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Background: The mechanism of coronavirus disease 2019 (COVID-19) vaccine hypersensitivity reactions is
unknown. COVID-19 vaccine excipient skin testing has been used in evaluation of these reactions, but its utility
in predicting subsequent COVID-19 vaccine tolerance is also unknown.
Objective: To evaluate the utility of COVID-19 vaccine and vaccine excipient skin testing in both patients with an
allergic reaction to their first messenger RNA COVID-19 vaccine dose and patients with a history of polyethylene
glycol allergy who have not yet received a COVID-19 vaccine dose.
Methods: In this multicenter, retrospective review, COVID-19 vaccine and vaccine excipient skin testing was
performed in patients referred to 1 of 3 large tertiary academic institutions. Patient medical records were
reviewed after skin testing to determine subsequent COVID-19 vaccine tolerance.
Results: A total of 129 patients underwent skin testing, in whom 12 patients (9.3%) had positive results. There
were 101 patients who received a COVID-19 vaccine after the skin testing, which was tolerated in 90 patients
(89.1%) with no allergic symptoms, including 5 of 6 patients with positive skin testing results who received a
COVID-19 vaccine after the skin testing. The remaining 11 patients experienced minor allergic symptoms after
COVID-19 vaccination, none of whom required treatment beyond antihistamines.
Conclusion: The low positivity rate of COVID-19 vaccine excipient skin testing and high rate of subsequent
COVID-19 vaccine tolerance suggest a low utility of this method in evaluation of COVID-19 vaccine hypersensi-
tivity reactions. Focus should shift to the use of existing vaccine allergy practice parameters, with consideration
of graded dosing when necessary. On the basis of these results, strict avoidance of subsequent COVID-19 vaccina-
tion should be discouraged.
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Introduction

Ever since the US Food and Drug Administration issued emer-
gency use authorizations for Pfizer-BioNTech and Moderna messen-
ger RNA (mRNA) coronavirus disease 2019 (COVID-19) vaccines,
there has been abundant investigation in the diagnosis and evalua-
tion of allergic reactions to these vaccines. The estimate of mRNA vac-
cine-induced anaphylaxis has fluctuated over this time, with initial
reports revealing a rate of 11.1 cases per million doses of the Pfizer-
BioNTech COVID-19 vaccine but subsequent reports revealing a lower
rate of 4.7 and 2.5 cases per million doses of the Pfizer-BioNTech and
Moderna COVID-19 vaccines, respectively.1,2 Another recent system-
atic review revealed an anaphylaxis case rate of 7.91 cases per million
doses of all available COVID-19 vaccines.3 All these numbers are
higher than the historically quoted rate of vaccine-induced anaphy-
laxis (1.3 cases per million doses), which has partially contributed to
vaccine hesitation.4,5 Aside from anaphylaxis, less severe immediate
and delayed reactions to the mRNA vaccines have been reported.6-8

The mechanisms and culprits of all these reactions remain unclear.
Vaccine excipients including polyethylene glycol (PEG, found in the
mRNA COVID-19 vaccines) and polysorbate (found in the adenovirus
vector COVID-19 vaccine) have been proposed as possible culprits,
although the evidence supporting this is currently lacking.9-13

Guidelines for skin testing with nonirritating concentrations of
PEG and polysorbate are available, and expert opinion suggested an
algorithm using them in the evaluation of mRNA COVID-19 vaccine
reactions.9,14,15 Nonirritating concentrations of the Pfizer-BioNTech
COVID-19 vaccine have also been published.16 Multiple professional
organizations and expert opinions have stressed the need for a sys-
tematic approach to COVID-19 vaccine reactions, investigation into
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the mechanisms of reaction, limiting the overdiagnosis of vaccine
anaphylaxis, and safely vaccinating the maximum number of individ-
uals in a rapid fashion.17-22 There have been multiple reports describ-
ing excipient skin testing in the evaluation of mRNA COVID-19
vaccine reactions, which have largely revealed a low rate of skin test
positivity and high rate of subsequent vaccine tolerance.23-25 These
results have raised concerns regarding the utility of excipient skin
testing in the evaluation of COVID-19 vaccine reactions. Areas that
have not been as rigorously studied include the utility of COVID-19
vaccine skin testing and COVID-19 vaccine-component skin testing in
patients with a previous PEG or polysorbate allergy who have yet to
receive a vaccine.

In this study, we describe a large cohort of more than 100 patients
who underwent excipient or vaccine skin testing in the evaluation of
an mRNA COVID-19 vaccine reaction or for evaluation of PEG or poly-
sorbate allergy before receiving a COVID-19 vaccine.
Methods

Study Design, Participants, and Data Source

In this multicenter, retrospective review, skin testing was per-
formed in adult patients referred to the Mayo Clinics based in
Rochester, Minnesota, Scottsdale, Arizona, and Jacksonville, Florida,
from January 14, 2021 to July 14, 2021. The patients were separated
into the following 2 cohorts: those who had a possible allergic reac-
tion to 1 of the mRNA COVID-19 vaccines and those who reported a
previous PEG or polysorbate allergy and had not yet received a
COVID-19 vaccine dose.
Variables

The clinical need for skin testing and test selection was deter-
mined by the provider at the time of evaluation. Skin testing to PEG
3350 (MiraLAX), methylprednisolone acetate (containing PEG), meth-
ylprednisolone sodium (control), triamcinolone acetonide (contain-
ing polysorbate 80), Prevnar (containing polysorbate 80), Havrix
(containing polysorbate 20), Flublok (containing polysorbate 20),
fresh polysorbate 20 compound, Pfizer-BioNTech COVID-19 vaccine,
Moderna COVID-19 vaccine, and Janssen COVID-19 vaccine was per-
formed with methods partially adapted from previously published
guidelines and reports (Table 1).9,23 After skin testing to the COVID-
19 vaccines or their components, patient charts were reviewed to
evaluate whether they had received and tolerated a COVID-19 vac-
cine. Demographic characteristics, including atopic and nonatopic
comorbidities, were collected along with details of the index reaction.
Reaction symptoms were defined both by time of onset (<4 hours:
immediate, ≥4 hours: delayed) and by body system involved (cutane-
ous, upper airway, lower airway, cardiovascular, gastrointestinal,
other). Anaphylaxis was defined using Brighton criteria.26,27 Each
Table 1
Skin Testing Protocol

Steps PEG 3350 Control Polysorba

Miralax
(170 mg/mL)

Methylprednisolone
acetate (40 mg/mL)

Methylprednisolone
sodium (40 mg/mL)

Polysorbate 20
(0.5 mg/mL)b

Flub

Step 1 1:100 SP 1:1 SP 1:1 SP 1:1 SP 1:1
Step 2 1:10 SP 1:100 ID 1:100 ID 1:1
Step 3 1:1 SP 1:10 ID 1:10 ID 1:1
Step 4

Abbreviations: COVID-19, coronavirus disease 2019; ID, intradermal; PEG, polyethylene glyc
aIntradermal testing to the Pfizer-BioNTech and Janssen vaccines was performed in 2 patient
bPolysorbate 20 compound made by using polysorbate 20 at a 0.5 mg/mL concentration with
cInfluenza vaccine from Sanofi Pasteur (Lyons, France).
dHepatitis A vaccine from GlaxoSmithKline (Brentford, United Kingdom).
case was reviewed independently by 2 of the authors (M.M.P. and
M.E.D.). When there was discordance in the assigned Brighton classi-
fication, the case was adjudicated by a third author (A.N.S.). The pri-
mary outcome was tolerance of any COVID-19 vaccine after skin
testing, which was defined as the absence of patient-reported allergic
symptoms after vaccination.

Data were analyzed using BlueSky Statistics Software version 7.2
(BlueSky Statistics LLC, Chicago, Illinois). Statistical comparisons were
made between the following 2 groups: those who tolerated a subse-
quent vaccine dose and those who had allergic symptoms with a sub-
sequent vaccine dose. Continuous variables between groups were
compared using either analysis of variance or independent group t
tests. Proportions of categorical variables between groups were com-
pared using Fisher’s exact test. Results were deemed significant
when a 2-sided P value was less than .05.
Results

A total of 129 patients underwent skin testing. There were 55 who
had a history of a reaction to a dose of an mRNA COVID-19 vaccine,
and 74 had a previous history of PEG or polysorbate allergy without
having received a COVID-19 vaccine. In each of these groups, patients
were separated based on outcome of post-skin testing vaccination
(tolerated, experienced symptoms, or deferred). A flow diagram of
patient testing and outcomes is found in Figure 1.
Coronavirus Disease 2019 Vaccine Reaction Cohort

Demographic Characteristics

Demographic characteristics are found in Table 2. Most of the
patients were of female sex (80%) and white (83.6%). The most com-
mon allergic comorbidities were patient-reported drug allergy (60%)
and anaphylaxis (29%) followed by asthma and food allergy (25.5%
each). There was a significantly higher proportion of patients with
previous COVID-19 infection in those who had symptoms with their
second COVID-19 vaccine dose compared with those who did not
(57.1% vs 8.3%, P =.008). Otherwise, there were no substantial differ-
ences between the groups.
Reaction Details

Details regarding the index reaction are found in Table 2. There
were 72.7% (40 of 55) of the patients who had experienced symptoms
after their first dose of the Pfizer-BioNTech COVID-19 vaccine with
the other 27.3% (15 of 55) being evaluated for symptoms after their
first dose of the Moderna vaccine. In addition, 74.5% (41 of 55) of the
reactions were immediate with 65.5% (36 of 55) occurring within
1 hour of vaccination. Cutaneous symptoms were most common,
occurring in 78.2% of the patients, with no substantial differences in
te 20 Polysorbate 80 COVID-19 vaccinea

lokc Havrixd Triamcinolone
acetonide (40 mg/mL)

Prevnar-
13

Pfizer-
BioNTech

Moderna Janssen

SP 1:1 SP 1:1 SP 1:10 SP 1:1 SP 1:1 SP 1:1 SP
00 ID 1:100 ID 1:100 ID 1:100 ID 1:100 ID 1:10 ID
0 ID 1:10 ID 1:10 ID 1:10 ID

1:1 SP 1:1 ID

ol; SP, skin prick.
s in our cohort.
a 0.45% saline diluent.



Figure 1. Flow diagram of patient evaluation, testing, and outcome.
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symptomatology between the groups. Furthermore, 4 patients (7.3%)
experienced Brighton class 1 reactions, but there was no difference
in reaction severity (based on Brighton classification) between the
groups. There was also no major difference in the treatment received
for the index reaction between the groups.
Skin Test Results

There were 4 patients who had positive skin test results, all of
which were to polysorbate-containing products (Table 3). Neverthe-
less, there was no difference in skin test positivity between the
groups. In addition, 11 patients had mRNA COVID-19 vaccine skin
prick testing with 1 also undergoing intradermal testing, all of which
were negative.
Subsequent Vaccine Tolerance

Of the patients tested, 78.2% (43 of 55) chose to receive their sec-
ond dose, all of whom except 1 received the same vaccine as their
index reaction (Table 2). There were 83.7% of the patients (36 of 43)
who tolerated their second dose with no allergic symptoms. Of the 7
patients who experienced allergic symptoms with the second dose,
only 1 had a positive skin test result (triamcinolone acetonide), and
none received any treatment beyond antihistamines. Of the 36
patients who tolerated their second dose, 6 (16.7%) received pretreat-
ment with antihistamines compared with 2 of the 7 who had symp-
toms with their second dose (28.6%). There was no difference in
subsequent vaccine tolerance or days between vaccine doses
between those who received the Pfizer-BioNTech COVID-19 vaccine
and those who received the Moderna COVID-19 vaccine.
Polyethylene Glycol and Polysorbate Allergy Cohort

Demographic Characteristics

Demographic characteristics are found in Table 4. Most of the
patients were of female sex (87.8%) and white (91.9%). The most com-
mon allergic comorbidities were patient-reported drug allergy (100%)
and non−COVID-19 vaccine allergy (35.1%) followed by allergic rhini-
tis (31.1%) and asthma (29.7%). There were 37 patients (50%) who
reported a history of reaction to a PEG-containing medication and 17
patients (23.0%) who reported a previous reaction to a polysorbate-
containing medication. The remainder of the patients were referred
owing to either a history of multiple drug allergies or previous reac-
tions to unknown vaccines. Additionally, 46% of the patients had
documented evidence of previous tolerance of polysorbate-contain-
ing vaccines. There were no differences between the groups.
Reaction Details

Details regarding the index reaction are found in Table 4. Of the
reactions, 59.5% (44 of 74) were immediate (with 33 occurring within
1 hour of exposure), 9.5% were delayed, and timing was unknown in
the remaining 31.0%. Cutaneous symptoms were most common,
occurring in 68.9% of the patients, with no differences in symptom-
atology between the groups. There were no substantial differences in
severity of reaction among the groups, with most of the patients
experiencing Brighton class 5 reactions (75.7%) and 5 patients (6.8%)
experiencing Brighton class 1 reactions. Furthermore, 7 patients
reported receiving epinephrine for their index reaction (9.5%), but
many patients did not recall what treatment they received (45.9%).
There were no major differences in type of treatment or rates of
emergency department visits or hospitalization between the groups.
Skin Test Results

Skin test results are found in Table 5. There were 8 patients
(10.8%) who had PEG only skin testing, with the other 66 (89.2%) hav-
ing some other additional polysorbate or vaccine testing performed.
In total, 8 patients had positive skin test results (3 PEG, 4 polysorbate,
1 vaccine), 5 of whom deferred subsequent vaccine doses. There was
no difference in skin test positivity between those who tolerated a
subsequent vaccine dose compared with those who had symptoms
with a subsequent dose. A total of 13 patients had COVID-19 vaccine
skin prick testing (1 also had intradermal testing) with 1 patient hav-
ing a positive test to the Pfizer-BioNTech COVID-19 vaccine (skin
prick test; undiluted).
Subsequent Vaccine Tolerance

Of the patients tested, 78.4% (58 of 74) chose to receive their first
COVID-19 vaccine dose. In all, 35 received the Pfizer-BioNTech
COVID-19 vaccine, 12 received the Moderna COVID-19 vaccine, and



able 2
emographic Characteristics and Reaction Details of Patients With First-Dose Messenger RNA Coronavirus Disease 2019 Vaccine Reactions

emographics and reaction details Tolerateda second vaccine
dose, n = 36

Symptomsa with second
vaccine dose, n = 7

Deferred second
vaccine dose, n = 12

P valueb

ge, mean (SD) 50.9 (16.3) 40.3 (15.2) 44.8 (12.1) .30
ex (female, %) 31 (86.1) 5 (71.4) 8 (66.7) .32
ace (%) .46
White 31 (86.1) 6 (85.7) 9 (75.0)
African American 3 (8.3) 0 (0) 1 (8.3)
Asian 1 (2.8) 1 (14.3) 0 (0)
Other 1 (2.8) 0 (0) 2 (16.7)
onatopic comorbidities (%)
Obesity 8 (22.2) 0 (0) 5 (41.7) .31
Hypertension 6 (16.7) 1 (14.3) 3 (25.0) .99
Diabetes 1 (2.8) 0 (0) 0 (0) .99
Chronic obstructive pulmonary disease 1 (2.8) 0 (0) 0 (0) .99
Previous COVID-19 disease 3 (8.3) 4 (57.1) 1 (8.3) .008
llergic and atopic comorbidities (%)
Allergic rhinitis 7 (19.4) 1 (14.3) 1 (8.3) .75
Asthma 9 (25.0) 2 (28.6) 3 (25.0) .99
Mast cell diseasec 0 (0) 0 (0) 0 (0) .99
Non−COVID-19 vaccine allergy 0 (0) 0 (0) 2 (16.7) .07
Chronic spontaneous urticaria 0 (0) 0 (0) 1 (8.3) .36
Food allergy 6 (16.7) 3 (42.9) 5 (41.7) .15
Anaphylaxis 10 (27.8) 1 (14.3) 5 (41.7) .67
Drug allergy 20 (55.6) 4 (57.1) 9 (75.0) .94
History of PEG or polysorbate allergy 0 (0) 0 (0) 0 (0) .99
Venom allergy 5 (13.9) 0 (0) 2 (16.7) .57
revious tolerance of polysorbate containing vaccines (%) 18 (50.0) 4 (57.1) 4 (33.3) .79
ulprit vaccine (%)
Pfizer-BioNTech 27 (75.0) 5 (71.4) 8 (66.7) .91
Moderna 9 (25.0) 2 (28.6) 4 (33.3) .91
eaction symptoms (%)
Cutaneousd 27 (75.0) 7 (100) 9 (75.0) .31
Upper airwaye 13 (36.1) 2 (28.6) 4 (33.3) .70
Lower airwayf 6 (16.7) 1 (14.3) 3 (25.0) .88
Cardiovascularg 4 (11.1) 0 (0) 2 (16.7) .35
Gastrointestinalh 1 (2.3) 0 (0) 1 (8.3) .66
Otheri 14 (38.9) 3 (42.9) 6 (50.0) .84
righton classificationj (%)
1 3 (8.3) 0 (0) 1 (8.3) .43
2 0 (0) 1 (14.3) 2 (16.7) .16
3 0 (0) 0 (0) 0 (0) .99
4 0 (0) 0 (0) 1 (8.3) .99
5 33 (91.7) 6 (85.7) 8 (66.7) .52
eaction timingk (%)
Immediate 25 (69.4) 5 (71.4) 11 (91.7) .92
Delayed 11 (30.6) 2 (28.6) 1 (8.3) .92
reatment received (%)
None 15 (41.7) 2 (28.6) 0 (0) .68
Antihistamines 20 (55.6) 5 (71.4) 11 (91.7) .68
Corticosteroids 8 (22.2) 3 (42.9) 7 (58.3) .35
IM epinephrine 7 (19.4) 0 (0) 3 (25.0) .58
Emergency department visit 10 (27.8) 1 (14.3) 7 (58.3) .66
Hospitalization 1 (2.8) 0 (0) 0 (0) .66

bbreviations: COVID-19, coronavirus disease 2019; GI, gastrointestinal; IM, intramuscular; mRNA, messenger RNA; PEG, polyethylene glycol.
olerance: No allergic symptoms experienced. In 7 patients who had allergic symptoms, none required epinephrine.
values represent comparison between the “tolerated vaccine dose” group and “symptoms with vaccine dose” group.

ncludes systemic mastocytosis, monoclonal mast cell activation syndrome, and hereditary alpha tryptasemia.
utaneous: Pruritus, rash (urticarial and nonurticarial), lip angioedema, and flushing.
pper airway: Throat swelling, hoarse voice, and globus sensation.
ower airway: Wheezing, dyspnea, and cough.
ardiovascular: Tachycardia and hypotension.
astrointestinal: Nausea, vomiting, abdominal pain, and diarrhea.
ther: Headache, extremity tingling, lightheaded, abnormal taste, hearing or vision decrease, rhinorrhea, and palpitations without heart rate change.
righton classification26: All cases of anaphylaxis (represented by classes 1-3) must have sudden onset of symptoms and rapid symptom progression with classification based on a
rtain combination of symptoms as follows (see reference for list of symptoms that fulfill major and minor criteria):
lass 1: ≥1 major dermatologic criterion AND ≥1 cardiac or respiratory major criterion.
lass 2: Four ways to meet class 2:
1. ≥1 Dermatologic major criterion AND ≥1 cardiac or respiratory minor criterion.
2. ≥1 Respiratory major criterion AND ≥1 cardiac major criterion.
3. ≥1 Respiratory major criterion AND ≥1 minor criterion from a different system (dermatologic, cardiac, GI, laboratory).
4. ≥1 Cardiac major criterion AND ≥1 minor criterion from a different system (dermatologic, respiratory, GI, laboratory).
lass 3: Two ways to meet class 3:
1. ≥1 Respiratory minor criterion AND ≥1 minor criterion from at least 2 different systems (dermatologic, cardiac, GI, laboratory).
2. ≥1 Cardiac minor criterion AND ≥1 minor criterion from at least 2 different systems (dermatologic, respiratory, GI, laboratory).
lass 4: Reported anaphylaxis with insufficient evidence to meet any levels of diagnostic certainty.
lass 5: Not a case of anaphylaxis.
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Table 3
Evaluation and Outcomes of Patients With First-Dose Messenger RNA Coronavirus Disease 2019 Vaccine Reactions

Evaluation and outcomes Tolerateda second
vaccine dose, n = 36

Symptomsa with second
vaccine dose, n = 7

Deferred second
vaccine dose, n = 12

P valueb

Skin test performedc

PEG (%)
MiraLAX (PEG3350) 36 (100) 7 (100) 12 (100) .99
Methylprednisolone acetate 18 (50) 4 (57.1) 10 (83.3) .73
Methylprednisolone sodium 16 (44.4) 5 (71.4) 8 (66.7) .24

Polysorbate 80 (%)
Triamcinolone acetonide 10 (27.8) 3 (42.9) 7 (58.3) .66
Prevnar-13 7 (19.4) 3 (42.9) 3 (25.0) .32

Polysorbate 20 (%)
Flublok 0 (0) 0 (0) 2 (16.7) .99
Havrix 6 (16.7) 2 (28.6) 3 (25.0) .60
Polysorbate 20 compound 9 (25.0) 3 (42.9) 5 (41.7) .38
Pfizer-BioNTech vaccine (%) 6 (16.7) 1 (14.3) 1 (8.3) .86
Moderna vaccine (%) 1 (2.8) 1 (14.3) 1 (8.3) .30

Average days from index reaction to skin test (SD) 28.9 (18.2) 24.4 (11.5) 49.2 (27.1) .12
Positive skin test results (total, %) 2 (5.6) 1 (14.3) 1 (8.3) .42
PEG 0 (0) 0 (0) 0 (0)
Polysorbate 2 (5.6)d 1 (14.3)e 1 (8.3)f

Vaccine 0 (0) (0) 0 (0)
Vaccine received (%)
Pfizer-BioNTech 26 (72.2) 5 (71.4) N/A .99
Moderna 10 (27.8) 2 (28.6) N/A .99
Janssen 0 (0) 0 (0) N/A .99

Average days between first and
second vaccine doses (SD)

39.7 (18.4) 35.3 (13.3) N/A .55

Abbreviations: COVID-19, coronavirus disease 2019; ID, intradermal; F, flare; IM, intramuscular; mRNA, messenger RNA; N/A, not available; PEG, polyethylene glycol; W, wheal.
aTolerance: No allergic symptoms experienced. In 7 patients who had allergic symptoms, none required epinephrine.
bP values represent comparison between the “tolerated vaccine dose” group and “symptoms with vaccine dose” group.
cSee Table 1 for concentrations used.
dPatient 1: Triamcinolone acetonide 1:100 ID (5£5W, 15£10F). Patient 2: triamcinolone acetonide 1:1 ID (3£3W, 8£8F).
eTriamcinolone acetonide 1:10 ID (4£3W, 15£10F).
fFlublok: 1:100 ID (10£11W, 35£55F).
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11 received the Janssen COVID-19 vaccine. A total of 93.1% (54 of 58)
of the patients tolerated their first dose with no allergic symptoms.
Of the 4 patients who experienced allergic symptoms with their first
dose, none had a positive skin test result or received any treatment
beyond antihistamines. Furthermore, 3 of those 4 were able to
receive their second dose of the same vaccine with no allergic symp-
toms, with the remaining patient opting to undergo graded vaccine
administration when it is able to be arranged. Of the 11 patients who
received the Janssen vaccine, 10 were recommended to do so because
of their reported history of PEG allergy, with 2 of those patients hav-
ing a positive result for a PEG or Pfizer-BioNTech COVID-19 vaccine
skin test. None of these patients experienced allergic symptoms with
vaccination. There was no substantial difference in vaccine tolerance
between any of the groups.
Discussion

This is one of the largest reports to date of utilization of excipient
and vaccine skin testing in the evaluation of both mRNA COVID-19
vaccine reactions and patients who have deferred vaccination owing
to a previously reported history of PEG or polysorbate allergy. Previ-
ous reports have provided suggestions for excipient skin testing in
these groups, but subsequent reports have largely been confined to
the use of excipient skin testing in those with reactions to the first
dose of an mRNA COVID-19 vaccine, the utility of which is
questionable.9,23,24 This report is unique in its evaluation of skin test-
ing in patients who have yet to receive a vaccine but report a PEG or
polysorbate allergy and in its use of vaccine for skin testing.

Several findings from this study deserve attention. First, in 129
patients tested, there were only 12 who had positive skin test results
(9.3%). In addition, of the 101 patients who proceeded with receiving
a vaccine dose subsequent to testing, 90 were able to tolerate it
without allergic symptoms with the other 11 patients experiencing
mild symptoms that were either self-limited or treated with antihist-
amines. The overall rate of tolerance was slightly higher in those
with a previous PEG or polysorbate allergy compared with those
with reactions to the first dose of an mRNA COVID-19 vaccine (93.1%
vs 83.7%). These findings are similar to a recent report of 80 patients
with first vaccine dose reactions where 14 had positive skin test
results (18%) and 62 of 70 (88.6%) were able to tolerate a subsequent
vaccine dose without considerable allergic symptoms.24 In our
cohort, patients with positive PEG skin testing results were able to
tolerate a subsequent mRNA vaccine dose with no symptoms, but
some patients with negative skin testing results had symptoms with
subsequent vaccine doses. This raises concerns regarding the sensi-
tivity and specificity of excipient skin testing in this population and
the role of PEG in adverse reactions to the mRNA vaccines. Allergy to
PEG-containing laxatives and medications confirmed by skin testing
has previously been reported in the past, with a recent review reveal-
ing an estimate of 4 cases of PEG anaphylaxis per year between 2005
and 2017.14,15,28,29 Although an early single case report revealed posi-
tive PEG skin testing result in a patient with anaphylaxis to the
Pfizer-BioNTech COVID-19 vaccine, larger cohorts, including this one,
have revealed extremely low rates of PEG skin test positivity in
patients with reactions to mRNA COVID-19 vaccines, including those
with anaphylaxis.13,23,24 This suggests that non−PEG- or non−IgE-
mediated mechanisms, such as complement activation-related pseu-
doallergy, may account for some of these reactions.11,22

In addition to the overall low rate of skin test positivity, another
interesting aspect of this report is that 8 of the 12 patients who tested
positive did so only for polysorbate-containing products. Polysor-
bates are derived from PEGs and found in a large number of injectable
medications and existing vaccines.9,30,31 Furthermore, polysorbate 80
is an excipient in the Janssen COVID-19 vaccine, but not in the mRNA
COVID-19 vaccines from Pfizer-BioNTech or Moderna. Given previous



able 4
emographic Characteristics and Reaction Details of Patients With Polyethylene Glycol or Polysorbate Allergy Before COVID-19 Vaccination

emographics and reaction details Tolerateda
first vaccine

dose, n = 54
Symptomsa with first vaccine
dose, n = 4

Deferred first vaccine
dose, n = 16

P valueb

ge, mean (SD) 60.2 (14.6) 47.3 (9.9) 54.9 (13.4) .24
ex (female, %) 46 (85.2) 4 (100) 15 (93.8) .81
ace (%) .89
White 51 (94.4) 4 (100) 13 (81.3)
African American 0 (0) 0 (0) 1 (6.3)
Asian 1 (1.9) 0 (0) 1 (6.3)
Other 2 (3.7) 0 (0) 1 (6.3)
onatopic comorbidities (%)
Obesity 21 (38.9) 1 (25) 8 (50) .58
Hypertension 20 (37.0) 0 (0) 4 (25) .29
Diabetes 8 (14.8) 0 (0) 3 (18.8) .85
Chronic obstructive pulmonary disease 3 (5.6) 0 (0) 0 (0) .99
Previous COVID-19 disease 4 (14.8) 0 (0) 2 (12.5) .73
llergic and atopic comorbidities (%)
Allergic rhinitis 17 (31.5) 2 (50) 4 (25) .58
Asthma 16 (29.6) 2 (50) 4 (25) .58
Mast cell diseasec 1 (1.9) 0 (0) 1 (6.3) .99
Non−COVID-19 vaccine allergy 17 (31.5) 3 (75) 6 (37.5) .11
Chronic spontaneous urticaria 0 (0) 0 (0) 2 (12.5)
Food allergy 7 (13.0) 1 (25) 4 (25) .46
Anaphylaxis 13 (24.1) 2 (50) 9 (56.3) .27
Drug allergy 54 (100) 4 (100) 16 (100)
History of PEG allergy 29 (53.7) 1 (25) 7 (43.8) .34
History of polysorbate allergy 12 (22.2) 2 (50) 3 (18.8) .24
Venom allergy 2 (3.7) 0 (0) 1 (6.3) .70
rior tolerance of polysorbate containing vaccines (%) 27 (50) 1 (25) 6 (37.5) .61
eaction symptoms (%)
Cutaneousd 38 (70.4) 4 (100) 9 (56.3) .57
Upper airwaye 11 (20.4) 1 (25) 7 (43.8) .83
Lower airwayf 10 (18.6) 2 (50) 6 (37.5) .19
Cardiovascularg 4 (14.8) 0 (0) 1 (6.3) .57
Gastrointestinalh 6 (11.1) 1 (25) 1 (6.3) .41
Otheri 12 (22.2) 1 (25) 4 (25) .90
righton classificationj (%)
1 3 (5.6) 1 (25) 1 (6.3) .25
2 5 (9.3) 1 (25) 4 (25) .36
3 0 (0) 0 (0) 0 (0)
4 1 (1.9) 0 (0) 2 (12.5) .78
5 45 (83.3) 2 (50) 9 (56.3) .16
eaction timingk (%)
Immediate 33 (61.1) 3 (75) 8 (50) .58
Delayed 6 (11.1) 0 (0) 1 (6.3) .48
Unknown 15 (27.8) 1 (25) 7 (43.8) .90
reatment received (%)
None 13 (24.1) 0 (0) 1 (6.3) .57
Unknown 21 (38.9) 2 (50) 11 (68.8) .66
Antihistamines 19 (35.2) 1 (25) 3 (18.8) .68
Corticosteroids 10 (18.6) 0 (0) 2 (12.5) .34
IM epinephrine 5 (9.3) 1 (25) 1 (6.3) .36
Emergency department visit 17 (31.5) 0 (0) 2 (12.5) .31
Hospitalization 2 (3.7) 0 (0) 3 (18.8) .70

bbreviations: COVID-19, coronavirus disease 2019; GI, gastrointestinal; PEG, polyethylene glycol.
olerance: No allergic symptoms experienced. In 4 patients who had allergic symptoms, none required epinephrine.
values represent comparison between the “tolerated vaccine dose” group and “symptoms with vaccine dose” group.

ncludes systemic mastocytosis, monoclonal mast cell activation syndrome, and hereditary alpha tryptasemia.
utaneous: Pruritus, rash (urticarial and nonurticarial), lip angioedema, and flushing.
pper airway: Throat swelling, hoarse voice, and globus sensation.
ower airway: Wheezing, dyspnea, and cough.
ardiovascular: Tachycardia and hypotension.
astrointestinal: Nausea, vomiting, abdominal pain, and diarrhea.
ther: headache, extremity tingling, lightheaded, abnormal taste, hearing or vision decrease, rhinorrhea, and palpitations without heart rate change.
righton classification26: all cases of anaphylaxis (represented by classes 1-3) must have sudden onset of symptoms and rapid symptom progression with classification based on a
rtain combination of symptoms as follows (see reference for list of symptoms that fulfill major and minor criteria):
lass 1: ≥1 Major dermatologic criterion AND ≥1 cardiac or respiratory major criterion.
lass 2: Four ways to meet class 2:
1. ≥1 Dermatologic major criterion AND ≥1 cardiac or respiratory minor criterion.
2. ≥1 Respiratory major criterion AND ≥1 cardiac major criterion.
3. ≥1 Respiratory major criterion AND ≥1 minor criterion from a different system (dermatologic, cardiac, GI, laboratory).
4. ≥1 Cardiac major criterion AND ≥1 minor criterion from a different system (dermatologic, respiratory, GI, laboratory).
lass 3: Two ways to meet class 3:
1. ≥1 Respiratory minor criterion AND ≥1 minor criterion from at least 2 different systems (dermatologic, cardiac, GI, laboratory).
2. ≥1 Cardiac minor criterion AND ≥1 minor criterion from at least 2 different systems (dermatologic, respiratory, GI, laboratory).
lass 4: Reported anaphylaxis with insufficient evidence to meet any levels of diagnostic certainty.
lass 5: Not a case of anaphylaxis.
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Immediate: Symptom onset <4 hours after vaccination; Delayed: symptom onset ≥4 hours after vaccination.



Table 5
Evaluation and Outcomes of Patients With Polyethylene Glycol or Polysorbate Allergy Before COVID-19 Vaccination

Evaluation and outcomes Tolerateda
first vaccine dose, n = 54 Symptomsa with first vaccine dose, n = 4 Deferred first vaccine dose, n = 16 P valueb

Skin test performedc (%)
PEG

MiraLAX (PEG3350) 50 (92.6) 3 (75) 15 (93.8) .31
Methylprednisolone acetate 33 (61.1) 2 (50) 12 (75) .66
Methylprednisolone sodium 32 (59.3) 1 (25) 6 (37.5) .31

Polysorbate 80
Triamcinolone acetonide 17 (31.5) 2 (50) 8 (50) .59
Prevnar-13 17 (31.5) 2 (50) 5 (31.3) .59

Polysorbate 20
Flublok 1 (1.9) 1 (25) 6 (37.5) .13
Havrix 17 (31.5) 2 (50) 5 (31.3) .59
Polysorbate 20 compound 12 (35.3) 0 (0) 3 (18.8) .57

Pfizer-BioNTech vaccine 8 (14.8) 0 (0) 1 (6.3) .41
Moderna vaccine 2 (3.7) 0 (0) 0 (0) .70
Janssen vaccine 1 (1.9) 0 (0) 1 (6.3) .78

Positive skin test results (%) 3 (5.6) 0 (0) 5 (31.3) .63
PEG 2 (3.7)d 0 (0) 1 (6.3)f

Polysorbate 0 (0) 0 (0) 4 (25)g

Vaccine 1 (1.9)e 0 (0) 0 (0)
Vaccine received (%)
Pfizer-BioNTech 32 (59.2) 3 (75) NA .64
Moderna 11 (20.4) 1 (25) NA .83
Janssen 11 (20.4) 0 (0) NA .32

Abbreviations: COVID-19, coronavirus disease 2019; F, flare; ID, intradermal; IM, intramuscular; PEG, polyethylene glycol; W, wheal.
aTolerance: No allergic symptoms experienced. In 4 patients who had allergic symptoms, none required epinephrine.
bP values represent comparison between the “tolerated vaccine dose” group and “symptoms with vaccine dose” group.
cSee Table 1 for concentrations used.
dPatient 1: PEG 1:1 SP (5£5 W, 10£10F), methylprednisolone acetate 1:10 ID (6£6W, 8£8F). Patient 2: PEG 1:100 SP (5£7W, 25£30F) 1:10 SP (10£10W, 18£40F) 1:1 SP (9£10W,
22£30F), methylprednisolone acetate 1:1 SP (6£10W, 25£30F).
ePfizer-BioNTech vaccine 1:1 SP (7£7w, 10£10f).
fPEG 1:1 SP (3£4W, 6£7F).
gPatient 1: FluBlok 1:100 ID (10£11W, 15£20F). Patient 2: FluBlok 1:100 ID (8£8W, 20£25F). Patient 3: Flublok 1:100 ID (4£5W, 19£20F), triamcinolone acetonide 1:10 ID (3£3W,
20£30F). Patient 4: Flublok 1:100 ID (5£5W, 8£7F), triamcinolone acetonide 1:100 ID (5£6W, 8£9F) 1:10 ID (5£5W, 4£4F).
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reports of skin test cross-reactivity to polysorbate 80 in patients with
PEG allergy, there was initial concern and caution from the Centers
for Disease Control and Prevention regarding administration of PEG-
containing mRNA vaccines to patients with polysorbate allergy.15,32

Nevertheless, clinical reactivity to polysorbate 80 is uncommon, with
only 1 report of skin test-proven hypersensitivity to a polysorbate
80-containing vaccine previously reported.33 We have previously
reported a case of biphasic anaphylaxis after the first dose of the
Pfizer-BioNTech COVID-19 vaccine in a patient with positive skin
testing results to multiple polysorbate-containing products, but neg-
ative testing results to PEG and the Pfizer-BioNTech COVID-19 vac-
cine.34 In our current report, 2 patients with positive polysorbate
skin testing results tolerated a subsequent mRNA COVID-19 vaccine
dose with no symptoms and another experienced minor symptoms
treated with antihistamines, but the remaining 5 deferred additional
vaccine. Given the lack of knowledge regarding the sensitivity, speci-
ficity, and predictive values of skin testing as it pertains to COVID-19
vaccine hypersensitivity and what is likely a low rate of clinical
cross-reactivity between PEG and polysorbate, this deferral rate is
concerning. Expanded skin testing with polysorbate-containing prod-
ucts in both the evaluation of mRNA COVID-19 vaccine reactions and
as a screening tool before vaccination may result in positive test
results of unclear significance that generate more anxiety and hesita-
tion in patients. Limited use of this particular testing may be the opti-
mal route moving forward.

Aside from excipient skin testing, this report is one of the largest
to date on the use of COVID-19 vaccine skin testing. Although nonirri-
tating concentrations for intradermal testing with the Pfizer-BioN-
Tech COVID-19 vaccine have been reported, our report primarily
used skin prick testing (only 2 patients underwent intradermal vac-
cine testing) owing to institutional restrictions.16 Of the 24 skin prick
tests performed (17 Pfizer-BioNTech, 5 Moderna, 2 Janssen), only 1
test result to the Pfizer-BioNTech COVID-19 vaccine was positive.
This patient had not yet received any COVID-19 vaccine and after
testing received the Janssen vaccine without any allergic symptoms.
Choosing or altering a vaccine platform based on skin testing either
as a screening tool before vaccination or in response to a first dose
vaccine reaction has been suggested and reported, although the
necessity and efficacy of it have not been proven.3,9,24,30 An overem-
phasis on this technique may result in delayed vaccination in
resource-limited areas. Although general practice parameters exist
regarding the use of vaccine skin prick and intradermal testing in the
evaluation of vaccine hypersensitivity, the validity of these modalities
for mRNA COVID-19 vaccines remains unproven and will require fur-
ther evaluation.35

It should be noted that even in the case of true COVID-19 vaccine
or excipient hypersensitivity with positive skin testing results, subse-
quent vaccination can still be possible. Although using an alternative
vaccine platform (ie, Janssen vaccination in a patient with mRNA vac-
cine hypersensitivity) is a previously discussed option, using a graded
dosing regimen for a subsequent dose of the same vaccine that may
have caused a reaction is also an option, as discussed in vaccine
allergy practice parameters.35 Given the lack of knowledge regarding
efficacy of mixed vaccine platform use, graded dosing using the same
vaccine may be an attractive option, although the efficacy of this is
also unproven in terms of vaccine response. Graded dosing regimens
for the Moderna vaccine in patients who experienced an allergic
reaction with their first dose have been published, and 1 of the
authors has also used graded dosing regimens for the Pfizer-BioN-
Tech vaccine in 2 patients with Pfizer-BioNTech COVID-19 vaccine-
induced anaphylaxis (AGE, unpublished data, August 24, 2021).36

Although this strategy may be limited by patient access to an aller-
gist, it is important to stress that excipient and vaccine skin testing,
when used, should not be to label patients as unable to receive a vac-
cine but to potentially identify those who require an alternative dos-
ing scheme or vaccine type.
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Our data are similar to a recent multicenter study that evaluated
189 patients with an immediate hypersensitivity (including anaphy-
laxis) to their first dose of an mRNA COVID-19 vaccine and revealed
that all 159 patients that chose to receive their next dose were able
to tolerate it, with only 32 experiencing minor self-limited allergic
symptoms.25 These reports revealing a high rate of subsequent
mRNA COVID-19 vaccine tolerance despite immediate hypersensitiv-
ity or anaphylaxis with the first dose are encouraging and should be
included in the medical decision-making discussion with patients
when contemplating vaccine doses. An emphasis should be placed on
the high tolerance rate of subsequent vaccine doses in our COVID-19
vaccine reaction cohort even when most of the immediate reactions
occurred within 1 hour, a time frame that may be more concerning to
some individuals. These data can be used to address COVID-19 vac-
cine hesitancy that may still exist in both patients and health care
providers.

Weaknesses of our study include its retrospective nature and lim-
ited standardization in the approach of different providers to the use
of skin testing in these clinical situations, which limits our ability to
provide a robust, systematic review of its utility. In addition, there is
the potential for recall bias among the patients, particularly among
those who presented for evaluation owing to a previous PEG or poly-
sorbate allergy before receiving any vaccine.

In summary, we revealed a low rate of skin test positivity in
patients evaluated for potential allergic reactions to the first dose of
an mRNA COVID-19 vaccine and in patients with a previous history
of PEG or polysorbate allergy before receiving any COVID-19 vaccine.
There was a high rate of COVID-19 vaccine tolerance after evaluation,
regardless of skin test result. This report reveals that excipient skin
testing may be of minimal value in the evaluation of these patients.
COVID-19 vaccine skin testing with offering of subsequent graded
vaccine dosing according to established vaccine allergy guidelines
may be the most reasonable and cost-effective strategy moving for-
ward, although more study is needed to determine this.
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