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Abstract

The Food and Drug Administration (FDA) has recently authorized the two messenger RNA (mRNA) vaccines BNT162b2
and mRNA-1273 for emergency use against the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causing
the COVID-19 coronavirus disease. BNT162b2 and mRNA-1273 vaccines were developed by Pfizer-BioNTech and Mod-
erna, respectively, in 2020. The United Kingdom, Bahrain, Canada, Mexico, United States, Singapore, Oman, Saudi Arabia,
Kuwait, and European Union began their vaccination programs with the BNT162b2 vaccine, while the United States and
Canada also started the mRNA-1273 vaccination program in mid December 2020. On 28th December 2020, studies reported
severe allergic reactions in people who received the BNT162b2, and few people who received the mRNA-1273 vaccine.
Authors of the letter thus attempt to explore possible causes of anaphylaxis following COVID-19 vaccination.
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Dear Editor,

The Food and Drug Administration (FDA) recently author-
ized the two messenger RNA (mRNA) vaccines BNT162b2
and mRNA-1273 for emergency use against the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) caus-
ing the COVID-19 coronavirus disease. BNT162b2 and
mRNA-1273 vaccines were developed by Pfizer-BioNTech
and Moderna, respectively, in 2020. The United Kingdom,
Bahrain, Canada, Mexico, United States, Singapore, Oman,
Saudi Arabia, Kuwait, and European Union began their
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vaccination programs with the BNT162b2 vaccine, while
the United States and Canada also started the mRNA-1273
vaccination program in mid December 2020.

In the last 2 weeks, we read about the components of
these two mRNA vaccines from different media resources.
Briefly, the BNT162b2 vaccine contains the spike glycopro-
tein of SARS-CoV-2 coding mRNA, 2 [polyethylene glycol
(PEG)-2000]-N, N-di-tetradecyl acetamide, 1, 2-distearoyl-
sn-glycero-3-phosphocholine, cholesterol, (4-hydroxybutyl)
azanediyl) bis (hexane-6, 1-diyl) bis (2-hexyldecanoate),
potassium chloride, monobasic potassium phosphate,
sodium chloride, dibasic sodium phosphate dehydrate,
and sucrose. COVID-19 patients or volunteers (age > 16)
who received BNT162b2 vaccination at 21-day intervals of
two dosages (30 pg/dose) attained 95% protection (Clini-
calTrials.gov No: NCT04368728) against SARS-CoV-2
[1]. Likewise, mRNA-1273 vaccine components include
the spike glycoprotein of SARS-CoV-2 coding mRNA,
PEG 2000 dimyristoyl glycerol, 1,2-distearoyl-sn-glycero-
3-phosphocholine, cholesterol, SM-102, tromethamine,
tromethamine hydrochloride, acetic acid, sodium acetate,
and sucrose. Vaccinated COVID-19 patients or volunteers
(age > 18) with mRNA-1273 (2x 100 pg/dose) in 28 days
of interval acquired 94.1% protection (ClinicalTrials.gov
No: NCT04470427) against SARS-CoV-2 [2]. The inci-
dence of serious adverse effects of these mRNA vaccines
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was reported low but included mild-to-moderate pain at the
injection site, fatigue, and headache. Both candidate vac-
cines use PEGlyated lipid nanoparticles as a carrier for vac-
cine delivery, which is administered through intramuscular
injection to the patients and volunteers as well.

The demographic and clinical characteristics of the
mRNA-1273 vaccine included participants (0.6-4.9%)
having a history of chronic lung disease, cardiac disease,
severe obesity, diabetes, liver disease, and human immu-
nodeficiency virus infection. Moreover, the clinical trials
of the BNT162b2 vaccine were conducted with a random
selection of participants. On 28th December 2020, Banerji
et al. [3] reported severe allergic reactions in some people
who received the BNT162b2, and fewer people who received
the mRNA-1273 vaccine. In addition, Castells and Phillips
[4] noted that severe anaphylaxis reaction was observed
in health care workers within 24 h after vaccination in the
United Kingdom and Boston, United States [5]. Thus, the
National center for immunization and respiratory diseases
(NCIRD), Centers for disease control and prevention (CDC)
advised health authorities of all countries to exclude anyone
with a history of a severe allergic reaction associated with
one of the vaccine components, especially PEG and PEG
derivatives like polysorbates [6, 7].

Notably, allergens are mostly the proteins or glycopro-
teins or excipients present in the therapeutic molecules (e.g.,
vaccines) that promote or stimulate allergen-specific anti-
bodies (i.e., immunoglobulins type E or IgE) in the human
body [8]. These allergens react with IgE and cause allergic
inflammatory responses. The crosslinking of IgE antibod-
ies that are bound to the Fc epsilon RI (high-affinity IgE
receptor) on the basophils and mast cells triggers degranu-
lation in a short period. It results in the release of inflam-
matory mediators, namely histamine, prostaglandins and
leukotrienes, proteases (G-protein-coupled receptors), and
pro-inflammatory cytokines; and observation of major aller-
gic symptoms (e.g., nausea, vomiting, reddening, rashes,
laryngeal edema, wheezing, tachycardia, hypotension, and
cardiovascular collapse) [8].

However, scientific personnel and medical professionals
need to determine and understand the possible cause of aller-
gic reactions, whether it by antigenic fragments or epitope
(i.e., translated spike glycoprotein fragments) or excipients
or stabilizer (PEG) in the vaccine molecules.

Glycoprotein-induced anaphylaxis: Many food allergens
include egg, fish, milk, shellfish, and tree nuts that contain
water-soluble glycoproteins, which are relatively stable to
heat, acid, and proteolytic action [9, 10]. To provoke sus-
tained immune response, the immunological (glycoprotein)
molecule that binds specifically with the membrane receptor
(i-e., antibody IgE) on T or B cell is known as an epitope.
This epitope may be a linear (stable) or conformational
(less stable) epitope. The linear epitopes are formed by the

three-dimensional conformation adopted by the IgE para-
tope interaction of contiguous amino acid residues. Then,
the IgE-allergen complex that binds with the receptor on
mast cells or basophils causes allergic reactions such as the
release of histamine, prostaglandins, and leukotrienes, pro-
teases [11]. From the immunological point of view, after
vaccination, these mRNA vaccines enter into the human
cells and are translated into protein fragments (especially
spike glycoprotein), which they present to the surface and
are recognized by the human immune cells (e.g., APC—
antigen-presenting cells). The APC present these spike pro-
tein fragments (epitopes) through MHC-II molecules on its
surface. Further, the MHC-II-epitope complex was identi-
fied by the T helper cell receptor, which can raise the alarm
and trigger the T helper cells-mediated immune response to
release interleukins [12]. It involves the activation of aller-
gen-specific B cells and the production of IgE antibodies
(Fig. 1). Notably, nucleoside-modified mRNA (BNT162b2
and mRNA-1273) translated into fragments of spike glyco-
protein of SARS-CoV-2, which possibly contains water-sol-
uble glycoprotein fragments (allergen), triggers anaphylaxis
reaction in some of the vaccinated individuals.

Stabilizer-induced anaphylaxis: BNT162b2 and mRNA-
1273 vaccines contain two different stabilizing agents such
as sucrose and PEG. In general, carbohydrate (sucrose)
intolerance does not disturb the immune system and it may
cause common allergic reactions, namely gastrointestinal
disturbance. Another stabilizer PEG is non-toxic approved
by the FDA in 1990. PEG is commonly used for surface
components of lipid nanoparticles reported to have higher
stability, circulation half-life, and reduced immunogenicity
[13]. In general, mRNAs are short and easily degraded by
the natural enzymes in the human body. Thus, the two vac-
cines included PEG-lipid nanoparticles coating to protect
the mRNA in the circulation in the human body. Besides,
studies of PEG encapsulated nanomedicine reportedly can
cause pseudo-allergic reactions in experimental models [14,
15]. Similarly, after endocytosis, the mRNA free PEG in
lipid nanoparticles floating on the cell surface interact with
IgE antibodies (i.e. allergen) that bind into the FcER1 recep-
tor on mast cells or basophils and can trigger immediate
release of inflammatory and pro-inflammatory mediators
that include histamine, prostaglandins, and proteases. Usu-
ally, the anaphylaxis signs and symptoms appear within a
few minutes to one hour after exposure to allergic substances
or antigens in the vaccine (Fig. 1).

The spike glycoprotein of SARS-CoV-2 contains key
regions that include the receptor-binding domain (RBD),
integrin-binding motif, an RB motif that binds to human
angiotensin-converting enzyme 2 (ACE2B), two fusion
peptides, and two heptad repeats. The spike glycoprotein
(PODTC2) sequence was retrieved from the Uniprot data-
base. Allergenicity of the spike protein key regions was
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Fig.1 Schematic representation of possible mechanism of anaphylaxis reaction after mRNA vaccination for COVID-19

computationally predicted using two different tools Aller-
TOP v. 2.0 and AllergenFP v.1.0, which are effectively used
for subunit vaccine design [16, 17]. The results from Aller-
TOP indicate that the RBD, receptor-binding motif, binding
to human ACE2B (437-508), and two fusion peptides could
be a probable allergen, while the results from both tools
point to the receptor-binding motif of the spike protein to the
host receptor ACE2B as a very probable allergen (Table 1).
These results suggest that spike protein-based medication
possibly induces an allergic reaction in the host system,
likely due to the amino acid residues 437-508 sequence.

Moreover, spike protein key substitutions (L452R
and E484K) have been reported in identified variants of
SARS-CoV-2. The L452R substitutions were reported
in B.1.526.1, B.1.427, and B.1.429 variants and E484K
reported in variants B.1.525, P.2, P.1, and B.1.351 (large
number of patients) and B.1.526 and B.1.1.7 (minimal
number of patients) [18]. These reports indicate that amino
acid residues (437-508) of the spike protein may cause
possible anaphylaxis, which needs to be further investi-
gated in COVID-19 prophylactic or therapeutic drug or
vaccine development.

Table 1 Allergenicity prediction
of key regions of spike

Key regions of spike glycoprotein of SARS-CoV-2

Position (s)  AllerTOP v.2.0  AllergenFP v.1.0

glycoprotein of SARS-CoV-2

Integrin-binding motif

Receptor-binding motif, binding to human ACE2B

Fusion peptide 1
Fusion peptide 2
Heptad repeat 1
Heptad repeat 2

Receptor-binding domain (RBD)

319-541 Allergen Non-allergen
403-405 Non-allergen Non-allergen
437-508 Allergen Allergen
816-837 Allergen Non-allergen
835-855 Allergen Non-allergen
920-970 Non-allergen Non-allergen
1163-1202  Non-allergen Non-allergen
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Further, the cohort study by the University of Oxford
reported that two mRNA vaccines (BNT162b2 and mRNA-
1273) and the AstraZeneca vaccine possibly cause cer-
ebral venous thrombosis (i.e., anaphylaxis reaction) after
14 days of vaccination [19]. The mechanism of action was
not reported in the article but there is a chance that spike
proteins may elicit anaphylaxis reaction because of the major
similarity of these vaccines is the presence of “spike protein
immunogen”.

At present, vaccination programs have been initiated con-
currently against COVID-19, but the debate is still going
about the adverse effects and safety concerns raised by the
vaccine. Moreover, the allergic reactions of the participants
need to be identified or screened frequently by question-
naires and IgE testing before and after vaccination to moni-
tor unpleasant adverse effects of the vaccine. In this concern,
promising research outputs are needed to confirm the safety
of the currently formulated mRNA vaccines.
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