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ABSTRACT

The SARS-CoV-2 pandemic still represents a threat forimmunosuppressed and hematological malignancy (HM)
bearing patients, causing increased morbidity and mortality. Given the low anti-SARSCoV-2 IgG titers post-
vaccination, the COVID-19 threat prompted the prophylactic use of engineered anti-SARS-CoV-2 monoclonal
antibodies. In addition, potential clinical significance of T cell responses has been overlooked during the first
waves of the pandemic, calling for additional in-depth studies. We reported that the polarity and the repertoire
of T cell immune responses govern the susceptibility to SARS-CoV-2 infection in health care workers and solid
cancer patients. Here, we longitudinally analyzed humoral and cellular immune responses at each BNT162b2
mRNA vaccine injection in 47 HM patients under therapy. Only one-third of HM, mostly multiple myeloma
(MM) bearing patients, could mount S1-RBD-specific IgG responses following BNT162b2 mRNA vaccines. This
vaccine elicited a S1-RBD-specific Th1 immune response in about 20% patients, mostly in MM and Hodgkin
lymphoma, while exacerbating Th2 responses in the 10% cases that presented this recognition pattern at
baseline (mostly rituximab-treated patients). Performing a third booster barely improved the percentage of
patients developing an S1-RBD-specific Th1 immunity and failed to seroconvert additional HM patients. Finally,
16 patients were infected with SARS-CoV-2, of whom 6 developed a severe infection. Only S1-RBD-specific Th1
responses were associated with protection against SARS-CoV2 infection, while Th2 responses or anti-S1-RBD
IgG titers failed to correlate with protection. These findings herald the paramount relevance of vaccine-induced
Th1 immune responses in hematological malignancies.
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Introduction antibodies, with less emphasis on their potential to induce
T cell differentiation and activation.

Several reports exploring the humoral responses following
mRNA vaccination in immunocompromised patients heralded
low IgG anti-CoV-2 titers.””® Given the poor prognosis of

SARS-CoV-2 infected HM patients, immunization modalities

Patients with hematologic malignancies (HM) have been
severely hit by the COVID-19 pandemic caused by the severe
acute respiratory syndrome coronavirus 2 of the genus
Betacoronavirus (SARS-CoV-2). The SARS-CoV-2-related
mortality in this population is consistently reported at about

30 %."'”> These are rates observed before the vaccination era
and in the context of wild-type and alpha variants of SARS-
CoV-2.

We recently demonstrated that individuals susceptible to
SARS-CoV-2 infection exhibit a deficit in the T helper 1 (Thl)
peptide repertoire affecting the receptor-binding domain
(RBD) of the spike protein.* Therefore, mounting a Th1 mem-
ory response following vaccination is probably crucial to
ensure efficient protection against SARS-CoV-2 infection.
However, much of the focus in vaccine response has focused
on the capacity of antiviral vaccines to elicit neutralizing

have evolved toward a reinforced priming-boost regimen,
starting from two priming injections up to three priming
doses with a “booster” recall injection (for a total of 4 doses).
However, most of these works failed to deeply investigate T cell
responses and their clinical significance during mRNA
vaccination.

In this study, we performed a longitudinal monitoring of
BNT162b2 vaccine-induced SARS-CoV-2 specific humoral
and Th1/Th2 T cell responses in 47 HM patients during the
course of their cancer therapy with the aim to identify the most
reliable immunological correlate with protection against
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COVID-19. We found that BNT162b2 vaccine was poorly
immunogenic in HM patients, with less than one-third of
patients developing S1-RBD-specific IgG, Thl or Th2
responses. While the third priming dose did not increase the
percentage or titers of seroconversion, it slightly tended to
augment the magnitude of Th1 cell responses. Patients failing
to mount a humoral or cellular immune response following the
three priming doses did not benefit from the booster dose. S1-
RBD-specific Thl immunity but not Th2 nor humoral immune
responses represented the most suitable correlate of protection
against SARS-CoV-2 infection in HM patients.

Methods
Patient and cohort characteristics

Forty-seven patients diagnosed with a variety of HM were
included (Table 1) in the ONCOVID - Cohort 6 - clinical
trial (ethic protocol number EudraCT: 2020-001250-21,
https://clinicaltrials.gov/ct2/show/NCT04341207), between
March 5, 2021, and April 22, 2021. This study was con-
ducted after written informed consent in accordance with
Good Clinical Practice guidelines and the provisions of the
Declaration of Helsinki. These patients were all actively
treated for their HM disease following standard-of-care,
receiving either chemotherapy, anti-CD20 therapy alone
or in association with chemotherapy, anti-CD38 therapy,
or immunosuppressive drugs post allogeneic hematopoietic
stem cell transplantation. Patients received a minimum of 2
priming BNT162b2 injections. A third priming injection

and a booster injection (5 months minimum after the last
priming dose) were systematically offered to all patients.
Visit 1 (V1) corresponds to the day of the first priming
vaccine dose. V2, V3, and V4 are, respectively, the second,
the third priming dose, and a consultation without immu-
nization 1 month after the previous one. Finally, V5 corre-
sponds to a consultation 1 month after the booster
immunization dose. Blood samples were collected in hepar-
inized tubes at five different time points (illustrated in
Figure 1b). We longitudinally monitored the occurrence of
SARS-CoV-2 infection by asking at each hospital visit or by
telephone, on a monthly basis, whether the patient had
been infected with SARS-CoV-2, as assessed by the PCR
routine test or an antigenic test. The last follow-up took
place on August 17, 2022.

Anti-SARS-CoV-2 immunoglobulin measurements

Serologic analyses of SARS-CoV-2-specific IgA, IgM, and
IgG antibodies were measured in 173 serum samples from
47 patients with the Maverick SARS-CoV-2 Multi-Antigen
Serology Panel (Genalyte) according to the manufacturer’s
instructions. The Maverick SARS-CoV-2 Multi-Antigen
Serology Panel (Genalyte) is able to detect antibodies to
SARS-CoV-2 antigens: nucleocapsid (NC) and Spike S1-
RBD in a multiplex format based on photonic ring reso-
nance technology. Results are given as Genalyte Reactive
Unit (GRU). Fifty GRU are equivalents to 250 Binding anti-
body units (BAU).

Table 1. Patient characteristics in the two groups based on SARS-CoV-2 non-infected and infected patients with hematological malignancies. Comparisons between
SARS-CoV-2 infected versus uninfected patients were performed using unpaired Student t-tests and Fisher exact tests, respectively, for quantitative and qualitative

variables.
No CoV-2 CoV-2 infection.
infection. n = 31 n=16
Characteristics n (%) n (%) n (%) p value
Gender
Female 24 511 15 484 9 56.3 0.760
Male 23 48.9 16 51.6 7 43.7
Age (years). mean + SEM 63.3 +17.1 66.9 + 13.9 57.5 +19.8 0.013
range (18-92)
Number of anti CoV-2 vaccine shots. mean + range (2-4) 3406 3+07 3+07 0.723
SEM
Anti CoV-2 vaccination boost* 34 723 21 67.7 13 813 0.49%
Hematological malignancies 0.940
B cell non Hodgkin lymphoma 21 448 13 42 8 50
Hodgkin lymphoma 8 17.0 5 16.1 3 18.7
Multiple myeloma 8 17.0 5 16.1 3 18.7
Acute myeloid leukemia 5 10.6 4 12.9 1 6.3
Others 5 10.6 4 129 1 6.3
Ongoing therapy 0.736
Chemotherapy 16 34.0 11 355 5 313
Chemotherapy + Rituximab 15 319 10 322 5 313
Daratumumab based regimen 7 14.9 4 129 3 18.7
Rituximab alone 6 12.8 3 9.7 3 18.7
Others 3 6.4 3 9.7 0 0
Cancer status at vaccination Controlled disease 39 82.9 26 83.9 13 81.3 0.821
Uncontrolled disease 8 171 5 16.1 3 18.7
Known COVID19 infection before vaccination 3 6.4 1 3.2 2 125 0.264
CoV-2 infection characteristics
time from last vaccine injection, month. mean + 2.59 +2.70
SEM
delta CoV-2 6 37.5

omicron CoV-2

10 62.5
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Figure 1. Antibody responses after BNT162b2 injections in HM patients. a. SARS-CoV-2 related hospitalization rates and mortality rates observed in Gustave Roussy
Cancer Campus from March 2020 to February 2021, prior to vaccination, in patients with solid tumors and hematologic malignancies. b. Vaccination schedule and
sample collection. Study participants received two or three priming doses of BNT162b2 on months 0, 1 and 2 and a booster dose at least 5 months after the last priming
dose. Sera and PBMC were obtained on month 0 (pre-priming), 1, 2 and 3 and one month after the booster dose. c. Anti-CoV-2 S1-RBD IgG, IgM and IgA levels were
measured in the sera during the priming dose injections. d. Anti-CoV-2 nucleocapsid (NC) IgG and IgM levels were measured in the sera. The three HM patients
previously infected with SARS-CoV-2 are depicted in orange. e-f. Anti-CoV-2 S1-RBD IgG levels are shown according to HM type (e) and booster dose (f) (yes, n = 12, no,
n = 5). Chi® test analysis was performed for a. Paired student t-tests were performed for c-f. GRU: Genalyte Reactive Unit.

Isolation of PBMCs from fresh peripheral blood

Venous blood samples (20 mL) were collected in heparinized
tubes (BD Vacutainer LH 170 U.L). Less than 8 hours after the
blood collection, peripheral blood mononuclear cells (PBMCs)
were freshly isolated by the lymphocyte separation medium

(Eurobio Scientific) followed by a Ficoll Hypaque density gra-
dient centrifugation according to the manufacturer’s instruc-
tions (Leucosep tubes, Greiner; Biocoll, Bio&SELL). PBMCs
were aliquoted in 1 mL of cryopreservation medium (CryoStor,
STEMCELLS Technologies) in cryovials (two cryovials per
patient) and stored in liquid nitrogen.
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In vitro stimulation assay with single RBD wild-type and
mutated peptides

Lyophilized peptides were dissolved in sterile water and used at
2 ug/mL in RPMI 1640 glutamax media (GIBCO) supplemen-
ted with 1% penicillin/streptomycin (GIBCO). Single peptides
(24 in total, described in Table S1) were plated in duplicates in
96-well round-bottom TPP-treated culture plates. A pool of
wild-type SARS-CoV-2 RBD peptides and a pool of mutated
SARS-CoV-2 RBD peptides were plated in duplicate. Peptide
plates were then stored at —80°C until use. The day of the
experiment, peptide plates were thawed at room temperature.
Frozen PBMCs were thawed, washed, and resuspended in
RPMI 1640 media (GIBCO). Viability and count were evalu-
ated using a Vi-Cell XR Cell Counter (Beckman Coulter).
PBMCs were then plated in RPMI 1640 glutamax media
(GIBCO) supplemented with 1% penicillin/streptomycin
(GIBCO), with 200 UI/mL rhIL2 (Miltenyi) and 200 UI/mL
rhIL15 (Miltenyi) at a cell density of 10 x 10° cells and incu-
bated with each peptide or each pool of peptide at 37°C in 5%
CO,. PBMCs were stimulated with 60 ng/mL OKT-3 antibody
(Thermo Fisher Scientific, clone OKT3) as positive controls,
and PBMC:s alone served as negative controls. After 6 hours, 20
uL of human AB serum was added to each well and plates were
incubated at 37°C in 5% CO, for 6 additional days. On day 7,
supernatants were harvested and frozen at —80°C. The concen-
tration of IFNy and IL-5 in the culture supernatant was deter-
mined using a commercial ELISA kit (BioLegend: ELISA MAX
Deluxe Set Human IFNy (cat. #430104), ELISA MAX Deluxe
Set Human IL5 (cat. #430404)).

Accelerated semi-automatic whole blood peptide-based
assay using VIDAS’®

Fresh blood collected in heparinized tubes was stimulated for
22 hours at 37°C under 5% CO, with peptide pools spanning
distinctive genomic sequences of the wild-type or mutated RBD
sequence (Supplementary Table 2) diluted in IFA solution
(bioMérieux). The IFA solution was used as a negative control,
and a mitogen (MIT) was used as a positive control. We used 15-
mer peptides covering the wild-type or mutated RBD region
(Supplementary Table 2). The concentration of IFNY in the super-
natant was measured using the VIDAS automated platform
(VIDAS IFNy RUO, bioMérieux). The positivity range was 0.08
to 0.3 IU/mL, and IFA positivity thresholds were defined at 0.08
IU/ml. The IFNy response was defined as positive when the IFNy
concentration of the test was above threshold and the negative
control was below threshold. All positive controls were =1 IU/mL.

Statistical analyses

Group comparisons were performed using nonparametric test
with the Wilcoxon-Mann-Whitney test for independent sam-
ples and the Wilcoxon signed rank test for paired samples. The
comparison of categorical data was performed using the
Fisher's exact test. All hypothesis tests were two-sided and
considered statistically significant when p < .05. Graphical

illustrations were drawn using the standard GraphPad Prism
visualization.

Results

BNT162b2 mRNA vaccination in a cohort of HM patient

. . 1. 123,10
As reported worldwide across various hospitals, we

observed a high rate of moderate or severe SARS-CoV-2 infec-
tions among cancer patients at the Gustave Roussy Cancer
Campus, Villejuif, France, during the first wave of the pan-
demic. Indeed, patients with hematological malignancies (HM)
had significantly more severe SARS-CoV-2 infections than
patients with solid tumors. From March 2020 to
February 2021 prior to vaccination, we retrospectively
observed an 86% (70/81) SARS-CoV-2-related hospitalization
rate in HM patients, compared with 68% (250/370) in solid
tumor bearing patients and a significantly higher SARS-CoV
-2-related 30-day-mortality rate in HM patients than in solid
tumor patients (21%, 17/81, versus 9%, 34/370, Figure la).

To better understand the potential causality link between
the vaccination introduction and the reduction of mortality
after February 2021, we conducted a longitudinal translational
research study including 47 patients diagnosed with HM and
undergoing anti-cancer treatments, to characterize humoral
and T cell responses elicited by the BNT162b2 mRNA vaccine
and we prospectively recorded the incidence and severity of
SARS-CoV-2 infection in the subsequent waves of the COVID-
19 pandemic (up to August 2022) (Figure 1b). Patient char-
acteristics are described in Table 1. In the context of the
vaccination campaign, two priming doses of BNT162b2
mRNA vaccine were administered 28 days apart. In accordance
with the recommendations of the French Health Authorities,
a third priming dose 28 d apart from the last one was offered to
HM patients. Twenty patients (42.6%) received two priming
doses and 27 patients (57.4%) received three priming doses.
A minimum of 5 months later, 34 patients (72.3%) received
a booster injection.

We prospectively collected the PBMCs and sera at each
priming dose and 1 month after the last dose. We were able
to collect PBMCs and sera from 12 patients 1 month after the
booster dose, and concomitantly, we also harvested samples
from 5 patients who did not receive a booster dose (Figure 1b,
visit 5). In parallel, the incidence of SARS-CoV-2 infection and
its severity were monitored throughout the study (up to
18 months after initial inclusions).

Humoral responses following BNT162b2 vaccination are
impaired in most HM patients

To characterize the B cell response elicited by mRNA vaccina-
tion in our cohort of HM patients, we measured anti-SARS-
CoV-2 (CoV-2) IgG, IgM, and IgA antibody titers at each visit
(Figure 1b). To distinguish the humoral response elicited by
mRNA vaccination (encoding the spike protein, including its
receptor-binding domain S1-RBD) from that post-SARS-CoV
-2 infection (giving rise to potential responses directed against
the structural proteins such as the nucleocapsid (NC)), we
specifically monitored Ig titers directed against CoV-2 S1-



RBD and NG, the latter being increased only after viral infec-
tion. BNT162b2 administration led to a significant increase of
anti-CoV-2 S1-RBD IgG titers, with no effect on anti-CoV-2
S1-RBD IgM and IgA titers (Figure 1c). In addition, anti-CoV
-2 S1-RBD IgG titers were significantly higher after three
priming doses than after two priming doses (Figure 1c, left
panel). However, the number of patients who developed
a robust immune response (defined as >50 GRU, which is
equivalent to 250 BAU) did not increase significantly after
the third priming injection. These results suggest that the
third priming injection provides only a quantitative increase
in anti-CoV-2 S1-RBD IgG in HM patients. HM patients who
failed to develop a humoral response after two priming injec-
tions did not benefit from a third priming injection. As
a positive control of viral encounter, the three HM patients
who had been infected with SARS-CoV-2 prior to vaccination
had high titers of anti-CoV-2 NC IgG at baseline (V1), but low
titers of anti-CoV-2 NC IgA and IgM that were not affected by
BNT162b2 injections (Figure 1d). Strikingly, we observed that
only patients with multiple myeloma were able to achieve
a robust anti-CoV-2 S1-RBD IgG response after priming
doses of BNT162b2, in contrast to patients with B-cell non-
Hodgkin lymphoma, Hodgkin lymphoma, and acute myeloid
leukemia (Figure le).

We obtained sera from 17 patients at visit 5, of whom 12
patients received a booster dose and 5 did not. We did not
observe a significant increase of anti-CoV-2 S1-RBD IgG titers
between patients who received the booster and those who did
not (figure 1f). In addition, patients who did not mount
a humoral response after the priming doses also did not
develop a humoral response after the booster dose (figure 1f).

Altogether, only multiple myeloma could mount S1-RBD-
specific IgG responses following BNT162b2 mRNA vaccines,
while most of the other HM patients appeared refractory, even
after four inoculations of the vaccine.

S1-RBD-specific Th1 dominate over Th2 responses after
BNT162b2 vaccines in HM patients

To further dissect cellular responses following BNT162b2
injections in HM patients, we developed an in vitro assay, as
previously described.* Fifteen-mer non-overlapping amino
acid sequences covering the SARS-CoV-2 S1-RBD domain, as
well as positive controls (OKT3) and negative controls (PBMC
alone and SARS-CoV-2 nucleocapsid 8), were plated in dupli-
cate in 96 well plates. The selected amino acid sequences
included peptides from the wild-type SARS-CoV-2 Wuhan
strain and from SARS-CoV-2 variants of concern (alpha to
omicron). The complete list of peptides is described in Table S1.
Additionally, a pool of wild-type peptides and a pool of their
mutant counterparts were plated to measure the overall
response to S1-RBD protein. After a 7 d in vitro stimulation
of PBMC with each peptide supplemented with IL-2 and IL-15,
we monitored IFNy, and IL-5, proxies for Thl and Th2
responses, respectively, to examine the polarization of S1-
RBD specific T-cell responses (Figure 2a).

The T cell secretory pattern specific to S1-RBD was more
geared toward Thl (IFNy) than Th2 (IL-5) production
(Figure 2b). Indeed, IFNy and IL-5 were secreted in 10/46
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(22%) and 5/46 patients (11%), respectively. Only three prim-
ing doses resulted in a significant increase in IFNy release
against both wild-type or mutated epitopes (Figure S1A-B).
With the exception of one patient, the booster dose did not
trigger an S1-RBD specific Thl cell response if it was not
initially observed after the priming doses (Figure 2b). In con-
trast to Th1 responses, IL-5 reactivity was already detectable at
baseline (in the absence of prior history of COVID-19) in 2/5
reactive individuals and was acquired or exacerbated during
immunization in 4 additional cases (Figure 2b, Figure S1C). Of
note, patients with Hodgkin lymphoma (3/8, 37%), multiple
myeloma (3/8, 37%), or acute myeloid leukemia (2/6, 33%)
tended to mount S1-RBD-specific Thl responses more effi-
ciently than the B-cell non-Hodgkin lymphoma patients (3/
21,14%). Interestingly, all (but one) Th2 responses were
obtained from rituximab-treated patients. Moreover, the
breadth of peptide recognition coverage was very narrow for
the Thl specificity. Indeed, IFNy production was directed
toward one or two wild-type epitope(s) for responder patients,
with poor cross-reactivity with mutated counterparts
(Figure 2c). In contrast, the peptide repertoire leading to IL-5
release was somewhat broader and more cross-reactive with
mutated epitopes than the Th1 repertoire (Figure 2c).

Strikingly, no Thl or Th2 memory response could be
observed in the three patients who had been previously
infected with SARS-CoV-2 before vaccination, despite the pre-
sence of high titers of anti-CoV-2 nucleocapsid IgG at baseline.

To further confirm these findings, we reanalyzed wild-type
and mutant RBD-specific T-cell reactivities after vaccination
(V2 or V3) in 17 HM patients, using a simple 22-h whole-blood
stimulation assay allowing the quantitative measurement of
IFNy against two pools of wild-type or mutant SI-RBD pep-
tides using the enzyme-linked fluorescent assay technique in an
automated platform (VIDAS IFNy’, Figure 2d, Table S2). We
observed approximately 11% and 15% of IFNy reactivities
against the pool of wild-type and mutated S1-RBD peptides,
respectively. Overall, the percentage of IFNy reactivities against
wild-type or mutant S1-RBD peptides remained low whatever
the techniques performed.

Of note, only 2% of HM patients developed both anti-S1-
RBD IgG and S1-RBD-specific T cell response after two priming
doses, increasing to 4% after three priming doses (figure 2f).
Interestingly, there was no correlation between lymphocyte
counts at baseline or anti-S1-RBD IgG titers and peptide-
specific cytokine release (Figure S1C-D). Of note, IFNYy reactivity
to the positive control (OKT3) was preserved for almost all B-cell
lymphoma patients (20/21), 6/8 Hodgkin lymphoma patients,
and 7/8 multiple myeloma patients. However, T cell capability to
produce IFNy in response to OKT3 was reduced in acute mye-
loid leukemia patients (3/6 patients) (Figure S1E). Patients’ IL-5
release to OKT?3 was less prominent than secretion of IFNy.

Altogether, using two different assays, we showed that the
BNT162b2 mRNA vaccine was capable of triggering Thl
immune responses in only 20% of HM patients, mostly
Hodgkin lymphoma and multiple myeloma bearing patients
with little cross-reactivity against the corresponding mutant
epitopes of the VOC. Baseline S1-RBD-specific Th2 responses
were mostly found in rituximab-treated B cell lymphoma
patients.
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Th1 responses are associated with protection against
SARS-CoV-2 infection

To determine the clinical significance of these humoral and
T-cell responses monitored during the vaccination course, we
asked (during a hospital visit or by telephone) to all patients on
a monthly basis, for up to 18 months after inclusion, whether
they were infected with SARS-CoV-2. Sixteen patients (34%)
ultimately developed SARS-CoV-2 infection after full vaccina-
tion (Figure 3a), within a mean time of 2.6 months following the
last vaccine injection (Table 1). These patients were infected
with delta VOC (37.5%) or omicron VOC (62.5%). Of these, 10
(21%) developed mild infection, and 6 (13%) developed severe
infection including one patient who died of SARS-CoV-2 infec-
tion (Figure 3b). Strikingly, none of the patients who were
infected with SARS-CoV-2 had developed S1-RBD-specific
Th1 response after vaccination (Figure 3c). The presence of
anti-S1-RBD IgG humoral response was not protective against
SARS-CoV-2 infection (Figure 3c). Post-vaccine S1-RBD Thl
response appears to be the most suitable surrogate for protective
immunity against SARS-CoV-2 infection and morbidity, in
contrast to humoral responses. Strikingly, the unique patient
who presented a post-vaccine S1-RBD Th2 response and got
infected with SARS-CoV-2, had a very severe infection requir-
ing intensive care management, supporting our previous study
showing that a disbalance between type 1 and 2 cytokine release
was associated with high susceptibility to COVID-19.” Despite
the low number of severe SARS-CoV-2 infection, we could
undoubtedly identify that anti-S1-RBD IgG failed to protect
against severe SARS-CoV-2 infection, highlighting the necessity
to develop a S1-RBD-specific Th1 immunity after vaccination to
be protected against SARS-CoV-2 infection and morbidity.

Discussion

Here, we report that only one-third of HM patients developed
anti-S1-RBD IgG, mainly multiple myeloma patients. This
result was expected and is consistent with previous
studies.>®''""* Administration of a third priming dose did
not significantly increase the number of seroconverted

patients. It has been reported that anti-CD20 therapy skewed
vaccine responses, compromising circulating follicular helper
T (TFH) cell responses while preserving CD8 T cell induction
and Th1 cell priming.'® In our cohort, we did observe a lack of
humoral response in B cell lymphoma (treated with anti-
CD20), as expected, but we did not notice a compensatory
IENy T cell response. In contrast, B-cell lymphoma patients
mounted a S1-RBD-specific Th1 immunity less frequently than
Hodgkin lymphoma, multiple myeloma, or acute myeloid leu-
kemia, despite subnormal IFNy release upon TCR cross-
linking (OKT3 stimulation). In fact, despite their small num-
bers, anti-CD20-treated individuals exhibited exacerbated S1-
RBD-specific Th2 responses following immunization.

Of note, we only explored T cell responses against the S1-
RBD amino-acid sequences since this T cell repertoire was
the only clinically significant one for the protection against
COVID-19 in the first waves of the pandemic.* Hence, we
showed that the vaccine elicited a S1-RBD T cell response in
approximately 30% of patients. This T cell response was
predominantly oriented toward a Thl response. We could
not predict the amplitude of vaccine-induced Thl responses
based on the patient lymphocyte count at baseline nor IgG
titers. Finally, the wild-type S1-RBD Thl immunity was
poorly cross-reactive to the VOC-related S1-RBD peptides.
Of note, almost all patients responded to TCR cross-linking,
suggesting that the lack of immunization against S1-RBD
could not be assigned to therapy-induced T cell anergy. Th1
cells can produce IFNy, IL-2, and TNF and promote macro-
phage activation, antibody-dependent cell cytotoxicity,
delayed type hypersensitivity, and opsonizing and comple-
ment-fixing IgG2a antibody production.'” Indeed, none of
the 16 patients who were infected with SARS-CoV-2 in our
longitudinal cohort succeeded in mounting the canonical
SI-RBD specific Thl response despite vaccination while
harboring high titers of anti-S1-RBD IgG. Automated
screening of Thl reactivities is currently under
development™'® and may identify patients in critical need
of prophylactic anti-SARS-CoV-2 targeted measures. Of
note, none of the patients have received Omicron-specific
boosters at the time of the study since these vaccines were
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not available. This booster should be systematically offered
to all hematological patients.

Given the impact of distinct adjuvants on the epigenetic
marks of antigen presenting cells,’” one might postulate that
alternate vaccination strategies could be more suitable than
mRNA nanoparticles to reinstate T cell immunity, depend-
ing on the HM subtype. The BioNtech/Pfizer vaccine was
shown to activate CD8 + T cell response in a type
I interferon-dependent MDAS5 signaling® that might be
altered in distinct HM diseases. Such vaccination alterna-
tives have been proposed, including CoVac-1, a peptide-
based vaccine candidate endowed with safety and efficacy
for Thl responses.”*> A phase I-II clinical trial assessing
the safety and immunogenicity of SARS-CoV-2 derived
multi-peptide vaccine in combination with the TLR1/2
ligand XS15 in adults with congenital or acquired B-cell/
antibody deficiency is ongoing (NCT04954469) and may
provide important information. Moreover, as the strategy
of mRNA vaccines develops exponentially*® with new tar-
gets such as influenza- and cytomegalo-viruses, it is of
crucial importance to understand the bases of their immu-
nogenicity in immunocompromised individuals, who are
likely to be the primary target of these future vaccines.
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