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Background: Polyethylene glycols (PEGs) are polymers of varying
molecular weight (MW) used widely as excipients in drugs and
other products, including the mRNA vaccines against coronavirus
disease 2019. Allergy to PEGs is rare. SKkin testing and graded
challenge carries a high risk of inducing systemic reactions.
Objective: We evaluated skin prick test (SPT) results and

in vitro reactivity over time to different MW PEGs and assessed
cross-sensitization patterns in PEG allergy.

Methods: Ten patients with previously diagnosed PEG allergy
underwent SPT twice with PEGs 26 months apart. Lower MW
(PEG 300, 3000, 6000) were tested, followed by PEG 20,000, in
stepwise, increasing concentrations. Cross-sensitization to
polysorbate 80 and poloxamer 407 was assessed. SPT was
performed in 16 healthy controls. In vitro basophil histamine
release (HR) test and passive sensitization HR test were
performed in patients and controls.

Results: Patients previously testing positive on SPT to PEG 3000
and/or 6000 also tested positive to PEG 20,000. Patients with a
longer interval since diagnosis tested negative to lower MW
PEGs and positive mainly to higher concentrations of PEG
20,000. Three patients developed systemic urticaria during SPT.
Eight patients showed cross-sensitization to poloxamer 407 and
3 to polysorbate 80. All controls tested negative. In vitro tests
showed limited usefulness.

Conclusions: Skin test reactivity to PEG can decrease over time,
but titrated SPT with increasing concentrations of PEG 20,000
can be diagnostic when lower MW PEGs test negative. To avoid
systemic reactions, stepwise SPT is mandatory. (J Allergy Clin
Immunol 2022;149:168-75.)
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Abbreviations used
COVID-19: Coronavirus disease 2019
HR: Histamine release
MW: Molecular weight
PEG: Polyethylene glycol
PMA: Phorbol 12-myristate 13-acetate
PS: Passive sensitization
SPT: Skin prick test

Polyethylene glycols (PEGs) or macrogols are hydrophilic
polymers of varying molecular weight (MW) used as excipients
in many different products, including drugs and cosmetics.' PEGs
have recently gained renewed interest because PEG 2000 is an
excipient in the BioNTech/Pfizer and Moderna mRNA vaccines
against coronavirus disease 2019 (COVID-19). Two cases of
anaphylaxis in the first days of vaccination in the United Kingdom
directed the suspicion against PEGs.” Allergy to PEGs is rare, but an
increasing number of patients have been diagnosed over the past 2
decades.' A review by Wenande and Garvey' identified 37 case re-
ports of PEG allergy between 1977 and 2016. In the United States,
there are approximately 4 PEG-associated cases of anaphylaxis
caused by laxatives per year, and the US Food and Drug Adminis-
tration has registered 133 reports associating PEG with anaphylaxis
since 1989.” The true prevalence of PEG allergy is unknown but is
suspected to be significantly underreported, and a rise in the inci-
dence of PEG allergy is expected as a result of the continued exten-
sive use and increased focus on this hidden allergen.'"*

PEGs are synthesized by polymerization of ethylene oxide
and addition of water, and they vary in MW and chain length.
Low MW PEGs are viscous, clear liquids, while high MW
PEGs are waxy, white solids.'”” There is potential for cross-
sensitization to structurally related derivatives sharing the
same chemical groups as PEG.””® Other excipients, such as
polysorbates derived from pegylated sorbitan or poloxamers
comprising a trimer consisting of 1 moiety of polypropylene
glycol surrounded by 2 moieties of PEGs, have been reported
to show cross-sensitization (Fig 1)." Cross-sensitization is
likely underestimated and rarely investigated; its clinical sig-
nificance is not clear.

Diagnosing patients with PEG allergy is challenging. They often
present with repeated, severe allergic reactions/anaphylaxis to
structurally different drugs/products, and PEGs are rarely sus-
pected. When suspected, performing a skin prick test (SPT) with a
panel of different MW PEGs is the recommended investigation,
although systemic reactions have been reported on SPT."'” Intra-
dermal testing and graded challenge with PEG-containing products
should only be performed with caution as a result of the relatively
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FIG 1. Molecular structure and polymerization of PEG and the derivatives poloxamer and polysorbate 80,
which share 2 chemical moieties, -(OCH,CH,)- and -OCH,CH,0. Image reproduced with permission from
Clinical & Experimental Allergy from Wenande and Garvey.'

high risk of inducing anaphylaxis.'*"""'"' Skin test reactivity may

decrease over time, showing negative results on titrated SPT with
recommended low MW (PEG 300, 3000, 6000) despite a strong
clinical suspicion, putting patients at risk of inadvertent reexposure
if the diagnosis is not confirmed.

To date, there is limited knowledge about skin test reactivity over
time, cross-sensitization to structurally related polymers, and
supplemental diagnostic tests. In this study, therefore, we evaluated
skin test reactivity over time and cross-sensitization patterns in 10
patients with confirmed allergy to PEG. We investigated whether
titrated SPT with increasing concentrations of a PEG 20,000 MW
can increase diagnostic sensitivity of SPT in PEG allergy. Further,
because a reliable in vitro test would minimize the risk to patients,
we assessed the basophil histamine release test with and without
passive sensitization (PS). We present an investigation algorithm
that is based on the study findings.

METHODS
Study design

The study included SPT results and histamine release test results from the
time of diagnosis and initial allergy assessment. In addition, prospective
testing was performed with a PEG SPT series developed for the study, as well
as blood samples at 2 different time points 26 months apart. Blood samples
were analyzed with histamine release test with and without PS.

Written and oral informed consent was obtained from all patients as well as
participants in the control group. The study was approved by the regional
ethical committee (file H-17021145).

Patients

Twelve patients were diagnosed with PEG allergy at the Allergy Clinic at
Gentofte Hospital from September 2010 to August 2019. The diagnosis was
made at the initial assessment by a history of 1 or more allergic reactions to

PEG-containing products combined with a positive SPT to 1 or more low MW
PEGs.

In the current study, we included 10 patients diagnosed with PEG allergy
aged >18 years at the time of inclusion in the study. One patient had died, and
another declined participation.

We included 8 patients diagnosed until 2017, who consented to participate
twice, with a second visit 2 years later in 2019. One patient later declined the
second visit. We consecutively invited patients newly diagnosed with PEG
allergy between 2017 and 2019. Two patients were included after 2017, and
these only participated once in the study.

Control group

The control group comprised 16 healthy, nonallergic individuals matched
for age and sex who had a blood sample drawn and were tested once with the
study PEG SPT series.

Skin prick testing

PEGs and derivatives were prepared in sterile water at the Laboratory of
Medical Allergology, Gentofte Hospital, Hellerup, Denmark (see Table El in
this article’s Online Repository at www.jacionline.org). SPT was performed
stepwise one concentration at a time with 20 minutes’ observation between
each step. The PEG SPT series developed for the study comprised the
following: lower MW PEGs: PEG 300 (100%), PEG 3000 (50% wt/vol),
PEG 6000 (50% wt/vol), polysorbate 80 (20% wt/vol), and poloxamer 407
(10% wt/vol). These were tested first in stepwise fashion. If only local reac-
tions occurred on testing, SPT was performed stepwise with PEG 20,000 in
concentrations of 0.01%, 0.1%, 1%, 10%, and 20% (wt/vol) until a positive
response was reached. Three patients with very strong local responses or sys-
temic urticaria to lower MW PEG were not tested with PEG 20,000 for ethical
and safety reasons. SPT was performed on the forearm with a positive control
with histamine 10 mg/mL and a negative control with saline. Duplicate testing
was performed if the test was negative. The control subjects were tested with
all components in duplicate. A positive reaction was defined as a wheal diam-
eter of >3 mm.
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Blood sampling and histamine release tests

Prospective blood samples were drawn before SPT at both visits. Hista-
mine release test were performed on the day of blood sampling on 10 PEG-
allergic patients and 16 healthy controls using the method previously
described by Larsen et al. 1 PEG 300, PEG 3000, PEG 6000, PEG 20,000,
poloxamer 407, polysorbate 80 (Sigma-Aldrich, St Louis, Mo), anti-IgE
(KPL, Gaithersburg, Md), and phorbol 12-myristate 13-acetate (PMA) +
ionomycin (both from Sigma-Aldrich) were all tested in 6 concentrations.
The percent HR (%HR) equals released histamine of stimuli divided by
maximum histamine release induced by PMA + ionomycin stimulation.
Histamine release >10% was considered positive if found in 2 consecutive
concentrations. If anti-IgE response was <10%, the test was considered
inconclusive (see this article’s Methods section in the Online Repository at
www.jacionline.org).

RESULTS

Six men and 4 women participated in the study. The median age
was 35 years (range, 18-64 years). Three patients had a history of
allergic rhinoconjunctivitis; none had a history of reactions to
food, PEG-free drugs, venoms, or vaccinations. None of the
patients had received a vaccination containing polysorbate 20,
polysorbate 80, or PEG since diagnosis.

For all patients, median time from first reaction to PEG until
diagnosis was 20 months (range, 2-120 months). Median time
from diagnosis to first study visit was 30 months (range, 1-86
months).

The most common PEG exposures were oral medications, such
as analgesic tablets, antacids, antibiotic tablets and laxatives, and
depot steroid injections. Table I lists the culprit agents. The mean
number of reactions before diagnosis was 3 (range, 2-6). Eight pa-
tients had at least 1 reaction fulfilling the criteria for anaphylaxis
and requiring epinephrine. Clinical patient data are reported in
detail elsewhere.'”

Skin prick tests

In 9 patients, the diagnosis was made at initial allergy
assessment by a positive SPT to PEG 3000 and/or PEG 6000
(Table I). Patient 4, who experienced cardiac arrest after insertion
of poloxamer 407—containing bone cement during hand surgery,
only tested positive on SPT with the PEG derivatives poloxamer
407 and polysorbate 80 at initial allergy assessment 1 month after
his reaction. He later tested positive to PEGs of varying MW at the
first study visit three and a half years later.

All patients previously testing positive to PEG 3000 and PEG
6000, and who lost reactivity to these concentrations over time,
still tested positive on PEG 20,000. Patients with a longer interval
since diagnosis (patients 1, 2, 5, and 8) tested negative to lower
MW and positive only to the higher concentrations of PEG 20,000
(Table I). Three patients (patients 6, 7, and 10) were not tested
with PEG 20,000 in the study because they developed systemic
urticaria during SPT with lower MW PEG. Patient 6 had tested
positive for PEG 20,000 0.01% at the time of diagnosis. Symp-
toms were treated successfully with PEG-free oral antihistamines
in all 3 patients.

All 16 participants in the control group tested negative in all
SPT concentrations in duplicate.

Changes in SPT reactivity to PEG over time. In 7
patients, reactivity decreased over time, with loss of reactivity to
the lower MWs. Decreased reactivity median time was 41 months
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(range, 26-82 months). In patients 3 and 9, reactivity increased
over time after 26 and 16 months, respectively. In patient 10, who
was newly diagnosed, reactivity did not change over 9 months.

Cross-sensitization. Eight patients showed cross-
sensitization to PEG derivatives (all 8 to poloxamer 407 and 3
to polysorbate 80) at some point between diagnosis and last study
visit. Patients 1 and 2, who had the longest delays since diagnosis
(7 and 4 years, respectively), tested negative to both derivatives
during the study. Neither had been tested with poloxamer 407 and
polysorbate 80 before, as we had not been aware of the potential
for cross-sensitization at the time of their diagnosis.

Histamine release test

Blood samples from patients or healthy controls were inves-
tigated for basophil reactivity when stimulated with PEGs. Four
patients had a HR test performed at the time of diagnosis, and 2
patients (patients 1 and 2) tested positive to relevant MW PEGs,
while 2 tested negative. Patients 1 and 2, who had tested positive
in HR test at diagnosis but who tested negative at the first study
visit, remained positive on SPT.

At the first study visit, 2 of 10 patients tested positive. Patient
7 tested positive for a relevant MW PEG, while patient 4 only
showed partial concordance between SPT and HR test (see Fig
El and Table E2 in this article’s Online Repository at www.
jacionline.org). Four patients (patients 3, 5, 6, and 10) had incon-
clusive tests, most likely due to nonreleasing basophils, a phe-
nomenon found in 10% to 20% of the general population
where basophils are found to be unresponsive (ie, histamine is
not released) when using IgE-dependent stimuli.'® Three of
these patients (patients 3, 6, and 10) had systemic urticarial re-
actions during SPT in this study. Four patients had a negative
HR test to PEG and PEG derivatives despite having a positive
skin test. HR test was not performed at the second study visit.

PS histamine release test

To circumvent the problem of nonreleasing basophils, the
technique of PS was used, where blood from blood donors with
releasing basophils was passively sensitized with IgE from
patients or healthy control serum. PS HR was performed at both
study visits. Only 1 patient (patient 1) showed a positive response
of doubtful clinical relevance. Six patients had negative results
and 3 patients had inconclusive results on samples from the first
study visit. Seven patients who had a blood sample analyzed at the
second visit all tested negative (Table E2).

HR and PS HR were negative in all tests in all 16 controls.

DISCUSSION

In this study of 10 patients with PEG allergy, which is to our
knowledge the largest cohort of PEG-allergic patients reported to
date, we found that SPT reactivity to PEGs may decrease over
time, but that the diagnosis can still be made by SPT with higher
MW PEGs. All patients who had lost skin test reactivity over time
to low MW PEG (PEG 3000 and/or PEG 6000) tested positive to
PEG 20,000 in varying concentrations. In 7 patients, reactivity
decreased over time with loss of reactivity to a lower MW PEG,
while reactivity increased over time in 2 patients and remained
stable in 1 patient. The 2 patients (patients 1 and 2) with the
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TABLE I. SPT results over time in 10 patients with confirmed PEG allergy

BRUUSGAARD-MOURITSEN ET AL 171

Latest SPT at
Patient reaction to SPT 0 to SPT at second study
no., year Age, diagnosis SPT at diagnosis SPT first study visit visit (SPT B)
of diagnosis sex Culprit agents (months) (SPT 0) A (months) (SPT A) 2017* 2019
1, 2010 28, F  Intramuscular Depo-Medrol 7 PEG 300 82 PEG 300 Declined
(methylprednisolone acetate) PEG 3350 (+) PEG 3000
injection (PEG 3350) PEG 6000 (+) PEG 6000
Balancid Novum (magnesium Poloxamer and PEG 20,000
hydroxide) reflux tablet (PEG polysorbate 0.01-10 20% (+)
6000) not tested Poloxamer 407
Effexor (venlafaxine) Polysorbate 80
antidepressant tablet (PEG
400)
2,2014 63, F  Intra-articular Depo-Medrol 2 PEG 300 46 PEG 300 PEG 300
(methylprednisolone acetate) PEG 3000 (+) PEG 3000 PEG 3000
injection (PEG 3350) PEG 6000 (+) PEG 6000 PEG 6000
Poloxamer and PEG 20,000 PEG 20,000
polysorbate 0.01-10 20% (+) 0.01 0.1 10% (+)
not tested Poloxamer 407 Poloxamer 407
Polysorbate 80 Polysorbate 80
3, 2014 37, M  Vepicombin 4 PEG 300 45 PEG 300 PEG 300
(phenoxymethylpenicillin) PEG 3000 PEG 3000 PEG 3000 (+)
antibiotic tablet (PEG 6000) PEG 6000 (+) PEG 6000 PEG 6000 (+)
Vepicombin PEG 20,000 PEG 20,000 Poloxamer 407 (+)
(phenoxymethylpenicillin) 0.01% (+) 0.01 0.1% (+) Polysorbate 80
antibiotic tablet during drug Poloxamer 407 (+) Poloxamer 407 (+)
provocation (PEG 6000) Polysorbate 80 Polysorbate 80
Burana (ibuprofen) tablet (PEG
6000)
Mucoangin (ambroxol) throat
lozenge (PEG 6000)
Xerodent (sodium fluoride) oral
tablet (PEG 6000)
Balancid Novum (magnesium
hydroxide) reflux tablet (PEG
6000)
Sensodyne Dental floss (PEG
6000)
4,2014 33, M  Accell Connexus DBM putty 1 PEG 300 41 PEG 300 PEG 300
(poloxamer 407) during hand PEG 3000 PEG 3000 (+) PEG 3000
surgery PEG 6000 PEG 6000 (+) PEG 6000
Poloxamer 407 (+) PEG 20,000 PEG 20,000
Polysorbate 80 (+) 0.01 0.1% (+) 0.01 0.1% (+)
Poloxamer 407 (+)  Poloxamer 407
Polysorbate 80 (+) Polysorbate 80
5,2014 53, M  Unidentified perioperative 5 PEG 300 39 PEG 300 PEG 300
exposure during coronary stent PEG 3000 (+) PEG 3000 PEG 3000
insertion PEG 6000 (+) PEG 6000 (+) PEG 6000
PEG 20,000 PEG 20,000 PEG 20,000
0.01-10 20% (+) 0.01-10 20% (+) 0.01 0.1 1% (+)
Poloxamer 407 (+) Poloxamer 407 Poloxamer 407
Polysorbate 80 Polysorbate 80 Polysorbate 80
6, 2016 30, M Migea (telfenamic acid) tablet 5 PEG 300 20 PEG 300 PEG 300
(PEG 6000) PEG 3000 (+) PEG 3000 (+) PEG 3000

Burana (ibuprofen) tablet (PEG
6000)

Panodil (paracetamol) Zapp
tablet (PEG 6000)

PEG 6000 (+)
PEG 20,000
0.01% (+)
Poloxamer 407 (+)
Polysorbate 80

Polysorbate 80
Systemic urticaria

PEG 6000 (+)
Polysorbate 80
Systemic urticaria

(Continued)
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TABLE I. (Continued)
Latest SPT at
Patient reaction to SPT 0 to SPT at second study
no., year Age, diagnosis SPT at diagnosis SPT first study visit visit (SPT B)
of diagnosis sex Culprit agents (months) (SPT 0) A (months) (SPT A) 2017* 2019
7, 2017 37, M  Vepicombin 3 PEG 300 (+) 1 PEG 300 (+) PEG 300
(phenoxymethylpenicillin) PEG 3000 (+) PEG 3000 (+) PEG 3000 (+)
tablet (PEG 6000) PEG 6000 (+) PEG 6000 (+) Poloxamer 407 (+)
Intra-articular Depo-Medrol Poloxamer 407 (+) Poloxamer 407 (+)  Polysorbate 80 (+)
(methylprednisolone acetate) Polysorbate 80 (+) Polysorbate 80 (+)  Systemic urticaria
injection (PEG 3350)
8, 2017 22, F  Vepicombin Novum 1 PEG 300 1 PEG 300 PEG 300
(phenoxymethylpenicillin) PEG 3000 PEG 3000 PEG 3000
tablet (PEG 6000) PEG 6000 (+) PEG 6000 (+) PEG 6000
Balancid Novum (magnesium Poloxamer 407 (+) Poloxamer 407 (+) PEG 20,000
hydroxide) tablet (PEG 6000) Polysorbate 80 (+) Polysorbate 80 (+) 0.01 0.1 1% (+)
Movicol (macrogol) laxative Poloxamer 407
(PEG 3350) Polysorbate 80
Panodil (paracetamol) tablet
(PEG and polysorbate 80)
9, 2018 16, M Movicol (macrogol) laxative 27 PEG 300 16 PEG 300 Newly diagnosed,
(PEG 3350) PEG 3000 PEG 3000 (+) second study
Dulcosoft (macrogol) laxative PEG 6000 (+) PEG 6000 (+) visit not possible
(PEG 4000) PEG 20,000 PEG 20,000
Diprospan (betamethasone) intra- 0.01 0.1% (+) 0.01 0.1% (+)
articular injection (PEG 3350) Poloxamer 407 (+) Poloxamer 407 (+)
Polysorbate 80 Polysorbate 80
10, 2019 33, F Intra-articular Depo-Medrol 5 PEG 300 8 PEG 300 Newly diagnosed,

(methylprednisolone acetate)
injection (PEG 3350)
Intra-articular Depo-Medrol

PEG 3000 (+)
Poloxamer 407 (+)
Polysorbate 80 (+)

PEG 3000 (+)
Poloxamer 407 (+)
Polysorbate 80 (+)

second study
visit not possible

(methylprednisolone acetate)
injection (PEG 3350)
Sanex body lotion (PEG 4400)

Systemic urticaria

Positive (+) SPT results are indicated in boldface.
*Patient 9 in 2018 and patient 10 in 2019.

longest time interval (7 and 4 years, respectively) since diagnosis
lost reactivity to the lower MW PEGs and tested positive only to
the higher concentrations (10-20%) of PEG 20,000. Two patients
(patients 5 and 8) with shorter time intervals (2 to 3 years) since
diagnosis had also lost reactivity to lower MW PEGs but tested
positive to the lower concentrations (0.1-1%) of PEG 20,000.
This indicates that SPT with increasing concentrations of a PEG
20,000 can be used to increase diagnostic sensitivity of SPT even
if there is a long delay between clinical reaction and allergy
assessment. Despite careful stepwise SPT with increasing con-
centrations, 3 patients developed systemic urticaria during
testing, even with lower MW PEG (PEG 3000), thus confirming
that SPT with PEGs can be hazardous to patients with a history
of severe allergic reactions if not performed with stepwise
increasing concentrations.''"

Severe systemic reactions on intradermal and provocation
testing with PEGs have been repeatedly reported, so avoiding
these test modalities would be a safer option.'~*”'*'* On the basis
of the results of our study, we suggest an investigation algorithm
that is based on a titrated stepwise approach of SPT only (Fig 2). If
results of SPT with lower MW PEGs are negative and clinical sus-
picion of PEG allergy is strong, we suggest to test PEG 20,000 in
increasing concentrations using a stepwise approach. We believe
that this approach will minimize the need for more hazardous test

modalities such as intradermal test and graded challenge, which
we only recommend if clinical suspicion is strong and the full al-
gorithm has shown negative results. In patients with a low pretest
probability of PEG allergy, such as patients with a history of re-
actions to several drugs not consistently containing PEGs, we
only perform SPT with low MW PEGs, poloxamer 407, and poly-
sorbate 80 without the stepwise approach. In our study, 5 patients
tested positive only to PEG 20,000 at the last study visit, although
they had previously tested positive to lower MW PEGs. If these
patients had been referred with a long delay since their initial re-
action, SPT with lower MW PEGs could have turned out falsely
negative, and intradermal test or graded challenge might have
been performed, putting the patients at risk of experiencing sys-
temic reactions on testing.

Because many health care professionals are unfamiliar with the
clinical presentation of PEG allergy, we provide in Table II a list
of clinical scenarios where allergy to PEGs should be suspected.
Because the mRNA COVID-19 vaccines contain PEG 2000, it is
important that patients with suspected allergy to PEGs are inves-
tigated before vaccination, and we have included PEG 2000 in the
new algorithm for this reason.

Another important finding of this study is that if lower MW
SPT tested positive, PEG 20,000 would also test positive,
suggesting that allergenicity increases with increasing MW'’
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Clinical suspicion of PEG allergy (see table II)

A 4
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Identify exact product(s) that caused the reaction(s) i.e. same dose and manufacturer.

Check product information: Do the suspected products contain PEG/macrogol?

l

Yes/not able to rule out

v

1. SPT with culprit product if possible (e.g. injectable drugs, creams)
2. SPT with low MW PEG and PEG derivatives - stepwise approach*:

PEG 300 (100%), PEG 2000 (50%), PEG 3000 (50%), PEG 6000 (50%),
Poloxamer 407 (10%), Polysorbate 80 (20%)

3. If negative, continue with PEG 20,000 in increasing concentrations
0.01%, 0.1%, 1%, 10%, 20% - stepwise approach*

If very severe reactions, consider SPT with 1/10 dilution of above
concentrations and/or in vitro tests prior to SPT, if available

Consider other excipients
(e.g. methylcelluloses,
mannitol, povidone,
gelatin)

*Stepwise approach

SPT one concentration at a
time with 20 min intervals.
Stop testing when positive
SPT (wheal 23 mm) as
higher MWs will always
test positive

Positive

A

y

Negative, but continued strong suspicion

}

Repeat testing after 4-6 weeks

Posi

tive

A4

Negative

A\ 4

PEG allergy less
likely.

Consider IDT or

PEG allergy confirmed

graded challenge

|

if strong suspicion

Give patient detailed information about the allergy and common products
Issue allergy warning card and prescription for epinephrine autoinjector
Educate patient in checking product labels of new products

Give follow-up allergy appointments to address questions

Ensure continued access to advice from the Allergy Department

FIG 2. Investigation algorithm for patients with suspected PEG allergy. A stepwise approach should always
be used in patients with severe reactions and strong suspicion of PEG allergy. In patients with milder
reactions and weak suspicion of PEG allergy, several tests can be performed simultaneously after individual

risk evaluation.

TABLE Il. Clinical history where allergy to PEG should be considered’’

Repeated, severe allergic reactions/anaphylaxis to >2 structurally different drugs/products (eg, tablets, depot injections, antacids, PEG-based laxatives).
Severe allergic reactions to only some formulations, or doses, of same generic drug.
Severe allergic reaction to drugs, where allergy to the active ingredient has been excluded on testing (eg, antibiotics, analgesics).

Severe allergic reaction to vaccines containing PEG (mRNA vaccines) or PEG derivatives (polysorbate 80, poloxamers).
Severe allergic reaction to PEGylated drugs, where allergy to the active drug is excluded.
Severe unexplained allergic reactions in connection with surgery or invasive procedures.

°
([ ]
°
® Severe allergic reaction to drugs containing PEG or PEG derivatives (polysorbate 80, poloxamers).
°
°
°
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and that there is no upper threshold for positivity.' This means that
if SPT is positive to PEG 3000, further testing with higher MW
PEGs is not necessary and may put the patient at risk of a systemic
reaction. We have included this important information in the algo-
rithm. Whether the threshold on SPT translates into a threshold
for clinical reactivity has not been confirmed. Other groups
have suggested that a lower threshold can be identified and that
patients can use products with PEGs of MWs testing negative
on SPT or challenge.‘%’10 In our center, however, we adopt the
more cautious approach of warning against PEGs of all MWs
even if lower MWs test negative. This is supported by the results
of the current study, where 2 patients showed an increase in reac-
tivity by testing positive on lower MW at the second study visit.
This may be explained by unknown accidental re-exposure to
PEG. There is a high risk of accidental re-exposure, as PEGs
are widely used in daily life and in the health care setting. It is
possible that minor asymptomatic exposure—for example, from
soaps, creams, cosmetics, or tablet coatings containing PEG
—can be enough to maintain or increase allergenic reactivity.
Finally, a lack of standardized labeling and the possibility of
admixture with other MW PEGs means that the MW stated on
drugs and other products cannot always be trusted.''”

Recommendations for investigation of patients with suspected
hypersensitivity to PEG are generally based on experiences from
very few patients, making it difficult to assess specificity and
sensitivity of individual tests. However, on the basis of negative
SPT results for all MWs and concentrations in 16 healthy controls
in this study, as well as negative SPT results with PEG 300, PEG
3000, PEG 6000, polysorbate 80, and poloxamer 407 in 314 non—
PEG-allergic patients investigated as part of routine allergy
assessment in our clinic during 2012-19, the specificity of our
SPT series with PEG is likely to be high.

Although SPT is the recommended investigation when diag-
nosing patients with PEG allergy, even this procedure, generally
considered very safe for most other allergens, may lead to
systemic allergic reactions if performed with too high concen-
trations in highly reactive patients, such as those with severe
reactions or when testing takes place soon after the allergic
reaction. In our study, 3 patients developed systemic urticaria
during SPT but responded quickly to treatment with oral
antihistamines not containing PEG. This emphasizes the need
for a stepwise approach. Indeed, using this protocol, we have
never induced anaphylaxis on SPT. We suggest that a 1710 dilution
of our recommended concentrations may be used initially in
patients with a strong suspicion of PEG allergy and/or severe or
recent reactions. Because of the risk of systemic reactions,
testing should always be performed in a specialized setting with
equipment and expertise in treating immediate-type allergic
reactions. It should be ensured that antihistamine tablets without
PEG are available for treating early symptoms.'" On the Danish
market, presently only a single oral antihistamine is PEG-free.

Cross-sensitization between PEGs and structurally related
polymers have only been rarely investigated.l’3 Eight patients
showed cross-sensitization to PEG derivatives in our study, all 8
to poloxamer 407 and 3 to polysorbate 80. Patient 4 is the only pa-
tient in this study with a history of a clinical reaction to poloxamer
407. Another patient from our clinic diagnosed with PEG allergy,
who had died before this study, did have a clinical reaction to
polysorbate 80.”

Some patients showed a decrease in skin test reactivity to these
other polymers over time, while others maintained their
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reactivity. The clinical relevance of cross-sensitization is un-
known and urgently needs elucidating because polysorbate 80 is
used in many drugs’ and vaccines, including some of the up-
coming vaccines against COVID-19.

To our knowledge, the skin test reactivity over time in patients
with PEG allergy has not been previously investigated. It is not
known whether allergenic reactivity remains dormant until
reactivated by re-exposure or if it can disappear permanently. In
this study, some patients (patients 2, 4, and 5) only had a single
reaction, and they seemed to be less reactive on SPT."” It may be
that they can tolerate limited exposure to PEG. Others have had
repeated severe reactions with years in between and may never
lose their reactivity. Although there may be individuals who truly
lose sensitization to PEG, the risk of severe reactions on
re-exposure means that until more affirmative information is
available to prove otherwise, in our clinic, we tell patients that
PEG allergy covers all MW PEGs and is for life.

If areliable in vitro test for allergy to PEG were available, the risk
of inducing systemic reactions on SPT or other test modalities
would be eliminated. However, such a test is presently not available.
For other allergens, in vitro test reactivity can decrease or even be
lost over time with lack of exposure; this has been shown for IgE
to chlorhexidine, ethylene oxide, and penicillin.”’ > It has been sug-
gested that PEG allergy is caused primarily by an IgE-mediated
mechanism.*** An assay for detecting anti-PEG IgE has been re-
ported to show promising results in a small cohort of patients.25

In this study, we investigated the direct HR test with and
without PS. HR testing is used in some centers in Denmark and
shows good results for allergy to things like chlorhexidine,
peanut, and pollen.'®*“* Previously our group published prom-
ising results on HR and PS for PEG in a single patient (patient 1)
on blood sampled close to the clinical reactions.* On testing in
this study 82 months later, this patient had lost reactivity. In the
current study, direct HR was only positive in 2 patients, and
another Danish group showed similar results.'” One of these pa-
tients had been diagnosed just 1 month previously and with proper
titration of the PEG substances; direct HR test may have a place in
patients where investigations take place within a few months of
exposure. Four patients showed inconclusive results, likely due
to nonreleasing basophils, a well-known limitation of this test.'®
In the present study setting, HR test with PS was negative in all
patients and was not considered helpful in the diagnosis of allergy
to PEG. Improved in vitro diagnostic tests for patients with allergy
to PEG (and structurally related derivatives) therefore remains to
be developed. In addition the potential for improving the sensi-
tivity of biologic tests, a serologic assay identifying specific IgE
to PEGs would be useful.*?> However, at the moment, no
commercially validated specific IgE assay for PEGs or structur-
ally related polymers is available.

In general, optimization of safe diagnostic tests is of great
importance to PEG-allergic patients and health care personnel.
However, there are still many gaps in the current knowledge. The
rarity of the allergy and its unknown true prevalence make it
difficult to describe the epidemiology and future prognosis. In
addition, there is a potential lack of generalizability across
health care systems and countries. The pathway to sensitization
is unknown, and basic immunologic mechanisms remain to be
identified. There is only limited experience with allergy investi-
gation, primarily based on SPT, but data on positive and negative
predictive value are sparse. Skin test reagents are not standard-
ized, and the role of intradermal and in vitro testing remain to be
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defined. Total avoidance of PEG causes considerable stress to pa-
tients in terms of the large number of products they need to avoid.
Developing a safe method for determining a lower threshold
for reactivity, thereby potentially allowing exposure to small
amounts of PEG, would be helpful. Not much information is
available on cross-reactivity patterns with polysorbate 80 and
other polymers; this should be addressed because the Bio-
NTech/Pfizer and Moderna mRNA COVID-19 vaccines contains
PEG 2000, while most of the other available non-mRNA vaccines
contain varying amounts of polysorbate 80. There is therefore an
urgent need to identify a COVID-19 vaccine that can be used
safely in PEG-allergic patients.

In conclusion, we have presented novel results of skin test
reactivity to PEGs over time and cross-sensitization patterns in 10
patients with allergy to PEGs. On the basis of our experience as
well as the results of this study, we suggest an optimized
investigation algorithm for patients with suspected allergy to
PEGs that is based on titrated stepwise SPT with PEGs of
increasing MW, utilizing the fact that higher MW PEGs are likely
to test positive even after many years. We therefore minimize the
need for other tests that carry a high risk of inducing anaphylaxis.
Cross-sensitization between PEGs and poloxamer 407 and poly-
sorbate 80 is common, but the clinical implications remain
unknown. Although in vitro tests would be the safest option for
patients, we confirm the findings of others that in vitro testing
so far has limited use in the investigation of allergy to PEGs.

Clinical implications: An algorithm using a stepwise approach
of skin prick testing to polyethylene glycols (PEGs) of increasing

molecular weights and concentrations can be used to diagnose
allergy to PEGs.
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METHODS

Histamine release (HR) tests were performed on the day of blood sampling
on 10 polyethylene glycol (PEG)-allergic patients and 16 healthy controls.
Blood was drawn before skin prick test (SPT) on the study day. On the day of
blood sampling, blood was centrifuged, and plasma replaced with piperazine-
N,N’-bis(2-ethanesulfonic acid) (PIPES) buffer (RefLab, Copenhagen,
Denmark). Glass fiber—coated microtiter plates (RefLab) were added 50 pL
diluted blood and 50 pL stimulant (polyclonal goat anti-human IgE [VWR
International, West Chester, Pa], PMA, and ionomycin [both from Sigma-
Aldrich, St Louis, Mo], or PEG 300, PEG 3000, PEG 6000, PEG 20,000,
poloxamer 407, or polysorbate 80 [Sigma-Aldrich]) in 6 concentrations. The
plates were incubated for 60 minutes at 37°C, and released histamine was
determined by making o-phthaldialdehyde-histamine fluorescent complexes,
which were quantified on a Histareader (RefLab).

To perform the passive sensitization (PS) HR test, fresh buffy coat blood
obtained from the local blood bank (Rigshospitalet, Copenhagen, Denmark)
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was added 10 pg/mL recombinant human IL-3 (Trichem, Skanderborg,
Denmark) and stored overnight at 8°C. The buffy coat blood was washed
with PIPES buffer followed by ice-cold stripping buffer (RefLab) to remove
IgE from donor basophils. IgE-stripped cells were then incubated with serum
for 1 hour at 37°C, and the cell suspension (25 pL) and stimulants (25 pL)
were added to glass fiber—coated microtiter plates, with released histamine
quantified as described above.

Percent HR (%HR) was calculated as the released histamine of stimuli
divided by maximum HR induced by PMA + ionomycin stimulation. Par-
ticipants who had a %HR of <10% to anti-IgE stimulation were designated
as nonreleasing. Those with nonreleasing basophils did respond to PMA +
ionomycin (Fig El). Participants not responding to 2 consecutive PEG
doses with >10% basophil reactivity were considered nonreacting. A test
was regarded conclusive if the basophils reacted to anti-IgE or PEG stim-
ulation, and inconclusive if the participant was both nonreleasing and
nonreacting.
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FIG E1. Direct basophil HR tests in response to PEG 300, PEG 3000, PEG
6000, PEG 20,000, poloxamer 407 or polysorbate 80, ethylene glycol, and
diethylene glycol for (A) patient 4 (positive for PEG 20,000), (B) patient 7
(positive for PEG 3000, PEG 6000, PEG 20,000, and poloxamer 407), and
(C) anti-IgE for patients 4 and 7 at first study visit in 2017. Unfortunately,
the 10-fold dilution range of PEGs from 10 mg/mL to 0.1 ug/mL was not suf-
ficiently long; in some cases, it only allowed demonstration of a positive
response at the lowest concentrations (ie, at right part of the bell-shaped
dose-response curve normally seen for HR). For logistical reasons, it was
not possible to repeat the experiments using higher dilutions.

BRUUSGAARD-MOURITSEN ET AL 175.e2



175.e3 BRUUSGAARD-MOURITSEN ET AL J ALLERGY CLIN IMMUNOL
JANUARY 2022

TABLE E1. Detailed procedure for preparing solutions for SPT for PEG, poloxamer 407, and polysorbate 80 at the Laboratory for
Medical Allergology, Allergy Clinic, Gentofte Hospital, Denmark

Manufacturer Amount for
Compound product no.* Dilution 10 mL solution Production method

PEG 300 81162 No dilution 10 mL PEG 300 is used undiluted; just form 10 mL aliquots of the
solution.

PEG 3000 03997 50% (wt/vol) 5¢g For PEG 3000, PEG 6000, and poloxamer 407, weigh the
appropriate amount and transfer to a 15 mL tube containing 5
mL sterile water. Poloxamer is difficult to dissolve, so always
add sterile water before the compound. Tighten the lid and seal
with parafilm. Place the tube on a tube rotator at 37°C for 2
hours. Ensure that the compound is dissolved. If not, leave the
tube on the rotator at 37°C until dissolved.

Centrifuge the tubes (500 X g, 5 minutes, 20°C), adjust the volume
to 10 mL with sterile water, and vortex the suspension to ensure
correct mixing.

PEG 6000 03394 50% (wt/vol) S5g

Poloxamer 407 16758 10% (wt/vol) lg

PEG 20,000 (average 81300 0.01-20% (wt/vol) 2x2 g For PEG 20,000, twice the amount is made up because more is
molecular weight) needed for serial dilutions.

Weigh 4 g and transfer to a 50 mL tube containing 14 mL sterile
water. Tighten the lid and seal with parafilm. Place the tube on a
tube rotator at 37°C for 2 hours. Ensure that the compound is
dissolved. If not, leave the tube on the rotator at 37°C until
dissolved. Centrifuge the tubes (500 X g, 5 minutes, 20°C),
adjust the volume to 20 mL with sterile water, and vortex the
suspension to ensure correct mixing.

Prepare 4 new tubes for serial dilution:

® 10% PEG 20,000: Mix 8 mL of 20% PEG 20,000 with 8 mL
sterile water.

® 1% PEG 20,000: Mix 2 mL of 10% PEG 20,000 with 18 mL
sterile water.

® 0.1% PEG 20,000: Mix 2 mL of 1% PEG 20,000 with 18 mL
sterile water.

® 0.01% PEG 20,000: Mix 2 mL of 0.1% PEG 20,000 with 18 mL
sterile water.

Vortex each dilution to ensure correct mixing before preparing the
next dilution step. You will end up having more than 10 mL in the
final solution.

Polysorbate 80 P1754 20% (vIv) 2 mL Pipette 2 mL into a 15 mL tube containing 8 mL sterile water.
Vortex the suspension to ensure correct mixing.

Once solutions are made following this procedure, they will stay in solution at room temperature. Solutions are transferred to a sterile vial for multiple use. Solutions are used for 6
months, but no studies have been done on stability or sterility. Solutions should be presumed to be nonsterile and should only be used for SPTs. The compounds used are classified
as laboratory chemicals. Use of these substances for SPT may be subject to local legislation and is at the responsibility of the doctor ordering the test.

*Sigma-Aldrich (Sigmaaldrich.com).

fDescription of method for production of 10 mL solution (transfer into sterile vials for multiple use and store at room temperature).


http://Sigmaaldrich.com
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TABLE E2. Direct HR test and PS test results in 10 patients with confirmed PEG allergy
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Patient no. HR 0 HR A PS O PS A PS B
1 PEG 3350 = PEG 3350 Poloxamer 407 NT
PEG 6000 PEG 6000
2 PEG 3000 - NT - -
PEG 6000
3 = (=) NT = =
4 - PEG 20,000 NT - -
5 NT (-) NT = =
6 NT (=) NT - -
7 NT PEG 3000 NT = =
PEG 6000
PEG 20,000
Poloxamer 407
8 NT - NT =) —
9 = = NT (=) NT
10 NT (=) NT -) NT

Only positive results are provided in full. For HR, results are shown from initial reaction (0) and study visit A. For PS, results are shown for study visit A and study visit B. All
patients were tested with PEG 300, PEG 3000, PEG 6000, PEG 20,000, poloxamer 407, or polysorbate 80 in 6 concentrations at study visit A and B. 0 indicates time of diagnosis;
A, first study visit; and B, second study visit; and — indicates negative; (—), inconclusive; and NT, not tested.
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