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Key Messages

o Weigh the risk of vaccination against the risk of not vaccinating.

e [t is not necessary to ask about egg allergy before the administration of influenza vaccines.
¢ An allergy to a vaccine constituent is different than an allergic reaction to a vaccine.

e Most immediate reactions to coronavirus disease 2019 vaccines are not allergic and should not be labeled as “anaphylactic.”

ARTICLE INFO ABSTRACT
Article history: ) Objective: To provide updated information on the evaluation and management of adverse reactions to vaccines.
Received for publication November 16, 2021. Data Sources: PubMed (MEDLINE) search since publication of a practice parameter in 2012.

Received in revised form December 21, 2021.

e Study Selections: Original articles and guidelines on adverse reactions to vaccines, including vaccines against
Accepted for publication January 10, 2022.

severe acute respiratory syndrome coronavirus 2 or coronavirus disease 2019 (COVID-19).
Results: Current guidelines conclude that patients with egg allergy are not at increased risk for reaction to egg-
based influenza vaccines. Except for gelatin, most patients with allergy to vaccine constituents tolerate vaccines
containing them. Most patients who have immediate reactions after receiving COVID-19 vaccines go on to
receive a subsequent dose uneventfully.
Conclusion: The risk of reactions to vaccination should be weighed against the risk of having a vaccine-prevent-
able disease if the vaccine is withheld. There is no need to ask about egg allergy before the administration of
influenza vaccines, including on screening forms. In most cases, an allergy to a vaccine constituent is not a con-
traindication to the vaccine containing it. Patients who have had possible anaphylactic reactions to vaccines
should be evaluated by an allergist rather than simply being labeled allergic, because most can go on to receive
subsequent doses. Most immediate reactions to COVID-19 vaccines are not allergic, and care should be taken to
not label such reactions as anaphylactic. The role, if any, of polyethylene glycol in these reactions has yet to be
revealed.

© 2022 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction adverse events following immunization, and lessons learned based

. . . on these new data will be presented in this update.
A practice parameter on adverse reactions to vaccines was pub-

lished in 2009" and updated in 2012.% Although most of the informa-
tion contained in the 2012 document remains current, additional

progress has been made in our understanding of, and approach to,  eijgh the Risk of Vaccination Against the Risk of Not Vaccinating
The circumstances in which allergists are asked to provide recom-
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vaccine and are concerned about receiving additional doses of that or
other vaccines. Our goal should be for patients to receive recom-
mended vaccines if possible, given their enormous benefit in disease
prevention.>* We must provide advice based on available evidence
regarding the likelihood of a vaccine reaction in a patient allergic to a
constituent or the likelihood of a reaction to a subsequent vaccine
dose in a patient who may have had an allergic reaction to a previous
dose. In almost all circumstances, the data are very reassuring that
the vaccines will be well-tolerated.>® Withholding vaccination in
patients where there is concern about a reaction to the vaccine may
seem prudent or conservative; however, not vaccinating also carries
real risk. Whatever risk is posed by receiving a vaccine must be
weighed against the risk of not receiving the vaccine and remaining
susceptible to a vaccine-preventable disease. We can help patients
with their decision about whether to receive a vaccine or not by care-
fully listening to and addressing their individual concerns about the
risks of vaccination. Patients receive a great deal of misinformation
about vaccine risks from many sources. In many cases, studies have
not revealed any increased risk (eg, autism or infertility), and we do
not believe it is possible (biologically plausible) that the vaccine could
cause such harm. We must however avoid telling patients that vac-
cines are completely safe, but rather acknowledge that serious reac-
tions can occur but are exceedingly rare, often in the range of 1 in
1 million, and that the same rare adverse events from vaccination
often occur at a higher rate from the disease itself, which can be pre-
vented by vaccination.

It is not Necessary to Ask About Egg Allergy Before the
Administration of Influenza Vaccines

An addendum to the 2012 practice parameter on adverse reac-
tions to vaccines was devoted to the issue of administering influenza
vaccines to recipients with egg allergy.? Most influenza vaccines are
grown in eggs and contain a residual amount of egg protein mea-
sured as ovalbumin content.” Out of concern that this small amount
of ovalbumin would trigger anaphylactic reactions in recipients with
egg allergy, for many years, egg allergy was considered a contraindi-
cation to receiving influenza vaccination. Nevertheless, a large num-
ber of studies have specifically evaluated the administration of egg-
based influenza vaccines, both the injectable inactivated influenza
vaccine and the intranasal live-attenuated influenza vaccine, to large
numbers of patients with egg allergy, including those with severe
reactions to the ingestion of egg, and revealed that the recipients
have no increased risk of allergic or other adverse reactions.® This is
almost certainly due to a threshold affect, where the amount of oval-
bumin contained in the vaccines (<1 pg per dose) is simply not suffi-
cient to provoke a reaction even in the recipients with most severe
egg allergy. The overwhelming majority of patients with egg allergy
are children because the allergy is almost always outgrown, that is,
egg allergy in adulthood is rare.'° Since 2016, recommendations
from the American Academy of Pediatrics have stated that no special
precautions are required regarding the administration of egg-based
influenza vaccines to children with egg allergy,!! and their guidance
regarding the 2021 to 2022 influenza season states unequivocally
that such precautions “constitute an unnecessary barrier to immuni-
zation” and they further state that “it is not necessary to inquire
about an egg allergy before the administration of any influenza vac-
cine, including on screening forms.”'?

The only other vaccine containing egg protein is yellow fever vac-
cine. Although yellow fever vaccine may contain a somewhat higher
quantity of ovalbumin,'>'* as with influenza vaccine, the amount of
ovalbumin may not be sufficient to provoke a reaction even in
patients with egg allergy. The package insert for yellow fever vaccine
contains a protocol for the evaluation of recipients with egg allergy.'”
It is recommended that patients with egg allergy undergo prick skin

Table 1
Administration of a Vaccine in Graded Doses*

Dose/dilution

0.05 mL of 1:10 dilution

10% of full-dose full-strength
20% of full-dose full-strength
30% of full-dose full-strength
40% of full-dose full-strength

2At 15-minute intervals by the usual route for the vaccine (subcutaneous or intramus-
cular) prepared to treat systemic allergic reaction.

testing with the vaccine full-strength, and if the result is negative,
undergo intradermal testing with the vaccine diluted 1:100. For
patients with negative vaccine skin test results, it is recommended
that the vaccine be administered in a single dose under observation.
For patients with positive vaccine skin test results, it is recommended
that the vaccine be administered in graded doses under observation
(Table 1). Most patients with egg allergy have negative yellow fever
vaccine skin test results and receive the vaccine in a single dose
uneventfully.'®'” Although studies have validated the safety of
administering the vaccine in graded doses to those recipients with
egg allergy with positive vaccine skin test results,'®!” yellow fever
vaccine has also been administered to children with egg allergy with
positive yellow fever vaccine skin test results as a single dose without
reaction.'® Thus, consideration can be given to administering yellow
fever vaccine to recipients with egg allergy as a single dose without
prior vaccine skin testing, but with an observation period afterward.
If additional studies support the safety of this approach, as with influ-
enza vaccine, it may not be necessary to inquire about egg allergy
before the administration of yellow fever vaccine.

An Allergy to a Vaccine Constituent is Different From an Allergic
Reaction to a Vaccine

This journey regarding egg allergy and influenza vaccination from
contraindication to nonissue has provided some important lessons.
Although it was not illogical to be concerned that vaccine excipients
might cause reactions in recipients with allergy to those excipients,
making egg allergy a contraindication to influenza vaccination with-
out evidence turned out to be inappropriate. There were undoubtedly
many patients who did not receive an annual influenza vaccination
for this reason and went on to have the consequences of influenza
disease, including death. It is essential that concerns about possible
allergic reactions to vaccine constituents not be raised as barriers to
vaccination without evidence that allergy to the constituent actually
causes reactions in vaccine recipients. There are exceedingly rare
reports of patients who have had allergic reactions to vaccines due to
excipients, such as neomycin, thimerosal, latex, milk, and yeast. How-
ever, most of these allergies are quite rare and the overwhelming
majority of patients with allergy to any of these substances tolerate
vaccines containing them uneventfully, again likely due to an insuffi-
cient amount of the allergen being present in the vaccine to provoke
a reaction.” Thus, vaccine or excipient skin testing before the admin-
istration of vaccines containing these excipients in patients with
reported allergic reactions to them is not required, and the vaccines
can be administered in the usual manner (Fig 1). However, in patients
who have already had an immediate allergic reaction to a vaccine
containing one of these excipients, skin testing or serum-specific IgE
testing for the constituent may be warranted.

The only exception to this general rule that almost all patients tol-
erate vaccines that contain substances to which they are allergic is
gelatin. A number of vaccines contain milligram quantities of gelatin
(Table 2), and most of the anaphylactic reactions reported to these
vaccines have been determined to be due to IgE directed against the
gelatin they contain.'®® In some circumstances, gelatin-free vaccine
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Immediate-type reaction
to milk, yeast or latex

Immediate-type reaction
to egg

Administer all vaccines
including influenza in
usual manner except

yellow fever?

[Administer all vaccines in|
usual manner

Delayed-type reaction to
any constituent, e.g.,
neomycin or thimerosal

Immediate-type reaction
to gelatin

Skin test to gelatin-
containing vaccines
(Table 2 )P

Administer all vaccines in|
usual manner

Figure 1. Recommended approach to patients with previous reactions to vaccine constituents (for recommended approach to patients with previous reactions to vaccine adminis-
tration, see Fig 2). *For yellow fever vaccine, skin test with vaccine prick full strength and if negative intradermal diluted 1:100. If positive skin test result, administer in graded doses
(Table 1) or consider administration as a single dose without previous vaccine skin testing under observation. "For gelatin-containing vaccines, skin test with vaccine prick full
strength and if negative intradermal diluted 1:100. If positive skin test result, administer in graded doses (Table 1).

alternatives are available (Table 2). Allergy to gelatin is quite rare, but
patients describing possible immediate-type allergic reactions to the
ingestion of gelatin, or to the receipt of gelatin-containing vaccines,
should be evaluated before receiving such vaccines (Fig 1). Neverthe-
less, once again, even a confirmed gelatin allergy does not constitute
a contraindication to receiving gelatin-containing vaccines. Rather,
patients with gelatin allergy should undergo skin testing with
required gelatin-containing vaccines, and those with negative skin
test results can receive the vaccine in a single dose under observation,
whereas those with positive skin test results could receive the vac-
cine in graded doses under observation (Table 1). Gelatin also con-
tains alpha-gal and patients with alpha-gal syndrome may also be at
risk for reactions to gelatin-containing vaccines.?**

Most Immediate Reactions to Coronavirus Disease 2019 Vaccines
are not Allergic and Should not be Labeled as “Anaphylactic”

Vaccines against severe acute respiratory syndrome coronavirus 2
and the coronavirus disease 2019 (COVID-19) it causes were intro-
duced in late 2020. Although no anaphylactic reactions were reported
in the clinical trials leading to their approval, shortly after their use in
clinical practice, a number of reactions characterized as anaphylaxis
were reported, particularly to the messenger RNA (mRNA) vaccines.?®
Immunoglobulin (Ig)E-mediated allergic reactions require previous
exposure for sensitization and almost all such reactions are because of
protein allergens. Thus, the presumably allergic reactions being
reported to the mRNA COVID-19 vaccines were unexpected given that
no one had previously been exposed to the vaccines and that they do
not contain protein. Although some of the reactions described could
meet various criteria for anaphylaxis, most of these reactions have
subsequently proved to not be allergic in nature, and most patients
have gone on to receive second doses uneventfully.?’-2°

The demonstration that most reactions to the mRNA COVID-19
vaccines characterized and treated as anaphylaxis turned out not to

Table 2
Gelatin-Containing Vaccines and Possible Alternatives

be anaphylactic reactions also provides an important lesson. It is clear
that many patients have immediate adverse events after immuniza-
tion that involve both symptoms and signs, which are in fact reac-
tions to vaccination, but are not allergic reactions to the vaccine
administered. Many such reactions can be characterized as immuni-
zation stress-related responses (ISSRs).>° An ISSR may include stress-
induced flushing, tachycardia, palpitations and shortness of breath, a
vasovagal reaction leading to lightheadedness or syncope, hyperven-
tilation causing tingling sensations, or dissociative neurologic symp-
toms, such as weakness, abnormal movements, or speech difficulties.
Although it is important for vaccine providers to recognize anaphy-
laxis and treat it promptly, it is also important to realize that ISRRs
occur and should be differentiated from anaphylaxis. In ISRRs, symp-
toms (subjective) often predominate, without signs (objective) to
support them. For example, patients may complain of pruritus or tin-
gling without visible skin changes, tongue or throat swelling with a
normal oropharyngeal examination, shortness of breath without
wheezing or stridor, or lightheadedness with a normal or even ele-
vated blood pressure. Patients who have had these immediate, but
not anaphylactic reactions to a COVID-19 vaccine can receive subse-
quent doses in the usual manner, but be observed for 30 minutes
afterward (Fig 2). Many vaccine reactions characterized as anaphy-
laxis do not actually meet current diagnostic criteria for the diagnosis
of anaphylaxis, and many that do meet the criteria may not actually
be anaphylaxis.>'** The Brighton Collaboration case definition for
anaphylaxis as an adverse event following immunization®® is cur-
rently undergoing revision to avoid having cases involving only
symptoms or nonserious signs classified as anaphylaxis.

A small number of immediate reactions to COVID-19 vaccines
describe reactions that are more convincingly anaphylactic.’® The
mechanism of these reactions has yet to be elucidated. As with other
vaccines, in patients who have had possible anaphylactic reactions to
COVID-19 vaccines, it is appropriate to perform prick skin tests with
the vaccine full-strength, and if negative intradermal tests with the

Vaccine Gelatin content (per stated dosage) Gelatin-free alternatives
Influenza (FluMist, Medimmune) 2 mg per 0.2 mL v
Measles, mumps, rubella (MMRII, Merck) 14.5 mg per 0.5 mL PRIORIX,* GlaxoSmithKline

Measles, mumps, rubella, varicella (ProQuad, Merck)
Rabies (RabAvert, Novartis)

11 mg per 0.5 mL
12 mg per 1.0 mL

PRIORIX® + VARILRIX,* GlaxoSmithKline
Imovax Rabies, Sanofi Pasteur

Typhoid Vaccine Live Oral Ty21a (VIVOTIF, Crucell) capsule Typhim Vi, Sanofi Pasteur
Varicella (VARIVAX, Merck) 12.5 mg per 0.5 mL VARILRIX,® GlaxoSmithKline
Yellow fever (YF-VAX, Sanofi Pasteur) 7.5 mg per 0.5 mL STAMARIL,” Sanofi Pasteur
Zoster (ZOSTAVAX, Merck) 15.58 mg per 0.65 mL SHINGRIX, GlaxoSmithKline

Abbreviation: IIV, inactivated influenza vaccine.
?Available only in some countries outside the United States.
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Immediate reaction
with tingling, flushing,
palpitations, sensation

of throat closure

Immediate reaction
with hives, wheezing,
hypotension

Second dose in usual
manner but observe
for 30 minutes

Skin test with suspect
vaccine

Delayed reaction, e.g.,
late-onset hives, arm
swelling

Subsequent doses in
usual manner

Vaccine skin test result
negative

Subsequent dose in
usual manner but
observe for 30 minutes

Vaccine skin test result
positive

Consider vaccination in
graded doses (Table 1)

Figure 2. Recommended approach to patients with previous reactions to vaccine administration.

vaccine diluted 1:100.% Negative vaccine skin test results in a patient
with such a history implies that the reaction was not mast cell-medi-
ated, or at least not IgE-mediated, and it is recommended that such
patients receive the vaccine in a single dose under observation. Posi-
tive vaccine skin test results in such patients imply that the vaccine
may provoke a reaction, and it is recommended that such patients
receive the vaccine in graded doses under observation (Fig 2).>*
Another option in this circumstance would be to offer an alternative
vaccine (eg, administration of a viral vector vaccine to a patient who
reacted to an mRNA vaccine), also administered under observation,
although the mRNA vaccines are now generally preferred over the
available adenoviral vector vaccine.*® In particularly difficult cases,
where there is hesitancy to administer a second dose, consideration
can be given to measuring a COVID-19 spike protein antibody titer to
evaluate the immune response generated to the dose already admin-
istered.*® Nevertheless, it should be noted that a particular titer has
not been established as a surrogate for protection and thus the pres-
ence of anti—COVID-19 spike protein antibodies does not imply the
same level or duration of protection from disease conferred by com-
pleting the initial series and appropriate boosters.>®

In evaluating possible allergic reactions to the mRNA COVID-19
vaccines, an early candidate allergen was polyethylene glycol
(PEG). PEG, although not an ingredient in any non—COVID-19 vac-
cine, is present in other medications, such as some injectable corti-
costeroids and oral laxatives, and in some foods and cosmetics.>”-*
There are very rare reports of patients who have had IgE-mediated
reactions to PEG-containing medications.>”*® Although not a pro-
tein, PEGs, particularly those of higher molecular weights, are large
enough molecules to rarely provoke IgE responses. Prior exposure
and sensitization to PEG through these other sources could poten-
tially explain how someone might have an allergic reaction after
the first dose of a novel vaccine. Nevertheless, the other medica-
tions to which reactions have been reported contain much larger

amounts of PEG than the vaccines. For example, methylpredniso-
lone acetate injectable suspension contains 29.1 mg PEG 3350 per
1 mL dose and the Pfizer COVID-19 vaccine contains 0.05 mg PEG
2000 per 0.3 mL dose. Furthermore, most patients who have had
possible immediate allergic reactions to the COVID-19 mRNA vac-
cines do not have evidence of IgE antibody to PEG, and some of
those who do have gone on to receive second doses uneventfully
despite their apparent PEG allergy.”® The PEG in the mRNA COVID-
19 vaccines is present in the lipid nanoparticles surrounding the
mRNA, and some reports have suggested that these “multivalent”
PEGylated nanoparticles may be more likely to cross-link IgE anti-
body in a way that native PEG may not.>® Another mechanism pro-
posed as a possible cause of apparent mast cell-mediated reactions
to the PEG in mRNA COVID-19 vaccines is complement activation-
related pseudoallergy (CARPA), where IgG or IgM antibody directed
against PEG would activate complement, generating C3a and C5a,
which would then lead to mast cell degranulation.”>*' A recent
report describes 11 patients with suspected allergic reactions to
mRNA COVID-19 vaccines evaluated for CARPA.*! None had posi-
tive skin test results or serum-specific IgE to PEG, and only 1 had a
positive skin test result to the vaccine. Nevertheless, 10 had posi-
tive basophil activation test (BAT) results to PEG and all 11 had
positive BAT results to the vaccines and measurable serum-specific
IgG to PEG. The authors conclude that the reactions are likely
because of IgG anti-PEG CARPA but acknowledge that additional
studies are needed. Among the factors complicating this interpreta-
tion are that some of the reported reactions may not have been
mast cell-mediated, it is unknown whether the subjects would
have reacted to a second dose, only 3 control subjects were evalu-
ated, and a substantial portion of the general population may have
anti-PEG IgG.*? Collectively, these studies argue against PEG skin
testing either before administration of or after reactions to mRNA
COVID-19 vaccines outside a research setting.*>
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Conclusion

The 2012 update to the adverse reactions to vaccines practice
parameter still serves as useful guidance.? Evidence published since
has allowed us to conclude that we should stop asking about egg
allergy before the administration of influenza vaccine, and that, with
the exception of gelatin, patients with allergy to vaccine constituents
should receive vaccines containing those constituents in the usual
manner. Most immediate reactions reported to vaccines against
COVID-19 have turned out not to be allergic. Patients with milder
reactions to these vaccines should receive subsequent doses in the
usual manner, but under observation for 30 minutes. For patients
with more severe immediate reactions, consideration can be given to
vaccine skin testing and administration in graded doses if positive, or
to the administration of an alternative vaccine. PEG skin testing has
been found to have no clinical use in the evaluation of such reactions.
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