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Abstract:
Introduction: Complement-dependent cytotoxicity crossmatch (CDC-XM) and CDC-antihuman globulin-XM (CDC-
AHG-XM) have been widely employed to detect donor-specific antibodies in recipients on the waiting list before
proceeding with deceased donor kidney transplantation. The flow cytometric crossmatch (FC-XM) has been
introduced, and providing increased sensitivity and less time-consumption compared with both assays. Objective:
This study aimed to compare the standard CDC-AHG-XM and the three-color FC-XM in deceased donor kidney
transplants and to evaluate their sensitivity and specificity. Materials and Methods: Altogether, 365 non-repeated
serum samples were included from patients who were candidates for deceased donor kidney transplantation
according to the Organ Donation Centre of the Thai Red Cross Society (ODC-TRCS) allocation score. Patient
serum samples were crossmatched using CDC-XM, CDC-AHG-XM and FC-XM with T and B Ilymphocytes obtained
from 50 deceased donors. The HLA class I and II antibodies in each patient were also determined. Results: The
crossmatch results obtained by FC-XM were compared with the standard CDC-AHG-XM. The sensitivity and
specificity of FC-XM in T and B cells were 100 and 100% and 98.86 and 99.41%, respectively. Although FC-XM
requires high technical expertise to perform the test, its applications could reduce testing time from 6 to less
than 2 hours compared with CDC-AHG-XM. This would be helpful in improving transplant allocation and patient
care. Conclusion: In this study, we evaluated the three-color FC-XM and compared the crossmatch results with
the routinely used CDC-AHG-XM. The FC-XM is equal to or better than the CDC-AHG-XM because it requires
fewer testing steps and is less time-consuming, which is beneficial in deceased donor kidney transplantation.
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Introduction

The deceased donor kidney transplantation is
managed by the Organ Donation Centre (ODC) and
the National Blood Centre (NBC) of the Thai Red Cross
Society (TRCS). Generally, the ABO blood group, Rh(D)
typing, HLA-A, -B and -DR typing, together with the
panel reactive antibody (PRA) results of the patients on
the waiting list in each transplant center are registered
in the ODC-TRCS kidney allocation program.” Following
the notification from the transplant coordinators of a
donor, ABO blood group, Rh(D) typing and HLA typing
results provided by the NBC-TRCS are submitted to the
kidney allocation program to search for the sequences
of patients’scores. The serum samples of patients on
the waiting list with the highest overall score calculated
from HLA-A, -B and -DR mismatches, PRA and renal
waiting time can be chosen for HLA crossmatch with
donor T and B lymphocytes. Patients with negative
crossmatches might essentially undergo transplantation.*®

Complement-dependent cytotoxicity crossmatch (CDC-
XM) has been widely employed for HLA crossmatch,
to detect donor-specific antibodies (DSA) in recipients
before transplantation. The presence of preformed
DSA among patients may cause hyper-acute and acute
antibody-mediated graft rejection.”® The addition of
antihuman globulin (AHG) to CDC-XM (CDC-AHG-XM)
revealed an increase in test sensitivity compared with
the standard CDC-XM.* According to the report of
the ODC-TRCS, the duration of testing for those of the
above-mentioned assays was approximately five to six
hours, starting from receiving the spleen and/or lymph
nodes of the deceased donors to the time that the NBC-
TRCS laboratory informed the ODC-TRCS of the results.
The delayed reporting of results might occur when the
laboratory receives multiple donors at the same time.”
After transplantation, the prolonged cold ischemia time
(CIT) may have an impact on the recipients’ long-term
graft survival and graft failure rates.”” The flow cyto-

metric crossmatch (FC-XM) has been introduced in

1983, and provides increased sensitivity to identify low
titers of DSA and non-complement-binding DSA in the
recipient’s serum bound to the surface of the donor’s
T and B lymphocytes through using a fluorescently
The FC-XM has

2 11-16

labeled F(ab’)2 antihuman IgG”.
undergone revisions with three-color analysis, " a rapid
optimized procedures that constitutes a 96-well tray
platform, and additional time-saving protocols such as
the Halifax and Halifaster protocols.” Related studies
revealed that the applications of FC-XM and solid-phase
HLA antibody screening techniques, including Luminex
single antigen beads (SAB), have increased the sensi-
tivity of antibody detection, leading to improved clini-
cal outcomes.”"*" Currently, the NBC-TRCS laboratory
continues performing HLA crossmatches for deceased
donor kidney transplantation using the CDC-XM and
CDC-AHG-XM. Therefore, this study aimed to compare
the standard CDC-AHG-XM and the three color FC-XM
in deceased donor kidney transplants and to evaluate

their sensitivity and specificity.

Materials and Methods

Study population

This study was approved by the Research Ethics
Committee, National Blood Centre, Thai Red Cross
Society (COA No. NBC 19/2019). Altogether, 365 non-
repeated serum samples from patients on the waiting
list who were candidates for deceased donor kidney
transplantation according to the ODC-TRCS allocation
score were included. Patient serum samples were tested
with T and B lymphocytes obtained from 50 deceased
donors from October 2019 to January 2023. The HLA
class I and II antibodies in each patient were detected
using a solid-phase immunoassay based on a Luminex
platform (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Current and peak sera among patients with
HLA antibodies were used for HLA crossmatch by the
CDC-AHG-XM and the FC-XM.
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HLA antibody screening for PRA class I and class II
antibodies

The HLA antibody screening was performed on a
Luminex platform, according to manufacturer instruc-
tions. Briefly, 20 uL of each serum sample were added
to each well of a 96-well plate and incubated with 5 uL
of LABScreen PRA class I and LABScreen PRA class II
beads. Then the test plate was placed on a shaker for
30 minutes at room temperature (RT). Following the
incubation, 150 pL of 1X wash buffer were added to
each well, covered with a tray seal, and vortexed. The
test plate was centrifuged at 1,300 x g for 5 minutes.
The wash buffer in the wells of the plate was removed
by flicking. Thereafter, 200 uL of 1X wash buffer was
added to each well of the plate. The plate was covered
with a tray seal, mixed, and centrifuged at 1,300 x g for
5 minutes. This step was repeated once. For sample
labeling, 100 pL of 1X PE-conjugated anti-human IgG
were added to each well, covered with a tray seal, and
vortexed. The test plate was incubated in the dark
for 30 minutes at RT on a shaker. After incubating,
the plate was centrifuged at 1,300 x g for 5 minutes,
the tray seal was removed, and the wash buffer was
flicked out. The washing step was repeated twice.
Then, 80 uL of 1X phosphate buffer solution (PBS) was
added to each well, covered with a tray seal and mixed.
Finally, samples were read on the LABScan3D™ flow
analyzer (One Lambda, Inc., Canoga Park, CA, USA)
and analyzed using HLA Fusion Software, Version 3.4
Service Pack (One Lambda, Inc., Canoga Park, CA,
USA). The cut-off for reactive samples was based on
the mean fluorescence intensity (MFI) value for each
HLA antibody. A MFI value equal to or greater than
1,000 was defined as a positive result.
CDC-XM and CDC-AHG -XM

The CDC-XM assay was performed using donor
lymphocytes and the potential recipient candidate’s
serum samples. After isolation by Ficoll density gra-
dient centrifugation, donor T and B lymphocytes were

incubated with the recipients’ serum at 4, 22, and 37°C,

respectively. Subsequently, rabbit complement serum
was added and activated via the classical pathway of
complement activation only by antibodies binding in
the first incubation step. The eosin dye was added
to stop reactions. The result was positive due to the
existence of bound complement-activating cytotoxic
antibodies against the donor antigens. The readout
of this assay was determined under an inverted phase
contrast microscope, and the reactions were defined
based on a scoring system with values of 0, 2, 4, 6 and
8, according to the standard protocols. The appearance
of dead lymphocytes was visible by a red staining
pattern and interpreted as a positive reaction (scores
4, 6 and 8), while vital lymphocytes exhibited a shiny
reflective pattern of more than 90% and 80% of cells in
a negative reaction (scores 0 and 2).**

Moreover, the CDC-AHG crossmatch was performed
similarly to the CDC-crossmatch method, but by adding
of a cell washing step after incubating patient serum
with T and B lymphocytes at 4°C, 22°C, and 37°C, and
adding antihuman globulin serum (AHG), followed by
adding rabbit complement and adding eosin dye.*”
FC-XM

The FCXM test was performed in a 96-well U bottom
plate; 50 uL of test or positive and negative control serum
samples and 25 uL of enriched donor lymphocytes (2.5 x
10° cells) were added to each reaction well and incubated
at RT for 20 minutes. Cells were washed three times
with 200 pL of flow wash buffer at 500 x g for 1 minute.
Then antibody cocktails consisting of 2 uL of CD3-PC5,
4 pL of CD19-PE, and 0.5 uL of IgG-FITC made up to
50 uL with PBS, were added to cells and incubated for
10 minutes at RT in the dark. After incubating, cells
were washed twice more with 200 pL flow wash buffer
at b00xg for 1 minute, resuspended in 220 uL of cold
1% paraformaldehyde, and readied for acquisition. Flow
cytometry was performed on an FC500 flow cytometer
(Beckman Coulter, Inc., CA, USA), and analyzed on
MXP Software V.2.2 (Beckman Coulter, Inc., CA, USA)

on the 1,024 channel scale. The minimum number
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of cells for analysis was at least 1,000 events for both
T and B cell. The lymphocytes were gated by using
dot plots of side scatter (SS) and forward scatter (F'S),
separated T and B cells using gate of FL4 (CD3-PCb) and
FL 2 (CD19-PE), respectively. The FCXM assay results
are determined by the median channel fluorescence
shift (MCS) of IgG FITC in the sample compared with
those of the negative control serum. In this study, the
determined cut-off value was calculated by comparing
the results between serum samples of known HLA class
I and class II antibodies and A pool of 8 non-sensitized
patient sera tested against 20 donors’ cells to define
a cutoff value for positive FCXM as more than 3 SD
(> 4.41) and 3.5 SD (> 213.7) shifted to the right for T
and B cells, respectively.
Statistical analysis

Descriptive analysis was conducted to characterize
the baseline demographic data of deceased donors and
patients on the waiting list for kidney transplant and
expressed in numbers and percentages. The values of
sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated

by using CDC-AHG as a gold standard.

Table 1 Characteristics of the study population

Results

The data for this study included 365 patients on the
waiting list and 50 deceased kidney donors. Among
365 patients, ages ranged from 9 to 66 years and the
most common age group was 51 to 60 years, followed
by 41 to 50 years, and 31 to 40 years, consecutively. For
deceased donors, ages ranged from 7 to 64 years and the
most common age group was 41 to 50 years, followed
by 19 to 30 years and 51 to 60 years, successively. Male
to female ratio among patients and deceased donors
were 201:164 (1.2:1.0) and 40:10 (4.0:1.0), repectively, as
shown in Table 1.

The HLA-A, -B and -DR mismatch grades between
deceased donors and patients on the waiting list for
kidney transplant in this study are shown in Table 2.
Among 365 patients, BDR2 was the most common
(37.64%), followed by BDR1 (24.38%), BDR3 (21.37%),
BDR4 (8.77%), BDRO (4.93%) and no data available (1.37%),
consecutively. In addition, six patients with zero ABDR
mismatch (1.64%) were observed.

The distribution of HLA class [ and class II
antibodies reported as negative (0) or positive in % PRA

ranged from 1 to 50, 51 to 80, and 81 to 100, respectively.

Patients on the waiting list

Deceased donors

Characteristic
N = 365 % N =50 %
Sex
- Male 201 55.1 40 80.0
- Female 164 449 10 20.0
Age range (years)
1-18 5 14 8 16.0
19-30 25 6.8 12 24.0
31-40 77 211 7 14.0
41-50 83 22.7 13 26.0
51-60 124 34.0 9 18.0
>61 51 14.0 1 2.0
Total 365 100 50 100.0

a a € a a
'3'1‘55’]'5161&@]'3‘”8'1LLaZL’JﬂIﬁ'\ﬁ@liﬂJ‘iﬂ'ﬁIGﬂﬂ

19 33 afUfl 3 nanIaN-fuenes 2566



184

Nuchjarnun Choktaweesak, et al.

Table 2 HLA mismatch of HLA-A, -B and -DR between deceased donors and patients on the waiting list

for kidney transplant

HLA mismatch grade Patients on the waiting list %
Zero mismatch 6 1.64
BDRO 18 4.93
BDR1 89 24.38
BDR2 137 37.54
BDR3 78 21.37
BDR4
BDR4 AQ 5 1.37
BDR4 Al 13 3.56
BDR4 A2 14 3.84
No data (others organ transplantation) 5 1.37
Total 365 100.00

Table 3 HLA class I and class II antibodies among 365 patients on the waiting list

HLA antibodies among patients on the waiting list

% PRA*
Class I % Class II %

0 (Negative) 268 73.42 280 76.71
1-60 45 12.33 41 11.23
51-80 26 7.12 17 4.66
81-100 17 4.66 18 493
No data 9 2.47 9 2.47

Total 365 100.00 365 100.00

*PRA = panel reactive antibody

The patients’ samples with negative results for HLA
antibodies were the most common (class I: 268 of 365,
73.72% and class II: 280 of 365, 76.71%). For patients
with HLA class [ antibodies, 12.33, 7.12 and 4.66% were
observed with PRA ranged from 1 to 50, 51 to 80, and
81 to 100, respectively, and 11.23, 4.66 and 4.93% were
positive for HLA class II antibodies. No data is available
for 2.47% and 2.47% of HLA class I and II antibodies,
respectively. (Table 3)

The sensitivity, specificity, positive predictive value,
negative predictive value and accuracy of the FC-XM
to test patients’ serum samples with T cells and B cells
from deceased donors were compared with those of the
CDC-AHG-XM. We found that the FC-XM exhibited a
sensitivity of 100% and 100%, while the specificity of

the FC-XM was 98.86 and 99.41% for T and B cells,
respectively, as shown in Table 4 and 5.

A discrepancy in crossmatch results was found in
six samples of patients on the waiting list, as shown
in Table 6. The samples SER055 and SER083 were PRA
negative, the CDC-AHG-XM results were negative, while
the FC-XM was positive (MCS = 5.20 and 249.01). In the
other three samples (SER197, SERn129 and SERn130),
CDC-AHG-XM had negative results, while FC-XM had
positive results, corresponding to the antibodies spe-
cific to donor antigens, including A31, B51 and A1l1.
In addition, CDC-AHG-XM of sample SERn012 was
negative, whereas FC-XM had positive results relating

to the antibodies specific to donor antigens (DQ7).
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Table 4 Comparison of CDC-AHG-XM and FC-XM among 365 patients tested with T-cells from 50 deceased donors
CDC-AHG crossmatch (T cells)

FCXM'
Positive Negative Total
Positive 13 4 17
Negative 0 348 348
Total 13 352 365

"Sensitivity: 100%; specificity: 98.86%; positive predictive value: 76.47%;

negative predictive value: 100%; accuracy: 98.90%

Table 5 Comparison of CDC-AHG-XM and FC-XM among 365 patients tested with B-cells from 50 deceased donors
CDC-AHG crossmatch (B cells)

FCXM'
Positive Negative Total
Positive 26 2 28
Negative 0 337 337
Total 26 339 365

' Sensitivity: 100%; specificity: 99.41%; positive predictive value: 92.85%;

negative predictive value: 100%; accuracy: 99.45%

Table 6 HLA class I and class II antibody specificities found in discrepant crossmatch results between

CDC-AHG and FC-XM

No. Patient ID PRA (%) Antibody specificity CDC-AHG FCXM (MCS)

1 SER055 0 Negative Negative Positive
(5.20)

2 SER083 0 Negative Negative Positive

(249.01)

3 SER197 71 A31°%, B42, B56, B71, B76, BS1 Negative Positive
(5.90)

4 SERn129 3b* A23, A24, A25, A32, B8, B13, B18, B27, B35, B37, Negative Positive
B38, B44, B47, B49, B51”, B52, B53, B57, B58, B59, (7.90)

B63, B64, B65, B67, B71, B75, B77, B78

5 SERn130 46 A11°, A25, A26, A34, A66, B38, B44, B45, B57, Negative Positive
B60, B75, B76, B77 (9.80)

6 SERn012 22* DP1, DQ2, DQ4, DQ6, DQ8, DQY, DQ7*, DR7 Negative Positive

(394.13)

°A31, MFI = 2888; "B51, MFI = 5416.58; °A11, MFI = 5033.49; “DQ7, MFI = 26,366.22

*Antibody specificities in two samples were additionally tested for DSA
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Discussion

The presence of PRA and/or DSA among the recipients
against donor HLA-A, -B, and -DR types is a concern
due to the risk of hyper-acute kidney allograft rejection
in deceased donor kidney transplantation. The CDC-XM
is the standard technique for pretransplant evaluation for
living-related and deceased donor kidney transplants.**
A recent study by Chinbodi et al. revealed that the
CDC-XM and CDC-AHG-XM were used to determine
the HLA compatibilities between deceased donor T
and B lymphocytes and serum samples of recipient
candidates on the waiting list. The limitations of both
tests were due to their testing requirements for a high
number of lymphocytes with good cell viability, being
time-consuming, and revealing more variations in test
performance among personnel.’

In this study, we compared the HLA crossmatch
results between the CDC-AHG-XM and FC-XM among
365 patients on the waiting list and 50 deceased kidney
donors. The ratio of male and female among patients
and deceased donors was 1.2:1.0 and 4.0:1.0, respectively,
and their age ranges in both groups were similar to
related studies reported by Ounjai, et al. in 2019 and
Srisuddi A, et al. in 2022."% The FC-XM protocol
used in this study was similar to that used in a related
study,16 where a 96-well plate was used instead of test
tubes to reduce the cost of reagent and testing time.
Moreover, in our protocol, anti-CD3-PerCP, as reported
in a recent study using Halifax FC-XM,"” was replaced
by anti-CD3-PC5 without any interference in testing
results. From this comparative study, it appears that
FC-XM provided an overall sensitivity of 100% for both
T and B cell crossmatches, compared to CDC-XM and
CDC-AHG-XM confirming other findings.”**'®

Regarding the discrepant results between CDC-AHG-
XM and FC-XM among six patients, (two samples with
negative PRA and CDC-XM), one patient sample (SER055)
might be due to a false positive reaction by FC-XM,
while in the other case (sample SER083), DSA did not

pre-exist but developed after kidney transplantation

(unpublished data). Another four cases with negative
CDC-AHG-XM, DSA were demonstrated in the PRA
class I and class 1I testing, agreeing with the positive
FC-XM results.

Finally, this study confirms that FC-XM is an alterna-
tive to CDC-AHG-XM. Even though the flow cytometers
are complex instruments, expensive and require high
technical expertise, the FC-XM could reduce testing
time from six hours to less than 2 hours with fewer
testing steps and technical variations compared with
the CDC-XM and CD-AHG-XM. This would be helpful
in reducing turnaround time without compromising assay
performance and improving transplant allocation and

patient care.

Conclusion
In this study, we evaluated the three-colored FC-XM
and compared the crossmatch results with the routinely
used CDC-AHG-XM. The FC-XM is equal to or better
than the CDC-AHG-XM because it requires fewer testing
steps and is less time-consuming, which is beneficial

in deceased donor kidney transplantation.
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