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Monzambani-Banderet1, Alix Miauton2, Cedric Girard1, Kevin Kammermann3, Sylvain
Meylan1, Camillo Ribi1, Thomas Harr4, Daniel Yerly3, and Yannick Muller1

1Centre Hospitalier Universitaire Vaudois
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Abstract

Background: The newly developed mRNA-based COVID-19 vaccines can provoke anaphylaxis, possibly induced by polyethylene

glycol (PEG) contained in the vaccine. The management of persons with a history of PEG allergy, or with an allergic-like reaction

after the first dose remains to be defined. Methods: We studied two cohorts of individuals: one pre-vaccination, the second

post-vaccination. Skin testing was performed with COVID-19 mRNA vaccines. Upon negative skin test, a two-step (10%-90%)

vaccination protocol was performed. Positive skin tests were confirmed with basophil activation tests (BAT). Vaccine-sensitized

patients were offered a five-step induction protocol. Results: We identified 187 patients with high-risk profiles for developing

anaphylaxis. In parallel, among 385’926 doses of vaccine, 87 allergic-like reactions were reported to our division for further

investigations: 18/87 (21%) were consistent with anaphylaxis, 78/87 (90%) were female, and 47/87 (54%) received the BNT162b2

mRNA vaccine. Vaccine skin tests were negative in 96% and 76% in the pre- and post-vaccination cohorts, respectively. A two-

step vaccination was tolerated in 232/236 (98%) of individuals with negative tests. Four individuals experienced acute asthma

exacerbation during the two-step challenge. Vaccine-positive skin tests were consistently confirmed by BAT; CD63 and CD203c

expression was selectively inhibited with ibrutinib, suggesting an IgE-dependent mechanism. Finally, 13 sensitized patients

were successfully vaccinated with a five-step vaccination protocol. Conclusion: A two-step 10%-90%-vaccination protocol can

be safely administered upon negative skin testing. Yet, it should be delayed in individuals with poorly controlled asthma.

Importantly, mRNA vaccine sensitized individuals may receive a five-step vaccination protocol.
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(3) Pharmacy, University Hospital of Lausanne, Switzerland

(4) Adverse Drug Reactions - Analysis & Consulting (ADR-AC) GmbH, Bern, Switzerland

(5) Infectious Diseases Service, University Hospital Lausanne and University of Lausanne,

1



P
os

te
d

on
A

u
th

or
ea

28
S
ep

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

28
22

97
.7

19
61

92
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Switzerland

(6) Division of Immunology and Allergy, University Hospital of Geneva, Switzerland

*Contributed equally

Correspondence:

Yannick Daniel Muller – MD-PhD – Assistant Professor
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Background:

The newly developed mRNA-based COVID-19 vaccines can provoke anaphylaxis, possibly induced by poly-
ethylene glycol (PEG) contained in the vaccine. The management of persons with a history of PEG allergy,
or with an allergic-like reaction after the first dose remains to be defined.

Methods:

We studied two cohorts of individuals: one pre-vaccination, the second post-vaccination. Skin testing was
performed with COVID-19 mRNA vaccines. Upon negative skin test, a two-step (10%-90%) vaccination
protocol was performed. Positive skin tests were confirmed with basophil activation tests (BAT). Vaccine-
sensitized patients were offered a five-step induction protocol.

Results:

We identified 187 patients with high-risk profiles for developing anaphylaxis. In parallel, among 385’926
doses of vaccine, 87 allergic-like reactions were reported to our division for further investigations: 18/87
(21%) were consistent with anaphylaxis, 78/87 (90%) were female, and 47/87 (54%) received the BNT162b2
mRNA vaccine. Vaccine skin tests were negative in 96% and 76% in the pre- and post-vaccination cohorts,
respectively. A two-step vaccination was tolerated in 232/236 (98%) of individuals with negative tests. Four
individuals experienced acute asthma exacerbation during the two-step challenge. Vaccine-positive skin tests
were consistently confirmed by BAT; CD63 and CD203c expression was selectively inhibited with ibrutinib,
suggesting an IgE-dependent mechanism. Finally, 13 sensitized patients were successfully vaccinated with a
five-step vaccination protocol.

Conclusion:

A two-step 10%-90%-vaccination protocol can be safely administered upon negative skin testing. Yet, it
should be delayed in individuals with poorly controlled asthma. Importantly, mRNA vaccine sensitized
individuals may receive a five-step vaccination protocol.

Introduction

The newly developed anti-SARS-Cov2 COVID-19 mRNA-vaccines (BNT162b2 mRNA from Pfizer-BioNTech
and mRNA-1273 from Moderna) represent a potential exit strategy from the ongoing severe COVID-19
pandemic, but are associated with rare cases of anaphylaxis[1–3]. The first severe cases of anaphylaxis were
rapidly reported after the start of the worldwide vaccination campaign, and led the US and European centers
for disease prevention and control to recommend a 15-minute surveillance post-vaccination, which should be
prolonged to 30 minutes in any patient with a history of severe anaphylaxis. The vaccination is currently
contraindicated for persons with an allergic reaction to the COVID-19 vaccine or known allergies to any of
its components. This includes polyethylene glycol (PEG), or macrogols, and polysorbate, the latter being
known to cross-react with PEG, as it is constituted of PEG molecules [4].
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. In the US, the incidence of allergic reactions to mRNA vaccines was initially estimated 10 times higher than
for other virus-based vaccines [2, 3]. More recently, based on a metanalysis regrouping 41’000’000 vaccinations
and a more recent study, the incidence of SARS-Cov2 vaccine anaphylaxis is estimated between 4.7–7.9 cases
per million vaccinations [5–7]. Expert opinions and a number of small case reports suggest that people with
immediate allergic reactions to mRNA vaccines are likely sensitized to PEG [7–10]. Urgent research has been
recommended by a large panel of international experts to define the utility of skin testing to identify risk for
allergic reactions to the vaccines or their excipients in allergic individuals [7].

For evident safety reasons, in our center we rapidly established a diagnostic routine protocol, consisting of
vaccine drug skin testing, followed by a two-step vaccination protocol (10%-90%). This diagnostic routine
protocol included two categories of individuals: The first one regrouped individual before vaccination, with
prior history of anaphylaxis to any injectable drug (intravenous, subcutaneous, or intramuscular) that con-
tained PEG, polysorbate or trometamol. Were also included patients with a documented allergy to PEG
and/or Polysorbate. In selected cases, where the presence/absence of those excipients could not be establis-
hed, patients were also invited to get tested before vaccination. The second category regrouped persons after
vaccination that showed immediate-like allergic reactions, following the first or second dose of vaccine.

Herein, we report the results of skin tests, basophil activation test (BAT) and clinical tolerability of a two-
and five-step vaccination protocol in patients respectively with negative and inconclusive/positive skin tests.
Vaccine hypersensitivity was found in 4% of the pre-vaccination cohort and in 24% of the post-vaccination
cohort. Importantly, negative skin tests predicted vaccine tolerance in 98% (232/236) of the patients. A
five-step induction protocol was successfully administered in thirteen vaccine-sensitized patients.

Methods

Study approval

The study was approved by the local Ethics Committee of the canton of Vaud, Switzerland (BASEC number
2021-00735). Written informed consent was obtained from all participants.

Pre-vaccination cohort

The canton of Vaud in Switzerland has over 800’000 inhabitants. To get an appointment
for the vaccination, every person went through a standardized evaluation, either online (htt-
ps://coronavax.unisante.ch/evaluation) or via a hotline. During the evaluation, every person had to respond
to the following questions:

1. Do you have allergies?
2. Do you have documented allergy to any of the vaccine components* (*Polyethylene-Glycol (PEG,

macrogol), polysorbate, tromethamine (TRIS, trometamol), or to PEG-derived laxatives?
3. Did you previously suffer from severe allergic reaction* to infused or injectable drugs? (*history of

anaphylactic shock, that required the prescription of adrenaline, a life-threatening allergic reaction)
4. Did you previously suffer from a severe allergic reaction of other origins* (*oral medication, food allergy,

latex, pollen, animals, dust mites, insect venom)?

If the answer to question 1 was no, questions 2-4 were not asked. Persons with a yes answer to questions 2
and/or 3 were asked to get medical advice to assess their eligibility for the vaccination, either by contacting
their general practitioner, or by competing an online form which was sent to our allergy division (see results
section). Persons who responded yes to question 4 only were eligible for a vaccination with 30-minutes surveil-
lance. The standardized workup consisted of skin tests with one of the two anti-SARS-Cov2 mRNA vaccines.
Skin prick tests (SPT) with histamine and NaCl 0.9% were used as positive and negative controls, respective-
ly. If skin tests returned negative, patients were offered on the same day a two-step (10%-90%) vaccination
protocol, with 30-minutes of surveillance after each injection. If skin tests returned positive, a complimenta-
ry workup was done, including whenever possible both BNT162b2 mRNA and mRNA-1273 vaccines (SPT
1:1, intra-dermal-reaction (IDR) dilution 1/100), polysorbate-80 1% (dilution 1/10), PEG-2000 1% (dilution
1/100), and trometamol 1% (dilution 1/100), the latter being an excipient of the mRNA-1273 vaccine. IDR
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. with NaCl 0.9% was used as a negative control. According to the European Network of Drug Allergy (ENDA)
guidelines, a skin test was considered positive in case of a papule of 3 mm or more, in comparison to the
steady-state with erythema at 20 minutes. In case of a papule evolving from the steady-state, but of less
than 3mm, the test was considered inconclusive (suspicious).

Post-vaccination cohort

In this cohort, we included all patients with a history of allergic-like reactions after the first or second
injection with mRNA vaccine against COVID-19. Individuals with an allergic reaction, but not meeting
anaphylaxis criteria as per European Academy of Allergy and Clinical Immunology (EAACI) definition
[11–13], received an appointment in our division of allergy for a standardized workup, consisting of skin
testing with one of the two mRNA vaccines as described above. If skin tests returned positive, the same
complementary skin tests described above were performed. Individuals experiencing an anaphylactic reaction
(as per EAACI definition) after the first mRNA vaccine dose, received an appointment for skin testing only,
with at least one of the two mRNA vaccines, polysorbate-80, PEG-2000, and trometamol. In most of the
cases, upon positive or suspicious skin test results, a BAT was performed to confirm the skin test results. In
vaccine-hesitant patients with negative skin tests results, we also performed BAT.

Basophil activation tests

Peripheral blood was obtained from individuals from the pre- or post-vaccination cohorts. Briefly, 100 μL of
peripheral blood per test condition was incubated with or without IL-3 (1ng/mL) with different concentration
of vaccines (1%, 0.1%, 0.01%) or Polysorbate-80 (10μg/ml, 2 μg/ml, 0.4 μg/ml) for 30 min at 37°C, along
with anti-CCR3 PE and anti-CD63 FITC, anti-CD203 APC antibodies (Biolegend, San Diego, CA). Control
conditions included a medium-only negative control, a positive control, involving the crosslinking of the high-
affinity Fc epsilon receptor (anti-IgE) (Beckmann-Coulter, Brea, CA), and a positive control independent of
FcERI signaling,N -formylmethionyl-leucyl-phenylalanine (fMLP) (Sigma-Aldrich, St. Louis, Missouri) [13].
Flow cytometry data were collected on NovoCyte (Agilent Technologies, Santa Clara, CA).

Statistics

Multiple unpaired t-test was performed using GraphPad Prism version 9 for Macintosh (GraphPad Software,
San Diego, California USA). Mean and standard deviations are shown. Fisher’s exact tests were performed
using IBM SPSS Statistics for Macintosh, Version 27.0.

Results

Pre-vaccination cohort

During the first 6 months of the vaccination campaign, we evaluated 2’477 online forms from vaccine candi-
dates with allergies and called in 200 persons with a high-risk profile for vaccine anaphylaxis for work-up at
our outpatient clinic. Thirteen patients did not provide informed consent for this study and were therefore
excluded from the analysis. Mean age was 62.7-year-old, 145/187 (78%) were female, and 150/183 (82%) had
a prior history of anaphylaxis (Supplementary Table 1 ). One of the first cases with positive skin tests was
a 55-year-old patient with prior history of generalized pruritus, urticaria, dyspnea, and dysphonia minutes
after starting a preparation of macrogol 3350 for a colonoscopy in 2020. The patient underwent SPT and IDT
skin testing: SPT was inconclusive for the mRNA-1273 vaccine, but otherwise negative. IDT was strongly
positive for the BNT162b2 mRNA and mRNA-1273 vaccines, and polysorbate-80 and negative for PEG-2000
and trometamol (Figure 1A ). We found six other patients with positive skin tests for mRNA vaccines.
Interestingly, 5/7 had also positive IDR for polysorbate-80, but none of them was positive for PEG-2000
or trometamol. In addition, none of them had unclear or multiple unidentified drug allergies/anaphylaxis
(Figure 1B, Supplementary Table 2 ). Patients with negative skin tests were offered a 2-step (10%-90%)
vaccination protocol, which was accepted by 178/180 patients. Vaccine tolerance was 99.4%. One patient
developed an asthma attack which required 12-hour monitoring at the emergency department.

Post-vaccination cohort
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. In parallel, our division of allergy was in charge of evaluating allergic-like reactions after the first or second
dose. As of June 16th 2021, 385’926 doses of mRNA-based vaccine were injected in the canton Vaud. Of
the 104’561 vaccine doses administered at the University Hospital of Lausanne (CHUV), 93’890 (90%) were
the BNT162b2 mRNA vaccine, and 10’671 (10%) the mRNA-1273 vaccine. Thirty-five allergic-like reactions
(3.3 reactions/10’000 doses) were reported at the vaccine center of CHUV, and overall, 93 from all vaccine
centers in the canton Vaud (2.4 reactions/10’000 doses) (Figure 1B ).

Among the 93 evaluated patients, 87 provided informed consent for the study. Mean age was 48.4-year-old,
and 90% were women. Three of 87 (3%) had a history of allergy to drugs sharing excipients with the mRNA
vaccines (Supplementary Table 2 ). Significantly fewer individuals had negative skin tests compared to
the pre-vaccination cohort (76% versus 96% respectively). Importantly, over 95% of individuals with negative
skin tests tolerated a two-step rechallenge protocol (Figure 1B ). Three individuals, developed an asthma
attack, one after the 10% step and two after the 90% step. All required a monitoring at the emergency
department.

Workup yielded positive skin-tests to the vaccine in 9/86 (10%) and remained inconclusive in 12/86 (14%)
of patients. Skin tests with PEG-2000 were negative in 19/21 cases and inconclusive in 2/21. Skin tests with
trometamol were negative in all 21 patients. Finally, among individuals with inconclusive/positive skin tests
for mRNA vaccines, (10/21) 48% had inconclusive/positive skin tests for polysorbate-80. Positive skin tests
were significantly associated with younger age and the mRNA-1273 vaccine (Table 1 ). However, neither
the symptoms, timing of symptoms, criteria for anaphylaxis, Brighton Score (level 0-3 defining the certainty
of anaphylaxis), nor the Ring and Messmer Severity Scale (1-4 grading system of clinical anaphylaxis severity)
predicted skin test positivity to the mRNA vaccine (Figure 1B ).

Positive vaccine skin tests correlate with BAT results

To further investigate the inconclusive and/or positive skin tests with either mRNA vaccine, we performed
BAT in 24 individuals from the pre- and post-vaccination cohorts (Figure 2A-C ). As controls, we included
14 individuals, among which 4 were healthy without history of allergy (skin tests not available), one had
dermographism, two had inconclusive skin tests for polysorbate-80 but were negative for the vaccine, and 7
were vaccine-hesitant.

BATs were performed at the ADR-AC Laboratory in Bern, Switzerland. Interpretation was made indepen-
dently of the skin test results. Strikingly, BAT results consistently confirmed inconclusive and/or positive skin
tests with the vaccine, while individuals with negative skin test results had negative BAT results (Figure
2D ). The results also showed cross-reactivity between the mRNA-1273 and BNT162b2 mRNA vaccines,
which we also observed with skin testing. CD203c appeared to be the best marker to discriminate between
positive and negative BAT results across all different concentrations of vaccine tested (Figure 2A-C ).
Finally, while no significant difference was found for polysorbate-80 positivity between vaccine positive and
negative BAT, we observed a few outliers in vaccine-sensitized individuals only.

Vaccine-induced basophil activation is IgE-dependent

Ibrutinib is a Bruton’s tyrosine kinase inhibitor which has been shown to target IgE-dependent secretion of
histamine in basophils [14]. To investigate whether vaccine-induced upregulation of CD63 and CD203c is IgE-
dependent, we performed a BAT in five vaccine-sensitized individuals with and without ibrutinib (Figure 3 ).
As previously demonstrated [14], ibrutinib selectively inhibited CD63 upregulation upon basophil simulation
with anti-Fcε receptor I antibodies, but not with the bacterial peptide fMLP. Yet, we also observed a partial
but significant inhibition of CD203c upon fMLP stimulation with ibrutinib, suggesting that this drug also
has some IgE-independent activity. Importantly, in vaccine-stimulated conditions, we found a significant
downregulation of basophils’ CD63 and CD203c expression in the presence of ibrutinib, suggesting that the
upregulation of those markers is, at least partially, IgE-dependent.

Individuals with positive skin tests may be successfully vaccinated with a 5-step induction protocol

Considering that the mechanisms of basophil activation with mRNA vaccines are possibly IgE-dependent,
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. we decided to establish a 5-step induction protocol for vaccine sensitized individuals, using an algorithm
established by the American Academy of Pediatrics, which we adapted for the BNT162b2 mRNA and the
mRNA-1273 vaccines [15] (Supplementary Table 3 ). This decision was further motivated by a single
sensitized patient that we decided to rechallenge with a two-step vaccination protocol, associated with
urticaria recurrence (Figure 1B ).

As of September 2021, 14 female patients underwent the 5-step vaccination procedure, of which 4 from the
pre-vaccination cohort and 10 from the post-vaccination cohort. Except for one patient who had an acute
asthma exacerbation during the 2-step vaccination procedure despite negative skin testing, all individuals had
inconclusive and/or positive skin tests that were confirmed by BAT when possible (Table 2 ). Importantly,
all 14 patients (including 13 vaccine-sensitized individuals) could be successfully vaccinated using the 5-
step protocol. Adverse events during the procedure were observed in three cases: two cases experienced a
mild asthmatic exacerbation, which responded well to beta-mimetics only and another patient developed
a localized urticaria at the injection site. These results suggest that a five step-vaccination protocol can
be proposed to vaccine-sensitized patients, provided that there is an adequate setting for surveillance and
treatment of anaphylaxis.

Discussion

This is currently the largest study investigating vaccine sensitization in two cohorts of patients, either before
vaccination individuals with a high risk for anaphylaxis, or after vaccination in individuals with allergic-like
reactions. We showed that negative skin testing predicts vaccine tolerance independently of the severity
of the initial reaction. These data emphasis the usefulness of skin testing to decide whether patients are
eligible for the primary vaccination or a booster dose. Importantly we demonstrate that CD63 and CD203c
upregulation in basophils was at least partially IgE-dependent. Finally, we showed that most sensitized
patients tolerate a 5-step induction protocol with either mRNA vaccine.

The incidence and/or prevalence of allergic-like reactions for mRNA-based vaccines is intensely debated.
Multiple definitions of anaphylaxis, data collected from national agencies/registries versus prospective clinical
studies, but also efforts made to determine the validity and causality of all allergic-like reactions hampered
these estimations [7, 16]. Ongoing studies are trying to prospectively evaluate the proportions of systemic
allergic reactions to the BNT162b2 mRNA and mRNA-1273 vaccines (NCT04761822). Yet, based on our
experience, we estimated that there are 2.4-3.3 suspect allergic-like reactions per 10’000 doses. These numbers
are comparable to the observational study performed at the Mass General Brigham hospital that concluded
on an estimated rate of severe allergic reaction or anaphylaxis of 2.47 per 10 000 vaccinations [17].

In our study, half of the reactions started 60 minutes or more after vaccination and only 21% met the criteria
anaphylaxis (EAACI). Very importantly, we did not observe any fatalities, nor had to admit any patient to
the intensive care unit because of anaphylaxis. Several reasons may account for this observation: First, the
15-30 min clinical surveillance helps to rapidly identify and treat allergic reactions. Secondly, we established
an online screening form to identify patients with severe allergic reactions to injectable drugs containing
PEG/polysorbate before vaccination. Third, skin testing identifies mRNA vaccine-sensitized patients which
can then be excluded from a standard (re)vaccination protocol.

Overall, we found that IDR tests with mRNA-vaccines have a sensitivity of >98%. The sensitivity of
SPT was however very poor, as none of them returned positive, suggesting that they may be omitted in
the context of this pandemic to gain time in the allergy workup. In 4 cases out of 236 vaccinations, we
had an asthmatic reaction despite negative skin tests. While further investigations are needed to define
the mechanisms involved in these reactions, we strongly recommend that asthmatic patients with poor
asthma control postpone their vaccination until their asthma is properly controlled. Based on the results
of this study, it seems reasonable to restrict mRNA vaccine skin tests before vaccination to patients with
documented or highly-suspected allergy to PEG and/or Polysorbate and to consider them only in vaccine-
hesitant individuals with unspecific history of drug-anaphylaxis or multiple drug allergies to increase global
coverage of vaccination.
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. PEG is the suspected culprit for mRNA-vaccine allergic-like reactions [1, 7, 9] as it is known to provoke
IgE-mediated anaphylaxis[4, 10, 18]. Yet, there are no clear recommendations for testing PEG in patients
with either suspected SARS-CoV-2 mRNA allergy, or allergy to an injectable drug containing PEG. A recent
systematic review performed by a multidisciplinary group of international experts identified 21 studies on
skin testing with PEG and/or polysorbate-80 [4, 7, 10, 19–26]. They concluded on a general sensitivity of
58.8% and specificity of 99.5% [7].

Yet, in our two cohorts of patients, PEG-2000 skin testing (SPT 1% and IDR 0.01%) was negative in the
majority of cases and inconclusive in very few. Several reasons may explain these findings: first, we inten-
tionally used a low concentration of PEG-2000, as it was reported that IDT with a high PEG concentration
can provoke anaphylaxis [10]. Second, most studies on PEG-allergic patients have used PEG of different
molecular weights, ranging from 200 to 20’000 [4, 7, 10, 19–26]. Thus, PEG-2000 has so far never been val-
idated for diagnosing mRNA vaccine hypersensitivity [8, 27]. Thirdly, several groups used surrogate drugs
such as Movicol (PEG 3350) or methylprednisolone acetate (PEG 3350) to diagnose PEG allergy, instead of
purified PEG, which are have not included in this study [4].

The tridimensional conformation of PEG may play an important role in the binding of anti-PEG IgE or,
as suggested by some, of complement-dependent anti-PEG-IgM/IgG [28, 29]. In conclusion, we recommend
against skin testing with PEG-2000 and rather privilege skin testing with mRNA vaccine and polysorbate-
80. The sensitivity of polysorbate-80 skin testing to diagnose vaccine hypersensitivity has however yet to
be validated, since only 48-86% (19-71% if considering positive skin tests only) in respectively the post and
pre-vaccination cohorts had cross-reactive skin tests with mRNA vaccines. These results, however, strongly
suggest that there is a cross-reactivity between mRNA vaccines and polysorbate-80 hypersensitivity.

For the first time, we showed that the majority of vaccine-sensitized patients tolerate a 5-step mRNA
vaccination protocol without adverse events. The decision about the booster vaccination in allergic patients’
needs to be made individually, balancing the risk and benefits. However, since in Switzerland there are no
alternative anti-SARS-Cov2 vaccines without PEG and/or polysorbate and the booster dose is associated
with a substantial gain in antibody neutralizing capacities [30, 31], we advised our patients to consider this
induction protocol.

Several limitations need however to be acknowledged: first, the majority of patients who underwent this
protocol had only a mild allergic reaction after the first dose. Thus, this protocol may not be tolerated by
vaccine-sensitized patients with severe allergic reaction after the first dose. Secondly, we have not validated
the specificity of the skin testing nor the BAT with a formal drug challenge. More data are to come with
ongoing clinical trials evaluating the safety of administering a second dose of COVID-19 mRNA vaccines in
individuals who experienced systemic allergic reactions to the first vaccine injection (NCT04977479). Third,
we unexpectedly observed a significantly increased number of vaccine-sensitized patients in individuals who
received the mRNA-1273 vaccine, although this vaccine is not associated with a higher prevalence of allergic
reaction as compared to the BNT162b2 mRNA vaccine. Importantly, these results were confirmed by BAT
and were specific to the post-vaccination cohort, since 53% of individuals with negative skin tests in the
pre-vaccination cohort were screened with the mRNA-1273 vaccine and not with the BNT162b2 mRNA.
To our opinion, urgent studies are warranted to better understand the mechanisms and potential clinical
consequences of vaccine-induced sensitization.

In conclusion, we demonstrated that IDT and BAT with mRNA-based vaccines can be useful to evaluate
patients with allergic-like reactions after the first injection with an mRNA vaccine and decide which vaccina-
tion protocol to use for the booster dose. Ultimately, with few exceptions, allergies, if properly investigated,
should not be any more a contra-indication to vaccination in this deadly pandemic.

Author contribution: Conceptualization and initiation of the study: YDM. Supervision: YDM. Formal
analysis: FS and YDM. Contribution to the design of the study: DY, FS, TH, AM, CG, SM and CR.
Collection of the data: FS, RMA, LC, VMB. BAT analysis: DY and KK. Writing-original draft: FS and
YDM. Writing-review & editing: TH and CR.
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Figures/Tables

Figure 1: Skin testing with COVID-19 mRNA vaccines

(A) Representative intradermal (IDR) skin tests results of a patient with history laxative anaphylaxis. The
picture was taken 20 minutes after IDR for the BNT162b2 mRNA and mRNA-1273 vaccines (1/100), PEG
2000 1% (1/100), Trometamol 1% (1/100). All dilutions were performed in NaCl 0.9%. (B) Flow chart of
individuals from the pre-vaccination and post vaccination cohorts, which were evaluated in the division
of allergy at the university hospital of Lausanne. Abbreviation: Polyethylene glycol (PEG), Trometamol
(TRIS), Intradermal reaction (IDR).

Figure 2: Basophil activation tests (BAT)
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. A-C) Percentage of CD63 and CD203c expression after gating on CCR3+ basophils. 27 BATs were interpreted
as positive and 17 as negative for a sensitization to COVID-19 mRNA vaccines. (A) Peripheral blood was
incubated with IL-3 and different concentration of COVID-19 mRNA vaccines or polysorbate-80. Anti-IgE
antibodies were used as positive control and medium-only) as negative control. Percentage of CD63 expression
is shown. (B) Peripheral blood was incubated with different concentration of COVID-19 mRNA vaccines or
polysorbate-80 without IL-3. CD63 expression is shown. (C) Peripheral blood was incubated with different
concentration of COVID-19 mRNA vaccines or polysorbate-80. CD203c expression is shown. (A-C) Anti-
IgE antibodies were used as positive control and medium-only as negative control. (D) Correlation of BAT
results with skin test results (when available). Multiple unpaired T test was performed. Mean and standard
deviation are shown. * P<0.05. Abbreviations: Negative (Neg), Positive (Pos).

Figure 3: Ibrutinib and basophil activation tests (BAT)

Percentage of CD63 (+/- IL3) and CD203c expression after gating on CCR3+ basophils in five individuals
which were sensitized to the COVID-19 mRNA vaccines. 100nM of Ibrutinib was added to control condition
(medium-only), basophils were activated with anti-IgE monoclonal antibodies, or fMLP, or 0.1% of the
BNT162b2 mRNA or mRNA-1273 vaccines. Multiple unpaired T test was performed. Mean and standard
deviation are shown. * P<0.05, ** P<0.01, *** P<0.001.

Table 1

Characteristics of the 87 patients tested for the mRNA vaccines after experiencing an allergy-like reaction
immediately after immunization. Fisher’s exact tests were performed.

* including inconclusive intradermal skin tests

Table 2

Characteristics of sensitized patients who underwent a five-step induction protocol with either the BNT162b2
mRNA or the mRNA-1273 vaccines. Abbreviations: Not done (ND), induction tolerance (IT), Intradermal
reaction (IDR)

PRE-VACCINATION
2477 evaluations for self-reported severe allergies

PEG°  
46 (25%)

2-step Vaccination (178)

Well tolerated  
177 (99.4%)

Polysorbate° 
83 (44%)

TRIS° 
32 (17%)

Unclear 
39 (21%)

°13 patients with history of allergy to >=2 different excipients

POST-VACCINATION

2-step Vaccination 0/7

Positive 
1 (0.6%)
(Asthma)

A B

13 excluded

CHUV 104’561 doses

35 Allergic-like reactions 
3.3 reactions/10’000 doses

93 Allergic-like reactions 
(2.4 reactions/10’000 doses)

VAUD 385’926 doses

2-step Vaccination (58)

Well tolerated 
55 (95%)

Positive 3 
(5%) (Asthma) 

2-step Vaccination (1/21)

Positive 1 (100%) (Urticaria) 

Polysorbate IDR: 
Not Done (0), Negative (1) 
Inconclusive (1), Positive (5)

6 excluded

87 Allergic-like reactions#

200 evaluations in the allergy division

History for Drug allergy containing one of the following 
excipient

Tr
om

et
am

ol



0.
01

%
BN

T-
12

6b
2


1/
10

0 



Po
lys

or
ba

te
 8

0

0.

1%
PE

G
 2

00
0


0.
01

%
m

RN
A-

12
73



1/

10
0

Polysorbate IDR: 
Not Done (27), Negative (35) 
inconclusive (3), Positive (0)

Polysorbate IDR: 
Not Done (0), Negative (11) 
Inconclusive (6), Positive (4)

Negative Vaccine  
IDR 65 (76%)

Inconclusive Vaccine 
IDR 12 (14%)

Positive Vaccine 
IDR 9 (10%)

Negative Vaccine  
IDR 180 (96%)

Inconclusive 
Vaccine IDR 0

Positive Vaccine 
IDR 7 (4%)

# 1 patient excluded because of dermographism

Figure 1
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.

Posi(ve BAT (n=24) Nega)ve Inconclusive Posi)ve 
(%)

Tested 
mRNA-1273  0.01% 0% 10(42%) 14(58%) 24
BNT-162b2 0.01% 1(5%) 9(43%) 11(52%) 21
Polysorbate 80 0.1% 10(42%) 6(25%) 8(33%) 24

Nega(ve BAT (n=9) Nega)ve 
(%)

Inconclusive Posi)ve 
(%)

Tested
mRNA-1273  0.01% 100% 0% 0% 9
BNT-162b2 0.01% 100% 0% 0% 8
Polysorbate 80 0.1% (8)78% (2)22% 0% 9

A

B

C

D

Intradermal skin test results

BNT-162b2 (%)

αIgECtr 0.42100.010.11 0.010.11

mRNA-1273 (%) Polysorbate
 80 (µg/ml) 

* * * * *

*

BNT-162b2 (%)

αIgECtr 0.42100.010.11 0.010.11

mRNA-1273 (%) Polysorbate
 80 (µg/ml) 

*

*

BNT-162b2 (%)

αIgECtr 0.42100.010.11 0.010.11

mRNA-1273 (%) Polysorbate
 80 (µg/ml) 

*

*

*

*

*
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Skin Tests Neg Skin Tests Pos* p value
Total of pa(ents 65 21
Age (mean +/-SD)) 51.2(+/-15.1) 40.8 (+/-15.2) <0.01
Female 57 (88%) 20 (95%) ns
BNT-162b2 (%) 43 (66%) 3 (14%) <0.01
Prior allergy sharing addi)ves with vaccines 2 (3%) 1 (5%) ns
Prior anaphylaxis 27 (41.5%) 7 (33%) ns
Prior allergy (any) 60 (92%) 12 (57%) <0.01
Normal Basal Tryptase 50/51 (98%) 19/19 (100%) ns

Symptoms ns
Cutaneous 53 (82%) 17(81%)
Respiratory 22 (33%) 6 (29%)
Diges)ve 7 (11%) 1 (5%)
Cardiovascular 2 (3%) 1 (5%)

Treatment ns
An)H1, Steroids only 50 (77%) 17 (81%)
Autoresolu)ve 12 (19%) 4 (19%)
Epinephrine 3 (5%) 0

Timing ns
Timing≤30 min 42 (65%) 11 (52%)
Timing 30-60min 2 (3%) 0
Timing˃60min 21 (32%) 10 (48%)

Anaphylaxis EAACI criteria 16 (25%) 2 (10%) ns
Brighton Scale ns
I 5 (8%) 2 (10%)
II 9 (14%) 0
III 1 (2%) 0
No criteria 50 (77%) 19 (91%)

Ring and Messmer Severity Scale ns
I 40 (62%) 13 (62%)
II 18 (28%) 8 (38%)
III 7 (11%) 0
IV 0 0
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Age Sex Cohort Timing of 
the reaction

Anaphylaxis 
EAACI criteria

BNT-162b2 
mRNA  IDR

mRNA-1273 
IDR

Polysorbate 
IDR

BAT BNT-162b2  
CD63/IL-3 (%)

BAT BNT-162b2  
CD63 (%)

BAT BNT-162b2  
CD203c (%)

BAT mRNA-1273 
CD63/IL-3 (%)

BAT mRNA-1273 
CD63 (%)

BAT mRNA-1273 
CD203c (%)

Vaccine used IT 
Completed

Reaction during IT

75 F post >60min No inconclusive inconclusive negative 4 3,4 3,6 5,8 8 38,1 mRNA-1273 Yes -

22 F post >60min No positive positive positive 47,7 21,3 57,9 17,8 44,6 68,8 mRNA-1273 Yes -

41 F post  ≤30 min No positive positive positive ND ND ND ND ND ND mRNA-1273 Yes -

37 F post >60min No ND inconclusive positive 0,4 0,8 15,1 0,1 2 28,3 mRNA-1273 Yes -

46 F post >60min No inconclusive inconclusive negative 60,5 39,3 79,7 48,3 23,4 54,2 mRNA-1273 Yes -

53 F post  ≤30 min No ND positive inconclusive 14,3 6,3 25,1 10,7 7,8 20,1 mRNA-1273 Yes -

36 F post  ≤30 min No inconclusive positive negative 60,5 39,3 79,7 48,3 23,4 54,2 mRNA-1273 Yes Local urticaria

52 F post >60min No inconclusive inconclusive negative 11,5 9,1 10,4 41,2 40,2 37 mRNA-1273 Yes -

52 F post  ≤30 min Yes positive positive negative 33,6 34,6 55,5 24,4 29,4 47,3 mRNA-1273 Yes -

39 F post  ≤30 min No ND positive positive 26,4 14,3 40,2 18 27,7 60 mRNA-1273 Yes -

66 F pre - - positive positive inconclusive 16,6 2,8 37,2 19,1 8 54,7 BNT-162b2 mRNA  Yes -

45 F pre - - negative negative negative ND ND ND ND ND ND BNT-162b2 mRNA  Yes mild asthmatic 
exacerbation 

66 F pre - - positive positive negative 5,3 1,2 3,6 5,1 5,5 36,8 BNT-162b2 mRNA  Yes mild asthmatic 
exacerbation 

68 F pre - - positive positive positive 0,5 0,4 4,4 1,3 2,2 12,8 BNT-162b2 mRNA  Yes -
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CD63/IL-3 (%)

BAT BNT-162b2  
CD63 (%)
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Vaccine used IT 
Completed
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75 F post >60min No inconclusive inconclusive negative 4 3,4 3,6 5,8 8 38,1 mRNA-1273 Yes -

22 F post >60min No positive positive positive 47,7 21,3 57,9 17,8 44,6 68,8 mRNA-1273 Yes -

41 F post  ≤30 min No positive positive positive ND ND ND ND ND ND mRNA-1273 Yes -

37 F post >60min No ND inconclusive positive 0,4 0,8 15,1 0,1 2 28,3 mRNA-1273 Yes -

46 F post >60min No inconclusive inconclusive negative 60,5 39,3 79,7 48,3 23,4 54,2 mRNA-1273 Yes -

53 F post  ≤30 min No ND positive inconclusive 14,3 6,3 25,1 10,7 7,8 20,1 mRNA-1273 Yes -

36 F post  ≤30 min No inconclusive positive negative 60,5 39,3 79,7 48,3 23,4 54,2 mRNA-1273 Yes Local urticaria

52 F post >60min No inconclusive inconclusive negative 11,5 9,1 10,4 41,2 40,2 37 mRNA-1273 Yes -

52 F post  ≤30 min Yes positive positive negative 33,6 34,6 55,5 24,4 29,4 47,3 mRNA-1273 Yes -

39 F post  ≤30 min No ND positive positive 26,4 14,3 40,2 18 27,7 60 mRNA-1273 Yes -

66 F pre - - positive positive inconclusive 16,6 2,8 37,2 19,1 8 54,7 BNT-162b2 mRNA  Yes -

45 F pre - - negative negative negative ND ND ND ND ND ND BNT-162b2 mRNA  Yes mild asthmatic 
exacerbation 

66 F pre - - positive positive negative 5,3 1,2 3,6 5,1 5,5 36,8 BNT-162b2 mRNA  Yes mild asthmatic 
exacerbation 

68 F pre - - positive positive positive 0,5 0,4 4,4 1,3 2,2 12,8 BNT-162b2 mRNA  Yes -
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