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Abstract 
Background:  For persons with immediate allergic reactions to mRNA COVID-19 vaccines, skin  
testing (ST) to the vaccine/excipients (polyethylene glycol[PEG] and polysorbate 80 [PS]) has 
been recommended, but has unknown accuracy. 
 
Methods: To assess vaccine/excipient ST accuracy in predicting all-severity immediate allergic 
reactions upon re-vaccination, systematic review was performed searching Medline, EMBASE, 
Web of Science, and the WHO global coronavirus database (inception-Oct 4, 2021) for studies 
addressing immediate (<4 hours post-vaccination) all-severity allergic reactions to 2nd  mRNA 
COVID-19 vaccination in persons with 1st dose immediate allergic reactions. Cases evaluating 
delayed reactions, change of vaccine platform, or revaccination without vaccine/excpient ST 
were excluded. Meta-analysis of diagnostic testing accuracy was performed using Bayesan 
methods. The GRADE approach evaluated certainty of the evidence, and QUADAS-2 assessed 
risk of bias. 
 
Results: Among 20 studies of mRNA COVID-19 first dose vaccine reactions, 317 individuals 
underwent 578 ST to any one or combination of vaccine, PEG, or PS, and were re-vaccinated 
with the same vaccine.  Test sensitivity for either mRNA vaccine was 0.2(95%CrI 0.01-0.52) and 
specificity 0.97(95%CrI 0.9-1).  PEG test sensitivity was 0.02(95%CrI 0.00-0.07) and specificity 
0.99(95%CrI 0.96-1).  PS test sensitivity was 0.03(95%CrI 0.00-0.0.11) and specificity 
0.97(95%CrI 0.91-1).  Combined for use of any of the 3 testing agents, sensitivity was 
0.03(95%CrI 0.00-0.08) and specificity was 0.98(95%CrI 0.95-1.00).  Certainty of evidence was 
moderate. 
 
Conclusions: ST has low sensitivity but high specificity in predicting all-severity repeat 
immediate allergic reactions to the same agent, among persons with 1st dose immediate allergic 
reactions to mRNA COVID-19 vaccines. mRNA COVID-19 vaccine or excipient ST has limited 
risk assessment utility. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Highlights: 

• We meta-analyzed the sensitivity and specificity of skin testing to polyethylene glycol, 
polysorbate, or either mRNA COVID-19 vaccine to predict  immediate second dose 
reactions 

• When considering any positive test to any reagent across all studies, sensitivity was 3% and 
specificity 98% 

• Skin testing has limited utility in assessing the risk of immediate allergic reactions to re-
vaccination in persons with 1st dose immediate allergic reactions without known PEG 
allergy  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Introduction 
Over 12.2 billion COVID-19 vaccine doses have been administered worldwide for a SARS-
CoV-2 pandemic which has infected over 609 million persons and resulted in more than 6.5 
million fatalities.1 Concerns regarding immediate allegic reactions primarily to mRNA COVID-
19 vaccines have emerged and been attributed to a potential culprit excipient, polyethylene 
glycol (PEG). Theoretical cross-reactivity of PEG with a related compound, polysorbate 80 (PS), 
the excipient in adenoviral-vector COVID-19 vaccines, has been discussed.  However, increasing 
evidence suggests that immediate allergic reactions to mRNA COVID-19 vaccines are very rare, 
and may not necessarily be the result of an excipient-driven, IgE-mediated process. Two recent 
meta-analyses demonstrated that globally, immediate severe allergic reactions following the 
COVID-19 vaccines are rare (7.9 per 1 million vaccinations),2 and repeat severe immediate 
allergic reactions among individuals re-vaccinated to the same mRNA COVID-19 vaccine are 
also rare (occuring with frequency of 0.16%).3 Despite mounting evidence to the contrary, the 
vaccine remains largely contraindicated internationally in persons with an immediate allergic 
reaction to their 1st vaccine dose or history of allergy (of any severity) to the vaccine 
excipients.3-6  
 
In the face of uncertainty regarding new vaccine excipients, an algorithm that included skin tests 
(ST) to both PEG and PS prior to a 1st dose mRNA COVID-19 vaccine in individuals with 
suspected immediate reaction to PEG/PS, or before receiving a 2nd dose in persons with a 
suspected 1st dose immediate reaction was recommended. Testing to the vaccine directly was not 
recommended at that time due to issues of vaccine availability, equity/ethics of using the vaccine 
as a ST reagent given limited worldwide availability, and that using vaccine as a ST reagent was 
not explicitly discussed under the vaccine emergency use authorization (EUA).7,8 The initial 
testing guidance was made prior to data regarding the test accuracy for using the excipients to 
assess COVID-19 vaccination outcomes,7 but generally followed prior Joint Task Force guidance 
for the approach to adverse reactions to vaccines.9 This guidance to withhold vaccination in 
excipient sensitized persons contradicts current non-COVID vaccine allergy specialist practice 
parameter recommendations,9 but follows the COVID-19 vaccine FDA and CDC guidance.5 
Since that time, several small studies have reported on the diagnostic utility of COVID-19 
vaccine/vaccine excipient testing, but there remains no systematic evidence synthesis regarding 
this issue which could help influence vaccine allergy guidelines. This is an unmet need with 
substantial implications on an individual and broader public health level during the current 
pandemic.  
 
To better inform the evidence base regarding such practices, we systematically reviewed and 
performed meta-analysis of the testing accuracy of ST to mRNA COVID-19 vaccines, PEG, and 
PS to diagnose mRNA COVID-19 vaccine allergy. 
 
Methods 
To assess the diagnostic testing accuracy of mRNA COVID-19 vaccine and vaccine excipient 
ST, we performed a systematic review using a nested search strategy and protocol from a distinct 
question for a previously planned and published meta-analysis regarding the incidence of 
immediate severe allergic reactions following a 2nd dose  of a mRNA COVID-19 vaccine (either 
BNT162b2 vaccine from Pfizer-BioNTech[Pfizer Inc, New York, NY; and BioNTech 



Manufacturing, Mainz, Germany], or mRNA-1273 vaccine from Moderna [Cambridge, MA]).  
The base systematic review protocol was modified to focus on an additional question regarding 
vaccine and vaccine excipient ST,3 that could be answered from the articles already identified 
within the original search. Additionally, the outcome measures, risk of bias assessment, and data 
synthesis methods were updated as appropriate for meta-analysis of diagnostic testing 
(eMethods).   
 
We searched Medline, Embase, and The WHO Global Coronavirus database (a database 
aggregating COVID-19 published and pre-print reports daily from 116 other literature 
databases), from inception through Oct 4, 2021 for studies of any design addressing a) the risk of 
repeat immediate allergic reactions following mRNA COVID-19 vaccines of any severity among 
individuals who had a prior mRNA COVID-19 vaccine allergic reaction, and b) accuracy of ST 
to the vaccine attributed to causing the allergic reaction with the 1st dose, as well as to either or 
both PEG and PS (eMethods). We additionally searched Web of Science (all databases) using 
forward and backward citation analysis to identify any additional relevant records. Studies that 
detailed delayed (>4 hours post vaccine) reactions, involved mRNA COVID-19  re-vaccination 
but did not address individuals with prior allergic reactions and where ST was not performed 
were excluded. Three reviewers (MG, DC, MS), using Covidence (Veritas Health Innovation, 
Melbourne, Australia), independently and in duplicate screened records, and four reviewers 
(MG, EA, DG, MS) independently and in duplicate extracted data. Consensus among the 
reviewers was used to resolve conflicts. The PRISMA diagram for the literature search is 
detailed in figure 1.  We extracted the number of true/false positive and true/false negative ST 
(inclusive of both skin prick test and any dilution intradermal testing) for the vaccine (both 
BNT162b2 and MRNA-1273), PEG, and PS (index tests) in assessing an outcome of 2nd dose 
immediate allergic reactions (reference test), among persons undergoing both ST and re-
vaccination with the same agent to which they had an immediate allergic reaction to with their 1st 
dose.7-9 Because patients in the included studies were usually tested simulaneously to multiple 
potential agents, the vaccination outcomes were analyzed by individual test for maximal 
sensitivity, which implies the case would be separately counted as a true positive for each agent 
in any patient with an immediate reaction to the 2nd dose who was sensitized to multiple items.  
Reaction severity was defined as indicated by the investigator in the included study, with non-
severe allergic reactions defined as mild or self-limiting subjective or objective symptoms that 
either spontaneously resolved or resolved with anti-histamine treatment, and severe allergic 
reaction as either anaphylaxis or a reaction requiring injectable epinephrine administration.3  
 
Study authors were individually contacted by email to verify final data extraction, to clarify if 
any cases were duplicated if the author group had multiple included publications, and clarify any 
study design questions. Pooled data were analyzed with the updated MIDAS program for meta-
analysis for diagnostic tests which uses Baysean methods for data with multiple zero count cells 
(e.g., “sparse” data),10 using Stata version 15. Summary sensitivity and specificity and 95% 
credible interval (CrI)—which is the Bayesian analog to confidence interval—were calculated 
using bivariate generalized linear mixed modeling.11,12 We used Bayesian Hamiltonian Monte 
Carlo simulation with non-informative hyperpriors and implemented with the Statastan 
program.13 We ran 4 chains of 10,000 iterations each after a warmup of 1000 iterations. We 
applied the Gelman and Rubin’s convergence diagnostic that computes the potential scale 
reduction factor (PSRF). A PSRF value close to 1 indicates model convergence and in practice, 



the value of 1.1 has been recommended as the threshold to gauge whether the model has 
converged.14,15  
 
The primary outcome was the ST test sensitivity and specificity, with 95% credible intervals for 
immediate allergic reactions of any severity. Forrest plots were generated for visual display of 
the data, with heterogeneity assessed using the I2 statistic.  Prespecified subgroup analyses were 
performed to analyze test sensitivity/specificity for severe 2nd dose reactions, for studies that 
included patients with 1st dose anaphylaxis,  and if graded dosing and/or premedication were 
allowed in the individual study. The Grading of Recommendation, Assessment, Development, 
and Evaluation (GRADE) approach provided assessment of quality of the body of the evidence, 
the QUADAS-2 Risk of Bias tool was used to rate the risk of bias.16  
 
Results 
We identified 20 studies (all single-arm cohorts, case series, and case reports, but no randomized 
clinical trials) detailing ST to the BNT162b2 and mRNA-1273 mRNA vaccines, PEG, and PS in 
individuals with a history of immediate allergic reaction to their 1st mRNA COVID-19 vaccine 
dose, who underwent such evaluation prior to re-vaccination with the same mRNA COVID-19 
vaccine eliciting the index reaction.  This included a total of 317 individuals who underwent a 
total of 578 ST to one or more of the vaccines or vaccine excipients (not including dilutions).17-36 
Table 1 details the study characteristics, and table E1 details the QUADAS-2 risk of bias ratings 
for the included studies. All studies were designated as having unclear risk of bias due to 
performing only selected tests and/or the lack of blinding of test results though no study 
precluded vaccination based on a positive test; it was not possible in the current context to 
achieve a lower risk of bias.  All re-vaccinations occurred in adults, under the guidance of an 
allergy specialist, and used mRNA vaccines. Overall, for any testing reagent in predicting an 
immediate allergic reaction of any severity, sensitivity was 0.03(95% CrI 0.01-0.08) and 
specificity was 0.98(95%CrI 0.95-1.00). (Figure 2) Receiver operating characteristic (ROC) 
curves for this analysis are presented in Figure E1. 
 
Accuracy Using BNT162b2 or mRNA-1273  Vaccine as a ST Reagent 
The pooled test sensitivity for any patient undergoing ST to either mRNA vaccine agent (14 
studies, 117 patients tested) was 0.2(95%CrI 0.01-0.52) and specificity was 0.97 (95%CrI 0.9-1). 
(Figure 3) Test sensitivity for mRNA-1273 vaccine (6 studies, 36 patients tested) was 
0.59(95%CrI 0.01-1), and test specificity 0.76(95%CrI 0.08-0.98).17,23,27-29,33  For BNT162b2 
vaccine (12 studies, 81 patients tested), test sensitivity was 0.1(95%CrI 0.00-0.38) and test 
specificity was 0.99 (95%CrI 0.94-1).17,19,21,22,25-29,32,33,36  There were only 3 true positive tests 
out of 117 patients tested to either vaccine across all studies (2 for mRNA-1273 vaccine, 1 for 
BNT162b2), including 2 true positives in patients who had a severe reaction (one for each 
vaccine brand).  Certainty of evidence was low. (Table E2). Receiver operating characteristic 
(ROC) curves for this analysis are presented in Figure E1. 
 
Accuracy Using Polyethlene Glycol or Polysorbate as a ST Reagent 
For PEG (19 studies, 297 patients tested), test sensitivity was 0.02(95%CrI 0.00-0.07) and test 
specificity was 0.99(95%CrI 0.96-1)(Figure 4a).17-21,23-36 For PS (13 studies, 164 patients tested), 
testing sensitivity was 0.03(95%CrI 0.00-0.11) and testing specificity 0.97(95%CrI 0.91-1). 
(Figure 4b)  17,18,20,23,24,27-34 Certainty of evidence was moderate (Table E2).One study did note 
several positive PS tests using Refresh TearsTM as a reagent, but this was an irritant and as such, 



positive PS tests to that reagent from that study were considered false positive.20  There was a 
single PEG-sensitized patient who reacted to their 2nd dose, but did not have a severe reaction.  
Among 6 patients with severe 2nd dose reactions, 5 of these 6 patients had false negative testing 
to PEG, and 4 of 5 had false negative testing to PS.   Receiver operating characteristic (ROC) 
curves for this analysis are presented in Figure E1. 
 
Sensitivity Analysis 
Sensitivity and subgroup analyses, including accounting for studies that permitted use of graded 
dosing (n=9 studies), premedication (n=8 studies), or patients with 1st dose anaphylaxis (n=17 
studies) did not alter the main findings (Table 2). However, when specifically analyzing test 
accuracy relative to predicting only severe reactions, there was an increase in sensitivity and 
decrease in specificity for ST to the mRNA-1273 vaccine (sensitivity 0.75[CrI 0.1-1], specificity 
0.82[CrI 0.07-1]), and increased sensitivity for ST to the BNT162b2 vaccine (sensitivity 0.82[CrI 
0.13-1], specificity 0.99 [CrI 0.96-1]).  (Figure E2). Among the 6 total severe immediate 2nd dose 
allergic reactions noted, 2 occurred among vaccine sensitized individuals who were not 
sensitized to either excipient, and 4 occurred among individuals not sensitized to either vaccine 
or both excipients tested.   
 
Discussion 
This systematic review and meta-analysis found moderate-certainty evidence of very low pooled 
sensitivity (3%) with high pooled specificity (98%) for ST to either the mRNA vaccine or its 
excipients as a means of risk assessment regarding repeat immediate allergic reactions of any 
severity among those with 1st vaccine dose immediate allergic reaction. The majority of second 
dose reactions occurred in non-sensitized persons, with few patients demonstrating true positive 
ST to the vaccine (3 persons), PEG (1 person), or PS (0 persons). Of the 6 severe reactions to 
second dose mRNA vaccine, 4 occurred in individuals who were not sensitized to either the 
vaccine or excipient.17,20,29   Test sensitivity was poor, and, altogether, would only identify 
approximately 3 out of 100 persons with immediate revaccination reactions by skin testing to the 
vaccine, PEG, or PS. .  The very low sensitivity is concerning when all cases came exclusively 
from a pool of persons believed to have had an IgE mediated allergy to their 1st vaccine dose, 
previously assumed to be attributable to the excipient content in the vaccine (or the vaccine 
itself).  As such, in this meta-analysis, these tests are unable to reliably discriminate if someone 
will react to, or tolerate, a 2nd dose after a reaction to a 1st dose any more than testing to an 
unrelated inert reagent would.  While our findings might be explained by the poor performance 
of these tests in detecting IgE to PEG, PS, or mRNA vaccines, findings could also represent a 
non IgE-mediated mechanism being the dominant immediate reaction phenotype that renders IgE 
tests futile, or only useful to a much smaller subset of patients. This analysis was not designed to 
evaluate whether skin tests can predict allergic reactions to PEG, only whether they predict 
repeat reaction to mRNA COVID-19 vaccines. 
 
 
Few international allergy societies (or their COVID-19 taskforces) have formally recommended 
for or against testing for assessing COVID-19 vaccine reactions. However, Canadian Society of 
Allergy and Clinical Immunology has recently specifically recommended against such ST.7,8,37-39 
The CDC and multiple other health authorities have considered a history of allergy to PEG, PS, 
or an immediate reaction to a prior dose of COVID-19 vaccine a contraindication to receiving an 



mRNA COVID-19 vaccine, although this approach is not uniform internationally and is evolving 
as new data emerge.5  
 
Meta-analyses noting both low prevalence of PEG allergy and sensitivity of PEG ST for risk-
assessment of non-COVID vaccination/medication reactions informed earlier GRADE-based 
guidance conditionally recommending against PEG/PS ST before vaccination in persons with a 
history of PEG/PS allergy or COVID-19 vaccine reaction.2  This meta-analysis now supplements 
and bolsters those data within the context of the utility of PEG/PS and vaccine ST after an initial 
reaction to an mRNA COVID-19 vaccine, for risk stratification.  There is scant evidence to 
suggest that PEG may be a culprit causing IgE-mediated mRNA COVID-19 vaccine immediate 
allergic reactions. While there are case reports that describe mRNA COVID reactions occuring 
with initial doses in known PEG allergic individuals (who were not re-vaccinated), there are case 
series in which patients with PEG allergy tolerated an mRNA COVID vaccine. This suggests 
that it may be the very rare PEG allergic patient that has an IgE mediated reaction to the mRNA 
vaccine.  Case series have been published which also suggested that PEG allergic patients may 
tolerate PS containing vaccines (or vice-versa).40-51   Currently, it is hypothesized that these 
reactions occur primarily through a non-IgE mediated mechanism, which is supported by recent 
meta-analytic data demonstrating a low risk of repeat reactions with 2nd doses, and could explain 
the poor test accuracy in this present analysis.3  
 
While the pooled data in this analysis show testing has poor sensitivity, the high specificity does 
not indicate that these tests accurately identify persons who are not allergic to the vaccine.  The 
testing performs quite poorly in identifying vaccine-allergic persons from a pool of subjects with 
a 100% pre-test probability to have had immediate reactions to their 1st dose triggered by the 
vaccine or excipient.  In this context, this could be explained by these reagents not containing 
relevant allergens, or that mRNA vaccine reactions are only rarely caused by IgE mediated PEG 
allergy. Regardless of the reasons why, this analysis demonstrates that these tests do not predict 
allergic reactions to a 2nd dose of mRNA vaccine. In this case, the test accuracy is comparable to 
historically reported rates of positive saline control testing.52,53  Under a shared decision-making 
paradigm, some patients and clinicians may still ultimately decide ST is necessary to be 
comfortable to procede with being re-vaccinated.  An additional history consistent with PEG or 
polysorbate allergy may be an independent factor that should guide these decisions. 
 
This study has a number of important limitations. First, given the limited number of included 
studies, and small numbers of participants in these studies who underwent both ST and re-
vaccination, there is a risk for imprecision. This risk may be highest for estimates for mRNA 
vaccine ST, particularly mRNA-1273 vaccine, where just 30 patients were included and no 
standardized ST protocol or non-irritant concentration has yet to be described. However, even 
the limited numbers of reactors captured among the studies denote the vaccine is being 
successfully administered to at-risk individuals, and multiple sensitivity analyses did not alter the 
estimates. Further, this is planned as a living systematic review and meta-analysis, and the data 
will be updated as more studies meeting selection criteria become available.  Second, there is 
risk of selection bias among the included studies, in terms of who was offered testing, who 
underwent testing, who ultimately was administered a 2nd dose, and that few studies of this 
nature have been performed.  Analysis of the included studies did not detect critical issues 
related to flow and timing of testing, use of an index test or reference standard, applicability and 



being administered re-vaccination that would be of concern and confer high risk of bias. 
However, all studies were designated as having unclear risk of bias due to performing only 
selected tests and/or the lack of blinding of test results.  It was not possible in the current context 
to achieve a lower risk of bias.  While it could be argued that any non-blinded study where the 
team and patients are aware of the index test before performing the reference test necessarily has 
a high risk of bias, no study in our meta-analysis precluded re-vaccination based on the test 
result.   Thus, we felt the actual effect of these influences most accurately reflected an “unclear” 
risk of bias.  Many studies had patients who refused to undergo partial or full evaluation, had an 
investigator-driven decision stop testing patients in the middle of the study, or where patients 
were lost to follow up, which could also introduce selection bias. Deferral of the 2nd dose in a 
number of patients introduces a potential “reverse work-up bias”.  In order to accurately 
calculate diagnostic test characteristics, inclusion criteria required individuals to be revaccinated 
with the same vaccine. While many patients met these criteria for both the excipient ST and 
vaccine ST analyses, it is possible that this inclusion criteria excluded those individuals with the 
most concerning reactions thought most likely to be IgE as they may have declined revaccination 
or chose an alternative vaccine.  However, to account for this, sensitivity analysis that presumed 
25% and 50% of the total deferrals across all studies underwent full evaluation and were 
considered as true positive cases.  Even in this “best-case scenario” (using frequentist and 
unweighed analysis of the raw totals), the ST sensitivity improved to 0.22 (any test), 0.32 (PEG), 
and 0.48 (any vaccine)(Table E3).  Third, as was noted in our earlier meta-analysis using these 
search parameters, severe reactions were, in part, defined as requiring injectable epinephrine, 
though other potential definitions could apply.3  For consistency between the analyses we used 
the same designation, and this severity definition is accepted as standard within the allergy 
field.53 Fourth, all included studies were conducted with allergy specialist guidance, which could 
limit generalizability, though it would not be expected that patients would undergo allergy 
diagnostic testing in a primary care or general vaccine setting.  Fifth, chance (random error) 
could explain why ST with the mRNA-1273 vs. the BNT162b2 vaccine would differ so greatly 
in sensitivity.  The excipient quantity and composition of the vaccines are similar, and it would 
not be predicted that one agent should be a more accurate testing reagent.  Sixth, non-irritating 
concentrations of mRNA vaccines have not been widely studied.54 Although studies largely 
followed published protocols for excipient ST, no protocols were available for mRNA COVID-
19 vaccines ST beyond the current Allergy Joint Task Force on Practice Parameter guidelines, 
which pre-date COVID-19 vaccine development.9 As such, in this analysis we considered ST 
positive or negative as indicated by the authors, without consideration of ST protocol. Seventh, 
we caution that there are small numbers comprising the mRNA-1273 estimates, and that the 
pooled estimate combining both vaccines is a more realistic measure of testing accuracy in 
predicting reactions. Eighth, these data only address 2nd dose mRNA vaccinations.  While it is 
plausible that the test accuracy would not change if this were the case of pre-emptive testing 
prior to the 1st dose (ie. screening tests before any vaccination), or assessment for a reaction after 
a 2nd dose in evaluation for a 3rd dose, neither were the context studied in this analysis. Ninth, 
this analysis was not intended to evaluate approaches to vaccinating patients with confirmed 
PEG allergy, or the performance of ST to the vaccine or vaccine excipients in such persons prior 
to receiving an initial mRNA COVID-19 vaccine dose.2 Rather, this focused on patients with a 
1st dose vaccine reaction.  Importantly,  PEG allergy may not predict mRNA COVID vaccine 
reactions, mRNA COVID vaccine tolerance may not exclude PEG allergy, and it is possible to 
be both PEG allergic and tolerate the volume/concentration of PEG in mRNA COVID-19 



vaccines.42 Finally, this analysis does not address additional considerations for performing PEG 
ST in persons with suspected PEG allergy presenting for allergy care after a first dose reaction, 
where the COVID vaccination reaction is incidental to a history of other reactions to PEG-
containing items.  Allergy assessment would still be highly important in such individuals.   
  
 
This meta-analysis demonstrates poor accuracy for ST with mRNA COVID-19 vaccine or 
vaccine excipients to predict vaccine tolerance with a 2nd vaccination after an immediate reaction 
to a 1st dose, as a means of sole risk-stratification. ST has very poor sensitivity despite high 
specificity, and had no impact on 2nd dose vaccination outcomes.  It remains unclear if allergic 
reactions to mRNA COVID-19 vaccines are IgE-mediated, or related to PEG contained in 
mRNA vaccines; howeverthese testing data question the utility of ST to the vaccine or vaccine 
excipient in evaluating mRNA COVID-19 vaccine allergic reactions.   Recent meta-analyses 
noted the incidence of a severe immediate allergic reaction to mRNA COVID-19 vaccines is 
rare, and among those with a 1st dose immediate reaction, the rate of severe immediate allergic 
reactions to a 2nd dose is also rare.2,3  While further research of this topic is ongoing, our results 
demonstrate that ST to the vaccine or vaccine excipient has very limited utility in determining 
outcomes of persons being re-vaccinated to a 2nd dose after having experienced an immediate 
reaction of any severity to their 1st dose, and if testing is considered, it may have the best utility 
in patients with an additional compelling history of prior PEG allergy.  
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Figure Titles and Legends 
 
Figure 1:  PRISMA Diagram 
 
Figure 2: Sensitivity and Specificity of Any Skin Test To Evaluate the Risk of a Second Dose 
Reaction 
 
Legend:  Forrest plot of the sensitivity and specificity for the combined analysis of skin testing 
to polyethylene glycol, polysorbate, or either mRNA COVID-19 vaccine in predicting the risk of a 
2nd dose immediate allergic reaction to a mRNA COVID-19 vaccine.  M=Moderna; PB=Pfizer-
BioNTech; PEG=polyethylene glocol; PS=polysorbate 
 
Figure 3: Sensitivity and Specificity of either mRNA Vaccine Skin Test to Evaluate the Risk of a 
Second Dose Reaction 
 
Legend:  Forrest plot of the sensitivity and specificity for skin testing to either mRNA COVID-19 
vaccine in predicting the risk of a 2nd dose immediate allergic reaction to a mRNA COVID-19 
vaccine. M=Moderna; PB=Pfizer-BioNTech 
 
Figure 4: Sensitivity and Specificity of Excipient Skin Testing to Evaluate the Risk of a Second 
Dose Reaction 
 
Legend:  Forrest plot of the sensitivity and specificity for skin testing to polyethylene glycol 
(panel A) and polysorbate (panel B) in predicting the risk of a 2nd dose immediate allergic 
reaction to a mRNA COVID-19 vaccine 
 
 
 
 



 
 
Table 1:  Characteristics of the Included Studies 

Author (all 2021) Country Design 
Female  

% Age  

Number of 1st 
Dose 

Reactions 
Evaluateda 

Number 
Who 

Received 
2nd Dose  

Number  of 1st 
Dose 

Immediate 
Reactions 

Skin Tested 

Number 
Not Skin 
Tested 

Reason Not 
Skin Tested 

Skin Tested 
and 

Received 
2nd Dose  

2nd Dose 
Deferred 

Reason 2nd 
Dose 

Deferred 
2nd Dose 

Anaphylaxis 

Included 
Patients with 
Anaphylaxis 
to 1st Dose 
(n tested) 

Graded 
Dosing 

Premedication 
Allowed 

Tested to 
Vaccineg 

Tested to 
Excipientg 

Tuong et al 17 US Case 
series 

100 42.8y 
(21-64y) 

15 15  11 4 Patients 
declined 
testing 

11 0 NA 2b Yes 
(n=1) 

Yes No Yes 
(both) 

Yes 
(both) 

Krantz et al 18 US, 
Denmark 

Case 
series 

100 44.8y 
(29-54y) 

8 8 8 0 NA 8 0 NA 0 Yes 
(n=4) 

No Yes No Yes 
(both) 

Rassmussen et al 19 Denmark Case 
series 

88.5 46  
(18-88y) 

16 16 16 0 NA 16 0 NA 0 Yes 
(n=4) 

No No Yes 
(Pfizer) 

Yes 
(PEG) 

Wolfson et al 20 US Case 
series 

89 40.9y 
(sd 13.6) 

65 58 65 0 NA 58 7 2 PEG+ and 5 
PEG- skin test 

patients 
declined 

3c Yes 
(n=3) 

No Yes No Yes 
(both) 

Kessel et al  21 Israel Case 
series 

77.8 54.3y 
(23-75y) 

18 18 16 2 Not  specified 16 0  0 Yes 
(n=7) 

No Yes Yes 
(Pfizer) 

Yes 
(PEG) 

Kelso et al 22 US Case 
report 

100 48.6y 
(43-56y) 

4 3 4 0 NA 3 1 Skin test - 
patient 

declined 
because of 

fear of 
needing 

epinephrine 

0 Yes 
(n=3) 

No No Yes 
(Pfizer) 

No 

Mustafa et al 23 US Case 
report 

100 64y, 39y 2 2 2 0 NA 2 0 NA 0 No Yes No Yes 
(Moderna

) 

Yes 
(both) 

Vanijcharoenkarn 
et al 24 

US Case 
series 

92 Not 
specified 

88 73 16 72 Investigators 
stopped 

testing after 
the first 16 

patients due 
to utility. 

16 15 9 deferred 
without 

explanation, 6 
lost to follow 

up.  None 
were tested 

0 Yes 
(n=4) 

Yes No No Yes 
(both) 

Park et al 25 US Case 
report 

100 34y 1 1 1 0 NA 1 0 NA 0 Yes 
(n=1) 

No No Yes 
(Pfizer) 

Yes 
(PEG) 

Loli-Ausejo et al 26 Spain Case 
series 

81.8 39y 
(29.5-56.5) 

6 6 6 0 NA 6 0 NA 0 No Yes Yes Yes 
(Pfizer) 

Yes 
(PEG) 

Pitlick et al 27 US Case 
series 

80 48y 
(20-90y) 

41 41 41 0 NA 41d 0 NA 0 Yes 
(n=4) 

Yes No Yes 
(both) 

Yes 
(both) 

Kohli-Pamnani  
et al 28 

US Case 
series 

87 56y (sd16) 18 16 18 0 NA 16 2 2 skin test 
negative 
patients 

preferred to 
receive 
Janssen 
vaccine.  

0 Yes 
(n=1) 

No yes Yes 
(both) 

Yes 
(both) 

Warren et al 29 US Case 
series 

91 40.9y 
(sd 10.3) 

22 11 11 11 Patients 
declined 
testing 

11d 11 Not stated 1e Yes 
(n=11) 

No No Yes 
(both) 

Yes 
(both) 

Carpenter et al30 US Case 
report 

100 60y 2 1 2 0 Received 
Janssen 
vaccine 

1 1 A skin test 
negative 
patient 

preferred to 
receive the 

Janssen 
vaccine 

0 No No No No Yes 
(both) 

Kaplan et al31 US Case 
series 

86.7 48y  
(19-89y) 

34 27 31 3 The 
investigators 

stopped 
testing 

27 4 3 patients 
with +PS 

testing were 
lost to follow 
up; 1 patient 

with -PS 
testing 

deferred  

0 Yes 
(N=1 ) 

Yes Yes No Yes 
(both) 



AlMuhizi et al32 Canada Case 
series 

86.9 55y 
(43.25-65y) 

40 40 29 0 NA 40 0 NA 0 Yes 
(n=15) 

Yes No Yesf 

(Pfizer) 
Yes 

(both) 

Van Meerbeke  
et al33 

US Case 
Series 

80 50.2y 
(31-59) 

8 8 8 0 NA 8 0 NA 0 Yes 
(n=4) 

Yes Yes Yes 
(both) 

Yes 
(both) 

Otani et al34 US Case 
Series 

89 45y 
(24-78y) 

42 42 14 28 The 
investigators 

stopped 
testing 

14 0 NA 2 Yes 
(n=6) 

No No No Yes 
(both) 

Csuth et al35 Sweden Case 
Series 

80.9 45y 
(16-90y) 

21 20 21 0 NA 20 1 1 skin test 
negative 
patient 

declined.  Had 
received 

epinephrine 
with first dose 
but did not 

meet Brighton 
Level 1-3 
criteria 

0 Yes  
(n=7) 

No No No Yes 
(PEG) 

Cahil and Kan36 Canada Case 
Report 

100 44y 
(35, 52y) 

2 2 2 0 NA 2 0 NA 0 Yes  
(n=2)  

Yes Yes Yes 
(Pfizer) 

Yes 
(PEG) 

 aColumn represents the total number of 1st dose reactions that were evaluated in the study.  Not all of these patients underwent skin testing, re-vaccination, or both.  Thus, some patients met our 
selection criteria, and some were vaccinated without testing.  
b Both cases of anaphylaxis occurred on the last step of a multi-dose desensitization, and one of these patients was sensitized to the Moderna vaccine but negative to the excipients.  Neither had 1st 
dose anaphylaxis.





 
c All 3 anaphylaxis cases had both anaphylaxis to their first dose and negative skin testing to the excipients prior to the 2nd dose.   
dTotals supplemented by author personal communication, which account for additional vaccination of persons who initially deferred vaccination after testing at the time of initial publication 
ePatient had anaphylaxis to both the first and second dose, with positive skin testing to vaccine (Pfizer) but negative skin testing to the excipients prior to 2nd dose 
fOnly a single patient was tested to vaccine (Pfizer) in this study 
g Indicates which vaccine or excipient was used for testing in persons who met inclusion criteria and were re-vaccinated 

 
 
 
 
 
 
 
 
 
Table 2:  Summary of Test Reagent Sensitivity and Specificity 

Testing Reagent TP FP FN TN Sensitivity 95%  CrI Specificity 95%  CrI PLR NLR 

All agents, combined 5 27 88 458 0.03 0.00-0.08 0.98 0.95-1 2.75 0.99 

Either mRNA vaccine agent  3 8 11 95 0.2 0.01-0.52 0.97 0.9-1 4.75 0.84 

mRNA-1273 vaccine (Moderna) 2 6 1 27 0.59 0.08-0.98 0.76 0.01-1 2.3 0.52 

BNT162b2 vaccine (Pfizer-BioNTech) 1 2 10 68 0.1 0.00-0.38 0.99 0.94-1 1.3 0.92 

Polyethylene Glycola 1 11 45 240 0.02 0.00-0.07 0.99 0.96-1 2 0.99 

Polysorbateb 1 8 32 123 0.03 0.00-0.11 0.97 0.91-1 1.5 0.99 

Sensitivity Analysis (all agents, combined) TP FP FN TN Sensitivity 95% CI Specificity 95% CrI   

1st dose anaphylaxis patients included in the study 5 26 82 435 0.03 0.00-0.09 0.98 0.95-1 6.5 0.89 

No 1st dose anaphylaxis patients included in the study 0 0 10 10 0.07 0.00-0.45 0.98 0.76-1 2.5 0.97 

Graded Challenge allowed 4 15 45 197 0.08 0.01-0.23 0.97 0.9-1 1.4 0.98 

No Graded Challenge allowed 1 11 47 248 0.01 0.00-0.06 0.99 0.96-1 2 0.99 

Premedication Allowed 0 11 54 183 0.00 0.00-0.03 0.98 0.93-1 0.5 1 

No Premedication Allowed 5 15 38 280 0.09 0.01-0.25 0.98 0.94-1 3.67 0.92 

Predictive only of 2nd dose anaphylaxis 2 26 12 433 0.11 0.01-0.32 0.98 0.95-1 6.5 0.89 



CrI=credible interval. TP=True Positive.  FP=False Positive.  FN=False Negative.  TN=True negative.  PLR=Positive likelihood ratio.  
NLR= Negative Likelihood Ratio. 
a inclusive of any molecular weight polyethylene glycol tested 
b inclusive of any polyoxyethylene group number tested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 4:

A.  Polyethylene Glycol B.  Polysorbate
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