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Introduction

✓Human leukocyte antigens (HLAs) 

are the primary determinants of 

alloimmunity. 

✓A crossmatch test is a test that determines the immunologic 
risk of a recipient with a potential donor by ensuring that 
there are no transplant-relevant circulating antibodies in the 
recipient against donor antigens.

https://www.intechopen.com/chapters/50878



Physical Cross-match tests
1. Complement-dependent cytotoxicity crossmatch (CDCXM)

Cell-based cytotoxicity assays (live cells)

2. Flow cytometry crossmatch (FCXM),

Solid phase assays 

Virtual Crossmatch is the process of assessing the results of solid phase and cell-

based HLA antibody identification assays to predict, or correlate to, the results of a 

physical crossmatch

Virtual Cross-match



Montgomery, Nature Rer Neph, 2018



Major limitations: 

• The difficulty in defining the specificity of the anti-HLA antibody

• Broadly reactive antibodies against non-HLA antigens can make 
analysis impossible. 

• False-positive results could arise from the presence of non-HLA 
antibodies and IgM HLA and non-HLA antibodies.

• False-negative results can occur with low titer antibody. 

• Panels should contain cells from volunteers that are representative of 
the donor pool but often include only the most common phenotypes

UpToDate, 2023, Kidney transplantation in adults: Overview 

of HLA sensitization and crossmatch testing
https://www-uptodate-com.proxybibl.vgregion.se/contents/kidney-transplantation-in-adults-overview-of-hla-

sensitization-and-crossmatch-

testing?search=virtual%20cross%20match&source=search_result&selectedTitle=1~150&usage_type=default&displ

ay_rank=1#H1256329285



✓Most HLA laboratories worldwide have moved to using newer 
technologies for antibody screening. 

✓Since 2009, the United Network for Organ Sharing (UNOS) has 
mandated the use of solid-phase assays to identify HLA 
antibodies in potential transplant recipients in the United States. 

UpToDate, 2023, Kidney transplantation in adults: Overview 

of HLA sensitization and crossmatch testing
https://www-uptodate-com.proxybibl.vgregion.se/contents/kidney-transplantation-in-adults-overview-of-hla-

sensitization-and-crossmatch-

testing?search=virtual%20cross%20match&source=search_result&selectedTitle=1~150&usage_type=default&displ

ay_rank=1#H1256329285



Fluorescein- labeled Abs against 
human IgG

Montgomery, Nature Rer Neph, 2018



TK Anya. Detection of Anti-HLA Antibodies by Flow 

Cytometer. dx.doi.org/10.5772/62553

Flow PRA



TK Anya. Detection of Anti-HLA Antibodies by Flow 

Cytometer. dx.doi.org/10.5772/62553

>5% is considered as 
positive



Evaluation of class I PRA identification tests (including negative, positive, and patient sera). PRA screening result is 31% positive. 
Detection of Anti-HLA Antibodies by Flow Cytometer. http://dx.doi.org/10.5772/62553143



Single Antigen Bead Assay (Class I & Class II) 

✓It is a test that utilizes bead-based technology to detect and 

quantify specific human leukocyte antigens (HLA) antibodies in 

a recipient's blood, both in Class I and Class II.

• ELISA

• Flow Cytometry

• Luminex



Montgomery, Nature Rer Neph, 2018

Luminex





False-positive results

✓Improper protein conformation and/or denaturation of HLA Ags
during the process of generation and coupling to beads that may 

unveil not naturally found epitopes. 

✓Binding of the patient's IgG antibody to the latex beads themselves, 
or to a non-HLA protein used in bead manufacture, can lead to a high 
background signal and obscure the true results of the assay.

✓This is often detected by the high MFI values of the negative control 
bead, which does not contain any bound antigen. 

1-Cai J, Transplantation. 2009;88(2):226.

2- One Lambda product insert. 

http://www.onelambda.com/content/dam/onelambda/en/TDX/Documents/secured

ocs/docs/PS-ENGLISH_LANGUAGE/LS-LSCN-PI-EN-00.pdf (Accessed on 

October 19, 2020). 

background signal 



False-negative results: Interfering factors in the patient's serum

✓Inhibitors such as various complement components (C1q and 
C3/C4 activation products) can bind to the anti-HLA Ab and 
stereotypically hinder the ability of the detection antibody to 
bind (the prozone effect).

✓The presence of IVIG in a patient's serum and/or IgM 
antibody of the same HLA specificity can also mask the 
recognition of IgG alloantibody

✓Low-level antibody directed against a public/shared epitope

Cai J, Transplantation. 2009;88(2):226.



✓Choosing donors with acceptable mismatches mainly used for 

highly sensitized patients

✓Uses the results of two actual laboratory tests 

1. The anti-HLA screening 

2. The HLA typing of the donor

Virtual crossmatch (in silico)



R. Rajalingam, PhD, UCSF (lecture)

A3, A21, B8, B19, DR2, DR3

Anti A4, A23, DB15



Courtesy of Dr. Y. Shakiba



Courtesy of Dr. Y. Shakiba



cPRA Calculation

✓The cPRA calculates the likelihood of transplantation by using the 
results of the SAB assay, in combination with the known frequencies 
of HLA antigens within the donor population. 

✓e.g.: 
• cPRA of a patient with anti- HLA-A2, present in 48% of the donors:  

48%

• cPRA of a patient with anti-HLA- B44, present in 27% of the donors: 

27%

• cPRA of a patient with both: 59% (possibility of the donor to have either or 

both Ags)

UpToDate, 2023, Kidney transplantation in adults: Overview 

of HLA sensitization and crossmatch testing
https://www-uptodate-com.proxybibl.vgregion.se/contents/kidney-transplantation-in-adults-overview-of-hla-

sensitization-and-crossmatch-

testing?search=virtual%20cross%20match&source=search_result&selectedTitle=1~150&usage_type=default&displ

ay_rank=1#H1256329285



Surg Clin N Am 93 (2013) 1395–1406

✓KDRI

✓KDPI

✓EPTS

✓cPRA

Accordingly, allocation is based on a sliding scale point system—additional points for sensitization begin at 20% cPRA

and increase exponentially as it approaches 100%.

MC Bhaskaran, KI reports, 2022



✓Several transplant centers have reported their success with 

proceeding to transplant based on VXM results and eliminating 

pretransplant PXM.



S. Aslam. The American Surgeon, 2021



S. Aslam. The American Surgeon, 2021



Puttarajappa CM. KI 2021



Puttarajappa CM. KI 2021



AW Bingaman. Transplantation 2008



The virtual crossmatch protocol was predictive of a negative-final crossmatch and eliminated the use of 

preliminary cross-matching with attendant cost savings of more than $100,000.

AW Bingaman. Transplantation 2008



Why virtual crossmatch is not being used routinely?

✓The concept is not new (Delmonico Transplantation.36:629–633.1983)

✓However the CDC assay that was used to determine the antibodies was 
largely based on HLA class I antigens and could not define all antibody 
specificities, especially in patients who were broadly sensitized.

✓With the advent of DNA-based methods for typing HLA specificities at a 
higher resolution and the solid-phase assays for detecting antibodies 
against individual HLA, VXM has come to the limelight

✓After the implementation of kidney allocation system in the United 
States, there has been a steady increase in the use of VXM—in 2018, 
18% of kidney transplants were done relying on a VXM.



The obstacles in Iran

✓The cost of solid phase assays (not covered by insurance 
companies)

✓The scarcity of labs doing accurate solid-phase tests with fast 
response

✓Rapid and accurate report of HLA typing for the cadaver



Primary 
disease

Tx Date Last F/U Date Desensitization Complications Last 
Cr:

HN Crescentic 
IgAN

1400/06/07
(2ed)

1402/07/01 - - 1.32

M
R

Unknown CKD 
(2nd Tx)

1400/10/05 1402/06/05 3 sessions of PLEX and IVIG 
and MMF
were administered before Tx.

Allograft Malrotatio: 
Corrected

0.9

AS FSGS 
(3rd)

1401/04/21 1402/06/12 3 sessions of PLEX and IVIG 
and MMF

- 1.07

MS Unknown 1401/05/30 1402/07/02 - ATN + ACR 1.27

EY Unknown 1401/08/01 1402/06/02 - - 1.5

FZ Unknown 1401/08/27 1402/06/05 11 Vial IVIG DGF+ severe incisional 

hernia+ ACR/AMR+ FSGS
1.76

SK
B

MPGN
(3rd Tx)

1401/09/15 Once came PLEX - 1.7

SK Unknown 1402/2/09 PLEX - 0.98

ZS Unknown 1402/04/13 1402/7/03 PLEX UTI 1.1

NH Unknown 1402/05/03 1402/7/03 PLEX - 1.19



Conclusion

1. Virtual X match is an in silico method of X match which may 
be more feasible in the lab.

2. It reduces the cold ischemia time.

3. It is highly recommended in highly sensitized recipients and 
increases the chance of Tx in a well-managed program.

4. It reduces or abolishes the need for desensitization.

5. With progressing the methods and positive and negative 
predictive values and universality of HLA typing, especially at 
allele level, it may substitute PXM methods.



https://congress.isn-iran.ir/


