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ABSTRACT

Structural human leukocyte antigen (HLA) matching at the eplet level can be 
identified by HLAMatchmaker, which requires the entry of four-digit alleles. The aim 
of this study was to evaluate the agreement between eplet mismatches calculated 
by serological and two-digit typing methods compared to high-resolution four-digit 
typing. In a cohort of 264 donor/recipient pairs, the evaluation of measurement error 
was assessed using intra-class correlation to confirm the absolute agreement between 
the number of eplet mismatches at class I (HLA-A, -B, C) and II loci (HLA-DQ and 
-DR) calculated using serological or two-digit molecular typing compared to four-digit 
molecular typing methods. The proportion of donor/recipient pairs with a difference 
of >5 eplet mismatches between the HLA typing methods was also determined. Intra-
class correlation coefficients between serological and four-digit molecular typing 
methods were 0.969 (95% confidence intervals [95% CI] 0.960–0.975) and 0.926 
(95% CI 0.899–0.944), respectively; and 0.995 (95% CI 0.994–0.996) and 0.993 
(95% CI 0.991–0.995), respectively between two-digit and four-digit molecular 
typing methods. The proportion of donor/recipient pairs with a difference of >5 eplet 
mismatches at class I and II loci was 4% and 16% for serological versus four-digit 
molecular typing methods, and 0% and 2% for two-digit versus four-digit molecular 
typing methods, respectively. In this small predominantly Caucasian population, 
compared with serology, there is a high level of agreement in the number of eplet 
mismatches calculated using two-compared to four-digit molecular HLA-typing 
methods, suggesting that two-digit typing may be sufficient in determining eplet 
mismatch load in kidney transplantation. 
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INTRODUCTION

The human leukocyte antigen (HLA) system 
represents the loci of genes that determine tissue 
compatibility in solid organ transplantation. Over the 
last decade, HLA-typing has evolved from serological 
to molecular typing, which more precisely defines the 
immunological profiles of individuals, thereby providing 
a more comprehensive and accurate assessment of tissue 
compatibility in transplantation. Donor HLA alleles 
comprise multiple epitopes made up of polymorphic 
amino acid residues that can elicit a B-cell driven immune 
response in the recipients (immunogenicity), with a 
proportion of these epitopes capable of binding donor-
specific anti-HLA antibody (antigenicity). Triplets and 
eplets are sequences of amino acid residues within each 
HLA epitope, which can elicit and bind to specific anti-
HLA antibodies. [1]. Rene Duquesnoy first described 
triplets as linear sequences of three amino acid residues 
in antibody accessible positions on HLA molecules [1, 2]. 
Subsequently, eplets were defined as discontinuous amino 
acid residues within a 3 Ångstrom radius of a non-self 
residue [3]. These regions are considered a fundamental 
component of HLA epitopes recognized by anti-HLA 
antibodies. A large number of class I antibody-verified 
epitopes, corresponding to eplets or eplets paired with 
other residue configurations have been identified [4], and 
similar work to define class II eplet repertoires in HLA-
DP, -DQ, -DR alleles are in progress [5]. Epidemiological 
studies have consistently shown that a greater number 
of eplet mismatches between the donor and recipient 
are associated with adverse graft outcomes after kidney 
transplantation, including development of de novo donor-
specific anti-HLA antibodies [6, 7]. Consequently, eplet 
matching is now explicitly considered in several donor 
kidney allocation programs such as the Eurotransplant 
Acceptable Mismatch program and the Pediatric Renal 
Transplant program in Australia [8–10].  

HLAMatchmaker is a computerized theoretical 
algorithm that calculates the number of eplet mismatches 
between donors and recipients by considering each HLA 
as a string of amino acid configurations in antibody-
accessible positions [11–13]. Although four-digit HLA 
typing is required for the HLAMatchmaker program 
to calculate the number of eplet mismatches, two-digit 
typing can be converted into four-digit typing using the 
catalogue of common and well documented (CWD) alleles 
(version 2.0.0 of the CWD catalogue, available online at 
http://igdawg.org/cwd.html) and taking into account the 
allele frequency in a population or in a specific haplotype. 
Four-digit HLA typing methods are time consuming and 
expensive, and therefore not practicable in deceased donor 
kidney allocation whereby a rapid turnaround in HLA 
typing is essential. Consequently, intermediate resolution, 
two-digit molecular HLA typing methods and/or low 
resolution serological methods remain the standard typing 

technique in deceased donor kidney allocation. However, 
the correlation, reliability and agreement in the number 
of eplet mismatches calculated by serological or two-
digit molecular compared to high-resolution four-digit 
molecular HLA typing methods remains unknown.

We aimed to determine the correlation, reliability 
and absolute agreement between currently available 
HLA typing methods to estimate the number of eplet 
mismatches between donors and recipients in kidney 
transplantation.

RESULTS

Of the 264 donor/recipient pairs included in this 
study, 167 (63%) were deceased donor transplants, with 
241 (91%), 15 (6%) and 8 (3%) recipients of caucasian, 
indigenous and asian ethnicity. There were no indigenous 
donors in this cohort. There were 164 (62%) male 
recipients with mean (SD) recipient age of 45 (11) years. 
Donor ethnicity was self-reported with 259 (98%) donors 
reported as caucasians. 

The median (IQR) number of broad antigen HLA-
mismatches at class I and II loci were 3 (2–5) and 3 (2–4), 
respectively; with median (IQR) calculated number of 
eplet mismatches at class I and II loci of 15 (9–23) and 19 
(8–28), respectively for serological HLA typing method; 
15 (10–22) and 19 (10–28), respectively for two digit 
molecular typing method; and 15 (15–22) and 19 (11–28), 
respectively for four digit molecular typing method.  

Consistency and absolute agreement between 
serological, two-digit molecular and four-digit 
molecular typing methods

Intra-class correlation coefficients with 95% CI 
for consistency and absolute agreement in the number of 
eplet mismatches calculated using serological or two-digit 
molecular and four-digit molecular typing methods are 
shown in Table 1. The consistency and absolute agreement 
in the number of eplet mismatches were similar between 
calculation using two-digit and four-digit molecular 
typing methods across both class I and II loci (Table 1). 
In contrast, the consistency and absolute agreement in 
the number of eplet mismatches were generally lower 
for serological typing method, particularly at HLA-C 
(consistency: 0.875 [95% CI 0.843, 0.900] and absolute 
agreement: 0.875 [95% CI 0.843, 0.900]) and HLA-
DQ loci (consistency: 0.801 [95% CI 0.753, 0.840] 
and absolute agreement: 0.792 [95% CI 0.733, 0.837]) 
(Table 1). The closeness of the consistency and absolute 
agreement between the results of measurements suggests 
a high likelihood that the results are repeatable and 
reproducible.

The Bland-Altman plots of the mean differences 
and 95% limits of agreements between the number of 
eplet mismatches calculated by serological or two-digit 
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molecular typing compared to four-digit molecular 
typing methods are shown in Figure 1 and Supplementary 
Figures 1 and 2. The narrow ranges between the two 
limits of agreement for class I and II eplet mismatches 
calculated using two-digit versus four-digit molecular 
typing methods indicates a strong agreement between 
the two HLA typing methods. For serological versus four 
digit molecular typing methods, the ranges between the 
two limits of agreement were wider indicating a lesser 
agreement in the number of eplet mismatches calculated 
by these two HLA typing methods. 

Magnitude of the differences in the number of 
eplet mismatches calculated using serological, 
two-digit molecular and four-digit molecular 
typing methods

Table 2 shows the proportion of donor/recipient 
pairs with a difference 0, 1–5, 6–10, 11–20 and >20 eplet 
mismatches between the three HLA typing methods at class 
I and II loci. For serological typing, the proportion of donor/
recipient pairs where the calculated number of class I and 
II eplet mismatches were identical to the number of eplet 
mismatches calculated using four-digit molecular typing 
method was 71% and 58%, respectively. This compares 
with 88% and 73%, respectively for eplet mismatches 
calculated using two-digit molecular typing method. The 
proportion of donor/recipient pairs with a difference of 
six or more eplet mismatches between serological versus 

four-digit molecular typing methods at class I and II loci 
was 4% and 16%, respectively; compared to 0% and 
2%, respectively between two-digit versus four-digit 
molecular typing methods. The most common scenario 
for donor/recipient pairs with a difference of six or more 
eplet mismatches between serological versus four-digit 
molecular HLA typing was the assignment of an incorrect 
DRB1 allele, thereby resulting in the erroneous assignment 
of HLA-DQ allele by linkage disequilibrium. 

In the analysis restricted to indigenous recipients 
(n = 15), for serological typing, the proportion of donor/
recipient pairs where the calculated number of class I and 
II eplet mismatches were identical to the number of eplet 
mismatches calculated using four-digit molecular typing 
method was 60% and 27%, respectively. This compares with 
93% and 40%, respectively for eplet mismatches calculated 
using two-digit molecular typing method. The proportion of 
donor/recipient pairs with a difference of six or more eplet 
mismatches between serological versus four-digit molecular 
typing methods at class I and II loci was 13% and 20%, 
respectively; compared to 0% and 0%, respectively between 
two-digit versus four-digit molecular typing methods. 

Of the 42 donor/recipient pairs with a difference 
of six or more eplet mismatches between serological 
compared to four-digit molecular typing methods at 
the class II locus, 18 (43%), 7 (17%) and 5 (12%) had 
differences of 0, 1–2 and >2 eplet mismatches at the class 
I locus. Of the 5 donor/recipient pairs with a difference 
of six or more eplet mismatches between two-digit 

Table 1: Intra-class correlation coefficients showing the consistency and absolute agreement between the calculated 
number of eplet mismatches estimated using two-digit molecular or serological human leukocyte antigen (HLA) 
typing compared to high-resolution four-digit molecular HLA typing (n = 264)

Consistency* Absolute agreement*

Two-Digit Four-Digit (95% CI) Four-Digit (95% CI)
HLA-A 0.998 (0.998–0.999) 0.998 (0.999–0.999)
HLA-B 0.993 (0.991–0.994) 0.993 (0.991–0.994)
HLA-C 0.989 (0.986–0.991) 0.989 (0.986–0.991)
Class 1 0.995 (0.994–0.996) 0.995 (0.994–0.996)
HLA-DR 0.989 (0.987–0.992) 0.989 (0.986–0.992)
HLA-DQ 0.984 (0.980–0.988) 0.984 (0.980–0.987)
Class 2† 0.994 (0.992–0.995) 0.993 (0.991–0.995)

Consistency* Absolute agreement*

Serological Four-Digit (95% CI) Four-Digit (95% CI)
HLA-A 0.995 (0.993–0.996) 0.995 (0.993–0.996)
HLA-B 0.983 (0.978–0.987) 0.982 (0.977–0.986)
HLA-C 0.875 (0.843–0.900) 0.875 (0.843–0.900)
Class 1 0.968 (0.960–0.975) 0.969 (0.960–0.975)
HLA-DR 0.980 (0.975–0.985) 0.980 (0.973–0.984)
HLA-DQ 0.801 (0.753–0.840) 0.792 (0.733–0.837)
Class 2† 0.931 (0.912–0.945) 0.926 (0.899–0.944)

*Two-way fixed intra-class correlation coefficients. †Excludes HLA-DP.
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compared to four-digit molecular typing methods at the 
class II locus, the calculated number of eplet mismatches 
at class I locus was identical in 4 pairs between the two 
typing methods. Table 3 shows the incorrect predicted four 
digit HLA alleles using two digit HLA alleles in donor/
recipients pairs with a difference of six or more eplet 
mismatches between the two typing methods. 

DISCUSSION

There was close agreement between the number 
of class I and II eplet mismatches calculated using two-
digit molecular HLA typing method compared to four-
digit molecular HLA typing method, with over 98% 
of the difference in the number of eplet mismatches 
within five or less from the gold standard. In contrast, 
there was poorer agreement between the number of 
eplet mismatches calculated using serological typing 
method compared to four-digit molecular typing method, 
particularly for class II eplet mismatches. This poorer 
agreement is not unexpected and is likely attributed to the 

incorrect assignment of HLA-C and -DQ antigens using 
linkage disequilibrium, which can lead to either over- or 
under-estimation of the true number of eplet mismatches 
between donors and recipients. If the number of donor/
recipient eplet mismatches is explicitly considered 
in the deceased donor kidney allocation algorithm or 
decision-making process on whether to accept a donor 
kidney, under and over-estimating the number of eplet 
mismatches could potentially lead to erroneous assessment 
of immunological risk and may reduce the transplant 
potential, respectively. Even though two-digit HLA 
typing eliminates the incorrect assignment of HLA-C 
and HLA-DQ antigens by linkage disequilibrium, over 
25% of the difference in the number of eplet mismatches 
were between one and five eplet mismatches from the 
gold standard, which could conceivably influence the 
transplant potential of patients in a donor allocation 
system that considers eplet matching (e.g. Eurotransplant 
Acceptable Mismatch program that considers 0–2 eplet 
mismatches as an acceptable mismatch). Given that the 
most common de novo donor-specific anti-HLA antibodies 

Figure 1: Bland-Altman plots showing the mean differences and 95% limits of agreements between the number of 
eplet mismatches at the class I (i.e. human leukocyte antigen [HLA]-A, -B and -C) and II loci (i.e. HLA-DR and -DQ, 
excluding HLA-DP) calculated by serological (A) or two-digit molecular HLA typing (B) compared to four-digit high-
resolution molecular HLA typing methods (referent). Each open circle represents the estimated mean difference in the calculated 
number of eplet mismatches between serological or two-digit molecular typing and four-digit molecular typing methods for each donor/
recipient pair in the cohort. The continuous line represents a mean difference of 0 eplet mismatch between the two HLA typing methods, 
with the discontinuous lines representing a mean difference of 1.96 standard deviations above and below a difference of 0 eplet mismatch.
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are directed against HLA-DQ, which are associated with 
the development of chronic antibody mediated rejection 
and transplant glomerulopathy, incorrect assignment of 
HLA-DQ allele using serological or two digit molecular 
HLA typing may lead to a more inaccurate assessment of 
immunological risk [7, 14]. Consequently, our findings 
suggest that two-digit typing across all HLA alleles should 
be the minimum requirement in the calculation of eplet 
mismatches, however clinicians will need to be aware of 
the uncertainty in the exact calculation of the number of 
eplet mismatches in all donor/recipient pairs.

HLA-mismatches remains the standard triage test 
for deceased donor kidney allocation because increasing 
number of HLA-A, -B and -DR mismatches are associated 
with an incremental risk of acute rejection and/or graft loss 
[15]. However, there is increasing evidence supporting the 
clinical importance of epitope or eplet matching in kidney 
transplantation [6, 16, 17]. Cohort studies have shown 
that HLA-locus-specific epitope or eplet mismatches 
are associated with the development of de novo donor-
specific anti-HLA antibody, acute rejection or transplant 
glomerulopathy after kidney transplantation, all of which 

Table 2: Number (proportion) of donor recipient pairs with differences of 0, 1–5, 6–10, 11–20 and >20 eplet mismatches 
in the calculated number of class I and II eplet mismatches estimated using serological or two-digit molecular human 
leukocyte antigen (HLA) typing compared to high-resolution four-digit molecular HLA typing methods (n = 264)

Difference between two-digit serological 
vs. four-digit molecular

Difference between two-digit 
molecular vs. four-digit molecular

Class I eplet mismatches
   0
   1–5
   6–10
   11–20
   >20

187 (70.8)
66 (25.0)
10 (3.8)
1 (0.4)
0 (0.0)

231 (87.5)
32 (12.1)
0 (0.0)
0 (0.0)
0 (0.0)

Class II eplet mismatches
   0
   1–5
   6–10
   11–20
   >20

152 (57.6)
70 (26.5)
31 (11.7)
8 (3.0)
3 (1.2)

192 (72.7)
67 (25.4)
5 (1.9)
0 (0.0)
0 (0.0)

Data expressed as number (%).

Table 3: Table showing the donor/recipient human leukocyte antigen (HLA) alleles that were misclassified using two 
digit molecular HLA typing compared to the actual four digit molecular HLA typing

Two digit HLA typing Predicted four digit HLA 
typing (from two digit)

Actual four digit HLA typing

Class II (n = 5)
   Donor
   Recipient
   
   Donor
   Recipient

   Donor
   Recipient
   
   Donor
   Recipient

   Donor
   Recipient

DRB1*07, *03
DRB1*04

DRB1*04, *07
DRB1*04

DQB1*03
DQB1*03

DQB1*03, *06
DQB1*03, *06

DQB1*03, *05
DQB1*03, *05

DRB1*07:01, *03:01
DRB1*04:01

DRB1*04:01, *07:01
DRB1*04:01

DQB1*03:01
DQB1*03:01

DQB1*03:01, *06:04
DQB1*03:01, *06:04

DQB1*03:01, *05:01
DQB1*03:01, *05:01

DRB1*07:01, 03:01
DRB1*04:02, *04:03

DRB1*04:01, 07:01
DRB1*04:05, *04:12

DQB1*03:01, *03:02
DQB1*03:02

DQB1*03:01, *06:04
DQB1*03:02, *06:03

DQB1*03:01, *05:01
DQB1*03:02, *05:01

Only donor/recipient pairs with differences of at least 6 eplet mismatches between two digit and four digit molecular 
typing methods are shown.
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are associated with premature graft loss. In a study of 286 
kidney transplant recipients, every incremental HLA-DR or 
HLA-DQ epitope mismatch was associated with an adjusted 
odds ratio of 1.06 and 1.04, respectively for developing de 
novo locus-specific anti-HLA antibody [6]. Similarly, in 
a case-control study of 156 kidney transplant recipients, 
each 10 additional eplet mismatches at HLA-DR and HLA-
DQ was associated with a 25% greater risk of developing 
transplant glomerulopathy [7]. Eplet mismatches have also 
been shown to improve the risk stratification of the risk of 
acute rejection in kidney transplant recipients who have 
received 0–2 HLA-mismatched kidneys [18].

Incorporating an eplet based system for 
immunological assessment in clinical organ transplant 
allocation and/or determining transplant suitability 
is challenging. The development of next generation 
sequencing methods has revolutionized whole-genome 
analysis such that complete HLA allelic sequences, with 
resolution between two to eight-digit resolution, enables 
in-depth HLA gene sequencing with high precision 
and accuracy [19]. The additional expense and excess 
time associated with four-digit molecular HLA typing 
method compared to two-digit molecular typing method, 
is currently a significant impediment to its wider use in 
deceased donor allocation pathways, because of the short 
time frame available in deceased organ allocation. Even 
though the longer completion time for four digit HLA 
typing is not logistically feasible for deceased donor 
kidney allocation, it is possible and recommended that 
four digit typing be applied in the work-up for live-donor 
kidney transplant. However, in order to assess the potential 
benefit of incorporating eplet mismatches in the allocation 
of donor kidneys in anticipation of future opportunities 
for its wider use, evaluating the correlation and agreement 
between two-digit and four-digit molecular typing 
methods is extremely important and of clinical relevance. 
Even though next generation sequencing may eventually 
supersede Sanger sequencing technique, molecular typing 
using Sanger sequencing remains the standard typing 
technique in a large majority of tissue typing laboratories 
worldwide and therefore, the findings from this study will 
still be of relevance in current clinical practice. 

It must be emphasized that a greater load of eplet 
mismatches merely increases the probability of adverse 
allograft outcomes and recent evidence suggest that 
identifying immunogenic eplets may improve the accuracy 
in predicting allograft outcomes after kidney transplantation. 
Production of HLA antibody may be influenced by one 
immunizing eplet, or may require an additional contact site 
at some distance from the primary eplet as demonstrated 
in the modelling of antibody interactions with HLA-
DQ molecules. Tambur et al. has shown that whilst the 
immunizing eplet mismatch may occur on one chain of 
the DQ heterodimer, the contact sites for the antibody 
may potentially span across both the α and β chains [20]. 
A number of class I and II antibody-verified immunogenic 

epitopes/eplets have been identified and recorded in the 
epitope registry (http://www.epregistry.com.br) [4, 5], but 
this remains a work in progress. However, the association 
between the number and type (class I vs. II) of immunogenic 
eplet mismatches and allograft outcomes remains unclear. 
Our data support the view of Duquesnoy and colleagues 
who proposed that high resolution HLA typing should be 
used in the clinical setting to determine epitope mismatches 
[21]. This matching strategy has been used successfully 
for many years in selecting the most appropriate donor for 
highly sensitised patients in the Eurotransplant acceptable 
mismatch program and more recently a cohort of pediatric 
patients enrolled in the Australian paired kidney exchange 
program, which has led to improve transplant potential 
and/or selecting a better immunologically matched donor 
(i.e. with a lower number of eplet mismatches) for highly 
sensitized patients, therefore potentially avoiding or 
minimizing the risk of antibody mediated rejection and de 
novo production of donor-specific anti-HLA antibody after 
transplantation [10, 22].

Even though Sanger sequencing was used to determine 
the two-digit molecular HLA typing, the results of our study 
are applicable to any other two-digit typing platform. Rapid 
two-digit HLA typing of all loci can be obtained in under 90 
minutes for quantitative polymerase chain reaction (qPCR) 
and under 3 hours for PCR-sequence-specific oligonucleotide 
(SSO) and sequence-specific primer (SSP) methodology; this 
compares to the 1 to 3 weeks turnaround time in completing 
four digit molecular HLA typing. Additionally, four-digit 
results can frequently be obtained using the SSO and qPCR 
methodology [23, 24]. Calculation of the number of eplet 
mismatches by serological antigen conversion appears to be 
an acceptable alternative, but several groups have reported 
discrepancies between HLA antigens defined by serological 
typing and PCR-SSP due to false negative or false positive 
reactivities and incomplete typing due to lack of serological 
reagents or assignment of broad antigens only [25–28]. 
Our study has further highlighted the major limitations and 
inaccuracy of serological-determined eplet mismatches 
and therefore is not an acceptable HLA typing method for 
calculating eplet mismatches.

There are several notable limitations. Firstly, 
our donor/recipient population was predominantly 
of Caucasian ethnicity. The conversions to four-digit 
alleles from two-digit HLA typing are performed using 
the catalogue of CWD alleles, derived largely from 
Caucasian population, and therefore patients or donors 
who were not Caucasian such as indigenous patients may 
have had an incorrect allele assigned [29]. As a result, the 
generalizability of these results to other heterogeneous 
populations where common alleles may not be present 
is unclear (and will need to be validated) and therefore, 
website such as National Marrow Donor Program (NMDP; 
www.haplostats.org) will need to be utilized as it provides 
an easy-to-use interface to estimate the most likely allelic 
typing based on haplotype frequency in different ethnic 
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groups. However, there is little/no haplotype frequency 
data for the Australian indigenous population and any 
population comprising of mixed ethnicity groups further 
complicates haplotype assignment. Furthermore, HLA-DP 
was excluded in this analysis because serological or two-
digit molecular HLA typing at the HLA-DP locus cannot 
be used to determine four-digit typing at this locus, which 
could potentially have underestimated the possible level 
of mismatching due to differences at DPA1 and DPB1 
loci. However, low to intermediate HLA typing methods 
commonly define allele groups and some newer analysis 
software, such as those available with qPCR (Linkage 
Biosciences Inc) express HLA-DP antigens in epitope 
groups, allowing for a more accurate determination of 
eplet mismatches. In addition HLA-DQA, DRB 3/4/5 
HLA typings were not included and additional mismatches 
at these loci may also be present. Rapid progress in HLA 
typing methods is likely to overcome such limitations in 
the near future potentially facilitating eplet-based deceased 
donor matching. In addition, this study only evaluates total 
number of eplet mismatches and does not differentiate 
between immunogenic versus non-immunogenic eplet 
mismatches. 

MATERIALS AND METHODS

Study population

A retrospective cohort of 264 end-stage kidney 
disease patients who had either received a live or deceased 
donor kidney transplant between June 2003 and October 
2007 in Western Australia, and their corresponding 
matched donors were included in this study. The human 
research ethics committees of the three tertiary hospitals 
approved the study, with written informed consents 
obtained from all patients. 

HLA-typing

Four-digit HLA-typing at class I (HLA-A, -B and 
-C) and class II (HLA-DPB1, -DQB1 and -DRB1) loci for 
all donors and recipients was performed using in-house 
Sanger sequencing-based HLA typing [30]. Molecular 
two-digit HLA typing was obtained using the two-digit 
information from Sanger sequencing. The two-digit typing 
was converted into four-digit typing using the catalogue of 
common and well documented (CWD) alleles.

Serological two-digit typing at HLA-A, -B and –DR 
loci was performed by complement-dependent cytotoxicity 
(CDC) technique using commercial monoclonal antibody 
trays (One Lambda Inc, California, United States). 
HLA-C and -DQ antigens were determined using the most 
commonly found linkage disequilibrium with HLA-B and 
-DR antigens respectively as published on http://www.
ctht.info/resourceslinks.htm. The two-digit typing was 
converted into four-digit typing using the catalogue of 

CWD alleles. All serological and molecular HLA typing 
was performed at the Department of Clinical Immunology, 
Perth, Western Australia.

Calculation of the number of eplet mismatches

The number of eplet mismatches for each donor/
recipient pair at both class I and class II loci was 
calculated using HLAMatchmaker (Version 2.1; available 
from: www.hlamatchmaker.net). The HLAMatchmaker 
program requires the entry of an allele-level HLA type. 
However, when the allele-level HLA type is not present, 
the conversion to four-digit alleles was based on the 
frequency of the alleles in our population for a given 
haplotype. The conversion of two-digit serological or 
two-digit molecular typing to four-digit allelic typing 
was carried out according to the panel of CWD alleles 
derived from a number of populations worldwide [29]. 
For indigenous patients, the conversion from two to 
four digit typing was according to the CWD Caucasian 
HLA alleles. There are currently no CWD HLA alleles 
for the indigenous population. Four-digit molecular 
typing was directly entered into the HLAMatchmaker 
program without requiring conversion. HLA-DP alleles 
can only be determined using molecular typing methods 
with no serological equivalent. Furthermore, due to the 
nomenclature of HLA-DP alleles, two-digit molecular 
typing results in a high degree of unresolvable ambiguities 
and for this reason HLA-DP was not included in this study. 

Statistical analysis

Baseline characteristics of the cohort were described 
as mean (standard deviation [SD]), number (proportion) 
or as median (interquartile range [IQR]). Four-digit 
molecular typing was considered the gold standard 
(referent) in all analyses. Evaluation of reliability of 
measurements was assessed using intra-class correlation 
(expressed as correlation coefficient with 95% confidence 
intervals [95% CI]) to establish the consistency and 
absolute agreement in the number of eplet mismatches 
calculated by serological or two-digit molecular typing 
methods compared to four-digit molecular typing method. 
The intraclass correlation coefficient is a measure of 
the reliability of measurements (i.e. number of eplet 
mismatches). Consistency and absolute agreement are 
derived from the intraclass correlation coefficients when 
the systematic differences between measurements for all 
donor/recipient pairs are considered irrelevant or relevant, 
respectively. Bland Altman plots were constructed to show 
the average of the differences and limits of agreement 
(0 ± 1.96 SD) in the number of calculated class I and II 
eplet mismatches between the serological or two-digit 
molecular typing methods and four-digit molecular 
typing method. The proportion of donor/recipient pairs 
with a difference of 0, 1–5, 6–10, 11–20 and >20 eplet 
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mismatches at both class I and II loci between serological 
or two-digit molecular typing methods and four-digit 
molecular typing method was determined. 

CONCLUSIONS

We have shown that in a predominantly Caucasian 
cohort, two-digit alleles converted to four-digit alleles 
reliably calculate the number of eplet mismatches at 
both class I and II loci compared to four-digit molecular 
HLA typing method. These results suggest that two-digit 
molecular HLA typing may be sufficient if the allocation 
of donor kidneys evolved to include eplet mismatches 
in the allocation algorithm. Even though the cost of four 
digit molecular HLA typing has substantially reduced 
to be comparable to two digit typing method, the main 
impediment of four digit typing in deceased donor kidney 
allocation remains the slow turnaround time. However, it 
must be emphasized that experienced tissue typists using 
appropriate resources that are applicable to the population 
of interest should undertake the conversion of two-digit 
alleles to 4-digit alleles. 
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