
Introduction
Recent technological advances in sequencing and related library preparation methods, 
cumulatively called Next Generation Sequencing (NGS) have provided new opportunities that 
allow the complete characterization of the HLA genes in haploid fashion and are beginning to 
make their way to HLA laboratories for genotyping purposes (De Santis et al. 2012, Monos and 
Maiers 2016, Duke et al. 2016). The scientific benefits are clear: generating whole gene consensus 
sequences, unambiguous genotyping results at 3-field resolution or higher, and the ability to batch 
very large numbers of samples. Despite this, these benefits may not be sufficiently compelling 
for the administrators in most institutions to support an HLA Lab Director’s decision to switch, 
without the additional financial benefits of cost savings. However, regardless of throughput, for 
small and large labs, the economics of adopting NGS are undeniably favorable in the long run 
after a moderate investment in capital equipment (see TABLE 1).

Background
Traditionally, the costs of HLA genotyping have been calculated on a per locus basis ($/locus), 
where for any given technology the costs will scale proportionally with the number of loci 
sequenced. However, with NGS library preparation methods that use per-sample indexing, the 
bulk of the costs are in library preparation and sequencing, with amplification rounding out the 
major contributors to per sample cost that are all in excess of the labor costs (FIGURE 1). When 
determining total costs of implementing a technology, labor costs can be calculated inclusively 
with the reagents or independently, but regardless the intensity of the labor challenge is a critical 
component.

While the cost of the initial genotyping is important, it is also relevant to understand the 
reflexive costs associated with ambiguity resolution and the additional, delayed costs associated 
with determining high resolution genotypes of loci such as DRB3/4/5 in a post transplant 
situation when antibodies have been detected against certain donor antigens. If high resolution 
typings for additional loci have been included at minimal extra reagent and labor cost prior 
to transplantation, the possibilities for post-transplant savings can further increase. TABLE 2 
details how these costs are structured for two legacy technologies SSO and SBT, and how they 
compare to NGS.

Methods
We used 24 samples per week as an example of a low-medium throughput laboratory. We used 
96 samples per week as an example of a high throughput laboratory. We compared the costs 
from multiple customer sites in multiple geographic locations to determine reasonable averages 
for the costs associated with each of the HLA genotyping techniques.
Our calculations for costs for SSO and SBT assumes that all samples are typed at all loci, which 
may not reflect current workflows, but emphasizes the extra value of being able to batch multiple 
loci per sample and multiple samples per run, and demonstrates the costs these techniques 
would have if they had to compete directly with what NGS can provide.

Results
The results of the comparison between SSO, SBT and NGS as a function of the increasing 
number of loci tested are displayed below.

Conclusion
The trend towards typing and reporting on an ever increasing number of loci is being driven 
by both the underlying technologies and the discovery of new clinically relevant loci that are 
important for transplantation outcomes. We demonstrate that compared to legacy technologies, 
NGS of whole genes results in less reflexive testing, less results interpretation, lower hands 
on time, and lower reagent costs than SBT. At large volumes and for 11 loci, NGS is also cost 
competitive with SSO, so this technology can support both solid organ (SOT) and bone marrow 
(BMT) workflows. Finally, with high resolution typings for all HLA loci, including DRB3/4/5 
- against which antibodies may be formed post-transplant - the reflexive determinations of these 
types during post-transplant monitoring will not be required, further reducing overall cost of 
treatment.
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technology can perfectly support both SOT and BMT workflows. Finally, with high resolution typings for DRB3/4/5 against which antibodies may be raised post-transplant, the reflexive determinations of these types during post-transplant monitoring will not be required further reducing overall costs.

Instrument Cost
Illumina MiSeq Sequencer $100,000

Illumina MiSeq Support (Years 2 and 3) $34,000

Pippin Prep $10,000

Plate Fluorometer $20,000

qPCR machine $30,000

PCR machine $7,000

64-bit computer with at least 16 GB RAM $3,000

Liquid Handler (optional, pre- and/or post-PCR) $40,000

TABLE 1 - Basic capital outlay for adopting NGS

Technique Initial Typing1 Ambiguity Reflex2 Post-transplant Reflex3

SSO Low Medium High

SBT High High High

NGS (11-loci) Medium None None

1 Initial costs capture all reagents and labor for 24 samples (low-medium clinical weekly workflow)
2 Reflexive costs capture all reagents and labor for individually reflexed samples. Reflexive costs are typically due to unresolved ambiguity in various forms 
3 Post Transplant Monitoring costs include reagents and labor for re-typing at high resolution when antibodies are raised against the donor (this is another 
form of reflexing due to only having low resolution typing or no typing at the DRB3/4/5 loci)

TABLE 2 - Comparison of the relative costs broken down by clinical stage of use

FIGURE 1 - relative per-sample costs of components in an NGS HLA genotyping workflow for an average size lab or ~1200 samples per year
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FIGURE 3 - Comparison showing the drop in hands on time as a consequence of batching samples. Assumes no automation.
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FIGURE 2 - Relative comparison of SSO, SBT and NGS showing how the costs of NGS scale with the number of loci and two different volume breaks  
24 and 96 samples per run.
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FIGURE 4 - relative per-sample costs of components in an NGS HLA genotyping workflow for an average size lab or ~1200 samples per year
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