
position article

Allergo J Int (2021) 30:79–95
https://doi.org/10.1007/s40629-021-00165-7

Practical handling of allergic reactions to COVID-19
vaccines

A position paper fromGerman and Austrian Allergy Societies AeDA, DGAKI,
GPA andÖGAI

Ludger Klimek · Karl-Christian Bergmann · Randolf Brehler · Wolfgang Pfützner · Torsten Zuberbier ·
Karin Hartmann · Thilo Jakob · Natalija Novak · Johannes Ring · Hans Merk · Eckard Hamelmann ·
Tobias Ankermann · Sebastian Schmidt · Eva Untersmayr · Wolfram Hötzenecker · Erika Jensen-Jarolim ·
Knut Brockow · Vera Mahler · Margitta Worm

Received: 21 January 2021 / Accepted: 25 January 2021 / Published online: 19 April 2021
© The Author(s) 2021

The first 4 authors (L. Klimek, K.-C. Bergmann, R. Brehler
and W. Pfützner) participated equally.

L. Klimek
Center for Rhinology and Allergology, Wiesbaden, Germany

Professor Dr. med. K.-C. Bergmann (�) · T. Zuberbier
Clinic for Dermatology, Venereology and
Allergy, Charité—University Medicine Berlin,
Charitéplatz 1, 10117 Berlin, Germany

Berlin Institute of Health, Charité—Medical University
Berlin, Berlin, Germany
karl-christian.bergmann@charite.de

R. Brehler
Outpatient Clinic for Allergology, Occupational Dermatology
and Environmental Medicine, General Dermatology and
Venereology, Department of Skin Diseases, Münster
University Hospital, Münster, Germany

W. Pfützner
Department of Dermatology and Allergology, University
Hospital Marburg, UKGM, Philipps University Marburg,
Marburg, Germany

K. Hartmann
Department of Dermatology and Allergology, University
Hospital Basel, University of Basel, Basel, Switzerland

T. Jakob
Department of Dermatology and Allergology, Giessen
University Hospital, UKGM, Justus Liebig University
Giessen, Giessen, Germany

N. Novak
Clinic and Polyclinic for Dermatology and Allergology,
University Hospital Bonn, Bonn, Germany

J. Ring · K. Brockow
Clinic and Polyclinic for Dermatology and Allergology at
Biederstein, Technical University of Munich, Munich,
Germany

H. Merk
Department of Dermatology and Allergology, RWTH Aachen
University Hospital, Aachen, Germany

E. Hamelmann
Pediatric and Adolescent Medicine, Bethel Children’s Center,
OWL University Hospital, Bielefeld University, Bielefeld,
Germany

T. Ankermann
Clinic for Pediatric and Adolescent Medicine, Municipal
Hospital Kiel GmbH, Kiel, Germany

S. Schmidt
Center for Pediatric and Adolescent Medicine, Clinic and
Polyclinic for Pediatric and Adolescent Medicine, University
Medicine Greifswald, Greifswald, Germany

E. Untersmayr
Institute for Pathophysiology and Allergy Research, Center
for Pathophysiology, Infectiology and Immunology, Medical
University of Vienna, Vienna, Austria

W. Hötzenecker
Clinic for Dermatology and Venereology, Allergy Center,
Kepler University Hospital GmbH, Linz, Austria

E. Jensen-Jarolim
Institute for Pathophysiology and Allergy Research, Center
for Pathophysiology, Infectiology and Immunology, Medical
University of Vienna, Vienna, Austria

Inter-university Messerli Research Institute Vienna, Vienna,
Austria

V. Mahler
Paul-Ehrlich-Institute, Langen, Germany

M.Worm
Allergology and Immunology, Department of Dermatology,
Venereology and Allergology, Charité—University Medicine
Berlin, Berlin, Germany

K Practical handling of allergic reactions to COVID-19 vaccines 79

https://doi.org/10.1007/s40629-021-00165-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s40629-021-00165-7&domain=pdf


position article

Summary
Background For the preventive treatment of the 2019
coronavirus disease (COVID-19) an unprecedented
global research effort studied the safety and efficacy
of new vaccine platforms that have not been pre-
viously used in humans. Less than one year after
the discovery of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) viral sequence,
these vaccines were approved for use in the European
Union (EU) as well as in numerous other countries
and mass vaccination efforts began. The so far in the
EU approved mRNA vaccines BNT162b2 and mRNA-
1273 are based on similar lipid-based nanoparticle
carrier technologies; however, the lipid components
differ. Severe allergic reactions and anaphylaxis after
COVID-19 vaccination are very rare adverse events
but have drawn attention due to potentially lethal
outcomes and have triggered a high degree of uncer-
tainty.
Methods Current knowledge on anaphylactic reac-
tions to vaccines and specifically the new mRNA
COVID-19 vaccines was compiled using a literature
search in Medline, PubMed, as well as the national
and international study and guideline registries, the
Cochrane Library, and the Internet, with special ref-
erence to official websites of the World Health Orga-
nization (WHO), US Centers for Disease Control and
Prevention (CDC), Robert Koch Institute (RKI), and
Paul Ehrlich Institute (PEI).
Results Based on the international literature and pre-
vious experience, recommendations for prophylaxis,
diagnosis and therapy of these allergic reactions are
given by a panel of experts.
Conclusion Allergy testing is not necessary for the vast
majority of allergic patients prior to COVID-19 vacci-
nation with currently licensed vaccines. In case of al-
lergic/anaphylactic reactions after vaccination, allergy
workup is recommended, as it is for a small potential
risk population prior to the first vaccination. Evalua-
tion and approval of diagnostic tests should be done
for this purpose.

Keywords Corona virus · Vaccination · Allergic
reaction · Anaphylactic reaction · Safety

Introduction

Vaccination is rightly considered the gold standard in
prophylaxis of infectious diseases. Previous mass vac-
cination strategies have been successful and have led
to the complete elimination of serious infectious dis-
eases (including smallpox and polio).

In the severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) pandemic, research efforts to
elucidate immunopathology and develop vaccines
have been and continue to be conducted [1, 2].

In December 2020, BNT162b2 (BioNTech-Pfizer
company, BionTech, SE, Mainz, Germany, trade name
Comirnaty®), the first mRNA vaccine, was licensed in

the United Kingdom (UK) for the prevention of 2019
coronavirus disease (COVID-19); shortly thereafter,
approvals were also granted in the United States,
Canada, the European Union (EU), and many other
countries worldwide, as well as for mRNA-1273 (Mod-
erna, Inc., Cambridge, MA, USA), another mRNA vac-
cine. Both vaccines are lipid nanoparticle-formu-
lated, nucleoside-modified mRNA vaccines [3, 4].

mRNA vaccines use the messenger ribonucleic acid
to encode the protein of interest, but protein biosyn-
thesis occurs in the human host cell.

Allergic and also anaphylactic reactions to the ac-
tive ingredients of a vaccine itself or to other compo-
nents of the vaccine preparation are among the po-
tential risks of any vaccine product [5, 6].

Anaphylactic reactions occurred shortly after the
start of BNT162b2 and mRNA-1273 vaccinations in
the United Kingdom (UK), Canada, and the United
States [7–10].

Allergic reactions to vaccines in general, includ-
ing severe anaphylaxis, can be IgE-mediated, but also
IgG- and complement-mediated. Usually, anaphylaxis
occurs within the first 30min after vaccination [5, 6].

Symptoms include urticaria with generalized itch-
ing, erythema, angioedema, especially swelling of the
tongue and larynx, asthmatic symptoms with wheez-
ing, coughing and dyspnea, and also tachycardia, hy-
potension, dizziness and vomiting. In worst cases,
anaphylactic reactions can be lethal. In connection
with the administration of the COVID-19 vaccines ap-
proved in the EU, no deaths from anaphylactic reac-
tions have been reported worldwide. Severe anaphy-
lactic reactions to vaccines are very rare and the rate
has been estimated at 1.31 (95% confidence interval
[CI] 0.90–1.84) per million vaccine doses [5].

Morbidity and Mortality Weekly Report

A Morbidity and Mortality Weekly Report from the US
Centers for Disease Control and Prevention (CDC) de-
scribes allergic reactions including anaphylaxis after
receiving the first dose of BNT162b2 vaccine in the
US [11].

From December 14 to December 23, 2020, a to-
tal of 4393 (0.2%) adverse events were reported to
the Vaccine Adverse Event Reporting System (VAERS)
following administration of 1,893,360 initial doses of
BNT162b2 vaccine. Among these, 175 case reports
were identified for further review as possible cases of
severe allergic reaction, including anaphylaxis, based
on description of signs and symptoms. The report
notes that 21 of these cases met the case definition cri-
teria for anaphylaxis, representing an estimated rate
of 11.1 cases per 1 million doses administered. The
median interval from receipt of vaccine to onset of
symptoms was 13min (2–150min). In most of the pa-
tients (71.4%), symptoms appeared within 15min, in
14.3% within 15 to 30min, and in 14.3% after 30min
[11].
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Table 1 Ingredients listed in BNT162b2 and mRNA-1273. (After [13, 14])
BNT162b2 mRNA-1273

Nucleoside-modified mRNA encoding the viral spike (S)-glycoprotein of SARS-
CoV-2

Nucleoside-modified mRNA encoding the viral spike (S)-glycoprotein of SARS-
CoV-2

2((polyethylene glycol)-2000)-N,N-ditetradecylacetamide Polyethylene glycol (PEG) 2000 dimyristoyl glycerol (DMG)

1,2-distearoyl-sn-glycero-3-phosphocholine 1,2-distearoyl-sn-glycero-3-phosphocholine

Cholesterol Cholesterol

((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyl decanoate) SM-102 (patent from Moderna)

Potassium chloride Tromethamine

Monobasic potassium phosphate Tromethamine hydrochloride

Sodium chloride Acetic acid

Dibasic sodium phosphate-dihydrate Sodium acetate

Sucrose Sucrose

In 19 of 21 (90%) cases, patients were treated with
epinephrine, 4 patients (19%) required hospitalization
(including three in an intensive care unit), and 17
(81%) were treated in an emergency department. No
deaths from anaphylaxis were reported after receipt of
BNT162b2.

According to the report, 17 (81%) of the 21 patients
with anaphylaxis had a documented history of aller-
gies or allergic reactions, including to medications or
medical products, foods, and insect stings. In addi-
tion, 7 patients (33%) had a positive history of anaphy-
laxis in the past, including one after rabies vaccination
and another after influenza A (H1N1) vaccination.

In addition, the report notes that cases occurred
after receiving doses from multiple different vaccine
batches. Furthermore, 83 cases of non-anaphylactic
allergic reactions were documented after vaccination
with BNT162b2—with symptom onset within one
day, of which 72 (87%) were classified as non-severe.
The most commonly reported symptoms included
pruritus, rash, pharyngeal itching and irritation, and
mild respiratory symptoms. The European Medicines
Agency (EMA), CDC and US Food and Drug Admin-
istration (FDA) will continue to conduct increased
surveillance for anaphylaxis in recipients of COVID-
19 vaccine [11, 12].

Potential anaphylaxis-inducing ingredients in
mRNA-COVID-19 vaccines

The COVID-19 vaccines currently commercially avail-
able in Western industrialized countries, BNT162b2
and mRNA-1273, do not contain any of the “clas-
sical” allergy-inducing components such as gelatin,
hen’s egg or cow’s milk proteins (mainly responsible
for immediate type reactions), thiomersal (organic
mercury compound), aluminum, phenoxyethanol, or
formaldehyde (mainly responsible for late type re-
actions). Residues of antimicrobial substances such
as neomycin or substances such as latex, yeasts and
dextran are not included as far as known, and preser-
vatives or other additives are not required [3, 4, 7,
9].

Therefore, it is first necessary to clarify which com-
ponents of BNT162b2 and mRNA-1273 (Table 1) can
generally induce anaphylaxis.

Both vaccines consist of nucleoside-modified
mRNA encoding the viral spike (S) glycoprotein of
SARS-CoV-2. This SARS-CoV-2 viral mRNA is packed
in lipid nanoparticles (LNPs) enhancing the transport
of the mRNA into human cells. The liposomal shell
consists essentially of phospholipids (often modi-
fied by incorporated cholesterols), which enclose
the RNA vaccine in the aqueous environment [15].
These auxiliary substances, known as lipid nanopar-
ticles, which serve both as carriers and as stabilizers
of the RNA, are partly PEGylated, this means cova-
lently bound to polyethylene glycol (PEG) 2000, that
among other things builds a steric barrier against
premature degradation of the liposomes through the
reticuloendothelial system [16] and therefore increase
their stability and lifetime. The LNP also work as an
immune boosting adjuvant.

In principle, these components can act individu-
ally or in combination as inducers of immunologi-
cal hypersensitivity reactions (HR). For example, both
single- and double-stranded RNA can stimulate the
innate immune system, e.g., via the Toll-like recep-
tors TLR 3 and TLR 7/8 and can lead to the exces-
sive release of various immune-activating cytokines
[17]. Furthermore, depending on their size, compo-
sition, structure and surface charge, liposomes can
activate the innate, as well as the acquired immune
system, and induce the building of antibodies against
specific constituents [15, 18]. Subsequently, auxiliary
substances are also capable of triggering HR [19]. PEG
could play a special role in this context.

PEGylated LNPs are present in both vaccines and it
has been described that anaphylactic reactions rarely
can be triggered by PEG [7, 9, 20–25], although it is
present in many medications and everyday products.

Also established are PEGylated pharmaceutical ac-
tive substances, in which PEG and the active sub-
stances are chemically linked. Remarkably, PEG
has also been used in preparations for allergen im-
munotherapy (AIT) [26]. For example, a previous
study showed that 50% of patients receiving subcu-
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taneous AIT with PEGylated allergen extracts for the
treatment of allergies to ragweed pollen or bee venom
developed antibodies directed against PEG. These
were predominantly of the IgM type, although clinical
relevance could not be established [26]. Patients, pre-
viously having contact with PEG, can have antibodies
against PEG, and this could be a risk for anaphylactic
reactions when vaccinated with a vaccine containing
PEGylated molecules [7, 9, 21].

PEGs of various chain lengths are used in nu-
merous everyday products such as toothpaste, tooth
whitening, dental floss, shampoos, cosmetic products,
cosmetic-dermatological fillers, vitamin preparations
and lozenges as thickeners or solvents, softeners or
moisturizers, and they have been used for decades
as laxatives in preparation for colonoscopy (macro-
gol). Furthermore, they are found in a wide range of
medicines such as antibiotics, analgesics, antiemetics,
antiepileptics, antidepressants, anticoagulants, even
in anti-allergic drugs such as glucocorticoid prepa-
rations and antihistamines, as well as in products
used in the medical field such as disinfectants or
ultrasound gels. An increasing number of biophar-
maceuticals and biologics also contain PEGylated
compounds [27, 28].

PEGs are hydrophilic polyether compounds that
have numerous synonyms (e.g., macrogol). The
molecular weight of PEGs varies from 300 to 35,000g/
mol and HR to PEGs of all molecular weights, with
both immediate- and late-type reactions are described
[20, 23, 24, 27, 28].

HR to PEGs in the sense of antibody-induced ana-
phylaxis can be triggered either by PEG-specific IgE
or IgM/IgG antibodies [8]. IgE-mediated anaphylaxis
has been described in several case reports and pri-
marily demonstrated by positive prick test reactions
and correspondingly positive provocation tests [23, 24,
29–32].

PEG-specific IgE antibodies have been detected in
sera from patients with PEG-induced anaphylaxis, but
IgE-mediated allergies do not appear to be solely re-
sponsible for reactions to PEG [23, 27–29, 33]. Utiliza-
tion of basophil activation test (BAT) has also been
described but is so far limited to specialized centers
and not part of daily routine diagnostics [23, 27–29,
33, 34].

Causing anaphylactic HR by PEG-specific IgM/IgG
antibodies [18] can also occur in the context of com-
plement activation-related pseudoallergy (CARPA),
which is mainly triggered by nanoparticle-based drugs
(which are often PEGylated) [35]. Binding of anti-PEG
IgG and IgM to liposomes with subsequent comple-
ment activation has been described [18, 35].

Independent of PEGylation, liposomes themselves
have the potential to activate complement unspecif-
ically, depending on their surface structure and sur-
face-bound components as well as their charge. Im-
portant mediators here are the complement products
C3a, C4a and C5a (anaphylatoxins) [18].

Potentially cross-reactive substances to PEG in-
clude polysorbate, poloxamers, PEG stearates, lau-
romacrogol, PEG stearyl/ketyl ether (Table 5). For
polysorbate in particular, the US CDC has defined
a warning for potential reactions [36]. The CDC
considers an immediate-type allergic reaction of any
severity to polysorbate a contraindication for the
mRNA vaccines available to date. These patients
should not be vaccinated with mRNA vaccines [37].

In addition, and in contrast to the BNT162b2 vac-
cine, mRNA-1273 contains tromethamine, also known
as trometamol (molecular formula: C4H11NO3) [3].
Tromethamine is an organic amine used in various
drugs for topical, enteral or parenteral administration
[38, 39] and also in cosmetic products as an emulsi-
fier. Contact sensitization as well as immediate type
allergy to tromethamine have been described, as well
as anaphylaxis when used as an excipient in iodinated
X-ray and gadolinium-based products [38–40].

Which substances actually are responsible for trig-
gering the observed anaphylaxis has not been clari-
fied, yet.

Results from clinical trials of mRNA-COVID-19
vaccines

BNT 162b2

As outlined previously, BNT162b2 is a lipid nanopar-
ticle (LNP)-formulated, nucleoside-modified mRNA
vaccine. While the LNPs help protect the mRNA from
enzymatic degradation and ensure efficient cellular
uptake, the N-methylpseudouridine (m1Ψ) nucleo-
side modification attenuates immune sensitization
and supports increased RNA translation in vivo. The
vaccine encodes the SARS-CoV-2 spike glycoprotein
in full length [41].

The phase-I trial showed good safety for BNT162b2
with mild to moderate local reactions (swelling and
pain at the injection site) and mild systemic reactions
(mostly fever in up to 17% of participants) [42].

The BNT162b2 phase-II/III trial started in July
2020 with originally planned 30,000 participants aged
18–85 years, but a protocol amendment then ex-
panded the enrollment to 44,000 participants and
lowered the age of the participants to 12 years [4,
43–45].

The primary endpoint of the phase-II/III trial as-
sessed the occurrence of confirmed COVID-19 disease
with onset at least 7 days after administration of the
second dose in study participants [4].

In the cohort of participants without evidence of
existing or prior SARS-CoV-2 infection (n= 36,258),
the primary endpoint occurred in 8 verum and 162
placebo patients, respectively, corresponding to a pre-
defined efficacy of 95% (95% CI 90.3–97.6%) [4].

Severe COVID-19 disease occurred in 4 study par-
ticipants after the second dose (1 in the verum group
and 3 in the placebo group) and in 10 study partici-
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pants after the first dose (1 in the verum group and 9
in the placebo group). Because of the small number
of severe cases of COVID-19 disease, statistical sig-
nificance for efficacy in preventing severe COVID-19
disease could not be determined, but there was a clear
trend in favor of BNT162b2 (66.4%, 95% CI –124.8 to
96.3). For the safety analysis, local and systemic ad-
verse events occurring within 7 days after receiving
vaccine or placebo were evaluated by self-reports in
an electronic diary. The most common adverse drug
reactions were injection site reactions (84.1%), fatigue
(62.9%), headache (55.1%), muscle pain (38.3%), chills
(31.9%), joint pain (23.6%), and fever (14.2%) [4]. In-
jection site pain, themost common adverse local reac-
tion, was resolved within 1 to 2 days. In terms of sys-
temic adverse reactions, fatigue (3.8%) and headache
(2.0%) were the most common [4].

A few cases of anaphylaxis have been reported in
the UK following vaccination with BNT162b2. The
British authorities (Medicines & Healthcare Products
Regulatory Agency, MHRA) initially warned against
vaccination of patients with a known anaphylactic
reaction to a vaccine, a drug or food. Due to a lack
of evidence, the MHRA withdrew this warning on
December 30, 2020. The FDA, MHRA and EMA have
included anaphylactic reaction monitoring in their
pharmacovigilance plan.

mRNA-1273

mRNA-1273 is a nucleotide-based vaccine candidate
encoding a prefusion-stabilized form of the full-length
SARS-CoV-2 spike (S) protein. Due to the labile na-
ture of the mRNA, it is encapsulated and delivered
via a lipid nanoparticle carrier (LNP). After injection
of the vaccine into the muscle, myocytes take up the
LNP carrier and release the mRNA into the cytoplasm
for translation into the S protein.

The clinical development program for mRNA-
1273 consists of three studies: A phase-I (NCT
04283461), a phase-II (NCT04405076) and a phase-III
(NCT04470427) study.

The phase-I clinical trial of mRNA-1273 began on
March 16, 2020, and study results have been published
[46].

A phase-II trial was initiated in May 2020 as a dose-
finding study of mRNA-1273 50µg or 100µg versus
placebo [47].

The phase-III study started in July 2020 and is avail-
able as an interim analysis. The final sample size is
30,000 participants.

The emergency approval of mRNA-1273 in the US
and UK and the approval in the EU were based on
early phase-I and -II studies [48, 49] and on reviews
of results from an ongoing phase-III study of 33,000
adult subjects randomized 1:1. The efficacy of two
injections 28 days apart of 100µg each of mRNA-1273
vaccine was compared against placebo.

The evaluation of the phase-III trial showed that
the vaccine was 94.1% effective in preventing SARS-
CoV-2 infection 14 days after administration of the
second dose. For the efficacy analysis, 196 cases were
evaluated, of which 185 cases of COVID-19 were ob-
served in the placebo group versus 11 cases in the
mRNA-1273 group. The secondary endpoint included
the evaluation of severe cases of COVID-19 and in-
cluded 30 individuals. All of these severe cases oc-
curred in the placebo group and none occurred in the
mRNA-1273-inoculated group [50].

The phase-I safety results showed adverse sys-
temic events such as arthralgia, fatigue, fever, chills,
headache, myalgia, nausea mild to moderate in sever-
ity after the first dose. Local adverse events (redness/
erythema, induration/swelling, injection site pain)
were predominantly rated as mild to moderate af-
ter both the first and second doses. Fatigue, chills,
headache, myalgias, and injection site pain were com-
mon adverse events in more than 50% of participants
after both vaccine doses [3].

In the phase-III study, adverse events occurred
more frequently after the second dose and the ma-
jority of reported events resolved rapidly. The most
common events were injection site pain (2.7%) af-
ter the first dose and fatigue (9.7%), myalgia (8.9%),
arthralgia (5.2%), headache (4.5%), pain (4.1%), and
injection site erythema/redness (2.0%) after the sec-
ond dose [48–50].

Recognition of an allergic reaction to COVID-19
vaccines

Allergic reactions to COVID-19 vaccination can occur
in the sense of anaphylactic reaction with symptoms
on the skin, respiratory tract, gastrointestinal tract and
cardiovascular system, which are divided into 4 sever-
ity levels [6].

The reaction may principally start with prodro-
mal symptoms of itching, burning sensation in the
palms, soles and genital area, metallic taste, anxiety,
headache and disorientation. Urticaria, oral mucosal
discomfort, dysphagia as well as throat swelling and
bronchial constriction with dyspnea are then com-
mon. In severe cases, airway obstruction and cardio-
vascular involvement can lead to a lethal course.

Characteristically, symptoms develop suddenly and
shortly after application of an allergen; early onset
makes a severe reaction more likely than delayed on-
set [6]. With the BNT162B2 vaccine, ¾ of all aller-
gic reactions occurred within 15min after vaccination
[11].

The diagnostic differentiation of anaphylaxis from
fear/panic reactions with hyperventilation can be dif-
ficult. It is important to classify symptoms and, if
anaphylaxis is suspected, to initiate adequate treat-
ment immediately. Blood sampling to determine
serum tryptase (compared with basal tryptase) 1–2h
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Table 2 Pharmacotherapy of anaphylaxis for children, adolescents and adults in ambulatory conditions. (After [6])
Active ingredient Application path <7.5kg bw 7.5–25 (–30)d kg bw 30–60kg bw >60kg bw

Adrenalin Intramuscular 50–600g

Adrenalin Autoinjector i.m. Not allowed 150µg 300µg 1–2× 300µg
or 500µg

Adrenalin Inhalation nebulizer 2mlb

Adrenalin Intravenousa Titrating boli 0.01mg/kg bw

Dimetinden Intravenous 1mlc 1ml/10kg bwc

(max. 4ml)
1 Amp= 4mlc 1–2 Amp= 4–8mlc

(1ml/10kg bw)

Prednisolone Intravenous 50mg 100mg 250mg 500–1000mg

Salbutamol
Terbutaline

Inhalative 2 puffs DA
per spacer

2 puffs DA
per spacer

2–4 puffs DA
per spacer

2–4 puffs DA
per spacer

Volume Bolus (NaCl 0.9%) 20ml/kg bw 20ml/kg bw 10–20ml/kg bw 10–20ml/kg bw

Oxygen Inhalative 2 to 10 l/min 5 to 12 l/min 5 to 12 l/min 5 to 12 l/min

bw body weightm, DA dose aerosol
aFor intravenous administration, dilute 1ml of a 1mg/ml epinephrine solution to 100ml NaCl 0.9% (final concentration 10g/ml)
bFor inhalation, the stock concentration is used (1mg/ml)
cA (stock) concentration of 1mg/ml (1ml contains 1mg dimetindene maleate)
dDifferent weight-based approvals for different auto-injectors

after a reaction is helpful in confirming the diagnosis
of anaphylaxis [6, 51].

Delayed reactions of varying severity can also man-
ifest themselves with the symptoms described above
after hours and are therefore not documented at the
vaccination center during the monitoring phase. In
addition, late-type reactions (T-cell-mediated rashes)
can occur after days.

Therapy of anaphylaxis to COVID-19 vaccines

Anaphylactic reactions require immediate treatment,
and the administration of volume intravenously and
adrenaline intramuscularly is essential in cases of
rapid progression and involvement of multiple or-
gans (Table 2; [6, 51]). Proper positioning of the
patient (shock position) is also important. Blood
pressure, pulse, and oxygen status must be adequately
monitored, and the administration of oxygen is rec-

Table 3 Material equipment for the treatment of anaphy-
lactic reactions in outpatient facilities/vaccination centers.
(According to [6])
Stethoscope

Blood pressure monitor

Pulse oximeter, possibly blood glucose meter

Tourniquet, indwelling venous cannulae (in different sizes), tips, infusion set,
tape for fixation of cannulae

Oxygen and nebulizer set with oxygen mask (different sizes)

Resuscitation bag with masks (different sizes)

Suction device

Guedel tube if necessary

Volume (e.g., balanced full electrolyte solution)

Drugs for injection: epinephrine, glucocorticoid, H1 receptor antagonist

Short-acting β2-agonist e.g. salbutamol for inhalation (preferably as inhala-
tion solution for use via nebulizer set with mask, if necessary alternatively as
metered dose inhaler with inhalation aid/spacer/mask, autohaler or similar
products)

Automated external defibrillator

ommended [6, 51]. Antihistamines are particularly
effective in urticaria, and glucocorticoids counteract
a biphasic course [6], among other effects. Because
of the possibility of a biphasic course, monitoring of
the patient for 24h is recommended, at least in severe
reactions [6].

Exanthematic reactions are treated with topical glu-
cocorticoids depending on the severity in case of mild
course and small extension otherwise with systemic
glucocorticoids. Antihistamines have limited efficacy
against pruritus.

In order to guarantee this therapy, a minimum sup-
ply of pharmaceuticals (Table 2) and medical material
(Table 3) is required, which must be available in every
vaccination center. In addition, vaccination person-
nel must be trained in the recognition and treatment
of severe allergic reactions.

Prevention of severe allergic reactions to
vaccinations

For BNT162b2, 11.1 cases of anaphylaxis occurred per
1 million doses [11], in the further course the num-
ber decreased to 4.7 cases of anaphylaxis to 1 million
doses [37].

Other novel vaccine formulations, such as the re-
cently licensed vector-based Ebola vaccine, have a sig-
nificantly higher incidence of anaphylaxis [52, 53].

There are risk factors that may exacerbate allergic
reactions which need to be considered during taking
the medical history, such as previous anaphylaxis, un-
controlled asthma, mastocytosis, or other mast cell
diseases [54–56].

In addition, medications such as beta-blockers,
which are commonly prescribed for cardiovascular
disease, may increase the severity of an anaphylactic
reaction, and interfere with the treatment of ana-
phylaxis. Other known cofactors for triggering or
exacerbating an anaphylactic reaction include nons-
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teroidal anti-inflammatory drugs (NSAIDs), exercise/
sports, obesity or alcohol consumption [57, 58].

It is currently unknown whether these cofactors
also promote a severe allergic reaction after vaccine
administration. Furthermore, it is not known whether
increased disease activity can promote adverse effects
of vaccination. Therefore, we recommend that pa-
tients, e.g., during an asthma exacerbation or with se-
vere atopic dermatitis, postpone vaccination to a time
with stable disease conditions.

There is no association of the incidence of anaphy-
laxis to vaccines to age, sex, asthma, atopy status, or
having had previous minor reactions to the same sub-
stance [59, 60].

In summary, it is important that every vaccination
site and vaccinator are prepared to recognize and treat
severe allergic reactions (Tables 2 and 3).

Preventive measures to control allergic reactions
to COVID-19 vaccines in populations at potential
risk

To minimize anaphylactic HR to a Covid-19 vaccina-
tion, people at potential risk of such a reaction should
be identified whenever possible. At the present time,
however, neither approval studies nor data from the
spontaneous registration registers indicate any signals
for populations at risk who have an increased risk of
anaphylactic side effects when the COVID-19 vaccines
are administered, except for known allergies to an in-
gredient and an anaphylactic reaction to the first vac-
cine dose.

Nevertheless, based on general allergological expe-
rience, it may seem advisable to take special measures
for certain groups of people (see below) (e.g. a pro-
longed follow-up period after vaccination instead of
the 15-minute follow-up period required in the SmPC
(summary of product characteristics) or to initiate
a presentation at an allergy center). Predictive in vivo
or in vitro tests to predict or exclude the risk of ana-
phylactic reactions in COVID 19 vaccination currently
do not exist. A decision must be made depending
on the individual risk profile, to which conditions
a vaccination is possible.

Table 5 PEG-containing drugs and cross-reactive substances
PEG-containing drugs PEG cross-reactive substances

Laxantia (e.g., Laxofalk®, Movicol®, Molaxole®) Polysorbates (e.g. polysorbate 80, E4331)

PEG-liposomal drugs (e.g. Caelyx®, active ingredient doxorubicin) Poloxamers (e.g. Pluronic®; Kolliphor®)

Aetoxysklerol® (lauromacrogol 400) PEG stearates (e.g. Tagat®)

Various tablets and capsules Lauromacrogol (e.g. Aetoxysklerol®, Anaesthesulf®)

PEGinterferon β-1a (Plegridy®) PEG stearyl/ketyl ether (e.g. Brij®)

PEG polyethylene glycol

Table 4 Absolute (1) and potential (2, 3, 4) risk popula-
tions for developing allergic reactions to COVID-19 vac-
cines
1. Patients with immediate-type allergy/anaphylaxis to one or more ingre-

dients of the vaccine or to substances that are cross-reactive to them
or patients with an anaphylactic reaction to the first dose of vaccine

2. Patients with late-type allergy to one or more ingredients of the vac-
cine or to substances that are cross-reactive to them

3. Individuals with previous anaphylaxis of unclear cause

4. Patients with known mastocytosis or anaphylaxis to different drugs or
other vaccines

Contraindications and populations at potential
risk

With regard to contraindications to COVID-19 vac-
cines and populations at potential risk, four patient
groups can be distinguished (Table 4):

1. Patients with immediate-type allergy/anaphylaxis
to one or more ingredients of the vaccine or to
substances that are cross-reactive to them or
patients with an anaphylactic reaction to the first
dose of vaccine

Ingredients of BNT162b2 and mRNA-1273 are listed in
Table 1. Examples of PEG-containing drugs or cross-
reactive substances can be found in Table 5.

2. Persons with late-type allergy to one or more
ingredients of the vaccine or to substances cross-
reactive to them

For persons with proven late-type allergy to one or
more ingredients of the vaccine or to cross-reactive
substances, there is only a low risk of a systemic reac-
tion according to the literature. In the literature, there
are single case reports of generalized skin reactions in
contact sensitization to formaldehyde in vaccines [61].
In earlier days thiomersal was used more commonly
in vaccines as a preservative, nevertheless systemic
reactions after vaccination with such vaccines were
rare and it was recommended to strictly avoid skin
contact with the vaccines [62]. PEGs can cause con-
tact eczema in the sense of a T-cell-mediated eczema
reaction [30, 63]. The patch test with PEG 400 is estab-
lished (the existing approved patch test substance is
currently temporarily unavailable). Whether patients
with sensitization to PEG also react to the PEGylated
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substances in COVID-19 vaccines has not been inves-
tigated, yet. There is also a discussion of potential cu-
taneous sensitization with the risk of subsequent IgE-
mediated HR by epidermal up-take of low-molecular-
weight PEGs by ointments, creams, and other skin-
care products [23]. It is an open question whether
these patients react to the PEGylated LNPs in COVID-
19 vaccines. The other substances used in the vac-
cines are not available as test substances, and non-
irritant concentrations have not been published. In
case of a late-type allergy to the vaccines or com-
ponents, the intradermal test with the vaccine or its
source materials can be discussed, although this test
is neither established nor is there any current experi-
ence with it. In this case, the intradermal test should
be read after 24, 48 and 72h.

3. Individuals with previous anaphylaxis of unclear
cause

In individuals with previous anaphylaxis of unclear
cause, PEGs as additives could have been the trigger.
Therefore, a further clarification of the cause should
be carried out before vaccination, in particular with
regard to the ingredients of the vaccine or cross-reac-
tive substances.

4. Patients with known mastocytosis or with
previous anaphylaxis to different drugs

Patients with mastocytosis or with previous anaphy-
laxis to different drugs develop anaphylaxis more fre-
quently [64]. Among patients with mastocytosis, ana-
phylaxis occurs mainly in adult patients and in pa-
tients with systemic mastocytosis, especially indolent
systemic mastocytosis. Typical trigger factors are hy-
menoptera stings and various drugs (histamine re-
lievers, muscle relaxants, opiates and contrast me-
dia). Anaphylaxis after vaccination has also been de-
scribed in isolated cases [65–70]. However, all case
reports to date have involved pediatric patients who,
by their nature, receive vaccinations more frequently
than adults. Initial case reports of adult vaccinees with
known mastocytosis showed no allergic/anaphylactic
side effects to the COVID-19 vaccines [71]. Particu-
larly in the case of anaphylaxis due to previous vacci-
nations, drugs, including medical interventions such
as colonoscopies, surgeries under general anesthesia,
etc., PEGs as auxiliary substances can very rarely be
the cause, whereby in the vast majority of cases the
active substances themselves are the trigger. Also, in
cosmetics and other products listed in Table 5, cor-
responding ingredients can be the cause in very rare
cases.

Consequences of risk assessment for COVID-19
vaccination

People belonging to risk group 1 should not receive
vaccination with the respective vaccine. Shortly, fur-
ther COVID-19 vaccines with presumably other ingre-
dients will be available, so that in case of proven al-
lergy, especially to PEG, it can be recommended to
switch to such a vaccine in the future. Successful tol-
erance induction in patients with HR to PEGylated
interferon-α is described in the literature, but these
patients showed late-type allergies and it was not dif-
ferentiated whether the allergy was due to sensitiza-
tion to PEG or IFN-α [72]. Such a tolerance induction
with the vaccine itself appears from various points of
view not practicable, in particular in view of the cur-
rent shortage of vaccines.

People belonging to risk groups 2 and 3 require fur-
ther allergological consultation and tests.

Individuals belonging to risk group 4 (mastocy-
tosis) are recommended to carry their emergency
epinephrine auto-injector kit (recommended for ev-
ery patient with mastocytosis) regularly to/after vac-
cination [68] and the follow-up period should be
prolonged to 30min.

These recommendations do not exclude people
belonging to risk groups 2–4 from COVID-19 vac-
cination. However, allergological–diagnostic mea-
sures are recommended for people belonging to risk
groups 1–3, and increased safety standards should
be applied for risk groups 1–4 or other described
measures are to be taken.

In contrast, individuals with allergy of any sever-
ity to other allergens such as pollen, dust mites, fun-
gal spores, animal epithelia, foods, insect venoms, or
to drugs and excipients that are not vaccine ingredi-
ents or are cross-reactive do not represent a princi-
pal risk population for anaphylaxis to COVID-19 vac-
cines. With respect to allergic disease patterns, in-
dividuals who have atopic disease such as rhinocon-
junctivitis allergica, bronchial asthma, atopic eczema,
allergic contact dermatitis or drug rashes, urticaria,
angioedema, or polyposis nasi are not at increased
risk.

A feasible traffic light scheme for patient identifi-
cation is shown in Fig. 1, which was developed by the
Paul Ehrlich Institute (www.pei.de) and Robert Koch
Institute (www.rki.de) in coordination with the spe-
cialist societies AeDA (Aerzteverband Deutscher Aller-
gologen), DGAKI (Deutsche Gesellschaft für Allergie
und Klinische Immunologie), working group on drug
allergy of DGAKI, NORA and DDG (Deutsche Derma-
tologische Gesellschaft).

Diagnostic procedure for suspected allergic
reactions to COVID-19 mRNA vaccines

The diagnostic procedure includes medical history,
skin tests, challenge tests and laboratory tests.
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Fig. 1 Flow chart for the
procedure in case of dif-
ferent allergological dis-
eases or anamnestic in-
formation. This flowchart
was created by the Paul
Ehrlich Institute (www.pei.
de) and Robert Koch Insti-
tute (www.rki.de) in coor-
dination with the special-
ist societies AeDA, DGAKI,
working group on drug al-
lergy of DGAKI, NORA and
DDG and is protected by
copyright. It may only be re-
produced and passed on for
non-commercial purposes
within the scope of its pur-
pose. Any editing or mod-
ification is not permitted.
Version 1, dated February
26, 2021

Medical history The medical history should clarify
a) the nature of the exposure to vaccine ingredients
and b) identify clues to the form of the reaction mech-
anism of the HR experienced (Table 6). Reaction to
different drugs (antibiotics, analgesics, antacids and
laxatives, lozenges, cosmetic products as well as to de-
pot glucocorticoids) should be considered as a possi-
ble indication for immediate-type sensitization to PEG
[73] especially in reactions to different drugs with un-

related or potentially cross-reacting agents [73]. Over-
all, however, HR to PEG are rare.

a) The following questionsmay be helpful in clarifying
possible exposure to a vaccine ingredient:
– Did a severe allergic reaction occur in the setting
of vaccination (<1h after vaccination systemic
rash, associated with at least one other symptom:
shortness of breath and/or cardiovascular reac-
tion)?
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Table 6 Anamnestic questions with evidence of allergic
reactions after PEG exposure
Questions with reference to allergies with PEG exposure

Did HR occur during colonoscopy/intake of laxatives?

Did HR occur as part of a surgical/invasive procedure?

Did HR occur after taking different medications or food products such as
lozenges?

Did eczema/rashes occur after skin contact with cosmetics/care products/
other possible PEG-containing products?

HR hyperreactivity reaction, PEG polyethylene glycol

– Did a severe allergic reaction occur in the set-
ting of a drug application (<1h after drug intake
systemic rash, associated with at least one other
symptom: shortness of breath and/or cardiovas-
cular reaction)?

– Is there a HR to an additive, e.g., PEGs? (Table 6)
b) Of particular importance is the determination of

whether the anamnestic HR represented an imme-
diate or anaphylactic/anaphylactoid reaction.
The following questions are indicative of this:
– Did the reaction occur within 30min after expo-
sure?

– Did an acute urticaria or angioedema occur?
– Did a rash persist for several weeks? (indicative for
rather late-type reaction)

– Did systemic symptoms such as acute respiratory
distress, vomiting, defecation/urination, circula-
tory symptoms such as dizziness, weakness, un-
consciousness occur?

– Was epinephrine administered as part of the
emergency treatment?

Appropriate procedural protocols should be consid-
ered for anamnestic HR in the setting of invasive pro-
cedures.

Skin tests Skin tests can be performed if an immedi-
ate-type reaction to vaccine ingredients is suspected.
These include prick and (in case of negative results)
intradermal tests with the suspected substances, if
available.

Currently, no approved test allergens are available
for the named ingredients of the mRNA vaccines.
Since it is not yet clear whether patients who are sen-
sitized to PEGs also react to the PEGylated molecules,
the diagnostic tests should be performed with the
PEGylated molecules, but appropriate tests are not
available, yet. It is important that PEGs of different
molecular weights are used, since sensitization may
differ depending on the molecular weight [74] and
pure substances of pharmaceutical grade are used.
According to literature, it is also recommended to
exclude sensitization to polysorbate.

Since extreme rarely anaphylactic reactions have
been observed in skin tests (prick and intrader-
mal tests), highly sensitive patients should first be

tested with diluted substance in a titrated approach
(0.0001–100%) [24, 31].

Since reactions may also occur to substances used
in the vaccination process but not contained in the
vaccine, possible sensitization to latex, disinfectants
and ethylene oxide should also be considered (ethy-
lene oxide is a starting substance for the production
of PEGs).

Adequate equipment and medication to interven-
tion in the event of possible systemic HR must be kept
on hand (Tables 2 and 3).

In vitro laboratory diagnostics

A commercially available IgE assay for the ingredients
of the vaccines is currently not available. Various ex-
perimental assays for the detection of IgE antibodies
to PEGs have been described in the literature (includ-
ing IgG and IgM), but their sensitivity and specificity
have not been validated in larger collectives [23, 29].
However, corresponding validation studies are cur-
rently running. These assays should also ideally be
performed with the PEGylated forms.

Positive basophil activation tests (BATs) for PEGs
have been described [33], but also represent an ex-
perimental procedure that has not been extensively
validated to date, and its use is reserved for experi-
enced allergy centers [75].

Laboratory diagnostics should include determina-
tion of mast cell tryptase, as elevated levels ≥11.4µg/
ml may be indicative of mast cell activation syndrome
or systemic mastocytosis, which carry an increased
risk of more severe reactions in drug allergy [76, 77].
When clarifying HR in the context of medical pro-
cedures/interventions, it must also be remembered
that latex (contained in syringes, gloves, etc.), disin-
fectants and ethylene oxide (sterilization of medical
products; starting material of polymerization to PEGs)
can also trigger immediate type reactions; these sub-
stances can also trigger allergic reactions in the con-
text of vaccination.

Provocation tests In the case of negative or unclear
results in skin tests and laboratory diagnostics, provo-
cation testing can be carried out if necessary, if the
suspicious products are available for this purpose,
whereby testing of the individual substances should
preferably be carried out first. Since severe HR are
also possible, this testing is reserved for experienced
allergy centers, taking into account the necessary re-
quirements [76]. For example, oral provocation tests
with PEG with an initial amount of 1mg were per-
formed, which was increased every 30min up to a cu-
mulative administration of 7.1g, which corresponded
to the minimum single dose of some laxatives, are de-
scribed, although dedicated provocation protocols are
not available [32]. In addition, the difference in the
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immunological compartments of an oral provocation
test and an i.m. vaccination should be considered.

In case of severe allergic reactions to the first COVID-
19 vaccination, we recommend clarification before
the second vaccination. A decision on a case-by-case
basis must be made about the indication for the sec-
ond vaccination, taking into account the overall con-
stellation and the test results. Alternatively, another
vaccine can be used (as soon as available) that does
not contain the putative allergenic components of the
vaccine used in the first vaccination.

Allergen immunotherapy

Time delay between SCIT/SLIT and COVID-19
vaccinations

In principle, manufacturer-specific guidelines must
be taken into account in the temporal relationship
between allergen immunotherapy (AIT) and vacci-
nations. Thus, there should generally be an interval
of about 1 week between SCIT (subcutaneous im-
munotherapy) and COVID-19 vaccination. Based
on experience with other vaccinations, the following
procedure has proven effective [78, 79]:

Initiation phase If it is possible to perform the up-
dosing phase of AIT (allergen immunotherapy) com-
pletely before the scheduled vaccination date, this can
be done as usual and the recommendations given un-
der “Maintenance therapy” then apply. If vaccination
is imminent, initiation of SCIT or SLIT (sublingual im-
munotherapy) should be delayed until 1 week after
the second vaccination date, if not otherwise recom-
mended by the manufacturer.

Maintenance therapy For the continuation of an on-
going AIT, we recommend a period of about 1 week
between SCIT and vaccination, analogous to the
above procedure, as well as at least 7 days interval
after a vaccination, observing the minimum interval
between 2 SCIT applications recommended by the
manufacturer.

For SLIT, there are different recommendations from
different manufacturers on the interval between vacci-
nation and previous and subsequent SLIT administra-
tion. Therefore, no general recommendation can be

Table 7 Evidence for COVID-19 vaccination in individuals with severe asthma, atopic dermatitis, urticaria, and chronic rhi-
nosinusitis with nasal polyps who therefore are receiving biologic therapy

Increased risk of infection Live vaccines/attenuated live vaccines Inactivated vaccines Relevant additives

Omalizumab Not known No contraindication No contraindication Polysorbate 20

Mepolizumab Polysorbate 80

Benralizumab

Reslizumab

Decreased ability to fight parasitic infections in
animal studies

No contraindication No contraindication

Polysorbate 20

Dupilumab Possible influence of parasitic diseases Contraindication No contraindication Polysorbate 80

Lanadelumab Not known No contraindication No contraindication Polysorbate 80

given, but the information in the summary of product
characteristics should be noticed and then an indi-
vidual decision should be made. However, in order to
be able to recognize possible side effects of SLIT or
vaccination, we recommend suspending SLIT on the
day of vaccination and to keep an interval of at least
3–7 days afterwards. In this case, SLIT can be taken
up to the day before the vaccination.

Biologics

Procedure for therapy with biologics in connection
with COVID-19 vaccination

The monoclonal antibodies mainly used in allergol-
ogy are omalizumab, mepolizumab, benralizumab,
reslizumab, dupilumab, and lanadelumab, whose in-
dications and use in the SARS-CoV-2 pandemic have
already been pointed out in detail (Table 7; [80]):

Anti-IgE (omalizumab) is used particularly in se-
vere allergic asthma, antihistamine-resistant chronic
spontaneous urticaria, and chronic rhinosinusitis
with polyposis nasi (CRSwNP).

Antibodies for IL-5 blockade (mepolizumab, benral-
izumab, reslizumab) are used for severe eosinophilic/
T2 asthma, and hypereosinophilia when appropriate.

IL-4/13 blockade antibody (dupilumab) is used for
T2 asthma, atopic eczema, and chronic rhinosinusitis
with polyposis nasi (CRSwNP).

The plasma kallikrein inhibitor lanadelumab is
used for the treatment of hereditary complement-
related angioedema.

In the current situation, it can be stated that adoles-
cents and adults treated with omalizumab (Xolair®),
mepolizumab (Nucala®), reslizumab (Cinqaero®),
benralizumab (Fasenra®), dupilumab (Dupixent®) or
lanadelumab (Takhzyro®) can in principle receive the
COVID-19 vaccination without restriction with the
currently approved vaccines.

With regard to the time interval between vaccina-
tion and therapy with the above-mentioned biologics,
a distinction must be made between live vaccines and
inactivated vaccines (dead vaccines). The previously
approved COVID vaccines do not belong to either of
the two previous vaccine classes, but form their own
classes: the mRNA vaccines (BionTech and Moderna)
and vector-based vaccines (AstraZeneca). However,

K Practical handling of allergic reactions to COVID-19 vaccines 89



position article

since there are no recommendations for these vaccine
classes so far, we assign them to the dead vaccines.

No increased risk of infection or worse outcome
from COVID-19 in asthmatics

It should be noted that individuals with bronchial
asthma are not at increased risk for infection with
SARS-CoV2 [80]. Also, individuals with bronchial
asthma with mild to severe disease stages do not have
an increased risk of having a more severe disease
course in the event of COVID-19 disease [80]. Rather,
the decisive factor for the course is whether they
also suffer from a comorbidity; obesity, hypertension,
and diabetes have the greatest negative impact [81].
A similar assumption can be made for vaccination,
especially since the side effect reports of nearly 2 mil-
lion patients vaccinated with BNT162B2 in the USA
do not give a different signal for this [11].

It can also be established that patients taking bio-
logics tolerate other protective vaccinations, such as
influenza, like “normal persons”, i.e., no increased fre-
quencies of side effects are known.

Similarly, there is no evidence for interactions of
biologics and COVID-19 vaccination in individuals
with atopic dermatitis, chronic idiopathic urticaria,
or chronic rhinosinusitis with nasal polyps [82].

The fear that therapy with one of the five biologics
could pose an additional risk in the case of vaccination
or that the effect of the biologic could be cancelled out
by the vaccine, or vice versa, therefore appears to be
unfounded.

In the randomized controlled trials of omalizumab,
the longest marketed biologic for individuals with
severe allergic asthma [83] or chronic idiopathic ur-
ticaria [84], no exclusion criteria were defined for
patients who recently had been or needed to be vac-
cinated during the trials. Also, no protocol is known
from studies of the other biologics for use in severe
asthma that examined the impact of vaccination. To
date, there is also no known evidence or published
data from routine care that would indicate that the
effect of allergy-relevant biologics is altered by vacci-
nation.

However, studies on the interaction of biologicals
with vaccines should be carried out with regard to the
allergological potential as well as the immunological
efficiency of the vaccinations.

Interval of 7 days between allergologically relevant
biologics and vaccination is reasonable

There are no official recommendations regarding
a time interval between the use of the biologics dis-
cussed here and the administration of vaccinations
with inactivated vaccines in general. Since all vac-
cinations as well as the administration of biologics
can potentially cause side effects, it makes sense for
practical reasons to maintain a time interval. This

allows a better estimation of a possible causal re-
lationship between adverse reactions to vaccination
and possible side effects of a biologic [85]. We there-
fore recommend an interval of approximately 7 days
between the injection of a biologic and vaccination
with mRNA-vaccines or vector-based vaccines or vice
versa.

Conclusion and key messages

The first approved vaccines against SARS-CoV-2 in the
European Union (EU) include BNT162B2, mRNA-1273
and, AstraZeneca AZD1222 (recombinant adenovirus
ChAdOx1-S).

Shortly after approval, severe allergic reactions
(anaphylaxis) to the mRNA-based vaccines were re-
ported in single patients. The regulatory authorities
of the EU, the USA and the UK agree that there is
only an absolute contraindication to vaccination if
there is an allergy to one of the vaccine components
or if there was a severe allergic reaction to the first
dose of the vaccine. It is important to mention that
(as with any other vaccination) anaphylaxis can oc-
cur after vaccination, even if there is no history of
allergic disease. Therefore, vaccination centers and
other vaccinators should be prepared for prevention,
diagnosis, and treatment of severe allergic reactions,
and necessary medications and equipment should be
available for immediate use in vaccination centers,
as well as in care homes and for mobile vaccina-
tion teams. The presented potentially allergenic/
immunogenic components should be tested in the
above-mentioned risk population (risk groups 1–3)
before vaccination, but also in patients after corre-
sponding vaccination reactions, in order to identify
the responsible allergen and to be able to take the
necessary measures for the second vaccination dose
if necessary. Alternatively, it may be possible to
switch to another vaccine with a different composi-
tion that does not contain the potentially allergenic/
immunogenic components. Testing with the vaccines
themselves or its starting materials is recommended,
but not always feasible due to the current shortage of
materials. It is important to emphasize that currently
there are no validated and approved test allergens and
also no validated laboratory tests available for this in-
dication. These should be made available whenever
possible. It should also be pointed out that in par-
ticular pseudoallergic reactions cannot be detected
by the test procedures described here and thus no
comprehensive clarification of possible reactions to
the vaccines is currently possible. Thus, no absolute
safety for these patients with regard to possible al-
lergic/pseudoallergic reactions is guaranteed despite
testing.

In patients with mastocytosis, but also in patients
with unclear minor allergic reactions of unknown
cause in the anamnesis or after the first vaccination,
premedication with antihistamines and possibly glu-
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cocorticosteroids may be useful before the (second)
vaccination. Only patients with a high level of sus-
picion of a severe allergic reaction to an ingredient
of the COVID-19 vaccine or substances that cross-
react with them are currently not allowed to be vac-
cinated but may be able to switch to another vaccine
preparation.

The authors emphasize that all information pro-
vided here reflects the current state of knowledge and
should be continuously updated. Rapidly advancing
knowledge may make it necessary to revise these rec-
ommendations in a short time.

Key messages

� No allergy sufferer should be excluded fromCOVID-
19 vaccination without sufficient reason.

� Except for a very small proportion of allergic per-
sons with the defined contraindications or from the
defined risk groups, allergic persons can receive
COVID-19 vaccination with the currently approved
vaccines.

� Persons belonging to the risk groups 1–3 (see above)
should undergo an allergological evaluation prior to
COVID-19 vaccination.

� For allergy sufferers who do not belong to the de-
fined risk groups, there is no evidence for an in-
creased risk from COVID-19 vaccination.

� Patients with allergies or who belong to a defined
risk group (see above) should be monitored for
30min after vaccination.

� However, anaphylactic reactions can occur even
without known allergies. Every vaccinator must
therefore be prepared for anaphylaxis treatments
and have the appropriate expertise.

� Vaccinator and vaccination staff must be trained in
the recognition and treatment of severe allergic re-
actions.

� For adequate treatment of possible anaphylaxis oc-
curring in the course of vaccination, a minimum
equipment of drugs and instruments (Table 3) must
be available for immediate use in every vaccinating
site (e.g., vaccination centers, physicians’ offices,
mobile vaccination teams in nursing homes, pa-
tients’ residences).

� After (supposed) allergic reactions to the vaccines,
an allergological work-up should be performed in
a specialized center.

Acknowledgements The authors thank the experts of the PEI
(Dr. B. Keller-Stansilawski, Dr. K. Weißer and Prof. V. Mahler)
and the RKI (Dr. K. Kling and Priv. Doz-Dr. O. Wichmann) for
the kind provision of Fig. 1 and productive discussion.

Funding Open Access funding enabled and organized by
Projekt DEAL.

Conflict of interest L. Klimek reports grants and/or personal
fees from Allergopharma, MEDA/Mylan, HAL Allergie, ALK
Abelló, LETI Pharma, Stallergenes, Quintiles, Sanofi, ASIT

Biotech, Lofarma, Allergy Therapeutics, AstraZeneca, GSK,
Inmunotek, Cassella med and Novartis, outside of the sub-
mittedwork; andmemberships inthefollowingorganizations:
AeDA, DGHNO, German Academy for Allergology and Clini-
cal Immunology, ENT-BV, GPA, EAACI. L. Klimek is editor in
chief of Allergo Journal International. R. Brehler reports fees
and/or research support from ALK, Allergopharma, Bencard,
HAL, Leti, Stallergenes, Astra Zeneca, GSK, MedUpdate, No-
vartis, BiotechTools, Genentech and Circassia, outside of the
submitted work. W. Pfützner reports grants and/or personal
fees and/or non-financial support from ALK-Abello, Biomay,
Cilag-Janssen, Lilly, Novartis and Thermo Fisher outside of
the submitted work. T. Zuberbier reports grants and/or per-
sonal fees from AstraZeneca, AbbVie, ALK, Almirall, Astellas,
Bayer Health Care, Bencard, Berlin Chemie, FAES, HAL, Leti,
Meda, Menarini, Merck, MSD, Novartis, Pfizer, Sanofi, Stal-
lergenes, Takeda, Teva, UCB, Henkel, Kryolan and L’Oréal
outside of the submitted work; and the following organi-
zational affiliations: Member of the committee: WHO ini-
tiative “Allergic Rhinitis and its Effects on Asthma” (ARIA),
Board member: German Society for Allergy and Clinical Im-
munology (DGAKI), Chairman of the Board: Foundation of
the EuropeanCenter for AllergyResearch (ECARF), President:
Global European Network on Allergy and Asthma (GA2LEN),
Member: Committee on Allergy Diagnosis and Molecular Al-
lergology, World Allergy Organization (WAO). K. Hartmann
has received research grants outside of the present work
from Euroimmun and Thermofisher as well as consulting
or lecture fees from Allergopharma, ALK-Abelló, Blueprint,
Deciphera, Menarini, Novartis and Takeda. T. Jakob reports
grants and/or personal fees and/or non-financial support
fromNovartis, ALK-Abello, AllergyTherapeutics/Bencard, Al-
lergopharma, and Thermo Fisher outside of the submitted
work. T. Jakob is editor in chief of Allergo Journal Interna-
tional. N. Novak reports grants and/or personal fees fromAlk
Abelló, HAL Allergy, Stallergenes Geer, Leti Pharma, Novartis,
Leo Pharma, Abbvie, Sanofi Genzmye, Lofarma and Bencard
Allergy Therapeutics, outside of the submitted work. J. Ring
reports fees fromMylan and Allergika outside of the submit-
ted work. T. Ankermann received fees outside the submitted
work from the following companies and organizations: Abb-
vie, Allergopharma, Chiesi, Infectopharm, Novartis, UKSH
Akademie, RG, Springer Verlag, Wissenschaftliche Verlagsge-
sellschaft, GPP eV, GPA eV, nappa eV and ÖGKJ eV and is
an advisory agent active for Boehringer Ingelheim, Aimmune
and Allergopharma. S. Schmidt reports grants and/or per-
sonal fees and/or non-financial support fromAllergopharma,
ALK, Bencard, Gilead, Mundipharma, Novartis, Vertex, HAL,
Sanofi, Olympus, Infectopharm, Pari and Pfizer outside of the
submitted work. V. Mahler The positions stated in this work
represent the personal views of the author as an expert in the
field of allergology and must not be understood or cited as
the view of the Federal Institute for Vaccines and Biomed-
ical Medicines, the European Medicines Agency or one of
its Committees or working groups. There are no conflicts
of interest. M. Worm reports fees for consulting and lecture
activities from Regeneron Pharmaceuticals, DBV Technolo-
gies SA, Stallergenes GmbH, HAL Allergie GmbH, Bencard
Allergie GmbH, Allergopharma GmbH & Co. KG, ALK-Abelló
Arzneimittel GmbH, Mylan Germany GmbH, Leo Pharma
GmbH, Sanofi-Aventis Deutschland GmbH, Aimmune Ther-
apeutics UK Limited, Actelion Pharmaceuticals Deutschland
GmbH, Novartis AG, Biotest AG, AbbVie Deutschland GmbH
&Co. KGandLillyDeutschlandGmbH, outside of the submit-
ted work. K.-C. Bergmann, H. Merk, E. Hamelmann, E. Un-
tersmayr, W. Hötzenecker, E. Jensen-Jarolim and K. Brockow
declare that they have no competing interests.

K Practical handling of allergic reactions to COVID-19 vaccines 91



position article

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lurie N, Saville M, Hatchett R, Halton J. Developing
Covid-19 vaccines at pandemic speed. N Engl J
Med. 2020;382(21):1969–73. https://doi.org/10.1056/
NEJMp2005630.

2. SlaouiM,HepburnM.Developing safe and effective Covid
vaccines—operation warp speed’s strategy and approach.
N Engl J Med. 2020;383(18):1701–3. https://doi.org/10.
1056/NEJMp2027405.

3. Jackson LA, Anderson EJ, Rouphael NG, Roberts PC,
Makhene M, Coler RN, et al. An mRNA Vaccine
against SARS-CoV-2—Preliminary Report. N Engl J
Med. 2020;383(20):1920–31. https://doi.org/10.1056/
NEJMoa2022483.

4. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A,
LockhartS,etal. Safetyandefficacyof theBNT162b2mRNA
Covid-19 vaccine. N Engl J Med. 2020; https://doi.org/10.
1056/NEJMoa2034577.

5. McNeil MM, Weintraub ES, Duffy J, Sukumaran L, Jacob-
sen SJ, Klein NP, et al. Risk of anaphylaxis after vacci-
nation in children and adults. J Allergy Clin Immunol.
2016;137(3):868–78. https://doi.org/10.1016/j.jaci.2015.
07.048.

6. RingJ,BeyerK,BiedermannT,BircherA,FischerM,FuchsT,
et al. Guidelines (S2) to acute therapy and management
of anaphylaxis—update 2021. Allergo J Int. 2021;28:1–25.
https://doi.org/10.1007/s40629-020-00158-y.

7. Cabanillas BA, Cezmi A, Novak N. Allergic reactions to the
firstCOVID-19vaccine: apotential roleofPolyethylenegly-
col? Allergy. 2020;https://doi.org/10.22541/au.160769266.
63428422/v1.

8. de Vrieze J. Pfizer’s vaccine raises allergy concerns. Sci-
ence. 2021;371(6524):10–1. https://doi.org/10.1126/
science.371.6524.10.

9. Klimek L, Novak N, Hamelmann E, et al. Severe aller-
gic reactions after COVID-19-Vaccination with the Pfizer/
BioNTech Vaccine inGreat Britain andUSA Position State-
ment of the German allergological Societies AeDA, DGAKI
and GPA. Allergo J Int. 2020; https://doi.org/10.1007/
s40629-020-00160-4.

10. Wu KJ. Boston Doctor Reports Serious Allergic Reaction
After Getting Moderna’s Covid Vaccine. The New York
Times. 2020Dec. 25,2020.

11. CDC. COVID-19ResponseTeam, FDA—AllergicReactions
Including Anaphylaxis After Receipt of the First Dose of
Pfizer-BioNTech COVID-19 Vaccine—United States, De-
cember 14–23, 2020. Centers for Disease Control and
Prevention. 2021. https://www.cdc.gov/mmwr/volumes/
70/wr/mm7002e1.htm. Accesed02April2021.

12. EMA. Assessment report—Comirnaty EMA/707383/2020
Corr.1.. https://www.ema.europa.eu/2021. Accessed 19
Feb2021.

13. FDA. United States Food and Drug Administration
(FDA). Emergency use authorization forModernaCOVIC-
19 vaccine. 2020. https://www.fda.gov/media/144636/
download. Accessed28Dec2020.

14. FDA. United States Food and Drug Administration (FDA).
Emergency use authorization for Pfizer-BioNTechCOVID-
19 Vaccine 2020.. https://www.fda.gov/media/144412/
download. Accessed28Dec2020.

15. Inglut CT, Sorrin AJ, Kuruppu T, Vig S, Cicalo J, Ahmad H,
et al. Immunological and toxicological considerations for
thedesignof liposomes. Nanomaterials. 2020;https://doi.
org/10.3390/nano10020190.

16. Allen TM, Hansen C, Martin F, Redemann C, Yau-Young A.
Liposomes containing synthetic lipid derivatives of
poly(ethylene glycol) show prolonged circulation half-
lives in vivo. Biochim Biophys Acta. 1991;1066(1):29–36.
https://doi.org/10.1016/0005-2736(91)90246-5.

17. Judge A, McClintock K, Phelps JR, Maclachlan I. Hyper-
sensitivity and loss of disease site targeting caused by
antibody responses to PEGylated liposomes. Mol Ther.
2006;13(2):328–37. https://doi.org/10.1016/j.ymthe.2005.
09.014.

18. MohamedM,AbuLilaAS,ShimizuT,AlaaeldinE,HusseinA,
Sarhan HA, et al. PEGylated liposomes: immunological
responses. Sci Technol Adv Mater. 2019;20(1):710–24.
https://doi.org/10.1080/14686996.2019.1627174.

19. Ionova Y, Wilson L. Biologic excipients: Importance of
clinical awareness of inactive ingredients. PLoS ONE.
2020;15(6):e235076. https://doi.org/10.1371/journal.
pone.0235076.

20. Calogiuri G, Foti C, Nettis E, Di Leo E, Macchia L, Vacca A.
Polyethylene glycols and polysorbates: two still neglected
ingredients causing true IgE-mediated reactions. J Allergy
Clin Immunol Pract. 2019;7(7):2509–10. https://doi.org/
10.1016/j.jaip.2019.05.058.

21. Klimek LJM, Akdis C. ARIA-EAACI statement on severe
allergic reactions to COVID-19 vaccines—an EAACI-ARIA
Position Paper. Allergy. 2020; https://doi.org/10.1111/all.
14726.

22. Sellaturay P,Nasser S, Ewan P. Polyethylene glycol-induced
systemic allergic reactions (Anaphylaxis). J Allergy Clin
Immunol Pract. 2020; https://doi.org/10.1016/j.jaip.2020.
09.029.

23. Stone CA, Liu Y, Relling MV, Krantz MS, Pratt AL, Abreo A,
et al. Immediate hypersensitivity to polyethylene glycols
andpolysorbates: morecommonthanwehaverecognized.
J Allergy Clin Immunol Pract. 2018;7(5):1533–1540.e8.
https://doi.org/10.1016/j.jaip.2018.12.003.

24. Wenande E, Garvey LH. Immediate-type hypersensitiv-
ity to polyethylene glycols: a review. Clin Exp Allergy.
2016;46(7):907–22. https://doi.org/10.1111/cea.12760.

25. WylonK,DölleS,WormM.Polyethyleneglycol asacauseof
anaphylaxis. AllergyAsthmaClin Immunol. 2016;12(1):67.
https://doi.org/10.1186/s13223-016-0172-7.

26. Richter AW, Åkerblom E. Polyethylene glycol reactive anti-
bodies inman: titer distribution in allergicpatients treated
withmonomethoxypolyethyleneglycolmodifiedallergens
or placebo, and in healthy blood donors. Int Arch Al-
lergy Immunol. 1984;74(1):36–9. https://doi.org/10.1159/
000233512.

27. CabanillasB,AkdisC,NovakN.Allergic reactions to thefirst
COVID-19 vaccine: a potential role of Polyethylene glycol?
Allergy. 2020. https://doi.org/10.1111/all.14711

92 Practical handling of allergic reactions to COVID-19 vaccines K

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMp2005630
https://doi.org/10.1056/NEJMp2005630
https://doi.org/10.1056/NEJMp2027405
https://doi.org/10.1056/NEJMp2027405
https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1016/j.jaci.2015.07.048
https://doi.org/10.1016/j.jaci.2015.07.048
https://doi.org/10.1007/s40629-020-00158-y
https://doi.org/10.22541/au.160769266.63428422/v1
https://doi.org/10.22541/au.160769266.63428422/v1
https://doi.org/10.1126/science.371.6524.10
https://doi.org/10.1126/science.371.6524.10
https://doi.org/10.1007/s40629-020-00160-4
https://doi.org/10.1007/s40629-020-00160-4
https://www.cdc.gov/mmwr/volumes/70/wr/mm7002e1.htm
https://www.cdc.gov/mmwr/volumes/70/wr/mm7002e1.htm
https://www.ema.europa.eu/2021
https://www.fda.gov/media/144636/download
https://www.fda.gov/media/144636/download
https://www.fda.gov/media/144412/download
https://www.fda.gov/media/144412/download
https://doi.org/10.3390/nano10020190
https://doi.org/10.3390/nano10020190
https://doi.org/10.1016/0005-2736(91)90246-5
https://doi.org/10.1016/j.ymthe.2005.09.014
https://doi.org/10.1016/j.ymthe.2005.09.014
https://doi.org/10.1080/14686996.2019.1627174
https://doi.org/10.1371/journal.pone.0235076
https://doi.org/10.1371/journal.pone.0235076
https://doi.org/10.1016/j.jaip.2019.05.058
https://doi.org/10.1016/j.jaip.2019.05.058
https://doi.org/10.1111/all.14726
https://doi.org/10.1111/all.14726
https://doi.org/10.1016/j.jaip.2020.09.029
https://doi.org/10.1016/j.jaip.2020.09.029
https://doi.org/10.1016/j.jaip.2018.12.003
https://doi.org/10.1111/cea.12760
https://doi.org/10.1186/s13223-016-0172-7
https://doi.org/10.1159/000233512
https://doi.org/10.1159/000233512
https://doi.org/10.1111/all.14711


position article

28. Krantz MS, Liu Y, Phillips EJ, Stone CA Jr.. Anaphylaxis to
PEGylated liposomal echocardiogramcontrast in a patient
withIgE-mediatedmacrogolallergy. JAllergyClinImmunol
Pract. 2020;8(4):1416–1419.e3. https://doi.org/10.1016/j.
jaip.2019.12.041.

29. Caballero ML, Lluch-Bernal M, Vilà-Nadal G, Lluncor M,
Quirce S. IgE-Mediated anaphylaxis induced by Macrogol
6000. J InvestigAllergolClin Immunol. 2016;26(6):398–400.
https://doi.org/10.18176/jiaci.0089.

30. Co-Minh HB, Demoly P, Guillot B, Raison-Peyron N. Ana-
phylacticshockafteroral intakeandcontacturticariadueto
polyethyleneglycols. Allergy. 2007;62(1):92–3. https://doi.
org/10.1111/j.1398-9995.2006.01265.x.

31. Dewachter P, Mouton-Faivre C. Anaphylaxis to macro-
gol 4000 after a parenteral corticoid injection. Allergy.
2005;60(5):705–6. https://doi.org/10.1111/j.1398-9995.
2005.00783.x.

32. SohyC,VandenplasO,SibilleY.Usefulnessoforalmacrogol
challenge in anaphylaxis after intra-articular injection of
corticosteroid preparation. Allergy. 2008;63(4):478–9.
https://doi.org/10.1111/j.1398-9995.2007.01610.x.

33. Bommarito L, Mietta S, Nebiolo F, Geuna M, Rolla G.
Macrogol hypersensitivity in multiple drug allergy. Ann
Allergy Asthma Immunol. 2011;107(6):542–3. https://doi.
org/10.1016/j.anai.2011.08.008.

34. BerndtK,KuskeM,BeissertS,Spornraft-RagallerP,BauerA.
Non-IgE-dependent hypersensitivity to macrogol 6000.
J Dtsch Dermatol Ges. 2018;16(4):479–81. https://doi.
org/10.1111/ddg.13479.

35. Szebeni J. Complement activation-related pseudoallergy:
a stress reaction in blood triggered by nanomedicines and
biologicals. Mol Immunol. 2014;61:163–73. https://doi.
org/10.1016/j.molimm.2014.06.038.

36. Walter M. CDC Updates Contraindications to COVID-19
Vaccination—Appendix B: Ingredients included in Pfizer-
BioNTech andModernamRNA COVID-19 vaccines. Med-
Page TODAY. 2021. https://www.medpagetoday.com/
infectiousdisease/covid19/90501. Accessed20Jan2021.

37. CDC. Interim Clinical Considerations for Use of mRNA
COVID-19 Vaccines Currently Authorized in the United
States. cdc.gov. 2021. https://www.cdc.gov/vaccines/
covid-19/info-by-product/clinical-considerations.html.
Accessed3Feb2021.

38. Lukawska J, Mandaliya D, Chan AWE, Foggitt A, Bidder T,
Harvey J, et al. Anaphylaxis to trometamol excipient
in gadolinium-based contrast agents for clinical imaging.
JAllergyClinImmunolPract. 2019;7(3):1086–7. https://doi.
org/10.1016/j.jaip.2018.08.035.

39. Singh M, Winhoven SM, Beck MH. Contact sensitivity to
octyldodecanol and trometamol in an anti-itch cream.
Contact Derm. 2007;56(5):289–90. https://doi.org/10.
1111/j.1600-0536.2006.00990.x.

40. Klimek LNN, Cabanillas B, Jutel M, Bousquet J, Akdis CA.
PotentialallergeniccomponentsofthemRNA-1273vaccine
forCOVID-19: possiblerolesforpolyethleneglycolandIgG-
mediated complement activation. Allergy. 2021. https://
doi.org/10.1111/all.14794

41. Vogel AB, Kanevsky I, Che Y, Swanson KA, Muik A,
Vormehr M, et al. A prefusion SARS-CoV-2 spike RNA
vaccine ishighly immunogenicandprevents lung infection
innon-humanprimates. BioRxiv. :WHO;2020.

42. Walsh EE, Frenck RW, Falsey AR, Kitchin N, Absalon J,
Gurtman A, et al. Safety and Immunogenicity of Two
RNA-Based Covid-19 Vaccine Candidates. N Engl J
Med. 2020;383(25):2439–50. https://doi.org/10.1056/
NEJMoa2027906. doi59650de-38m.

43. Pfizer. Pfizer And Biontech Propose Expansion Of Pivotal
Covid-19VaccineTrial. : Pfizer;2020.

44. Pfizer.Ourprogress indevelopingApotentialCovid-19vac-
cine. Pfizer. 2020. https://www.pfizer.co.uk/our-progress-
developing-potential-covid-19-vaccine. Accessed 4 Jan
2020.

45. Pfizer. A phase 1/2/3, placebo-controlled, randomized,
observer-blind, dose-finding study to evaluate the safety,
tolerability, immunogenicity, and efficacy of Sars-Cov-2
Rna vaccine candidates against Covid-19 in healthy indi-
viduals. Pfizer. 2020. https://pfe-pfizercom-d8-prod.s3.
amazonaws.com/2020-11/C4591001_Clinical_Protocol_
Nov2020.pdf. Accessed4Jan2021.

46. Heaton PM. The Covid-19 Vaccine-Development Multi-
verse. NEngl JMed. 2020;383(20):1986–8. https://doi.org/
10.1056/NEJMe2025111.

47. Dose-confirmation study to evaluate the safety, reacto-
genicity, and immunogenicity of mRNA-1273 COVID-19
vaccine in adults aged 18 years and older. 2020. https://
clinicaltrials.gov/ct2/show/NCT04405076. Accessed 4 Jan
2021.

48. Anderson EJ, Rouphael NG, Widge AT, Jackson LA,
Roberts PC, Makhene M, et al. Safety and immuno-
genicityofSARS-coV-2mRNA-1273vaccine inolderadults.
N Engl J Med. 2020;383(25):2427–38. https://doi.org/10.
1056/NEJMoa2028436.

49. Widge AT, Rouphael NG, Jackson LA, Anderson EJ,
Roberts PC,MakheneM, et al. Durability of responses after
SARS-coV-2mRNA-1273 vaccination. N Engl JMed. 2020;
https://doi.org/10.1056/NEJMc2032195.

50. Moderna I.. Modernaannouncesprimary efficacy analysis
in phase 3 COVE study for its COVID-19 vaccine candi-
date and filing today with U.S. FDA for emergency use
authorization. :Moderna, Inc;2020.

51. Klimek L, Worm M, Lange L, Beyer K, Rietschel E, Vogel-
berg C, et al. Management von Anaphylaxiegefährdeten
Patienten während der Covid-19-Pandemie. Allergo J.
2020;29(7):16–26. https://doi.org/10.1007/s15007-020-
2618-y.

52. CDC. Ebola (EbolaVirusDisease)—Contraindications and
PrecautionstoVaccination.CentersforDiseaseControland
Prevention, National Center for Emerging and Zoonotic
Infectious Diseases (NCEZID), Division of High-Conse-
quence Pathogens and Pathology (DHCPP), Viral Special
Pathogens Branch (VSPB). 2020. https://www.cdc.gov/
vhf/ebola/clinicians/vaccine/precautions.html. Accessed
12Jan2021.

53. Henao-Restrepo AM, Camacho A, Longini IM,WatsonCH,
Edmunds WJ, Egger M, et al. Efficacy and effectiveness
of an rVSV-vectored vaccine in preventing Ebola virus dis-
ease: final results from the Guinea ring vaccination, open-
label, cluster-randomised trial (Ebola Ça Suffit!). Lancet.
2016;389(10068):505–18. https://doi.org/10.1016/S0140-
6736(16)32621-6.

54. Jerschow E, Lin RY, Scaperotti MM, McGinn AP. Fatal ana-
phylaxis intheUnitedStates,1999–2010: temporalpatterns
and demographic associations. J Allergy Clin Immunol.
2014;134(6):1318–1328.e7. https://doi.org/10.1016/j.jaci.
2014.08.018.

55. Muraro A, Roberts G, Worm M, Bilò MB, Brockow K, Fer-
nández Rivas M, et al. Anaphylaxis: guidelines from the
European Academy of Allergy and clinical immunology.
Allergy. 2014;69(8):1026–45. https://doi.org/10.1111/all.
12437.

56. Pumphrey R. Anaphylaxis: can we tell who is at risk
of a fatal reaction? Curr Opin Allergy Clin Im-

K Practical handling of allergic reactions to COVID-19 vaccines 93

https://doi.org/10.1016/j.jaip.2019.12.041
https://doi.org/10.1016/j.jaip.2019.12.041
https://doi.org/10.18176/jiaci.0089
https://doi.org/10.1111/j.1398-9995.2006.01265.x
https://doi.org/10.1111/j.1398-9995.2006.01265.x
https://doi.org/10.1111/j.1398-9995.2005.00783.x
https://doi.org/10.1111/j.1398-9995.2005.00783.x
https://doi.org/10.1111/j.1398-9995.2007.01610.x
https://doi.org/10.1016/j.anai.2011.08.008
https://doi.org/10.1016/j.anai.2011.08.008
https://doi.org/10.1111/ddg.13479
https://doi.org/10.1111/ddg.13479
https://doi.org/10.1016/j.molimm.2014.06.038
https://doi.org/10.1016/j.molimm.2014.06.038
https://www.medpagetoday.com/infectiousdisease/covid19/90501
https://www.medpagetoday.com/infectiousdisease/covid19/90501
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html
https://doi.org/10.1016/j.jaip.2018.08.035
https://doi.org/10.1016/j.jaip.2018.08.035
https://doi.org/10.1111/j.1600-0536.2006.00990.x
https://doi.org/10.1111/j.1600-0536.2006.00990.x
https://doi.org/10.1111/all.14794
https://doi.org/10.1111/all.14794
https://doi.org/10.1056/NEJMoa2027906
https://doi.org/10.1056/NEJMoa2027906
https://www.pfizer.co.uk/our-progress-developing-potential-covid-19-vaccine
https://www.pfizer.co.uk/our-progress-developing-potential-covid-19-vaccine
https://pfe-pfizercom-d8-prod.s3.amazonaws.com/2020-11/C4591001_Clinical_Protocol_Nov2020.pdf
https://pfe-pfizercom-d8-prod.s3.amazonaws.com/2020-11/C4591001_Clinical_Protocol_Nov2020.pdf
https://pfe-pfizercom-d8-prod.s3.amazonaws.com/2020-11/C4591001_Clinical_Protocol_Nov2020.pdf
https://doi.org/10.1056/NEJMe2025111
https://doi.org/10.1056/NEJMe2025111
https://clinicaltrials.gov/ct2/show/NCT04405076
https://clinicaltrials.gov/ct2/show/NCT04405076
https://doi.org/10.1056/NEJMoa2028436
https://doi.org/10.1056/NEJMoa2028436
https://doi.org/10.1056/NEJMc2032195
https://doi.org/10.1007/s15007-020-2618-y
https://doi.org/10.1007/s15007-020-2618-y
https://www.cdc.gov/vhf/ebola/clinicians/vaccine/precautions.html
https://www.cdc.gov/vhf/ebola/clinicians/vaccine/precautions.html
https://doi.org/10.1016/S0140-6736(16)32621-6
https://doi.org/10.1016/S0140-6736(16)32621-6
https://doi.org/10.1016/j.jaci.2014.08.018
https://doi.org/10.1016/j.jaci.2014.08.018
https://doi.org/10.1111/all.12437
https://doi.org/10.1111/all.12437


position article

munol. 2004;4(4):285–90. https://doi.org/10.1097/01.all.
0000136762.89313.0b.

57. Wölbing F, Fischer J, Köberle M, Kaesler S, Biedermann T.
About the role and underlyingmechanisms of cofactors in
anaphylaxis. Allergy. 2013;68(9):1085–92. https://doi.org/
10.1111/all.12193.

58. WormM, Francuzik W, Renaudin JM, Bilo MB, Cardona V,
Scherer Hofmeier K, et al. Factors increasing the risk
for a severe reaction in anaphylaxis: An analysis of
data from The European Anaphylaxis Registry. Allergy.
2018;73(6):1322–30. https://doi.org/10.1111/all.13380.

59. Anagnostou K, Turner PJ. Myths, facts and controversies
in the diagnosis and management of anaphylaxis. Arch
Dis Child. 2018;104(1):83–90. https://doi.org/10.1136/
archdischild-2018-314867.

60. GreenbergerPA.MostchildrenandadolescentsWillsurvive
an episode of severe anaphylaxis, but we need to be better
atprevention, risk reduction, andearly treatment. J Allergy
Clin Immunol Pract. 2019;7(7):2250–1. https://doi.org/10.
1016/j.jaip.2019.06.013.

61. Kuritzky LA, Pratt M. Systemic allergic contact dermati-
tis after formaldehyde-containing influenza vaccination.
J Cutan Med Surg. 2015;19(5):504–6. https://doi.org/10.
1177/1203475415582306.

62. van ’t Veen AJ, van Joost T. Sensitization to thimerosal
(Merthiolate) is still present today. Contact Derm.
1994;31(5):293–8. https://doi.org/10.1111/j.1600-0536.
1994.tb02022.x.

63. HyryH,VuorioA, VarjonenE, Skyttä J,Mäkinen-KiljunenS.
Twocasesofanaphylaxistomacrogol6000afteringestionof
drug tablets. Allergy. 2006;61(8):1021. https://doi.org/10.
1111/j.1398-9995.2006.01083.x.

64. Brockow K, Jofer C, Behrendt H, Ring J. Anaphylaxis in pa-
tientswithmastocytosis: astudyonhistory,clinicalfeatures
and risk factors in 120patients. Allergy. 2008;63(2):226–32.
https://doi.org/10.1111/j.1398-9995.2007.01569.x.

65. BankovaLG,Walter JE, IyengarSR,LorenzoME,HornickJL,
Castells MC. Generalized bullous eruption after routine
vaccination in a childwithdiffuse cutaneousmastocytosis.
J Allergy Clin Immunol Pract. 2013;1(1):94–6. https://doi.
org/10.1016/j.jaip.2012.08.008.

66. Gupta M, Akin C, Sanders GM, Chan MP, Ross CW,
Castells MC. Blisters, vaccines, and mast cells: a diffi-
cult case of diffuse cutaneous mastocytosis. J Allergy Clin
Immunol Pract. 2019;7(4):1370–2. https://doi.org/10.
1016/j.jaip.2018.11.046.

67. HudsonA,FinlaysonL.Diffusecutaneousbullousmastocy-
tosis and disseminated Intravascular coagulation postvac-
cination: acasereport. JCutanMedSurg. 2016;20(6):596–9.
https://doi.org/10.1177/1203475416661312.

68. JohansenML,LawleyLP.Assessingvaccinationreactions in
pediatric patients with maculopapular cutaneous masto-
cytosis. Pediatr Dermatol. 2021; https://doi.org/10.1111/
pde.14492.

69. Parente R, Pucino V, Magliacane D, Petraroli A, Loffredo S,
Marone G, et al. Evaluation of vaccination safety in
children with mastocytosis. Pediatr Allergy Immunol.
2017;28(1):93–5. https://doi.org/10.1111/pai.12647.

70. Zanoni G, Zanotti R, Schena D, Sabbadini C, Opri R,
Bonadonna P. Vaccination management in children and
adultswithmastocytosis. ClinExpAllergy. 2017;47(4):593–6.
https://doi.org/10.1111/cea.12882.

71. Rama TA, Moreira A, Castells M. mRNA COVID-19 vaccine
is well tolerated in patients with cutaneous and systemic
mastocytosis withmast cell activation symptoms and ana-
phylaxis. J AllergyClin Immunol. 2021;https://doi.org/10.
1016/j.jaci.2021.01.004.

72. Poreaux C, Bronowicki JP, Debouverie M, Schmutz JL, Wa-
ton J, Barbaud A. Clinical allergy. Managing generalized
interferon-induced eruptions and the effectiveness of de-
sensitization. ClinExpAllergy. 2014;44(5):756–64. https://
doi.org/10.1111/cea.12217.

73. Bruusgaard-MouritsenMA, Johansen JD, Garvey LH. Clin-
ical manifestations and impact on daily life of allergy to
polyethylene glycol (PEG) in ten patients. Clin Exp Allergy.
2021;https://doi.org/10.1111/cea.13822.

74. Wenande EC, Skov PS,MosbechH, PoulsenLK,Garvey LH.
Inhibition of polyethylene glycol-induced histamine re-
lease bymonomeric ethylene and diethylene glycol: a case
of probable polyethylene glycol allergy. J Allergy Clin Im-
munol. 2013;131(5):1425–7.https://doi.org/10.1016/j.jaci.
2012.09.037.

75. Möbs C, Pfützner W. Cellular in vitro diagnosis of adverse
drug reactions. Allergo J Int. 2014;23(5):164–71. https://
doi.org/10.1007/s40629-014-0020-6.

76. Brockow K, Przybilla B, Aberer W, Bircher AJ, Brehler R,
Dickel H, et al. Guideline for the diagnosis of drug hyper-
sensitivity reactions: S2K-Guideline of theGermanSociety
for Allergology and Clinical Immunology (DGAKI) and the
German Dermatological Society (DDG) in collaboration
with the Association of German Allergologists (AeDA), the
German Society for Pediatric Allergology and Environ-
mental Medicine (GPA), the German Contact Dermatitis
Research Group (DKG), the Swiss Society for Allergy and
Immunology (SGAI), the Austrian Society for Allergology
and Immunology (ÖGAI), the German Academy of Aller-
gology and Environmental Medicine (DAAU), the German
Center forDocumentationofSevereSkinReactionsandthe
German Federal Institute for Drugs and Medical Products
(BfArM). Allergo J Int. 2015;24(3):94–105. https://doi.org/
10.1007/s40629-015-0052-6.

77. PfütznerW,BrockowK.Perioperativedrugreactions—prac-
tical recommendations forallergy testingandpatientman-
agement. Allergo J Int. 2018;27(4):126–9. https://doi.org/
10.1007/s40629-018-0071-1.

78. Jakob T, Klimek L. Allergologie in Zeiten von Covid-19.
Allergo J. 2020;29(3):3. https://doi.org/10.1007/s15007-
020-2538-x.

79. KlimekL,PfaarO,WormM,BergmannK-C,BieberT,BuhlR,
et al. Allergen-Immuntherapie in der aktuellen Covid-19-
Pandemiea, b, c. Allergo J. 2020;29(3):17–25. https://doi.
org/10.1007/s15007-020-2539-9.

80. Klimek L, Pfaar O, Worm M. Anwendung von Biologika
bei allergischen und Typ-2-entzündlichen Erkrankungen
inderaktuellenCOVID-19-Pandemie–einPositionspapier
vonAeDA,DGAKI,GPA,ÖGAI,LGAI,ÖGP,ARIAundEAACI.
Use of biologicals in allergic and type-2 inflammatory dis-
easesintimesofthecurrentCOVID-19pandemic—Position
paper of AeDA, DGAKI, GPA, ÖGAI, LGAI, ÖGP, ARIA und
EAACI. AL.2020;43(7):255.

81. Beurnier A, Jutant E-M, Jevnikar M, Boucly A, Pichon J,
PredaM, et al. Characteristics and outcomes of asthmatic
patients with COVID-19 pneumonia who require hospi-
talisation. Eur Respir J. 2020; https://doi.org/10.1183/
13993003.01875-2020.

82. Paul-Ehrlich-Institut. Empfehlung Zur Coronaimpfung
Für Allergikerinnen Und Allergiker. Paul-Ehrlich-Institut.
2020. https://www.pei.de/SharedDocs/Downloads/DE/
newsroom/mitteilungen/201223-stellungnahme-empfeh
lung-allergiker.pdf?__blob=publicationFile&v=6. Ac-
cessed11Jan2021.

83. HumbertM,BeasleyR,AyresJ,SlavinR,HébertJ,BousquetJ,
etal. Benefitsofomalizumabasadd-on therapy inpatients
with severe persistent asthma who are inadequately con-

94 Practical handling of allergic reactions to COVID-19 vaccines K

https://doi.org/10.1097/01.all.0000136762.89313.0b
https://doi.org/10.1097/01.all.0000136762.89313.0b
https://doi.org/10.1111/all.12193
https://doi.org/10.1111/all.12193
https://doi.org/10.1111/all.13380
https://doi.org/10.1136/archdischild-2018-314867
https://doi.org/10.1136/archdischild-2018-314867
https://doi.org/10.1016/j.jaip.2019.06.013
https://doi.org/10.1016/j.jaip.2019.06.013
https://doi.org/10.1177/1203475415582306
https://doi.org/10.1177/1203475415582306
https://doi.org/10.1111/j.1600-0536.1994.tb02022.x
https://doi.org/10.1111/j.1600-0536.1994.tb02022.x
https://doi.org/10.1111/j.1398-9995.2006.01083.x
https://doi.org/10.1111/j.1398-9995.2006.01083.x
https://doi.org/10.1111/j.1398-9995.2007.01569.x
https://doi.org/10.1016/j.jaip.2012.08.008
https://doi.org/10.1016/j.jaip.2012.08.008
https://doi.org/10.1016/j.jaip.2018.11.046
https://doi.org/10.1016/j.jaip.2018.11.046
https://doi.org/10.1177/1203475416661312
https://doi.org/10.1111/pde.14492
https://doi.org/10.1111/pde.14492
https://doi.org/10.1111/pai.12647
https://doi.org/10.1111/cea.12882
https://doi.org/10.1016/j.jaci.2021.01.004
https://doi.org/10.1016/j.jaci.2021.01.004
https://doi.org/10.1111/cea.12217
https://doi.org/10.1111/cea.12217
https://doi.org/10.1111/cea.13822
https://doi.org/10.1016/j.jaci.2012.09.037
https://doi.org/10.1016/j.jaci.2012.09.037
https://doi.org/10.1007/s40629-014-0020-6
https://doi.org/10.1007/s40629-014-0020-6
https://doi.org/10.1007/s40629-015-0052-6
https://doi.org/10.1007/s40629-015-0052-6
https://doi.org/10.1007/s40629-018-0071-1
https://doi.org/10.1007/s40629-018-0071-1
https://doi.org/10.1007/s15007-020-2538-x
https://doi.org/10.1007/s15007-020-2538-x
https://doi.org/10.1007/s15007-020-2539-9
https://doi.org/10.1007/s15007-020-2539-9
https://doi.org/10.1183/13993003.01875-2020
https://doi.org/10.1183/13993003.01875-2020
https://www.pei.de/SharedDocs/Downloads/DE/newsroom/mitteilungen/201223-stellungnahme-empfehlung-allergiker.pdf?__blob=publicationFile&v=6
https://www.pei.de/SharedDocs/Downloads/DE/newsroom/mitteilungen/201223-stellungnahme-empfehlung-allergiker.pdf?__blob=publicationFile&v=6
https://www.pei.de/SharedDocs/Downloads/DE/newsroom/mitteilungen/201223-stellungnahme-empfehlung-allergiker.pdf?__blob=publicationFile&v=6


position article

trolled despite best available therapy (GINA 2002 step
4 treatment): INNOVATE. Allergy. 2005;60(3):309–16.
https://doi.org/10.1111/j.1398-9995.2004.00772.x.

84. Maurer M, Rosén K, Hsieh H-J, Saini S, Grattan C, Gi-
menéz-Arnau A, et al. Omalizumab for the treatment
of chronic idiopathic or spontaneous urticaria. N Engl

J Med. 2013;368(10):924–35. https://doi.org/10.1056/
NEJMoa1215372.

85. Novartis. Xolair® – Impfungen unter der Therapie mit
Omalizumab. 2019. https://www.novartis.de/system/
files/product-info/382687_FAQ_Xolair.pdf. Accessed4 Jan
2021.

K Practical handling of allergic reactions to COVID-19 vaccines 95

https://doi.org/10.1111/j.1398-9995.2004.00772.x
https://doi.org/10.1056/NEJMoa1215372
https://doi.org/10.1056/NEJMoa1215372
https://www.novartis.de/system/files/product-info/382687_FAQ_Xolair.pdf
https://www.novartis.de/system/files/product-info/382687_FAQ_Xolair.pdf

	Practical handling of allergic reactions to COVID-19 vaccines
	Summary
	Introduction
	Morbidity and Mortality Weekly Report
	Potential anaphylaxis-inducing ingredients in mRNA-COVID-19 vaccines
	Results from clinical trials of mRNA-COVID-19 vaccines
	BNT 162b2
	mRNA-1273

	Recognition of an allergic reaction to COVID-19 vaccines
	Therapy of anaphylaxis to COVID-19 vaccines
	Prevention of severe allergic reactions to vaccinations
	Preventive measures to control allergic reactions to COVID-19 vaccines in populations at potential risk
	Contraindications and populations at potential risk
	1. Patients with immediate-type allergy/anaphylaxis to one or more ingredients of the vaccine or to substances that are cross-reactive to them or patients with an anaphylactic reaction to the first dose of vaccine
	2. Persons with late-type allergy to one or more ingredients of the vaccine or to substances cross-reactive to them
	3. Individuals with previous anaphylaxis of unclear cause
	4. Patients with known mastocytosis or with previous anaphylaxis to different drugs

	Consequences of risk assessment for COVID-19 vaccination
	Diagnostic procedure for suspected allergic reactions to COVID-19 mRNA vaccines
	In vitro laboratory diagnostics
	Allergen immunotherapy
	Time delay between SCIT/SLIT and COVID-19 vaccinations

	Biologics
	Procedure for therapy with biologics in connection with COVID-19 vaccination
	No increased risk of infection or worse outcome from COVID-19 in asthmatics
	Interval of 7 days between allergologically relevant biologics and vaccination is reasonable

	Conclusion and key messages
	Key messages

	References


