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Rapid progress in our understanding of
COVID-19 vaccine allergy: A cause for optimism,
not hesitancy
Aleena Banerji, MD,a,b Allison E. Norton, MD,c Kimberly G. Blumenthal, MD, MSc,a,b,d Cosby A. Stone, Jr, MD, MPH,e and

Elizabeth Phillips, MDe Boston, Mass; and Nashville, Tenn
Anaphylaxis is a life-threatening condition and when associated
with vaccination, leads to vaccine hesitancy. The concerns
around vaccine-related anaphylaxis have become even more
important during the coronavirus disease 2019 (COVID-19)
pandemic where the COVID-19 vaccines remain one of our most
important tools. Although rates of anaphylaxis to COVID-19
vaccines are not significantly different from those to other
vaccines, Centers for Disease Control and Prevention guidance
recommends avoidance of the same COVID-19 vaccine in
individuals who had an allergic reaction or are allergic to a
COVID-19 vaccine component. Fortunately, our understanding
of COVID-19 vaccine allergic reactions has improved
dramatically in the past year in large part due to important
research efforts from individuals in the allergy community.
Initially, researchers published algorithmic approaches using
risk stratification and excipient skin testing. However, as our
experience and knowledge improved with ongoing research, we
have better data showing safety of repeat vaccination despite an
initial reaction. We review our progress starting in December
2020 when the Food and Drug Administration approved the first
COVID-19 vaccine in the United States through early 2022,
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highlighting our success in understanding COVID-19 vaccine
reactions. (J Allergy Clin Immunol 2022;150:12-6.)

Key words: COVID-19, vaccine, allergy, anaphylaxis, polyethylene
glycol, mRNA
DECEMBER 2020 MESSENGER RNA

CORONAVIRUS DISEASE 2019 VACCINE ROLLOUT
Anaphylactic reactions to the messenger RNA (mRNA)

vaccines were reported within hours of their first rollout in
December 2020, causing much public concern and media
publicity (Fig 1).1-10 These reactions, reported at a rate of 2.5
to 5 events per million, occurred within 15 minutes of vaccina-
tion and were more common in women and those with underly-
ing histories of allergy and anaphylaxis (Table I).1,8,11-14 Active
surveillance of the health care worker coronavirus disease 2019
(COVID-19) vaccine rollout at Mass General Brigham sup-
ported this epidemiology but showed that anaphylaxis to the
first dose of mRNA COVID-19 vaccines occurred in up to
2.5/10,000.2 Vaccine and vaccine component allergies had
been excluded from the Pfizer-BioNTech and Moderna
COVID-19 mRNA vaccine phase 3 clinical trials, where
anaphylactic reactions had not been reported. This led to the hy-
pothesis that the polyethylene glycol (PEG)-2000 molecule,
which stabilizes the lipid nanoparticle carrier of the active
mRNA encoding the severe acute respiratory syndrome corona-
virus 2 spike protein, could be the culprit antigen triggering
these COVID-19 mRNA vaccines’ immediate allergic reac-
tions.15 The Centers for Disease Control and Prevention, the
Food and Drug Administration, and other regulatory bodies
internationally proposed the exclusion of individuals with po-
tential PEG allergies from mRNA vaccination out of an abun-
dance of caution.4 Drug and vaccine allergy experts responded
by developing risk stratification algorithms to not only investi-
gate these reactions but more importantly to provide safe vacci-
nation strategies in the face of uncertainty.4,5
MANY VACCINE SAFETY LESSONS WERE

LEARNED
We have learned a considerable amount this past year with

additional clinical experience and ongoing research (Fig 1). There
is now evidence that individuals with previous anaphylactic reac-
tions to PEG or PEG derivatives tolerate the mRNA vaccines.5

There are exceedingly rare reports of mRNA vaccine reactions
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in patients with a prior history of PEG allergy confirmed by
positive skin testing result.16 Conversely, there are now multiple
reports of individuals previously known to have PEG anaphylaxis,
with skin test results positive to both PEG and polysorbate 80,
who have tolerated either the mRNA or adenoviral vector
COVID-19 vaccines.7,17 In addition, there are reports of patients
with histories of immediate reactions to pegylated drugs (ie, pe-
gaspargase) or those containing PEG derivatives (ie, paclitaxel)
who tolerated themRNAvaccines.18-21 Current evidence suggests
that those with presumed anaphylaxis to the first dose of the
COVID-19 mRNA vaccines largely tolerate second and booster
doses, which favors a non–IgE-mediated mechanism.13,14 Many
immediate reactions were experienced without objective hyper-
sensitivity. Symptoms documented were ultimately vasovagal,
sympathetic stress reaction, reactogenic, or syncopal rather than
allergic.15 Recent reports suggest that PEG skin testing after an
mRNA COVID-19 vaccine reaction is not needed and may delay
completion of vaccination. Many individuals with immediate
allergic and in some cases anaphylactic reactions have tolerated
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mRNA COVID-19 Vaccine Anaphylaxis 
Following Vaccination is a Rare Event

Rates were reported to be 4.7 cases/million 
with Pfizer-BioNTech and 2.5 cases/million with 
Moderna vaccine1

Allergic Reactions to mRNA Vaccines Rare
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FIG 1. Rapid progress in our understanding of COVID-1
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Health Service.
subsequent doses of mRNA vaccines, although overwhelmingly
with allergist oversight.22

There is an ongoing crucial need to decrease COVID-19 vaccine
hesitancy despite an allergy history. First, for viral variants of
concern such as Delta and Omicron, reduction in disease severity is
dependent on boosting the primary mRNA vaccination.23 COVID-
19 vaccines provide a high degree of protection against hospitaliza-
tion and death. Second, newmAbs active against Omicron for acute
treatment or preexposure prophylaxis (tixagevimab/cilgavimab
[Evusheld]) are currently in short supply; their use should be prior-
itized for immunocompromised patients at risk for an inadequate
response to a COVID-19 vaccine, rather than those with a history
of a reaction to a component of a COVID-19 vaccine or an imme-
diate allergic reaction to the first dose of a COVID-19 vaccine
who are incompletely vaccinated. Patient discussions should
include the risk and benefits, noting published data from this past
year showing tolerance of mRNA vaccines despite a prior
COVID-19 vaccine reaction.
PATHOPHYSIOLOGY OF REACTIONS REMAINS

UNCLEAR
Beyond IgE-mediated reactions, which appear to occur only

rarely, there is some theoretical evidence that non–IgE-mediated
mechanisms such as complement activation-related pseudoallergy
could be caused by PEG IgM and IgG in vaccine reactors.24 How-
ever, given that 5% to 10% of the population has preexisting IgM
Second Dose Tolerated in Individuals 
with Anaphylaxis to First Dose mRNA 
Vaccine

8 patients with anaphylaxis to the first 
dose of the Pfizer-BioNTech COVID-19 
vaccine tolerated the second dose 
without symptoms or with significantly 
milder symptoms than those 
experienced with the first dose

18 Jun 2021

Meta-Analysis and International 
Recommendations on COVID-19 Vaccine 
Allergy Risk Avoidance

Incidence of anaphylaxis to COVID-19 vaccines 
was 7.91 per million in this meta-analysis

Recommendations recognize the limitations of 
excipient skin testing and prioritize vaccination 
based on shared decision making between the 
patient and provider6

9 Jun 2021

Data Show Limited Role for Excipient Skin 
Testing 

Excipient skin testing results did not affect 
tolerance of  second dose mRNA vaccine in 
patients with immediate or delayed reactions

89% of patients who received the second 
mRNA COVID-19 vaccine had no reaction or 
a mild reaction managed with antihistamines, 
while 2 patients required epinephrine 
treatment5

mRNA Vaccine Well Tolerated in 
“Pre-Specified” Allergic Individuals

429 “pre-specified allergic diagnoses” patients 
were identified and referred to receive the 
Pfizer-BioNTech mRNA COVID-19 vaccine 
under medical supervision

98% of the highly allergic individuals had no 
reaction

1% had mild response and 0.7% experienced 
anaphylaxis9

26 Jul 2021

Second Dose mRNA Vaccine Well Tolerated 
Despite First Dose Immediate Reaction

159 patients with mRNA COVID-19 vaccine 
first dose reactions, including 19 who met 
anaphylaxis criteria, received and tolerated the 
second dose

Mild symptoms were reported in 32 (20%) of 
patients8

21 Jun 2021

31 Aug 2021

17 Sep 2021

PEG IgG May Play a Role in Non IgE 
Mediated Reactions 

22 patient case series suggesting that non-IgE 
mediated reactions to PEG may be responsible 
for reactions to the mRNA COVID-19 vaccines10

mRNA COVID-19 Vaccine Tolerated in 
Patients with PEG Allergy 

Skin test reactivity to the vaccine at a non-
irritating concentration (1:100) does not reliably 
predict reactivity on vaccine inoculation

Clinical supervision administration of mRNA 
COVID-19 vaccine encouraged after shared 
decision making7

21 Dec 2021

Timeline continues

9 vaccine allergy. CDC, Centers for Disease Control

DA, Food and Drug Administration; NHS, National



TABLE I. The who, what, and when of allergic reactions to SARS-COV-2 vaccines vs other vaccines: Are they actually different?

Characteristic Immediate allergic reactions to SARS-COV-2 vaccines Immediate allergic reactions to other vaccines

Predisposition d History of allergies or allergic reactions

d About one-third have a prior history of anaphylaxis

d Preexisting allergy to excipient or component of

vaccine

d History of alpha-gal or dairy allergy in a select few*

d History of chronic medical conditions

Demographics d <19 y old—unknown

d >19 y old—females > males

d <19 y old—males > females

d >19 y old—females > males

Symptom onset d Most within 20 min d Most within 30 min

Reaction resulting in death d No peer-reviewed deaths reported d 8 deaths reported from 1990 to 2016�
Possible mechanisms of immediate

reactions when objective findings

exclude anaphylactic mimickers

d Anti-PEG IgG- or IgM- mediated CARPA

d Complement-mediated lipid reactions

d Nonspecific mast cell activation

d Autonomic instability

d Modifying effect of recent COVID infection

d IgE-mediated reaction to the vaccine or PEG

d IgE-mediated reaction to component or excipient of

vaccine

d Nonspecific mast cell activation

Nonallergic mimics

of anaphylaxis

d Vasovagal symptoms

d Panic/anxiety (immunization stress-related response)

d Chronic urticaria

d Predisposition toward hives/dermatographism/nonspecific mast cell activation

d Autonomic instability

d Expected reactogenic effect of the vaccine misinterpreted as allergic reaction (mRNA vaccines)

Other adverse reactions

(nonallergic)

d Myocarditis reported in mRNA vaccines (typically in

adolescent males)

d Thrombosis with thrombocytopenia (TTS) reported in

Janssen vaccines

d Guillain-Barre syndrome (increased risk reported in

Janssen)

d Encephalitis reported to whole-cell pertussis vaccine

(not used in the United States since replaced by

acellular vaccines in 1997)

d Myocarditis reported in smallpox vaccination

d Arthus reaction

d Disseminated infection with live virus vaccines in

immune- compromised individuals

d Guillain-Barre syndrome—increased risk 1976 H1N1

flu vaccine; all others, unclear causality

Current CDC

contraindications�
d Anaphylaxis after a previous dose or to a component of

the COVID-19 vaccine§

d Known diagnosed allergy to a component of the

COVID-19 vaccine§

d For the Janssen COVID-19 vaccine, TTS following

receipt of a previous Janssen COVID-19 vaccine (or

other COVID-19 vaccines not currently authorized in

the United States that are based on adenovirus vectors)

d Immune-compromised and pregnant women should not

receive live virus vaccines

d History of encephalopathy to a pertussis-containing

vaccine

d Those with severe combined immune deficiency or his-

tory of intussusception should not receive the rotavirus

vaccine

CARPA, Complement activation-related pseudoallergy; CDC, Centers for Disease Control and Prevention; VAERS, Vaccine Adverse Event Reporting System.

*Rare cases because egg allergy is no longer considered a risk or exclusion for reactions to flu vaccine and many egg-allergic individuals have safely received the yellow fever vaccine.11

�The death rates to non-COVID vaccinations gathered from VAERS reports over a 26-y period before COVID-19 vaccines from the years 1990 to 2016.12

�Current CDC contraindications last updated January 6, 2022.
§Current evidence suggests that many patients with anaphylaxis after the first dose will tolerate the second dose.8,13,14
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and/or IgG to PEG, this test is unlikely to be useful in predicting re-
actions tomRNAvaccines.25 It is also possible that some individuals
might have reactogenic symptoms associated with the active com-
ponents of the vaccine that unmask an underlying tendency to
non–IgE-mediated mast cell activation. There may also be diverse
triggers of nonallergic symptoms including underlying anxiety
around vaccination. Exacerbation of urticaria and the occurrence
of chronic urticaria following both natural infection with COVID-
19 and COVID-19 vaccination have been described.26,27 Although
new insights on mechanism will come from studies currently in
progress, it is now clear that the vast majority of individuals with
a history of PEG allergy or COVID-19 vaccine reactions can safely
receive subsequent doses of the mRNA vaccines.
A PEG CAVEAT
True immediate and anaphylactic reactions to PEG are fortu-

nately very rare.28 Unlike reactions to the mRNAvaccines that are
predominantly in females, PEG anaphylaxis appears to be more
equal amongmales and females.28,29 Current reports are reassuring
that many patients with histories of PEG anaphylaxis and positive
skin test results to PEG3350 or higher toleratemRNAvaccines.7 At
this time, it is still prudent to manage these rare cases carefully and
consider skin prick testing to PEG and the mRNA vaccines with
physician-observed vaccination (Fig 2). Although it appears that
the vast majority of those with anaphylaxis to PEG will tolerate
COVID-19 mRNA vaccines, these individuals are still at risk and
likely to have potentially fatal anaphylaxis to the higher molecular
weight PEG (eg, PEG3350) products to which they initially re-
acted. All individuals with a history of PEG anaphylaxis regardless
of whether they have tolerated an mRNA vaccine should still be
worked up comprehensively by an allergist to determine the future
safety of PEG-containing drug and products.30
FUTURE DIRECTIONS
The approach to the COVID-19 pandemic has and will continue

to require a global effort that should see its eventual retreat into
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FIG 2. A,Clinical approach to PEG allergy. This algorithm can be used in individuals reporting a clinical history

consistentwith anaphylaxis to PEG including a PEG injectable or oral (eg,Miralax); toleranceofmRNAvaccines

does not delabel a PEG allergy, and comprehensive PEG allergy evaluation is required followingmRNA vacci-

nation to guide the individual safely of PEG products.30When advising COVID-19 vaccination, current CDC rec-

ommendations are to receive mRNA vaccines if possible due to known risk of thrombosis with

thrombocytopenia with adenoviral vector vaccine, Janssen. CDC, Centers for Disease Control and Prevention;

ST, skin testing. *UsemRNACOVID-19 vaccine nonirritating skin testing concentration.6 �Consider proceeding
with themRNA COVID-19 vaccine that was not responsible for clinical vaccine reaction (eg, Moderna if clinical

reactionwas toPfizer).NegativemRNACOVID-19vaccinechallengehasbeendescribed in thesettingofpositive

skin prick testing result to themRNA vaccines; full dose (0.3mL/0.2mL for Pfizer-BioNTech for >_12 and children

5-11 years old and 0.5mL forModerna) is suggested because of lack of data on the efficacy of split-dosemRNA

vaccination. Negative challenge to both the mRNA vaccines and the adenoviral vector vaccines has been

described in the setting of a positive intradermal skin test result to polysorbate 80. B, Clinical approach to

mRNA vaccine allergy. Excipient differences over time between mRNA vaccines: the original Pfizer-BioNTech

vaccine distributed (purple cap) for the 12 years or older age group was PBS buffered (purple cap). These

have now been replaced with a tris buffered (gray cap) version; the pediatric (orange cap) 10 mg, 0.2 mL intra-

muscular formulation is also tris buffered. Moderna vaccine is tris buffered. *There are no contraindications

to receive subsequentCOVID-19mRNAvaccination for anyother adverse events. Severe cutaneous adverse re-

actionsor severe rashwith systemic symptomhas rarely beenseen in temporal associationwith COVID-19 vac-

cinations. �Consider PEG skin prick testing if clinically relevant. If PEG skin prick testing result is positive,

proceed with patient counseling regarding avoidance of medications containing PEG. �Consider proceeding
with the mRNA COVID-19 vaccine not responsible for clinical vaccine reaction (eg, Moderna if clinical reaction

was to Pfizer). Negative mRNA COVID-19 vaccine challenge has been described in the setting of positive skin

prick testing result to the mRNA vaccines; full dose is suggested because of lack of data on the efficacy of

split-dose mRNA vaccination. Negative challenge to both the mRNA vaccines and the adenoviral vector vac-

cines has been described in the setting of a positive intradermal skin test result to polysorbate 80.
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endemicity. The rollout of COVID-19 vaccines has been a
remarkable global safety success story because of exceptional
clinical dedication and care, collaboration, and research efforts.
Although patients are still seeking ‘‘exemption’’ from the first or
subsequent COVID-19 vaccine doses for various reasons, data sug-
gest that allergy is almost never a reason for COVID-19 vaccine
‘‘exemption.’’We can be reassured 1 year following the COVID-19
vaccine rollout that there is no history of allergy, including to foods,
drugs, vaccines, or other substances, that is a contraindication to
receipt of any COVID-19 vaccine. With anaphylaxis or another
adverse event to any dose of a COVID-19 vaccine, shared decision
making is key although reassuringly patients appear to tolerate sub-
sequent COVID-19 mRNA vaccination. The greatest contribution
from the Allergy & Immunology community, in this challenging
period where we continue to strive toward achieving universal
global COVID-19 vaccination, is consultation for vaccine coun-
seling, which may enable the vaccine-hesitant or vaccine-
resistant patient to get immunized. The experience of rolling out
a global immunization effort against severe acute respiratory syn-
drome coronavirus 2 has been novel and challenging, and among
those challenges was the need to adequately immunize patients
who had experienced immediate vaccine reactions. In a matter of
months, research from around the world improved our understand-
ing of COVID-19 vaccine allergy and allowed large-scale vaccina-
tion efforts to succeed.

We thank Amelia S. Cogan, MPH, and Aubree E. McMahon for editorial

assistance.



ST positive to both 
mRNA COVID-19 

vaccines

Consider antihistamines pre- and postvaccination

Clinical approach to mRNA vaccine allergy*

High risk Medium risk

ST positive to one 
mRNA COVID-19 

vaccine

Consider mRNA vaccine Skin t esting†

• Clinical history consistent with anaphylaxis
to prior dose of mRNA vaccine

• Shared decision making for all steps

• Clinical history consistent
with immediate (<4 hours)
allergic reactions but not
anaphylaxis to prior mRNA
COVID-19 vaccine dose

Low risk

• Large local reactions

• Nonallergic signs or symptoms

• Subjective symptoms

Shared decision making for 
COVID-19 vaccination with 

30-minute observation

Proceed with ST 
negative mRNA ‡ 

COVID-19 vaccine 
with 30-minute 

observation

Proceed with next  
dose of mRNA

COVID-19 vaccine

Consider COVID-19 
vaccination 

with physician  
observation

ST negative

B

FIG 2. (Continued).

J ALLERGY CLIN IMMUNOL

JULY 2022

16 BANERJI ET AL
REFERENCES

1. ShimabukuroTT,ColeM,SuJR.Reportsof anaphylaxis after receipt ofmRNACOVID-

19 vaccines in the US-December 14, 2020-January 18, 2021. JAMA 2021;325:1101-2.

2. Blumenthal KG, Robinson LB, Camargo CA Jr, Shenoy ES, Banerji A, Landman AB,

et al. Acute allergic reactions to mRNACOVID-19 vaccines. JAMA 2021;325:1562-5.

3. Banerji A, Wickner PG, Saff R, Stone CA Jr, Robinson LB, Long AA, et al. mRNA

vaccines to prevent COVID-19 disease and reported allergic reactions: current ev-

idence and suggested approach. J Allergy Clin Immunol Pract 2021;9:1423-37.

4. Banerji A, Wolfson AR, Wickner PG, Cogan AS, McMahon AE, Saff R, et al.

COVID-19 vaccination in patients with reported allergic reactions: updated evi-

dence and suggested approach. J Allergy Clin Immunol Pract 2021;9:2135-8.

5. Wolfson AR, Robinson LB, Li L, McMahon AE, Cogan AS, Fu X, et al. First-dose

mRNA COVID-19 vaccine allergic reactions: limited role for excipient skin

testing. J Allergy Clin Immunol Pract 2021;9:3308-20.e3.

6. Greenhawt M, Abrams EM, Shaker M, Chu DK, Khan D, Akin C, et al. The risk of

allergic reaction to SARS-CoV-2 vaccines and recommended evaluation and man-

agement: a systematic review, meta-analysis, GRADE assessment, and interna-

tional consensus approach. J Allergy Clin Immunol Pract 2021;9:3546-67.

7. Picard M, Drolet JP, Masse MS, Filion CA, Al-Muhizi F, Fein M, et al. Safety of

COVID-19 vaccination in patients with polyethylene glycol allergy: a case series.

J Allergy Clin Immunol Pract 2021;10:620-5.

8. Krantz MS, Kwah JH, Stone CA Jr, Phillips EJ, Ortega G, Banerji A, et al. Safety

evaluation of the second dose of messenger RNA COVID-19 vaccines in patients

with immediate reactions to the first dose. JAMA Intern Med 2021;181:1530-3.

9. Shavit R, Maoz-Segal R, Iancovici-Kidon M, Offengenden I, Yahia SH, Maayan

DM, et al. Prevalence of allergic reactions after Pfizer-BioNTech COVID-19 vacci-

nation among adults with high allergy risk. JAMA Netw Open 2021;4:e2122255.

10. Warren CM, SnowTT, LeeAS, ShahMM,Heider A, Blomkalns A, et al. Assessment

of allergic and anaphylactic reactions to mRNACOVID-19 vaccines with confirma-

tory testing in a US regional health system. JAMA Netw Open 2021;4:e2125524.

11. B�edard MA, Graham F, Paradis L, Samaan K, B�egin P, Des Roches A. Single-dose

yellow fever vaccination is well tolerated in egg-allergic children despite positive

intradermal test to the vaccine. J Allergy Clin Immunol Pract 2021;9:4170-2.

12. Arroyo AC, Robinson LB, Cash RE, Blumenthal KG, Camargo CA Jr. Emergency

department visits for vaccine-related severe allergic reactions among US adults:

2006-2018. Ann Allergy Asthma Immunol 2022;128:319-21.

13. Krantz MS, Bruusgaard-Mouritsen MA, Koo G, Phillips EJ, Stone CA Jr, Garvey

LH. Anaphylaxis to the first dose of mRNA SARS-CoV-2 vaccines: don’t give up

on the second dose. Allergy 2021;76:2916-20.

14. Macy E, Pandya S, Sheikh J, Burnette A, Shi JM, Chung J, et al. Population-based

incidence, severity, and risk factors associated with treated acute-onset COVID-19

mRNA vaccination-associated hypersensitivity reactions. J Allergy Clin Immunol

Pract 2022;10:827-36.

15. Castells MC, Phillips EJ. Maintaining safety with SARS-CoV-2 vaccines. N Engl J

Med 2021;384:643-9.
16. McSweeney MD, Mohan M, Commins SP, Lai SK. Anaphylaxis to Pfizer/

BioNTech mRNA COVID-19 vaccine in a patient with clinically confirmed PEG

allergy. Front Allergy 2021;2:715844.

17. Bruusgaard-Mouritsen MA, Koo G, Heinrichsen AS, Melchiors BB, Krantz MS,

Plager JH, et al. Janssen COVID-19 vaccine tolerated in 10 patients with confirmed

polyethylene glycol allergy. J Allergy Clin Immunol Pract 2021;10:859-62.

18. Koo G, Anvari S, Friedman DL, Zarnegar-Lumley S, Szafron V, Kahwash BM,

et al. mRNA COVID-19 vaccine safety in patients with previous immediate

hypersensitivity to pegaspargase. J Allergy Clin Immunol Pract 2022;10:322-5.

19. Rush C, Faulk KE, Bradley ZK, Turner A, Krumins M, Greenhawt M. The safety

of SARS-CoV-2 vaccines in persons with a known history of pegaspargase al-

lergy: a single institution experience. J Allergy Clin Immunol Pract 2021;10:

630-2.

20. Mark C, Gupta S, Punnett A, Upton J, Orkin J, Atkinson A, et al. Safety of admin-

istration of BNT162b2 mRNA (Pfizer-BioNTech) COVID-19 vaccine in youths

and young adults with a history of acute lymphoblastic leukemia and allergy to

PEG-asparaginase. Pediatr Blood Cancer 2021;68:e29295.

21. Banerji A, Wolfson AR, Robinson LB, McMahon AE, Cogan AS, Saff RR, et al.

COVID-19 vaccines tolerated in patients with paclitaxel and docetaxel allergy. Al-

lergy 2021;77:1048-51.

22. Wolfson AR, Freeman EE, Blumenthal KG. Urticaria 12 days after COVID-19

mRNA booster vaccination. JAMA 2022; https://doi.org/10.1001/jama.2022.5247.

23. Nemet I, Kliker L, Lustig Y, Zuckerman N, Erster O, Cohen C, et al. Third

BNT162b2 vaccination neutralization of SARS-CoV-2 Omicron infection. N

Engl J Med 2021;386:492-4.

24. Risma KA, Edwards KM, Hummell DS, Little FF, Norton AE, Stallings A, et al.

Potential mechanisms of anaphylaxis to COVID-19 mRNA vaccines. J Allergy

Clin Immunol 2021;147:2075-82.

25. Zhou ZH, Stone CA Jr, Jakubovic B, Phillips EJ, Sussman G, Park J, et al. Anti-

PEG IgE in anaphylaxis associated with polyethylene glycol. J Allergy Clin Immu-

nol Pract 2021;9:1731-3.e3.

26. Thomas J, Thomas G, Chatim A, Shukla P, Mardiney M. Chronic spontaneous ur-

ticaria after COVID-19 vaccine. Cureus 2021;13:e18102.

27. Muntean IA, Pintea I, Bocsan IC, Dobrican CT, Deleanu D. COVID-19 disease

leading to chronic spontaneous urticaria exacerbation: a Romanian retrospective

study. Healthcare (Basel) 2021;9:1144.

28. Stone CA Jr, Liu Y, Relling MV, Krantz MS, Pratt AL, Abreo A, et al. Immediate

hypersensitivity to polyethylene glycols and polysorbates: more common than we

have recognized. J Allergy Clin Immunol Pract 2019;7:1533-40.e8.

29. Krantz MS, Liu Y, Phillips EJ, Stone CA Jr. Anaphylaxis to PEGylated liposomal

echocardiogram contrast in a patient with IgE-mediated macrogol allergy. J Allergy

Clin Immunol Pract 2020;8:1416-9.e3.

30. Caballero ML, Krantz MS, Quirce S, Phillips EJ, Stone CA Jr. Hidden dangers:

recognizing excipients as potential causes of drug and vaccine hypersensitivity re-

actions. J Allergy Clin Immunol Pract 2021;9:2968-82.

http://refhub.elsevier.com/S0091-6749(22)00445-6/sref1
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref1
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref2
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref2
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref3
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref3
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref3
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref4
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref4
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref4
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref5
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref5
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref5
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref6
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref6
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref6
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref6
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref7
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref7
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref7
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref8
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref8
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref8
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref9
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref9
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref9
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref10
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref10
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref10
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref11
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref11
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref11
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref11
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref11
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref12
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref12
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref12
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref13
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref13
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref13
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref14
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref14
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref14
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref14
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref15
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref15
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref16
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref16
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref16
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref17
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref17
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref17
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref18
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref18
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref18
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref19
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref19
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref19
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref19
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref20
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref20
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref20
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref20
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref21
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref21
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref21
https://doi.org/10.1001/jama.2022.5247
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref23
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref23
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref23
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref24
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref24
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref24
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref25
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref25
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref25
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref26
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref26
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref27
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref27
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref27
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref28
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref28
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref28
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref29
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref29
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref29
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref30
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref30
http://refhub.elsevier.com/S0091-6749(22)00445-6/sref30

