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Abstract: The reported incidence of immediate hypersensitivity reactions (IHR) including anaphy-
laxis after COVID-19 vaccination is 10-fold higher than for other vaccines. Several patient groups are
theorized to be at particular risk. Since specific vaccination guidelines for these patients are based on
expert opinion, we performed a retrospective monocentric analysis of the tolerability of adenoviral
vector and mRNA-based COVID-19 vaccines in a cohort of patients allegedly at high risk of IHR.
Reactions were assessed immediately on-site by allergists during a monitored vaccination protocol
and after 3–7 days through telephone interviews. The cohort included 196 patients (aged 12–84 years)
with primary mast cell disease (pMCD, 50.5%), idiopathic anaphylaxis (IA, 19.9%), hereditary an-
gioedema (HAE, 5.1%) or miscellaneous indications (24.5%). Twenty-five immediate reactions were
observed in 221 vaccine doses (11.3%). Most occurred in IA or miscellaneous patients. None fulfilled
anaphylaxis criteria and most were mild and self-limiting. Reaction occurrence was significantly
associated with female sex. In total, 13.5% of pMCD patients reported mast cell activation-like
symptoms within 72 h post-vaccination. All pediatric pMCD patients (n = 9, 12–18 years) tolerated
both mRNA-based vaccine doses. In summary, adenoviral vector and mRNA-based COVID-19
vaccines were safe and well-tolerated in patients with pMCD, HAE, and IA. No anaphylaxis was
observed. The mild and subjective nature of most reactions suggests a nocebo effect associated with
vaccination in a medicalized setting. Patients with pMCD could experience mild flare-ups of mast
cell activation-like symptoms, supporting antihistamine premedication.

Keywords: allergy; anaphylaxis; COVID-19; hereditary angioedema; hypersensitivity; mastocytosis;
SARS-CoV-2; vaccination

1. Introduction

The reported incidence of severe immediate hypersensitivity reactions (IHR) including
anaphylaxis after COVID-19 vaccination is unexpectedly high. For the new mRNA-based
COVID-19 vaccines in particular, this incidence is estimated at 5–10 per million doses or
10 times higher than for other vaccines [1,2]. These data are based on optional reporting
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by patients and physicians through passive reporting systems such as the U.S. Vaccine
Adverse-Events Reporting System (VAERS) and must be interpreted with care [3].

The mechanism for COVID-19 vaccine-related IHR remains unclear. IgE sensitization
to structurally related excipients such as polyethylene glycol (PEG) and polysorbate 80
(PS80) have been implicated in a subset of vaccine reactors [4,5]. In addition, non-IgE-
mediated mechanisms such as direct contact system activation, complement activation-
related pseudo allergy (CARPA), and direct mast cell activation by mRNA vaccine lipid
nanoparticles, have been put forward. Based on these hypothetical mechanisms, it has been
theorized that certain conditions predisposing for mast cell activation, anaphylaxis, and/or
angioedema may increase the risk of vaccine-related IHR [6].

Advisory agencies have issued specific warnings and guidelines concerning vacci-
nation of patients judged to be at particular risk for IHR. The breadth and scale of these
warnings as well as the definition of this risk vary considerably. In Belgium, the Superior
Health Council stated in January 2021 that administration of the first COVID-19 vaccine
dose in patients at high risk for IHR should take place in-hospital under allergist super-
vision [7]. This population was defined as all patients with a primary mast cell disorder
(pMCD), history of idiopathic anaphylaxis (IA), or hereditary angioedema (HAE). In addi-
tion, patients with a confirmed history of IHR to COVID-19 vaccine excipients or possible
IHR after vaccination with vaccines containing similar excipients were advised to con-
sult an allergist for guidance. Since data on the true incidence of vaccine-related IHR in
these populations is lacking, the Belgian guidelines were expert-based and deviated from
guidelines issued in other countries [8–10].

Despite patients with pMCD being considered at particular risk for anaphylaxis, data
on vaccine tolerability and safety in this group are limited. In a recent position paper, the
American Initiative on Mast Cell Diseases (AIM) and European Competence Network on
Mastocytosis (ECNM) advised prolonged monitoring and antihistamine premedication of
pMCD patients receiving a COVID-19 vaccine, while acknowledging a lack of evidence [11].

In this study we analyzed the allergist-observed safety and tolerability of COVID-19
vaccines in patients deemed at higher risk for COVID-19 vaccine-induced IHR, vacci-
nated in-hospital under medical supervision, to guide further vaccination strategies and
determine the need for risk stratification, vaccine selection, premedication, and monitoring.

2. Materials and Methods

We performed a single-center retrospective cohort study of patients vaccinated in
hospital. The study protocol was approved by the Ethics Committee Research of University
Hospitals Leuven with a waiver of informed consent (S65711).

2.1. Patient Selection

All patients in follow-up or referred to our tertiary referral center, identified to be at
high risk for IHR upon COVID-19 vaccination according to the criteria established by the
Belgian Superior Health Council, were invited for vaccination under medical supervision in
the hospital vaccination unit. Inclusion occurred until 18 July 2021 for adults and 1 October
2021 for children. High-risk groups were defined as follows:

1 Primary mast cell disorders (pMCD), including cutaneous (CM) or systemic masto-
cytosis (SM) diagnosed according to World Health Organization (WHO) criteria and
primary mast cell activation syndrome (pMCAS) defined according to the criteria
proposed by Valent et al. [12,13]. Patients with proven cutaneous involvement who
had not undergone bone marrow analysis to rule out systemic involvement at time
of inclusion, including the majority of pediatric pMCD cases, were labeled with the
intermediate diagnostic label of mastocytosis in the skin (MIS), defined according to
expert consensus [13].

2 Idiopathic anaphylaxis (IA), defined as recurrent anaphylaxis without identifiable
triggers despite extensive allergy workup or evidence of underlying pMCD.
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3 Hereditary angioedema (HAE), defined according to the World Allergy Organization
(WAO)/European Academy of Allergy and Clinical Immunology (EAACI) guide-
lines [14].

4 A miscellaneous group, consisting of (a) patients with a history of immediate reactions
to other vaccines; (b) patients with (non)-anaphylactic reactions to the first dose of
any COVID-19 vaccine; (c) patients with a proven PEG allergy of whom 10/11 were
reported in a previous study [15]; and (d) others, amongst which patients with a
history of isolated anaphylaxis-like or poorly circumscribed severe reactions to drug(s)
or unclear trigger(s) not fulfilling the criteria for IA.

2.2. Vaccine Selection

The mRNA-based BNT162b2 vaccine (Comirnaty®, Pfizer-BioNTech, New York, NY,
USA) and adenoviral vector Ad26.COV2-S vaccine (COVID-19 Vaccine Janssen®, Johnson
& Johnson, New Brunswick, NJ, USA) were used for in-hospital vaccination depending on
availability and patient profile.

For practical and safety reasons, all eligible patients were preferentially vaccinated
with the single-dose Ad26.COV2-S vaccine.

In patients with a possible or confirmed excipient allergy, an additional workup was
performed prior to vaccination as previously described to decide on the selection of either
a PEG-containing (BNT162b2) or PS80-containing vaccine (Ad26.COV2-S) [15].

Due to reports of thrombo-embolic complications related to adenoviral vector vaccines
(Ad26.COV2-S and ChAdOx1; Vaxzevria®, Oxford-AstraZeneca, Cambridge, UK), in April
2021, the Belgian Federal Health Service restricted these vaccines to patients aged 41 years
or older. Therefore, most patients under 41, including all pediatric patients, received
BNT162b2. In selected cases and upon indication, Ad26.COV2-S could still be administered
in patients under 41 years, provided informed consent was obtained.

2.3. Vaccination Procedure

Vaccination was performed from 25 May until 1 October 2021 by trained nursing
staff under allergist supervision in the hospital vaccination unit, close to the emergency
department (ED). A standard operating procedure outlining the vaccination protocol
was generated to limit variability and was approved by all relevant stakeholders (see
online supplement). Resuscitation equipment and rescue medication was available on-site.
Patients remained in-hospital for an obligatory 30 min observation period before discharge
based on the Aldrete scoring system [16]. If deemed necessary, possibility for extended
monitoring up to 2 h on-site was provided. Patients requiring monitoring for longer periods
were transferred to the ED. The clinical course of all observed reactions and administered
rescue medication were registered in a standardized manner.

In accordance with society guidelines, pMCD patients were advised to start H1-
antihistamines or temporarily increase their maintenance dose from 3 days before up to 2
days after vaccination. All patients were advised to bring their regular rescue medication
(adrenalin autoinjector or HAE emergency medication).

2.4. Tryptase Measurement

Serum tryptase is a biomarker for mast cell burden and degranulation. A transient
increase in tryptase in the first hours after a potential IHR is indicative of an underlying mast
cell-mediated mechanism such as IgE-mediated anaphylaxis [6]. In order to assess potential
mast cell involvement and guide subsequent management and diagnostic evaluation, acute
tryptase levels were obtained 1–2 h after reaction onset in patients with reactions deemed to
be severe. Due to low intra-patient variability, baseline tryptase levels for comparison were
obtained from previous patient records or at least 24 h after the reaction if not available
in the records. Tryptase assays were performed in our hospital’s clinical laboratory, with
a normal range of 1–11 µg/L and reporting range of 1–200 µg/L as indicated by the
manufacturer (ImmunoCAP, Phadia, Uppsala, Sweden). Significant tryptase elevation was
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defined according to a validated formula as an increase of 20% + 2 µg/L compared to
baseline [17].

2.5. Data Collection

Patient data (age, sex, underlying diagnosis, history of anaphylaxis and mast cell
activation symptoms (MCAS), baseline serum tryptase, c-KIT D816V mutation status) were
collected for all patients.

Occurrence of immediate reactions (IR) was assessed on-site by the supervising aller-
gist (M.V., D.B., R.S.) and clinical fellow (T.I., L.N.). Clinical signs, symptoms, and vital
parameters were recorded in the electronic patient record. An IR was defined broadly as
any event occurring within 30 min after vaccination observed by the supervising clinician
during the in-hospital observation period. IR were classified as severe (sIR) when they
required extended observation for >2 h based on the supervising allergist’s judgement.
Anaphylaxis was defined according to the Brighton collaboration and WAO criteria [18,19].

A standardized follow-up telephone interview was conducted by a physician (T.I.)
or clinical trial assistant within 3–7 days after the first in-hospital vaccine dose. Compli-
ance with premedication, occurrence of late reactions (LR) including all patient-reported
symptoms, and any self-administered rescue medication in the period following hospital
discharge were recorded.

2.6. Statistical Analysis

Statistics were performed using IBM SPSS version 28. Frequencies were calculated for
nominal variables; medians and ranges for continuous variables. Relationships between IR
or LR occurrence and other clinical variables were calculated for nominal variables using
Fisher’s exact whenever possible or Pearson’s Chi-square alternatively, and for nominal
and continuous variables with the Mann–Whitney U test. Statistical significance was set at
p < 0.05.

3. Results
3.1. Study Population Overview and Vaccine Distribution

In total, 196 allegedly high-risk patients were vaccinated in-hospital during the study
period, including 99 patients with pMCD, 39 with IA, 10 with HAE, and 48 with miscella-
neous indications (Table 1 and Supplementary Material Table S1). The majority of high-risk
patients were women (65.3%) and the median age was 51.5 years (range 12–84). Median
baseline tryptase across the entire cohort was 8.5 µg/L (n = 163; range 1.5–200). A prior
history of anaphylaxis was noted in 53.1% of patients. The most frequent anaphylaxis
triggers noted in this group were hymenoptera venom in 25.9% and PEG compounds of
varying molecular weight in 10.6% of patients. Over half of patients with a history of
anaphylaxis (54.8%) had at least one episode caused by an unidentified trigger.

Out of 99 pMCD patients, 5% had a diagnosis of CM, 18% had the intermediate
diagnosis of MIS, 12% had pMCAS, 62% had indolent SM, and 2% had advanced SM
(Figure 1 and Table 2). We included 9 pediatric pMCD patients aged 12–18 years (7 MIS and
2 ISM). Median baseline tryptase in the pMCD cohort was 18.5 µg/L (range 2–200 µg/L).
Most pMCD patients had a history of MCAS (65.7%) and 41.4% had a history of anaphylaxis.

During the study period, 221 vaccine doses were administered in-hospital. Seventy-
seven patients (39.3%) received 102 doses of the BNT162b2 vaccine, including 25 patients
who received both doses during the study period. In total, 119 patients (53.8%) received
the single dose Ad26.COV2-S vaccine.
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Table 1. Baseline population characteristics.

Characteristic
No. (%)

Diagnostic Category Total
n = 196

pMCD
n = 99/196

(50.5%)

IA
n = 39/196

(19.9%)

HAE
n = 10/196

(5.1%)

Miscellaneous
n = 48/196

(24.5%)

Age
Median (range), y 51.5 (12–84) 48 (12–82) 58 (27–84) 40.5 (20–68) 52.5 (21–73)

Baseline tryptase †

Median (range), µg/L
8.5 (1.5–200) 18.5 (2–200) 4.95 (1.8–20.6) 4.85 (3.5–7.6) 4.8 (1.5–20.9)

Sex
Male 68 (34.7) 42 (42.4) 9 (23.1) 6 (60) 11 (22.9)

Female 128 (65.3) 57 (57.6) 30 (76.9) 4 (40) 37 (77.1)

Anaphylaxis history

All causes 104 (53.1) 41 (41.4) 39 (100) 0 (0) 24 (50)
Unknown

trigger 57 (29.1) 13 (13.1) 39 (100) 0 (0) 5 (10.4)

Venom 27 (13.7) 23 (23.2) 2 (5.1) 0 (0) 2 (4.2)
PEG 11 (5.6) 0 (0) 0 (0) 0 (0) 11 (22.9)

Vaccine used
Ad26.COV2-S 119 (60.7) 58 (58.6) 29 (74.4) 4 (40) 28 (58.3)

BNT162b2 77 (39.3) 41 (41.4) 10 (25.6) 6 (60) 20 (41.7)
† upper reporting limit for serum tryptase assay is 200 µg/L. Abbreviations: pMCD, primary mast cell disease; IA,
idiopathic anaphylaxis; HAE, hereditary angioedema; PEG, polyethylene glycol.
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Table 2. Baseline characteristics of primary mast cell disease patients.

Characteristic
No. (%)

pMCD Subcategory Total
n = 99

CM
n = 5/99

(5%)

MIS
n = 18/99

(18%)

pMCAS
n = 12/99

(12%)

ISM
n = 62/99

(62%)

AdvSM
n = 2/99

(2%)

Age
Median (range), y 48 (12–82) 38 (22–63) 20.5 (12–62) 50.3 (33–72) 53.2 (14–82) 64.5 (63–66)

Baseline tryptase †

Median (range), µg/L
18.5 (2–200) 9.6 (4.9–16.3) 6.2 (2.3–21.9) ‡ 7.7 (2–21.4) 29.6 (3–200) 200 (200–200)

Sex
Male 42 (42.4) 1 (20) 9 (50) 6 (50) 25 (40.3) 1 (50)

Female 57 (57.6) 4 (80) 9 (50) 6 (50) 37 (59.7) 1 (50)
c-KIT D816V mutation

present 68/81 (84) ‡ 2 (40) 2/3 (66.7) ‡ 6 (50) 57/60 (95) ‡ 1/1 (100) ‡

Anaphylaxis history 41 (41.4) 1 (20) 0 (0) 8 (66.7) 31 (50) 1 (50)
MCAS history 65 (65.7) 4 (80) 10 (55.6) 8 (66.7) 41 (66.1) 2 (100)

Vaccine used
Ad26.COV2-S 58 (58.6) 2 (40) 2 (11.1) 8 (66.7) 44 (71) 2 (100)

BNT162b2 41 (41.4) 3 (60) 16 (88.9) 8 (33.3) 44 (29) 0 (0)

† upper reporting limit for serum tryptase assay is 200 µg/L; ‡ calculated for all informative cases; Abbreviations:
pMCD, primary mast cell disease; CM, cutaneous mastocytosis; MIS, mastocytosis in the skin; pMCAS, primary
mast cell activation syndrome; ISM, indolent systemic mastocytosis; AdvSM, advanced systemic mastocytosis;
MCAS, mast cell activation symptoms.

3.2. Occurrence and Risk Factors for Immediate Reactions (IR)

Twenty-five IR were observed in a total of 24 patients (12.2%), including 1 patient
reacting to both in-hospital BNT162b2 doses (Figure 2 and Table 3). We did not find a
significant difference in the incidence of IR between BNT162b2 and Ad26.COV2-S, occurring
in 10.8% and 12.4% of doses, respectively (p = 0.48). Twenty-three patients reacted to the
first in-hospital vaccine dose. One HAE patient developed angioedema of the hand after
the second BNT162b2 dose. Three immediate reactors received both doses of BNT162b2
in-hospital. Of these, 2 patients tolerated the second dose without incident and a single IA
patient reacted to both doses, reporting apparently unrelated symptoms on both occasions.
Interestingly, out of 10 patients with an IR to the first in-hospital dose of BNT162b2, 3 also
had a reaction to the first dose of the adenoviral vector vaccine ChAdOx1 (Vaxzevria®,
Oxford-AstraZeneca) administered prior to the in-hospital vaccination.
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Table 3. Immediate reactions.

Patient
Type Sex, Age (y) Anaphylaxis

History
Other

History Vaccine Dose Symptoms Rescue
Medication Duration Tryptase

Elevation

sIR
n = 5

pMCD
(ISM) F, 53 Yes (venom,

shrimp) - BNT162b2 First dose Tachycardia H1 <10 min -

IA F, 52 Yes
(unknown) CSU Ad26.COV2-S Only dose Syncope with art.

hypotension

H1, IM
adrenalin,
IV fluids

<20 min No

IA F, 58 Yes
(unknown)

AD, ARC
asthma Ad26.COV2-S Only dose

Shortness of breath,
hoarseness, cough

(probable VCD)

H1, IV CS, ICS,
SABA <60 min No

IA F, 73 Yes
(unknown) Ad26.COV2-S Only dose Syncope with art.

hypotension IV fluids <10 min No

IA F, 48 Yes
(unknown)

Crohn’s
disease, CSU Ad26.COV2-S Only dose Generalized pruritus,

nausea H1, IV CS <60 min No

nsIR
n = 20

pMCD
(MIS) F, 12 No - BNT162b2 First dose †

Lightheadedness,
abdominal pain,

pharyngeal
discomfort

None <60 min -

pMCD
(pMCAS) F, 53 Yes

(unknown) Asthma, ARC, Ad26.COV2-S Only dose Metallic taste None <60 min -

pMCD
(pMCAS) M, 44 Yes (venom,

unknown) - Ad26.COV2-S Only dose Chest discomfort None <20 min -

pMCD
(ISM) F, 65 No - Ad26.COV2-S Only dose Tinnitus, auricular

pressure sensation None <30 min -

pMCD
(ISM) F, 77 No - Ad26.COV2-S Only dose Sinus tachycardia H1 <60 min -

IA + F, 41
Yes

(unknown)
- BNT162b2

First dose § Shortness of breath,
nausea SABA <60 min -

Second dose § Diffuse pruritus H1 <60 min -

IA M, 44 Yes
(unknown) ARC Ad26.COV2-S Only dose Vasovagal syncope None <20 min -

IA F, 65 Yes (venom,
unknown) - Ad26.COV2-S Only dose Headache, blurred

vision None <30 min -

HAE F, 44 No VCD BNT162b2 Second dose Angioedema hand C1-inhibitor,
icatibant <60 min -
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Table 3. Cont.

Patient
Type Sex, Age (y) Anaphylaxis

History
Other

History Vaccine Dose Symptoms Rescue
Medication Duration Tryptase

Elevation

Miscellaneous F, 27 No VCD, asthma BNT162b2 First dose ‡ VCD
IV CS, SABA,

inhaled
adrenalin

<60 min -

Miscellaneous F, 32 No - BNT162b2 First dose ‡
Shortness of breath,
glowing sensation,
lightheadedness

H1 <60 min -

Miscellaneous F, 43 No - BNT162b2 First dose ‡ Lightheadedness None <15 min -
Miscellaneous F, 37 No - BNT162b2 First dose Shortness of breath SABA <60 min -

Miscellaneous F, 62 Yes (influenza
vaccine) - BNT162b2 First dose Pharyngeal pruritus H1 <15 min -

Miscellaneous F, 47
Yes (venom,

influenza
vaccine)

- BNT162b2 First dose Generalized pruritus,
headache H1 <60 min -

Miscellaneous F, 60 No - Ad26.COV2-S Only dose Hyperventilation,
anxiety None <20 min -

Miscellaneous F, 72 No Atrial
fibrillation Ad26.COV2-S Only dose Headache None <20 min -

Miscellaneous F, 76 No COPD Ad26.COV2-S Only dose Shortness of breath,
headache SABA <30 min -

Miscellaneous F, 51 Yes
(BNT162b2) AD, asthma Ad26.COV2-S Only dose Shortness of breath,

chest discomfort H1 <60 min -

† first BNT162b2 dose was administered in-hospital after previous reaction to first ChAdOx1 dose in vaccination center; ‡ second dose was also administered in-hospital and tolerated;
§ the same patient reacted to both doses administered in-hospital. Abbreviations: sIR, severe immediate reaction; nsIR, non-severe immediate reaction; pMCD, primary mast cell disease;
ISM, indolent systemic mastocytosis; MIS, mastocytosis in the skin; IA, idiopathic anaphylaxis; F, female; M, male; CSU, chronic spontaneous urticaria; AD, atopic dermatitis; ARC,
allergic rhinoconjunctivitis; VCD, vocal cord dysfunction; COPD, chronic obstructive pulmonary disease; H1, H1 antihistamine; IM, intramuscular; IV, intravenous; CS, corticosteroids;
ICS, inhaled corticosteroids; SABA, inhaled short-acting beta-2-agonist.
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Out of the 25 observed IR, 20 (80%) were deemed non-severe (nsIR). nsIR occurred
in 10.2% of patients and 9% of administered vaccine doses (10 Ad26.COV2-S and 10
BNT162b2) and consisted of subjective symptoms without observable clinical signs except
for one case of ECG-confirmed sinus tachycardia (Table 3). Rescue medication, mainly oral
antihistamines, was administered at the discretion of the supervising allergist in 11 cases
(55%). All nsIR resolved within 60 min and all patients were discharged within 2 h after
vaccination.

Five IR were classified as severe (20%) based on the need for prolonged in-hospital
monitoring. Severe IR (sIR) occurred in 2.6% of patients (4 IA and 1 pMCD, all women) and
2.3% of administered vaccine doses (4 Ad26.COV2-S and 1 BNT162b2). Transient arterial
hypotension with absence of any other objective clinical signs was observed in 2 IA patients.
Rescue medication, including intramuscular adrenalin in one patient, was administered in
all sIR cases followed by transfer to the ED for at least 6 h of monitoring. All sIR resolved
within 60 min. Blood samples for measurement of acute tryptase levels were obtained in
4/5 sIR patients, including both cases with arterial hypotension. No significant tryptase
elevation compared to baseline could be noted in any of the sIR cases and none fulfilled
criteria for anaphylaxis.

We performed inferential statistics to look for significant predictors for IR occurrence.
IR incidence differed significantly depending on the underlying diagnosis, with patients
vaccinated in-hospital for miscellaneous indications (20.8%) and IA patients (17.9%) being
at significantly higher risk than HAE patients (10%) and pMCD patients (6.1%) (Chi2 (2,
n = 196) = 8.05, p < 0.05). Women were more likely to suffer an IR than men (17.2% vs.
2.9%; p < 0.005). As previously mentioned, vaccine type did not influence IR incidence
(p = 0.48) and median age and prior history of anaphylaxis did not differ significantly
between reactors vs. non-reactors (55.7 years vs. 55.0 years; p = 0.59 and 45.8% vs. 47.1%;
p = 0.54, respectively).

No significant differences in IR incidence were observed among the different sub-
groups of pMCD (p = 0.507). Furthermore, compliance with premedication regimens had no
statistically significant impact on IR occurrence in our pMCD patients (11.4% in compliant
vs. 14.6% in non-compliant patients; p = 0.65). pMCD reactors trended towards lower
baseline tryptase levels compared to pMCD non-reactors although this trend did not reach
statistical significance (15.4 µg/L vs. 23.7 µg/L; p = 0.198). Similarly, in pMCD patients we
noted a prior history of MCAS in 5/6 reactors (83.3%) vs. 60/93 non-reactors (64.5%) but,
possibly due to the low number of reactions observed in this subgroup, this difference was
not significant (p = 0.457).

3.3. Occurrence and Risk Factors for Late Reactions (LR)

Out of 196 patients, 135 (68.9%) responded to the follow-up telephone interview after
the first in-hospital dose. A late reaction (LR), defined as any symptom occurring in the
first 72 h following vaccination, was reported by 46.6% of responders (Supplementary
Material Table S2). There was no significant difference in LR occurrence between patients
who received BNT162b2 and those who received Ad26.COV2-S (40.5% vs. 49.5%; p = 0.38).
Typical vaccine-related side effects were reported by 42.2% of responders, with the most
frequent reported symptoms being fatigue (47.3%), myalgia (35.1%), headache (29.8%), and
fever (14%). These resolved spontaneously within 72 h in all but 2 cases (3.5%). None of
the patients with LR required additional medical assistance.

Seventy-four out of 99 pMCD patients (74.7%) responded to the follow-up interview.
Of these, 90.4% reported compliance with the advised antihistamine premedication regimen
and 48.6% reported an LR. Thirty pMCD responders (40.5%) reported typical vaccine-
related side effects. Interestingly, 10 patients (13.5%) also reported a flare-up of symptoms
reminiscent of prior MCAS. All of these patients reported compliance with the advised
pre- and post-vaccination medication regimen. The most frequently reported MCAS-like
LR were gastro-intestinal (n = 3), cardiovascular (n = 3), and cutaneous (n = 3) symptoms
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(Supplementary Material Table S3)MCAS-like LR only occurred in patients with a history
of such symptoms (10/48 with MCAS history vs. 0/26 without MCAS history; p < 0.01).
No significant differences in age, sex, baseline tryptase levels, or diagnostic subcategory
were noted between pMCD patients with vs. without MCAS-like LR.

4. Discussion

We analyzed the occurrence of immediate physician-observed and late patient-reported
reactions after COVID-19 vaccination in a population deemed to be at higher risk for IHR
including anaphylaxis.

The incidence of IR in our cohort was considered to be high (11.3% of administered
doses). This can be explained by the broad definition used for IR, encompassing any
symptom. Furthermore, vaccination in a medicalized setting of patients specifically referred
due to perceived high risk for IHR most likely induced an expectation bias. Finally, the high
IR incidence could be explained in part by the selected underlying conditions. However,
several findings argue against the latter. The majority of IR were mild and subjective. No
cases of anaphylaxis were identified and for most reactions, including most sIR, alternative
diagnoses such as vasovagal syncope, vocal cord dysfunction, and hyperventilation could
be made. Furthermore, in all sIR cases, including both cases with arterial hypotension, no
transient tryptase elevation was noted, arguing against a mast cell-mediated mechanism.

The reported incidence of anaphylaxis after COVID-19 vaccination varies considerably.
In a prospective cohort study of 64,900 healthcare workers receiving mRNA-based vaccines,
Blumenthal et al. noted a 2.1% patient-reported incidence of allergic reactions. However,
after retrospective review of selected cases by an allergist, the incidence of true Brighton
criteria-defined anaphylaxis was determined to be 100-fold lower at 0.025%, equating to
247 cases per million doses [20]. Studies based on passive reporting systems report even
lower incidences. Singh et al., using data covering over 230 million doses, calculated an
aggregate incidence of 3 cases per million doses for mRNA-based and adenoviral vector
vaccines [21]. Similarly, Almuhaid et al. reported an incidence of 5.58 cases per million
doses in a pooled analysis of 14 cohorts covering over 26 million doses [22]. This wide
range highlights the limitations of both active self-reporting by patients and optional
passive reporting by patients and physicians in discriminating between true IHR such as
anaphylaxis and nonallergic IR.

High rates of nonallergic reactions from 3.4 to 14% were also reported in several recent
cohort studies of physician-observed COVID-19 vaccine-related reactions in healthcare
workers. Interestingly, as in our cohort, no anaphylaxis cases were observed [23,24]. In
contrast, Shavit et al., reporting on the physician-observed safety of mRNA-based COVID-
19 vaccines in an Israeli cohort of 429 allegedly high-risk patients, defined as a history of
drug or vaccine-induced anaphylaxis or history of allergy to multiple triggers, reported an
anaphylaxis incidence of 0.3% (1/429). The authors did not use a standardized anaphylaxis
definition and did not perform serial serum tryptase measurements which could explain the
differences with our findings. Nevertheless, in line with our work, they also observed a high
frequency of non-allergic reactions (2.4%) with a female predominance [25]. Interestingly,
the highest risk of IR in our study was also observed in patients with miscellaneous
indications for in-hospital vaccination, including mostly patients with a history of often
poorly specified reactions to vaccines, drugs, or undetermined triggers.

Our population included the largest pMCD vaccination cohort reported to date, in-
cluding nine children. We observed no anaphylaxis in this group, highlighting the safety
of both mRNA-based and adenoviral vector vaccines in pMCD patients. Similarly, two
smaller studies reporting on mRNA-based COVID-19 vaccine safety in a total of 20 pMCD
patients with both cutaneous and systemic forms reported no IHR or anaphylaxis [26,27].
Interestingly, we did note the occurrence of late MCAS-like symptoms in 13.5% of pMCD
patients, all of which occurred in patients with a history of such symptoms. All were mild
and non-anaphylactic in nature and probably allude to a non-specific vaccine-induced
event, as has been described with other non-specific triggers [28]. A 2017 cohort study by
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Zanoni et al. retrospectively evaluated the safety and tolerability of different vaccines in 72
pMCD patients including 30 children. They observed no anaphylaxis but did note flare-up
of cutaneous MCAS in four children [29]. In a recent statement by the U.S. and European
pMCD societies, the potential risk of IHR following COVID-19 vaccination in pMCD pa-
tients was acknowledged and the use of antihistamine premedication was advised [11].
While not powered to assess the effect of premedication, our findings indirectly support
the rationale for antihistamine use during the peri-vaccination period.

In accordance with guidance issued by the US CDC, European Medicines Agency
(EMA), and UK Medicines and Healthcare products Regulatory Agency (MHRA), the
European Academy of Allergy and Clinical Immunology (EAACI) stated in a position
paper that formal contraindications for COVID-19 vaccination should be limited to allergy
to a vaccine component or allergic reactions to the first vaccine dose. The authors sug-
gest that these patients should always be referred to an allergist for evaluation prior to
vaccination [8–10,30]. Whereas national guidelines are generally in agreement concerning
these contraindications, the identification of other groups at risk for vaccine IHR and the
precautions to be taken in those cases remain a point of contention. The EAACI paper
advises in-hospital vaccination in patients with uncontrolled asthma or mast cell disease
whereas the Belgian guidelines expanded this to patients with idiopathic anaphylaxis and
hereditary angioedema but did not include patients with uncontrolled asthma [7,30]. The
French Allergy Society (SAR) recommendations state that precautions in mast cell disease,
idiopathic anaphylaxis, and hereditary angioedema should be individualized [8,30]. Our
analysis indicates that in these three groups, COVID-19 vaccination appears to be safe and
that, in most patients, vaccination can be performed in a routine setting with a 30 min obser-
vation period, provided that no other formal contraindications are present. In accordance
with previously issued guidelines, resuscitation equipment should be readily available,
and personnel should be trained in the recognition and management of IHR [8–10,30].
For mast cell disease patients, in the absence of randomized prospective evidence, use of
antihistamine premedication remains prudent [11]. Nevertheless, if these conditions cannot
be met or if the patient is at risk of deferral from vaccination in a routine setting, in-hospital
vaccination can be considered as a safe and valid alternative.

The retrospective design of our study could be considered a disadvantage since dif-
ferences in clinical management and the decision to administer rescue medication when
reactions were observed might have influenced outcome. Nevertheless, vaccination oc-
curred in a standardized setting and assessment of reactions occurred in real-time by
physicians with expertise in diagnosis and management of IHR and using validated criteria.
The retrospective approach was also advantageous in the sense that it limited additional
expectation bias in patients. While the small sample size means our study may be un-
derpowered to detect rare events, we demonstrate that, even in populations deemed at
high risk, incidence of anaphylaxis appears to be low. The observed reactions were mostly
subjective and we hypothesize that this was, at least in part, due to a nocebo effect induced
by vaccination in a medicalized setting.

5. Conclusions

Vaccination with both mRNA-based and adenoviral vector COVID-19 vaccines was
safe and well-tolerated in patients with pMCD, IA, and HAE. Female patients and those
with IA and miscellaneous indications had the highest likelihood of experiencing an IR. No
cases of anaphylaxis occurred. The relatively high incidence of mild nonallergic and/or
subjective reactions observed during in-hospital vaccination suggests a nocebo effect.

For pMCD patients, in the absence of placebo-controlled trials, use of antihistamine
premedication remains prudent, and patients should be informed of the potential for MCAS
flare-ups post-vaccination and instructed in self-management strategies.

The nocebo effect and additional strain on medical resources is a drawback of mon-
itored in-hospital vaccination of specific populations. However, in a subset of patients,
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in-hospital vaccination provided the means for safe vaccination without which some pa-
tients might not have become vaccinated.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines10020286/s1, Table S1: Overview of population invited
for in-hospital vaccination for miscellaneous indications; Table S2: Overview of late reactions; Table S3:
Overview of MCAS-like reactions; protocol for management of immediate reactions.

Author Contributions: Conceptualization, T.I., M.V. and R.S.; data curation, T.I., L.N. and R.S.;
formal analysis, T.I.; investigation, T.I., M.V., L.N., P.V., D.B. and R.S.; methodology, T.I., M.V. and R.S.;
project administration, T.I., M.V., L.N., D.B. and R.S.; resources, D.D.; supervision, T.I., D.B. and R.S.;
visualization, T.I. and R.S.; writing—original draft, T.I. and R.S.; writing—review and editing, M.V.,
L.N., D.D., P.V. and D.B. All authors have read and agreed to the published version of the manuscript.

Funding: RS is supported by the Fonds Wetenschappelijk Onderzoek—Vlaanderen National Fund
for Scientific Research (FWO) senior clinical investigator fellowship (1805518N). The funder had
no role in the design and conduct of the study, collection, management, and interpretation of the
data; preparation, review, or approval of the manuscript; and decision to submit the manuscript
for publication.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of University Hospitals Leuven on
12 July 2021 (study number S65711).

Informed Consent Statement: Patient consent was waived due to the observational nature of the
study, data pseudonymization, and therapeutic relationship with the researchers.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical restrictions.

Acknowledgments: We thank Stefanie Sente, clinical trial assistant, for help in data registration
and follow-up interviews of patients post-vaccination, Pauline Luttgens, master thesis student, for
help in data retrieval and analysis of the pediatric cohort, the paramedical staff of the pop-up in-
hospital vaccination unit headed by Kevin Heyligen, and the staff of the emergency department at
the University Hospitals Leuven, Belgium.

Conflicts of Interest: The authors declare no conflict of interest related to this study.

References
1. Shimabukuro, T.; Nair, N. Allergic Reactions Including Anaphylaxis After Receipt of the First Dose of Pfizer-BioNTech COVID-19

Vaccine. JAMA 2021, 325, 780–781. [CrossRef] [PubMed]
2. McNeil, M.M.; Weintraub, E.S.; Duffy, J.; Sukumaran, L.; Jacobsen, S.J.; Klein, N.P.; DeStefano, F. Risk of anaphylaxis after

vaccination in children and adults. J. Allerg. Clin. Immunol. 2016, 137, 868–878. [CrossRef] [PubMed]
3. Shimabukuro, T.; Nguyen, M.; Martin, D.; DeStefano, F. Safety monitoring in the Vaccine Adverse Event Reporting System

(VAERS). Vaccine 2015, 33, 4398–4405. [CrossRef] [PubMed]
4. Sellaturay, P.; Nasser, S.; Islam, S.; Gurugama, P.; Ewan, P.W. Polyethylene glycol (PEG) is a cause of anaphylaxis to the

Pfizer/BioNTech mRNA COVID-19 vaccine. Clin. Exp. Allerg. 2021, 51, 861–863. [CrossRef] [PubMed]
5. Habran, M.; Vandebotermet, M.; Schrijvers, R. Polyethylene glycol allergy and immediate-type hypersensivitity reaction to

COVID-19 vaccination: Case report. J. Investig. Allergol. Clin. Immunol. 2021, 32. [CrossRef]
6. Risma, K.A.; Edwards, K.M.; Hummell, D.S.; Little, F.F. Potential mechanisms of anaphylaxis to COVID-19 mRNA vaccines. J.

Allerg. Clin. Immunol. 2021, 147, 2075–2082.e2. [CrossRef]
7. Risicostratificatie Voor Allergische Reacties bij COVID-19 Vaccinatie. Brussels: Belgian Superior Health Council (hgr). Available

online: https://d34j62pglfm3rr.cloudfront.net/downloads/procedure+specifieke+doelgroepen_anafylaxie-NL.pdf (accessed
on 16 November 2021).

8. Tanno, L.K.; Berard, F.; Beaudoin, E.; Didier, A. SARS-CoV-2 Vaccination and Anaphylaxis: Recommendations of the French
Allergy Community and the Montpellier World Health Organization Collaborating Center. Vaccines 2021, 9, 560. [CrossRef]

9. COVID-19: The Green Book, Chapter 14a. London: Public Health England (PHE). Available online: https://www.gov.uk/
government/publications/covid-19-the-green-book-chapter-14a (accessed on 16 November 2021).

10. Interim Clinical Considerations for Use of COVID-19 Vaccines Currently Approved or Authorized in the United States.
Washington, DC: US Centers for Disease Control (CDC). Available online: https://www.cdc.gov/vaccines/covid-19/clinical-
considerations/covid-19-vaccines-us.html#Appendix-B (accessed on 16 November 2021).

https://www.mdpi.com/article/10.3390/vaccines10020286/s1
https://www.mdpi.com/article/10.3390/vaccines10020286/s1
http://doi.org/10.1001/jama.2021.0600
http://www.ncbi.nlm.nih.gov/pubmed/33475702
http://doi.org/10.1016/j.jaci.2015.07.048
http://www.ncbi.nlm.nih.gov/pubmed/26452420
http://doi.org/10.1016/j.vaccine.2015.07.035
http://www.ncbi.nlm.nih.gov/pubmed/26209838
http://doi.org/10.1111/cea.13874
http://www.ncbi.nlm.nih.gov/pubmed/33825239
http://doi.org/10.18176/jiaci.0740
http://doi.org/10.1016/j.jaci.2021.04.002
https://d34j62pglfm3rr.cloudfront.net/downloads/procedure+specifieke+doelgroepen_anafylaxie-NL.pdf
http://doi.org/10.3390/vaccines9060560
https://www.gov.uk/government/publications/covid-19-the-green-book-chapter-14a
https://www.gov.uk/government/publications/covid-19-the-green-book-chapter-14a
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html#Appendix-B
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html#Appendix-B


Vaccines 2022, 10, 286 13 of 13

11. Bonadonna, P.; Brockow, K.; Niedoszytko, M.; Elberink, H.O. COVID-19 Vaccination in Mastocytosis: Recommendations of the
European Competence Network on Mastocytosis (ECNM) and American Initiative in Mast Cell Diseases (AIM). J. Allerg. Clin.
Immunol. Pract. 2021, 9, 2139–2144. [CrossRef]

12. Valent, P.; Akin, C.; Metcalfe, D.D. Mastocytosis: 2016 updated WHO classification and novel emerging treatment concepts. Blood
2017, 129, 1420–1427. [CrossRef]

13. Valent, P.; Akin, C.; Escribano, L.; Födinger, M. Standards and standardization in mastocytosis: Consensus statements on
diagnostics, treatment recommendations and response criteria. Eur. J. Clin. Investig. 2007, 37, 435–453. [CrossRef]

14. Maurer, M.; Magerl, M.; Ansotegui, I.; Aygören-Pürsün, E. The international WAO/EAACI guideline for the management of
hereditary angioedema-The 2017 revision and update. Allergy 2018, 73, 1575–1596. [CrossRef] [PubMed]

15. Ieven, T.; Van Weyenbergh, T.; Vandebotermet, M.; Devolder, D. Tolerability of polysorbate 80-containing COVID-19 vaccines in
confirmed polyethylene glycol-allergic patients. J. Allerg. Clin. Immunol. Pract. 2021, 21, S2198–S2213. [CrossRef] [PubMed]

16. Aldrete, J.A. The post-anesthesia recovery score revisited. J. Clin. Anesth. 1995, 7, 89–91. [CrossRef]
17. Valent, P.; Bonadonna, P.; Hartmann, K.; Broesby-Olsen, S. Why the 20% + 2 Tryptase Formula Is a Diagnostic Gold Standard for

Severe Systemic Mast Cell Activation and Mast Cell Activation Syndrome. Int. Arch. Allerg. Immunol. 2019, 180, 44–51. [CrossRef]
18. Rüggeberg, J.U.; Gold, M.S.; Bayas, J.M.; Blum, M.D. Anaphylaxis: Case definition and guidelines for data collection, analysis,

and presentation of immunization safety data. Vaccine 2007, 25, 5675–5684. [CrossRef]
19. Simons, F.E.; Ebisawa, M.; Sanchez-Borges, M.; El-Gamal, Y.M. 2015 update of the evidence base: World Allergy Organization

anaphylaxis guidelines. World Allerg. Organ. J. 2015, 8, 32. [CrossRef]
20. Blumenthal, K.G.; Robinson, L.B.; Camargo, C.A., Jr.; Shenoy, E.S. Acute Allergic Reactions to mRNA COVID-19 Vaccines. JAMA

2021, 325, 1562–1565. [CrossRef]
21. Singh, A.; Khillan, R.; Mishra, Y.; Khurana, S. The Safety profile of COVID-19 vaccinations in the United States. Am. J. Infect.

Control. 2022, 50, 15–19. [CrossRef]
22. Alhumaid, S.; Al Mutair, A.; Al Alawi, Z.; Rabaan, A.A. Anaphylactic and nonanaphylactic reactions to SARS-CoV-2 vaccines: A

systematic review and meta-analysis. Allerg. Asthma Clin. Immunol. 2021, 17, 109. [CrossRef]
23. Lim, S.M.; Chan, H.C.; Santosa, A.; Quek, S.C. Safety and side effect profile of Pfizer-BioNTech COVID-19 vaccination among

healthcare workers: A tertiary hospital experience in Singapore. Ann. Acad. Med. 2021, 50, 703–711. [CrossRef]
24. Wi, Y.M.; Kim, S.H.; Peck, K.R. Early Adverse Events between mRNA and Adenovirus-Vectored COVID-19 Vaccines in Healthcare

Workers. Vaccines 2021, 9, 931. [CrossRef] [PubMed]
25. Shavit, R.; Maoz-Segal, R.; Iancovici-Kidon, M.; Offengenden, I. Prevalence of Allergic Reactions After Pfizer-BioNTech COVID-19

Vaccination Among Adults With High Allergy Risk. JAMA Netw. Open. 2021, 4, e2122255. [CrossRef] [PubMed]
26. Rama, T.A.; Moreira, A.; Castells, M. mRNA COVID-19 vaccine is well tolerated in patients with cutaneous and systemic

mastocytosis with mast cell activation symptoms and anaphylaxis. J. Allerg. Clin. Immunol. 2021, 147, 877–878. [CrossRef]
[PubMed]

27. Kaakati, R.; Khokhar, D.; Akin, C. Safety of COVID-19 vaccination in patients with mastocytosis and monoclonal mast cell
activation syndrome. J. Allerg. Clin. Immunol. Pract. 2021, 9, 3198–3199. [CrossRef]

28. Castells, M.; Butterfield, J. Mast Cell Activation Syndrome and Mastocytosis: Initial Treatment Options and Long-Term Manage-
ment. J. Allerg. Clin. Immunol. Pract. 2019, 7, 1097–1106. [CrossRef]

29. Zanoni, G.; Zanotti, R.; Schena, D.; Sabbadini, C. Vaccination management in children and adults with mastocytosis. Clin. Exp.
Allerg. 2017, 47, 593–596. [CrossRef]

30. Sokolowska, M.; Eiwegger, T.; Ollert, M.; Koh, M.S. YEAACI statement on the diagnosis, management and prevention of severe
allergic reactions to COVID-19 vaccines. Allergy 2021, 76, 1629–1639. [CrossRef]

http://doi.org/10.1016/j.jaip.2021.03.041
http://doi.org/10.1182/blood-2016-09-731893
http://doi.org/10.1111/j.1365-2362.2007.01807.x
http://doi.org/10.1111/all.13384
http://www.ncbi.nlm.nih.gov/pubmed/29318628
http://doi.org/10.1016/j.jaip.2021.09.039
http://www.ncbi.nlm.nih.gov/pubmed/34626857
http://doi.org/10.1016/0952-8180(94)00001-K
http://doi.org/10.1159/000501079
http://doi.org/10.1016/j.vaccine.2007.02.064
http://doi.org/10.1186/s40413-015-0080-1
http://doi.org/10.1001/jama.2021.3976
http://doi.org/10.1016/j.ajic.2021.10.015
http://doi.org/10.1186/s13223-021-00613-7
http://doi.org/10.47102/annals-acadmedsg.2021160
http://doi.org/10.3390/vaccines9080931
http://www.ncbi.nlm.nih.gov/pubmed/34452055
http://doi.org/10.1001/jamanetworkopen.2021.22255
http://www.ncbi.nlm.nih.gov/pubmed/34463744
http://doi.org/10.1016/j.jaci.2021.01.004
http://www.ncbi.nlm.nih.gov/pubmed/33485650
http://doi.org/10.1016/j.jaip.2021.05.010
http://doi.org/10.1016/j.jaip.2019.02.002
http://doi.org/10.1111/cea.12882
http://doi.org/10.1111/all.14739

	Introduction 
	Materials and Methods 
	Patient Selection 
	Vaccine Selection 
	Vaccination Procedure 
	Tryptase Measurement 
	Data Collection 
	Statistical Analysis 

	Results 
	Study Population Overview and Vaccine Distribution 
	Occurrence and Risk Factors for Immediate Reactions (IR) 
	Occurrence and Risk Factors for Late Reactions (LR) 

	Discussion 
	Conclusions 
	References

