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ABSTRACT 

Objective: To determine the association of panel reactive antibodies (PRA) with complement-dependent cytotoxicity (CDC) 
cross-match in Pakistani pre-renal transplant recipients. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Immunology Department, Armed Forces Institute of Pathology, Rawalpindi from Oct 2017 to 
Oct 2018. 
Methodology: A total of 162 patients referred to the Department of Immunology for pre-transplant workup for renal 
transplantation were included. Informed consent was taken, and detailed history was recorded. Frequency and percentages 
were calculated for cross-match positivity and most frequent anti-HLA antibodies. 
Results: Panel reactive antibodies (PRA) were present in 48 patients (30%), while complement-dependent cytotoxicity (CDC) 
cross-match was positive in 16 patients (10%). Out of 141 male patients, 35 (25%) were positive for PRA, while 10 (7%) had 
positive CDC cross-match. Out of 21 female recipients, 13 (62%) were positive for PRA, and 6 (28%) had positive CDC cross-
match. One male patient positive for CDC cross-match was negative for PRA. Patients positive for both CDC cross-match and 
PRA have an average mean fluorescent intensity (MFI) of more than 4000. CDC cross-match and PRA were strongly 
associated, whereas no significant association was found between CDC cross-match and anti-MIC antibodies. 
Conclusion: Complement dependent cytotoxicity (CDC) cross-match and panel reactive antibodies (PRA) should be routine in 
patients undergoing renal transplants as alone CDC cross-match can give false negative or false-positive results. At the same 
time, CDC cross-match lacks detection of anti MIC antibodies involved in graft rejection. 
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INTRODUCTION 

Panel reactive antibodies (PRA) are the pre-
existing antibodies produced against HLA antigens in 
the serum of potential allograft recipients, detected by 
Luminex. The presence of antibodies against human 
leukocyte antigen (HLA) molecules, which may be 
directed against HLA class I and class II antigens, is a 
risk factor for hyper-acute rejection, acute rejection   
and graft loss.1 The primary technique for anti-HLA 
antibody detection was complement-dependent cyto-
toxicity (CDC), and CDC cross-match has been the 
gold standard for many years. However, false-positive 
results can be seen in complement-dependent cyto-
toxicity related assays.2 The results of the CDC assay 
are also related to many limitations such as cell panel 
used, quality of lymphocytes, rabbit complement, non-
HLA complement-fixing antibodies, the low titre of 
HLA antibodies and low sensitivity when compared 
with Luminex. As an alternative approach, solid-phase 

based assays as HLA antigen-coated bead methods 
have been introduced, which function independently 
of cell quality and have a higher sensitivity and speci-
ficity in detecting anti-HLA antibodies by using Lumi-
nex.3 Each population and its ethnic differences have 
different demography of HLA antigens, and so the 
PRA test panel will differ from region to region.4 

Before the transplant, PRA detection is done to identify 
sensitized patients, which significantly impacts patient 
mortality and morbidity due to prolonged waiting 
time and may delay transplantation.5 

A high PRA means that the individual is primed 
to react immunologically against a large proportion of 
the population.6 These antibodies may develop with 
previous blood transfusion, pregnancy and transplant, 
and the degree of sensitization is more substantial and 
more prolonged when different causes act together.6 
HLA–A, HLA–B, HLA–DR compatibility between 
recipient and donor does not guarantee rejection free 
kidney transplant. At this moment, anti–HLA anti-
bodies and non-HLA antibodies detection and identi-
fication represent one of the most important points in 
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transplant work up,7 Compared with complement-
dependent cytotoxicity cross-match, Luminex assays 
provide greater sensitivity and specificity in detecting 
donor-specific antibodies.8 MIC antigens are not expre-
ssed on lymphocytes, so commonly used me-thods 
such as CDC cross-match or flow cross-match do not 
detect the antibodies against MIC antigens.9 In this 
article, MIC antibodies detected by Luminex are also 
included under the heading of PRA. 

Many studies concluded that the estimated risk of 
sensitization of patients must be determined by a 
combination of CDC cross-match and PRA.10 The sub-
ject needs extensive research as there is a paucity of 
data in the local population to find out and document 
the panel reactive antibodies, MHC class 1 related 
chain and association of PRA & CDC cross match. This 
study will be useful to determine the individual and 
collective significance of PRA and CDC cross-match in 
renal pre-transplant compatibility of donors with po-
tential recipients. The development of a transplant 
bank can be a futuristic approach. 

METHODOLOGY 
A cross-sectional study was conducted at the 

Department of Immunology, Armed Forces Instiute of 
Pathology, Rawalpindi, from October 2017 to October 
2018, in which 162 patients with end-stage renal dis-
ease (ESRD) were included by using non-probability 
consecutive sampling technique after approval of the 
Ethical Review Board, certificate number IRB/17/342. 
A sample size of 161 patients was calculated with 
WHO calculator with the confidence level of 95%, the 
absolute precision required was 7%, and the anticipa-
ted population proportion was 29% for PRA.11 

Inclusion Criteria: Patients of  both genders and age 
range from 14-60 years, waiting for a renal transplant 
and suffering from ESRD were included. 

Exclusion Criteria: Patients other than Pakistani 
nationality were excluded from the study. 

 Informed consent was taken from the patients, 
and detailed history was recorded, including blood 
transfusion, pregnancy and re-transplant. 3 ml of 
serum sample was collected for PRA from the patient, 
and PRA in patient sera was detected by microbead 
array using Luminex one lambda (USA) kit. For the 
CDC cross-match, 10 ml heparinized donor blood, and 
3 ml patient serum samples were also required. CDC 
cross-match was performed on fresh blood samples 
using T and B lymphocytes of the donor. 

SPSS-23 was used for the data analysis. Frequency 
and percentages were calculated for CDC cross-match, 
PRA positivity, gender distribution, and effect modi-
fiers, and the chi-square test was applied to determine 
the association. The p-value of ≤0.05 was considered 
statistically significant. 

RESULTS 

Of 162 patients, 141 (87%) were males, and 21 
(13%) were females. PRA was present in 48 recipients 
(30%). CDC cross-match was observed positive in 16 
(10%) recipients and out of these 16 CDC positive, 12 
recipients were positive for PRA as shown in Figure-1. 

 
Figure-1: Panel reactive antibodies (PRA) & Complement de-
pendent cytotoxicity crossmatch (CDC) Positive patients wai-
ting for renal transplantPRA Distribution. 

In 141 male recipients, 35 (25%) were positive for 
PRA, and 10 (7%) had positive CDC cross-match. Out 
of these 35 PRA positive males, six had positive CDC 
cross-match, six had a transfusion, and one man had a 
history of a previous kidney transplant. In 21 female 
recipients, 13 (62%) females were positive for PRA (no 
female was positive for MIC antibodies), and 6 (28%) 
had positive CDC cross-match. Of these 13 PRA posi-
tive females, all thirteen had multiple pregnancies in 
their life, six had a blood transfusion, one female had 
previous kidney transplant history, and six females 
were positive for CDC cross match. 

 
Figure-2: Panel reactive antibodies (PRA) class l, ll & Major 
histocompatibility complex class I related chain (MIC) 
distribution. 
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Out of total positive 48 (30%) patients, 17 (35%) 
were positive for class l, 10 (21%) for class ll, 16 (33%) 
for both class l and class ll and 5 (9%) were positive for 
MIC antibodies as shown in Figure-2. One male patient 
positive for CDC cross-match was negative for PRA, 
which showed that it was due to non-HLA antibodies 
in the patients’ serum. 

PRA positivity in males had less history, sug-
gesting infection as a risk factor for de novo synthesis 
of PRA. CDC cross-match and PRA were strongly 
associated with the p-value of <0.001, as shown in 
Table. Whereas no relation between CDC cross-match 
and anti MIC antibodies was observed with the p-
value of <0.013 because MIC antigens are absent on 
lymphocytes. 
 

Table: Association of complement dependent cytotoxicity 
(CDC) with panel reactive antibodies (PRA).  

Parameters 

Patients Waiting for Renal 
Transplant 

p-
value 

Positive Negative 

PRA 
CDC Crossmatch 

48 (30%) 
16 (10%) 

114 (70%) 
146 (90%) 

0.0001 

 

Out of the total of 48, PRA positive patients, 12 
were positive for CDC cross-match and on the other 
hand, out of a total of 16 positive CDC cross-match, 12 
patients had panel reactive antibodies with the signi-
ficant p-value <0.0001. 

DISCUSSION 

Data regarding the association of CDC cross-
match and PRA are lacking in our region, especially in 
Pakistan. The presence of antibodies against Human 
Leukocyte Antigen (HLA) and non HLA molecules, 
which may be directed against HLA class I, class II and 
MIC antigens, are risk factors for hyperacute, acute, 
chronic rejection and graft loss.11,12 

A study conducted in 2019 analyzed 654 patients 
(441 males and 213 females). The age of patients 
ranged from 13-67 years. The study reported that 277 
(39.2%) were positive for PRA and 25 (3.8%) were 
positive for CDC cross-match.11 Our study showed that 
PRA were present in 48 (30%) recipients, which was 
less than the Mishra et al, and CDC cross-match was 
observed positive in 16 (10%) recipients who were hig-
her in comparison with the study conducted by Mishra 
et al.1 

Another study concluded that CDC cross-match 
could be negative because of low titter anti HLA 
antibodies and PRA positive with donor-specific anti-
HLA antibodies with MFI less than 1000.12 Our study 

also showed four patients with negative CDC cross-
match and positive PRA. 

Another study conducted by Lieber et al, showed 
that 7.2% positive CDC cross-match occurred among 
PRA negative patients, and negative CDC cross-match 
was observed in 6.5% of tests among 100% PRA 
positive patients.13 More CDC cross-match positivity in 
PRA negative patients may be due to IgM antibodies 
or Non-HLA antibodies. Our study showed that four 
CDC cross-match positive and PRA negative patients 
were due to autoimmune and non-HLA antibodies and 
36 PRA positive and CDC cross-match negative 
patients, which may be due to low MFI or the absence 
of donor-specific antibodies. 

In a study conducted at a hemodialysis centre in 
Brazil in 2014, 70 serum samples of patients waiting for 
renal transplant were analyzed, 26 (37.5%) were posi-
tive for PRA, and 10 (14%) were positive for CDC cross 
match. Only one of the 70 patients under analysis had 
a positive CDC cross-match and negative PRA.14 When 
these results compared with our study, which has less 
PRA and CDC cross-match positivity but four CDC 
positive and PRA negative individual due to the 
presence of autoantibodies or non HLA antibodies. 

A study conducted by Baranwal et al, in 2017 
analyzed 116 patients' samples waiting for renal trans-
plants. 13 (11%) were positive for CDC cross-match, 
and 36 (31%) were positive for panel reactive anti-
bodies. CDC cross-match positive samples had PRA 
MFI >3000.15 In another study conducted by Lan et al, 
in Canada concluded that the threshold for positive 
CDC cross-match appears to be 5000 MFI in sera with 
multiple and 10,000 MFI with single class I donor-
specific antibodies.16 A study conducted by Pandey et 
al, showed CDC cross-match positivity in 14 patients 
out of 12, with PRA MFI of more than 5000.17 Our 
study showed nearly the same result as of Baranwal     
et al, but in our study, PRA MFI was ˃ 4000 in CDC 
positive samples, and CDC assay showed cell death 
from 20-50%. In comparison with Lan et al, our study 
showed CDC positivity at low MFI maybe because our 
population was more prone to effects modifiers such as 
multiparity and blood transfusion. 

A study conducted by Chowdhury et al, showed 
anti MIC antibodies in 67 (14.4%) males and 27 (15%) 
females out of 466 males and 180 females 18, whereas 
our study showed anti MIC antibodies in 5 (9%) males, 
but surprisingly no female was positive for anti MIC 
antibodies which may be due to small sample size of 
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females available for this study and further need re-
search on a large scale. 

PRA against the donor antigens are highly likely 
to cause transplant rejection even if the cross-match is 
negative. PRA were more common in recipients, who 
were more prone to effect modifiers such as preg-
nancy, blood transfusion and re-transplant. There is a 
need to convince renal transplant surgeons to use PRA 
routinely, as PRA is more sensitive and donor-specific 
antibodies with low titre can be missed in CDC cross 
match. Many studies concluded that the trusted 
technique of CDC cross-matching remains crucial and 
should be coupled with a determination of PRA by 
Luminex. 

CONCLUSION 

Complement dependent cytotoxicity (CDC) cross-
match and panel reactive antibodies (PRA) should be routine 
in patients undergoing renal transplants as alone CDC cross-
match can give false negative or false-positive results. At the 
same time, CDC cross-match lacks detection of anti MIC 
antibodies involved in graft rejection. 
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