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Introduction
On June 11th, 2020, Adaptive Biotechnologies announced the establishment of the ImmuneCODE™ database
to support global research efforts, to understand the immune response to SARS-CoV-2, and to develop new
interventions. The ImmuneCODE database is a large-scale database of T-cell receptor beta (TCRẞ) sequences and
binding associations from natural and synthetic exposure to SARS-CoV-2. Our efforts have led to the development
of immunoSEQ® T-MAP™ COVID. immunoSEQ T-MAP COVID consists of tools and features that can be used to
search T-cell samples against the TCRs clonally expanded in COVID-19 and determine if samples show a T-cell
immune response to past SARS-CoV-2 infection. The immunoSEQ T-MAP COVID technology forms the backbone
of the first clinical T-cell based test for COVID-19 that received Emergency Use Authorization (EUA) to assess
recent or past SARS-CoV-2 infection. The immunoSEQ T-MAP COVID tools are now available for researchers
studying COVID-19 with the immunoSEQ Assay.
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T-cell data help our understanding of how SARS-CoV-2
Affects the immune system
Historically, researchers measured the immune response to a particular pathogen like a virus primarily
based on antibody responses. However, T cells respond to invading viruses before antibody development,
circulating throughout the body and quickly multiplying to help clear the virus. T-cell responses arise first,
promoting antibody production and long-term B-cell memory formation, and can persist longer than said
antibodies. This central role for T cells makes them a desirable target for assessing the immune response
to viruses and specifically SARS-CoV-2 infection.
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Figure 1. Role of T cells in eliciting an immune response to SARS-CoV-2. Adapted from Gutierrez, et al. Elsevier Current Trends, 2020.

The ImmuneCODE database includes hundreds of millions of T-cell receptor (TCR) sequences from over
1,400 subjects exposed to or infected with SARS-CoV-2 and over 160,000 high-confidence SARS-CoV-2specific TCRs obtained through two of Adaptive’s patented research technologies: MIRA (Multiplexed
assay for Identification of T cell Receptor Antigen Specificity) and immunoSEQ.
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Figure 2. MIRA: Multiplexed assay for Identification of T cell Receptor Antigen Specificity.

MIRA
The in-depth characterization of the antigen-TCR response by experimentally mapping the CD8+ and CD4+
T-cells to Human Leukocyte Antigen (HLA) class I presented peptides and identified binding pairs using
Adaptive’s patented MIRA technology (Klinger et al. PLOS One 2015). We were able to identify more than
160,000 high-confidence SARS-CoV-2-specific TCR sequences.
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Repertoire sequencing with immunoSEQ
Adaptive Biotechnologies, in conjunction with Microsoft, utilized high-throughput TCR sequencing
(immunoSEQ Technology) as previously described (Emerson et al. Immunosequencing identifies signatures of
cytomegalovirus exposure history and HLA-mediated effects on the T cell repertoire. Nat Genetics. 2017) on
over 1,400 COVID-19 subjects' samples as well as 3,500 controls to identify shared “public” T-cell receptors
(TCRs) associated with SARS-CoV-2 infection in each subject’s repertoire from both CD8+ and CD4+ T-cells.

Accessing the ImmuneCODE data via immuneACCESS®
immuneACCESS is the world’s largest open-access database of T- and B-cell receptor sequences. The
ImmuneCODE database is accessible via immuneACCESS. The data is freely available for downloading via
immuneACCESS or can be analyzed online through the immunoSEQ Analyzer suite of data analysis tools.
The ImmuneCODE data can be found at https://clients.adaptivebiotech.com/pub/covid-2020.
Selecting this project will bring you to a project details page. You will find the abstract and links to a full-text
pre-print of the manuscript on the lower right of the page (Figure 4).
1. Folders

with the full MIRA data, including the sequence details of the mini-genes, ORFs, and peptides
used in the experiment and the identity and number of reactive TCRs are available for download in
addition to metadata for each subject and experiment such as cell type, age, gender, race, and HLA type.
2. The ImmuneCODE data can be analyzed and incorporated into your immunoSEQ Data by ‘Following’
the project and opening it in the immunoSEQ Analyzer and selecting 'Open in Analyses' in the upper left
of your screen.

Figure 3. immuneACCESS Homepage
with overview of data categories and
newly posted projects.

Figure 4. Project Details of the ImmuneCODE database and links for downloading the data.
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Data analysis in the immunoSEQ Analyzer software
The complete TCR sequencing data can be accessed and viewed from the immunoSEQ Analyzer. From
‘Sample Overview’, summary metrics for each sample and relevant metadata can be viewed (Figure 5).

Figure 5. Sample Overview in the immunoSEQ Analyzer includes summary metrics for each sample and relevant metadata.

By selecting one or more samples and using the START NEW ANALYSIS dropdown menu to selecting
"Rearrangement Details", you will see the full list of receptor sequences, their quantitation and frequency
estimate, fully annotated with gene information, length of the CDR3, and more.
As part of the immunoSEQ T-MAP COVID offering a tool called the COVID Search Tool can be used to map
TCR sequences against a TCR-SARS-CoV-2 antigen interaction database. This COVID Search Tool enables
you to search samples for the presence of TCRB receptor rearrangements associated with SARS-CoV-2 as
found in the ImmuneCODE database.
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1. Simply select the COVID Search Tool and then the samples of interest.

Figure 6. COVID Search Tool.

2. The

tool returns a summary file with the number of nucleotide sequences and ‘bio-identity’
(amino acid sequence of the CDR3 plus the identity of the V and J gene) matches per sample.
#c19_search_version=002.1
sample_name
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2211

282

1929

Figure 7. COVID Search Tool—Report Summary.

3. Also, a compressed file for each sample is created with additional annotations for each rearrangement
match, including the match type, a list of SARS-CoV-2 peptides the TCR indicates binding to, and the
index positions in the SARS-CoV-2 genome where the binding is likely to have occurred.
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Figure 8. COVID Search Tool—Report Sample details.
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Additional data analysis features
Mapping to the SARS-CoV-2-specific TCR library enables quantification of the fraction and assessment of
the nature of SARS-CoV-2-specific TCR sequences in a studied sample. This technology is the backbone for
our T-cell based clinical test that can determine recent or past SARS-CoV-2 infection. We’ve released a new
immunoSEQ T-MAP COVID feature, called the Classifier. For samples with a sufficient number of unique
rearrangements, the Classifer provides a POSITIVE (+) or NEGATIVE (-) result to denote past SARS-CoV-2
T-cell immune response. In recent studies, this new immunoSEQ T-MAP COVID feature showed showed
99.8% specificity and 93% sensitivity (+1 month after PCR+ diagnosis) (Snyder et al, 2020).
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Figure 10. Classifier Results.

The Classifier results can be ordered for any sample sequenced for TCRB with our most current
immunoSEQ Assay version (v4b) (Figure 10). Since such analyses require a sufficiently large sample
with enough unique TCR sequences for a confident POSITIVE (+) or NEGATIVE (-) result, samples with
insufficient data are identified in the results report. The results are attached as a separate file to your
Analyzer workspace and available for download.

Figure 11. Classifier report results will be pinned to Analyzer workspace.
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immunoSEQ T-MAP COVID research applications
The ImmuneCODE database, developed using the immunoSEQ Assay, provides SARS-CoV-2-specific
Antigen-TCR sequence-level data. The individual, quantitative TCR sequences for SARS-CoV-2-specific antigens
can be tracked longitudinally, over the course of the disease or following vaccination. SARS-CoV-2-associated
TCRs that undergo significant change, expansions, or contractions can be identified alongside the associated
viral peptides. The fraction of COVID-19 specific TCR sequences can be measured and tracked longitudinally
over time. These data can be used to monitor the immunologic response to SARS-CoV-2 infection or the
effects of vaccination on the immune repertoire.
With an in-depth view of the repertoire, individual TCR sequences can be examined in detail for motif
analysis. The pattern of TCR sharing between cohorts or determined to be 'private' or ‘public’ clones can
also be measured. Such repertoire data is in addition to data on the repertoire diversity and T-cell fraction
obtained using the immunoSEQ Assay. These data give you the power to perform analyses at the level of
individual subjects, populations, or cohorts.
COVID-19 has implications in several research areas and across many disease states. It will be increasingly
important to understand how COVID-19 affects patients with diseases such as cancer, autoimmune disorders,
and other infectious diseases. In addition, understanding a patient’s COVID-19 history can be instrumental
in clinical trials and vaccine development programs for non-SARS-CoV-2 infections. The immunoSEQ T-MAP
COVID tool can be a useful resource for researchers as they try to study these diseases and potential
treatments in a post-COVID-19 world (Figure 12).
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Figure 12. Research use cases to identify, monitor, and understand diseases and potential treatments using immunoSEQ T-MAP COVID.
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