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a b s t r a c t

Among 6146 hospital employees, 118 subjects with severe allergic background were identified through a
screening questionnaire and stratified into 3 groups (Low-risk (LR), Intermediate (IR) and High-risk (HR)
group), based on their allergic anamnesis.
Data reports on hypersensitivity reactions (HypR) have been collected in both allergic and non-allergic

subjects. Seventeen patients (14%) in the allergic population had a HypR after the first, the second or both
doses. Skin manifestations were the most frequent ones. Allergic events were more frequent in HR (35%)
than IR (10%; p = 0.005) or LR (0%; p = 0.074) subjects. No patient had anaphylaxis. All patients completed
the vaccination schedule.
13 HypR occurred in patients without severe allergic background (13/6028, 0,2%) including one

(1/6148, 0.016% of total population) WAO grade-4 anaphylaxis.
Our data suggest that BNT162b2 mRNA Covid-19 vaccine is relatively safe also in patients with severe

allergic background; however, some precautions are required for high-risk patients.
� 2021 Elsevier Ltd. All rights reserved.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2)-associated disease (COVID-19) is a systemic infectious disease
associated with high morbidity and mortality. Vaccines based on
liposomal mRNA are most effective at lowering the risk of severe
COVID-19. Immune-mediated adverse events including anaphy-
laxis (reportedly occurring with a rate of 12–19 cases/million vac-
cine doses [1,2]) have however been reported [3–6] in association
with mRNA vaccines and have a major role in vaccine hesitancy
among patients with known immunological disorders, including
allergy [7–9]. Little is known about the pathophysiological mecha-
nisms and potential risk factors favouring the development of

hypersensitivity reactions (HypR) to mRNA-based vaccines. Excip-
ients such as high molecular weight-polyethylene glycole (PEG),
polysorbate-80 (a detergent with chemical similarity to PEG) or
trometamol have been hypothesised as targets of allergic sensitisa-
tion and triggers of HypR to mRNA vaccines, being hidden allergens
of difficult identification in patients with multi-drug allergy [10].
Other authors have questioned the role of excipient allergy and
proposed alternative mechanisms to explain the occurrence of
vaccine-related systemic reactions [11,12]. Early recommendations
from drug regulatory agencies emphasised the role of reaction
severity in stratifying patients based on their allergy history,
restricting indications to skin tests and graded dose challenges to
patients with a highly suggestive history of allergic sensitisation
to PEG or with anaphylaxis after the first dose of mRNA vaccines
[13]. Eventually, real-life series confirmed the limited utility of
pre-emptive skin tests in the setting of adequate clinical screening
[14,15].

To assess the efficacy of a rational algorithm to screen and
manage patients at high-allergy risk according to their expected

https://doi.org/10.1016/j.vaccine.2021.09.048
0264-410X/� 2021 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Immunology, Rheumatology, Allergy and Rare
Diseases Unit, IRCCS Ospedale San Raffaele and Università Vita-Salute San Raffaele,
Via Olgettina 60 – 20132, Milan, Italy.

E-mail address: yacoub.monarita@hsr.it (M.-R. Yacoub).
1 These authors equally contributed.

Vaccine xxx (xxxx) xxx

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine

Please cite this article as: M.-R. Yacoub, V. Cucca, C. Asperti et al., Efficacy of a rational algorithm to assess allergy risk in patients receiving the BNT162b2
vaccine, Vaccine, https://doi.org/10.1016/j.vaccine.2021.09.048

https://doi.org/10.1016/j.vaccine.2021.09.048
mailto:yacoub.monarita@hsr.it
https://doi.org/10.1016/j.vaccine.2021.09.048
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
https://doi.org/10.1016/j.vaccine.2021.09.048


individual risk of allergy to mRNA-based vaccines based on clinical
history, we set up a prospective observational study in a large
cohort of health professionals candidate to vaccination with the
BNT162b2 vaccine.

2. Methods

2.1. General screening

From January 4th, 2021 to March 19th, 2021, all employees of
the San Raffaele Hospital, Milan, Italy were invited to complete a
simplified screening questionnaire (Suppl.Table1), assessing the
presence and self-reported severity of an allergic history. Red flags
for a severe allergic history encompassed 1) past severe reactions
to vaccines, drugs, hymenopter venom, foods, latex; 2) multiple
drug HypR; 3) a known or suspected allergy to PEG/polisorbates;
4) mast cell disorders (mastocytosis or mast cell activation syn-
drome [MCAS] [16,17]; 6) uncontrolled asthma and/or chronic
spontaneous urticaria (CSU).

2.2. Patient stratification

Patients with one or more red flags at the screening question-
naire were further screened with direct clinical interviews (includ-
ing assessment of previous clinical records when available) by an
expert allergist and, upon informed consent, enrolled in a wider
observational protocol approved by the Institutional Review Board
(Panimmuno research protocol, reference code 22/INT/2018). Base-
line tryptase levels were measured in patients with clinical history
of anaphylaxis, systemic mastocytosis and MCAS. The allergy eval-
uation encompassed 1) ‘‘de-labeling” unconfirmed allergy diag-
noses; 2) treatment adjustment for patients with uncontrolled
asthma and/or CSU; 3) indication to premedication before vaccina-
tion in cases of CSU, unexplained severe hypersensitivity or mast-
cell diseases or elevated tryptase levels (i.e. tryptase � 10 lg/l); 4)
assessment of PEG-allergy risk. Patients who could not recall hav-
ing tolerated PEG-containing drugs, were referred to skin tests
with PEG, as previously described [8]. Patients with confirmed
allergy risk were classified into three risk categories: Low-risk
(LR) group, Intermediate-risk (IR) group High-risk (HR) group
(Table1). Each category was assigned a distinct indication for
post-vaccinal observation according to national and international
guidelines available at time of evaluation and to the expected tim-
ing of severe immediate-type allergic reactions to vaccines and
drugs [13,18–20].

All ‘‘at-risk” patients were followed up through telehealth for
two weeks after each dose to assess the occurrence of allergic
and non-allergic adverse reactions. Health professionals with HypR
after vaccination, but without red flags at the screening question-
naire served as controls and were enrolled in the study protocol.
Adverse events were classified by timing of onset as immediate

or delayed, when they occurred within vs after 4 h from vaccine
administration [12]. The Common Terminology Criteria for Adverse
Events (CTCAE) Version 5.0 was used to grade non-anaphylactic
event severity, while the modified WAO grading system was used
for anaphylaxis [21,22].

2.3. Statistical analysis

Categorical variables were compared among groups using chi-
square test with Fisher’s exact correction. Non-normally dis-
tributed continuous variables were compared among groups by
using the Mann-Whitney’s U test or the Kruskal-Wallis’ test for
two or more groups respectively. Normally distributed variables
were compared among two or more groups by employing the Stu-
dent’s t-test or ANOVA respectively. Statacorp STATA� version 15
was used for statistical analysis. Data are expressed as median (in-
terquartile range, IQR) unless otherwise specified.

3. Results

3.1. Patients with low to high allergy risk

Two-hundred-twenty of 6146 hospital employees receiving the
BNT162b2 vaccine reported a history of clinically relevant allergy
risk at the screening questionnaire and 118 subjects were consid-
ered at risk after expert evaluation (Suppl.Fig.1). This at-risk group
encompassed 103 women (87%) and 15 men (13%) with a median
age of 48 (39–53) years. Among the 118 patients at-risk, nine were
classified as LR, 83 as IR and 26 as HR for severe HypR (Table2).
Patients in the LR group were significantly younger [32 (30–45)
years old] than patients at intermediate [48 (40–54) years old;
p = 0.006] and high risk [50 (43–54) years old; p = 0.002]. None
of those patients was referred to PEG skin test, since no one had
severe reaction to injective PEG/polisorbates containing drug and
all did tolerate at least one oral drug containing high molecular
weight PEG.

One hundred patients at-risk for HypR (85%) experienced at
least one adverse event (Table3). None of them was severe. Seven-
teen patients (14%) had HypR after the first (14/118, 12%), the sec-
ond (11/118, 9%) or both doses (8/118, 7%; Table 3). Most HypR
manifested with skin signs. Patients who developed at least one
HypR were older than patients who did not [51 (48–55) vs 46
(37–53) years; p = 0.009). HypR were more frequent in HR (35%)
than IR (10%; p = 0.005) or LR (0%; p = 0.074) patients. Skin mani-
festations after the first dose were more frequent in patients in the
HR group (27%), than in the IR (4%; p = 0.002) or LR groups (0%;
p = 0.153). No other demographic or clinical factor correlated with
allergy after the first dose. There was also no significant difference
in terms of frequency of allergic reactions after the second dose
when stratifying for demographics or clinical history. However,
patients with allergy after the second dose had higher baseline

Table 1
patient stratification based on allergy history.

Classification criteria Setting of vaccination and timing of observation after
vaccination

Low-risk (LR) group -mild^ HypRs to drugs *and/or-controlled asthma/urticaria ** standard setting; 30-minute medical observation
Intermediate-risk (IR) group -single previous anaphylaxis and normal tryptase levels (<10 mg/l)and/or-

multiple drug HypR *and/or-severe but controlled asthma and/or CSU**
standard setting; 60-minute medical observation

High-risk (HR) group - history of at least two previous anaphylaxes induced by different
agentsand/or- of one or more severe anaphylaxes (involving loss of
consciousness/ cardiac arrest)and/or- mast cell disorders (tryptase
level > 10 mg/l).

two hours of medical observation;dedicated setting
with trained personnel, a senior allergist and an
anaesthesiologist

* after PEG allergy exclusion
** patients with uncontrolled asthma and/or urticaria were treated until clinical stability and eventually vaccinated.
^ Mild HypRs: according to grade 1 of WAO criteria
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tryptase levels compared to patients with no allergy [8.8 (5.5–11.8)
mg/dl, n = 6 vs 4.8 (4.0–7.4) mg/dl, n = 45; p = 0.021]. Regarding
HypR severity, seven patients (41%) had mild (CTCAE grade-2;
n = 4) to moderate (CTCAE grade-3n = 3) reactions. Five of them
(71%), including all three patients with at least one CTCAE grade-
3 reaction belonged to the HR group. Therefore, no patient was
reclassified to HR from the LR or IR groups. Fifteen CTCAE grade-
1–2 reactions (60%), but no grade-3 reaction, were delayed.
Nonetheless, 1/3 grade-3 reactions occurred after 1 h of observa-
tion. No patient had anaphylaxis.

Non-allergic adverse events were experienced by 98 (83%)
patients after the first (73/118, 62%), the second (96/118, 81%) or
both doses (71/118, 60%; Suppl.Table2). Constitutional symptoms
(including fever, chills, lymphadenopathy, arthromyalgia and/or
fatigue) showed up at least once in 76/118 (64%) patients and
accounted for the most frequent non-allergic manifestations. Con-
stitutional symptoms were more frequent after the second (59%)
than after the first dose (33%; p < 0.001). Patients in the HR group
reported a higher frequency of post-vaccinal fatigue after the first
dose (31%) than patients in the intermediate-risk group (12%;
p = 0.035). Local pain after the second dose was less frequent in
HR (15%) than among IR patients (39%; p = 0.033). Baseline tryp-
tase levels were higher in patients who had fever after the first
dose [8.6 (6.4–11.8) mg/dl, n = 5 vs 4.7 (4.0–7.5) mg/dl, n = 46 among
patients with no fever; p = 0.021].

3.2. Control subjects

Among 6028 vaccinated healthcare workers with negative
screening, 13 (0.2%) control subjects (CS), all women, had HypR
after the first (n = 11) and/or the second (n = 4) BNT162b2 vaccine
dose (Table3). One subject (0.02% of the vaccinee population) had
WAO grade-4 anaphylaxis. Four patients with HypR after the first
dose did not receive the second dose. Compared to at-risk patients
who had HypR, CS were slightly younger [age 48 (38–50) vs 51
(48–55) years; p = 0.031], but did not differ in terms of non-
allergic comorbidities (Suppl.Table3). Nine CS (70%) had a history
of allergy not meeting the criteria for the LR group. Drug allergy

was less frequent in CS (n = 4/13 vs 15/17; p = 0.004), while atopy
was similarly represented (n = 6/13 vs 7/17, p = NS) compared to
at-risk patients. There were no differences in the frequency of
patients with at least one CTCAE grade-2 or grade-3 reaction,
although patients with grade-1 reactions only were less frequent
among CS (1/13 vs 10/17; p = 0.007).

4. Discussion

In this study, we prospectively followed up 118 patients with
allergy history receiving the BNT162b2 vaccine and assessed the
efficacy of a screening strategy based on clinical interview and
drug history to stratify patients according to their individual risk
and optimise vaccine safety and adherence. HypR occurred in
14% of patients at allergic risk compared to only 0.2% of vaccinees
who were not included in the screening programme. Nonetheless,
CTCAE grade-1 manifestations might have been underreported by
CS due to their limited clinical relevance. Allergic reactions were
more frequent and severe in the HR group suggesting that previous
reactions severity is a valid parameter to predict the likelihood of
eventual allergic reactions. Notably, our data suggest that some
moderately severe HypR can occur after 1 h from vaccine adminis-
tration, indicating the potential need for prolonged observation at
least in selected patient categories. Interestingly, non-allergic
adverse reactions were relatively frequent in our cohort, especially
in the HR group, suggesting the potential existence of shared
mechanisms of immune dysregulation leading to multiple distinct
systemic inflammatory manifestations [11,23,24]. Only one case of
anaphylaxis was observed in the control group. This evidence con-
firms that allergy to mRNA-based vaccines has a relatively low
prevalence [15] and suggests that a screening protocol based on
clinical history might be sufficient to rule out PEG allergy and
enable a safe vaccination of most patients at risk. Furthermore,
our results suggest that tailored non-steroidal premedication in
patients with mast-cell diseases and CSU might be sufficient to
prevent systemic reactions, with no additional costs in terms of
vaccine efficacy [25]. On the other hand, the occurrence of de novo
severe reactions in patients with no clear risk factors highlights the

Table 2
general demographics and allergy history of the at-risk population.

All patients (n = 118) High risk (n = 26) Intermediate risk (n = 83) Low risk (n = 9)

Females: n(%) 103 (87) 21 (81) 74 (89) 8 (89)
Age (years): median (IQR) 48 (39–53) 50 (43–54) 48 (40–54) 32 (30–45)^
Allergy history: n(%)
Drug allergy 89 (75) 21 (81) 63 (76) 5 (56)
Allergy to > 2 drugs 58 (49) 17 (65) 39 (47) 2 (22)
Drug classes
NSAIDS 39 (33) 11 (42) 27 (33) 1 (11)
Penicillins 35 (30) 7 (27) 26 (31) 2 (22)
Other antibiotics 14 (12) 7 (27)* 6 (7) 1 (11)
Vaccines 13 (11) 2 (8) 11 (13) 0 (0)
Contrast media 11 (9) 2 (8) 8 (10) 1 (11)
Opioids 2 (2) 1 (4) 1 (1) 0 (0)
Other drugs 25 (21) 11 (42) 12 (14) 2 (22)
Food allergy 27 (23) 9 (35) 17 (20) 1 (11)
Respiratory allergy 38 (32) 6 (23) 28 (34) 4 (44)
Hymenopter venom allergy 2 (2) 2 (8) 0 (0) 0 (0)
Anaphylaxis 20 (17) 4 (15) 15 (18) 1 (11)
Comorbidities
Asthma 42 (36) 4 (15)* 35 (42) 3 (33)
Urticaria 12 (10) 1 (4) 9 (11) 2 (22)
Mastocyte diseases 7 (6) 7 (27)*** 0 (0) 0 (0)
Basal tryptase (mg/dl): median (IQR) 5.2 (4.2–7.8) 6.2 (4.1–11) 5.15 (4.4–6.9)

Abbreviations
^:p < 0.05 vs both intermediate- and high-risk patients
*:p < 0.05; **:p < 0.010; ***: p < 0.001 between high- vs intermediate-risk patients
§: p < 0.05 when comparing low- vs intermediate-risk patients
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need for further research to identify additional clinical and/or lab-
oratory predictors of vaccine-related HypR, also in the prospect of
further boost doses at least in fragile populations.

Our study has the strength of providing real-life data from a rel-
atively large cohort of patients who might have been excluded
from or might have refused vaccination due to their high-risk aller-
gic profile at the beginning of the Italian vaccination campaign [7–
9]. In addition, our population included a wide age range of
patients, representative of the general population. However, it also
has some limitations, including the lack of data regarding vaccine
efficacy.

Notwithstanding these limitations, our data suggest that
BNT162b2 mRNA Covid-19 vaccine is relatively safe also in
patients with a severe allergic background, including those with
history of anaphylaxis and mast cell disorders. Managing such
patients in dedicated clinics with trained personnel and with
longer post-vaccinal observation might ensure a timely and effec-
tive treatment of adverse events and minimise vaccine hesitancy.
Specifically, our data do not support the need for corticosteroid
premedication, which might rather hamper effective immuniza-
tion [12,26] nor a widespread use of skin tests to assess excipient
sensitisation, which can be efficiently ruled out based on clinical
history in the majority of cases. More studies are needed to define
additional potential risk factors for severe HypR to the BNT162b2
mRNA Covid-19 vaccine.
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Supplementary figure 1 

This flow chart depicts the algorithm used to screen patients with self-reported allergy history according to 
their expected risk of hypersensitivity reaction to the BNT162b2 vaccine. Risk stratification was based on 
severity of previous hypersensitivity reactions, active comorbidities including asthma and chronic 
spontaneous urticarial (CSU), and mast cell activation according to serum tryptase levels.  Potential allergy 
to excipients including polyethylene glycol (PEG) was ruled out based on drug history. Skin tests were 
performed only when drug history was not sufficient to rule out PEG sensitization.  



 

 

 
Supplementary 1: simplified screening questionnaire for patient enrolment 

 
It is recommended that you undergo a pre-vaccination allergy evaluation if you answer “yes” 
to any of  the following questions  
 

 
1- Have you ever had anaphylaxis to drugs, vaccine, latex or hymenopter venom? 

YES    □                 NO   □     
 

2- Are you allergic to more than one type of drug? 

YES    □                 NO   □      
 
3- Do you have a history of food anaphylaxis and have been prescribed an epinephrine 

autoinjector? 

YES    □                 NO   □      
 
4- Are you allergic to PEG (macrogol)/polisorbates? 

YES    □                 NO   □        I DON’T KNOW □ 
 
5- Do you have systemic mastocytosis or mast cell activation syndrome? 

YES    □                 NO   □      
 

6- Is your asthma and/or chronic spontaneous urticaria under poor control? 

YES    □                 NO   □      
 
 
 



Supplementrary Table 2: adverse post-vaccinal events 

 All patients (n=118) HR (n=26) IR (n=83) LR (n=9) 
Any adverse event: n(%) 100 (85) 23 (88) 71 (86) 6 (67) 
Any allergic adverse event: n (%) 17 (14) 9 (35)** 8 (10) 0 (0) 
Any non-allergic adverse event: n (%) 98 (83) 22 (85) 70 (84) 6 (67) 
Adverse events after the 1st dose: n(%) 75 (64) 18 (69) 53 (64) 4 (44) 

Allergic events 14 (12) 8 (31)** 6 (7) 0 (0) 
Anaphylaxis 0 (0) 0 (0) 0 (0) 0 (0) 
Skin manifestations 10 (8) 7 (27)** 3 (4) 0 (0) 

Itching sensation 8 (7) 5 (19)* 3 (4) 0 (0) 
Urticaria/angioedema 2 (2) 1 (4) 1 (1) 0 (0) 
Diffuse erythematous rash 2 (2) 1 (4) 1 (1) 0 (0) 

Respiratory symptoms 1 (1) 1 (4) 0 (0) 0 (0) 
Gastrointestinal symptoms 2 (2) 1 (4) 1 (1) 0 (0) 
Other 1 (1) 0 (0) 1 (1) 0 (0) 

Non-allergic events 73 (62) 17 (65) 52 (63) 4 (44) 
Local pain 36 (31) 7 (27) 28 (34) 1 (11) 
Constitutional symptoms 39 (33) 11 (42) 26 (31) 2 (22) 

Fever 11 (9) 3 (12) 8 (10) 0 (0) 
Chills 10 (8) 3 (12) 6 (7) 1 (11) 
Arthralgia/myalgia 18 (15) 5 (19) 13 (16) 0 (0) 
Fatigue 20 (17) 8 (31)* 10 (12) 2 (22) 
Lymphadenopathy 3 (3) 2 (8) 1 (1) 0 (0) 

Headache 14 (12) 3 (12) 10 (12) 1 (11) 
Gastrointestinal symptoms 1 (1) 1 (4) 0 (0) 0 (0) 
Other 16 (14) 1 (4) 14 (17) 1 (11) 

Adverse events after the 2nd dose: n(%) 97 (82) 21 (81) 70 (84) 6 (67) 
Allergic events 11 (9) 4 (15) 7 (8) 0 (0) 

Anaphylaxis 0 (0) 0 (0) 0 (0) 0 (0) 
Skin manifestations 7 (6) 3 (12) 4 (5) 0 (0) 

Itching sensation 6 (5) 2 (8) 4 (5) 0 (0) 
Urticaria/angioedema 1 (1) 0 (0) 1 (1) 0 (0) 
Diffuse erythematous rash 3 (3) 2 (8) 1 (1) 0 (0) 

Respiratory symptoms 3 (3) 1 (4) 2 (2) 0 (0) 
Gastrointestinal symptoms 0 (0) 0 (0) 0 (0) 0 (0) 
Other 1 (1) 0 (0) 1 (1) 0 (0) 

Non-allergic events 96 (81) 21 (81) 69 (83) 6 (67) 
Local pain 36 (31) 4 (15)* 32 (39) 0 (0)# 
Constitutional symptoms 70 (59) 17 (65) 49 (59) 4 (44) 

Fever 47 (40) 9 (35) 36 (43) 2 (22) 
Chills 13 (11) 5 (19) 7 (8) 1 (11) 
Arthralgia/myalgia 38 (32) 9 (35) 28 (34) 1 (11) 
Fatigue 46 (39) 12 (46) 31 (37) 3 (33) 
Lymphadenopathy 4 (3) 1 (4) 3 (4) 0 (0) 

Headache 21 (18) 5 (19) 13 (16) 3 (33) 
Gastrointestinal symptoms 8 (7) 4 (15) 4 (5) 0 (0) 
Other 16 (14) 4 (15) 11 (13) 1 (11) 

Adverse events after both doses: n(%) 72 (61) 16 (62) 52 (63) 4 (44) 
Allergic events 8 (7) 3 (12) 5 (6) 0 (0) 
Non-allergic events 71 (60) 16 (62) 51 (61) 4 (44) 

 
Abbreviations 
HR: high risk IR: intermediate risk LR: low risk 
*:p<0.05; **:p<0.010; ***: p<0.001 between high- vs intermediate-risk patients 
#:p<0.05 when comparing low- vs intermediate-risk patients 
 



Supplementary Table 3: non-allergic comorbidities 

Patient # Comorbidities 

 Patients at risk (n=17/118 subjects at low to high risk based on clinical history ) 

 1 CAD, hypertension 

 2 - 

 3 malignancy 

 4 CAD, hypertension 

 5 migraine 

 6 - 

 7 - 

 8 - 

 9 spondyloarthritis 

 10 type 2 diabetes 

 11 - 

 12 CAD 

 13 GERD 

 14 mitral valve regurgitation , hypertension, trigeminal neuralgia 

 15 - 

 16 - 

 17 endometriosis, gastritis 

 
Control subjects (n=13/6028 vaccinees) 

 A mitral valve regurgitation 

 B - 

 C - 

 D thyroid nodule 

 E hyperhomocysteinemia 

 F rheumatoid arthrits 

 G - 

 H - 

 I rheumatoid arthritis, tachycardia, autoimmune gastritis 

 J Brugada syndrome 

 K - 

 L autoimmune gastritis, pituitary adenoma 

 M GERD, hypertension 
 

Abbreviations  

CAD: Coronary artery disease 

GERD: gastroesophageal reflux diseas 
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