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Although rare, anaphylaxis to the COVID-19 vaccine is a public concern. The rate of
vaccine-related anaphylaxis in Canada is estimated to be 1.08 per 100,000 doses for the
Pfizer-BioTech® vaccine and 0.77 per 100,000 doses for the Moderna® Spikevax COVID-
19 vaccine (1). Recent data showed a variation in the incidence of vaccine-related
anaphylaxis, depending on the definitions used for this acute reaction (2). Multiple
mechanisms have been suggested to explain the underlying causes for the reported
immediate reactions to the COVID-19 vaccines (3, 4). Studies that demonstrated tolerance
to the second dose of the COVID-19 vaccine in patients with a history of anaphylaxis to
the first dose (5-7) support a non-IgE-mediated mechanism. In November 2021, we
shared our results of a successful desensitization protocol for the mRNA COVID-19
vaccine for six patients who had reported anaphylaxis to their first dose (8). With the
evolving and reassuring data about the safety of subsequent doses in patients with a
previous history of anaphylaxis, we re-evaluated the tolerance to the COVID-19 vaccine
by performing a booster dose challenge.

Patients were recruited as part of a large prospective 12-month COVID-19 vaccine
study (ARCOV) (9). Individuals considered at risk for anaphylaxis to the COVID-19
vaccine were prospectively recruited. Six patients were selected based on a reported
history of anaphylaxis to the first dose of the COVID-19 vaccine. The Brighton
Collaboration case definition was used to define the levels of diagnostic certainty based
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on the reported symptoms (10). Brighton level 1 determines the
highest level of diagnostic certainty that a reported case
represents anaphylaxis; levels 2 and 3 are successively lower
levels of diagnostic certainty; level 4 defines cases reported as
anaphylaxis that do not meet the Brighton Collaboration case
definition; and level 5 refers to cases that are neither reported
as anaphylaxis nor met the case definition. Among our six
patients who reported a history of anaphylaxis, four met level 2
Brighton’s criteria, and two met level 3 and 4 criteria. As per
our previously published protocol, PEG skin prick testing was
performed during the initial assessment for all the patients
with lower molecular weight (MW) PEGs: polyoxyl 35
hydrogenated castor oil (Cremophor EL) (527 mg/ml), PEG
300 (100% wt./vol), PEG 3,000 (50% wt./vol), PEG 3,350 (50%
wt./vol), polysorbate 80 (20% wt./vol), and high MW PEG
20,000 (0.01%, 0.1%, 1%, and 10% wt./vol) (8). All six patients
had safely received the second dose of the culprit COVID-19
vaccine using a desensitization protocol consisting of a graded
dose administration followed by a 60-min observation period.
Three patients received the Moderna® mRNA-1,273 and three
the Pfizer-BioNTech® BNT162b2 vaccine. We offered a booster
dose of the Pfizer-BioNTech®™ COVID-19 vaccine using a two-
step blinded placebo-controlled challenge with a 1-hour
observation period in a monitored setting. We defined
tolerance to a subsequent dose as either (1) no immediate
symptoms after the COVID-19 vaccine dose administration or
(2) symptoms that were mild, self-limited, and resolved with
oral antihistamines alone.

All six patients were females aged 33-66 years. Five patients
had a past medical history of drug or vaccine allergy. PEG SPT
was initially performed and resulted in delayed positive in
2 patients. The first patient had a delayed positive (3h) to
Cremophor EL and the second patient had a delayed positive
(5h) to Cremophor EL, PEG 300, PEG 3,000, and PEG 3,350.
Skin testing was repeated for the second patient, resulting in an
immediate positive for PEG 300.

Of the six patients administered the booster vaccine doses,
one received a one-step challenge in the community and
reported no adverse reactions, and one refused the 3rd vaccine
dose (
two-step blinded placebo-controlled challenge in a controlled

). The remaining four patients completed the

outpatient setting. One patient taking regular doses of daily
prednisone 5 mg was premedicated with prednisone 10 mg for
three days, rupatadine 20 mg and acetaminophen 975 mg on
the day of the challenge. She completed the challenge without
any severe systemic reaction. However, she developed hives on
her left arm and right leg 20 min after completing the
challenge. The urticarial skin eruption persisted, and she
required prolongation of the prednisone 10 mg and rupatadine
20 mg for one more day. A second patient reported symptoms
(placebo).  She
complained of itchy throat and ears, difficulty breathing,

20 min after receiving 0.1 ml of saline
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swelling inside her ears and feeling very uncomfortable. The
patient was informed that she had been given a placebo in
this context. After reassurance, she was able to complete the
challenge safely. Twenty-five minutes after the last dose, she
reported mild back itching and received 20 mg of cetirizine
which resolved her symptoms. The remaining two patients
completed the challenge uneventfully.

Rechallenging patients with a history of anaphylaxis to the
mRNA CoV-2 vaccine is still discouraged because of the
unknown safety of the procedure and the lack of understanding
) (4 11). We
previously demonstrated the safety of administrating the second

of the possible mechanisms involved (

vaccine dose using desensitization or a graded dose protocol.
This cautious approach aimed at ensuring that patients could
safely complete their vaccinations (8). In this study, we safely
dispensed the vaccine booster in our small cohort by
administering a 3rd vaccine dose in a 2-step challenge protocol.
Our

including potentially direct mast cell activation, could explain the

findings suggest that non-IgE-mediated mechanisms,

initial reactions ( ) (4). Similar results were described by
Krantz et al. when they challenged eight patients with a prior
history of anaphylaxis (6). Their data revealed that serum
tryptase levels at the reaction time were normal when collected.
Unfortunately, we did not obtain serum tryptase in our patients.

Administering a new vaccine to patients with a previous
history of anaphylaxis, including vaccines and drugs, is
challenging as it requires prompt action to identify and
treat possible symptoms of anaphylaxis. Interestingly, in our
study, 2 out of 6 patients required epinephrine to manage
their
epinephrine before arrival at the hospital. This patient had

initial reaction, and one received five doses of
a history of anxiety and post-traumatic stress disorder
(PTSD) and reacted to the placebo during the challenge.
This case demonstrates the often-encountered dilemma of
distinguishing patient anxiety and psychosomatic symptoms
mimicking “allergic reactions” from the true anaphylaxis (12).

The European Academy of Allergy & Clinical Immunology has
recommended skin testing with PEG for patients with an allergic
reaction to the COVID-19 vaccine (13). However, several studies
found that patients with positive skin tests tolerated the
vaccination and some patients with negative skin tests developed
a reaction (14). The accuracy of PEG skin testing in the context
of a reported mRNA vaccine reaction is yet to be established (3).
PEG-allergic patients can tolerate the mRNA vaccine (15).
However, this tolerance of mRNA vaccines does not rule out
PEG allergy, and patients who tolerate the mRNA vaccines may
nevertheless experience severe reactions to PEG (3). Performing
this testing on our patients did not assist us in determining the
tolerance of the second dose of the RNA COVID-19 vaccination
(14, 16). In our view, a delayed positive skin test is not a sign of
PEG hypersensitivity, and the utility and validity of testing
remain unknown.
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FIGURE 1

immediate reactions.
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Potential mechanisms of immediate reactions to the COVID-19 vaccines (4).Legend: Multiple suggested mechanisms of anaphylaxis to the COVID-19
vaccine: (1) Exogenous nucleic acids activate factor Xll leading to contact activation and production of bradykinin, causing increased vascular
permeability, angioedema, hypotension and bronchoconstriction. (2) Direct activation of mast cells by lipid nanoparticles (LNP) via various receptors,
e.g., opioids receptor, mast cell related G protein-coupled receptors X2 (MRGPRX2). (3) Lipid nanoparticles (LNP) in mRNA vaccine include neutral
lipids, which may activate anaphylatoxins complement component 3a (C3a) and complement component 5a (C5a), which leads to the release of
histamine, leukotrienes, prostaglandins that can lead to flushing, hives, hypoxia, vasodilatation, and hypotension. (4) Forming previous antibodies (IgM,
IgG) against PEG or LNP can bind to complement and cross-link with the Fc receptor on mast cells leading to degranulation. (5) IgE against PEG on
vaccine can cause anaphylaxis in patients with true PEG allergy. Host cofactors (genetic and environmental) can modify mast cell activation and
increase predisposition to an immediate reaction. Other nonallergic reactions mimicking anaphylaxis should be considered in assessing patients with

e Chronic urticaria

Predisposition toward hives/
dermatographism/nonspecific mast cell
activation

We revisited the initial reactions and used different diagnostic
criteria for anaphylaxis (Table 1). All patients met Brighton’s
criteria with different diagnostic certainty. However, one patient
did not meet the NIAID or WAO Criteria (2020) (16, 17). The
anaphylaxis definition varies depending on the diagnostic criteria
the
anaphylaxis prevalence (2). We believe that genuine anaphylactic

used. Furthermore, Brighton’s criteria overestimate
reactions to the COVID-19 vaccination are infrequent. A case-
by-case evaluation should be performed to confirm or refute the
initial anaphylactic diagnosis and thus offer the opportunity for a
vaccine challenge allowing the completion of the scheduled

immunization program.

Conclusion

Patients with a history of possible anaphylaxis should be
assessed in an allergy unit to validate the initial reaction. A
history of suspected anaphylaxis to the COVID-19 vaccine may
not be a contraindication for receiving subsequent vaccine doses
in an allergist-supervised setting. Large-scale studies are required
to understand better the underlying mechanisms for the
immediate reactions reported to the COVID-19 vaccine.
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