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Polyethylene glycol and polysorbate testing in 12 patients before or

after coronavirus disease 2019 vaccine administration
Immediate allergic reactions compatible with anaphylaxis have been
reported severalfold higher with the coronavirus 19 disease (COVID-
19) vaccine than other vaccines. It is hypothesized that immunoglob-
ulin E (IgE)-mediated reactions to polyethylene glycol (PEG) 2000, an
excipient in the messenger RNA vaccines (such as Pfizer and Mod-
erna) used to stabilize the lipid nanoparticle, are responsible for
reported COVID-19 vaccine reactions.1 COVID-19 vaccine-induced
anaphylaxis has only been linked to PEG allergy in few patients to
able 1
linical Details of Patients

atient number Age (y)Sex Allergic history COVID-19 vaccine history Allergy skin testing

1 63 Female Anaphylaxis (grade 3) to oral penicillin as a
teenager. Tolerated PS-containing vaccines
and oral PEG 3350.

Evaluated postvaccination. Anaphylaxis
(grade 3) to the Pfizer COVID-19 vaccine
first dosage. Second Pfizer dosage not
administered. Received J & J vaccine with-
out complications.

Negative PEG
Negative PS

2 60 Female Tolerated PS-containing vaccines. Evaluated postvaccination. Anaphylaxis
(grade 1) to the Pfizer COVID-19 vaccine
first dosage. Received second Pfizer dosage
without complications.

Negative PEG
Negative PS

3 18 Female Anaphylaxis (grade 4) to high-dosage com-
bined oral contraceptives containing PEG
8000. History of dermatitis to cosmetics.
Tolerated PS-containing vaccines.

Evaluated prevaccination. Recommended
patient receive PS-containing vaccine. The
family chose not to administer the vaccine.

Positive PEG 3350 skin prick (1 mg/mL
10/10 mm, 10 mg/mL 10/15 mm,
100 mg/mL 12/17 mm).
Negative PS

4 27 Female Anaphylaxis to oral PEG 3350 (grade 4) and
cough syrup containing PEG (grade 4). Tol-
erated PS-containing vaccines.

Evaluated prevaccination. The patient
received the J & J vaccine without
complications.

Positive PEG 3350 skin prick (1.7 mg/mL
5/10 mm, 17 mg/mL 14/20 mm,
40 mg/mL 11/19 mm, 170 mg/mL 12/
20 mm).
Negative PS 80 skin prick (40 mg/mL)
and positive intradermal (4 mg/mL).

5 54 Female History of recurrent idiopathic anaphylaxis.
Tolerated PS-containing vaccines.

Evaluated prevaccination. Received Moderna
vaccine in both doses with the only
adverse effect being vertigo for 48 h after
the second dosage.

Negative PEG
Negative PS

6 52 Female Urticaria or angioedema to multiple oral or
injectable medications and contrast. Toler-
ated PS-containing vaccines and oral PEG
3350.

Evaluated prevaccination. Received Pfizer
vaccine in both doses without
complications.

Negative PEG

7 35 Female Urticaria to multiple oral medications and
urticaria after influenza vaccination
(unknown if PS-containing).

Evaluated prevaccination. Received Pfizer
vaccine in both doses without
complications.

Negative PEG

8 60 Female History of anaphylaxis or urticaria/angioe-
dema to multiple oral and injectable medi-
cations. Tolerated PS-containing vaccines.

Evaluated prevaccination. Received Pfizer
vaccine in both doses without
complications.

Negative PEG
Negative PS

9 77 Male History of urticaria to pegylated interferon
alfa tolerates nonpegylated interferon alfa.
Tolerated PS-containing vaccines and oral
PEG 3350.

Evaluated prevaccination. Received Pfizer
vaccine in both doses without
complications.

Negative PEG
Negative PS

10 68 Female History of anaphylaxis (unknown grade) to
Taxotere, which contains PS. Tolerated PS-
containing vaccines.

Evaluated prevaccination. Received Pfizer
vaccine in both doses without
complications.

Negative PEG
Negative PS

11 65 Male History of allergic reactions to multiple oral
and injectable medications.

Evaluated prevaccination. Received Moderna
vaccine in both doses without
complications.

Negative PEG
Negative PS

12 65 Female History of angioedema of mouth to chlorhex-
idine mouthwash, which contains PEG,
anaphylaxis (unknown grade) to the swine
flu vaccine in 1976 (ingredients unclear).

Evaluated prevaccination. Received Pfizer
vaccine first dosage without complications,
scheduled to receive the second dosage.

Negative PEG
Negative PS

bbreviations: COVID 19, coronavirus disease 2019; J & J, Johnson & Johnson; PEG, polyethylene glycol; PS, polysorbate.
OTE. Nonsterile MiraLAX used for PEG prick testing. Sterile methylprednisolone was used for PEG intradermal testing and some PS testing. Sterile Refresh eye drops are used for
ost PS testing. PEG 3350 skin prick testing performed with 1 mg/mL, 10 mg/mL, 40 mg/mL, 100 mg/mL concentrations. Intradermal skin testing performed with 0.4 mg/mL and
mg/mL concentrations. Skin prick testing for PS 80 was performed with 40 mg/mL concentration and intradermal skin testing was performed with 4 mg/mL concentration.
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date,2,3 with many more patients having allergic reactions, making
other mechanisms more likely. Activation of the contact system by
the nucleic acid, complement recognition of vaccine-activating aller-
gic effector cells, or direct mast cell activation may lead to similar
clinical presentations.4

The adenovirus vaccine by Johnson & Johnson does not contain
PEG but contains polysorbate (PS), which is structurally similar and
has clinical cross-reactivity.5 Polyethylene glycol has not been previ-
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ously used in a vaccine, but PS is common in vaccines and can cause
allergic vaccine reactions.6

In addition to being the active ingredient in a typically used
osmotic laxative, PEG is an ingredient in countless products as
thickener, solvent, softener, and moisture carrier. Although PEG was
long considered safe and biologically inert, a growing number of
PEG-associated anaphylaxis case reports suggest otherwise.5 Most
reported adverse events occur on first exposure to a parenteral
PEG-containing product, indicating previous sensitization, likely
cutaneous.7

This study was a retrospective chart review approved by our
institution’s institutional review board. We describe the clinical
histories and skin testing results of 12 cases (Table 1) using previ-
ously published recommendations for skin testing indications and
procedures.1 Two patients who developed systemic allergic reac-
tions after the first COVID-19 vaccine dosage were referred to the
allergy and immunology clinic for evaluation and underwent PEG
and PS skin testing. Many other patients were referred for iso-
lated cutaneous reactions or reactions not believed to be IgE-
mediated and did not undergo testing. We also evaluated 10
patients with clinical histories concerning reaction to PEG or PS
before COVID-19 vaccination. Specific details regarding patients 1
to 4 will be described herein.

Patient 1 developed symptoms 35 minutes after the first Pfizer
COVID-19 vaccination. She had pruritic urticaria throughout her
chest and neck with dizziness, palpitations, diaphoresis, sense of
impending doom, near-syncope, hypertension, and tachycardia. She
received antihistamines and corticosteroids in the emergency depart-
ment with symptom resolution within an hour. Epinephrine was not
administered. Nine hours postvaccination, she developed abdominal
cramping and diarrhea. Skin testing to PEG and PS was negative
(Table 1). Because of the severity of her reaction to a PEG-containing
vaccine, we recommended she complete her series with a PS-con-
taining vaccine, which she did without complications.

Patient 2 developed symptoms 40 minutes after the first Pfizer
COVID-19 vaccination. She had pruritic urticaria on her cheeks, mild
lip angioedema, dizziness, and a globus sensation in her throat. She
took antihistamines without seeking medical care and symptoms
mostly resolved within an hour. Skin testing to PEG and PS was nega-
tive (Table 1). Of note, the patient has a history of similar globus sen-
sation previously. Because of her mild symptoms, we recommended
that she receive her second Pfizer COVID-19 vaccine, which she did
without complications.

Patient 3 was evaluated before COVID-19 vaccination because
of a history of anaphylaxis to high-dosage PEG-containing oral
combined contraceptives for dysfunctional uterine bleeding. After
taking the medication for 4 days, within a few minutes of taking
the pill, she developed conjunctival injection, diffuse pruritic urti-
caria, wheezing, and laryngeal edema with difficulty swallowing.
The emergency department administered antihistamines, cortico-
steroids, and epinephrine, and her symptoms resolved. She toler-
ated an in-office challenge to an oral contraceptive with similar
hormones without PEG. Skin testing to PEG was positive and PS
was negative (Table 1). Owing to her confirmed PEG allergy, we
advised her to receive a PS-containing COVID-19 vaccine, which
the family elected not to receive. We suspect that her delayed
reaction after 4 days was because of PEG’s previously described
dose-dependent allergic potential.5

Patient 4 was evaluated before COVID-19 vaccination because
of a history of diffuse pruritic urticaria, wheezing, and throat pru-
ritis 1 hour after taking oral PEG 3350 for the first time for con-
stipation. The emergency department administered
antihistamines and corticosteroids. Symptoms resolved quickly.
Years later, she had a PEG-containing cough syrup with similar
symptoms, including a biphasic reaction. Skin testing to PEG and
PS was positive, but the patient tolerated PS-containing vaccines
previously. She received a PS-containing COVID-19 vaccine with-
out complications.

In our cohort, 2 patients with systemic allergic reactions to
oral PEG had positive skin testing results, confirming the correla-
tion between positive skin testing and IgE-mediated reaction to
PEG. However, 2 patients with systemic reactions to a PEG-con-
taining vaccine had negative skin testing, suggesting their reac-
tions were not IgE-mediated reactions to PEG. The remaining 8
patients evaluated because of clinical histories compatible with a
PEG or PS allergy, though less likely than patients 3 and 4, all
had negative skin testing to PEG and PS, confirming a low false-
positive rate with PEG skin testing because of irritant reaction.
Thus, in our experience, screening prevaccination did not yield
any positive skin testing results, and vaccination was generally
well tolerated. All vaccines are administered in a single dosage.
Patient 4 had a positive PS skin test result but tolerated PS, likely
because of cross-reactivity not reflecting true allergy. Our results
suggest that skin testing for PEG and PS after a suspected allergic
reaction to a COVID-19 vaccine has limited use and there are
likely other explanations for some reactions that are not PEG IgE-
mediated reactions. There has likely been more than a diagnosis
and misdiagnosis of systemic allergic reactions to messenger RNA
COVID-19 vaccines.8 Patient 2 has exhibited that some patients
with mild anaphylaxis can safely receive the second vaccine,
which confirms a recent multisite study in the United States.9

A major limitation of this study is the limited sample size and
inability to perform skin testing with the vaccine itself. It would also
have been useful to have had tryptase values for patients 1 and 2 after
vaccination (baseline tryptases were normal). However, our results
reaffirm similar studies1,10 and can guide allergists and immunolo-
gists in their evaluation of patients before and after COVID-19 vaccine
administration.
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Evaluation of anaphylaxis risk by skin testing with coronavirus

disease 2019 messenger RNA vaccines on patients with anaphylaxis
Vaccination has been found to be effective in reducing the risks of
infection of severe acute respiratory syndrome coronavirus 2 and
severe coronavirus disease 2019 (COVID-19) outcomes. In the United
States, Pfizer-BioNTech and Moderna COVID-19 vaccines (aka the
messenger RNA [mRNA] vaccines) have been used safely for these
purposes.1,2 First postmarket reports on the use of these vaccines
describe 4.7 cases of anaphylaxis per million doses of Pfizer vaccine
and 2.5 cases per million Moderna doses given.3 These early reports
also describe 43.8 cases of nonanaphylactic allergic reactions per mil-
lion Pfizer doses given.4 Among individuals who experienced ana-
phylaxis to the Pfizer vaccine, 81% had a documented history of
allergies triggered by drugs, vaccines, medical products, foods or
insect stings, and 33% of these individuals experienced anaphylaxis
in the past. Similarly, 90% of individuals with a history of anaphylaxis
to the Moderna vaccine had a documented history of allergic reac-
tions, and 50% of these individuals experienced anaphylaxis in the
past.

The presumed causes of allergic reactions are the different
polyethylene glycols (PEGs) in the mRNA vaccines. Although PEG
allergy is rare, PEG has been found to cause anaphylaxis.5 More-
over, skin testing of PEGs of differing molecular weights has been
found to be effective in confirming anaphylaxis to PEGs in
patients with a documented history of anaphylaxis to PEG.6 Nev-
ertheless, in a cohort of 8 individuals with allergic reactions to
the first dosage of an mRNA vaccine, PEG skin testing result was
found to be negative.7

The 2012 vaccine practice parameters published by the American
Academy of Allergy, Asthma, and Immunology (AAAAI), recommend
that individuals with suspected anaphylaxis to a particular vaccine
receive skin testing with that vaccine to evaluate their risk of anaphy-
laxis.8 Because the mRNA vaccines contain components other than
PEG that may cause allergic reactions, the AAAAI recommendations
for evaluating risk of anaphylaxis to vaccines are appropriate for the
mRNA vaccines as well. In fact, Greenhawt et al9 recently suggested
using the 2012 parameters for patients with a previously docu-
mented allergy to one of the mRNA vaccines.9

Many of our patients who have experienced anaphylaxis express
hesitancy toward receiving vaccines, owing to fears of anaphylaxis,
and continue to delay their COVID-19 vaccination. To meet this
demand, we offered skin testing with mRNA vaccines for our patients
who requested evaluation of their risk of anaphylaxis.

In this communication, we will describe our first 30 patients
(female, n = 27; male, n = 3) who had skin testing with the
mRNA vaccines. The patients were either self-referred or referred
to us by other physicians. All patients had a self-reported history
of anaphylaxis to a variety of substances, including foods, ven-
oms, drugs, environmental, flu vaccine, unknown sources or the
first dosage of a COVID-19 mRNA vaccine. The risks and benefits
of skin testing were discussed with the patients, and consent
forms were accordingly signed. The patients were probed for self-
reported reactions to PEG-containing products (ie, toothpaste and
colonoscopy preparation). Ages of the patients ranged from 27 to
80 years. Of the patients, 2 had a history of COVID-19 confirmed
by polymerase chain reaction testing.

Skin testing occurred from January 22, 2021, to March 25,
2021. Remnants of the mRNA vaccines were collected on the
morning of testing from the Johnson City Medical Center in coor-
dination with the Tennessee Department of Health and used for
skin testing within 6 hours from opening of the vials. The
patients were advised to refrain from using antihistamines and
oral glucocorticoids starting 3 days before the testing. Skin testing
was performed on the ventral forearms of the patients using the
protocol recommended by the AAAI with modifications to
increase safety. Testing began with standard histamine and nor-
mal saline applied by prick technique and by intradermal injec-
tion of 0.05 mL of each as positive and negative controls,
respectively. Next, a 1:10 dilution with normal saline of the Pfizer
or Moderna vaccine was applied by prick technique. After 20
minutes, wheal sizes were measured and recorded. Whenever the
result was negative, every 20 minutes a dosage of 0.05 mL of
diluted vaccine was applied intradermally, starting with a 1:1000
dilution, then a 1:100 dilution, and finally a 1:10 dilution. After
recording the final wheal size, pictures of the skin tests were
taken, the patients were observed for an additional 30 minutes,
and they were requested to submit pictures of their skin test at 4
to 6 hours after testing to evaluate late-phase reactions and at
24 hours after testing to evaluate delayed reactions. Afterward,
the patients were evaluated by direct interviews for their reaction
to subsequent vaccination.

The results are presented in Table 1. There were 5 patients who
had positive immediate skin reactions at doses ranging from 1:100 to
1:10 dilution of an mRNA vaccine. Of these patients, 1 had an anaphy-
lactic reaction during skin testing of 1:100 dilution of the Moderna
vaccine. These 5 patients also had positive late-phase reactions. There
were 6 patients who had late-phase reactions without immediate
reactions. Unfortunately, most patients did not comply with our
request to submit pictures from delayed reaction. Patients with posi-
tive immediate reactions were recommended to receive the Janssen
COVID-19 vaccine. Patients with negative immediate reactions
(n = 25) were recommended to receive their choice of COVID-19 vac-
cine. None of the patients with negative skin test result to an mRNA
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