Table 1: GRADE Recommendations
	Questions
	Recommendation
	Evidence Strength
	Evidence Certainty

	1. What is the risk of COVID-19 vaccine anaphylaxis in a patient with no history of anaphylaxis to a COVID-19 vaccine or its excipients?
	1a. For patients with no history of a previous allergic reaction to a COVID-19 vaccine or its excipients, the risk of first-dose COVID-19 vaccine-induced anaphylaxis is exceptionally low, and we recommend vaccination over either no vaccination or vaccine deferral. 
	Strong
	High

	
	1b. For patients with a history of a severe allergic reaction, including anaphylaxis, unrelated to a mRNA COVID-19 vaccine or vaccine excipient, we suggest against additional post-vaccination observation beyond standard wait time (e.g., 15 minutes). 
	Conditional
	Low

	2. In patients without a history of anaphylaxis to a mRNA COVID-19 vaccine or its excipients, should allergy skin testing to mRNA COVID-19 vaccines or its excipients be performed prior to initial mRNA COVID-19 vaccination?
	2. For patients without a history of an immediate allergic to a mRNA COVID-19 vaccine or its excipients, we recommend against vaccine or vaccine excipient testing to predict the rare individual who will have a severe allergic reaction to a vaccine dose.
	Strong
	Low

	3. Can additional supervised doses of mRNA COVID-19 vaccines be administered to a patient who had an immediate allergic reaction of any severity following the 1st vaccine dose?
	3. We recommend that individuals who had an immediate allergic reaction of any severity to their 1st mRNA COVID-19 vaccine dose can receive additional doses, and those with a history of an immediate allergic reaction of any severity to its excipients can receive either their initial or additional mRNA COVID-19 vaccine doses.  
	Strong
	Moderate

	4. In a patient with a history of an immediate allergic reaction of any severity to a previous mRNA COVID-19 vaccine or its excipients, should allergy skin testing to mRNA COVID-19 vaccines or their excipients be performed to determine if a future dose of vaccine should be withheld? 
	4. For individuals with a history of an immediate allergic reaction to a mRNA COVID-19 vaccine or its excipients, we recommend against performing skin testing using any mRNA-COVID-19 vaccine or its excipients for the purpose of risk assessment to determine if they should receive a vaccine dose.  
	Strong
	Moderate

	5. In a patient with a history of an immediate allergic reaction of any severity to a previous mRNA COVID-19 vaccine or its excipients, what is the most appropriate setting for these individuals to receive their vaccination?
	5. We suggest referral to an allergist (or other clinician with expertise in the management of vaccine allergy and allergic reactions) for assessment and supervised vaccination of such individuals for their initial dose, or for the subsequent dose after a reaction to a prior dose.
	Conditional
	Moderate 

	6. Should a patient with a history of an immediate allergic reaction to the vaccine or vaccine excipient be pre-medicated prior to receiving their vaccine to prevent a severe allergic reaction?
	6. We suggest against routine H1-antihistamine or systemic corticosteroid pre-medication prior to vaccination to prevent anaphylaxis.
	Conditional
	Low

	7. Should a patient with a history of an immediate allergic reaction to the vaccine or vaccine excipient receive their vaccine as a graded dose rather than a single dose?
	7. We suggest against graded dosing or stepwise desensitization compared to a single dose.  

	Conditional
	Low


Abbreviations: mRNA COVID-19= messenger RNA; mRNA COVID-19= messenger RNA coronavirus disease of 2019 vaccine

Summary of GRADE recommendations regarding the management of primary COVID-19 vaccination and mRNA-COVID-19 re-vaccination in persons with a known or suspected history of allergy to the vaccine excipients (primary, re-vaccination) or to the vaccine (re-vaccination) 






Table 2:  GRADE Certainty of Evidence Table for Questions Regarding Reaction Incidence
	For Questions Related to Reaction Rates
	№ of studies
	Certainty assessment
	Effect
	Certainty
	Importance

	Question/Outcome Assessed
	
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other 
considerations
	№ of events
	№ of individuals
	Rate
(95% CI)
	
	

	Question 1: What is the risk of COVID-19 vaccine anaphylaxis in a patient with no history of anaphylaxis to a COVID-19 vaccine or its excipients
	47
	observational studies and RCTs
	Not serious
	not serious a,b
	not serious
	not serious
	none
	674
(208)c
	57,089,598
(41,018,326)c
	event rate c  7.91 per 1,000,000
(4.02 to 15.59)
	⨁⨁⨁⨁
HIGH
	CRITICAL

	Question 3:  Can additional supervised doses of mRNA COVID-19 vaccines be administered to a patient who had an immediate allergic reaction of any severity following the 1st dose of the vaccine?
	
	
	
	
	
	
	
	
	
	
	
	

	a) What is the incidence of anaphylaxis to a second SARS-CoV-2 vaccination in persons who had an allergic reaction to their first dose
	22

	Case studies and case reports
	Not seriousd
	Not serious
	Not serious
	Not serious
	Large effect of tolerating and Residual confounding would suggest an effect of reacting when none was detectede
	6
	1366
	0.16% 
(0.01% to 2.91%)
	⨁⨁⨁◯
MODERATE
	CRITICAL

	b) What is the incidence of anaphylaxis to a second SARS-CoV-2 vaccination in persons who had an anaphylaxis to their first dose
	17

	Case studies and case reports
	Not seriousd
	Not serious
	Not serious
	Not seriousf
	Large effect of tolerating and Residual confounding would suggest an effect of reacting when none was detectede,f
	4
	78
	4.94%
(0.93% to 22.28%)
	⨁⨁◯◯
LOW
	CRITICAL

	c) What is the incidence of mild allergic symptoms to a second SARS-CoV-2 vaccination in persons who had an allergic reaction to their first dose
	22

	Case studies and case reports
	Not seriousd
	Not serious
	Not serious
	Not serious
	Large effect of tolerating and Residual confounding would suggest an effect of reacting when none was detectede
	232
	1366
	13.5%
(7.66% to 22.27%)
	⨁⨁⨁◯
MODERATE
	CRITICAL



Abbreviations: COVID-19=coronavirus disease of 2019; SARS Co-V 2:  severe acute respiratory syndrome novel coronavirus 2; CI=confidence interval; mRNA COVID-19= messenger RNA coronavirus disease of 2019 vaccine

Explanations
a. Non-adjudicated rates yield estimates that are higher than adjudicated ones by about 5-fold.  
 b. One adjudicated study yielded a markedly higher estimate than all others. It also was the only study that was not a national pharmacovigilance study. Though it contributed to some heterogeneity, it was not felt that this was so serious to rate down for inconsistency because the (1) estimate of effect was still rare, (2) excluding this study, yielding a pooled estimate of 6.43 (3.57-11.56) events per million doses was not importantly different in terms of rarity, (3) that this study was balanced by other studies with 0 events, and (4) visual inspection did not reveal serious inconsistency.   
c. Values in parentheses are data restricted to studies with 20,000 or more doses.
d. Risk of bias addressed in subgroup and sensitivity analyses 
e. A history of allergic reaction to previous COVID vaccination was a priori thought to guarantee a reaction to repeated doses, but far fewer than all individuals that received the second dose had an allergic reaction or anaphylaxis. Further, those being revaccinated, after an initial allergic reaction, would be at higher likelihood to be intensely monitored for any possible allergic reaction, whereas those without any history of an allergic reaction would not be. 
f. Imprecision in width of CIs and total sample size sufficient to prevent rating up certainty for considerations of residual confounding, but not to rate down; the qualitative effect of the incidence of repeat anaphylaxis being not very high (eg. 100%) is more certain than the quantitative estimate of a mean of 4.94%. 

GRADE summary of the certainty of evidence for questions 1 and 3, which deal with the prevalence of first dose (all COVID-19 vaccine types) and incidence of second dose (mRNA-COVID-19 vaccine only) presumed allergic reactions.










Table 3:  GRADE Certainty of Evidence Table for Questions Regarding Diagnostic Test Accuracy
	For Questions Related to Diagnostic Testing

Question/Outcome Assessed


	№ of studies (№ of patients)
	Study design
	Factors that may decrease certainty of evidence
	Effect per 1,000 patients tested
	Test accuracy CoE

	
	
	
	Risk of bias
	Indirectness
	Inconsistency
	Imprecision
	Publication bias
	pre-test 
probability  0.001% 
	pre-test probability 1% 
	pre-test probability 10% 
	

	Question 2:  In patients without a history of anaphylaxis to a mRNA COVID-19 vaccine or its excipients, should allergy skin testing to mRNA COVID-19 vaccines excipients be performed prior to initial mRNA vaccination?
Sn: 0.59 (95%CI 0.44 to 0.72), Sp: 0.99 (95%CI 0.98 to 1.00) Prevalence : 0.001%, 1%, 10%
	
	
	
	

	True positives
(patients with excipient allergy)
	15 studies
296 patients
	cohort & case-control type studies
	 serious a
	 serious b
	Not serious c
	Not serious d
	Publication bias strongly suspected
all plausible residual confounding would reduce the demonstrated effect 
	0
(0 to 0)
	6
(1 to 8)
	64
(5 to 76)
	⨁⨁◯◯
LOW 

	False negatives
(patients incorrectly classified as not having excipient allergy)
	
	
	
	
	
	
	
	0
(0 to 0)
	4
(2 to 9)
	36
(24 to 95)
	

	True negatives
(patients without excipient allergy)
	
	
	
	
	
	
	
	995 
(977 to 999)
	985
(967 to 989)
	896
(879 to 899)
	

	False positives
(patients incorrectly classified as having excipient allergy)
	
	
	
	
	
	
	
	5
(1 to 23)
	5
(1 to 23)
	4
(1 to 21)
	

	Question 4: In a patient with a history of an immediate allergic reaction of any severity to a previous mRNA COVID-19 vaccine or its excipients, should allergy skin testing to mRNA COVID-19 vaccines or their excipients be performed to determine if a future dose of vaccine should be withheld?

For any testing agent, combined: Sn: 0.03 (95%CI 0.00-0.08)  Sp: 0.98 (95%CI 0.95 -1) Prevalence 2nd dose reaction: 0.16%
	
	Pre-test probability 0.16%
	

	True positives
(vaccine allergic)
	20 studies
93 patients
	cohort & case series
	not serious
	not serious
	not serious
	seriouse
	none
	0 (0 to 0)
	⨁⨁⨁◯
Moderate

	False negatives
(misclassified not allergic)
	
	
	
	
	
	
	
	2 (2 to 2)
	

	True negatives
(not vaccine allergic)
	20 studies
485 patients
	cohort & case series
	
	
	
	
	
	976 (944 to 996)
	

	False positives
(misclassified vaccine allergic)
	
	
	
	
	
	
	
	22 (2 to 54)
	

	For either mRNA vaccine agent: Sn: 0.2(95%CI 0.01-0.52) Sp: 0.97(95%CI 0.9-1) Prevalence 2nd dose reactions: 0.16%
	
	
	Pre-test probability 0.16%
	

	True positives
(vaccine allergic)
	14 studies
14 patients
	cohort & case series
	not serious
	not serious
	not serious
	very seriouse
	none
	0 (0 to 0)
	⨁⨁◯◯
Low

	False negatives
(misclassified not allergic)
	
	
	
	
	
	
	
	2 (2 to 2)
	

	True negatives
(not vaccine allergic)
	14 studies
103 patients
	cohort & case series
	
	
	
	
	
	964 (854 to 998)
-
	

	False positives
(misclassified vaccine allergic)
	
	
	
	
	
	
	
	34 (0 to 144)
	

	For polyethylene glycol:  Sn: 0.02 (95%CI 0-0.07)  Sp: 0.99 (95%CI 0.95-1) Prevalence 2nd dose reactions: 0.16%
	
	
	Pre-test probability 0.16%
	

	True positives
(vaccine allergic)
	19 studies
46 patients
	cohort & case series
	not serious
	not serious
	not serious
	seriouse
	none
	0 (0 to 0)
	⨁⨁⨁◯
Moderate

	False negatives
(misclassified not allergic)
	
	
	
	
	
	
	
	2 (2 to 2)
	

	True negatives
(not vaccine allergic)
	19 studies
251 patients
	cohort & case series
	
	
	
	
	
	985 (947 to 998)
	

	False positives
(misclassified vaccine allergic)
	
	
	
	
	
	
	
	13 (0 to 51)
	

	For polysorbate: Sn: 0.03 (95%CI 0-0.11)  Sp: 0.97 (95%CI 0.91-1) Prevalence 2nd dose reactions: 0.16%
	
	
	Pre-test probability 0.16%
	

	True positives
(vaccine allergic)
	13 studies
33 patients
	cohort & case series
	not serious
	not serious
	not serious
	seriouse
	none
	0 (0 to 0)
	⨁⨁⨁◯
Moderate

	False negatives
(misclassified not allergic)
	
	
	
	
	
	
	
	2 (2 to 2)
	

	True negatives
(not vaccine allergic)
	13 studies
131 patients
	cohort & case series
	
	
	
	
	
	968 (914 to 998)
	

	False positives
(misclassified vaccine allergic)
	
	
	
	
	
	
	
	30 (0 to 84)
	


Explanations: a. These were all case reports, with non-random selection of cases and controls; b. Challenges to the agents were not performed to confirm accuracy of the testing; c. Different agents and methods were used for testing and reported positives from these tests; d. Low numbers of cases were tested to derive these estimates. Bias is suspected as authors are more likely to report
Abbreviations: CI=credibility interval; mRNA COVID-19= messenger RNA coronavirus disease of 2019 vaccine; Sn=sensitivity; Sp=specificity; CoE=certainty of evidence



GRADE summary of the certainty of evidence for questions 2 and 4 which pertain to the diagnostic accuracy  (sensitivity, specificity) of vaccine excipient testing as a screening measure prior to receiving an initial mRNA COVID-19 vaccine in persons without a history of allergic reaction to the vaccine or its excipients (question 2), or testing to either mRNA COVID-19 vaccine or the vaccine excipients in persons with a history of a reaction to an initial mRNA COVID-19 vaccine (question 4), as a means of predicting an allergic reaction to the vaccine dose.





















[bookmark: _GoBack]Table 4:  Prior Knowledge Gaps and Unmet Needs Regarding COVID-19 Vaccination and Risk of Allergic Reactions
	Knowledge Gaps and Unmet Needs
	

	Knowledge Gaps
	Current Knowledge

	Definitive identification of an immunologic mechanism for reactions
	Appears non-IgE mediated in most cases, and may involve Immune Stress Response Reactions (ISRR), though the precise mechanism remains unclear 61

	Determination of a known excipient(s) as an allergen
	Unlikely to be anti-PEG and/or Polysorbate IgE in most cases 8,17, 32

	Determination of risk for receiving COVID-19 vaccines containing an excipient to which a recipient is allergic
	Likely low, based on study of PEG-aspargase allergic children, and documented PEG allergic individuals given polysorbate or PEG2000 containing vaccine57-60

	Determination of risk in receiving a 2nd dose of a COVID-19 vaccine after an allergic reaction to the 1st dose
	Risk of a severe allergic reaction upon re-vaccination is 0.16%; risk of a repeat severe allergic reactions is 4.9%; risk of non-severe symptoms is 13%.9

	Establish testing sensitivity, specificity, and reliability for use of the vaccine and/or vaccine excipients as a testing reagent
	Meta-analysis of test sensitivity for PEG is 2%, for Polysorbate is 3%, for either mRNA vaccine is 19%, and combined for any agent is 3%8

	Accurate determination of the incidence of allergic reactions, including anaphylaxis
	Adjudicated severe allergic reaction rate is 7.91 reactions per million doses; this may be an overestimate as features of ISRR can be classified as anaphylaxis under Brighton criteria5

	Identification of potential risk factors associated with immediate or delayed reactions
	Studies in process which may better determine if allergic co-morbidity, atopy or underlying mast-cell disease increases risk, though the low overall baseline probability of anaphylaxis to the vaccine may complicate such efforts (www.clinicaltrials.gov, NCT04761822)

	Effectiveness of testing or how test results influence vaccination hesitancy
	Testing appears unnecessary and not predictive of vaccination outcomes or safety8

	Effectiveness of single versus graded/split dosing for risk-assessment
	From data of meta-analysis of 2nd dose reactions, there was no difference in 2nd dose outcomes if the 2nd dose was given as a single or a 2-step graded dose8, 10

	Necessity of additional post-vaccination observation time for risk-assessment
	For patients with a reaction history, a 30-minute observation time is recommended, but not been proven safer than standard wait times, and longer wait time is not cost-effective5

	Efficacy of mixed vaccine platform schedule
	Studies in process, but this regimen appears unnecessary based on allergic risk

	Stability of graded /split dosing for mRNA vaccines
	Stable for this purpose, but no difference in allergic outcomes if given as single or 2-step graded dose8,10,62, 63

	Determination of durable immunity conferred by 1st dose of a vaccine to assist in determining risk/reward of additional doses
	At least 3 doses are necessary for full immunity; yearly (or potentially more frequent) boosters being proposed.  However, estimation of how effective subsequent doses are at providing protection against disease contraction and severe complications is evolving.  No concern for immediate severe allergic safety signals have been noted with these additional doses after the primary series. (https://www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html)

	Unmet Needs
	Progress to Date

	Consensus on reporting standards for anaphylaxis related to vaccines (Brighton Collaboration Criteria vs. NIAID or WAO criteria
	Update to the Brighton Collaboration Criteria published in 202231

	Development of an active surveillance system for vaccine reactions
	No published progress

	Preparedness and training of personnel at vaccination clinics to properly identify and treat potential anaphylaxis.
	Anaphylaxis awareness efforts are ongoing

	Consideration for use of placebo dosing, under a shared decision-making paradigm, for determining validity of a reaction in patients with underlying anxiety
	Clinical trial underway.  The AAAAI/ACAAI Allergy Joint Task Force 2022 Drug Allergy Practice Parameter 79discusses similar use of placebo dosing for administering drugs in which there is a reported past allergic reaction. (www.clinicaltrials.gov, NCT04761822)

	Assessment of vaccine or excipient reactions in resource poor settings (e.g., rural, low/middle income countries)
	No published progress.  Knowledge gap as to what rate of reactions may be acceptable in such settings vs. what would be tolerated or handled in settings with better resources


Abbreviations: COVID-19=coronavirus disease of 2019; mRNA COVID-19= messenger RNA coronavirus disease of 2019 vaccine; PEG=polyethylene glycol; mRNA=messenger RNA; NIAID=National Institutes of Allergy and Infectious Diseases; WAO=World Allergy Organization; AAAAI=American Academy of Allergy Asthma and Immunology; ACAAI=American College of Allergy Asthma and Immunology; ISRR:  Immune Stress Response Reaction

Summary of unmet needs and knowledge gaps regarding the diagnosis, management, and risk of allergic reactions to mRNA COVID-19 vaccines.
