
Hypersensitivity Reactions to COVID-19 Vaccines—
Identify High-risk Children and Vaccinate the Rest

COVID-19 vaccines are highly effective in preventing se-
vere COVID-19 disease and hospitalization in adults and
adolescents aged 12 to 15 years.1 Recently, the BNT162b2
(Pfizer-BioNTech) vaccine was granted emergency use
authorization for children aged 5 to 11 years, and the vac-
cine has shown to be 90.7% effective in preventing
symptomatic COVID-19 in children of this age group. Al-
though highly efficacious in preventing COVID-19 dis-
ease, hypersensitivity reactions associated with the
COVID-19 vaccines have been reported since the De-
cember 2020 vaccine rollout. To date, the pooled preva-
lence of COVID-19 vaccine hypersensitivity reactions is
an estimated 5.58 cases per million doses administered.2

Although these hypersensitivity reactions are rare, with
the current rollout of COVID-19 vaccine emergency use
authorization for children aged 5 to 11 years it will be more
important for the pediatric medical community to (1) rec-
ognize who is at risk of COVID-19 vaccine hypersensitiv-
ity reactions and (2) distinguish who should receive ad-
ditional COVID-19 vaccine doses after a reaction from
those who should be referred to an allergist.

Potential Causes for Vaccine Reactions
Vaccine hypersensitivity reactions are typically associ-
ated with excipients within vaccines, such as egg, gela-
tin, milk, alpha-gal, or polysorbate 80 (PS-80).3 The cause
of the COVID-19 vaccine reactions was initially sug-
gested to be an IgE-mediated response to the vaccine ex-
cipients polyethylene glycol (PEG) 2000 or PS-80. PEGs
are hydrophilic polymers of varying molecular weight
used as excipients in various products, such as cosmet-
ics and drugs. The molecular weight of PEG can range
from 300 g/mol to 10 000 000 g/mol. A commercially
available PEG 2000 preparation suitable for skin test-
ing is currently not available; however, PEG 3350, used
in laxatives (eg, MiraLAX; Bayer), is available and has been
used for PEG skin testing. Interestingly, IgE-mediated ana-
phylaxis to PEG-containing products is extremely rare.
The US Food and Drug Administration has reported that
anaphylaxis to PEG occurs in an average of 4 cases per
year.4 Both the Pfizer-BioNTech and the mRNA-1273
(Moderna) COVID-19 vaccines contain PEG 2000 as a
vaccine excipient in conjugation with lipid nanopar-
ticles for improved messenger RNA (mRNA) delivery into
cells. The Ad26.COV2.S (Johnson & Johnson [J&J]) ad-
enoviral vector COVID-19 vaccine contains PS-80. Al-
though cross-reactivity between PEG and PS can occur
as a result of the shared polyether structure derived from
the ethylene oxide group, patients with PEG allergies can
usually tolerate the PS-80–containing COVID-19 vaccine.3

Although, IgE-mediated reactions to PEG 2000 have
been suggested as the cause of reactions, most COVID-19
vaccine reactions are believed to be non-IgE mediated.5-7

The non-IgE hypersensitivity mechanism has been pro-
posed to occur through either direct mast cell activa-
tion, activation of the contact system by nucleic acid in
the mRNA-containing vaccines, or complement recogni-
tion of vaccine-activating allergic effector cells.8 Recent
studies also have revealed evidence of the possibility of
PEG-lipid conjugate being more immunoreactive than
PEG alone.6,7 This new evidence questions the utility of
skin testing with PEG 3350 in patients with previous
COVID-19 vaccine reactions.

Who Should and Should Not Receive
the COVID-19 Vaccine?
The current Centers for Disease Control and Preven-
tion interim clinical recommendations for COVID-19 vac-
cination state that individuals with a history of a severe
allergic reaction not related to vaccines or injectable
medications, a history of allergies to oral medications that
do not contain PEG, or a family history of allergies may
receive the COVID-19 vaccine. However, an individual
with a history of a PEG allergy should avoid the mRNA
COVID-19 vaccines and discuss with their medical pro-
vider (eg, family practitioner, pediatrician, nurse practi-
tioner) about receiving the J&J COVID-19 vaccine, if eli-
gible. The same applies to individuals with a history of a
PS-80 allergy, for which the Centers for Disease Con-
trol and Prevention recommends avoidance of the J&J
COVID-19 vaccine and consultation with a medical pro-
vider about receiving an mRNA vaccine.9

Recommendations on COVID-19 Vaccinations
With reports of allergic reactions after COVID-19 vacci-
nation, combined with vaccine hesitancy among some
families, international evidence-based guidance for the
diagnosis and management of severe allergic reactions
to the COVID-19 vaccine was recently published.10 The
guidelines were based on a systematic review and meta-
analysis, and the recommendations were based on the
Grading of Recommendation, Assessment, Develop-
ment, and Evaluation approach. The recommenda-
tions included the following: (1) patients with a history
of severe allergic reactions (including anaphylaxis) un-
related to the COVID-19 vaccine or its excipients (PEG or
PS) are eligible for and encouraged to receive a COVID-19
vaccine, and prolonged observation would not be nec-
essary following vaccination; (2) patients with a history
of an immediate severe allergic reaction (�4 hours) to
the COVID-19 vaccine/excipient should be referred to an
allergist for consultation regarding full or graded dos-
ing or changing the vaccine to another platform; and
(3) additional research is needed to clarify COVID-19
vaccine/excipient skin testing in patients who have re-
acted to the COVID-19 vaccine or its excipients. Pa-
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tients with a history of PEG allergic reactions may actually benefit
from PEG skin testing and oral PEG 3350 challenge.10

Managing COVID-19 Vaccine–Related Reactions
An allergy referral and evaluation are warranted in children present-
ing with symptoms of anaphylaxis (ie, generalized hives, lip and/or
tongue edema, difficulty breathing, wheezing, coughing, repeti-
tive vomiting, severe abdominal pain, hypotension) within 4 hours
of receiving the COVID-19 vaccine. When examining a child who
reports an immediate (�4 hours) allergic reaction to the COVID-19
vaccine, a thorough history is important to characterize the reac-
tion, including the nature and timing of the symptoms and inter-
ventions given. Furthermore, a review of medications and vaccine
history will provide additional details on whether previous PEG
and/or PS-80 tolerance exists. A recent study5 examined the out-
comes of PEG 3350 and PS-80 skin testing and subsequent COVID-19
vaccine tolerance in 80 adult patients reporting an allergic reaction
after their first dose of an mRNA COVID-19 vaccine (65 patients with
immediate reactions, ie, in �4 hours; 15 patients with delayed re-
actions, ie, in >4 hours). The study authors concluded that most indi-
viduals (75%) who report immediate or delayed allergic reactions to
the first dose of the mRNA COVID-19 vaccine, regardless of skin test
findings,wereabletotoleratetheseconddosesafelywithoutreaction.5

In children without an immediate allergic reaction other than anaphy-

laxis after vaccination (>4 hours), shared decision-making with a pa-
tient’s medical provider is recommended with regard to administra-
tion of the second dose. In general, children who present with large
local reactions, delayed reactions after 4 hours, nonallergic signs and
symptoms (eg, headache, nausea, myalgia, fever, chills), and subjec-
tive symptoms after vaccination should be encouraged to receive sub-
sequent doses of the mRNA COVID-19 vaccine.5

Conclusions
Immediate (�4 hours) allergic reactions to COVID-19 vaccines are
extremely rare. Individuals with a history of food, venom, latex,
and/or environmental allergies should receive the COVID-19
vaccine without further referral or evaluation. In patients with a his-
tory of anaphylaxis unrelated to a COVID-19 vaccine or its excipi-
ents (PEG or PS), prolonged observation time is not necessary. Re-
ferral to an allergist is recommended for children with a history of
PEG and/or PS-80 allergy or a history of an immediate severe reac-
tion (�4 hours) after the administration of a COVID-19 vaccine. It is
important to note that most patients who react to the first COVID-19
vaccine dose will be able to tolerate the second dose. Because
COVID-19 vaccines are safe and effective and severe allergic reac-
tions are rare, it is important to encourage patients to get vacci-
nated against COVID-19 and avoid booster delays and to refer high-
risk children to an allergist.

ARTICLE INFORMATION

Published Online: March 7, 2022.
doi:10.1001/jamapediatrics.2022.0088

Conflict of Interest Disclosures: Dr Anvari
reported receiving funding support from DBV
Technologies and from the National Allergy and
Infectious Diseases Institute, National Institutes of
Health for studies related to food allergies. No other
disclosures were reported.

REFERENCES

1. Olson SM, Newhams MM, Halasa NB, et al;
Overcoming COVID-19 Investigators. Effectiveness
of Pfizer-BioNTech mRNA vaccination against
COVID-19 hospitalization among persons aged 12-18
years—United States, June-September 2021.
MMWR Morb Mortal Wkly Rep. 2021;70(42):
1483-1488. doi:10.15585/mmwr.mm7042e1

2. Alhumaid S, Al Mutair A, Al Alawi Z, et al.
Anaphylactic and nonanaphylactic reactions to
SARS-CoV-2 vaccines: a systematic review and
meta-analysis. Allergy Asthma Clin Immunol. 2021;
17(1):109. doi:10.1186/s13223-021-00613-7

3. Stone CA Jr, Rukasin CRF, Beachkofsky TM,
Phillips EJ. Immune-mediated adverse reactions to
vaccines. Br J Clin Pharmacol. 2019;85(12):
2694-2706. doi:10.1111/bcp.14112

4. Stone CA Jr, Liu Y, Relling MV, et al. Immediate
hypersensitivity to polyethylene glycols and
polysorbates: more common than we have
recognized. J Allergy Clin Immunol Pract. 2019;7(5):
1533-1540.e8. doi:10.1016/j.jaip.2018.12.003

5. Wolfson AR, Robinson LB, Li L, et al. First-dose
mRNA COVID-19 vaccine allergic reactions: limited
role for excipient skin testing. J Allergy Clin Immunol
Pract. 2021;9(9):3308-3320.e3. doi:10.1016/
j.jaip.2021.06.010

6. Warren CM, Snow TT, Lee AS, et al. Assessment
of allergic and anaphylactic reactions to mRNA
COVID-19 vaccines with confirmatory testing in a
US regional health system. JAMA Netw Open. 2021;
4(9):e2125524. doi:10.1001/jamanetworkopen.
2021.25524

7. Troelnikov A, Perkins G, Yuson C, et al. Basophil
reactivity to BNT162b2 is mediated by PEGylated

lipid nanoparticles in patients with PEG allergy.
J Allergy Clin Immunol. 2021;148(1):91-95. doi:10.
1016/j.jaci.2021.04.032

8. Risma KA, Edwards KM, Hummell DS, et al.
Potential mechanisms of anaphylaxis to COVID-19
mRNA vaccines. J Allergy Clin Immunol. 2021;147
(6):2075-2082.e2. doi:10.1016/j.jaci.2021.04.002

9. Interim clinical considerations for use of
COVID-19 vaccines currently approved or
authorized in the United States. Centers for Disease
Control and Prevention. Updated January 6, 2022.
Accessed December 5, 2021. https://www.cdc.gov/
vaccines/covid-19/clinical-considerations/covid-19-
vaccines-us.html

10. Greenhawt M, Abrams EM, Shaker M, et al. The
risk of allergic reaction to SARS-CoV-2 vaccines and
recommended evaluation and management:
a systematic review, meta-analysis, GRADE
assessment, and international consensus approach.
J Allergy Clin Immunol Pract. 2021;9(10):3546-3567.
doi:10.1016/j.jaip.2021.06.006

Opinion Viewpoint

444 JAMA Pediatrics May 2022 Volume 176, Number 5 (Reprinted) jamapediatrics.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/07/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2022.0088?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.0088
https://dx.doi.org/10.15585/mmwr.mm7042e1
https://dx.doi.org/10.1186/s13223-021-00613-7
https://dx.doi.org/10.1111/bcp.14112
https://dx.doi.org/10.1016/j.jaip.2018.12.003
https://dx.doi.org/10.1016/j.jaip.2021.06.010
https://dx.doi.org/10.1016/j.jaip.2021.06.010
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2021.25524?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.0088
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2021.25524?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.0088
https://dx.doi.org/10.1016/j.jaci.2021.04.032
https://dx.doi.org/10.1016/j.jaci.2021.04.032
https://dx.doi.org/10.1016/j.jaci.2021.04.002
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://dx.doi.org/10.1016/j.jaip.2021.06.006
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.0088

