch
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Figure 1. Comparison of the strength of DSA using serial dilutions, C1q binding, and EDTA 
Treatment
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Figure 2. Algorithm for DSA testing for Candidate on Deceased Donor Waiting List
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Figure 3. Algorithm for DSA testing for Candidate with Potential Living Donor
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Figure 4. Evaluation when the Single Antigen Beads and Flow Crossmatch are Inconsistent
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Table 1
Risk Stratification of Antibody Mediated Rejection based on the Combination of Single 
Antigen Beads and Flow Cytometric Crossmatch

Risk for AMR Considerations SAB results Flow XM results Further evaluation

Low

No DSA present Negative Negative T/B Cell None

Alloantibody towards 
denatured HLA

Positive Negative T/B Cell Acid Treatment of SAB. If still positive 
– the alloantibody is towards denatured 

HLA

Laboratory factors Positive Negative T/B Cell Consult with HLA laboratory

Recent anti-CD 20 treatment Negative Positive T and/or B-cell Pronase treatment of donor lymphocytes

Auto-antibodies Negative Positive T and/or B–cell Flow auto-crossmatch

High

DSA present Positive Positive B-cell Consider testing for further risk 

stratification*

Prozone effect Weakly positive Strongly Positive B-cell Repeat SAB with 1:8 serum dilution to 
identify possible prozone

Incomplete donor/recipient 
HLA typing

Negative Positive B-Cell Be sure that the donor and recipient have 
been typed for DQ alpha and DP

SAB does not include donor 
HLA antigen

Negative Positive B-Cell If SAB does not include donor antigen, 
use supplemental SAB kit or another 

SAB vendor

Alloantibody to shared 
epitope

Weakly positive Positive B-Cell Review SAB epitope binding patterns 
with HLA expert

Uncertain

Low HLA expression on 
donor cells (ex. Cw)

Positive Negative B-Cell Consult with HLA laboratory

DSA with low affinity/
avidity

Positive Negative B-cell None

Non-HLA antibody Weakly positive or 
negative

Positive T and/or B-cell Consider checking for non-HLA 
antibody

The risk of AMR depends on several factors, but mostly depends on SAB and XM testing in clinical context. Ancillary testing including acid 
treatment of SAB, auto-flow XM, and serum dilution among others can provide additional information for risk stratification. Key: AMR: antibody 
mediated rejection, SAB: single antigen beads, DSA: donor specific antibody, Flow XM: Flow cytometric crossmatch, HLA: Human leukocyte 
antigen.

*
Further risk stratification includes DSA quantification, C1q binding ability, and IgG subclass identification if indicated.
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