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Abstract

Background: Vaccine-induced neutralizing antibodies are key in combating the COVID-19 pandemic.
However, delays of boost immunization due to limited availability of vaccines may leave individuals
vulnerable to infection and prolonged or severe disease courses. The emergence of SARS-CoV-2
variants of concern (VOC), B.1.1.7 (United Kingdom), B.1.351 (South Africa), and P.1 (Brazil), may
exacerbate this issue, as the latter two are able to evade control by antibodies.

Methods: We assessed humoral and T cell responses against SARS-CoV-2 WT, VOC and endemic
human coronaviruses (hCoV) that were induced after single and double vaccination with BNT162b2.
Results: Despite readily detectable IgG against the receptor-binding domain (RBD) of the SARS-CoV-2
S protein at day 14 after a single vaccination, inhibition of SARS-CoV-2 S-driven host cell entry was
weak and particularly low for the B.1.351 variant. Frequencies of SARS-CoV-2 WT and VOC specific T
cells were low in many vaccinees after application of a single dose and influenced by immunity
against endemic hCoV. The second vaccination significantly boosted T cell frequencies reactive for
WT, B.1.1.7 and B.1.351 variants.

Conclusion: These results call into question whether neutralizing antibodies significantly contribute
to protection against COVID-19 upon single vaccination and suggest that cellular immunity is central

for the early defenses against COVID-19.
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Introduction

Several vaccines encoding the viral spike (S) protein have been approved to combat the
coronavirus disease 2019 (COVID-19) pandemic [1-3]. The recent emergence of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) variants of concern (VOC) B.1.1.7 in the UK,
B.1.351 in South Africa, and P.1 in Brazil may threaten measures to control the COVID-19 pandemic
due to their ease of transmission [4, 5] and, in case of variants B.1.351 and P.1, resistance to
neutralization by monoclonal antibodies (mAbs) and partial resistance to neutralization by
antibodies induced upon infection and vaccination [6-10].

Results from clinical trials and real-world data suggest that vaccine protection against
COVID-19 begins around two weeks after the first vaccine dose [1, 2, 11, 12]. However, only modest
neutralization activity of sera was observed shortly before the second vaccine administration, and
robust increase in neutralizing antibody titers required a second boosting dose [13, 14]. Due to the
accelerating pandemic and the associated need to provide at least partial protection at the
population level, the U.K. Joint Committee on Vaccines and Immunization has proposed extending
the time to the second vaccine dose to enable first vaccination of more individuals within a short
time period [15].

However, delaying time until second vaccination may lead to a sizable population of
vaccinees with incomplete or short-lived anti-SARS-CoV-2 immunity and this approach may favor the
emergence of escape variants. In order to address this question, we analyzed cellular and humoral
immune responses induced by a single dose vaccination of the mRNA vaccine BNT162b2. We also
determined the impact of preexisting immunity against human coronavirus (hCoV) on the vaccine

response.
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Results

Anti-SARS-CoV-2 S IgG and IgA levels were determined in individuals early (mean 8.7 days,
range 2 to 14 days) and late (mean 20.6 days, range 17-27 days) after immunization with a single 30
ug dose of BNT162b2 (n=124). In addition, samples obtained at mean 21 days (range 6-36 days) after
a second 30 pg dose (n=69) were analyzed. Antibodies of the IgG subtype directed against the S1
subunit of SARS-CoV-2 S became detectable around day 14 after the first shot. Almost all
participants had measurable 1gG levels 17 days after the first BNT162b2 dose and higher IgG levels
after the second shot as compared to convalescent COVID-19 patients after mild disease (Fig. 1 A-B).
Anti-SARS-CoV-2 IgA was detectable in most individuals at a mean of 20.2 days (range 19-25 days)
after the first vaccination with further increase after the booster (Fig. 1C). The magnitude of the anti-
SARS-CoV-2 S IgG antibody response was significantly higher 21 days after the second BNT162b2
dose and higher than convalescent COVID-19 patients after mild disease (Fig. 1B). Restricting the
analysis on intra-individual responses over time gave similar results (Fig. 1D+E).

When testing plasma samples in a surrogate virus neutralization test (sVNT) for inhibition of
RBD binding to plate-bound ACE2 receptor, a similar picture emerged (Fig. 1F, Suppl. Fig. S1). Most
plasma samples from day 2 to 14 after the first BNT162b2 vaccination remained below the cut-off
(30%) of the assay. In contrast, almost all participants had anti-SARS-CoV-2 S1 RBD inhibitory
antibodies detectable after day 17 post first BNT162b2 vaccination. The second vaccination
significantly increased inhibitory activity in this assay to levels above those in convalescent COVID-19
patients. To further assess the inhibitory activity of plasma samples after the first BNT162b2, we
diluted plasma with >50 % inhibition in the sVNT and compared the results to those from
convalescent COVID-19 patients or individuals 21 days after the second BNT162b2 vaccination.
Plasma samples with inhibitory activity less than 90% at the highest plasma concentration (1:20)
showed a rapid and linear decline by dilution. Only samples with baseline inhibition > 90%
maintained > 50% inhibition in the sVNT upon further dilution (Fig. 1G) indicating low antibody

concentrations in most plasma samples. Our data support the finding that anti-SARS-CoV-2
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antibodies need little affinity maturation [16, 17], and become detectable in the plasma at 10-14
days post first vaccination.

The sVNT showed a highly statistically significant correlation with anti-SARS-CoV-2 S IgG
concentrations (Fig. 1H) and, interestingly, convalescent COVID-19 patients exhibited higher SARS-
CoV-2 inhibiting activity despite having lower IgG levels as compared to single vaccinated individuals.
Finally, sVNT correlated closely to inhibition of SARS-CoV-2 S-driven host cell entry in a vesicular
stomatitis virus (VSV)-pseudotype-based assay for detection of neutralizing antibody responses (Fig.
11).

Next, we determined whether antibodies induced by a single BNT162b2 vaccination
inhibited host cell entry driven by WT S protein (harboring D614G) and the S proteins of variants
B.1.1.7, B.1.351 and P.1. For this, we used a VSV-based vector pseudotyped with respective S
proteins, as previously described [8]. Plasma collected from patients with severe, current COVID-19
WT was included as a control. These plasma samples reduced entry driven by WT S and the S protein
of variant B.1.1.7 with similar efficiency (Fig. 2A). In contrast, blockade of entry driven by the S
protein of P.1 and particularly the B.1.351 variant was less efficient (Fig. 2A), which is consistent with
our published data [8]. Similarly, and again in line with our previous results [8], plasma collected
from vaccinees 21 days after the second BNT162b2 dose efficiently neutralized entry driven by the
WT S protein and inhibition of entry driven by the S protein of B.1.1.7 was only marginally reduced
(Fig. 2C, Suppl. Fig. S2B). In contrast, inhibition of entry driven by the S proteins of variants P.1 and
particularly B.1.351 was less efficient (Fig. 2C, Suppl. Fig. S2B). Finally, plasma samples from the
same donors obtained 21 days after the first dose exerted no (n = 8) or low (n = 5) inhibitory activity
and reduced inhibition of entry driven by the S protein of B.1.351 was observed (Fig. 2B, Suppl. Fig.
S2A). The overall summary of the inhibition analysis of n=19 vaccinees after a single dose is depicted
in Fig. 2D and suggests that a single vaccination may frequently fail to induce a measurable
neutralizing antibody response. Moreover, if such a response is induced, it may fail to protect

against infection with the B.1.351 variant.
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Besides neutralizing antibodies, the S protein also harbors T-cell epitopes which are central
in COVID-19 immunity [18, 19]. To assess T cell immunity post vaccination, we analyzed the
frequencies of T cells producing interferon-gamma (IFNy) upon stimulation with peptide pools
derived from the S protein of SARS-CoV-2, hCoV-0OC43 and hCoV-299E, and cytomegalovirus (CMV)
pp65 (as control) by enzyme-linked immunospot assay (EliSpot). T cells reactive to peptide
stimulation from SARS-CoV-2 WT, B.1.1.7, and B.1.351 were undetectable in more than 40% of
vaccinees after a single BNT162b2 shot (Fig. 3A+B, Suppl. Fig. S3) but increased significantly
following boosting (Fig. 3A-C). Using an alternative in vitro SARS-CoV-2 specific cytokine release
assay analogous to the tuberculosis IFNy release assay [20, 21], we observed significantly increased
IFNy production by PBMCs after the first and second BNT162b2 vaccination as compared to controls,
but responses remained low in a sizable proportion of individuals after only one vaccination (Fig.
4A). Interestingly, when we analyzed the IFNy release assay results in single vaccinated individuals
with low or absent spw in the EliSpot assay (Fig. 4A, green open circles), we found no clear
correlation. In other words, in some vaccinees, low T cell frequencies were accompanied by strong
IFNy release, illustrating that both the quantity of specific T cells as well as qualitative cytokine
production per cell strongly. impact the overall antiviral response against SARS-CoV.2. This notion is
further supported by the observation that T cells from some vacinees in our study released
increased levels TNFa and IL-2 (Fig. 4A), while no other cytokine or chemokines where significantly
increased (Suppl. Fig. S4).

Prompted by weak antibody neutralization activity in almost all individuals and low or even
undetectable T cell frequencies after the first vaccination, we performed experiments to expand
vaccine-induced T cells. For this, we stimulated PBMCs with SARS-CoV-2 S1 and S2 peptide pools
from WT and VOC for seven days, which led to expansion and detection of responding T cells even in
those individuals with initially low or no T cell response (Fig. 4B). This expansion was absent in

healthy non-vaccinated controls with no anti-SARS-CoV-2 S IgG. In combination with our T cell
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analysis, we conclude that a single BNT162b2 dose is able to generate an effective antiviral T cell
response, likely contributing to the clinical efficiency observed two weeks after immunization.

SARS-CoV-2 is a member of the coronavirus family that includes hCoV-0C43, hCoV-HKU1,
hCoV-229E, and hCoV-NL63. For the two hCoV variants tested in our work, we observed a significant
expansion of hCoV-0C43 reactive T cells and an increase in hCoV-229E responsive T cells in the
EliSpot (Fig.3 A+B), suggesting a strong overlap of hCoV with SARS-CoV-2 immunity upon
vaccination. This overlap in response was further demonstrated by the significant positive
correlation of SARS-CoV-2 WT and variants B.1.1.7 responsive T cell frequencies with those against
hCoVs OC43 and 229E after the first and second BNT162b2 vaccination (Suppl. Fig. 5A), while no
correlation between SARS-CoV-2 T cell responses and those towards the unrelated virus CMV
occurred (Suppl. Fig. 5A). Importantly, T cell frequencies against SARS-CoV-2 WT also correlated
closely and increasingly after the second vaccination with those observed for SARS-CoV-2 VOC
(Suppl. Fig. 5B).
Discussion

Our comprehensive immunological analysis of B and T cell responses in a large number of
individuals after a single BNT162b2 vaccination reveals important findings for the understanding of
potential surrogates for protection against SARS-CoV2 WT, VOC, and preexisting cross-reactive
immune responses against endemic hCoV. The overall summary of the inhibition analysis of
vaccinees suggests that a single vaccination dose may frequently fail to induce a measurable
neutralizing antibody response. Moreover, if such a response is induced, it may fail to protect
against infection with the B.1.351 variant.

Clinical trials and real-world data from UK and Israel have shown protection against COVID-
19 caused by SARS-CoV-2 WT or the B.1.1.7 variant [22] at around 14 days after the first vaccination
against SARS-CoV-2 [1, 2][22]. Even before the second dose, BNT162b2 was highly effective, with a
vaccine efficacy of 92.6%, a finding similar to the first-dose efficacy of 92.1% reported for the mRNA-

1273 vaccine [23]. A retrospective study from Israel reported adjusted rate reductions of COVID-19
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of 47% (95% Cl 17-66) and 85% (71-92) for days 1-14 and days 15-28 after the first dose,
respectively [12]. Similar declines after the first vaccination were reported by others [22]. A large
prospective cohort study in Scotland revealed that the first dose of the BNT162b2 mRNA vaccine
was associated with a vaccine effect of 91% for reduced COVID-19 hospital admission 28—-34 days
post-vaccination, although some of the observed effects may have been influenced by other factors
[11]. These studies convincingly confirm the clinical efficacy of single and full BNT162b2 vaccination.
However, they provide no information of surrogates for protection, some find presumably indirect
vaccine program-associated effects at immediately after vaccination before immunologic
mechanisms could play a role [11, 12], and none determined single vaccine dose efficacy after the
surge of SARS-CoV-2 VOC.

Before the second BNT162b2 shot, we did not observe high titer neutralizing antibodies even
against SARS-CoV-2 WT, in line with a pre-print report by Angyal A et al,, in which neutralizing
antibodies to B.1.351 were not detectable in infection-naive individuals following a single BNT162b2
dose [24]. One might speculate that high titer neutralizing antibodies may be a more important
surrogate for outcomes after SARS-CoV-2 infection or after treatment with convalescent plasma
[25], but less for protection from SARS-CoV-2 infection or COVID-19 after vaccination with
BNT162b2. On the other hand, fully vaccinated individuals had only slightly reduced but overall
largely preserved neutralizing titers against the B.1.1.7 lineage, indicating that the B.1.1.7 variant will
not escape BNT162b2-mediated protection [26].

Our data on vaccine-induced immune responses are in line with our previous analyses in
convalescent COVID-19 patients [17] and shows that the magnitude of B and T cell responses against
SARS-CoV-2 upon vaccination is wide-ranging and differs for distinct virus variants. Particularly, the
magnitude of SARS-CoV-2-specific T cell responses shows great heterogeneity and is not readily
detectable after a single shot. This data suggests efficient T memory cell generation or booster of
natural immunity against coronavirus variants after single vaccination, which was reactive after long-

term in vitro stimulation with WT and mutant SARS-CoV-2 S peptide variants. These results provide
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evidence for potentially effective, albeit weak, T cell immune responses against SARS-CoV-2 WT and
VOC in a relevant proportion of individuals vaccinated with only the initial dose. This is in line with a
study by Angyal and colleagues, in which one dose of vaccine elicited a significant but modest
increase in T-cell responses in SARS-CoV-2-naive individuals, which was much more pronounced in
individuals with prior infection. T-cell responses after two doses in naive individuals were
comparable to those elicited by a single dose in previously infected participants. The authors
concluded that a single dose of vaccine generates comparable antibody and T-cell levels to those
detected weeks or months after natural infection, which are highly likely to confer similar levels of
protection against infection/re-infection [24]. In a study in health care workers without prior
infection, a single BNT162b2 shot resulted in inferior immunity against VOC as compared to a boost
vaccination in individuals with prior COVID-19. In addition, peptide pools containing B.1.1.7 and
B.1.351 spike mutations led to increased, abrogated or unchanged T cell responses depending on
human leukocyte antigen polymorphisms [27]. Studies in convalescent COVID-19 patients have
described that efficient SARS-CoV-2-specific T cell responses are associated with milder disease [17,
28], suggesting that T cell responses may be central to control of SARS-CoV-2 infection. However,
our study does not allow us to estimate whether these exclusively S-protein specific T cell responses
significantly add to protection against COVID-19. Specific correlates of protection can only be
established by studies observing a significant number of re-infections over time [17]. We suggest in-
depth T cell analysis for post-vaccine responses in individuals with incomplete antibody responses
due to e.g. immune deficiency in order to determine whether T cell responses are measurable in
these patients and provide a potential replacement for antibody mediated protection. Importantly,
undetectable T cell responses in standard T cell stimulation assays should not be interpreted as
absence of T cells responsive to SARS-CoV-2 S protein after vaccination.

Our findings on strongly related intraindividual hCoV and SARS-CoV-2 immune responses are
in line with our analyses in convalescent COVID-19 patients [29] and previously described

associations described overlapping B cell responses against a and -hCoVs [30]. Cross-reactivity
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against SARS-CoV-2 and endemic hCoVs are mediated primarily by memory CD4+ T cell responses
directed against conserved epitopes and have been reported in up to 50% of individuals [17, 18, 31-
33]. Predictably, T cell frequencies against SARS-CoV-2 WT also correlated closely and increasingly
after the second vaccination with those observed for SARS-CoV-2 VOC. Whether such cross-
reactivity also occurs through COVID-19 vaccination and whether individuals with cross-reactive T
cells may respond differently to vaccines than those without such memory cannot be concluded
from our data, since we did not assess pre-vaccination responses.[34-36].

Our study is limited by the fact that we were unable to assess T cell responses before
vaccination and that we only investigated one mRNA based vaccine. Secondly, the analyzed cellular
responses would benefit from further identification of T cell subsets and viral epitopes involved [24].
Thirdly, our study only considers systemic responses and studies of airway compartments or tissue-
resident T cells may be important to gain additional insights into protective immunity after
vaccination against COVID-19.

In summary, our data demonstrate suboptimal neutralizing antibody activity against SARS-
CoV-2 WT and VOC after a single BNT162b2 vaccination, consistent with previous studies[24, 35]. T
cells, which responded equally to spike-derived peptides from SARS-CoV-2 WT, B.1.1.7 and B.1.351
were detectable with a broad inter-individual range and influenced by cross-reactive T cells against
hCoV. We propose that non-neutralizing antibody function and/or cellular immunity constitute an
important outcome. after vaccination and may be part of the early defense against SARS-CoV-2
infection.'We conclude that studies confidently assessing COVID-19 protection and sterile immunity
against SARS-CoV-2 have yet to be completed and until then, variations in effective immunization

programs cannot be confidently recommended [35, 37].
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Methods

The study was approved by the Internal Review Board of Hannover Medical School (MHH, approval
number 3639_2017, 8973_B0O-K_2020, 9226_BO_K_2020, 9255_BO_K_2020, 9459_BO_K_2020) and
University Medicine Géttingen (approval number Septimmun Study 25/4/19 U). Following written
informed consent, peripheral blood samples were obtained by venipuncture. Vaccinees for this
analysis were health care professionals enrolled into the CoCo Study in 2020 before vaccination (See
Table 1) for detecting silent seroconversions against SARS-CoV-2 infection [38]. Individuals with
previous PCR confirmed SARS-CoV-2 infection or SARS-CoV-2 seroconversion before vaccinations
were excluded from this analysis. Blood samples from individuals vaccinated with the
BioNTech/Pfizer vaccine BNT162b2 were obtained mean 17.6 day (range 2 to 27 days) after the first
and mean 21 days (range 6 to 36 days) after the second dose. Characteristic for convalescent COVID-
19 patients with reverse transcriptase polymerase chain reaction (RT-PCR) test confirmed SARS-CoV-
2 infection before the occurrence of VOC in Germany are summarized in Table 1. After blood
collection, we obtained plasma from EDTA or lithium heparin blood (S-Monovette, Sarstedt) and
stored it at minus 80°C until use. PBMCs were isolated from whole blood samples by Ficoll gradient
centrifugation and stored in liquid nitrogen until use. For virus neutralization assays, we incubated

plasma samples at 56°C for 30 min to inactivate putative infectious virus.

Serology

SARS-CoV-2 IgG serology was performed by quantitative ELISA (anti-SARS-COV-2 S1 spike protein
domain/receptor binding domain IgG SARS-CoV-2-QuantiVac, Euroimmun, Libeck, Germany) in all
individuals according to the manufacturer’s instructions (dilution 1:400). Antibody levels are
expressed as RU/mL assessed from a calibration curve with values above 10 RU/mL defined as
positive. Anti-SARS-COV-2 S1 spike protein domain IgA; Euroimmun, Liibeck, Germany) was done
according to the manufacturer’s instructions. Antibody amounts are expressed as IgA ratio (optical

density divided by calibrator). The cPass Neutralization Antibody Detection kit (GeneScript) was used

120Z AINf 61 UO J8SN SEoIpaj\ SEIOUSID) 8P UOIOBWIOLU| 8P [BUOIOBN 01Ud) AQ €€1 L 0E9/SSSIRIO/PID/EE0 L 01 /10P/a[oIB-80UBAPE/PIO/WOoo dNno dlwapede//:sdiy Woll papeojumod]



to detect circulating neutralizing antibodies against SARS-CoV-2 that block the interaction between
the receptor binding domain (RBD) of the viral spike glycoprotein with the ACE2 cell surface
receptor. For additional information of viral entry inhibition assays and detection of IFNy release of

SARS-CoV-2 S responsive T cells, see Supplementary Data.

Statistics

Data are presented as single results where possible with median of groups depicted as. lines.
Alternatively, data are depicted as mean * standard deviation (SD). Comparison between groups
were performed by two-sided unpaired or paired student’s test, ANOVA with Bonferroni’s post hoc
analysis, Kruskal-Wallis test, or Fisher’s exact test, where appropriate. Statistical analysis was
performed by GraphPad Prism 5.01, which was also used for data illustration. A p-value of <0.05 was

considered significant.
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Table 1: Characteristics of convalescent COVID-19 patients and BNT162b2 vaccinees.

Convalescent COVID-19 patients

COVID-19 Severity

N= Age Male/female | Weeks since | outpatient | hospitalized | ICU
in years diagnosis
(range) (range)
37 41 (19-74) 13/24 9.03 (3-38) 33 1 3 Fig. 1
26 37 (19-57) 10/16 8.5 (3-36) 25 1 0 Fig. 3A
Suppl.
Fig. S3
20 54 (20-84)* 12/8 10.1 (7-14) 4 9 7 Fig. 4A
BNT162b2 vaccinees
148 | 40.6(22-66) 63/85 NA NA NA NA

* p<0.001, ANOVA with Bonferroni’s post hoc analysis) compared the other convalescent COVID-19
patients and the vaccinees. No significant differences for age or sex between the groups. NA=not
applicable
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Figure legends

Figure 1: Humoral immune response after BNT162b2 vaccination. (A) Time course of anti-SARS-
CoV-2 S protein IgG (n=124) after the first BNT162b2 dose. (B) Anti-SARS-CoV-2 S IgG responses in
relative units per mL (RU/mL) after the first (V1, grey and green dots, n=30 and n=87, respectively)
and second (V2, blue dots, n=87) BNT162b2 dose as indicated. Note the overlap to data in Fig. 1A.
Recovered COVID-19 patients (RC, n=37) are depicted in purple. (C) Anti-SARS-CoV-2 S IgA responses
after the first (n=65) and second (n=88) BNT162b2 vaccination as well as in _recovered COVID-19
patients (n=37). ELISA results are depicted as sample/calibrator ratio and labeled as in B. (D, E) Intra-
individual anti-SARS-CoV-2 S IgG and IgA responses as a function of time (grey dots, n=5-10, green
dots, n=31-38, and blue dots, n=29-36). (F) Inhibition in the sVNT after the first or second BNT162b2
vaccination or in recovered COVID-19 patients (RC) as indicated (grey dots, n=16, green dots, n=84,
blue dots, n=51, purple dots n=37). (G) Reciprocal plasma dilutions of the sVNT in convalescent
COVID-19 patients (purple), after the second BNT162b2 dose (blue) or after the first BNT162b2 dose
(green/grey). Note that only samples >50% inhibition at the lowest dilution (1:20) were further
titrated. (H) Correlation of inhibition (sVNT) and anti-SARS-CoV-2 S IgG (ELISA) after the first or
second BNT162b2 vaccination and in recovered COVID-19 patients as indicated for F. (I) Correlation
of the sVNT inhibition-with the NT50 of the pseudotype virus neutralization results (n=23) as
indicated. Dotted lines represent the assay cut offs as suggested by the manufacturer. *p<0.05,
**p<0.001, ***p<0.0001 by two-tailed paired student’s t test (D, E) or ANOVA with Bonferroni’s post

hoc analysis (B, C, F).

Figure 2: S protein of SARS-CoV-2 WT, B1.1.7, B.1351, and P.1 variants show reduced
neutralization sensitivity against plasma from single and twice BNT162b2 vaccinated individuals.
Pseudotypes bearing the indicated S proteins were incubated with different dilutions of plasma

derived from patients with severe COVID-19 (A) or plasma obtained shortly before the second dose
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BNT162b2 (B) or 21 days after the second dose (C) and inoculated onto Vero target cells.
Transduction efficiency was quantified by measuring virus-encoded luciferase activity in cell lysates
at 16-20 h post transduction. The results are shown as % inhibition. For normalization, S protein-
driven entry in the absence of plasma was set as 0%. Presented are the data from a single
experiment performed with technical triplicates. Error bars indicate SD. Most results were confirmed
in a second biological replicate. For more results and negative control see Suppl. Fig. S2. (D) Plasma
dilutions that lead to a 50% reduction in S protein-driven transduction (neutralization titer 50, NT50)
were calculated for convalescent COVID-19 plasma (purple, n=3) and vaccinee plasma after the first
(green, n=19) and second BNT162b2 dose (blue, n=10). The line represents the median NT50 of

single vaccinated individuals. WT = wildtype, NP = no plasma.

Figure 3: T cell frequencies against SARS-CoV-2 WT and variants B.1.1.7 and B.1.351, and hCoV
0C43 and 229E after the first and second BNT162b2 dose. IFNy EliSpot data for the SARS-CoV-2
variants and two hCoV from individuals vaccinated once (n=78-88) or twice (n=27-37) are shown.
The first samples (grey dots day 2-14, green dots day 17-27 after the first dose) depict data from
before the second vaccination and the second sample (blue dots) from 21 days after the second
BNT162b2 dose. Purple dots represent results from convalescent patients mean 8.5 weeks (range 3-
36 weeks) after mild COVID-19. (A) Data are depicted as the number of spots per well (spw)/2.5x10°
PBMCs. For CMVpp65, values from individuals irrespective if their CMV serostatus are depicted (note
the separate axis on the right). Bars represent median. (B) Number of individuals with zero (black)
or >1 (grey) spw in the IFNy EliSpot after the first (left column) or second (right column) BNT162b2
dose. (C) Changes in T cell frequencies as a function of time between the first (green dots) and the
second (blue dots) vaccination. *p<0.05, **p<0.01, ***p<0.001, by two-tailed student’s t test (A)

paired t-test (C) or Fisher’s exact test (B), ns=not significant.
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Figure 4: SARS-CoV-2 S protein induced cytokine release after a single and double BNT162b2 dose.
(A) IFNy release assay results obtained from PBMCs of single (V1, green dots/circles) or twice (V2,
blue dots) vaccinated individuals after restimulation with SARS-CoV-2 S protein for 24 h and
assessment of IFNy in the supernatant by ELISA or by multiplex cytokine/chemokine quantification
assay for TNFo and IL-2. Green circles indicate individuals with < 1 spw/2.5x10° PBMCs in the EliSpot
assay after the first vaccination. All twice vaccinated individuals analyzed here had > 1 spw/2.5x10°
PBMCs. Negative controls (N Ctr, grey dots) are from the same individuals as after the second
vaccination (blue dots) but from PBMC collected in 2019 before vaccination. Purple dots represent
results from PBMCs of convalescent patients with mild to severe COVID-19 (RC) at a mean 10.1
weeks (range 7-14 weeks) after symptom onset. For additional cytokine/chemokine results see
Suppl. Fig. S4. **p<0.01, ***p<0.001, calculated by Kruskal-Wallis test. (B) PBMCs from individuals
with low or zero spw after a single BNT162b2 dose (n=11) or healthy controls without anti-SARS-
CoV-2 S IgG (both green dots) were in vitro stimulated with overlapping peptide pools from SARS-
CoV-2 S WT protein for seven days and again assessed in the IFNy EliSpot with S protein-derived
peptide pools from SARS-CoV-2 WT or variants B.1.1.7 and B.1.351 as indicated. The black dots
depict spw of in vitro stimulated cells of the vaccinated individuals, the grey dots depict spw of

controls. Groups were compared by two-tailed paired student’s t test.
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