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Abstract
Conventional vaccines have been widely studied, along with their risk of causing allergic reactions. These generally consist 
of mild local reactions and only rarely severe anaphylaxis. Although all the current COVID-19 vaccines marketed in Europe 
have been shown to be safe overall in the general population, early post-marketing evidence has shown that mRNA-based 
vaccines using novel platforms (i.e., lipid nanoparticles) were associated with an increased risk of severe allergic reactions as 
compared to conventional vaccines. In this paper we performed an updated literature review on frequency, risk factors, and 
underlying mechanisms of COVID-19 vaccine-related allergies by searching MEDLINE and Google Scholar databases. We 
also conducted a qualitative search on VigiBase and EudraVigilance databases to identify reports of “Hypersensitivity” and 
“Anaphylactic reaction” potentially related to COVID-19 vaccines (Comirnaty, Spikevax, Vaxzevria and COVID-19 Janssen 
Vaccine), and in EudraVigilance to estimate the reporting rates of “Anaphylactic reaction” and “Anaphylactic shock” after 
COVID-19 vaccination in the European population. We also summarized the scientific societies’ and regulatory agencies’ 
recommendations for prevention and management of COVID-19 vaccine-related allergic reactions, especially in those with 
a history of allergy.

Key Points 

Serious allergic reactions observed after the receipt of an 
mRNA vaccine are rare.

Reporting rate of serious allergic reactions for viral vec-
tor COVID-19 vaccines seems to be similar to that for 
COVID-19 mRNA vaccines.

The underlying mechanism of COVID-19 vaccine-
related allergies have not yet been fully elucidated.

A risk stratification assessment for the development of 
allergic reactions should be conducted before the receipt 
of a vaccine against COVID-19.
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1 � Introduction 

Since December 2020, four COVID-19 vaccines have 
been marketed under conditional approval in the Euro-
pean Union (EU): the mRNA-based vaccines, Comirnaty 
(developed by Pfizer-BioNTech) and Spikevax (developed 
by Moderna), and the viral vector vaccines, Vaxzevria (ex-
COVID-19 Vaccine AstraZeneca) and COVID-19 Janssen 
Vaccine (developed by Johnson & Johnson) [1]. On 20th 
December 2021, European Medicine Agency (EMA) also 
recommended granting a conditional to the Nuvaxovid 
vaccine (developed by Novavax) to prevent COVID-19 in 
people aged ≥ 18 years.

Conventional vaccines have been widely studied, along 
with their risk of causing allergic reactions. These gener-
ally consist of mild local reactions (e.g., pain, redness, 
swelling at the injection site), and very rarely severe reac-
tions such as anaphylaxis [2, 3]. Although all the above-
mentioned COVID-19 vaccines have been shown to be safe 
in the general population, early post-marketing evidence 
showed that mRNA-based vaccines were associated with 
an increased risk of severe allergic reactions as compared 
to conventional vaccines (more than 10 per million doses 
vs 1.4 per million doses, respectively) [4, 5]. However, 
the estimated severe allergic reaction reporting rate has 
been decreasing since the beginning of the vaccination 
campaign. As mRNA-based vaccines rely on innovative 
technologies (i.e., lipid nanoparticles), it is essential to 
carry out an in-depth evaluation of their safety profile and 
compare the risks of severe allergic reactions across avail-
able COVID-19 vaccines. Even if cumulated evidence so 
far indicates that benefits of vaccination against COVID-
19 outweigh the potential risks of severe allergic reactions, 
the fear of allergic reactions can still create uncertainty 
among the population, in particular those people with a 
history of allergy that represent contraindication to the 
COVID-19 vaccine administration. In addition, with new 
marketed vaccines, especially initially, there are more 
immunization stress-related responses (ISRR) [6]. Risk 
factors and the exact underlying mechanisms of COVID-
19 vaccine allergic reactions have not yet been completely 
elucidated, which limits the comparative assessment of 
severe allergic reactions across different vaccines and 
ultimately the risk minimization measures for preventing 
COVID-19 vaccine-related allergic reactions. The aim of 
this review is to summarize the currently available evi-
dence on frequency, risk factors, and underlying mecha-
nisms of allergic reactions related to different COVID-19 
vaccines and also on current recommendations for preven-
tion and management of COVID-19 vaccine-allergic reac-
tions, especially in those with a history of allergy.

2 � Frequency of Allergic Reactions 
to COVID‑19 Vaccines 

2.1 � Evidence from Post‑marketing Observational 
Studies

People with a previous history of allergy were excluded 
from the pivotal trials of all COVID-19 vaccines cur-
rently approved by the EMA. As such, evidence on poten-
tial risks of allergy related to COVID-19 vaccines from a 
real-world setting is needed. Therefore, a literature search 
was carried out up to March 15, 2022, in MEDLINE and 
Google Scholar databases to identify observational stud-
ies and case series concerning COVID-19 vaccine-related 
allergies. Although no language restrictions were initially 
applied in the search strategy, only articles in English were 
considered. Most of the identified studies were from the 
USA and concerned mRNA COVID-19 vaccines.

Those studies consisted of analysis of spontaneous 
reporting databases as well as prospective/retrospective 
cohort studies.

According to the Centers for Disease Control and Pre-
vention (CDC) report of the US Vaccine Adverse Event 
Reporting System (VAERS) database, in the period 
between December 14, 2020, and January 18, 2021, 47 
cases of anaphylaxis from more than 9 million adminis-
tered doses of Comirnaty vaccine (4.7 cases per million 
doses), and 19 cases for more than 7 million doses of 
the Spikevax vaccine (2.5 cases per million doses) were 
reported [7]. A subsequent disproportionality analysis 
of data collected between December 1, 2020, and March 
5, 2021 from VAERS showed no statistically significant 
association of anaphylactic reactions and mRNA vaccines 
(proportional reporting ratio: 1.26; 95% CI 0.18–9.05), 
applying conventional cut-off for signal detection using 
spontaneous reporting databases [8, 9]. Similarly, in 
VAERS from December 14, 2020 to September 30, 2021, 
anaphylaxis rates of 5 per million doses for Comirnaty and 
3 per million doses for Spikevax were documented [10]. In 
addition, this study estimated a rate of 9 cases per million 
doses for the COVID-19 Janssen vaccine [10]. With the 
inclusion of data from the v-safe, the US voluntary smart-
phone-based system for the collection of adverse events, 
in addition to those of the VAERS database, the reporting 
rate of anaphylaxis between December 14, 2020 and June 
14, 2021 was estimated to be slightly higher: 5.8 per mil-
lion doses administered of Comirnaty and 5.1 per million 
doses administered of Spikevax [11]. These results are 
consistent with the finding in the study of Klein and col-
leagues [12]: in the period December 14, 2020 to June 26, 
2021, according to the Brighton case definition for ana-
phylaxis [13], of more than 11 million administered doses 
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in the US, a reporting rate of 4.8 and 5.1 cases per mil-
lion doses administered was identified for Comirnaty and 
Spikevax, respectively. There were similar findings in a 
Korean study evaluating anaphylaxis cases between Febru-
ary 26, 2021 and October 31, 2021 using the Brighton case 
definition for levels 1, 2, or 3 and resulting in 6.6 cases of 
anaphylaxis per million doses administered of Comirnaty 
and 4.3 cases per million doses administered of Spikevax 
[14]. In the same study, 4.2 and 14.1 cases of anaphylaxis 
per million doses following the receipt of Vaxzevria and 
COVID-19 Janssen vaccine were reported [14].

Compared to data from VAERS, the Ontario’s vaccine 
safety surveillance system reported a higher rate for anaphy-
laxis. Between December 13, 2020, and March 6, 2021, of 
890,604 doses of mRNA vaccines administered, 15 cases of 
anaphylaxis meeting the Brighton Collaboration case defini-
tion criteria for levels 1, 2, or 3 were reported (17 per million 
doses administered). The reporting rate for anaphylaxis was 
higher following the vaccination with Comirnaty as com-
pared to Spikevax (19 vs 7 per million doses) [15]. The Japa-
nese Pharmaceutical and Medical Devices Agency (PMDA) 
in the period February to March 2021 found a reporting rate 
of 81 per million doses administered for mRNA-based vac-
cines; however, both reports of anaphylaxis and anaphylac-
toid symptoms were included in this analysis [16].

In addition to data on severe allergic reactions collected 
from the spontaneous reporting systems, several cohort stud-
ies measured the frequency of COVID-19 vaccine-related 
allergic reactions.

An Israelian prospective cohort study conducted in the 
period December 27, 2020–February 22, 2021, found that 
the rate of allergic reactions to Comirnaty was higher among 
people with a history of allergy and even more for those 
with a history of high-risk allergies [17]. Of 429 high-risk 
patients included, allergic reactions to Comirnaty vaccine 
were observed in 1.4% and 1.8% after the first and second 
dose, respectively; however, anaphylactic reactions were 
observed only following the administration of the first dose 
of vaccine at a percentage of 0.7%. Similarly, a US pro-
spective study collected data on acute allergic reaction from 
64,900 Mass General Brigham employees receiving a first 
dose of a mRNA-based COVID-19 vaccine in the period 
between December 16, 2020, and February 18, 2021 [18]. 
Overall, around 1300 (2.0%) participants reported an allergic 
reaction, generally mild, such as itching, rash, hives, swell-
ing, and/or respiratory symptoms. Anaphylaxis, confirmed 
by either the Brighton Collaboration case definition [13] or 
the National Institute of Allergy and Infectious Diseases/
Food Allergy and Anaphylaxis Network (NIAID/FAAN 
clinical criteria) [19], was observed in 7 (0.03%) subjects 
following the receipt of Comirnaty and in 9 (0.02%) subjects 
following that of Spikevax [18]. Another observational study 
of 28,544 employees and health care providers receiving a 

first dose of a mRNA-based vaccine in the period between 
December 15, 2020, and March 8, 2021, reported 1253 vac-
cine-related adverse reactions. For 113 subjects, the experts 
required further evaluation before receiving the second dose, 
since three persons reported symptoms that were judged to 
be consistent with anaphylaxis [20].

There is currently limited evidence on rates of allergic 
reactions following the immunization with the Vaxzevria 
and the COVID-19 Janssen vaccines. In a prospective 
Korean study on a population of more than 5500 vaccinees 
[21], those receiving Vaxzevria (N = 5589) reported a signif-
icantly higher number of adverse reactions related to allergy, 
compared to those receiving Comirnaty (N = 227). Specifi-
cally, 5217 and 222 subjects reported at least one adverse 
reaction following the first dose of Vaxzevria and Comir-
naty, respectively, including angioedema (19.1% vs 4.3%), 
tongue edema (18.0% vs 3.6%), foreign body sensation in 
the throat (24.3% vs 9.7%), wheezing (6.4% vs 0.7%), urti-
caria (5.8% vs 0.7%) and skin rash (5.7% vs 1.8%). A study 
conducted in Saudi Arabia which included 7768 Vaxzevria 
vaccinees and 5100 receiving Comirnaty, no case of ana-
phylaxis was reported. However, authors reported that mild/
moderate allergic reactions occurred at a frequency of 4.5% 
for the Vaxzevria vaccine and 7.2% for Comirnaty [22].

The data reported in this section show that there is high 
variability among the reporting rate of allergic reactions, 
such as anaphylaxis. This may be related to different point 
in time of data collection, different source of information 
(passive spontaneous reporting surveillance system vs 
observational studies), different settings and countries, or 
even to the different application of the diagnostic criteria 
for the identification of serious allergic reactions, such as 
anaphylaxis (Brighton Collaboration case definition vs other 
criteria). Since the priority at the beginning of the pandemic 
was to ensure the safety of the vaccines by identifying the 
life-threatening adverse reactions, it might be the case that 
non-severe allergic reactions were generally under-reported 
in spontaneous reporting systems. Thus, we could not pro-
vide the accurate estimate of the rate of overall allergic 
reactions and of anaphylactic reactions, specifically since 
this would have required an exact categorization of serious/
non-serious allergic reactions from different studies, which 
was not always possible.

2.2 � Analysis of Spontaneous Adverse Reactions 
Reporting System Databases: Vigibase 
and EudraVigilance

To provide an updated overview of allergic events follow-
ing anti-COVID-19 immunization, a descriptive analysis 
of two international spontaneous reporting databases, Vig-
ibase and EudraVigilance, collecting adverse drug reac-
tions (ADRs) and adverse events following immunization 
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(AEFIs) was performed. Up to December 14, 2021, a total 
of 8200,642,671 COVID-19 vaccine doses have been admin-
istered worldwide [23]. On the same date, we conducted 
a qualitative search using VigiLyze® [24], a tool that pro-
vides access to Individual Case Safety Reports (ICSRs) col-
lected in VigiBase, the World Health Organization (WHO) 
pharmacovigilance database developed and maintained by 
Uppsala Monitoring Centre containing ICSRs from more 
than 149 member countries.

We searched for reports including a Medical Dictionary 
for Regulatory Activities (MedDRA) Preferred Term (PT) 
belonging to the Standardised MedDRA Queries (SMQ) 
“Hypersensitivity” selecting the option “Narrow” and fil-
tering by drug trade name (Comirnaty; Spikevax; Vaxzevria 
and COVID-19 Janssen Vaccine). Then, we used the same 
search strategy to retrieve reports including a MedDRA 
PT term belonging to the SMQ “Anaphylactic reaction”. 
Reports could not be differentiated by first and second 
doses. According to the Introductory Guide for SMQ (ver-
sion 24.1), “Hypersensitivity” can be intended as “a large 
number of conditions related to an exaggerated response of 
the body to a foreign agent”, while the term “Anaphylactic 
reaction” is referring to “an acute systemic reaction charac-
terized by pruritus, generalized flush, urticaria, respiratory 
distress and vascular collapse” [25].

By December 14, 2021 (last data drawn), there was a total 
of 615,488 ICSRs reporting Comirnaty as suspected vaccine, 
174,038 ICSRs reporting Vaxzevria, 114,187 ICSRs report-
ing COVID-19 Janssen Vaccine and 26,731 ICSRs reporting 
Spikevax. Concerning the SMQ “Hypersensitivity”, 50,106 
of 615,488 ICSRs (8.1%) and 3029 of 26,731 ICSRs (11.3%) 
were identified for the mRNA-based vaccines Comirnaty 
and Spikevax, respectively; 10,455 of 174,038 ICSRs (6.0%) 
and 8565 of 114,187 ICSRs (7.5%) were identified for the 
viral vector vaccines Vaxzevria and COVID-19 Janssen 
Vaccine, respectively. As for the SMQ “Anaphylactic reac-
tion”, following the mRNA-based vaccines, 3421 of 615,488 
ICSRs (0.6%) and 78 of 26,731 ICSRs (0.3%) were iden-
tified for Comirnaty and Spikevax, respectively; 554 of 
174,038 ICSRs (0.3%) and 548 of 114,187 ICSRs (0.5%) 
were identified for Vaxzevria and COVID-19 Janssen Vac-
cine, respectively.

For both the SMQ “Hypersensitivity” and “Anaphy-
lactic Reaction”, the frequency of reports was higher in 
females than males, regardless of the type of vaccine. 
Almost all the reports for both the SMQ “Hypersensi-
tivity” and “Anaphylactic Reaction’’ concerned adults 
(aged ≥18 years). This result is expected given that EMA 
recommended the use of the two mRNA COVID-19 vac-
cines in children aged 12–15 just five months after the 
start of the vaccination campaign in the adult population; 
moreover, only Comirnaty has been authorized in children 
aged 5–11 years by the end of November 2021 in the EU 

[26]. Concerning pediatric population aged below 18, a 
total number of 1969 ICSRs were retrieved for the SMQ 
“Hypersensitivity”, including 1781 (90.5%) Comirnaty 
ICSRs, 160 (8.1%) Spikevax ICSRs, 9 (0.4%) Vaxzevria 
ICSRs and 19 (1.0%) Janssen ICSRs. A total number of 
119 ICSRs were retrieved for the SMQ “Anaphylactic 
reaction”, including 113 (95.0%) Comirnaty ICSRs, 1 
(0.8%) Spikevax ICSRs, 2 (1.7%) Vaxzevria ICSRs and 3 
(2.5%) Janssen ICSRs. Concerning Vaxzevria and Janssen 
Vaccine, pediatric ICSRs are likely due to administration 
errors or errors in indicating the age of vaccinee in the 
ICSR.

Concerning the SMQ “Hypersensitivity”, most reports 
were classified as not serious. As for serious reports, a 
similar rate was observed for Comirnaty (22.4%), Spik-
evax (24.8%) and Vaxzevria (23.1%), which suggests a 
comparable safety profile for these three vaccines. In con-
trast, a lower percentage (14.3%) of COVID-19 Janssen 
Vaccine-related reports was classified as serious.

On the other hand, most of the reports identified for the 
SMQ “Anaphylactic reaction” were classified as serious 
(68.9%).

All the above-mentioned data are reported in Table 1.
We analyzed Vigibase, as collecting a high number of 

reports from many countries outside Europe; however, the 
reporting rate in this database could not be calculated as 
the vaccine-specific number of administered doses from 
all different countries contributing reports to Vigibase is 
not available.

To better compare the allergic reaction reporting across 
vaccines, we estimated the reporting rate of COVID-19 
vaccine-related allergic reactions, analyzing publicly avail-
able reports from EudraVigilance (EV), the spontaneous 
reporting ADRs/AEFIs database that is maintained by the 
EMA [27]. On December 14, 2021, the search included the 
MedDRA PTs “Anaphylactic reaction” and “Anaphylactic 
shock” following COVID-19 vaccination. To calculate the 
reporting rate, the analysis was restricted to ICSRs from 
the European Economic Area (EEA) only, for which the 
number of administrated vaccine doses could be retrieved 
during the same observation period.

According to the last data drawn (December 11, 2021), 
a total of 1975 reports of anaphylactic shock and/or ana-
phylactic reaction was identified following mRNA-based 
vaccines, yielding a reporting rate of 3 per million doses 
administered for Comirnaty, and 2 per million doses 
administered for Spikevax. Concerning viral vector vac-
cines, a reporting rate of 3 per million administered doses 
for Vaxzevria, and 2 per million administered doses for 
COVID-19 Janssen Vaccine was calculated. A similar 
reporting rate of anaphylactic shock and/or anaphylactic 
reaction has been reported for mRNA and viral vector 
COVID-19 vaccines.
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3 � Risk Factors of Allergic Reactions 
to COVID‑19 Vaccines: Data 
from Real‑World Setting 

According to a large body of clinical evidence, COVID-19 
vaccines have been documented as having an overall high 
degree of efficacy and safety. However, severe allergic reac-
tions have been reported since the beginning of the vaccina-
tion campaign [28, 29], which suggests a higher rate of ana-
phylaxis due to the COVD-19 vaccine in comparison with 
other marketed vaccines. The identification of risk factors 
for allergic reactions as well as the safety of these vaccines 
in categories of persons at higher risk of developing allergic 
reactions have to be carefully assessed. Several post-mar-
keting observational studies reported a higher prevalence of 
allergic reactions in patients self-reporting previous (mostly 
drug-related) anaphylaxis [16, 30]. The reported cases of 
anaphylaxis for both mRNA vaccines occurred most often 
after the first dose (82%), in women (> 90%), and in sub-
jects with a history of allergic reactions (79%) [7]. These 
results were confirmed in a prospective Israeli study, which 
observed a slightly higher rate of allergic reaction (6%) 

and anaphylaxis (0.7%) in persons at high-risk of allergic 
reactions, such as those with prior anaphylactic reaction to 
any drug or vaccine, multiple drug allergies, or in general 
multiple allergies [17]. Subjects who reported anaphylaxis 
were aged between 40 and 50 years, which is typically the 
mean age of patients with drug allergy [31]. All these stud-
ies reported a striking prevalence of COVID-19 vaccines-
related allergic reactions in females [12, 16–18, 30]. These 
data are consistent with a higher risk of drug allergy and 
drug-induced anaphylaxis in women, which emerges par-
ticularly after puberty [32].

The possible connection between an allergic response to 
the COVID-19 vaccines and female sex may be related to 
diverse effects of sexual hormones on the immune system. 
Estrogen may induce a TH2 response, promote mast cell 
degranulation and, in murine models, increase endothelial 
nitric oxide synthase activity, enhancing the severity of ana-
phylaxis. On the other hand, testosterone and progesterone 
reduce TH2 responses suppressing histamine release from 
mast cells [33–36]. Moreover, a more frequent exposure to 
cosmetics and drugs may account for the increased risk of 
allergic reactions among females. Acute and chronic stress 

Table 1   Number of reports identified using SMQ “hypersensitivity” and SMQ “anaphylactic reaction” from VigiLyze®, stratified by age, sex and 
adverse reaction seriousness (data up to 14/12/2021)

Percentages are calculated based on the total number of reports by vaccine manufacturers
NS not specified; SMQ Standardized MedDRA Query

SMQ “hypersensitivity” SMQ “anaphylactic reaction”

Comirnaty
N = 50,106 
(100.0%)

Spikevax
N = 3029 
(100.0%)

Vaxzevria
N = 10,455 
(100.0%)

COVID-19 
Janssen  
Vaccine
N = 8565 
(100.0%)

Comirnaty
N = 3421 
(100.0%)

Spikevax
N = 78 
(100.0%)

Vaxzevria
N = 554 
(100.0%)

COVID-19 
Janssen 
Vaccine
N = 548 
(100.0%)

Sex, n (%)
 Female (F) 38,204 (76.3) 2385 (78.7) 7761 (74.2) 5669 (66.2) 2729 (79.8) 64 (82.0) 432 (78.0) 295 (53.8)
 Male (M) 11,334 (22.6) 611 (20.2) 2545 (24.3) 2873 (33.5) 629 (18.4) 13 (16.7) 110 (19.8) 251 (45.8)
 NS 568 (1.1) 33 (1.1) 149 (1.5) 23 (0.3) 63 (1.8) 1 (1.3) 12 (2.2) 2 (0.4)
 F/M ratio 3.4 3.9 3.0 2.0 4.3 4.9 3.9 1.2

Age group 
(years), n 
(%)

 < 12 53 (0.1) 7 (0.2) 9 (0.1) 8 (0.1) 4 (0.1) – 2 (0.3) –
 12–17 1728 (3.4) 153 (5.1) – 11 (0.1) 109 (3.2) 1 (1.3) – 3 (0.6)
 18–44 21,247 (42.4) 1613 (53.3) 3068 (29.3) 3664 (42.8) 1564 (45.7) 44 (56.4) 207 (37.4) 317 (57.8)
 45–64 17,074 (34.1) 925 (30.5) 4519 (43.2) 3052 (35.6) 1180 (34.5) 20 (25.6) 216 (39.0) 123 (22.4)
 > 65 7842 (15.7) 259 (8.5) 2394 (23.0) 743 (8.7) 416 (12.2) 10 (12.8) 106 (19.1) 25 (4.6)
 NS 2162 (4.3) 72 (2.4) 465 (4.4) 1087 (12.7) 148 (4.3) 3 (3.9) 23 (4.2) 80 (14.6)

Seriousness, 
n (%)

 Serious 11,240 (22.4) 751 (24.8) 2414 (23.1) 1226 (14.3) 2467 (72.1) 63 (80.8) 367 (66.2) 272 (49.6)
 Not serious 34,440 (68.7) 2278 (75.2) 8040 (76.9) 7339 (85.7) 910 (26.6) 15 (19.2) 187 (33.8) 276 (50.4)
 Unknown 4426 (8.9) – 1 (<0.01) – 44 (1.3) – – –
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can also induce mast cell degranulation through the release 
of corticotropin-releasing hormones, neurotensin and sub-
stance P of neuronal origin [37–39]. The use of non-steroidal 
anti-inflammatory drugs just before or after the vaccination 
has to be carefully investigated as these drugs can them-
selves be responsible for anaphylaxis or are potential co-
factors [37, 40]. No reaction to COVID-19 vaccination has 
been related to physical exercise, which is a risk factor for 
anaphylaxis.

Another crucial issue is the safety of the COVID-19 vac-
cination in at-risk populations. An association has been 
reported between severe asthma and anaphylaxis, particu-
larly in women [41].

In a large cohort of patients with severe asthma, according 
to the European Respiratory Society (ERS) and American 
Thoracic Society (ATS) criteria, undergoing the vaccination 
in a specialist allergy-pneumology setting [42], only mild 
reactions, mainly local, were observed after the administra-
tion of both doses. It is worth noting that in these patients, 
asthma remained under control between the two doses and 
quality of life improved [43]. According to a Spanish study, 
the COVID-19 vaccination, carried out in a specialized set-
ting, was also well tolerated in patients with severe allergic 
conditions, such as hymenoptera, food and drug allergy [44].

Furthermore, good tolerability was reported in a popula-
tion of 63 patients suffering from hereditary angioedema. 

After vaccination, 11 attacks were reported out of 111 
administrations. All these attacks were mild and recovered 
within two days. Most patients did not use short-term proph-
ylaxis [45].

All the above reported data are reported in Table 2.

4 � Underlying Mechanisms of COVID‑19 
Vaccine‑related Allergies 

Like other medications, vaccines can trigger hypersensitivity 
reactions (HRs), which are usually rare and mild. In case of 
vaccine-related allergic reaction, it is difficult to ascertain 
whether the vaccine itself or other excipients or inactive 
ingredients can be the causative agent [46].

This holds true also for the approved COVID-19 vac-
cines, as their excipients are considered as the most probable 
trigger of immunoglobulin (Ig) E-mediated allergic reac-
tions, while the vaccine antigen and the residual non-human 
protein are considered a less probable cause of allergy [47].

Some excipients, such as polyethylene glycol (PEG) 
and polysorbate (PS), belong to a family of biocompatible 
hydrophilic polymers, generated via polymerization of eth-
ylene oxide [48]. PEGylation, the covalent linking of PEG to 
therapeutic proteins, aims to protect active ingredient from 
proteolytic enzymes, to reduce immunogenicity (decreased 

Table 2   Potential risk factors for COVID-19 vaccine-related allergy as reported in post-marketing surveillance

Authors Reported potential risk factors for COVID-19 vaccine-related allergy

Shimabukuro et al. (2021) [30] Seventeen (81%) of 21 patients with anaphylaxis with Pfizer-BioNTech COVID-19 vaccine had a docu-
mented history of allergies (e.g., to drugs or medical products, foods, and insect stings)

Seven (33%) had an episode of anaphylaxis in the past, including one after receipt of rabies vaccine and 
another after receipt of influenza A(H1N1) vaccine

Shimabukuro et al. (2021) [7] Twenty-one (32%) of the 66 case reports noted a prior episode of anaphylaxis from other exposures: 
vaccines (rabies, influenza A[H1N1], seasonal influenza, unspecified), contrast media, unspecified 
infusions, sulfa drugs, penicillin, prochlorperazine, latex, walnuts, unspecified tree nuts, jellyfish 
stings and unspecified exposures

Klein et al. (2021) [12]
Iguchi et al. (2021) [16]
Shavit et al. (2021) [17]
Blumenthal et al. (2021) [18]
Shimabukuro et al. (2021) [30]
Risma et al. (2021) [37]

All these studies reported a striking prevalence of COVID-19 vaccine-related allergic reactions in 
females

Risma et al. (2021) [37] Atopic individuals also appear to be overrepresented in those suffering anaphylaxes to the COVID-19 
mRNA vaccines

Another host factor that may impact the likelihood of anaphylaxis is stress
Caminati et al. (2021) [43] Only mild reactions, mainly local, after the administration of both doses, in patients with severe asthma

Asthma remained under control between the two doses and quality of life improved
Rojas-Pérez-Ezquerra et al. (2021) [44] The COVID-19 vaccination, carried out in a specialized setting, was also well tolerated in patients with 

severe allergic conditions, such as hymenoptera, food, and drug allergy
The only reaction recorded was a mild immediate reaction in a 43-year-old woman with a personal his-

tory of severe asthma
Fijen et al. (2021) [45] Good tolerability was reported in a population of 63 patients suffering from hereditary angioedema. 

After vaccination, 11 attacks were reported out of 111 administrations. All these attacks were mild, 
and patients recovered within 2 days
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interaction of PEG-modified materials with blood compo-
nents and immune cells) and to improve the water-solubility, 
pharmacokinetics of drugs and/or delivery vehicles. Poly-
ethylene glycol has always been considered safe and widely 
used as a food and drug additive in everyday products, and 
its molecular weight (MW) ranges from 300 to 10,000 g/
mol or higher.

4.1 � Pathophysiology of Vaccine‑Induced Allergic 
Reactions

To understand the HRs caused by the current COVID-19 
vaccines, it is important to consider the potential mecha-
nisms and pathways that may be involved (Table 3).

In general, HRs caused by vaccines can account for the 
classic four types of Gell and Coombs classification. Updat-
ing this classification [49], complement activation-related 
pseudo-allergy (CARPA) may be regarded as an independent 
category within “receptor-mediated” mast cell activations, 
usually IgE-independent, representing the main type of com-
plement (C) activation-related HRs [50]. Clinically, CARPA 
is unpredictable and occasionally fatal, usually with immedi-
ate onset, at first treatment (no prior exposure to allergen), is 
milder or absent upon repeated exposures, with spontaneous 
resolution [51]. Anaphylaxis and/or anaphylactoid reactions 
can be mediated by either binding of the C-derived peptides 
C3a and C5a to their receptors on mast cells, basophils, 
and other myeloid cells, or by direct activation of mast cell 
receptors by drugs; for example, life-threatening HRs can 
be mediated via direct non-specific activation of the Mas-
related G protein-coupled receptor X2 (MRGPRX2) on 
mast cells, even at first exposure, such as those containing 
a quaternary ammonium ion, like the Comirnaty vaccine 
(see Sect. 5) [52]. Notably, in MRGPRX2 activation of mast 
cells, the specific IgE may remain undetected, and tryptase 
levels may be in range, even in serious Kounis syndrome 
[47]. Regarding type II HRs, human IgG-mediated anaphy-
laxis has been described in few observations involving the 
parenteral administration of significant amount of allergen 
(i.e., protein, like chimeric, humanized, either fully human 
monoclonal antibodies such as infliximab or adalimumab). 
However, the relevance of some of these observations 
remains unclear, as in some cases (low) titers of drug-IgE 
were found [53, 54]. Intravenous injection of nanotechnol-
ogy enhanced (liposomal, micellar, polymer-conjugated) 
and protein-based (antibodies, enzymes) drugs/vaccines can 
lead to infusion, or anaphylactoid reactions. The molecular 
mechanism underlying mild to severe allergy symptoms may 
differ from case to case and remains mostly uncertain. How-
ever, in many cases a major cause or contributing factor is 
the C system activation, through the potential mechanisms 
described above [48]. In addition to basophils and mast 
cells, neutrophils and macrophages are also considered to 

be relevant effector cells that can be activated via immune 
complex receptors (CD16, CD32, and CD64, respectively) 
[50, 55–57].

4.2 � COVID‑19 Vaccine Allergy: The Role of PEGs

For the first time, PEG, also known as macrogol, has been 
used in two of the currently marketed COVID-19 vaccines 
(Comirnaty and Spikevax) to stabilize and internalize the 
mRNA-containing lipid nanoparticles (LNP) into the 
cells. The mRNA COVID-19 vaccines contain no traces of 
food, drugs or latex, while they contain buffer constituents 
(tromethamine, also called trometamol, in Spikevax vac-
cine), and lipids (LNP). Among lipids, there are PEGylated 
lipids (ALC-0159), ionizable lipids (i.e., ALC-0315), neu-
tral lipids (DSPC containing a quaternary ammonium ion), 
and cholesterol. Lipid nanoparticles used in Comirnaty and 
Spikevax vaccines may contain low levels (< 2 mol%) of 
2-[(polyethylene glycol)-2000]-N,N-ditetradecylacetamid 
and 1,2-dimyristoyl-rac-glycero-3-methoxy-[(polyethylene 
glycol)-2000], respectively; the type of PEG used is PEG-
2000, which differs from others previously used in drugs and 
healthcare products both in terms of MW and co-formula-
tion, being the stabilizing portion of a liposome [58]. Lipid 
nanoparticles are similar to liposomes, which have been used 
in the past as carriers for drugs, and further contribute to 
LNP stabilization by a steric mechanism [59].

An excipient structurally similar to PEG due to shared 
moieties (=CH2CH2 and =CH2CH2OH) is PS80, also known 
as Tween 80 or E 433, and it is present in more recently mar-
keted viral vector and recombinant protein COVID-19 vac-
cines. Clinical cross-reactivity between PEG and PS80 has 
rarely been documented [48, 60, 61], but has not occurred 
in COVID-19 vaccine setting experience, even in case of 
in vitro skin test cross-reactivity [62]. Of note, in vivo and 
in vitro evidence of PS80 allergy is limited and isolated sen-
sitization through PS80 seems uncommon, even rarer than 
through PEG [63]. PEG is the only excipient in COVID-19 
vaccines that has been clearly demonstrated to cause mainly 
immediate HRs [64, 65], while the role of trometamol and 
PS80 as relevant allergens in these vaccines remains more 
questionable [66].

Polyethylene glycol-related HRs are more likely to occur 
when PEG has a MW ranging between 3350 and 6000 g/
mol [48]. The higher the doses and the MW, the worse the 
reactions reported [67]. However, the PEG MW threshold 
for immediate HRs is still undetermined [64, 68].

Over the past decades, PEG has been considered non-
immunogenic. However, there has been growing evidence 
that PEG might be more immunogenic than previously rec-
ognized, as suggested by the existence of anti-PEG antibod-
ies in 25% of healthy blood donors [69], in 42% of patients 
with no history of treatment with PEGylated products [70], 
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and the existence of anti-PEG antibodies in healthy humans 
who had increased exposure to PEG additives [71, 72]. Dec-
ades of clinical practice pointed out that PEGylation can 
result in a highly immunogenic conjugate and can cause the 
production of anti-drug autoantibodies (ADA) and C activa-
tion, leading to drug clearance with loss of clinical benefit 
or adverse HRs, as suggested by a recent murine study in 
which PEGylated human granulocyte colony-stimulating 
factor (G-CSF) elicited anti-PEG IgM immune response 
in a dose-dependent manner [73]. Several research groups 
have shown that anti-PEG antibodies were responsible for a 
rapid clearance of subsequent doses of PEGylated liposomes 
and micelles (this phenomenon was called accelerated 
blood clearance [ABC] phenomenon) [74–76]. This mech-
anism has been suggested for many PEGylated drugs (e.g. 
Pegintron®) inducing ADA in about 10% of patients and 
diminishing clinical benefit in about 1% of patients [77, 78].

Little is known about the prevalence of anti-PEG anti-
bodies, even if it has been reported that as much as 72% of 
the general population have at least some IgG or IgM anti-
PEG antibodies [70], while other authors reported higher 
levels in healthy people and even in those never exposed to 
PEGylated drugs [69, 79, 80].

Allergic reactions, even anaphylaxis, related to PEG in 
a variety of products have been described [47, 48, 68] and 
PEG is often considered a “hidden” allergen [48, 64, 81].

Besides IgE, other antibody classes may trigger HRs 
or amplify IgE-mediated reaction [55, 56]. Several animal 
studies as well as clinical observations have shown that 
PEGylated liposomes can activate the C system and poten-
tially cause HRs [82–84]. In line with this concept, there are 
some studies testing basophil activation test (BAT) to the 
mRNA vaccines, that apparently showed that PEG-contain-
ing vaccines were able to induce positive BAT better than 
PEG alone [85, 86].

Irrespective of PEGylation, liposomes have the potential 
role to activate complement, non-specifically, and depend-
ing on their different surface structures and surface charge 
[57, 87].

5 � Prevention and Management of Allergic 
Reactions to COVID‑19 Vaccines: 
Recommendations from Scientific 
Societies and Health Authorities

Several international public health agencies and allergy-
related organizations worldwide issued guidance about 
precautions and contraindications to COVID-19 vaccina-
tion, with the ultimate goal of preventing the occurrence of 
allergic reactions and reducing related concerns and vaccine 
hesitancy [88].

To prevent the onset of allergic reactions following 
COVID-19 vaccines, there is general agreement about 
pre-vaccination evaluation by an allergist-immunologist 
for the risk stratification of an allergic patients (as shown 
in Table 4) and decide whether vaccination is advisable in 
high-risk patients. However, limited data are available on 
how the risk assessment should be performed by the spe-
cialist. Furthermore, the evaluation of individuals with a 
known or suspected history of PEG allergy and who have not 
yet received an mRNA vaccine differs from those who have 
already experienced an allergic reaction to the first dose.

According to the World Allergy Organization [89] and 
to Banerji et al. [63], individuals who report a prior allergic 
reaction to a vaccine component (PEG or polysorbate 80) 
or to the first dose, are considered at high risk of allergic 
reactions. Patients who report history of immediate allergic 
reactions (especially anaphylaxis) to multiple drug classes 
with unidentified trigger (as it may be PEG-allergy given 
its ubiquity as an excipient) or history of anaphylaxis to a 
PEGylated parenteral monoclonal antibody or history of idi-
opathic anaphylaxis or a mast cell disease, are included in 
the intermediate risk group.

In those cases, it is strongly recommended to refer 
patients to allergist/immunologist. Various diagnostic algo-
rithms, based on clinical assessment and excipient skin 
testing with PEG and polysorbate 80, have been proposed 
[63, 68], even if there is no agreement about if and how to 
perform it. Some allergy-related organizations and health 
authorities indicate that skin testing is plausible [6–11], 
while others provide no indication [89–92]. In general, the 
investigation of potential PEG-related allergy is complex, 
and both skin prick testing and intradermal testing have been 
associated with systemic reactions, including anaphylaxis 
[63, 68, 93]. As such, skin testing should only be performed 
by specialists with relevant expertise and in the appropriate 
setting [94].

To investigate the value of excipient skin testing proposed 
in different diagnostic algorithms, as mentioned above, 
Greenhawt et al. performed a systematic review yielding 
a pooled sensitivity of 58.8% and specificity of 99.5% for 
PEG-allergy detection [95].

In parallel, Wolfson et al. [96] published the first out-
comes of the diagnostic algorithm proposed by Banerji 
et al. [63], which was applied to 80 selected patients who 
reported an allergic reaction after the first dose of COVID-
19 vaccine and underwent allergy assessment with skin test-
ing to PEG and/or polysorbate 80. Overall, in the group of 
patients who reported an immediate allergic reaction, 89% 
received the second dose, which was tolerated by most of the 
vaccinees (74%), while the remaining quarter of vaccinees 
experienced mild cutaneous allergic reactions. Among those 
who reported an immediate allergic reaction, only 4 of 65 
had a positive PEG skin test result. Of them, two (50%) 
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took and tolerated the vaccine, one was not tested because 
of severe allergic reaction (anaphylaxis) after the first dose, 
and one refused to receive the second dose. On the other 
hand, among patients who reported a history of an imme-
diate allergic reaction and a negative PEG skin test result, 
25% had allergic reaction following the second dose of the 
vaccine. Most reported only cutaneous symptoms, while four 
(31%) patients were admitted to the emergency department, 
two of whom were treated with epinephrine; both vaccinees 
experienced a severe allergic reaction after the first dose. 
Thus, excipient skin testing did not add value to the clini-
cal risk assessment in those reporting allergic reactions fol-
lowing the first-dose of mRNA COVID-19 vaccine. It has 
been helpful in the evaluation of individuals with a history 
of PEG-related anaphylaxis [68, 93], although its positive 
predictive value remains unknown. Similarly, Greenhawt 

et al. [95] in the International Consensus mentioned above, 
recommend against routinely performing skin or in vitro 
testing using COVID-19 vaccines or excipients outside the 
research setting, given that such testing has unknown sen-
sitivity/specificity in predicting COVID-19 vaccine-related 
severe allergic reactions. With regard to the skin test, it is 
possible that PEG MW may play a role in triggering allergic 
reactions [68]. A poor diagnostic value of skin testing was 
also found by Brockow et al. in a very recent study of 421 
patients including a retrospective assessment of a cohort of 
10 PEG-allergic patients [66].

It has been hypothesized that these preliminary results 
can be explained by the fact that, to date, there is no other 
convincing evidence of an IgE-mediated reaction to PEG or 
polysorbate 80 as triggers for COVID-19 vaccine-allergic 
reactions and mechanisms. The specific PEG contained in 

Table 4   Comprehensive view of topics from guidances issued by several international public health agencies and allergy-related organizations 
worldwide

CDC
[92]

EMA
[109]

PHE/
BSACI
[94]

NACI
[90]

AAAAI
[110]

ACAAI
[111]

ASCIA
[112]

CSACI
[113]

EAACI
[90]

WAO
[89]

Severe allergic reac�on to 
prior dose of a COVID -19 
vaccine

Allergy to an excipient 
contained in a COVID -19 
vaccine
Severe reac�on to an 
unrelated 
vaccine/injectable 
medica�on
Non-anaphylac�c allergic 
reac�on to prior dose of a 
COVID-19 vaccine
Severe allergic reac�on 
not due to a medica�on 
(e.g. food, inhalant, insect 
venom)

Excipient/vaccine tes�ng 
recommended

Allergy consult 
recommended

Use in pa�ents with mast -
cells disorders

Adapted from Greenhawt et al. [95]
Red boxes: contraindication; yellow boxes: precaution; green boxes: permitted; grey boxes: not mentioned
AAAAI American Academy of Allergy, Asthma & Immunology, ACAAI American College of Allergy Asthma and Immunology, ASCIA Aus-
tralasian Society of Clinical Immunology and Allergy, CDC Centers for Disease Control and prevention, CSACI Canadian Society of Allergy 
and Clinical Immunology, EAACI European Academy of Allergy and Clinical Immunology, EMA European Medicine Agency, NACI National 
Advisory Committee on Immunization, PHE/BSACI Public Health England/British Society for Allergy and Clinical Immunology, WAO World 
Allergy Organization
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mRNA vaccines, as a stabilizing portion of the liposome, is 
different, in terms of molecular weight and co-formulation, 
from PEG that is commonly used in other drugs and health-
care products [64, 97]. Although an exact threshold of reac-
tivity based on the molecular weight of PEG is unknown, 
tolerance of PEG with molecular weight lower than 400 has 
been described in those with documented anaphylaxis to 
PEG-3350 [64]; instead, it is also still unknown if PEG-2000 
can be tolerated in these patients. Concerning skin prick 
testing with the remaining drop of COVID-19 vaccine, pre-
liminary data are still inconclusive.

Cumulative data show that the majority of patients report-
ing allergic reaction to a COVID-19 vaccine might safely 
receive the second dose, irrespective of skin test results, and 
skin tested negative patients might experience an allergic 
reaction. On the contrary, COVID-19 vaccination in patients 
who experienced severe allergic reaction to an excipient 
(PEG or Polisorbate 80) contained in those vaccines has to 
be contraindicated. The booster dose should be avoided in 
those who experience a severe allergic reaction following the 
first COVID-19 vaccine dose, irrespective of negative skin 
testing results. In the latter case, it has been proposed that 
vaccines might be administered through graded dosing in a 
well-equipped setting [95], but more evidence is needed to 
draw firm conclusions.

Finally, it is commonly agreed that the COVID-19 vac-
cine or excipient is not contraindicated in patients with a 
history of severe allergic reactions that are not related to 
COVID-19 vaccine or excipient, such as in food, insect 
venom, inhalants and PEG-free drug allergy, and insect 
venom, as well as in patients with a family history of aller-
gies (Table 4).

Premedication with H1-antihistamine or systemic corti-
costeroid before receiving COVID-19 vaccine is not recom-
mended as there is no evidence about anaphylaxis preven-
tion; in addition, corticosteroid premedication may lower 
the immune response following COVID-19 vaccination [95], 
while antihistamines may mask initial symptoms of a severe 
allergic reaction [89].

Position papers are important to guide the clinician 
on ways to handle COVID-19 vaccinations in patients at 
high-risk for allergic reactions. Ongoing real-life studies on 
patients seeking allergy workup before COVID-19 vaccine 
will likely update currently available guidelines [66]. Further 
research on excipient role, skin testing predictive values and 
pathogenetic mechanism is particularly needed.

Due to current knowledge gaps regarding COVID-19 
allergic reactions, individual benefit/risk ratio evaluated by 
allergist/immunologist is of utmost importance in the man-
agement of patients with allergic reactions and who are to 
receive or have already received COVID-19 vaccine.

In summary, to date: (i) the decision-making process on 
administration of subsequent doses of COVID-19 vaccine 

should be based on the combination of skin test results, 
allergy clinical history, and the risk/benefit ratio for every 
single patient; (ii) excipient skin testing alone does not add 
value to the clinical risk assessment; (iii) the majority of 
patients reporting an allergic reaction to a COVID-19 vac-
cine might receive a subsequent dose safely; (iv) patients 
whose skin tested negative might experience allergic reac-
tions; (v) patients who experienced a severe allergic reaction 
(anaphylaxis) after COVID-19 vaccination should avoid a 
subsequent dose of the same vaccine, irrespective of nega-
tive skin testing results; in these cases, vaccine adminis-
tration through graded dosing in a well-equipped setting 
might be evaluated; vi) severe allergic reaction to an unre-
lated vaccine, unrelated injectable medication, or due to a 
food or inhalant, do not contraindicate to the COVID-19 
vaccination.

5.1 � COVID‑19 Vaccine in Patients with Mastocytosis

Mastocytosis is characterized by the proliferation and accu-
mulation of mast cells in the bone marrow and tissues that 
is accompanied by symptoms of mediator release, such as 
itching, flushing or more serious symptoms such as gastro-
intestinal or osteoarticular symptoms or anaphylaxis [98]. 
Mastocytosis is considered to be a risk factor for the fre-
quency and severity of possible allergic reactions; in fact, 
patients with suspected mastocytosis often have a history 
of suspected allergic reactions [99]. The triggers that can 
cause mast cell degranulation are mainly hymenoptera bites 
(responsible for about 19%–60% of anaphylaxis in patients 
with mastocytosis) followed by drugs (5–9%), and food 
(3–16%) [99–102]. Patients with mastocytosis may also 
experience frequent idiopathic anaphylaxis or in the pres-
ence of cofactors such as alcohol intake, exercise and sudden 
changes in temperature [101]. For these reasons, patients are 
provided with self-injecting adrenaline. For the management 
of symptoms caused by the release of mast cell mediators, 
patients can be treated with symptomatic therapy such as 
antihistamines, antileukotrienes, chromones and, in less fre-
quent cases, also with omalizumab [103]. Obviously, with 
the start of the COVID-19 vaccination campaign and the first 
reports of vaccine allergic/anaphylactic reactions, the ques-
tion arose of how to deal with vaccination for this category 
of patients [104].

The data already in our possession did not highlight par-
ticular problems linked to particularly serious reactions or 
in any case the presence of risk factors for allergic reactions 
in patients with mastocytosis with regard to vaccinations in 
general [2, 105, 106]. For this reason, the European Compe-
tence Network on Mastocytosis (ECNM) and the American 
Initiative in Mast Cell Diseases (AIM) have recently issued 
an expert opinion on the risk and management of COVID-19 
vaccination in patients affected by mastocytosis. Although 
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large and controlled studies are not available, there is con-
sensus in the scientific community that contraindication of 
the COVID-19 vaccines in adults affected by mastocytosis 
alone is not necessary [2]. However, as these patients have 
a greater risk of mast cell degranulation, it is obviously 
necessary to put in place a series of safety procedures, an 
adequate period of observation, and possibly have them take 
anti-mediator therapy as prophylaxis, adapting all this to the 
individual patient [107].

As these drugs do not exert an immunosuppressive effect, 
the efficacy of the vaccination is not expected to be reduced, 
even when those drugs are used for several years. As such, 
anti–mediator-based treatment should not be discontinued 
at the time of vaccination.

6 � Conclusions 

The rate of serious allergic reactions after the administration 
of all COVID-19 vaccines remains very low, but it appears 
to be slightly higher compared to traditional vaccines. In 
general, among COVID19 vaccinees, the risk of developing 
these reactions appears to be highest in the immediate period 
following the vaccination and it is higher in women and in 
those with a history of allergy. As compared to mRNA vac-
cines, there is little current real-world information on ana-
phylaxis following COVID-19 viral vector vaccines. Nev-
ertheless, no substantial differences between mRNA and 
viral vector COVID19 vaccines have been documented. 
Despite the hypothesis that excipients like polyethylene gly-
col and polysorbate 80, used in COVID-19 vaccines, could 
be potential triggers for the onset of allergic reactions, the 
exact underlying mechanism of mRNA COVID-19 allergic 
reactions has not been fully elucidated. A risk stratification 
assessment with the objective of identifying individuals at 
higher risk of developing serious allergic reactions should 
always be considered and carried out prior the administra-
tion of a vaccine against COVID-19. Protocols for the safe 
vaccination of individuals at increased risk of serious aller-
gic reactions, such as patients with mastocytosis, should be 
followed. Given the importance of controlling the pandemic 
and at the same time ensuring the safety of all subjects 
receiving COVID-19 vaccines, more evidence is urgently 
needed, particularly with regard to the safety of vaccine 
administration in people identified as being at higher risk of 
developing serious allergic reactions.
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