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1. Number of shared T cell epitopes between pairs of 
sequences -> Clustering

2. EpiCC scores and radar plot -> Mean EpiCC score 
calculation by cluster and vaccine selection

3. T cell epitope coverage.
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EpiCC is an algorithm that compares the putative T cell epitope content shared between commercial vaccines and field isolates to identify the best vaccine match based on T cell epitope relatedness and 
coverage. The vaccine that covers more of the T cell epitope content of an isolate may confer broader cross-reactive cell-mediated immune response. Based on EpiCC and leveraging an analysis of a large 
population of field strains, we developed a web application for porcine circovirus type 2 (PCV2). Similar web applications can be developed for other swine pathogens (e.g., FluMatch , PRRSVMatch ). To 
illustrate the application of EpiCC, we compared the putative T cell epitope content of hemagglutinin (HA) from circulating H1 swine influenza A virus strains and randomly selected strains from different 
phylogenetic clusters as potential vaccines to identify the best match. For each cluster, we also identified the best vaccine candidate.

How to pick a Vaccine Strain
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T cell Epitope Content Comparison (EpiCC) of swine H1 
influenza A virus hemagglutinin to identify best vaccine match
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Introduction

Methods

• EpiCC was developed to help veterinarians, practitioners, producers, and farmers selecting the best‐matched commercial vaccine for immunization against circulating 
field isolates and surveillance to identify variants that may represent a potential threat. 

• EpiCC was used to identify potential swine influenza A H1 vaccine candidates based on HA, the key antigen. EpiCC can also be performed for complete proteomes. 
• We selected vaccine candidates that had the highest EpiCC scores for sequences within the same phylogenetic cluster. Vaccine candidates cover more of the putative       

T cell epitope content predicted in the HA protein sequences of swine influenza A H1 strains. 
• EpiCC may complement current serological methods for selecting the best‐matched vaccine virus for immunization against circulating or emerging strains. 
• Clinical data may help to refine EpiCC predictions and understand the relationship between shared epitope content and clinical outcomes.
• EpiCC can be applied to evaluate T cell epitope relatedness for other pathogens such as Porcine circovirus and Porcine reproductive and respiratory syndrome virus.

Step 1. Describe input data – phylogeny and frequency | Non-redundant dataset  (n=148)

Step 2. Process of vaccine candidate selection based on EpiCC scores and frequency

Step 3. EpiCC Analysis Results – Selected vaccine candidates vs. random vaccine selection

• The radar plot shows EpiCC scores for 
vaccine candidates vs. circulating strains. 

• Each axis corresponds to the sequence of 
one strain. 

• Baseline EpiCC scores (i.e., T cell epitope 
density) for each sequence are shown as 
open circles.

Data Input and Output
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(n=148) of HA sequences 
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Ideal Vaccine:
High EpiCC scores, 
expanding to the Baseline 
EpiCC scores of strains.

Baseline EpiCC score:
Predicted epitope 
density of a strain.

EpiCC score:
Degree of T cell epitope 
relatedness between 
vaccine and strains

Vaccine B against all strains:
Low EpiCC scores, less 
related T cell epitopes 
between vaccine and strains.

PigMatrix: CD4 and/or CD8 
T cell epitope prediction

INPUT DATA IN SILICO ANALYSIS EPICC OUTPUT

Vaccine Strain 1

Strain 2

EpiCC score
Strain 1 > Strain 2

Vaccine shares more  T cell 
epitope content with Strain 1.

Frame 
Start

AA 
Sequence

Frame 
Stop

DRB1*0201 
Z-score

DRB1*0402 
Z-score

DRB1*0602 
Z-score

DRB1*0701 
Z-score

DRB1*1001 
Z-score Hits

1 LWLRLQTSR 9 0.13 -1.7 -0.41 -0.06 -0.05 0
2 WLRLQTSRN 10 1.34 1.76 0.7 2.93 2.16 3
3 LRLQTSRNV 11 2.41 1.98 1.78 1.52 2.51 4
4 RLQTSRNVD 12 0.49 -0.41 0.02 -0.55 -0.21 0
5 LQTSRNVDH 13 1.09 0.94 1.73 2.09 0.7 2
6 QTSRNVDHV 14 -0.4 -1.53 -1.45 -0.9 -0.03 0

Strain 1

Strain 2
T cell epitopes
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INTERPRETATION OF RESULTS
Vaccine-to-strain comparisons were cluster-specific, 
which explains low EpiCC scores for alpha, beta, beta-
like, and delta1 strains.

Vaccine candidates shared more T cell epitope content 
with strains than randomly selected vaccines.

Vaccine candidates may induce broader cross-reactive 
cell-mediated immune response.

Mature 
APC

Predicted 
epitope-SLA 

complex using 
PigMatrixEpitope

Viral 
protein

EpiCC score based on shared 
T cell epitope content

T cell epitope 
prediction

Hypothesis: If epitopes in a vaccine closely match the epitopes in a circulating strain, the memory T cells induced by the vaccine are 
likely to recognize the epitopes in the proteins of the circulating strain.

T cell Epitope Content Comparison (EpiCC)

T cell epitope prediction

T cell epitope 
content

PigMatrix, built based on the pocket profile method, leverages 
pocket profiles already constructed for HLA-based epitope prediction 
in EpiMatrix to predict potential T cell epitopes for SLA class I and II 
alleles.
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Shared  
T cell epitopes

• Gamma, delta2, and npdm were the most frequently 
isolated HA gene sequences. 

• These sequences represented 86.56% of the 930 HA 
sequences of swine influenza A H1 strains circulating in 
America from 2019 to 2023.

• The non-redundant dataset included the most recently 
collected unique sequences from each phylogenetic cluster. 

beta

Mean
EpiCC score

Frequency

Vaccine candidates had higher mean EpiCC 
scores than randomly selected sequences, 
suggesting more putative T cell epitope 
content shared with circulating isolates.

Phylogenetic classification and clustering 
based on shared T cell epitope content 
produced similar clusters.

For each sequence, Mean EpiCC score was calculated 
for sequences within the same phylogenetic cluster.

• Highest mean EpiCC score for gamma sequences. 
• More related T cell epitopes between candidate and strains.
• EpiCC scores were more variable for gamma sequences

Baseline 
EpiCC scoreVaccine BVaccine AIdeal vaccine

beta-like

Shared 
epitopes

• HA sequences of American swine influenza A H1 strains from 2019 to 2023 from GISAID. 
• A non-redundant dataset generated based on phylogenetic classification and frequency.
• Putative SLA class II T cell epitope content in the input proteins identified using PigMatrix. 
• Assessed the relatedness of T cell epitopes contained in HA protein sequences using EpiCC.
• For this example, vaccine candidates selected based on mean EpiCC scores from the most 

frequent phylogenetic clusters.
• Each strain was evaluated as a potential vaccine.
• EpiCC generated a score for each vaccine-field isolate comparison. 
• Higher EpiCC scores represent greater relatedness and higher T cell epitope coverage. 
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Application: Analyze existing or proposed vaccines for their 
potential to protect, based on a comparison between T cell 
epitopes in the vaccine and circulating strains of the same 
pathogen.

Shared T cell epitope content

JanusMatrix identifies potential cross-reactive T cell epitopes 
between the vaccine and circulating strains (predicted SLA ligands 
with Identical TCR-facing residues).
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Year Frequency

Mean 
EpiCC score

Random 2022 5 5.37

Selected 2019 18 5.78

Selected 2019 27 5.79

Random 2023 6 5.03

Selected 2020 20 6.16

Random 2022 3 5.50
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Vaccine candidates and random sequences 
were selected from the most frequent 
clusters (gamma, delta2, and npdm).

EXAMPLE OF VACCINE SELECTED

• Lower EpiCC scores for gamma sequences compared to the 
selected vaccine. 

• Less related T cell epitopes with circulating strains.

RANDOM VACCINE SELECTION

Phylogenetic 
Clusters
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