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Abstract

SARS-CoV-2 infection takes a mild or clinically inapparent course in the majority of humans who contract
this virus. After such individuals have cleared the virus, only the detection of SARS-CoV-2-specific
immunological memory can reveal the exposure, and hopefully the establishment of immune
protection. With most viral infections, the presence of specific serum antibodies has provided a reliable
biomarker for the exposure to the virus of interest. SARS-CoV-2 infection, however, does not reliably
induce a durable antibody response, especially in sub-clinically infected individuals. Consequently, it is
plausible for a recently infected individual to yield a false negative result within only a few months after
exposure. Immunodiagnostic attention has therefore shifted to studies of specific T cell memory to
SARS-CoV-2. Most reports published so far agree that a T cell response is engaged during SARS-CoV-2
infection, but they also state that in 20-81% of non- SARS-CoV-2-exposed individuals, T cells respond to
SARS-CoV-2 antigens (mega peptide pools), allegedly due to T cell cross-reactivity with coronaviruses
causing Common Cold (CCC), or other antigens. Here we show that by introducing irrelevant mega
peptide pools as negative controls to account for chance cross-reactivity, and by establishing the antigen
dose-response characteristic of the T cells, one can clearly discern between cognate T cell memory
induced by SARS-CoV-2 infection vs. cross-reactive T cell responses in individuals who had not been
infected with SARS-CoV-2.

1. Introduction

Traditionally, the assessment of immune memory has relied upon measurements of serum antibodies
without queries of the T cell compartment. However, SARS-CoV-2 infection highlights the shortcoming
of such a serodiagnostic approach. While the majority of SARS-CoV-2 infected individuals initially
develop an antibody response to this virus, false negative results are a concern because not all infected
individuals attain high levels of serum antibody reactivity acutely after infection 3, and those who do
develop detectable antibody reactivity may decline to the limit of detection within a few months 4. In
such cases, the detection of T cell memory might be the only evidence of such infection, and a surrogate
of acquired immune protection from SARS-CoV-2 reinfection.
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responses left after filtering for chance cross-reactivity in this cohort could be discerned from cognate T
cell responses to SARS-CoV-2 peptides in SARS-CoV-2 PCR-verified individuals when taking the affinity of
the T cell response into account, as will be shown below.

3.6. Affinity for SARS-CoV-2 Peptides Distinguishes Cognate from Cross-Reactive T cell Recognition

Testing peptide pools in four serial dilutions not only permits generation of confirmatory results without
using replicate wells, but also permits one to gain insights into the affinity of the T cells recognizing the
respective peptides. In the context of this study, we will distinguish between Level 4 affinity (high
affinity, with all four peptide concentrations recalling T cells, color coded in red), Level 3 affinity
(intermediate affinity, eliciting a recall response across 3 consecutive peptide dilutions, highlighted in
orange), Level 2 affinity (low affinity, only the two highest peptide concentrations elicit a T cell response,
color coded in yellow), and Level 1 affinity (borderline low, eliciting a significant T cell response at the
highest peptide concentration only, color coded in beige).

As seen in Table 2, most COVID-recovered subjects displayed Level 4 (red) affinity T cell responses to
several SARS-CoV-2 antigens, while this level was absent in the Pre-COVID Era controls. In the latter,
only occasional Level 3 (orange) and Level 2 affinities (yellow) were seen. Thus, high affinity responses
to several SARS-Cov-2 antigens (unlike responses detected against individual antigens at a single antigen
concentration, see Fig. 1) appear to be suited to distinguish cognate SARS-CoV-2 specific T cells in
COVID-recovered subjects from cross-reactive T cells in subjects infected by other coronaviruses in the
Pre-COVID Era. The frequency of SARS-CoV-2 mega peptide pool-specific T cells was low, but clearly
elevated > 3 SD over the negative control mega peptide pool control level. As ELISPOT SFU counts follow
normal distribution 7, the mean of background plus > 3 SD positivity cut-off definition sets the chances
for a single datapoint being a false positive at <0.4%; for four responses in a row being false positive, the
chances are negligible at a probability of < 0.0256%.

These types of affinity measurements, which rely on serial dilution of peptides and are simple to
perform, also require high-throughput suitable test platforms that are frugal with regards PBMC
utilization, such as ELISPOT. To our knowledge, such T cell affinity measurements have so far not been
applied systematically to characterize virus-specific T cell responses, thus permitting to compare the
above affinity distributions observed for SARS-CoV-2 with other viruses. To compare the SARS-CoV-2
antigen-induced T cell responses with T cell reactivity to a better characterized virus, we also tested
mega peptide pools that covered 14 antigens of Epstein Barr Virus (EBV), which commonly infects most
humans by the time they have reached adulthood. The raw data are shown in S. Table 4. As summarized
in Table 3, the percentage of EBV mega peptide pools recognized at affinity Levels 1-4 was comparable
in both cohorts to the percentage of SARS-CoV-2 peptide pools eliciting Level 1-4 T cell recall responses
in the COVID-recovered subjects. SARS-CoV-2 infection, therefore, seems to induce a T cell response
that, at least as far as the affinity of nominal antigen-recognition goes, is comparable to the T cell
response to EBV.

3.7. Fine Specificity of SARS-CoV-2 Antigen Recognition in COVID-19-Recovered Subjects

The SARS-CoV-2 peptide pools we used in our study encompassed eight major viral proteins, and
systematically covered the respective antigens. Comparing within each donor the SFU counts triggered
by these peptide pools permits therefore to assess, first, the total T cell mass mobilized against the virus,
and second which antigens are preferentially targeted by T cells, i.e., the T cell immune dominance
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Figure 1. IgG antibody reactivity against SARS-CoV-2 antigens. Plasma from 18 Pre-SARS-CoV-2 Era
Subjects and 9 individuals who underwent mild PCR-confirmed SARS-CoV-2 infection (SARS-CoV-2 PCR-
Positive Subjects) were assessed for IgG antibody against A) SARS-CoV-2 Nucleocapsid protein, B) the
truncated SARS-CoV-2 Spike fragment, S1, or C) the Spike RBD fragment. ELISA binding signal was then
interpolated into ug/mL IgG equivalents using a reference standard. Each serum sample is represented
by a dot. Statistical significance between the two cohorts was determined using an unpaired Student’s t-

test. Significant differences between cohorts are marked with ** denoting p < 0.01, and *** p < 0.001,
respectively.
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Figure 2. Classic representation of SARS-CoV-2 antigen-specific T cell frequencies in SARS-CoV-2 PCR-
verified Subjects (+) versus Pre-Covid Era Subjects (-) cohorts. PBMC of each individual within the
cohort is represented by a dot. The PBMC were challenged with the SARS-CoV-2 peptide pools
specified on the right, each pool covering different antigens of the virus (see Suppl. Table 2). The
individual peptides in each pool were tested at 1.5 pg/mL. An ELISPOT assay was performed measuring
the numbers of antigen-induced IFN-y-secreting cells, spot forming units (SFU), in 200,000 PBMC;
following convention, the numbers have been normalized to per million PBMC, as shown on the Y axis.
Significant differences between SARS-CoV-2-infected vs. non-exposed cohorts are marked with *
denoting p < 0.05, ** p < 0.01, and *** p < 0.001, respectively.


https://doi.org/10.1101/2020.11.29.402677
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.29.402677; this version posted November 29, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

A SARS-CoV-2 PCR-verified Subjects B Pre-COVID Era Subjects

ID. | | | ID. | | |
15 ugm 0o | o 0 3 1 0 | 1 g 15 u://ml z : L2 2 1 z 3 1
05ug/mi| 0 | 0 [ 2 2 [ [} 0 05ug/mL |3 s 5 [ 2 1 5 2
dCl  (o37emil o 1 3 & £ 5 1 6200|400 | 14.00 067 |121| 430 dP1 g3 5 = o & n 3 125|050 275 283133 | 682
0.06 ug/mil 0 [ [ [ [ 0 [ 0 0.06 ug/mi_6 1 1 2 2 2 1
}lsux/mL} [] 0 } 3 } [] } 0 } 3 2 } 1 }1.5u;~1 mL } 2 } 3 ] 1 } 0 } 2 } 3 } 2 I 0
05ug/mL| 2 2 1 1 o 1 1 o | 05ug/mL | 3 5 2 1 [ 2 3 o |
dC2 ot &6 [0 o | o | 2 | 1| 100|082 345 100|155 ) 565 dP2 om0 s [ 0| 050] 100 350 183|117 534
[0.06 ug/mil__ 0 1 [ 2 1T 1 [ o 2 | 1 loo6ug/ml 0 3 T7a 7 5 T 2 [ 0o [ o 0
‘lsug/ml. 3 [ 1 ‘ 2 } 0 { 0 1 9 0 ‘lsug/ml 0 ‘ [ 1 ‘ 0 } 0 { 2 ‘ 0 | 0
05ug/mL| 1 1 [ [ [} 4 5 1 05ug/mL | 1 2 1 2 3 1 4 3
dc3 [017ee/mi 0 oo T2 1T o 1 F| 025|050 | 175 117 (117 | 467 dP3 [17ug/mi 0 | 4 7 I W W I | 150 173 | 670 050 | 0.84 | 3.01
[0.06 ug/mi] 1 21T o o 0 [0.06 ug/mi 017 o "o 2 T3 T 5] 0
}lsuz/mL} 1 2 } 2 } 1 } 1 } 0 0 } 2 }l.sug mL } 0 } 3 0 } 6 } 0 } 4 } 8 I 0
05ug/mL| 2 0 3 2 1 1 o 1| 05ug/mL | 3 2 1 6 4 6 5 s |
dC4 ot a e 3 |5 |2 |3 [ar| [0 |075|09%| 382 | [11707| 3a dPA ot 13 1 {4 2 |2 [ s | [5 |2%0|289| 116 | |217|256| 985
[0.06 ug/mil 3 3 [ 3 [ 1 11 1 2 1] 0 l0.06ug/ml 1 T 3 2 [ 3 1 3 T 6 [ 1] 0
}1 5 ug/mL } 8 ‘\ 6 } 0 } 2 } 5 } 1 J‘ 27 f ) }1 5 ug/mL } 11 } 4 1 } 2 } 5 } 3 } 0 I 3
0.5 ug/mL |10 7 3 4 5 3 23| [0 | 05ug/mL | 1 2 1 3 2 2 4 ——
dCS oTnuemi 6 7 1 2 T 7 1 5 1 7 s [o |0 || 7 3671314 | 1309 dP5 lotug/mi s & T a5 |4 5] [0 |51 502 | 43356 1501
[0.06 ug/mi] 2 3 1 [0 [ 2[5 EN| 2 [0.06ug/mi 1" T"0 2 31 T T o] 1
[L5ug/mi] 3 N I O W N O s v | 0 [Sw/ml a4 775 T790 7 T 7 16 [ 6 | a
dce ‘g L“fg/'f“LL‘ 1 T I - I 2 2 I s 7] 175 (126 | 552 250 (122 617 dPe ‘g-i;‘:y"':‘lL‘ - I 5 I a I 5 I f I 2 I 5 | 175 (171 687 650|207 | 1272
‘o O6ug/mi| 8 |6 ‘ 3 } 3 3 4 9 2 ‘o .06 ug, mL{ 3 ‘ s | a ‘ 3 } 4 { 9 ‘ 2 | 0
}lsua/ml. } 2 2 } 16 } 0 } 1 } 2 8 J‘ 0 }15\12 mL } 4 } 1 1 } 2 } 2 } 0 } 20 I 1
05ug/mL | 0 1 1 2 1 3 5 1| 05ug/mL | 1 1 1 1 1 1 0| 1]
LSO 77T o o | 1251126 502 383|601 2187 dP7 losieimi 0 a1 o [ e [0 07|00 2 e
[0.06 ug/mi 0 4 [ 1 1 2 1 310 4] 3 [0.06ug/ml 11 2 T3 T2 T2 ] 1
[L5ug/mL ] 0 2 [0 1 31 T0 1] 0 [Sug/mi] 1 T 2 32 3 T2 5] 1
O5ug/mL| 1 | 1 [ 1 1 2 0 1 05ug/mL |0 3 0 1 1 3 ] 2
dcs 0371 ) 3 3 3 ) 3 3 100 (141 | 524 067|082 | 312 dP8 [oireimil 2 3 < 3 3 ST 3 5 250 [3.11| 11.83 250|105 | 565
I I T
0.06 ug/mil 0 3 a 1 5 2 o 0 0.06 ug/mll 0 3 3 5 2 7 3 7
}lsugmL} 0 0 } 0 } 1 } 0 } 1 } 0 } 0 }15uzml} 5 } 2 3 } 1 } 1 } 8 } 20 I 2
05ug/mL T 0 o [ 3 o 1 o o | 05ug/mL | 0 2 0 1 1 1 3 o |
dC9 om0 o i o [0 | o [ 0| [o 0% |00 o0 033|052 188 dP9 lorieimi 2 2 s 7 o {1 0| [0 0% |10 350 333|273 | 1153
[0.06 ug/mi 0 o [ o [ 0o 72T 0 o | 0 [0.06ug/mi 2 T2 o "2 [ o 1 T 0o 0
T5ug/ml |25 0 [ 0 [ T 1 [
0.5 ug/mL [ [} [ [ o 1
dP10 omﬁ mi 2 o T o o o 1 57 o 0.25 050 | 175 4.50 [10.05| 34.66
[0.06ug/mil 1 T 0 1 | o [ o [ 1 12 0
. . [Swg/m 1 T75 T 17 T°0 [0 [ 2 [ 2] 1
C N C | P de Pool 7770 e o s s o s
egatlve OntrO eptl e POoolIs ‘ dP11 }o.mg ml} 0 } T [ 0 } ) } ) } 2 } T I o 050|058 | 223 150 [1.87 | 711
0.06 ug/mi 0 4 1 1 1 o 1 1
15 ug/ml |20 T 0 ‘ 2 } T { [} 18 T
0.5 ug/mL |10 [ 1 0 [ o 87 1
‘ dP12 ot 1 |2 [0 |1 | o | 1 | 2| 100|082 | 345 400|787 2762
[0.06ug/mi 2" T"0 o "1 o T3 T 2
. [LSue/mi 3 T 0 a 0 1 3T 1] 0
pN1 |Nef Protein HIV LAN* 150 l05ug/mi 2 1 5 |3 1 [ 3 [ 5 | [0 |
- r dP13 oTpemil 0 [0 2 {1 s 1 o] [1 |0 e s 200180 | 769
pN2 |Gag polyprotein HIV LAN 150 loosugmil 0 15 T 0 [ 5 | 5> | s 1 0] [ 3
i *
pN3 _|Pol Polyprotein HIV LAN* 150 T e e 7
i 05 ug/mL |3 6 1 3 4 7 4 ——
pN4 Con_ B gag motif HIV LAN — 123 L — N e | 425330 | 1416 733|175 | 1259
pN5  |Actin Human P68133 92 [006 ug/mi 4 [ 7 3 | 3 [ 5 [ 5 [ 11 6
pN6 [Nucleoprotein Ebola-Thai B8XCN6** 182 }ég ue/mL } s } z s } s } 2 } s } 7 I s
5 ug/mi ——
pN7 |ENV GP HIV LAN* 150 dP15 [oizugjmi| 5 ‘ 4 3 ‘ a } 3 { 3 ‘ 2 | 5| 475|287 | 1337 483|160 | 964
0.06 ug/mll & 5 1 2 2 3 1 8
}1 5 ug/mL } 11 } 8 17 } 7 } 18 } 11 } 17 I
05ug/mL | 4 4 7 6 6 9 15 18
dP16 oTpgimil s |4 |3 | s | 3 | s | 16| 1567404 | 27.79 | |1200/456 | 2568
[0.06ug/ml 7 T 2 7 [ 7 8 [ 6 [ 18] 56
s e 2 [ a 2 a1 T2 1 [
05ug/mL |2 1 2 3 2 5 1 3
dP17 g Tugimi] 2 ) 3 ‘ o ) T ‘ o ‘ T | 3 350|387 | 1512 250 (122 | 617
0.06 ug/mil 4 1 0 4 3 2 4 9
T5ug/ml |4 1a 3 5 [ 1 [ 10 ] 2
P e | P [ ]
05ug/mL 12 | 11 3 4 14 9 6 4
dP18 ot 1 | s 7 {7 7 [anfe| [0 |2 |17 737 | |067 500 2402
l0.06ug/ml 6 13 6 3 31 21 2| 3

Table 1. IFN-y SFU counts triggered in both cohorts by control peptide pools. PBMC of 9 subjects with
SARS-CoV-2-PCR-verified infection (A) and PBMC from 18 subjects from Pre-Covid Era (B) where tested
in an ELISPOT assay with the peptides specified in (C). These peptide pools were tested in 4 serial
dilutions on each PBMC sample. Highlighted are SFU counts that exceeded the mean of the four
medium control SFU counts by more than 3 SD for the respective subject, as listed under “Media
Control”. The mean, SD and 3 SD for the Peptide Negative Control (PP Neg. Cont.) is also shown for
each subject as calculated from the SFU counts triggered by the six negative control peptide pools, pP1-
pP6, at 1.5 ug/mL, with the exclusion of pN7 (HIV Core protein), for reasons specified in the Text.
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Table 2. Affinity analysis of SFU counts triggered by SARS-CoV-2 peptides in PBMC of donors with SARS-
CoV-2-PCR-verified infection (A) and in pre-Covid Era subjects (B). Affinity levels are color-coded. Red:
high affinity, defined as four consecutive peptide dilutions eliciting a positive recall response with SFU
counts exceeding 3 SD of the negative peptide pool-based background (PP Neg. Contr.), as specified for
each PBMC sample on the right. Orange: intermediate affinity, defined as three consecutive peptide
dilutions eliciting a positive recall response. Yellow: low affinity, with only the two highest peptide
concentrations eliciting positive SFU counts.
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A
4 4 serial + peptides 31% 0%
3 3 serial + peptides 6% 3%
2 2 serial + peptides 10% 5%
1 First + only 10% 5%
B
4 4 serial + peptides 28% 36%
3 3 serial + peptides 6% 12%
2 2 serial + peptides 6% 11%
1 First + only 9% 23%

Table 3. Affinity distributions of T cells recognizing SARS-CoV-2 peptides in SARS-CoV-2-recovered and
Pre-COVID era subjects (A) vs. the affinity distribution of T cells recognizing EBV peptides in both
cohorts. Peptide pools eliciting positive T cell recall responses in the specified affinity level categories
within the cohort are shown in absolute numbers (No. Positive) or as the percentage of all positive
responses within the cohort (% Positive). The raw data are shown in Table 2 for the SARS-Cov-2
peptides, and in S. Table 5 for the EBV peptides.
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A
ID. 3 SFU
dc1 191 12% 13% 0% 40% 7%
dc2 267 12% 12% 0% 40% 2% 10%
dc3 230 10% 3% 5% 10% 10%
dca 264 3% 3% 7%
dcs 216 1% 0% 2%
dce 332 5% 31% 11% 2% 4%
dcz 253 12% 10% 9% 1% 51% 3% 15%
dcs 184 6% 21% 1% 16% 7%
dco 81 0% 0% 0% 8%
X na 6% 18% 8% 2% 40% 9% 16%
) na 4% 6% 6% 3% 9% 6% 12%
# Pept. na 66 102 231 74 315 53 53
X/(# Pept.) na 0.09% | 0.18% | 003% | 003% | 013% | 0.17% | 0.30%
B Reference Code for SARS-CoV-2 Peptide Pools
Code
Protein name AP3A | NCAP Nspl12 Nsp5 Spike Pool A | Spike Pool B S-RBD VME1
Protein-ID PODTC3| PODTCO| PODTC9:4393-5324| PODTC1:3264-3569/PODTD1:3264-3569 PODTC2 PODTC2:319-541| PODTCS

Table 4. T cell immune dominance of SARS-CoV-2 proteins. The total SARS-CoV-2-specific T cell mass
(D_SFU) was calculated by adding up for each SARS-CoV-2-recovered donor the numbers of SFU elicited
by all SARS-CoV-2 peptide pools in that donor at 1.5 pg/mL (see the raw data in Table 2). In the top
panel, the percentage of T cells targeting each of the SARS-CoV-2 antigens is shown relative to the total
clonal SARS-CoV-2-specific T cell mass in that individual, representing an immune dominance index. The
superimposed heatmap specifies the affinity level of the respective T cell population, with the color
code defined in Table 2. The lower panel shows the mean percentage (X) and SD of this
immunedominance index for the cohort. Addressing the hypothesis that T cell immune dominance of a
SARS-CoV-2 antigen is related to its size, the number of peptides in each pool is shown (# Pept.) and the
mean immune dominance index (X) is normalized for the number of peptides (X/(# Pept).
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A SARS-CoV-2 PCR-verified Subjects B Pre-COVID Era Subjects

1.5 ug/mL 3 0 11 1 4 25 1.5 ug/mL 7 8 6 13 [ 6 |
0.5 ug/mL. 5 1 5 1 2 1 0.5 ug/mL. ) 0 6 7
dci 0.17ug/mL 10 2 1 1 5 4 067|121 ) 430 dp1 0.17ug/mL 5 3 9 6 5 283|133 ] 682
0.06 ug/mL 2 3 3 1 3 9 0.06 ug/mL 10 3 9 5 3
1.5 ug/mL. 1 BE [ 2 | s 1.5 ug/mL 1 2 1 1 1 6 ) B
0.5 ug/mL 5 2 | 2| 9 0.5 ug/mlL 2 [ 4 2 [ 3 3 0
dc2 0.17ug/mL a | 9 | 10 100|255 565 dp2 0.17ug/mL 1 3 1 3 2 1 2 1 183 117 534
0.06 ug/mL 8 | o | 7 0.06 ug/mL 3 0 2 0 2 8 2 1
1.5 ug/mL 2 7 0 1 3 2 19 15 ug/mL 7 3 2 0 1 1 1 2
0.5 ug/mL 7 7 1 3 5 10 12 0.5 ug/mL 6 2 2 2 2 1 0 2
dc3 0.17ug/mL 3 5 1 5 2 20 13 el e el dp3 0.17ug/mL 0 14 1 1 2 2 [ 0 050|084 ] 301
0.06 ug/mL 3 [ 0 2 2 19 4 0.06 ug/mL 5 6 0 4 2 0 0 1
1.5 ug/mL 3 [ 6 | 1.5 ug/mL. 20 8 4 12 3 0 1 1
0.5 ug/mL 0 6 | | o | 0.5 ug/mL. 14 32 19 15 3 0 1 1
dc4 0.17ug/mL 0 3 | |4 | 147|075 | 342 dpP4 0.17ug/mL 3 29 13 ) 0 1 1 6 217 | 256 985
0.06 ug/mL s BEN 0.06 ug/mL 2 3 3 6 0 1 0 2
1.5 ug/mL 1 10 3 21 5 21 3 1 15 ug/mL 1 6 9 7 2 11 6 2
0.5 ug/mL 8 9 7 10 2 16 7 7 0.5 ug/mL 7 8 2 4 5 5 3 ]
7 | 314 | 1 4, 15.01
dcs 0.17ug/mL 2 3 3 9 4 13 3 9 367 3 309 dpP5 0.17ug/mL ] 8 3 1 1 6 10 1 33| 356 50
0.06 ug/mL 0 1 2 1 1 13 4 7 0.06 ug/mL 1 2 2 3 5 4 12 1
1.5 ug/mL. 0 34 1 12 14 1.5 ug/mL 1 4 5 7 4 6 7 6
0.5 ug/mL 2 21 2 3 | 4 B 0.5 ug/mL 2 4 3 7 6 7 o 2
[ 250 | 122 | 617 650 | 207 | 1272
dce 0.17ug/mL 3 24 2 14 6 dpé 0.17ug/mL 3 2 4 5 2 8 4 3
10.06 ug/mL 3 5 4 6 6 0.06 ug/mL. 2 6 1 5 1 4 3 0
1.5 ug/mlL 10 3 [ 27 3 25 3 6 1.5 ug/mL 10 10 5 16 1| 15 6 1
0.5 ug/mL 2 5 3 1 5 2 1 10 0.5 ug/mlL 13 0 10 13 3 | 2 7 6
dc7 0.17ug/mL 7 2 4 13 4 17 1 4 383 | 6o1) 8 dp7 0.17ug/mL 8 1 3 5 s | 6 B 4 167|137 577
0.06 ug/mL 3 1 3 5 [ 8 3 2 0.06 ug/mL 3 2 3 4 4 5 4 5
15 ug/mL 7 Z 9 6 2 3 15 ug/mL 4 10 2 1
0.5 ug/mL 12 3 4 ] [ ] 0.5 ug/mL 3 10 3 s
dcs 0.17ug/mL 10 7 10 2 3 1 067 | 082 312 dp8 0.17ug/mL 5 5 7 3 250 | 105 | 565
0.06 ug/mL 3 1 1 3 1 7 0.06 ug/mL 4 3 2 4
d 15 ug/mL [ 3 0 13 2 1 15 ug/mL 9 7 3 4 2 7 1 5
c9 0.5 ug/mL 2 4 0 5 0 1 0.5 ug/mL 11 0 2 3 0 4 0 3
0.17ug/mL 3 0 0 o | o 1 033|052 188 dP9 o hugmt s 1 1 1 1 4 3 4 333|275 153
0.06 ug/mL 1 [} 0 2 0 0 0.06 ug/mL 1 1 0 1 5 25 5 4
1.5 ug/mL 2 0 2 2 1 6 2 7
0.5 ug/mlL. 1 3 [ 1 [ 4 5 4
dP10 | 17ug/mL 2 [ [ 0 [ 2 3 1 450/11005] 3466
C Common Cold Coronavirus Peptide Pools e
1.5 ug/mL. 9 2
0.5 ug/mL. 9 3 | s |
150 | 187 a1
dP1l Gingmi | s N BN En e
. HKU-1 51 P1 0.06 ug/mL 10 3
HKU1 Uniport: Q5MQDO p B [ o | e N
HKU-1 52 pP2
229E S1 pP3 1.5 ug/mL 9 11 7 27 9 22 15
229E Uniport: P15423 054
g ig/mL 5 15 2 15 4 30 17
229E S2 pP4 dP12 01 7ug/mi A 5 5 5 3 o o 5 400 | 7.87 | 27.62
N NL63 S1 P5 0.06 ug/mL 7 4 2 7 3 8 5 1
NL63 Uniport: Q6Q1S2 1
NL63 S2 pP6
0C43 S1 pP7 1.5 ug/ml 10 15 13 9 0 3 4
0c43 Uniport: P36334 0.5 ug/mL 9 7 5 11 3 0 8
0C43 52 pP8 dpP13 0.17ug/mL 15 13 ) 7 1 3 3 200 | 150 769
0.06 ug/mL 6 7 12 6 1 1 0
15 ug/mL 12 11 7 28 8 19 10
0.5 ug/mL 8 13 8 30 7 20 7
7.33 | 17 12.
dpr14 0.17ug/mL 13 8 9 24 9 | 14 4 33 s 59
0.06 ug/mL 4 5 5 6 5 1 2
15 ug/mL 7 12 15 3 10
0.5 ug/mlL 10 1 10 9 7
dpP15 0.17ug/mL 5 8 10 10 6 483 | 160 964
0.06 ug/mL 2 3 10 8
1.5 ug/mL_ 21 22 25 63
0.5 ug/mlL. 18 28 18 34
dP16 | 17ug/mL 2 25 21 26 12001 436 | 2568
0.06 ug/mL 13 25 16 2
15 ug/mL 2 7 5 5 3 2 10
0.5 ug/mL 2 1 15 7 3 4 5
250 | 1.22 .1
dp17 0.17ug/mL 3 1 1 8 4 1 4 0 o1
0.06 ug/mL 3 2 4 4 5 23 6
15 ug/mL_ 8 12 18 33 9 19 1 12
0.5 ug/mlL. B 8 13 14 6 2 1 16
dP18 | 17ug/mL 7 10 13 26 12 8 1 967 | 509 2892
0.06 ug/mL 13 2 10 10 8 6 5 2

Table 5. T cell recall responses to Spike proteins of the four Common Cold Coronaviruses, 229E, NL63,
0C43, and HKU1, each represented due to size in two peptide pools. The code for the peptides is
deciphered in S. Table 2. Each peptide pools has been tested in the specified four concentrations in a
standard IFN-y ELISPOT assay. SFU counts exceeding 3SD of the mean of the negative peptide pool
control (PP. Neg. Contr.) shown on the left for each subject, are highlighted according to T cell affinity
levels, as specified in Table 2.
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