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ABSTRACT

Vaccines against COVID-19 (and its emerging variants) are an essential global intervention to
control the current pandemic situation. Vaccines often cause adverse events; however, the vast
majority of adverse events following immunization (AEFI) are a consequence of the vaccine
stimulating a protective immune response, and not allergic in etiology. Anaphylaxis as an AEFI is
uncommon, occurring at a rate of less than 1 per million doses for most vaccines. However, within
the first days of initiating mass vaccination with the Pfizer-BioNTech COVID-19 vaccine BNT162b2,
there were reports of anaphylaxis from the United Kingdom and United States. More recent data
imply an incidence of anaphylaxis closer to 1:200,000 doses with respect to the Pfizer-BioNTech
vaccine.

In this position paper, we discuss the background to reactions to the current COVID-19 vaccines
and relevant steps to mitigate against the risk of anaphylaxis as an AEFI. We propose a global
surveillance strategy led by allergists in order to understand the potential risk and generate data to
inform evidence-based guidance, and thus provide reassurance to public health bodies and
members of the public.
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INTRODUCTION

Vaccines against COVID-19 (and its emerging
variants) are an essential global intervention to

control the current pandemic situation. Vaccines
often cause adverse events; however, the vast
majority of adverse events following immunization
(AEFI) are due to the protective immune response
induced by the vaccine, and not due to an allergic
reaction.
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Anaphylaxis as an AEFI is uncommon, occurring
at a rate of less than 1 per million doses for most
vaccines."® However, within the first days of
initiating mass vaccination with the Pfizer-
BioNTech COVID-19 vaccine BNT162b2, there
were reports of 2 and 6 anaphylaxis events in the
United Kingdom and United States,
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Vaccine &
manufacturer

Legal status (as of
Jan 2021)

Vaccine type

Excipients

Hypersensitivity
data to date

CoronaVac
(Sinovac, China)

Convidicea Ad5-
nCoV (CanSino
Biologics, Beijing
Inst. Biotech., NPO
Petrovax)

BBIBP-CorV
(Sinopharm,
Beijing Institute &
Wuhan Inst. of
Biological
Products)

Pfizer-BioNTech
BNT162b2

Moderna mRNA-
1273

EUA for use in
China (essential
workers and high-
risk groups),
Turkey

Pending:
Indonesia

EUA in China
(limited to military
use only)
Pending: Mexico

Full authorization
for use in China,
EUA in Bahrain,
Egypt, UAE.

EUA in Argentina,
Bahrain, Canada,
Chile, Costa Rica,
Ecuador, EU,
Israel, Jordan,
Kuwait, Mexico,
Oman, Panama,
Saudi Arabia,
Singapore,
Switzerland, UK,
USA, WHO.
Pending:
Australia, India,
Japan

EUA in Canada,
EU, Israel,
Switzerland, UK,
USA

Inactivated vaccine
(formalin with alum
adjuvant)

Recombinant
adenovirus type 5
vector against
spike RBD protein

Inactivated SARS-
CoV-2 (vero

cells) + aluminum
hydroxide
adjuvant

mRNA-based
vaccine (encoding
the viral spike (S)
glycoprotein)

mRNA-based
vaccine (encoding
the pre-fusion
stabilized spike (S)
glycoprotein)

Aluminum hydroxide,
disodium hydrogen
phosphate, sodium
dihydrogen
phosphate, sodium
chloride

N/A

Aluminum hydroxide,
disodium hydrogen
phosphate, sodium
dihydrogen
phosphate, sodium
chloride, sodium
hydroxide, sodium
bicarbonate, M199

(4-hydroxybutyl)
azanediyl)bis (hexane-
6,1-diyl)bis(2-
hexyldecanoate)] (ALC-
0315), 2-
[(polyethylene
glycol)-2000]-N,N-
ditetradecylacetamide
(ALC-0159),
1,2-Distearoyl-sn-
glycero-3-
phosphocholine
cholesterol, potassium
chloride, potassium
dihydrogen
phosphate, sodium
chloride, disodium
hydrogen phosphate
dihydrate, sucrose,
water for injection

Lipids (SM-102, 1,2-
dimyristoyl-rac-
glycero3-
methoxypolyethylene
glycol-2000
[PEG2000-DMG],
cholesterol, and 1,2-
distearoyl-snglycero-3-
phosphocholine
[DSPC])),
tromethamine,
tromethamine
hydrochloride, acetic
acid, sodium acetate,
and sucrose.

No anaphylaxis
events reported
during Phase 3
trials (33,620
participants)

No anaphylaxis
events reported
during Phase 3
trials (40,000
participants)

No anaphylaxis
events reported
during Phase 3
trials (48,000
participants)

No anaphylaxis
events attributed to
vaccine reported in
clinical trials
(~22,000
participants
randomized to
active dosing).
Approx. incidence
ot anaphylaxis
1:100,000 with
routine use

No acute
anaphylaxis
reactions reported
in clinical trials
(~15,000
participants
randomized to
active dosing)

(continued)
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Vaccine &

Legal status (as of

Vaccine type

Excipients

Hypersensitivity

manufacturer

ChAdOx1 (Oxford/
AstraZeneca;
Covishield in India)

Covaxin (BBV152)
(Bharat Biotech,
India)

Sputnik V
(Gamaleya
Research Inst)

EpiVacCorona
(Federal
Budgetary
Research
Institution State

Jan 2021)

EUA in Argentina,
Dominican
Repubilic, El
Salvador, EU,
India, Mexico,
Morocco, UK.
Pending:
Australia, Canada

EUA in India

Russia, Palestine

Regulatory
approval granted
in Russia on basis
of Phase 1/2
studies

Replication-
deficient viral
vector vaccine
(adenovirus from
chimpanzees)

Inactivated vaccine

Non-replicating,
two-component
vector (adenovirus)
against spike (S)
glycoprotein

Peptide vaccine
with alum adjuvant

L-Histidine, L-Histidine
hydrochloride
monohydrate,
Magnesium chloride
hexahydrate,
polysorbate 80,
Ethanol, Sucrose,
Sodium chloride,
Disodium edetate
dihydrate, Water for
injection

N/A

Tris (hydroxymethyl)
aminomethane,
sodium chloride,
sucrose, magnesium
chloride hexahydrate,
Sodium EDTA,
polysorbate 80,
ethanol, water for
injection

Aluminum hydroxide,
potassium dihydrogen
phosphate, potassium
chloride, sodium
hydrogen phosphate

data to date

No anaphylaxis
events reported in
clinical trials
(~12,000
participants
randomized to
active dosing)

No events report in
Phase 1 studies
(n = 300)

No events report in

Phase 1/2 studies
(n=76)

Unknown

Research Ctr,
Russia)

dodecahydrate,
sodium chloride, water
for injection

Table 1. (Continued) Vaccines against SARS-Cov-2 that are currently approved as of 18 January 2021. EUA, emergency use authorization

respectively.®” Further surveillance data reported
for the United States suggest a rate closer to
1:200,000 doses for the Pfizer-BioNTech vaccine
and 1:360,000 for the Moderna vaccine.® The
vaccines against COVID-19 are new and some
(for example, the mRNA vaccines) have a novel
mechanism of action; thus the risk of allergic re-
actions may be greater than for conventional vac-
cines. Moreover, it is not surprising that
anaphylaxis has not been reported in the clinical
trials to-date, given the very low incidence and the
exclusion of individuals with a history of hyper-
sensitivity reactions in most studies.

In this paper, we discuss the background to re-
actions to the current COVID-19 vaccines and
relevant steps to mitigate against the risk of
anaphylaxis as an AEFl. We propose a global

surveillance strategy led by allergists in order to
understand the potential risk and generate data to
inform evidence-based guidance.

POTENTIAL CAUSES OF ALLERGIC
REACTIONS TO COVID-19 VACCINES

Allergic reactions to vaccines are generally due
to adjuvants and other excipients/components in
the vaccine such as preservatives and antibiotics,
rather than to the active ingredient itself. Vaccines
may also contain small amounts of protein present
due to the production process (eg, embryonic
cells).®

In the United Kingdom, there was an initial
concern that patients with atopic disease might be
more at risk of allergic reactions. This is because
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the 2 recipients in the United Kingdom who were
reported to experience anaphylaxis had a history
of epinephrine auto-injector carriage due to prior
anaphylaxis. The UK regulator issued an advisory
statement which listed prior anaphylaxis to a vac-
cine, medicine or food as a contra-indication.” The
US Food and Drug Administration (FDA) did not
make the same stipulation, nor did the US
Centers for Disease Control and Prevention
(CDQ), although both the UK regulator and CDC
recommended that all vaccine recipients
(regardless of atopic history) should be observed
for 15 minutes following vaccination, and that
facilities (and trained staff) must be available in
all vaccination centers.® However, subsequent
surveillance data provided further reassurance
and the UK regulator lifted the contra-indication
3 weeks later."®

Polyethylene glycols

The Pfizer-BioNTech vaccine contains 2 novel
lipid nanoparticles, 1 of which is “pegylated”
(Polyethylene glycol, molecular weight 2000 Da,
abbreviated to PEG2000). The Moderna mRNA
vaccine also includes a different pegylated lipid
(also a PEG2000) (Table 1). Polyethylene glycols,
also known as macrogols, are a group of
polyether compounds which are widely used in
medicinal, cosmetic and household products
(including creams and lotions, shampoo, hair

o

dye, and dental hygiene products). They are
formed via the polymerization of ethylene
oxide, resulting in PEG polymers of variable
chain length and thus molecular weight
(Fig. )" PEGs are also used as food
additives, as well as in a variety of industrial
processes.'? With respect to the COVID-19 vac-
cines, the inclusion of a pegylated nanoparticle
encapsulating the mRNA impairs enzymatic
degradation of the mRNA, increases its water-
solubility, and thus bioavailability of the lipid
nanoparticle.

PEGs were previously considered to be biolog-
ically inert, a feature which has contributed to their
widespread use. They form the active ingredient in
laxatives and bowel preparations, and are also
used as pill binders, in the surface coatings of
tablets and as a stabilizer in liquids for injection,
lubricant and ultrasound gels, ointments, suppos-
itories, depot injections, bone cements, and organ
preservatives."” PEGylated drugs are becoming
more common as they prolong the circulation
time of systemic drugs, by impeding metabolism
or shielding the drug from immune-degradation.
However, there are an increasing number of case
reports of immediate-type allergy to PEGs in the
literature.”" 1314

PEG allergy is very uncommon, despite its
widespread use in household products, medi-
cines, and even foods. The majority of reported

HyC—— CH + HO M) HO—CH,CH,0 —H B HO— (CH,CH;0), —H

Ethylene oxide

Monoethylene glycol

Polyethylene glycol (PEG)

Molecular weight: 44Da n=1
HOCH,CH, —— (OCH,CH,), —— OCH,CH,OH (a) Polyethylene glycol (PEG)
HOCH,CH, (OCH,CHy), (OCHZ(IJH)X ——— (OCH,CHa)y OCH,CH;0H (b) Poloxamer
CHz
o
OM\ONOV\ONOV\OJJ\/V\AM\/V\ (<) Polysorbate 80
0 O OOt
‘} O™ OO~y -OCH;CH;OH
O\/\O/\/O\/\O/\/OH -OCHCHy-

Fig. 1 Polymerization and molecular structure of polyethylene glycol (PEG) and PEG derivatives. Two chemical moieties are common to
both PEGs and the PEG derivatives poloxamer and polysorbate; thus cross-reactivity is, in theory, possible. Reproduced from 11 with

permission
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reactions to PEG in the literature are due to high
molecular weight PEGs,"" whereas the lower-
molecular weight PEGs found in many household
products seem to be less common as a cause of
allergic hypersensitivity reactions. The PEG-
induced reactions reported in the literature
appear to be at the more severe end of the
spectrum, with most cases describing multiple
episodes of anaphylaxis, often requiring multiple
doses of epinephrine.”” Skin testing for the
investigation of PEG allergy has also been
reported to induce anaphylaxis.’®

The mechanism(s) which underly PEG allergy
are unclear. IgE antibodies to PEG have been
detected in some patients with a history of PEG-
induced anaphylaxis.’”®> PEGs have also been
shown to induce complement activation, at least
in vitro,’® and may result in complement
activation-related pseudo-allergy (CARPA). How-
ever, human data relating to complement activa-
tion as a mechanism for acute allergic reactions to
PEG are inconclusive.’™"”

The hitherto very low prevalence of PEG allergy
would seem inconsistent with the number of initial
cases of anaphylaxis reported to the Pfizer-
BioNTech vaccine. This raises the possibility that
other triggers, aside from PEG, might be contrib-
utory. mRNA-based vaccines are novel vaccines
which have not been in widespread use before, so
it is important to keep an open mind as to potential
triggers for the reported reactions. For example, it
is possible that the double stranded RNA within
the vaccine is itself immunogenic. Although PEG-
sensitization has not been evaluated in health-
care workers, it is possible that healthcare workers
may have a higher rate of PEG-sensitization
compared to the general population, thus the
prioritization of healthcare workers for vaccination
might have contributed to the higher-than-
expected rate of anaphylaxis to the Pfizer-
BioNTech vaccine.

Polysorbate 80 and PEG

Some of the current non-mRNA-based COVID
vaccines contain polysorbate 80. However, in
contrast to PEG, polysorbate 80 is an excipient in
many existing vaccines (eg, DTaP and its ana-
logues, HepB, HPV, pneumococcal conjugate

vaccine, influenza vaccines, zoster) and many
medicines; it is also in widespread use as an
emulsifier in foods (E433). At least 70% of inject-
able biological agents and monoclonal antibody
treatments contain polysorbates, usually poly-
sorbate 80."7

Polysorbates are derived from PEGs, but tend to
be of lower molecular weights (eg, polysorbate 80
has a molecular weight of 1310 Da), and thus may
be much less likely to trigger an allergic reaction.
Polysorbates have been reported to induce
anaphylaxis-like reactions in animal models (typi-
cally via an IgE-independent pathway),"® but there
are very few cases of clinical reactivity in humans in
the literature.’®2° This is very surprising, given the
widespread use of polysorbates in many
pharmaceuticals and in particular, vaccines. IgE-
sensitization (without clinical reactivity) is consid-
ered to be more common.'" "3 This may also
explain why patients with PEG-allergy tend to
tolerate polysorbates in food."” Whether patients
with allergy to polysorbates react to higher
molecular weight PEGs is unclear. The CDC
currently advises against administering either the
Pfizer-BioNTech or AstraZeneca vaccines in in-
dividuals with allergy to polysorbates.”

There are 2 reported cases in the literature of
patients with immediate-type allergy to PEG who
had cross-reactivity to polysorbate 80 at skin
testing.’® However, in our experience, most patients
with PEG allergy tolerate polysorbate 80, including
in vaccines. Of note, the AstraZeneca ChAdOx1
vaccine contains polysorbate 80 at a concentration
of <100 pg per dose. This is equivalent to the
amount of polysorbate 80 found in most injected
influenza vaccines, and less than half the amount
in influenza vaccines targeted to those over age 65
(eg, Fluad)."” Given the very widespread use of
these vaccines on an annual basis, it is reassuring
to note that influenza vaccines have not associated
with a higher rate of hypersensitivity reactions
(akin to that observed for the PEGylated Pfizer-
BioNTech COVID-19 vaccine). This is the basis for
current guidance from Public Health England in the
United Kingdom, that individuals with PEG allergy
can receive the AstraZeneca ChAdOx1 vaccine,?!
although it would seem prudent to keep these
patients for at least 30 min observation post
vaccination.
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RELEVANCE OF ALLERGY IN PATIENT
SELECTION FOR VACCINATION

Healthcare workers must follow local authoriza-
tions and policy in terms of indications and contra-
indications for vaccines against COVID-19. The
schema in Table 2 provides an outline for
precautions which may be prudent dependent on
patient history. The anaphylaxis reactions
reported to date almost always occurred within
15-30  min of vaccination. There is little
information on the risk of vaccine-associated re-
actions in patients with mast cell disease (such as
mastocytosis) nor those who meet published
criteria for mast cell activation syndrome
(MCAS);?2 in the absence of any data, we
recommend that such patients can be vaccinated,
but may benefit from extended observation of at
least 30 min.?*

MANAGEMENT OF ANAPHYLAXIS

The anaphylaxis
BioNTech vaccine

Pfizer-
have

the
date

episodes to
reported to

responded to treatment with epinephrine (adren-
aline), administered according to International
guidelines.24 Note, however, that at least for the
cases reported in the United Kingdom, more
than 1 dose of epinephrine was required. Staff in
all vaccination settings should be trained in the
management of anaphylaxis, and have the
necessary equipment available. Further guidance
relating to the management of anaphylaxis in the
vaccination setting can be found in Appendix A
to this article.

A blood sample for evaluation of mast cell
tryptase is often of critical importance for accurate
diagnosis of vaccine-associated anaphylaxis,
particularly in adults, as the history and even
symptomology can be ambiguous. The blood
sample should be taken 0.5-2 h after a reaction,**
along with a further convalescent/baseline sample
(taken at least 24 h after complete resolution of
symptoms).

In the context of treating an acute episode of
anaphylaxis to a PEG-containing vaccine, it is worth
(such as

noting that some medicines oral

Special precautions

e Mast cell disease

PATIENT CHARACTERISTICS

e History of immediate allergic reactions
(usually anaphylaxis) to multiple, different
drug classes, with the trigger unidentified
(this may indicate PEG allergy)

e History of anaphylaxis to a vaccine or a
parenteral monoclonal antibody preparation

e History of idiopathic anaphylaxis

e.g. systemic mastocytosis

ACTIONS

e Assess risk of possible PEG-allergy
e Consider referral to allergist-immunologist

e Consider observation for 30 minutes if
vaccination proceeds

e There are no data to inform
recommendations regarding pretreatment
e.g. with antihistamine.??

e  Pretreatment with antihistamines may mask
initial symptoms of a reaction.

Table 2. Schema for contra-indications and precautions when considering vaccination for COVID-19. Adapted from 9
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antihistamines) contain PEG."® In general, liquid
antihistamines tend not to contain PEG, but
clinicians are advised to check their local
formulary for specific information.

CHOICE OF VACCINE AFTER
ANAPHYLAXIS TO A FIRST VACCINE DOSE

Individuals who develop a systemic allergic re-
action to a vaccine should not receive a second
dose of that vaccine, nor a vaccine with similar
excipients. For example, patients who react with
systemic symptoms of the Pfizer BioNTech vaccine
should not be given a second dose of this vaccine,
nor should they receive a dose of the Moderna
vaccine which is also a mRNA-based vaccine which
contains PEG. Although data are not currently
available as to protection offered using a combi-
nation of different vaccines, current UK advice is
that the AstraZeneca vaccine can be used as an
alternative (if not otherwise contraindicated, for
example, in a patient with a proven allergy to
polysorbate 80).2"

Advice from the British Society for Allergy and
Clinical Immunology (BSACI) (and published by
Public Health England) advises that individuals
who develop just a localized urticarial skin reaction
(without systemic symptoms) to the first dose of a
COVID-19 vaccine should receive the second dose
using the same vaccine, in a setting with full
resuscitation facilities (eg, a hospital); a 30 min
observation period is advised.?"

DIAGNOSTIC TESTING

Various algorithms have been proposed for the
investigation of vaccine allergy and PEG-
associated anaphylaxis."®"” “The investigation of
potential PEG-allergy is complicated, and skin
testing (both skin prick testing and intradermal
testing) has been associated with systemic re-
actions, including anaphylaxis;"*"7*> evaluation
should therefore only be performed by those
with the relevant expertise and in the appropriate
setting. We advise clinicians to consider
obtaining venous access prior to skin testing with
PEGs, in patients with a history of possible
anaphylaxis to PEG. Whilst the concentration of
PEG-2000 in the Pfizer-BioNTech vaccine is very
small, it is sufficient to elicit a positive intradermal

response in PEG-allergic patients. However, the
vaccine is also able to elicit a delayed intradermal
response in vaccinated individuals without PEG
allergy (S Farooque & P Turner, personal
communication).

SURVEILLANCE

The speed and necessity with which vaccines
against COVID-19 are being rolled-out requires
additional surveillance in order for the community
to be able to provide reassurance to the vast ma-
jority of individuals and identify potential risk fac-
tors for those very few who do experience allergic
reactions to the vaccines. This is particularly
important in the current climate of vaccine hesi-
tancy. Furthermore, there is a concern as to
whether the first dose of vaccine might cause IgE-
sensitization, and thus increase the risk of
anaphylaxis to a subsequent booster dose of vac-
cine. In addition, the second dose of the Pfizer
vaccine causes a higher rate of AEFI;?® this is not
uncommon for non-live vaccines, and is generally
thought to be due to a priming effect of the first
dose. Whether this impacts on the risk of allergic
reactions to the new COVID-19 vaccines is unclear.

Whilst many countries have their own surveil-
lance system, the incidence of anaphylaxis to vac-
cines is so small that we propose a global strategy.
Therefore, World Allergy Organization (WAOQO) in
conjunction with Imperial College London and the
Network for Online Registration of Anaphylaxis
(NORA) have established a system for healthcare
professionals to register potential cases of
anaphylaxis and allergic reactions to the different
COVID-19 vaccines. We encourage our colleagues
around the world to provide de-identified infor-
mation which will then be assessed against the
validated criteria published by the Brighton
Collaboration with respect to Anaphylaxis as an
AEFI,27 as summarized in Appendix B. These data
will allow us, as a community, to monitor the
occurrence of allergic reactions to the different
COVID-19 vaccines in use. We intend to make
this information public via the WAO and NORA
websites.

REPORT CASES OF ALLERGIC REACTIONS
TO COVID VACCINES AT: Bit.ly/wao-covid.
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SUMMARY

In the current climate where widespread uptake
of vaccines against COVID-19 is a key global
intervention to control the pandemic, it is essential
that vaccination proceeds safely and with as few
barriers as possible. Both the public and health-
care workers need reassurance that the vaccines
are safe. We hope guidance such as this docu-
ment, and the collection of anonymized patient
data relating to possible allergic reactions to the
vaccines, will play a constructive role in achieving
this aim.
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