
Introduction
NGS-based (Next Generation Sequencing) HLA typing can offer accurate and unambiguous genotyping 
results with minimal manual intervention eliminating the requirement for reflexive testing. In a clinical 
setting an easy-to-follow protocol with minimal hands-on time is also essential. 
Holotype HLA is an optimized, pre-configured assay and software combination product that provides 
comprehensive gene characterization of multiple HLA loci for sequencing on the Illumina MiSeq, 
MiniSeq and NextSeq. The assay provides a streamlined, high-throughput, fully automatable protocol 
that is designed specifically for clinical lab implementation (Figure 1). The software, HLA Twin, uses two 
independent algorithms and 18 informative Quality Control metrics for confident allelic determination. 

Omixon Early Access Program
The Early Access Program (EAP) was launched in October 2014 and run for 9 months. The goals were to 
introduce Holotype HLA and NGS to the HLA community and to show its reproducibility, high sensitivity 
and high accuracy. 

The participants were 24 different labs from 14 countries worldwide. Most of the labs had never 
seen the Holotype HLA protocol before and some had no prior experience in sequencing.  
A total of 2530 samples were genotyped for a minimum of 5 loci (HLA-A, HLA-B, HLA-C, HLA-DQB1 
and HLA-DRB1). 

Following an initial training with an Omixon FAS, the labs performed additional Holotype HLA runs on 
their own, using their newly-found knowledge and experience only. 

Methods
The Holotype HLA X4 (per-locus indexing approach) and X2 (per-sample indexing approach) kits were 
processed according to the User Manuals provided. Most labs used all of the recommended equipment 
and additional reagents and a small percentage of labs substituted one or more of them with an alternative 
reagent or piece of equipment. 

Results
During the EAP 26286 alleles were genotyped of which 8788 alleles had known typings  
generated with a legacy technology (SBT or SSO/SSP). Analytical list by locus in Table 1. Due to the 
resolution variability of the raw known typings provided (Table 2), all calculations were done to at least 
2nd field. 

Of the total number of these alleles, 3.8% were discordant with their known typings (Table 3). Interestingly, 
of the 3.8%, there was a fair number of samples where the known typing by a legacy technology was 
incorrect and NGS revealed the correct HLA type (147 alleles or 1.7% of the discordances). In addition, 
0.7% of discordances were attributed to novel alleles (63 alleles). 

Another important measure is ambiguity (Table 4). Overall, the majority of loci produced unambiguous 
results. Almost no ambiguity was noted up to the 3rd field, with the exception of DRB1, where the ambiguity 
is caused by variations in off-target exonic sequence (Exon 1). The 4th field ambiguities are mainly due to 
the partial characterization of several alleles in the IMGT/HLA database. All remaining ambiguities were 
due to low quality data indicated by QC failures. Finally, certain cis/trans ambiguities may be the cause of 
the limitations of NGS where the heterozygous positions that resolve these alleles are very far apart and 
phasing cannot be achieved.

 

Results
One of the most important goals of the EAP was to determine the accuracy of Holotype HLA in the 
hands of clinical labs who are inexperienced with NGS (even SBT in some cases) and are performing the 
assay for the first time. Overall, the accuracy of the assay was higher than 99.9% with HLA-A reaching as 
high as 99.96%. The lowest was HLA-DQB1 whose accuracy was 99.76%. The details of these statistics 
and calculations are outlined in Table 5. The EAP assisted in identifying the cause of the slightly lower 
accuracy rate of HLA-DQB1 and to take the appropriate steps to improve it. 

Discussion
The Early Access Program was launched in order to introduce Holotype HLA to the  
community as well as educate clinical labs in the advantages of NGS for clinical HLA typing. Just as 
important was to demonstrate the several benefits of the Illumina platforms as opposed to other NGS 
systems, which include but are not limited to higher accuracy, superior sequencing data quality, better 
phasing leading to reduced ambiguity and higher throughput. 
Furthermore, it was an excellent opportunity to show the high quality, unambiguous results that Holotype 
HLA can provide, in addition to its particular ease of use and implementation in routine work. 
At the conclusion of the program, the feedback from the participants was invaluable assisting Omixon to 
enhance and fine-tune both the assay and the HLA Twin software. 
At the same time, the participating clinical labs acquired the knowledge and experience 
to establish high resolution HLA typing in their routine work. As a consequence of the 
high accuracy and reproducibility demonstrated during the EAP, 15 labs are now using  
Holotype HLA in clinical routine. Finally, we intend to publish this data in a peer-reviewed journal  
as a next step.
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Locus Total alleles  
(with known types)*

Unique alleles

HLA-A 1490 56

HLA-B 1468 84

HLA-C 1481 47

HLA-DRB1 1491 23

HLA-DQB1 1530 53

TABLE 1 - Number of alleles per locus with a known typing from a legacy technology

Number of loci HLA A HLA-B HLA-C HLA-DQB1 HLA-DRB1

Unambiguous 115 175 160 167 111

Cis/trans phase ambiguity 1 0 0 1 0

4th field ambiguity 74 17 23 24 69

3rd field ambiguity 0 0 0 0 6a

2nd field ambiguity 0 0 0 0 2a

1st field ambiguity 0 0 0 0 0

a = alleles differ in off-target exon sequence

TABLE 4 - Ambiguity

FIGURE 1 - Holotype HLA workflow

TABLE 3 - Concordance (2nd field)
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TABLE 2 - Resolution variability of samples with known typings from a legacy technology
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Locus HLA A HLA-B HLA-C HLA-DQB1 HLA-DRB1

Typed alleles 1490 1468 1481 1491 1530

Sensitivity 98.65% 97.48% 98.18% 95.71% 96.41%

Specificity 99.98% 99.97% 99.97% 99.88% 99.96%

PPV 98.66% 97.57% 98.18% 95.71% 97.04%

NPV 99.98% 99.97% 99.97% 99.88% 99.95%

TCC (Accuracy) 99.96% 99.95% 99.94% 99.76% 99.91%

PPV = Positive Predictive Value
NPV = Negative Predictive Value
TCC = Type Correctly Classified (TP + TN / N) = Accuracy

TABLE 5 - Results statistics
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