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1-PANEL-REACTIVE ANTIBODY

• Patient's serum is incubated separately with B and T cells from a 
panel of donors selected to represent the HLA antigens commonly 
found in the local population.

• Finding of 60% of PRA suggests that 60% of donors will be 
unacceptable for the patient because there are circulating 
antibodies that react with one or more of the donor's HLA antigens.
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Negative or 
unsensitized 

PRA
<5%
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2-HLA compatibility
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HLA class I                              HLA class II 

•HLA-A
•HLA-B
•HLA-C
•HLA-E
•HLA-F
•HLA-G

-Binding point for 
receptors of NK cells 
-Important in CMV and 
post-transplant defense 

-May be important in 
BMT involving NK 
cells
-Association with 
solid organ Tx: not 
yet been determined 

HLA-DR
HLA-DQ
HLA-DP
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HLA typing

• Serological methods: Complement- dependent 
cytotoxicity(CDC)

• For HLA -A,B

•Sequence-specific oligonucleotide probes
•Sequence-specific polymerase chain reaction (PCR)*

•Direct DNA typing 
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Recipient 
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Donor 



3-HLA matching

•HLA-DR and HLA-B antigens offer the most alloimmune 
burden with less so from HLA-A.

•HLA DR mismatches are associated with a increased risk of 
acute rejection and early graft loss 

•There is some evidence that HLA-A and HLA-B antigen 
mismatches are associated with late graft loss. 

1.Tambur AR (2016) HLA-DQ antibodies: are they real? Are they relevant? Why so many? Current Opinion in Organ 
Transplantation 21:441–44607/12/1403
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HLA matching

• HLA-DQ MM alone was not a risk factor for allograft loss but the 
combination of HLA-DR and DQ MM had the worst outcome

• Anti-HLA-DP antibodies are less common than antibodies to HLA-DR 
and –DQ 

• The frequency of HLA-DP antibodies increases in patients who were 
previously transplanted, occurring in up to 45 % of subjects. 

• Correlate with reduced allograft survival among recipients of a second 
transplant 
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Case 1
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Case 2
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4-Cross-reactive groups (CREGs)

• Some transplantation centers limit the selection of mismatched 
donors to those sharing mismatched antigens within HLA-A and HLA-B 
cross-reactive groups (CREGs)

• An HLA mismatch within a CREG group (“minor”) may result in better 
outcome than a mismatch outside CREG groups (“major”)

• CREG matching has been introduced as a possible approach to 
increase the opportunity of a renal recipient to receive a 
“well-matched” kidney and to reduce the number of transplant 
rejections.

Wade JA, Hurley CK, Takemoto SK, Thompson J, Davies SM, Fuller TC, Rodey G, Confer DL, Noreen H, Haagenson M, Kan F, Klein 
J, Eapen M, Spellman S, Kollman C. HLA mismatching within or outside of cross-reactive groups (CREGs) is associated with 
similar outcomes after unrelated hematopoietic stem cell transplantation. Blood. 2007 May 1;109(9):4064-70. doi: 
10.1182/blood-2006-06-032193. Epub 2007 Jan 3. PMID: 17202313; PMCID: PMC1874562.07/12/1403
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Cross-reactive groups (CREGs)
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Case 3

• Recipient: male 65 y, 2nd transplant.

• Rejection due to BKV nephropathy
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HLA typing

HLA-A: A03 HLA-DQB1: DQB1 03, DQB1 05

HLA-B: B27, B51 HLA-DRB1: DRB1 11, DRB1 15

HLA3/4/5: DRB3, DRB5



Cross-reactive groups (CREGs)
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5-Anti HLA antibody

• Detection of HLAab preceding solid-organ transplantation and 
monitoring of DSA posttransplant as a risk factor for AMR.

• Role of HLAab in blood transfusion including refractory 
thrombocytopenia and selection of suitable platelet donors, TRALI 
after plasma transfusion, and immunization against HLA after red 
blood cell transfusion despite leukodepletion.
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Anti HLA antibody detection

• Cell-based assays: the complement-dependent cytotoxicity test (CDC) 
or flow cytometry

• Solid-phase assays (SPA): ELISA and Luminex.

solubilized HLA 
molecules immobilized

Microtiter 
plate 

Microbeads

Lachmann N, Todorova K, Schulze H, Schönemann C. Luminex(®) and its applications for solid organ transplantation, 
hematopoietic stem cell transplantation, and transfusion. Transfus Med Hemother. 2013 Jun;40(3):182-9. doi: 
10.1159/000351459. Epub 2013 May 8. PMID: 23922543; PMCID: PMC3725018.07/12/1403
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Anti HLA antibody detection

• The standard Luminex assay detecting IgG HLAab: is currently the 
most widespread assay for antibody assessment in histocompatibility 
testing.

• IgM HLA: were pre-formed at the time of transplantation

• Pre-formed IgM antibodies may not be harmless autoantibodies

• Presence of IgM DSA should be sought in patients with IgG HLA- or 
DSA-negative AMR.

Dodd, P.; Willicombe, M.; Brookes, P.; Roufosse, C.; Santos-Nunez, E.; Goodall, D.; Clarke, C.; Charif, R.; Galliford, J.; 
McLean, A.; Taube, D.. Significance of HLA IgM and IgM Donor Specific Antibodies in Renal Transplantation.: Abstract# 

A123. Transplantation 98():p 435, July 15, 2014. 
07/12/1403
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Mean Fluorescence Intensity (MFI)

• Preset MFI thresholds: 
• Decision points pre-and post-transplant to determine the necessity of pre-or 

post-transplant desensitization
• Predict crossmatch results
• Help diagnose and monitor antibody-mediated rejection (AMR)

Sullivan HC, Gebel HM, Bray RA. Understanding solid-phase HLA antibody assays and the value of MFI. Hum Immunol. 
2017 Jul-Aug;78(7-8):471-480. doi: 10.1016/j.humimm.2017.05.007. Epub 2017 May 30. PMID: 28576578; PMCID: 
PMC8663030.07/12/1403
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Mean Fluorescence Intensity (MFI)

• MFI values are at best a semi-quantitative surrogate of antibody level

•  MFI level alone does not necessarily equate with a deleterious 
outcome. 

• Sera with MFIs >10,000 can still result in a negative crossmatch 
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Difference between Anti-HLA antibody detection methods 
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6-Calculated PRA or CPRA

• Calculate the likelihood that the recipient & donor would be 
incompatibility

• An estimation of the percentage of organ donors that will be 
crossmatch incompatible for a candidate.

• The Organ Procurement and Transplantation Network (OPTN) and the 
Canadian CPRA calculators are both easily available as web based 
tools that assign actual CPRA values to a transplant candidate based 
on the unacceptable antigens that are entered in the system

Alvares, M., Anwar, S., Hashmi, S.K. et al. Development of a calculated panel reactive antibody calculator for the United 
Arab Emirates: a proof of concept study. Sci Rep 13, 8468 (2023). https://doi.org/10.1038/s41598-023-34860-y
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Calculated PRA or CPRA
• If no unacceptable antigens are entered, CPRA value defaults to 0
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Non-HLA Antibodies

•Cause graft rejection

•The antigenic targets of non-HLA antibodies:
• Minor histocompatibility antigens
• Vascular receptors
• Adhesion molecules
• Intermediate filaments
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7-Cross matching 

•Complement detection cytotoxicity ( CDC )
• Enzyme-linked immuno-sorbent assay ( ELISA )
•Flow cytometry
• luminex
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CDC cross -match
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A negative crossmatch in the 
presence of a DSA-Ab:
I. When the antibody titre is too 

low to cause complement  
activation 

II. When the antibody is of a type 
that does not activate 
complement 

III. When the antigen for which the 
antibody is specific is expressed 
only at very low levels on the 
donor’s lymphocytes 
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Flowcytometric cross-match
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T cell reaction B-Cell Specificity

Negative Negative None

Positive Positive HLA class I/II

Negative Positive HLA class II?
Low Titer class I?
Non HLA Ab?

Positive Negative



Patient Classification based on cross match 
results 

Kidney International (2015) 87, 277–279. DOI: (10.1038/ki.2014.365)
07/12/1403
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8-Virtual cross match 

• Living related donor

• Living unrelated donor (unique) 

• Cadaveric donor 
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Case 4

• 38 y/o male. 2nd Kidney transplantation candidate

• First KT survive for 17 years and rejected due to drug use irregulare
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Recipient Donor 
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Case 5

• A 46 y/o female candidate for KT, first transplantation

• ADPKD case and underwent bilateral nephrectomy due to refractory 
pain.
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Donor Recipient 
DRB3/4/5????
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Linkage disequilibrium 

HLA- DRB1: 1  or    8    or 10

DRB5



Linkage disequilibrium 

• Refers to the nonrandom association of alleles at multiple DNA 
markers that results from their close proximity to one another within 
a chromosome and co-inheritance.
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HLA- DRB1                     DRB3/4/5

• DRB1*3        DRB1*11    DRB1*13        DRB1*14                      DRB3

• DRB1*4               DRB1*7              DRB1*9                                 DRB4
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Case 6

• Female 54 y/o, No Hx  of KT

• 6 pregnancies

• Blood transfusion +
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Recipient 

Donor 

CPRA: 98%!!!!



WBC crossmatch

• Flowcytometric:     T-cell: Neg:<10%

•                                   B-Cell: 11.2% (<10%)

• CDC: Negative
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