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Abstract

Background: Mast cells are key players in innate immunity and the Th2 adaptive immune
response. The latter counterbalances the Th1l response, which is critical for antiviral immunity.
Clonal mast cell activation disorders (c(MCADs, such as mastocytosis and clonal mast cell
activation syndrome) are characterized by abnormal mast cell accumulation and/or activation.
No data on the antiviral immune response in patients with MCADs have been published.

Objective: To study a comprehensive range of outcomes in cMCAD patients with PCR- or
serologically confirmed COVID-19 and to characterize the specific anti-SARS-CoV-2 immune

response in this setting.
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Methods: Clinical follow-up and outcome data were collected prospectively over a 12-month
period by members of the French Centre de Référence des Mastocytoses rare disease network.
Anti-SARS-CoV-2-specific T-cell activity was measured with an enzyme-linked immunospot
assay, and humoral responses were evaluated by assaying circulating levels of specific 1gG,
IgA and neutralizing antibodies.

Results: Overall, 32 cMCAD patients were evaluated. None required non-invasive or
mechanical ventilation. Two patients were admitted to hospital for oxygen and steroid therapy.
The SARS-CoV-2-specific immune response was characterized in 21 of the 32 patients. Most
had high counts of circulating SARS-CoV-2-specific, interferon (IFN)-y-producing T-cells and
high titers of neutralizing anti-spike 1gGs. The patients frequently showed spontaneous T-cell
IFN-y production in the absence of stimulation; this production was correlated with basal
circulating tryptase levels (a marker of the mast cell burden).

Conclusion: Patients with cMCADs might not be at risk of severe COVID-19 — perhaps due to

their spontaneous production of IFN-y.

Highlights box:

What is already known about this topic?

Mast cells are key players in the Th2 immune response but not in antiviral immune responses.
Data on antiviral responses (and especially responses against coronaviruses) in patients with

clonal mast cell activation disorders have not previously been reported.

What does this article add to our knowledge?

In a comprehensive, prospective study, we did not observe any cases of severe COVID-19

among groups of patients with clonal mast cell activation disorders. The patients showed
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effective anti-coronavirus immune responses. Spontaneous interferon gamma release (in the
absence of T-cell stimulation) was observed frequently in patients with clonal mast cell
activation disorders and was correlated with the basal tryptase level.

How does this study impact current management guidelines?

The observed spontaneous production of interferon gamma (correlated with the mast cell
burden) suggests that mast cells have a role in the antiviral immune response. The four patients
with serial serologic measurements became seronegative over time. Hence, anti-SARS-CoV-2
vaccination after COVID-19 is strongly recommended in patients with clonal mast cell

activation disorders.

Key words: SARS-CoV-2, COVID-19, Mast cells, Mastocytosis, Clonal mast cell activation

syndrome, Mast cell activation disorders, T-cells, B-cells

Abbreviations

APHP: Assistance Publique - Hopitaux de Paris (Paris Public Hospital Group)
BMI: body mass index

CEREMAST: Centre de Référence des Mastocytoses
CM: cutaneous mastocytosis

cMCAD: clonal mast cell activation disorder
COVID-19: coronavirus disease 19

HEK: human embryonic kidney

IFN: interferon

ISM: indolent systemic mastocytosis

MIS: mastocytosis in the skin

MCAS: mast cell activation syndrome

MMAS: monoclonal mast cell activation syndrome
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NK: natural killer

PBMC: peripheral blood mononuclear cell

PHA: phytohemagglutinin

PMSI: Programme de médicalisation des systemes d'information
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2
SSM: smoldering systemic mastocytosis

WHO: World Health Organization

Introduction

Clonal mast cell activation disorders (c(MCADS) constitute a heterogeneous disease spectrum
that ranges from monoclonal mast cell activation syndrome (MMAS) to mastocytosis and is
characterized by the pathological activation and/or accumulation of mast cells (MC)®. In adults,
the most frequent cMCAD is indolent systemic mastocytosis (ISM). Advanced mastocytosis
(including aggressive systemic mastocytosis, MC leukemia, and systemic mastocytosis with an

associated hematological neoplasm) is rarer and is linked to a poor prognosis®?,

Coronavirus disease 2019 (COVID-19) is a potentially fatal, pandemic infectious disease
caused by severe respiratory syndrome coronavirus 2 (SARS-CoV-2)*. A body of compelling
pathophysiological data suggests that interferons (IFNs) have a major role in disease control.
These includes type I IFN (produced by plasmacytoid dendritic cells) and type 111 IFN (IFN-y)
produced by T-cells from the adaptive immune system in the early and late phases of the

disease, respectively® 2,

One can hypothesize that the MCs’ ability to drive Th2 responses®*! (which counterbalance
Th1 responses) might impair antiviral immunity in patients with cMCADs. Furthermore,
histamine blocks the in vitro activity of plasmacytoid dendritic cells; in vivo, this might weaken

antiviral immune responses'?. MCs might therefore (i) contribute to COVID-19-induced
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inflammation by releasing pro-inflammatory cytokines such as interleukin (IL-)1, IL-6, and
tumor necrosis factor (TNF) and (ii) exacerbate COVID-19 lung damage via degranulationt4,

If so, this would render patients with cMCAD more susceptible to severe COVID-109.

Over a 12-month period, members of the French Centre de Référence des Mastocytoses
(CEREMAST) rare disease network collected data prospectively on the patients with cMCADs
(MMAS and mastocytosis) and a positive PCR test or serology assay for SARS-CoV-2. Here,

we describe the patients’ clinical course, outcomes, and immunologic characteristics.
Methods
Patients

The members of the CEREMAST network collected data prospectively from patients with a
cMCAD and COVID-19, as documented by either a positive SARS-CoV-2 PCR test on a nasal
swab or symptoms suggestive of COVID-19 and a positive anti-SARS-CoV-2 serology assay.
Patients with symptoms suggestive of COVID-19 but who lacked a positive PCR test or a
positive serology assay for SARS-CoV-2 infection were excluded from the study. The study
data were covered cases recorded between February 1%, 2020, and February 1%, 2021. cMCADs

were diagnosed according to the 2016 World Health Organization (WHO) classification*°.

Firstly, we sent a questionnaire to all adult patients (aged 18 or over) with mastocytosis or
MMAS and for whom recent follow-up data were available in the CEREMAST national
registry (n=828) and who were participating in a study sponsored by the Association Francaise
pour les Initiatives de Recherche sur le Mastocyte et les Mastocytose (AFIRMM) study. The
questionnaire was designed to collect data on any signs of MC activation displayed during
COVID-19, the patient’s treatments, and the patient’s specific signs and outcomes related to
COVID-19. We then classified the patients as having had proven COVID-19 or not (Figure 1).

Subsequently, we surveyed all members of the CEREMAST network (n=24) and thereby
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collected data on patients who had presented with COVID-19 but had not replied to the
questionnaire. To check that we had not missed any severe cases (at least in the greater Paris
region, as a proxy for national coverage), we also searched the French national hospital
discharge database (Programme de meédicalisation des systémes d‘information, PMSI) for
cMCAD patients admitted for COVID-19 to hospitals in the Assistance Publique - Hopitaux de
Paris (the Paris Public Hospital Group, which treats 8.3 million patients a year). All patients
with confirmed COVID-19 were assayed for anti-SARS-CoV-2 antibodies. In order to
characterize the anti-SARS-CoV-2 immune response, patients included in the AFIRMM
register were asked to provide a blood sample (for serology testing) during a follow-up

consultation.

For the experiment on spontaneous IFN-y production, we incorporated a control group of
patients with idiopathic mast cell activation syndrome (MCAS) and who had either experienced
mild-to-moderate COVID-19 (n=2) or had no history of COVID-19 (n=9). MCAS was
diagnosed according to the modified European Competence Network on Mastocytosis
guidelines®®. An increase in the serum total tryptase level by at least 20% above baseline plus
2 ng/mL during or within 4 hours of a symptomatic period was not investigated in the majority
of patients.

To measure the spontaneous production of [FNy in the ELIspot assay, we studied PBMCs from
patients with cMCADs and MCAS (with and without a history of COVID-19) and healthy

donors with a history of COVID-19.
Ethic Statements

All the patients with cMCADs were followed up in CEREMAST mastocytosis network
reference centers and were enrolled in a prospective, nationwide, multicenter study sponsored

by AFIRMM. The AFIRMM study was approved by the local investigational review board
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(Comité de Protection des Personnes lle-de-France, France; reference: 93-00) and was carried
out in compliance with the principles of the Declaration of Helsinki. The patients gave their
written informed consent to participation. The patients’ blood samples were obtained as part of
routine follow-up care for their cMCADs. Data on the control cohorts were collected
prospectively and analyzed as part of the COVID-HOP study (Clinicaltrials.gov:

NCT04418375; other study identifier: APHP200609).
Immunological assays

SARS-CoV-2 specific T-cell responses were evaluated by measuring the cells’ IFN-y
production in an enzyme-linked immunospot (ELISpot) assay. Briefly, peripheral blood
mononuclear cells (PBMCs) were isolated from fresh blood collected during a follow-up
consultation. After isolation on a Ficoll density gradient, the PBMCs were stimulated for 18 to
20 h with individual 15-mer 11-aa overlapping peptide pools for various SARS-CoV-2 proteins
or common coronavirus proteins. Each responding cell generated a spot. The ELISpot results
were expressed as the number of spot-forming cell (SFCs)/10® CD3* T-cells after the

subtraction of background values from wells with non-stimulated cells.

The negative controls were PBMCs cultured in RPMI-1640 medium supplemented with L-
glutamine, sodium bicarbonate (Sigma-Aldrich, Molsheim, France) and 10% human AB serum
(Biowest, Nuaillé, France), in the absence of stimulation. The positive controls were
phytohemagglutinin (PHA) (Sigma-Aldrich) and the CEFX Ultra SuperStim Pool (JPT Peptide
Technologies GmbH, BioNTech AG, Berlin, Germany). The tested SARS-CoV-2 peptide pools
were derived from a peptide scan through the SARS-CoV-2 spike glycoprotein (two pools: S1
for the N-terminal fragment, and S2 for the C-terminal fragment), membrane protein (M),

nucleoprotein (N), envelope small membrane protein (E), and ORF3a protein. We also tested
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peptide pools derived from the spike glycoprotein of the common human alpha-coronaviruses

(HCoV-229E and HCoV-NL63) and beta-coronaviruses (HCoV-0OC43 and HCoV-HKUL1).

The humoral immune response (including the production of anti-spike SARS-CoV-2 IgG, IgA
antibodies and the neutralizing ability of anti-spike 1gGs) was characterized using previously
described S-flow and S-pseudotype neutralization assays'’. Briefly, the S-flow assay used
human embryonic kidney (HEK)293T cells transduced with the SARS-CoV-2 spike protein.
Cells were incubated with sera from patients (dilution: 1:300) and stained with either anti-1gG
or anti-IgA antibodies. The fluorescent signal was measured by flow cytometry. For the S-
pseudotype neutralization assay, pseudotyped viruses carrying SARS-CoV-2 spike protein
were used. The viral pseudotypes were incubated with the sera to be tested (dilution: 1:100),
added to transduced HEK293T cells expressing ACE2, and incubated for 48 h at 37°C. The

assay measures the anti-S antibodies’ ability to neutralize an infection, as described elsewhere!’.
Non-cMCAD control groups

For each group, the number of patients, the median age and the sex ratio are reported in
Supplemental Table E1. Four control groups were used in this study: (i) non-MCAD patients
convalescing from mild-to-moderate (n=17) and (ii) severe (n=15) forms of COVID-19 and
who had already been evaluated with SARS-CoV-2 ELISpot and serology assays in Necker
Hospital’s immunology laboratory, (iii) idiopathic MCAS patients with or without a history of
COVID-19, and (iv) non-MCAD patients with no history of COVID-19 (n=15). We compared
the cMCAD patients with age-matched MCAS patients who presented symptoms of MC
activation and were being treated with antimediator agents; at the time of the SARS-CoV-2
infection and the immunoassays, all 11 of the MCAS patients were being treated with H1

antihistamines, 8 were being treated with H2 antihistamines, and 5 were being treated with
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montelukast. The cMCAD and MCAS patient subgroups did not differ significantly with regard

to age (mean age: 45.6 vs. 49.2, respectively; p=0.35).

Statistics

Statistical analyses were performed using GraphPad Prism software (version 6.0; GraphPad
Software, Inc., La Jolla, CA). Groups were compared using Student’s t test, a chi-square test or
Fisher’s exact test, as appropriate. Data were expressed as the mean, median [interquartile
range], or median (range). The threshold for statistical significance was set to p<0.05 (*,

p<0.05; **, p<0.01; ***, p<0.001, **** p<0.0001, in figure legends).

Results

From February 1%, 2020, to February 1%, 2021, 32 patients with cMCADs and proven COVID-
19 were prospectively identified by the CEREMAST network (Figure 1). Eighteen of the 32
had replied to the questionnaire, and 14 patients had been subsequently identified by referring
physicians in CEREMAST centers. No additional inpatient cases were found in the APHP

database.

The characteristics and outcomes of the 32 patients with cMCADs and COVID-19 are
summarized in Table 1. The median (range) age was 49.7 years (range: 25.6-76.4), with female
predominance (59.4%). The cMCAD subtype was cutaneous mastocytosis or mastocytosis in
the skin in 14 patients, ISM in 15 patients, smoldering systemic mastocytosis (SSM) in one
patient, and MMAS in 2 patients. Of the 21 patients having undergone genetic testing, 18
(85.7%) carried the D816V KIT mutation. Ten patients (31.3%) had experienced a severe
anaphylactic reaction, and the median (range) basal serum tryptase level before the appearance

of clinical or laboratory signs of COVID-19 was 13.0 pg/L (2.7-163.0 pg/L). Risk factors for
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severe COVID-19 were present in 13 of the 32 patients (40.6%), and four had at least two risk
factors'®: a body mass index >30 (n=4), age >65 (n= 4), ongoing cytoreductive therapy
(midostaurin or cladribine) or recent (in the previous 12 months) administration of cladribine
(n=3), cardiovascular conditions (including arterial hypertension and chronic heart failure)
(n=7), and diabetes (n=2). At the time of the SARS-CoV-2 infection, 23 of the 32 patients
(71.9%) were taking symptomatic medications (H1 antihistamines, H2 antihistamines, and/or
montelukast), one patient with SSM was receiving midostaurin after failure to respond to

cladribine, and one patient with ISM had recently received cladribine.

With regard to the diagnosis of COVID-19, 23 of the 32 patients (71.9%) had a positive SARS-
CoV-2 PCR test on a nasal swab, and 9 of the 32 had a negative PCR test (or did not undergo
a PCR test on a nasal swab, due to non-availability of the procedure at the time of infection)
and positive serology test. The great majority of the patients (29 out of 32) became seropositive
during their follow-up. As expected, patients with subsequently available serum samples (n=4)
became seronegative after a median follow-up of 33.0 weeks. Regarding the symptoms of
COVID-19, 22 of the 32 (68.8%) patients had fever (>38°C), and 18 (56.3%) had anosmia
and/or ageusia. Only two patients were admitted to hospital for corticosteroid therapy and
oxygen therapy (corresponding to stage 5 on the WHO COVID-19 clinical progression scale®)
but neither required non-invasive or mechanical ventilation. Interestingly, 8 of the 32 patients
(25.0%) reported an increase in signs of MC activation during the episode of COVID-19, while

3 (9.4%) reported a decrease. No recurrences of the infection were reported.

The specific cellular and humoral anti-SARS-CoV-2 immune responses were studied in 21
patients with cMCADs a median [IQR] of 24 weeks [7—-36] from infection. Overall, 20 of the
21 cMCAD patients developed a specific T-cell response against at least one of the SARS-
CoV-2 peptide pools tested. The responses were usually moderately intense. The median [IQR]

intensity was 37 [ 24-130] SFC/10° CD3 for the S1 pool, 108 [23-201] SFC/10° CD3 for the
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S2 pool, 62 [21-146] SFC/10% CD3 for the M pool, 78 [48-256] SFC/10° CD3 for the N pool
and 23 [10-66] SFC/10% CD3 for the AP3a pool. The only patient (#6) who did not develop a
specific T-cell response was young (38), had presented mild symptoms of COVID-19
(confirmed by a positive PCR test on a nasal swab), and did not have a history of

immunodeficiency or immunosuppressive therapy.

Interestingly, the frequencies and intensities of the S2, M, N and AP3a pool responses observed
for cMCAD patients were similar to those observed for the control group of patients with mild-
moderate COVID-19 (n=17) (Figure 2). However, the median [IQR] response for the spike
glycoprotein N-terminal fragment pool was significantly lower for the patients with cMCADs
(37 [24-130] SFC/10% CD3) than for the mild-to-moderate COVID-19 controls (114 [52—289]
SFC/10% CD3; p=0.0288). The SARS-CoV-2 specific T-cell responses were significantly lower
for cMCAD patients (p<0.001) than in severe COVID-19 controls (n=15), with the exception
of the N pool (Figure 2). It is noteworthy that we did not detect (or detected very few) specific
T-cell responses to the SARS-CoV-2 envelope small membrane protein in any of the groups.
The anti-SARS-CoV-2 immune profiles of patient #20 (grade 5 on the WHO COVID-19
clinical progression scale) and patient #30 (who had recently been given cladribine) did not

appear to differ from those observed in the other patients.

To evaluate the overall anticoronavirus immune response in 18 patients with cMCADs, we
studied T-cell specific responses against the spike glycoprotein of human alpha- and beta-
coronaviruses HCoV-229E, HCoV-NL63, HCoV-0C43 and HCoV-HKUL. Two peptide pools
(S1 and S2) were tested, as had been done for the SARS-CoV-2 spike glycoprotein
(Supplemental figure E1). The samples from cMCAD patients and non-cMCAD controls gave
very similar responses. We did not evidence any defects in the anti-endemic coronavirus
response in patients with cMCADs; the frequencies and intensities were similar to those

observed for non-cMCAD controls. The same was true when comparing IFN-y production
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responses to the ELISpot positive control CEFX Ultra SuperStim Pool (containing 176 known
peptide epitopes derived from a broad range of infectious agents) in cMCAD vs. non-cMCAD

patients (Supplemental figure E2).

In parallel with the ELISpot assay, we also used a high-sensitivity assay (the S-flow assay) to
study SARS-CoV-2-specific IgG and IgA in 15 cMCAD patients. Fourteen of the 15 patients
were positive for 1gG, and 7 of the 15 were positive for IgA. The IgG-negative patient (#6) had
a negative ELISpot assay. Furthermore, we used a viral pseudoparticle neutralization assay to
determine whether the SARS-CoV-2-specific IgGs were neutralizing. We detected neutralizing
antibodies in 12 of the 14 1gG-seropositive patients (86%) and found that anti-SARS-CoV-2
seropositivity (the 1gG titer) was associated with a high level of neutralizing antibody

(Supplemental figure E3).

Interestingly, inspection of the ELISpot plates showed that the background signal was
significantly higher in cMCAD wells than in non-cMCAD control wells. In wells containing
non-stimulated PBMCs in culture medium but with no peptide pools, we counted more than 10
small spots per 2x10° CD3+ cells in 10 of the 24 cMCAD patients (with or without a history of
COVID-19), 3 of the 31 non-cMCAD controls (p=0.009 in Fisher's exact test), and 2 of the 11
controls with idiopathic MCAS (Figure 3A).

It should be noted that the SARS-CoV-2-specific spots were much larger and more intense than
the background spots (Figure 3B-E). Thus, adjustment the ELISpot reader’s settings made it
possible to count the SARS-CoV-2-specific spots accurately and objectively. This phenomenon
resulted from spontaneous IFN-y release in the absence of stimulation. Given that we had tested
the total PBMC fraction, we were not able to identify the specific subset of IFN-y producing
cells. PBMCs include T-cells, B-cells, natural killer (NK) cells, monocytes, and other myeloid
cells (such as dendritic cells). Spontaneous IFN-y release can be associated with elevated levels

of basal T-cell activation. In a study of HIV-1-seronegative people, Liu et al.?° reported that the



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

NUOJIHITIVI WL Ul. 12U

frequency of activated CD4+ T-cells (CD4+CD38+HLA-DR+) and CD8+ T-cells
(CD8+CD38+HLA-DR+) was greater in individuals with a high background than in individuals
with a low background. Another hypothesis involves NK cells, which might contribute to the
maintenance of an elevated baseline IFN-y level. It has been reported that NK cells from
polyallergic patients spontaneously released greater amounts of IFN-y, IL-4, IL-5 and IL-13
than NK cells from healthy individuals did? - highlighting the in vivo activation of NK cells in
atopic patients and suggesting that NK cells might be involved in an unbalanced cytokine
network in allergic inflammation.

Accordingly, we sought to determine whether the spontaneous release of IFN-y by PBMCs
from cMCAD patients was related to NK cell activity, as has been reported for polyallergic
patients. Human NK cells can be divided into NK1 and NK2 subsets on the basis of their ability
to secrete IFN-y?2. NK1 secrete IFN-y and inhibits IgE synthesis in allergy?l. Levels of total
IgE might therefore constitute an indirect marker of NK1 activation. Thus, we determined the
total IgE titer in sera from 17 patients with cMCADs. The cohort’s total IgE levels were
generally low (median [IQR]: 20 1U/ml [IQR 12.8 — 36.5], and were not correlated with
spontaneous IFN-y release. Lastly, we sought to determine whether the spontaneous IFN-y
release was correlated with the patients’ characteristics. Although there was no correlation
between spontaneous IFN-y release and age, current symptomatic medications, a history of
anaphylaxis, or the presence of the KIT D816V mutation, the basal serum tryptase level was
indeed correlated in patients with cutaneous mastocytosis, MIS, or ISM (Figure 4, r?>=0.61,

p=0.0004).

Discussion
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To the best of our knowledge, the present study is the first to have investigated the antiviral
immune response in patients with cMCADs. Given that MCs are key players in the Th2 immune
response, one could reasonably fear that patients with cMCADs might produce abnormally poor
immune responses to infections by viruses like SARS-CoV-2. To address this hypothesis, we
studied a comprehensive range of responses and outcomes in cMCAD patients having
developed PCR- or serology-confirmed COVID-19 during a 12-month period in France.
Overall, no cases of severe COVID-19 were observed in this comprehensive series of patients
- despite the high prevalence of risk factors (obesity, advanced age, cardiovascular conditions,
immunosuppressive treatments, etc.). Strikingly, only two patients (with one and three risk
factors, respectively) had to be hospitalized for low-flow oxygen therapy, and the outcomes
were favorable in both cases. These findings are in line with recently published data from an
international study?. However, the present study extends our knowledge of cMCADs and
COVID-19 because of the exhaustive nature of our inclusion process for patients with cMCADs
through the nationwide CEREMAST rare disease network. Indeed, whenever a patient with
mastocytosis not referenced in the CEREMAST network was hospitalized for the treatment of
COVID-19 in an intensive care unit, the local and national reference centers were systematically
contacted for an expert opinion on potential drug contraindications (due to the mandatory
precautions needed for anesthesia). The exhaustive recruitment of patients with cMCADs and
severe or life-threatening COVID-19 was confirmed by consulting PMSI hospital discharge
records for the greater Paris region; we did not retrieve any inpatients who had not been detected
through the CEREMAST network. For obvious reasons, the only source of study bias was
related to patients with asymptomatic, mild or moderate forms of COVID-19 who did not

require hospitalization nor request advice from their referring physicians.

To characterize the antiviral immune responses in patients with cMCADSs, we have investigated,

using ELISpot assay, the T-cells specific responses against SARS-CoV-2, endemic coronavirus
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and the CEFX Ultra SuperStim Pool containing 176 known peptide epitopes derived from a
broad range infectious agent. Furthermore, we studied the specific humoral anti-SARS-CoV-2
response by assaying circulating levels of specific 1IgG and IgA antibodies and neutralizing
antibodies.

We observed that patients with cMCADs and non-cMCAD controls with a history of mild or
moderate COVID-19 had very similar T-cell profiles in response to SARS-CoV-2, endemic
coronaviruses, and the CEFX Ultra SuperStim Pool. Considering these observations as a whole
and in contrast to initial expectations, we believe that patients with mastocytosis were indeed
able to develop an effective, protective Thl cell response against SARS-CoV-2. Thus, MCs
from patients with cMCADs do not appear to worsen the Thl response. However, given that
less intense responses against SARS-CoV-2 spike glycoprotein were observed in cMCAD
patients, we cannot rule out an impact of MCs on the amplitude of the Th1 response; this would
raise concerns about the post-immunization cellular response. Furthermore, recent research has
shown that MCs are involved in the Thl response in general and the Thl response to viruses in
particular?*26, MCs might have a role in the Th1/Th2 balance that is potentially important for

preventing the development of severe forms of COVID-109.

Unexpectedly, our ELISpot assay results revealed that spontaneous IFN-y release from PBMCs
(i.e. release in the absence of any stimulation) was more frequent in cMCAD patients than in
controls. We found that spontaneous IFN-y release was positively correlated with the cMCAD
patients’ basal tryptase levels; this was the only correlated clinical and laboratory characteristic,
in fact. Although tryptase is very unlikely to be directly involved in this phenotype (especially
since patients with advanced mastocytosis have very high tryptase levels and are not known to
be especially protected against infection), we believe that the clonal MC burden is linked to
IFN-vy release in patients with non-advanced mastocytosis. To the best of our knowledge, this

finding has not previously been reported in the literature and may suggest a degree of additional
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protection against severe viral diseases. Our laboratory is now working to determine whether
this observation is related to either a specific cytokine profile in a patient’s plasma or a direct
cellular interaction between MCs and T-cells. If confirmed, this specific phenotype in cMCAD

patients might lead to therapeutic implications in the field of infectious diseases.

Overall, our results showed that patients with cMCADs were able to develop effective,
protective cellular and humoral responses to SARS-CoV-2. However, all four of the evaluable
patients with serial serology data had become seronegative after a median of 33.0 weeks. Thus,
anti-SARS-CoV-2 vaccination is strongly recommended in this specific patient population,

although its level of effectiveness remains to be characterized.

In conclusion, non-advanced mastocytosis and MMAS appear not to confer an elevated risk of
severe COVID-19 on patients. This finding might be due to the spontaneous IFN-y production
observed in patients with cMCADs but must be confirmed by further clinical and laboratory
studies. If confirmed, this specific immune profile might explain the observed protection against

severe COVID-19.
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# Sex Age BMI cMCADs KIT History of Risk  Tryptase Treatment: Treatment: Treatment: Cytoreductive COVID-19 c¢cMCAD symptoms Fever during Anosmia/ SARS-CoV-2 SARS-CoV-2

mutation severe factors po/L anti-H1 anti-H2  montelukast therapy scale during COVID-19 COVID-19 ageusia during PCR test serology
anaphylaxis COVID-19

1 F 256 174 ISM WT no no 3.9 no yes no no 2 no change yes yes yes positive
2 F 267 243 CM D816V no no 4.4 yes no yes no 2 more severe yes yes yes negative
3 F 299 239 MIS NA no no 4.7 no no no no 2 no change no no no positive
4 F 334 281 CM D816V yes no 6.6 yes no no no 2 no change yes yes no positive
5 F 355 331 MIS NA no yes 74 no no no no 2 no change no yes yes positive
6 F 383 184 ISM D816V yes no 7.0 no no no no 2 more severe no no yes negative
7 F 403 210 CM WT no no 8.1 yes no no no 2 no change no yes no positive
8 F 414 225 ISM NA no no 7.7 yes no no no 2 less severe yes yes yes positive
9 F 423 200 MMAS D816V yes no 18.5 yes no yes no 2 more severe no yes yes positive
10 M 424 335 ISM D816V no yes 2.7 yes no no no 2 less severe yes yes yes positive
11 F 433 250 CM WT yes no 13.0 yes no yes no 2 no change yes no yes positive
12 F 433 243 ISM D816V yes yes 60.0 yes yes no yes 2 more severe yes yes yes positive
13 F 438 25.1 MIS NA no no 13.0 no no no no 2 no change yes yes yes positive
14 M 453 308 MMAS D816V yes yes 45.0 yes no no no 2 no change yes no no positive
15 F 481 176 ISM D816V yes no 99.8 yes no yes no 2 no change no yes yes positive
16 M 491 274 ISM D816V no no 14.8 yes yes no no 2 more severe yes yes no positive
17 M 503 23.2 MIS NA no no 18.6 yes no no no 2 no change no no yes positive
18 M 517 264 ISM D816V no no 42.8 yes no no no 2 no change yes yes yes positive
19 F 522 195 ISM NA no no 7.9 yes no yes no 2 no change yes no no positive
20 F 524 30.1 CM D816V no yes 37.2 yes no no no 5* more severe yes no yes positive
21 F 529 175 ISM D816V no yes 38.6 yes no no no 2 no change yes yes yes negative
22 F 531 270 MIS NA no no 314 no no no no 2 no change yes yes yes positive
23 M 56.0 26.8 ISM NA no yes 19.0 no no no no 2 no change yes yes no positive
24 F 596 216 MIS NA no no 56.0 no no no no 2 more severe no no yes positive
25 M 60.7 26.6 CM D816V no no 12.0 no no no no 1 no change no no yes positive
26 M 622 265 ISM D816V no yes 6.1 yes no no no 2 no change yes no no positive
27 M 622 242 CM D816V no no 18.6 yes no no no 2 no change yes yes yes positive
28 M 632 281 MIS NA yes yes 11.2 yes no yes no 2 no change no yes yes positive
29 M 656 26.7 ISM D816V yes yes 27.8 no no no no 5* no change yes no yes positive
30 F 739 212 SSM D816V no yes 163.0 no yes no yes 2 no change yes no no positive
31 M 762 254 ISM D816V yes yes 8.5 yes no no no 3 less severe yes no yes positive
32 M 765 278 ISM NA no yes 7.6 no yes no no 2 more severe yes no yes positive

Table 1: Characteristics of patients with cMCADs and COVID-19 and their outcomes. Patients are listed in order of increasing age (years). #:
patient number. F: female. M: male. BMI: body mass index. MIS: mastocytosis in the skin. CM: cutaneous mastocytosis. MMAS: monoclonal
mast cell activation syndrome. SSM: smoldering systemic mastocytosis. risk factors: risk factors for severe COVID-19'8, NA: not available.
Cytoreductive therapy: midostaurin or ongoing/recent (previous 12 months) administration of cladribine. COVID-19 scale: WHO COVID-19
clinical progression scale!®. *Patients treated with corticosteroids.
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Figure legends

Figure 1: Flowchart for the selection of patients with cMCADs and proven COVID-19.

cMCAD: clonal mast cell activation disorder.

Figure 2: Quantification of specific anti-SARS-CoV-2 T-cell responses, using an ELISpot
assay.

The tested SARS-CoV-2 peptide pools were derived from a peptide scan through the SARS-
CoV-2 spike glycoprotein (S1: N-terminal fragment, S2: C-terminal fragment), membrane
protein (M), nucleoprotein (N), and ORF3a protein (AP3a). The negative controls were PBMCs
in culture medium alone, and the positive controls were PHA and the CEFX Ultra SuperStim
Pool. Results were expressed as the number of spot-forming cells (SFCs)/10® CD3+ T-cells
after subtraction of the background values from wells with non-stimulated cells. All differences
between the non-COVID-19 and COVID-19 groups were statistically significant (p<0.001).
cMCADs: convalescent patients with clonal mast cell activation disorders. Non-cMCAD m-m
COVID-19: non-cMCAD control patients convalescing from a mild-to-moderate form of
COVID-19 (n=17). Non-cMCADs severe COVID-19: non-cMCAD control patients
convalescing from a severe form of COVID-19 (n=15). Non-cMCAD non- COVID-19: non-

cMCAD, non-COVID-19 controls (n=15). ns: non-significant; *, p<0.05; **** p<0.0001.

Figure 3: Spontaneous IFN-y production by PBMCs from patients, as measured in an
EL ISpot assay.

Graphic representation of the ELISpot assays A. cMCADs: patients with clonal mast cell
activation disorders. Non-cMCAD control groups: MCAS: patients with idiopathic mast cell

activation syndrome; CTR: non-cMCAD/non-MCAS control patients convalescing from
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COVID-19 (n=32). Empty circles: no history of COVID-19. Filled circles: history of COVID-
19. Pictures of ELISpot assays. B: A well with non-stimulated PBMCs from a COVID-19
non-cMCAD control. C: A well with non-stimulated PBMCs from a COVID-19 cMCAD
patient. D: A well with PBMCs from a COVID-19 non-cMCAD control after stimulation for
18-20 h with individual 15-mer 11-aa overlapping peptide pools derived from the SARS-CoV-
2 N-terminal fragment spike protein. E: A well with PBMCs from a COVID-19 cMCAD patient
after stimulation with individual 15-mer 11-aa overlapping peptide pools derived from the

SARS-CoV-2 N-terminal fragment spike protein.

Figure 4: Correlation between basal tryptase level (ug/L) and spontaneous IFN-y production
(spot-forming cells (SFCs)/2x10° CD3), as observed in ELISpot assays. n=24 patients with CM,

MIS and ISM. Linear regression: r’>=0.44 (p<0.0004).



cMCADs:

whole cohort

cMCADs:
cMCADs:

cMCADs:

common Non-cMCADs: MCAS:

SARS-CoV-2

coronavirus ELISpot assay
h | ELISpot
ELISpot assay umoraf assay Spot assay

ELISpot assay

Number 32 22 18 15 32 11
Median [IQR]
50 [42;60] 51 [41;55] 51 [41;56] 52 [41;54] 52 [41;62] 40 [35;58]
age (years)
Female/male
19/13 13/9 9/9 8/7 16/16 10/1
sex ratio

Supplemental Table E1: Numbers and characteristics of cMCAD patients and controls
studied, by assay.

cMCAD: clonal mast cell activation disorder. MCAS: idiopathic mast cell activation syndrome
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Figure 1: Flowchart for the selection of patients with cMCADs and proven COVID-19.

cMCAD: clonal mast cell activation disorder.
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Figure 2: Quantification of specific anti-SARS-CoV-2 T-cell responses, using an ELISpot
assay.

The tested SARS-CoV-2 peptide pools were derived from a peptide scan through the SARS-
CoV-2 spike glycoprotein (S1: N-terminal fragment, S2: C-terminal fragment), membrane
protein (M), nucleoprotein (N), and ORF3a protein (AP3a). The negative controls were PBMCs
in culture medium alone, and the positive controls were PHA and the CEFX Ultra SuperStim
Pool. Results were expressed as the number of spot-forming cells (SFCs)/10® CD3+ T-cells
after subtraction of the background values from wells with non-stimulated cells. All differences
between the non-COVID-19 and COVID-19 groups were statistically significant (p<0.001).
cMCADs: convalescent patients with clonal mast cell activation disorders. Non-cMCAD m-m
COVID-19: non-cMCAD control patients convalescing from a mild-to-moderate form of
COVID-19 (n=17). Non-cMCADs severe COVID-19: non-cMCAD control patients
convalescing from a severe form of COVID-19 (n=15). Non-cMCAD non- COVID-19: non-
cMCAD, non-COVID-19 controls (n=15). ns: non-significant; *, p<0.05; **** p<0.0001.
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Figure 3: Spontaneous IFN-y production by PBMCs from patients, as measured in an
ELISpot assay.

Graphic representation of the ELISpot assays A. cMCADs: patients with clonal mast cell
activation disorders. Non-cMCAD control groups: MCAS: patients with idiopathic mast cell
activation syndrome; CTR: non-cMCAD/non-MCAS control patients convalescing from
COVID-19 (n=32). Empty circles: no history of COVID-19. Filled circles: history of COVID-
19. Pictures of ELISpot assays. B: A well with non-stimulated PBMCs from a COVID-19
non-cMCAD control. C: A well with non-stimulated PBMCs from a COVID-19 cMCAD
patient. D: A well with PBMCs from a COVID-19 non-cMCAD control after stimulation for
18-20 h with individual 15-mer 11-aa overlapping peptide pools derived from the SARS-CoV-
2 N-terminal fragment spike protein. E: A well with PBMCs from a COVID-19 cMCAD patient
after stimulation with individual 15-mer 11-aa overlapping peptide pools derived from the
SARS-CoV-2 N-terminal fragment spike protein.
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Figure 4: Correlation between basal tryptase level (ug/L) and spontaneous IFN-y
production (spot-forming cells (SFCs)/2x10° CD3), as observed in ELISpot assays. n=24
patients with CM, MIS and ISM. Linear regression: r>=0.44 (p=0.0004).
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Supplemental Figure E1: T-cell responses to common coronaviruses in cMCAD patients
(n=17), and non-cMCAD patients with a history of mild-to-moderate COVID-19 (n=17)
or severe COVID-19 (n=15), or healthy donors (n=15).

Identification of HCoV-OC43-, HCoV-229E-, HCoV-HKU1- and HCoV-NL63-specific T-cell
responses, using ELISpot assays. Results were expressed as spot forming cell (SFCs)/10° CD3*
T-cells after subtraction of background values from wells containing non-stimulated cells.
cMCADs: patients with clonal mast cell activation disorders, convalescing from mild-to-
moderate (m-m) or severe COVID-19. NS: non-significant.
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Supplemental Figure E2: T-cells responses to the CEFX Ultra SuperStim Pool.

cMCADs: patients with clonal mast cell activation disorders, convalescing from mild-to-
moderate (m-m) or severe COVID-19.
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Supplemental Figure E3

Two left-most panels: serologic status for anti-SARS-CoV-2 IgA and 1gG antibodies,
determined in an S-flow assay. The dashed line indicates the positivity threshold. Third panel:
Percentage IgG neutralizing ability, determined in a viral pseudoparticle assay. Fourth panel:
relationship between the IgG titer and the neutralizing activity.



