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We investigated feasibility and accuracy of an interferon-γ re-
lease assay (IGRA) for detection of T-cell responses to severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
Whole blood IGRA accurately distinguished between conva-
lescent and uninfected healthy blood donors with a predomi-
nantly CD4+ T-cell response. SARS-CoV-2 IGRA may serve as 
a useful diagnostic tool in managing the coronavirus disease 
2019 pandemic.
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Recent studies have revealed a durable memory T-cell immune 
response to severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) following coronavirus disease 2019 (COVID-
19) or seasonal coronavirus respiratory infection that is a more 
sensitive marker of past infection than humoral response and 
postulated to represent a correlate of protective immunity to 
SARS-CoV-2 [1–4]. To better evaluate the immune status of 
individuals and populations and assess emerging vaccines, 
novel immunodiagnostics that measure cellular immune re-
sponse to SARS-CoV-2 are needed. Although much progress 
has been made in development of immunoassays for detection 

of antibody responses to SARS-CoV-2, clinical assays for detec-
tion of cellular immune response have lagged. The interferon 
gamma (IFN-γ) release assay (IGRA) is an in vitro blood diag-
nostic used in clinical laboratories to measure IFN-γ released 
by antigen-specific T cells after overnight stimulation with 
pathogen-specific peptides. Here, we describe clinical perfor-
mance and kinetics of a whole blood IGRA (Figure  1A) for 
simple and high-throughput detection of cellular immune re-
sponse to SARS-CoV-2.

All participants provided written informed consent. 
Freshly collected blood in lithium heparin tube was (1) 
left unstimulated as negative control; stimulated with (2) a 
single SARS-CoV-2 peptide pool for CD4+ T cells and (3) 2 
SARS-CoV-2 peptide pools for CD8+ T cells; and (4) stimu-
lated with mitogen as positive control. A  single CD4+ T-cell 
megapool (CD4+ pool) consisted of 221 predicted HLA class II 
CD4+ T-cell epitope peptides covering the entire viral pro-
teome except for the spike protein, which was covered with 253 
15-mer peptides overlapping by 10 residues and 2 CD8+ T-cell 
megapools (CD8+ pools A  and B) together consisting of 628 
predicted HLA class  I  CD8+ T-cell epitopes from the entire 
SARS-CoV-2 proteome [5, 6]. The IFN-γ concentration in the 
plasma fraction was measured with an automated enzyme-
linked immunosorbent assay (ELISA) instrument in interna-
tional units per milliliter (IU/mL). IFN-γ response was defined 
as peptide stimulated minus unstimulated. The Mann-Whitney 
U test was used to compare median IFN-γ responses between 
groups. The Wilcoxon signed-rank test of medians was used to 
compare differences between paired results. The receiver oper-
ating characteristic curve was used to derive an IFN-γ response 
cutoff at the Youden maximum index value, which assigns 
equal weight to sensitivity and specificity.

In total, 82 adult COVID-19 convalescent patients including 
64 from an outpatient COVID-19 treatment trial of interferon 
lambda (IλT) and 18 from Stanford Blood Center convalescent 
plasma donors (CPDs), and 48 uninfected healthy adult blood 
donors with negative ELISAs for SARS-CoV-2 immunoglob-
ulin G, were tested with the IGRA. IFN-λ has been shown to not 
have a negative impact on adaptive response to SARS-CoV-2 
[7]. Among all convalescents, the median age was 38  years 
(range, 21–65 years) and 34% were female. Nearly all cases had 
mild outpatient COVID-19. CPDs were tested 45–137  days 
(median, 83 days) post–reverse-transcription polymerase chain 
reaction (RT-PCR) positivity, and IλT participants were tested 
on days 17 and 31 post–RT-PCR positivity.

Stimulation of whole blood with the CD4+ T-cell peptide 
pool showed a significantly higher median IFN-γ response 
in 82 convalescents compared with 48 healthy blood donors 
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(0.36 [interquartile range {IQR}, 0.14–0.74] IU/mL vs 0.01 
[IQR, 0–0.01] IU/mL; P < .001) (Figure  1B). There was no 
difference in the median IFN-γ level in unstimulated blood 
in convalescents and healthy blood donors (0.04 [IQR, 0.03–
0.05] IU/mL vs 0.03 [IQR, 0.02–0.04] IU/mL; P > .05). Using 
Youden maximum index value, the sensitivity and specificity 
were 90% (95% confidence interval [CI], 82%–95%) and 96% 
(95% CI, 86%–99%), respectively, at a cutoff value of 0.08 
IU/mL. The receiver operating characteristic curve is shown 
in Supplementary Figure 1. The median IFN-γ responses to 
2 CD8+ T-cell peptide pools in 45 convalescents (27 IλT and 
18 CPD) with sufficient blood to stimulate with all 3 peptide 
pools were significantly lower compared with the CD4+ T-cell 

peptide pool (pool A: 0.05 [IQR, 0.02–0.30] IU/mL vs 0.31 
[IQR, 0.14–0.75] IU/mL, P < .01; pool B: 0.01 [IQR, 0–0.04] 
IU/mL vs 0.31 [IQR, 0.14–0.75] IU/mL, P < .001) (Figure 1C). 
This finding is consistent with prior studies showing greater 
CD4+ vs CD8+ T-cell response in inpatients and convalescent 
COVID-19 [6, 8]. Within-person comparison of IFN-γ re-
sponse to the CD4+ T-cell pool on day 17 and day 31 post–
RT-PCR positivity in IλT convalescents showed a higher 
median IFN-γ response on day 17 than day 31 (0.35 [IQR, 
0.14–1.06] IU/mL vs 0.11 [IQR, 0.04–0.32] IU/mL; P < .001) 
(Figure 1D). This finding is novel and consistent with a rapid 
antibody decay reported for convalescent mild COVID-19 [9], 
although IGRA remained positive in 94% (95% CI, 74%–100%) 

Figure 1.  Performance of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) interferon gamma (IFN-γ) release assay (IGRA). A, Schematic showing method-
ology of whole blood IGRA for detection of cellular immune response to SARS-CoV-2. B, IFN-γ response of whole blood stimulated with CD4+ T-cell peptide pool in healthy 
blood donors with negative SARS-CoV-2 immunoglobulin G (controls) and convalescent cases with mild coronavirus disease 2019 (COVID-19) (convalescent plasma donors 
[CPDs] and participants of an interferon lambda [IFN-λ] therapy trial [IλT] on day 17 post–reverse-transcription polymerase chain reaction [RT-PCR] positivity). Median IFN-γ 
response was 0.36 (interquartile range {IQR}, 0.14–0.74) IU/mL in cases vs 0.01 (IQR, 0–0.01) IU/mL in controls. SARS-CoV-2 IGRA showed sensitivity of 90% (95% confi-
dence interval [CI], 82%–95%) and specificity of 96% (95% CI, 86%–99%) at a cutoff of 0.08 IU/mL (dotted line). C, IFN-γ responses for peptide pools stimulating CD4+ and 
CD8+ (pools A and B) T cells. Median IFN-γ response was 0.31 (IQR, 0.14–0.75) IU/mL to CD4+ T-cell peptide pool vs 0.05 (IQR, 0.02–0.30) IU/mL to CD8+ T-cell peptide pool 
A and 0.01 (IQR, 0–0.04) IU/mL to CD8+ T-cell peptide pool B. D, IFN-γ response to CD4+ T-cell peptide pool on days 17 and 31 post–RT-PCR positivity in convalescent IλT 
participants. Median IFN-γ response was 0.35 (IQR, 0.14–1.06) IU/mL on day 14 vs 0.11 (IQR, 0.04–0.32) IU/mL on day 28. E, IFN-γ response in 20 controls and 24 IλT con-
valescents (16 on day 17 and 8 on day 31) using a commercial peptide pool consisting of spike, S1, nucleocapsid, and membrane proteins from Miltenyi Biotec (Bergisch 
Gladbach, Germany). Median IFN-γ response was 0.02 (IQR, 0.01–0.05) IU/mL in controls and 3.59 (IQR, 1.31–6.58) IU/mL in convalescents. Bars show median IFN-γ response 
and whiskers show IQR. Abbreviations: APC, antigen presenting cell; CPD, convalescent plasma donor; ELISA, enzyme-linked immunosorbent assay; IFN-γ, interferon gamma; 
MHC, major histocompatibility complex; RT-PCR, reverse-transcription polymerase chain reaction; TCR, T-cell receptor.
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of 18 CPD convalescents 83  days post–RT-PCR positivity. 
However, the sensitivity was 70% (95% CI, 56%–81%) in 
50 IλT convalescents on day 31 (Supplementary Figure 2). 
Stimulating T cells with a commercially available peptide pool 
consisting of spike, S1, nucleocapsid, and membrane proteins 
(Miltenyi Biotec, Bergisch Gladbach, Germany) in 20 healthy 
blood donors and 24 IλT convalescents (16 on day 17 and 8 on 
day 31), the median IFN-γ response was 0.02 (IQR, 0.01–0.05) 
IU/mL in healthy blood donors and 3.59 (IQR, 1.31–6.58) IU/
mL in convalescents (Figure  1E). The IFN-γ response in 23 
convalescents was 19-fold higher with the Miltenyi peptide 
pool than with the CD4+ T-cell peptide pool described above 
(3.45 [IQR, 1.26–6.67] IU/mL vs 0.18 [IQR, 0.09–0.42] IU/
mL in 23 paired blood samples, P < .001; data not shown). 
The sensitivity and specificity for IGRA with the Miltenyi pep-
tide pool were 100% (95% CI, 86%–100%) and 90% (95% CI, 
70%–98%), respectively, at a cutoff value of 0.53 IU/mL. This 
finding suggests that by using a peptide pool that increases the 
magnitude of IFN-γ response, it may be possible to maintain 
SARS-CoV-2 IGRA sensitivity during the follow-up period.

In summary, using a simple and deeply studied IGRA 
method used for diagnosis of latent Mycobacterium tubercu-
losis infection [10, 11], we show that whole blood stimula-
tion with a SARS-CoV-2 peptide pool can sensitively detect 
a cellular immune response to SARS-CoV-2 and accurately 
distinguish between convalescents and uninfected healthy 
blood donors. Given the relative ease of performing whole 
blood IGRA and the widespread use of IGRA, SARS-CoV-2 
IGRA can be implemented in clinical laboratories to identify 
individuals with reactive T cells to SARS-CoV-2. The assay 
may be further enhanced by using more sensitive and com-
mercially available peptide pools with defined specificity for 
SARS-CoV-2 vs seasonal coronavirus [1, 3]. SARS-CoV-2 
IGRA may prove useful in identifying individuals with cel-
lular immunity and thus serve as a powerful diagnostic tool 
in managing the COVID-19 pandemic.
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