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Background.  T cells are central to the early identification and clearance of 
viral infections  and  support antibody generation by B cells, making them desirable 
for assessing the immune response to SARS-CoV-2 infection and vaccines. We com-
bined 2 high-throughput  immune profiling methods  to create a quantitative picture 
of the SARS-CoV-2 T-cell response that is highly sensitive, durable, diagnostic, and 
discriminatory between natural infection and vaccination.

Methods.  We deeply characterized  116 convalescent COVID-19  subjects 
by experimentally mapping CD8 and CD4 T-cell  responses  via antigen stimu-
lation  to  545  Human Leukocyte Antigen  (HLA)  class  I  and 284 class  II viral 
peptides. We also performed  T-cell receptor (TCR) repertoire  sequencing 
on  1815  samples  from  1521  PCR-confirmed SARS-CoV-2 cases  and  3500  controls 
to identify shared public TCRs from SARS-CoV-2-associated CD8 and CD4 T cells. 
Combining these approaches with additional samples from vaccinated individuals, we 
characterized the response to natural infection as well as vaccination by separating 
responses to spike protein from other viral targets.

Results.  We find  that T-cell  responses  are often driven by a few  immu-
nodominant, HLA-restricted epitopes.  As expected,  the SARS-CoV-2 T-cell 
response  peaks about  1-2 weeks  after  infection  and  is detectable at least  sev-
eral  months after recovery.  Applying these data, we  trained  a  classifier  to 
diagnose  past SARS-CoV-2 infection  based solely on TCR  sequencing 
from  blood  samples and observed, at 99.8% specificity, high sensitivity  soon 
after diagnosis (Day 3–7 = 85.1%; Day 8–14 = 94.8%) that persists after recovery 
(Day 29+/convalescent  =  95.4%).  Finally, by evaluating TCRs binding epitopes 
targeting all non-spike SARS-CoV-2 proteins, we were able to separate natural 
infection from vaccination with > 99% specificity.

Conclusion.  TCR repertoire sequencing from whole blood reliably measures the 
adaptive immune response to SARS-CoV-2 soon after viral antigenic exposure (before 
antibodies are typically detectable) as well as at later time points, and distinguishes 

post-infection vs. vaccine immune responses with high specificity. This approach to 
characterizing the cellular immune response has applications in clinical diagnostics as 
well as vaccine development and monitoring.
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Background.  RSV is a major cause of pediatric respiratory disease. Antibodies 
to the prefusion conformation of the RSV fusion (pre-F) protein are needed for virus 
neutralization. 

Methods.  We measured RSV-specific responses in two groups of children < 
3  years of age; subjects with laboratory-confirmed RSV (RSV-infected) or infants 
born in the period May to September and enrolled prior to their first RSV season 
(RSV-uninfected). RSV-infected infants had blood samples obtained at 1, 6, 9, and 
12  months after infection. RSV-uninfected infants had blood samples obtained at 
enrollment, at the end of their first RSV season, and 6 months later. A kELISA to 
measure RSV pre-F-specific antibodies and an RBF assay to identify RSV F-specific 
B cells were developed.

Results.  102 subjects were enrolled; 11 were excluded due to missed visits or 
withdrawal. Of the 65 subjects in the RSV-uninfected group, all were kELISA posi-
tive at enrollment, consistent with maternal antibody transfer. 53 subjects had suf-
ficient samples for analysis at multiple time points; 29 became seronegative and 24 
remained seropositive. In the seronegative group, the kELISA value decreased rapidly 
to < 0.25 by 6 months after the RSV season in 27/29 (93%), (Figure 1a). In the persist-
ently seropositive group, all 24 subjects maintained a positive kELISA value, with some 
developing higher values over time, consistent with asymptomatic infection (Figure 
1b). An RBF assay was used to determine whether antibodies were due to persistent 
maternal antibodies or endogenous production (Figure 2). In the seronegative group, 
24/29 (80%) had a negative RBF; in the seropositive group, 23/24 (96%) had a positive 
RBF during follow-up. 

There were 26 subjects in the RSV-infected group; 22 had sufficient samples for 
analysis at multiple time points. All were seropositive by kELISA at one month post-in-
fection with variable kELISA values during follow-up (Figure 3). 17/22 (77%) had a 
positive RBF, although 4 of the subjects without a positive RBF had indeterminate 
results at ≥ 1 visit.

Figure 1. kELISA values of baseline RSV-negative subjects, by subject age at time of 
sample. Panel A: Subjects classified as seronegative (n=29). Panel B: Subjects without 
known RSV classified as persistently seropositive (n=24).


