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AIM: This study presents the HLA allele and eplet frequencies in patient and donor populations 
in BC to explore the likelihood of matching by each method as a foundation for a national eplet-
matching program for kidney transplantation. 
METHODS: Next Generation Sequencing was performed in 1846 patients and donors for all 11 
classical HLA genes. Alleles were converted to eplets with HLAMatchmaker, and frequencies 
were compared across donor and patient groups using statistical models and k means 
clustering. 
RESULTS: 361 alleles were identified (206 class I, 155 class II) and translated to 148 eplets (59 
class I, 89 class II), a 59% reduction in complexity. There was a complex relationship between 
alleles and eplets: eplet 193PV was encoded by 51 alleles whereas B*07:02 allele encoded 6 
eplets. Allele frequencies across all 4 groups of transplanted patients, pre-transplant patients, 
living donors, and deceased donors were lower than eplet frequencies. Only one allele 
(DPA1*01:03) occurred in more than 48% of subjects, whereas eplet frequencies were more 
homogeneous, with some eplets occurring in >98% of subjects (i.e. 85VG). Overall allele 
frequencies differed significantly between patient and donor groups (p<0.0001) but eplet 
frequencies were comparable in all groups (p=N.S). Class I eplets formed several discrete 
clusters associated with specific alleles: cluster 1 included several eplets coded by HLA-A*01 
and cluster 2 eplets coded by HLA-A*02, while cluster 3 contained neither of these nor other key 
eplets observed in cluster 1 or 2. 
CONCLUSION: Even in the highly ethnically diverse population of BC, eplet typing markedly 
reduces the complexity of HLA identity by comparison with allele typing. Eplet frequency profiles 
are comparable between patient and donor populations, and subdivide into a small number of 
principal clusters. These results suggest that eplet typing may simplify histocompatibility 
matching for kidney transplantation. 
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Aim: To enable rapid and innovative monitoring of the dynamic changes in the recipient immune 
response in organ and cellular transplantation through bioinformatics integration of precise 
convergent assays for deep phenotyping and cellular bioenergetics.  
Methods: Lymphocytes from peripheral blood of transplant recipients and controls were isolated 
by immunomagnetic negative selection. Deep phenotyping was performed using multichannel 
CytoFLEX cytometry (Coulter) and mitochondrial and cytosolic bioenergetics using the Seahorse 
XFe96 Analyzer (Agilent), and RNA stored for transcriptomics.  
Results: Panels of 55 Mab provided precise cytometric multichannel definition of innate and 
adaptive immune cells, for which T-distributed Stochastic Neighbor Embedding (tSNE) and 
Hierarchical Consensus Clustering enabled automated visualization of surface molecule 
expression and machine representation of an exceptional array of memory, helper, regulatory and 
other critical subsets. Mitochondrial and cellular respiration were quantitated by simultaneous 
measurement of extracellular acidification rate (ECAR), an indicator of glycolysis and cellular 
oxygen consumption rate (OCR) an indicator of oxidative phosphorylation, with and without the 
use of agents targeting the electron transport chain to determine an array of metabolic parameters 
including basal respiration, ATP production, maximum respiration and spare respiratory capacity. 
Conclusion: The combination of deep phenotypic and functional measurement provides a 
novel foundation for understanding of the changes in the immune system in transplantation. 
Further phosphorproteomics and transcriptomics will complete multi-parameter monitoring, 
using bioinformatics integration and visual analytics to streamline clinical interpretation. 

  



Longitudinal Pattern of Recovery of Functional Gene Expression Following Renal 
Transplantation 

Conference: Immune Polymorphism 2019 
Oliver Günther1, Karen Sherwood1, Andreas Scherer2, Robert Balshaw2, Raymond Ng2, 
Zsuzsanna Hollander2, Robert McMaster2, Bruce McManus2 and Paul Keown1 

1 For the Genome Canada Transplant Consortium. Departments of Pathology and Laboratory 
Medicine, University of British Columbia, Vancouver, BC, Canada.  

2 For the Biomarkers in Transplantation (BiT) Team. Departments of Computer Science, 
Statistics, Medicine, Pathology & Laboratory Medicine and Medical Genetics, University of 
British, Vancouver, BC, Canada. 

 
We have shown that chronic renal failure is associated with profound changes in gene expression 
regulated through key gene networks involving cMYC, SP1, P53, AP1, NFkB,HNF4 alpha, HIF1A, 
c-Jun, STAT1, STAT3 and CREB1. Gene set enrichment analysis showed that mRNA processing 
and transport, protein transport, chaperone functions, the unfolded protein response and genes 
involved in tumor genesis were prominently lower in uremia. To explore the evolution of these 
changes post-transplant, we investigated 192 time course samples from 34 quiescent patients to 
identify longitudinal gene expression patterns in peripheral blood. Patient cohorts were 
standardized to normal reference values based on 20 healthy individuals. Samples were analyzed 
using Affymetrix Human Genome U133 plus 2.0 microarrays. Biological Pathway analysis was 
run using Reactome 3.6. 
 
Pre-filtering returned 21,120 probe-sets and EDGE analysis determined 20,175 of the pre-filtered 
probe-sets varied significantly (FDR<0.05) over the course of the first 3 months. Expression 
patterns were assigned to one of four categories of differential expression. Of the 3773 genes 
demonstrating decreased expression at week 1 post-transplant which returned towards normal 
levels, unsupervised cluster analysis identified 30 principal patterns of gene expression following 
transplantation corresponding to early post-implantation events and later clinical recovery (fig.1b). 
Pathway analysis showed significant (P <0.01) over-representation of pathways involved in 
endosomal and ER phagosomal transport, antigen presentation and interferon signaling, 
consistent with the changes characteristic of uremia. Of the 12 pathways identified, 4 were linked 
to antigenic peptide processing, transportation or loading and 5 were involved in transport of 
mRNA.  
 
Longitudinal monitoring of gene expression in the peripheral blood has identified biological 
processes that may provide the first insight into the process of cellular recovery from uremia after 
transplant. Gene signatures would be useful in distinguishing normal cellular function and may 
provide a critical insight into the recovery of the innate and adaptive immune response. 
  



Population Analysis of HLA Allele and Eplet Frequencies in Kidney Patients and Donors 
to Assess the Feasibility of Eplet Matching in Canada 
 
Conference: UBC Medicine Research Trainee Day 2019 
 
Jenny N. Tran1, Karen Sherwood1, Franz Fenninger1, Oliver P. Günther2, Sabina Dobrer1, Lenka 
Allan1, Rene J. Duquesnoy3, Ruth Sapir-Pichhadze4, Frans H. Claas5, Genome Canada 
Transplant Consortium GCTC1, Paul A. Keown6  
1Department of Pathology and Laboratory Medicine, University of British Columbia, Vancouver, 
BC, CANADA 
2Günther Analytics, Vancouver, BC, CANADA 
3University of Pittsburgh Medical Center, Hermitage, PA  
4Department of Medicine, McGill University, Montreal, QC, CANADA  
5Leiden University Medical Center, Leiden, NETHERLANDS  
6Department of Medicine and Pathology and Laboratory Medicine, University of British 
Columbia, Vancouver, BC, CANADA 
 
AIM 

Human leukocyte antigen (HLA) eplet-matching is a biologically-relevant matching tool for kidney 
transplantation. This study describes HLA allele and eplet frequencies in patient and donor 
populations in BC to compare the likelihood of matching by each method.  

METHODS 

Next-Generation Sequencing was performed in 1846 subjects for 11 classical HLA genes. Alleles 
were converted to eplets with HLAMatchmaker, and carriage frequencies were compared across 
donor and patient populations using statistical models and k-means clustering. 

RESULTS 

361 alleles were identified and translated to 148 eplets; resulting in a 60% reduction in complexity. 
Alluvial mapping showed a bidirectional relationship between alleles and eplets: eplet 77T 
occurred in 66 alleles while 164VQ in 1 allele. Allele frequencies across 4 groups of patients on 
the waitlist, transplanted patients, live donors, and deceased donors ranged from 0.92 to 0.002, 
while eplet frequencies ranged from 1.00 to 0.01. Allele frequencies differed significantly between 
patient and donor groups (p<0.0001) but not in eplet frequencies between any groups (p=N.S). 
Three class I eplet clusters were consistently identified across the four groups. Cluster 1 included 
eplets coded by A02 alleles, cluster 2 with eplets coded by A01, and cluster 3 excluded these 
eplets. In transplanted patients, class II eplets formed 3 clusters, where cluster 1 included eplets 
coded by DRB1*04/DRB4 alleles, cluster 2 included eplets coded by DRB1*15/16/DRB5 alleles, 
and cluster 3 excluded these eplets. 

CONCLUSION 

Eplet-typing enables a reduction in complexity with similar frequency profiles between patient and 
donor populations. These results suggest that eplet-typing may simplify histocompatibility 
matching for kidney transplantation. 
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Abstract: 
Aim: Implementation of a national epitope-based matching requires high-resolution 
sequence information for all transplant recipients and donors. We have conducted a 
comprehensive health technology assessment of NGS to support the operational needs of 
Canadian programs within a national framework. 
Methods: We have examined technologies, chemistries and bioinformatics, platforms for 
NGS in over 5,000 subjects from a diagnostic laboratory perspective comprising 
analytical precision, implementation (training, operation, support) and economic criteria. 
Results: Our evaluation shows that short-range sequencing or long-range sequencing 
using nanopore technologies each offer specific advantages and challenges. To 
streamline implementation for Canadian laboratories we have first adopted the former. 
Technology advantages for a national program include: (a) advances in chemistry which 
have dramatically improved precision, with a drop-out rate reduced to 1% primarily at 
DQB1*03:01/02 and DRB4*01:01 in 1,000 patient sequences; (b) parallel multi-stream 
operation that enable rapid reporting of up to 2,000 samples / year; (c) standardized 
programs enable rapid training and certification of experienced HLA technologists in 
sequencing and analysis within approximately 4 weeks, and (d) economic costs of NGS 
sequencing all 11 HLA genes compare favorably with SSO ($300 vs $357CAD). 
Technology disadvantages include: (a) acquisition costs of new technology; (b) complex 
IT requirements for systems support, connectivity and security, (c) important data storage 
demands (6 gb/run, 8 gb processed data, raw data if required) and (d) inability to 
perform sequencing for urgent samples including deceased donors. 
Conclusions: NGS is ideally adapted to provide rapid, reliable and cost-efficient patient 
sequence data for epitope-based matching in high-throughput laboratories, but 
alternative molecular methods are still required for donor typing. 
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Abstract: 
Aim: Few assays currently exist to monitor innate and adaptive immune cell function 
following transplantation. This study was conducted to develop a clinically rigorous and 
reproducible measure for both T-cell and macrophage metabolic phenotypes using the 
Agilent Seahorse assay. 
Methods: Human peripheral blood was collected from healthy controls into different 
collection tubes (sodium heparin, ACD and EDTA) and T cells were isolated by 
immunomagnetic negative selection (StemCell Technologies). For each sample, T cells 
were plated on a coated cell culture plate (Cell-Tak or Poly-D-Lysine) and extracellular 
flux analysis run using a Seahorse XFe96 Analyzer (Agilent). 
Results: The Analyzer directly detected proton and oxygen concentration in a 
microchamber containing isolated lymphocytes, enabling simultaneous measurements of 
the extracellular acidification rate (ECAR; an indicator of glycolysis) and cellular oxygen 
consumption rate (OCR; an indicator of oxidative phosphorylation (OXPHOS). The Mitostress 
assay injects oligomycin, FCCP and rotenone/antimycinA sequentially, and 
calculates basal respiration, spare respiratory capacity (SRC), maximal respiration 
respectively. Tube type and coating agent had no impact on any of the parameters 
measured, however inter-subject variability was significant. Cell density had a linear 
relationship with SRC between 3e5 to 6e5 cells. Using 4e5 T cells ECAR (mpH/min) /OCR 
(pMoles O2/min) measurements taken at 3 min interval, before and after injection of 
drugs show the metabolic phenotype of T cells from 4 healthy subjects (Fig 1a). The basal 
respiration (mean 41.86 +/- 5.67), max respiration (mean 245.29 +/- 72.93), SRC (mean 
203.43 +/- 69.41) was calculated for each of the subjects (Fig 1b). 
Conclusions: This platform offers the possibility to measure various T-cell metabolic 
parameters in a single assay. The response is independent of tube type and coating agent 
used, but corresponds linearly to the cell numbers and may identify immune cell 
activation at an early stage. 
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Abstract: 
Aim: To evaluate and compare the reliability of HLA-antibody detection in thoracic 
patients using either LabScreen (OL) (One Lambda, USA) or LifeCodes (IM) (Immucor, USA) 
Single Antigen (SA) Luminex assays. 
Methods: Sera of heart or lung transplant patients were tested with OL and IM SA assays 
and analysis performed with OL Fusion and IM MatchIT software. A matrix of 147 beads 
was constructed to compare those with identical HLA antigen common to both assays 
using raw trimmed MRI values, two-tailed test, fixed effect B-spline modeling, and 
distribution analysis using SAS v9.4 software. 
Results: The study comprised 164 patients with paired testing, of whom 30 
cardiopulmonary recipients are reported here. Clinically important and statistically 
significant differences were highlighted between the 2 assays for both class 1 and 2 
reactivities (p <0.0001). Differences were apparent in both magnitude and variance 
(Figure 1). B-spline comparison shows that overall, OL values trend with a higher raw MFI 
value. Using different thresholds of MFI, distribution analysis shows that OL has higher 
variance lower thresholds relative to the IM assay, but better was correlation observed at 
a threshold of >2000 (Fig 1b). The area of uncertainty was greatest for alleles with 
marginal values, though discrepancy also occurred at those with higher values in the OL 
assay. 
Conclusions: There is a poor correlation between the 2 assays particularly at marginal 
MFI values which is concerning since incorrect assignment decreases the pool of potential 
donors and increases waitlist times. 
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Aim: Given evidence that donor specific antibodies (DSA) to Human Leukocyte Antigens (HLA) 
adversely affect kidney transplant outcome, sensitive techniques for detecting HLA antibodies 
have been developed. Single antigen bead (SAB) Luminex-based tests, in particular, are highly 
sensitive and are used to define ‘unacceptable’ donor antigens in a virtual crossmatch. Although 
it has largely revolutionized HLA antibody detection, Luminex SAB assay however does present 
with some problems such as interfering substances and non-specific reactivity which can make 
interpretation challenging. Since the more unacceptable anti-HLA antibodies that a patient has 
decreases the pool of suitable donors and increases waitlist time, the correct assignment of 
anti-HLA antibodies is critical. The aim of this study was to investigate the concordance 
between two SAB assays manufactured by One Lambda and Immucor.  
Methods: The negative and positive correlations of antibody assignments for each bead with an 
identical HLA antigen, based on the Canadian national cut-off of 1000 MFI for One Lambda and 
the vendor recommended positive assignments made by Immucor, were assessed for 50 
patient sera. Alluvial diagrams were also generated to help with visualization of epitope 
patterns.  
Results: The positive correlation between the kits ranged from 70-80% depending on the locus 
and the negative assignment correlation was generally over 90%. LOG-MFI values were also 
compared between the 2 platforms for Class I and Class II beads combined and by Class, and 
the regression was comparatively modest (r2 = 0.63, 0.63,0.67), with the One Lambda kit 
having higher MFI values in general likely due to a higher serum to bead ratio.  
Conclusion: Although the two kits showed some correlation, there was also a significant 
amount of non-concordance. 

  



Population Analysis of Human Leukocyte Antigen Allele and Eplet Frequencies in Kidney 
Patients and Donors to Assess the Feasibility of Epitope Matching in Canada 
 
Conference: ASHI 2019 
 
Author Block: Jenny N. Tran1, Karen Sherwood1, Franz Fenninger1, Oliver P. Günther2, 
Sabina Dobrer1, Lenka Allan1, Rene J. Duquesnoy3, Ruth Sapir-Pichhadze4, Frans H. Claas5, 
Genome Canada Transplant Consortium GCTC1, Paul A. Keown6, 1Department of Pathology 
and Laboratory Medicine, University of British Columbia, Vancouver, BC, CANADA, 2Günther 
Analytics, Vancouver, BC, CANADA, 3University of Pittsburgh Medical Center, Hermitage, PA, 
4Department of Medicine, McGill University, Montreal, QC, CANADA, 5Leiden University 
Medical Center, Leiden, NETHERLANDS, 6Department of Medicine and Pathology and 
Laboratory Medicine, University of British Columbia, Vancouver, BC, CANADA. 
 
Abstract: 
Aim: The Genome Canada Transplant Consortium is exploring the foundation for a national 
epitope 
matching program. This study describes HLA allele and eplet frequencies in patient and donor 
populations in British Columbia and compares the likelihood of matching by each method. 
Methods: Next Generation Sequencing was performed in 1846 subjects for 11 classical HLA 
genes. Alleles were converted to antibody-verified eplets with HLAMatchmaker, and carriage 
frequencies were compared across donor and patient populations using G.E.E. statistical 
models and k means clustering. 
Results: 361 alleles were identified (206 class I, 155 class II) and translated to 148 eplets (59 
class I, 89 class II), with a 60% reduction in complexity. Alluvial mapping showed a bidirectional 
relationship between alleles and eplets: eplet 77T occurred in 66 alleles while 164VQ in 1 allele. 
Allele frequencies across 4 groups of patients on the transplant wait list (WL), transplant 
recipients (KTx), live donors (LD) and deceased donors (DD) ranged from 0.41 (A*02:01) to 
0.002 (B*40:14) for class I and 0.92 (DPA1*01:03) to 0.002 (DRB1*14:03) for class II, while 
eplet frequencies ranged from 0.97 (79GT) to 0.03 (17RS) for class I and 1.00 (85VG) to 0.01 
(164VQ) for class II. Allele frequencies differed significantly between patient and donor groups 
(p<0.0001) but not in eplet frequencies between any groups (p=N.S) (Figure 1). 3 class I eplet 
clusters were consistently identified across the 4 groups. Cluster 1 included eplets coded by 
A02 alleles, cluster 2 with eplets coded by A01 alleles, and cluster 3 excluded these eplets. In 
KTx, class II formed 3 clusters, where cluster 1 included eplets coded by DRB1*04/DRB4 
alleles, cluster 2 with eplets coded by DRB1*15 or 16/DRB5 alleles, and cluster 3 excluded 
these eplets. 



  



Precision of Next Generation Sequencing HLA Genotyping for a National Epitope 
Matching Program 
 
Conference: ASHI 2019 
 
Author Block: Jenny N. Tran1, Karen Sherwood1, Brendan McKenzie1, Edlyn Gomez1, Tony 
Yeung1, Jennifer Beckrud1, Lenka Allan1, Genome Canada Transplant Consortium GCTC1, 
Paul A. Keown2, 1Department of Pathology and Laboratory Medicine, University of British 
Columbia, Vancouver, BC, CANADA, 2Department of Medicine and Pathology and Laboratory 
Medicine, University of British Columbia, Vancouver, BC, CANADA. 
 
Abstract: 
Aim: The Genome Canada Transplant Consortium and Canadian Blood Services HLA 
Committee are exploring opportunities for a national epitope matching program. This study 
presents an extensive quality assurance analysis of Next Generation Sequencing (NGS) 
performance in a clinical laboratory. 
Methods: Genotyping of samples sequenced by Holotype HLA NGS Assay (Omixon, Budapest) 
for all classical 11 HLA genes (A, B, C, DRB1/3/4/5, DQB1, DQA1, DPA1, DPB1) was 
performed at the Vancouver General Hospital Immunology Laboratory. Confirmatory testing for 
quality control (QC) purposes was performed using LABType reverse sequence specific 
oligonucleotides (RSSO) or MicroSSP sequence specific primer (SSP) technologies (One 
Lambda, California) to confirm accuracy. 
Results: From October 2018 to March 2019, a total of 48 runs comprising of 1054 samples 
were 
sequenced, averaging at 2 runs/week and 22 samples/run. Confirmatory testing of at least one 
gene was performed in 87 of these samples (8.3%), with DRB4 (29.2%), DPB1 (14.6%), DRB1 
(14.6%), and DQB1 (12.4%) being the top genes in which confirmatory testing was performed. 
Amongst the 87 analytical queries, 51.7% (n=46) arose from a potential drop out query and 21.7 
% (n=10) of these tests verified a true drop out: an allele present but not detected by NGS. The 
drop out alleles were DRB1*03:01 or 03:02 or DRB4*01:01. 25.8% (n=23) of analytical queries 
were due to questionable QC metrics, such as low read coverage and high noise ratio. In 
comparison to a prior quality review of the previous version of the Omixon kit (v3 current, v2 
previous) (n=1180), there have been significant decreases in confirmatory 
testing. Dropout testing decreased to 4.2%, and QC metric testing to 2.0%. The detection of true 
dropouts has decreased from 4.2% to 0.9%. 
Conclusions: Advances in NGS chemistry have enabled an important decrease in confirmatory 
typing and significant improvements in dropout rates with improvement in quality control metrics. 
These results support NGS as a reliable technology to produce high-resolution HLA genotypes 
needed for accurate epitope matching. 
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Aim: 
Our goal to switch from ACD blood to buccal swab for confirmatory typing of hematopoietic stem 
cell transplant (HSCT) has been driven by the increase ease of sample collection (both locally 
and internationally) and patient comfort. In addition, implementation of NGS HLA typing for the 
Bone Marrow (BM) Transplant program has highlighted the issue of loss of heterozygosity (LOH) 
in our BMT patients. Buccal source collected at a second time point meets ASHI requirements as 
a second sample source and would meet all our requirements to provide the bone marrow 
program with a viable option for collecting both potential BM donors and recipients. 
 
Methods: 
We assessed 6 collection kits, including wet and dry swabs from a variety of vendors. 
Recapitulating real-life scenarios for the laboratory, multiple time points post-collection (0, 24, 48, 
72hr) with samples stored at room temperature from self-administered collections. Different 
automated extraction protocols for the QiaSymphony were evaluated, in conjunction with various 
pre-treatment protocols to optimize DNA quality and quantity. All samples were typed by SSO 
(OneLamdba) and NGS sequencing (Omixon Holotype) for comparison purposes.   
 
Results: 
Our evaluation showed that a number of vendor kits were not suitable for HLA typing, due to poor 
yield or consistent failure of a single locus. Having selected the Puritan™ TT collection kit, pre-
treatment protocols of 16hr incubation with proteinase K followed by the QiaSymphony Mini Kit 
with Tissue_LC_200_v7_DSP protocol resulted in consistently higher yields of DNA (~9-20ng/ul). 
SSO typing for DRB1 and NGS typing for DQB1 and DPB1 were the most susceptible to failure.  
 
Conclusion: 
Using buccal swab-extracted DNA with the outlined processing protocol provides a valid method 
capable of accurate test results for HSCT patients. In addition, the use of buccal samples provides 
a biological specimen which is less likely to be susceptible to LOH for HSC transplant patients 
who were initially typed by peripheral blood extracted DNA.  
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Abstract Body (Limited to 300 words) 

BACKGROUND: This study presents the HLA allele and eplet frequencies in patient and donor 
populations in BC to explore the likelihood of matching by each method as a foundation for a 
national eplet-matching program for kidney transplantation. 
METHODS: Next Generation Sequencing was performed in 1846 patients and donors for all 11 
classical HLA genes. Alleles were converted to eplets with HLAMatchmaker, and frequencies 
were compared across donor and patient groups using statistical models and k means 
clustering. 
RESULTS: 361 alleles were identified (206 class I, 155 class II) and translated to 148 eplets (59 
class I, 89 class II), a 59% reduction in complexity. There was a complex relationship between 
alleles and eplets (Image1): eplet 193PV was encoded by 51 alleles whereas B*07:02 allele 
encoded 6 eplets. Allele frequencies across all 4 groups of transplanted patients (KTx), pre-
transplant patients (KPre), living donors (LD), and deceased donors (DD) were lower than eplet 
frequencies (Image2). Only one allele (DPA1*01:03) occurred in more than 48% of subjects, 
whereas eplet frequencies were more homogeneous, with some eplets occurring in >98% of 
subjects (i.e. 85VG). Overall allele frequencies differed significantly between patient and donor 
groups (p<0.0001) but eplet frequencies were comparable in all groups (p=N.S). Class I eplets 
formed several discrete clusters associated with specific alleles: cluster 1 included several 
eplets coded by HLA-A*01 and cluster 2 eplets coded by HLA-A*02, while cluster 3 contained 
neither of these nor other key eplets observed in cluster 1 or 2 (Image3). 
CONCLUSION: Even in the highly ethnically diverse population of BC, eplet typing markedly 
reduces the complexity of HLA identity by comparison with allele typing. Eplet frequency profiles 
are comparable between patient and donor populations, and subdivide into a small number of 
principal clusters. These results suggest that eplet typing may simplify histocompatibility 
matching for kidney transplantation. 
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Aim: 
Implementation of a national epitope-based matching requires high-resolution sequence 
information for all transplant recipients and donors. We have conducted a comprehensive health 
technology assessment of NGS to support the operational needs of Canadian programs within a 
national framework. 
 
Methods: 
We have examined technologies, chemistries and bioinformatics, platforms for NGS in over 5,000 
subjects from a diagnostic laboratory perspective comprising analytical precision, implementation 
(training, operation, support) and economic criteria.   
 
Results: 
Our evaluation shows that short-range sequencing or long-range sequencing using nanopore 
technologies each offer specific advantages and challenges. To streamline implementation for 
Canadian laboratories we have first adopted the former. Technology advantages for a national 
program include: (a) advances in chemistry which have dramatically improved precision, with a 
drop-out rate reduced to 1% primarily at DQB1*03:01/02 and DRB4*01:01 in 1,000 patient 
sequences; (b) parallel multi-stream operation that enable rapid reporting of up to 5,000 samples 
/ year; (c) standardized programs enable rapid training and certification of experienced HLA 
technologists in sequencing and analysis within approximately 4 weeks, and (d) economic costs 
of NGS sequencing of all 11 HLA genes compare favorably with SSO ($300 vs $357).  
Technology disadvantages include: (a) acquisition costs of new technology; (b) complex IT 
requirements for systems support, connectivity and security, (c) important data storage demands 
(6 gb/run, 8 gb processed data, raw data if required) and (d) inability to perform sequencing for 
urgent samples including deceased donors.  
 
Conclusion: 
NGS is ideally adapted to provide rapid, reliable and cost-efficient patient sequence data for 
epitope-based matching in high-throughput laboratories, but alternative molecular methods are 
still currently required for deceased donor typing.   
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BACKGROUND: Precision in allelic definition is critical for accurate epitope imputation within a 
national eplet-matching program.  The detailed QC performance program reported here 
confirms that Next-Generation Sequencing (NGS) can generate high-resolution genotypes with 
a minimal and predictable error rate. 

METHODS: Genotyping by Holotype HLA NGS Assay v3 (Omixon, Budapest) for all 11 
classical HLA genes (A, B, C, DRB1/3/4/5, DQA1/B1, DPA1/B1) was performed. Confirmatory 
testing for QC purposes was performed using LABType reverse sequence-specific 
oligonucleotides or MicroSSP sequence-specific primer technologies (One Lambda, California) 
to verify accuracy. 

RESULTS: 1054 samples were sequenced in 48 runs, averaging at 22 samples/run. Guided by 
our prior QC program, confirmatory testing of 1 or more genes was performed in 86 samples 
(8.2%) comprising a total of 94 retested loci (Image1). Of the loci retested, 46 (48.9%) arose 
from a potential drop-out, and 10 of these tests verified a true drop-out: an allele present but not 
detected by NGS (Image2). These were DQB1*03:01, DQB1*03:02, and DRB4*01:01, and 
dropped out only when in the presence of another allele; likely due to PCR amplification bias. 
24.4% of retested loci were due to questionable QC metrics, such as low coverage, which was 
commonly seen in intron 2 of DRB1/3 which is rich in hard to sequence homopolymers. As a 
troubleshooting measure, increasing reads used in analysis improved some low coverage, low 
read count, and phasing issue warnings. In comparison to the previous version of the kit (v2) 
there have been significant decreases in confirmatory testing. Dropout testing decreased to 
4.2%, QC metric testing to 2.0%, and the detection of true dropouts to 0.9%. 

CONCLUSION: Advances in NGS chemistry enabled an important increase in precision and 
reliability with a reduction in drop-outs and improvement in QC metrics. NGS is a simple, 
reliable, and preferred technology to produce high-resolution HLA genotypes for eplet-matching. 
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ABSTRACT 

This study describes HLA allele and eplet frequencies in BC to compare the likelihood of matching 
for kidney transplantation by each method. 1846 subjects were sequenced for 11 HLA genes, and 
alleles and eplet frequencies were compared across donor and patient populations. 361 alleles 
were identified and translated to 148 eplets; a 60% reduction in complexity. Alleles and eplets 
showed a bidirectional relationship: eplet 77T occurred in 66 alleles while 164VQ in 1 allele. Allele 
frequencies across waitlisted patients, transplanted patients, live donors, and deceased donors 
differed significantly between patient and donor groups (p<0.0001) but not in eplet frequencies 
between any groups (p=N.S). Three class I eplet clusters were consistently identified across the 
four groups. Cluster 1 included eplets coded by A02 alleles, cluster 2 with A01 eplets, and cluster 
3 excluded these eplets. Eplet-typing reduces genetic complexity between patients and donors, 
suggesting that eplet-typing may simplify matching for transplantation. 
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ABSTRACT 

Next-Generation Sequencing (NGS) is a new genotyping technology that can precisely identify 
all 22 HLA genes at the same time for multiple patients. However, NGS is a complex assay and 
there is concern that not all HLA genes are detected and some may be occasionally missed. To 
test this, DNA was extracted from 1054 samples and subsequently sequenced by NGS. Next, 
detailed quality assurance testing using other molecular methods was performed to ensure 
accuracy and reproducibility. There was full confidence in 92% (n=967) of samples tested by 
NGS, and confirmed typing for the remaining 8.3% (n=87). Of these, 10 samples had a missing 
gene result by NGS, representing 0.9% of the total samples tested. NGS is important to advance 
HLA testing for transplantation and other immunological diseases, and is accurate in 99.1% of 
samples. Specific genes may still be missed, and precautionary back-up tests are performed in 
these rare samples.  
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Purpose 

Minimizing quantitative donor/recipient mismatch at the HLA epitope level may optimize graft 
outcomes in renal transplantation, but the degree to which optimal matching can be achieved 
remains uncertain. This study was performed to determine the base case for HLA eplet matching 
in a nominal waiting list cohort of approximately 1,000 kidney patients and deceased donors in an 
ethnically heterogeneous population of Canada. 

Methods 

Next-generation sequencing was performed for all 11 HLA genes on 1049 kidney patients and 
243 deceased donors from British Columbia, Canada. Antibody-verified eplets were defined at 
each gene locus using HLAMatchmaker and compatibility determined by sequential comparison 
of each donor with the whole recipient population to determine optimal compatibility. Mismatches 
distributions were calculated by gene locus, by HLA class and by epitype (all 11 genes combined). 
Donor/recipient ABO status and PRA sensitization were not incorporated in this base case model. 

Results 

254,907 matches were computed across all potential locus combinations (Fig 1). Median epitope 
mismatches were respectively 27 (IQR: 12) across the full epitype (all HLA loci), 10 (IQR: 5) at 
Class 1, 17 (IQR: 11) at Class 2, 6 (IQR: 7) at DRB1,3,4.5, and 6 (IQR: 6) at DQB1; maximum 
mismatches at the same locus combinations were 67, 27, 46, 21, and 20, respectively. All loci 
analyses had potential mismatches of 0, constituting 12% at DQB1 mismatches, 5.8% at 
DRB1345, and <5% for all other loci. The proportion of patients with 0 mismatches with at least 
one donor were 11%, 37%, 65%, 92%, and 99% for all eplets, class I, class II, DRB1345, and 
DQB1, respectively. Of all the combinations evaluated, <11 mismatches were found in 3% of 
patients across all loci, with 51% for class 1, 21% for class 2, 85% for DQB1, and 81% for 
DRB1345. 

Statement of conclusions 

Preliminary analysis using eplet translation from high-resolution NGS in a highly heterogeneous 
renal failure population shows a high probability of matching at critical gene loci, particularly HLA 
DQ and DRB1, with anticipated quantitative mismatches of less than 10 at these loci. These base 
case numbers will be adjusted as ABO, sensitization and other restricting factors are 
progressively included in the model. 



 


