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Abstract

Background: The most common immediate hypersensitivity to macrogols is associated with 

PEG 3350, however the epidemiology, mechanisms and cross-reactivity are poorly understood. 

Thousands of medications contain either PEGs or structurally similar polysorbates.

Objective: Our objective was to better understand the mechanism, cross-reactivity and scope of 

PEG hypersensitivity.

Methods: Two cases with a past history of immediate hypersensitivity to PEG-containing 

medications were used to study potential mechanisms and cross-reactivity of immediate reactions 

to PEG 3350. Skin testing and oral challenges with PEG and polysorbate-containing agents were 

employed to determine clinical reactivity and cross-reactivity between the two allergens. Enzyme-

linked immunosorbent assay (ELISA) and electrochemiluminescent immunoassay were used to 

detect anti-PEG specific IgG and IgE respectively, using PEGylated protein or PEG alone as 

antigens in two cases and six PEG 3350 tolerant controls. We searched FDA adverse event reports 

for immediate reactions to PEG 3350 to determine the potential scope of this problem in the 

United States.
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Results: Skin and provocation testing demonstrated symptomatic reactivity in both cases to PEG 

3350 and polysorbate 80. Plasma samples were positive for anti-PEG specific IgE and IgG 

antibodies only in cases and binding increased directly proportional to the molecular weight of 

PEG tested. FDA adverse event reports revealed 53 additional cases of possible PEG 3350 

anaphylaxis.

Conclusions: Immediate hypersensitivity to PEG 3350 with cross-reactive polysorbate 80 

hypersensitivity may be under recognized in clinical practice and can be detected with clinical skin 

testing. Our studies raise the possibility of an IgE mediated Type I hypersensitivity mechanism in 

some cases.
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Background:

Macrogols, including polyethylene glycols (PEG) and the structurally related polysorbates 

(Figure 1), are compounds whose primary feature includes polyether groups. They have 

wide ranging use in medical and commercial settings, with molecular weights (MW) that 

range from 200 to 35,000g/mol.1 PEG of MW between 3350 and 6000 are frequently used 

as excipients in many liquid and solid formulations of medications.2, 3 PEG of MW 5000 is 

used in conjugated enzyme therapeutics, such as PEG-asparaginase and PEG-adenosine 

deaminase, to improve drug pharmacokinetics and lower immunogenicity. PEG of MW 3350 

is the primary ingredient in commonly used oral bowel preparations for colonoscopy 

procedures in the United States.1, 4 Recently, PEGs of this MW range have been receiving 

attention as a cause of anaphylaxis to preparations used for colonoscopies,5 and as an 

immunogenic epitope in PEGylated asparaginase (Oncaspar and Pegcrisantaspase).6, 7 There 

is only limited awareness of their role in reactions to medications where they are present as 

an excipient.4, 8–10 Many patients report repeated cutaneous exposures11–14 or local 

reactions to PEG-containing topical items15 prior to the onset of systemic reactions to high 

molecular weight PEG containing medications, suggesting a cutaneous mode of 

sensitization. Gastrointestinal sensitization has been theorized in PEG allergic patients with 

an impaired epithelial barrier.16–18 However, the scope to which macrogol hypersensitivity 

might be a problem in the United States and the mechanism for PEG and polysorbate 

reactions are not well understood.8, 19, 20 After encountering two cases of life threatening 

immediate hypersensitivity to macrogols in our clinic, we sought to further understand the 

mechanism and scope of immediate hypersensitivity to PEG.

Methods:

Clinical Surveillance:

Cases were recruited through a dedicated drug allergy clinic at Vanderbilt University 

Medical Center. A detailed clinical case description was obtained from patients whose 

history suggested an immediate reaction to PEG 3350 containing colonoscopy preparations, 

laxatives, or injected corticosteroids during a 3 year period.
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Skin Testing and Challenges:

To determine clinical reactivity to macrogols, including polyethylene glycols and 

polysorbate containing products, we used a combination of skin prick, intradermal and 

challenge testing with standard methodologies.21

Controls:

Two healthy adult volunteers served as negative controls for the skin testing protocol. Six 

additional healthy adult volunteers with previous exposure to PEG 3350 during colonoscopy 

preparation or use of laxatives during the last 5 years provided blood samples used as 

controls during laboratory assays.

Laboratory Methods:

To better understand the mechanism of macrogol hypersensitivity in the two cases, we next 

sought to detect the presence of polyethylene glycol specific antibodies. Enzyme-linked 

immunosorbent assay (ELISA) was used for the detection of anti-PEG antibodies. Briefly, 

Corning 96-well EIA/RIA assay microplates were coated with 5,000g/mol methoxy-PEG-

E.coli asparaginase (Oncaspar) at 10 µg/ml. For anti-PEG IgG detection, plasma obtained 

from the aforementioned 2 cases 2~3 months after their last anaphylaxis episodes were 

incubated at 1:400 dilution. For anti-IgE detection, the same plasma samples were pretreated 

with Protein G Plus Agarose (Thermo Fisher Scientific) at 1:1 ratio to remove IgG, then 

incubated at 1:10 dilution. HRP-conjugated goat anti-human IgG (Sigma) or anti-human IgE 

(BioRad) antibodies were added at 1:1000 and 1:10,000 dilution respectively. Plates were 

read at dual wavelengths of 490 nm and 630 nm on an ELx808 microplate reader (BioTek). 

Plasma samples from 6 patients with similar exposure to colonoscopy preparations 

containing macrogols were used as controls.

To better determine the presence or absence of PEG specific IgE, we next used an 

electrochemiluminescent method with greater sensitivity for detection. Standard MULTI-

ARRAY 96-well SECTOR plates were coated with Oncaspar and 5,000g/mol methoxy-

PEG-bovine catalase at 10 µg/ml. Samples were processed with Protein G Plus Agarose as 

described above, then incubated at 1:10 dilution. Biotin-conjugated goat anti-human IgE 

(BioRad) antibody was added at 1:10,000 dilution. SULFO-TAG labeled Streptavidin was 

used as the detection reagent. Plates were read with a Sector Imager 6000 Analyzer (Meso 

Scale Discovery).

Furthermore, to investigate the effect of the molecular size of unconjugated PEG on anti-

PEG specific IgG binding, we coated Nunc Maxisorp 96-well microplates (Thermo Fisher 

Scientific) with 5µg/ml HO-PEG-NH2 of MW ranging from 1kDa to 10 kDa (Creative 

PEGWorks). Case and control samples were incubated at 1:100 dilution. Other steps were 

the same as the anti-Oncaspar IgG detection ELISA aforementioned.

Public Data Review:

To evaluate the scope to which polyethylene glycol 3350 might be associated with 

anaphylaxis in the United States, we next undertook a review of the publicly available FDA 

Adverse Event Reporting System (FAERS) database from 1989 through 2017. Using the 
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search terms “polyethylene glycol” and “anaphylactic shock” or “anaphylactic reaction” we 

reviewed the number of these complaints for polyethylene glycol containing colonoscopy 

preparations and laxative products. We evaluated cases associated with branded and generic 

colonoscopy and laxative products whose primary ingredient was PEG 3350, including 

colonoscopy products both with and without electrolytes.

Medication Excipient Review:

To evaluate the degree to which immediate hypersensitivity to PEG 3350 or polysorbate 80 

might affect medication or vaccine safety for affected patients, we next reviewed publicly 

available data in the searchable “DailyMed” database provided by the National Library of 

Medicine,4 which allows for search queries targeting both active and inactive ingredients of 

all FDA approved and over-the-counter (OTC) medications in the United States. Searches 

conducted on the advanced search feature of this database will return reviewable information 

on the first 1000 hits. Using this database, we searched with the terms “polyethylene glycol 

3350” and “polysorbate 80”, selecting that these ingredients must be either an “active” or 

“inactive” ingredient. We then classified the first 1000 hits by route of administration and 

indication for the medication. We also reviewed vaccine excipient summaries provided by 

the CDC for vaccines containing either of the two ingredients.22

Results:

Description of Cases:

During our 3 year period of surveillance, we encountered two patients with a history of 

anaphylaxis during preparation for colonoscopy and after methylprednisolone acetate 

injections.

The first such patient was a 57 year old white male with an occupational history as a 

mechanic and electrician, who presented to our clinic for evaluation of suspected medication 

allergies causing anaphylaxis. 5 years prior to presentation, he noted that while preparing for 

a colonoscopy, taking oral Colyte® brand colonoscopy preparation (active ingredient PEG 

335023) he developed severe itching of his palate and throat, which was alleviated by 

diphenhydramine. Two years prior to presentation, he underwent injection of 

methylprednisolone acetate (excipient PEG 335024) into his neck as treatment of radicular 

pain from a bulging disk. Within seconds of receiving this medication, he developed 

urticaria, burning all over the body, throat tightness, wheezing, and hypotension. He was 

immediately given epinephrine, and transferred via emergency medical services to the 

emergency department, where he received additional epinephrine and IV fluid therapy. One 

year prior to presentation, he was scheduled for routine follow up of his initial colonoscopy. 

During his first few sips of Moviprep® brand colonoscopy preparation (active ingredient 

PEG 335025) he developed severe itching of his palate and throat, along with diffuse 

urticaria. Symptoms resolved over a couple of hours with immediate cessation of the bowel 

preparation and diphenhydramine. Three months prior to presentation, he attempted once 

again to undergo colonoscopy, using oral Gavilyte™-G generic preparation (active 

ingredient PEG 335026). He consumed approximately 10–12 ounces and subsequently 

developed itching, burning urticarial rash along with the urge to defecate. He went to the 
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bathroom where he experienced syncope and fell, knocking a hole in the drywall with his 

head. Upon hearing the fall, his son, a nurse, arrived and checked his father’s blood pressure, 

which was 60/20, and administered 0.3mg of 1:1000 concentration intramuscular 

epinephrine. EMS was called, and administered additional intramuscular epinephrine on 

arrival, taking the patient to the emergency department where he received diphenhydramine, 

famotidine, and intravenous fluids. He was observed overnight and discharged the next day.

The second patient was a 51 year old with an occupational history as a mechanic exposed to 

glycol containing hydraulic fluids, presenting for evaluation due to concern for peri-

operative anaphylaxis. Four months prior to presentation, he was to receive an outpatient c-

spine epidural steroid injection for cervical spine degeneration. He received lidocaine 

followed by omnipaque and methylprednisolone acetate. Within 5 minutes after the 

procedure he became itchy, red, hypotensive and a code was called. He was given 

ondansetron and methylprednisolone sodium succinate in addition to IV fluids. He was 

taken to the emergency department where he noted swelling in his hand, itching, difficulty 

swallowing, and hoarseness. He was given epinephrine as well as IV diphenhydramine and 

famotidine. He was admitted to the ICU for observation. One month prior to presentation, he 

began to develop a reaction just prior to a scheduled colonoscopy after use of a polyethylene 

glycol 3350 colonoscopy preparation. He became hypotensive and flushed and was treated 

with diphenhydramine, epinephrine, and IV fluids.

Skin Testing and Challenges:

The three bowel preparations and methylprednisolone acetate to which the patients had 

experienced immediate hypersensitivity reactions all share the ingredient PEG 3350. Both 

patients subsequently underwent prick and intradermal skin tests with serial dilutions of 

common corticosteroids, including methylprednisolone acetate (containing PEG 3350), 

methylprednisolone succinate (containing neither PEG nor polysorbate 80), betamethasone 

(containing neither PEG nor polysorbate 80), dexamethasone (containing neither PEG nor 

polysorbate 80), and triamcinolone acetonide (containing polysorbate 80, which shares 

significant structural homology to PEG) (Table I). During intradermal testing to the steroid 

preparations, patient 1 developed a sensation of throat and body itching, with a visible 

urticarial rash expanding from testing sites which was alleviated with 10 mg of cetirizine 

and 300 mg of ranitidine, without necessitating further treatment with epinephrine (Figure 

2). Patient 1 was subsequently demonstrated to have skin test positivity to other polysorbate 

80 containing products, including eye drops and conjugated pneumococcal vaccine, but was 

able to asymptomatically tolerate a low molecular weight PEG oral challenge with PEG 300. 

While Patient 2 had negative prick testing to PEG 3350 containing products and negative 

intradermal skin testing to methylpredisolone acetate, he did have positive testing to 

triamcinolone acetonide containing polysorbate 80. Upon challenge with PEG 3350 he 

developed diffuse urticaria, respiratory distress and hypotension requiring epinephrine and 

emergency department transfer. Both patients were able to tolerate challenge with parenteral 

steroids that did not contain macrogols.

Two healthy adult controls underwent polyethylene glycol testing on the same day as Patient 

2, with negative testing and no irritation at testing sites.
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Laboratory Results:

Anti-PEG specific antibody concentrations were measured as optical density (OD) from the 

ELISA assay using methoxy-PEG-E.coli asparaginase as the antigen source. Anti-PEG 

specific IgG (sIgG) ODs in plasma samples from the 2 cases (0.50 for Patient 1 and 0.31 for 

Patient 2) were significantly higher than that of the 6 PEG-exposed controls (99% CI = 

0.025 ± 0.019), indicating that both cases were positive for anti-PEG sIgG in these samples 

obtained 2~3 months after the last reaction (Table E1, Online Only). Anti-PEG specific IgE 

readings for the patients were negative by this method: ODs were 0.045 and 0.020 

respectively for Patient 1 and Patient 2 compared to controls of 0.019 ± 0.0037, none of 

which were above the uncoated well background signal (99% CI = 0.050 ± 0.011).

Using the more sensitive Meso Scale Discovery electrochemiluminescence method we were 

then able to detect specific IgE directed against PEG in our two cases, but not our controls. 

Luminescence intensity from the two cases against Oncaspar (88 for Patient 1 and 77 for 

Patient 2) was significantly higher than that of the controls (99% CI = 55.9 ± 4.1). Similarly, 

luminescence intensity from the two cases against PEG-bovine catalase (246 for Patient 1 

and 194 for Patient 2) was significantly higher than that of the controls (99% CI = 54.3 

± 9.3). The increase in luminescence intensity against both PEG containing reagents, when 

tested with sufficient sensitivity indicates that both cases were positive for anti-PEG sIgE 

(Table E1, Online Only).

Using unconjugated PEG molecules of different sizes as the antigen source, samples from 

both cases showed strong preference towards PEGs of larger molecular weights (Figure 3). 

Although patients in both cases reacted clinically to PEG 3350, anti-PEG sIgG antibodies in 

their plasma samples displayed even higher binding for higher molecular weight PEG 5k 

and PEG 10k, and almost no binding towards the lowest molecular weight PEG 1k (ODs 

were 0.021 and 0.014 respectively) compared to controls (99% CI = 0.014 ± 0.006) who did 

not demonstrate binding at any molecular weight of PEG.

Public data review results:

Using the preferred search term “anaphylactic” to capture both “anaphylactic shock” or 

“anaphylactic reaction”, we encountered 25,905 reports to the FDA between 1989 and the 

end of 2017. When the additional term “polyethylene glycol” was applied, we were left with 

133 reports associating polyethylene glycol with anaphylaxis. Of these, we encountered 53 

reports with unique case identifiers described as either anaphylactic shock or an anaphylactic 

reaction in which PEG containing bowel preparations or laxatives were the primary or sole 

agent suspected as causal. (Table II) The average age at reaction was 48.9 years (23% 

missing data), and 51% of those who reacted were male (15% missing data). At the time of 

reaction, 51% reported the PEG containing product was the sole agent they had ingested 

prior to anaphylaxis and were not using any other concomitant therapies. The other 49% 

were taking other concomitant therapies at the time of reaction, but their reports indicated 

primary suspicion was on PEG containing products. In terms of the clinical context, 72% of 

the reactions occurred prior to colonoscopy preparation, and 28% occurred during treatment 

of constipation. Reported reactions were distributed across the time period from 2005–2017, 
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with an average of 4 cases reported per year during this time period. (Figure 4) We did not 

encounter any reports of PEG-related reactions prior to 2005.

Medication Excipient Review:

Using the search term “polyethylene glycol 3350” as an active or inactive ingredient 

returned 1155 FDA approved medications. A summary of the first 1000 hits can be found in 

Table E2 (Table E2, Online Only). This list demonstrates that polyethylene glycol 3350 can 

more commonly be found in film coated tablets, topical gels, and parenteral steroids. Using 

the search term “polysorbate 80” as an active or inactive ingredient returned 6821 FDA 

approved medications. A summary of the first 1000 hits can be found in Table E3 (Table E3, 

Online Only). This list demonstrates that polysorbate 80 can more commonly be found in 

film coated tablets, parenteral steroids, and vaccines.

Discussion:

The most commonly known clinical use of macrogols such as PEG 3350 is in colonoscopy 

preparation or constipation treatment.5, 23, 25, 26 However, a review of common products and 

the literature demonstrates that polyethylene glycol and structurally similar polysorbate 

compounds can be found in vascular graft materials10, surgical gels27, PEGylated 

medications,28–30 household and industrial compounds,1 and as an excipient in a multitude 

of other medications both injectable and oral,4, 31 In these settings, PEGs and polysorbates 

are not consistently described in ingredient lists.8 The NIH DailyMed online resource 

through the National Library of Medicine is a useful resource for determining an individual 

product’s excipient content of macrogols such as PEGs and polysorbates: https://

dailymed.nlm.nih.gov/.4 Though cutaneous and systemic reactions to film coated tablets has 

been reported in patients with PEG hypersensitivity,8 both of our patients were otherwise 

healthy and taking no daily medications that contained PEG. Neither one is known to have 

reacted to any products other than what we have described in this report.

A recent review of published case reports and case series in the literature by Garvey et al. 
found 37 cases of PEG hypersensitivity since 1977.8 Our review of the FDA data adds a 

large number of additional cases that may not have been noticed in the medical literature. 

Our data suggests an average of 4 cases per year of PEG-associated anaphylaxis during 

colonoscopy preparation or laxative use are reported to the FDA. However, it is clear that 

relying on patient or physician initiated reports to the FDA will understate the true volume 

of the problem. Our review of FDA adverse event data focused only on drugs that contained 

pure polyethylene glycol 3350 at concentrations of grams per dose. Therefore we can not 

currently offer much additional data on whether drugs containing PEG or polysorbate 80 as 

an excipient at milligram or microgram concentrations can precipitate reactions in sensitized 

patients. We can only report that both of our patients have had anaphylaxis upon parenteral 

exposure to methylprednisolone acetate, formulations of which typically contain around 29 

mg/ml of PEG 3350.4

The mechanism for macrogol hypersensitivity has been poorly understood. Anti-PEG sIgG 

has been detected in patients receiving PEG-conjugated protein therapeutics6, but was not 

studied in unconjugated macrogol anaphylactic cases, while anti-PEG sIgE has not been 
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directly measured in any human studies.32 Our findings of skin test reactivity and coexisting 

polyethylene glycol-directed sIgE and sIgG antibodies suggest an IgE mediated Type I 

hypersensitivity could be possible in clinical reactions to unconjugated macrogols. These 

cases may represent a separate phenotype of immediate hypersensitivity from what has been 

previously shown during reactions to PEG-asparaginase and other PEGylated compounds.
7, 33 Of note, the absence of binding between patient IgG antibodies and lower MW PEGs 

also coincided with the tolerance of PEG 300 in both skin and oral challenges in vivo, 

supporting the involvement of antibodies specific for higher MW PEGs in the clinical 

reactions. The stronger reactivity of the patient samples against PEGs of higher molecular 

weight suggests that sensitization and risk of future reactions may depend partially on the 

molecular weight of PEG antigen exposures, and suggest that PEG may act as the primary 

antigen even when not conjugated to drug molecules. Detection of sIgE directed against 

PEG required use of the more sensitive Meso Scale Discovery electrochemiluminescence 

method and polysorbate-free testing reagents. Our results suggest that development of blood 

testing as a modality in diagnosis of macrogol hypersensitivity may be possible.

Conclusions:

High molecular weight polyethylene glycols are common excipients in a wide variety of 

medications, household products and industrial products which may provide a vehicle for 

sensitization in a subset of susceptible individuals. Allergists should be aware that cross-

reactive immediate hypersensitivity to polyether containing compounds such as macrogols/

PEGs and polysorbates can occur, that they may occur via a Type I hypersensitivity 

mechanism, and that they may be underrecognized.
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Highlights:

What is already known about this topic?

The most common immediate hypersensitivity to macrogols is associated with PEG 

3350, however the epidemiology, mechanisms and cross-reactivity are poorly understood. 

Thousands of medications contain either PEGs or structurally similar polysorbates.

What does this study add to our knowledge?

In vivo and ex vivo testing of two cases suggest an IgE mediated, Type I hypersensitivity 

mechanism to polyethylene glycol 3350 anaphylaxis. This hypersensitivity, while rare, 

may be more common than we recognize.

How does this study impact current management guidelines?

Immediate hypersensitivity to PEG 3350 with cross-reactive polysorbate 80 

hypersensitivity may be under recognized in clinical practice and can be evaluated with 

clinical skin testing.
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Figure 1: 
Chemical structure of polyethylene glycols and polysorbates. Polysorbate 20 shown. Note 

the repeating polyether domains contained in both molecules, highlighted in gray. Source of 

chemical structure images: sigmaaldrich.com, accessed 5-15-2018. Highlights and labels 

added by authors to demonstrate similarity.
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Figure 2: 
Selected skin testing images for patient 1: In the left panel is skin prick testing 

demonstrating positive responses to methylprednisolone acetate (MP acetate), and 

polyethylene glycol 3350 (PEG 3350). Other tested corticosteroids were negative. In the 

right panel is intradermal testing, which demonstrates a positive response to triamcinolone 

acetate (T) at 1mg and 0.1mg. Other tested corticosteroids were interpreted as negative. 

(Measurements recorded in TABLE I).
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Figure 3: 
IgG optical densities (ODs) of case and control plasma samples against HO-PEG-NH2 of 

different molecular sizes.
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Figure 4: 
Cases of anaphylaxis reported to the FDA (FAERS) implicating PEG containing bowel 

preparations or laxatives, by year.
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Table I:

Skin Prick and Intradermal Testing with Corticosteroids and Polyethylene Glycols

Skin Prick Test Results

Patient 1 Patient 2

Agent (Concentration) Wheal 
(mm)

Flare 
(mm)

Inter-
pretation

Wheal 
(mm)

Flare 
(mm)

Interpretation

Histamine Control (0.1mg/ml) 6 26 Positive 7 20 Positive

Saline 0 0 Negative 0 0 Negative

PEG 3350 10 26 Positive 0 0 Negative

PEG 3350 (1:10 dilution) 11 22 Positive 0 0 Negative

PEG 3350 (1:100 dilution) 11 29 Positive 0 0 Negative

PEG 300 (1:10 dilution) 0 0 Negative

PEG 300 (1:100 dilution) 4 5 Negative

Methylprednisolone Acetate 5 12 Positive 0 0 Negative

Methylprednisolone Sodium 
Succinate

3 3 Negative 0 0 Negative

Intradermal Skin Test Results

Patient 1 Patient 2

Agent (Concentration) Wheal 
(mm)

Flare 
(mm)

Inter-
pretation

Wheal 
(mm)

Flare 
(mm)

Interpretation

Betamethasone (6 mg/ml) 6 6 Negative 0 0 Negative

Betamethasone (0.6mg/ml) 5 5 Negative 0 0 Negative

Dexamethasone (0.4mg/ml) 5 0 Negative 0 0 Negative

Dexamethasone (0.04mg/ml) 7 0 Negative 0 0 Negative

Methylprednisolone Sodium 
Succinate (5mg/ml)

5 6 Negative 0 0 Negative

Methylprednisolone Sodium 
Succinate (0.5mg/ml)

0 0 Negative 0 0 Negative

Methylprednisolone Acetate 
(4mg/ml)

0 0 Subacute response 
developed at 20 
hours, with 14mm 
raised wheal

Methylprednisolone Acetate 
(0.4mg/ml)

0 0 Negative

Triamcinolone Acetonide (1mg/ml) 10 19 Positive 10 30 Positive

Triamcinolone Acetonide (0.1 
mg/ml)

15 24 Positive

Conjugated pneumococcal vaccine 
(w/ polysorbate 80)

20 35 Positive

Conjugated pneumococcal vaccine 
(1:10 dilution)

21 30 Positive

Polysorbate 80 containing eye drop 
(1:10 dilution)

15 30 Positive
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Table II:

Cases of Anaphylaxis Reported to the FDA from 2005 to 2017 Where Polyethylene Glycol 3350 Containing 

Formulations of Colonoscopy Preparation or Laxatives Were the Primary Drug Suspected

FAERS Report 
ID Number

Age Sex Year of 
Report

Formulation of PEG Patient taking any 
other medications 
concomitantly

Indication
(Colonoscopy 
Preparation vs. 
Constipation)

4852819-0 N/A N/A 2005 Golytely No Preparation

4885400-8 30 Male 2005 Colyte No Preparation

5347102-3 42 Male 2007 Moviprep No Preparation

5326935-3 33 Female 2007 Polyethylene Glycol 3350- 
Brand not specified

No Constipation

5792732-8 68 Male 2008 Golytely No Preparation

5829663-0 N/A N/A 2008 Moviprep No Preparation

5909593-6 N/A N/A 2008 Miralax Yes Constipation

5923262-8 64 Male 2008 Miralax Yes Constipation

6187140-4 52 Male 2009 Moviprep Yes Preparation

6262262-8 N/A N/A 2009 Miralax Yes Preparation

6301790-3 52 Male 2009 Moviprep Yes Preparation

6446535-1 30 Female 2009 Moviprep Yes Preparation

6567457-1 N/A N/A 2010 Polyethylene Glycol 3350- 
Brand not specified

Yes Preparation

6583005-4 N/A N/A 2010 Moviprep No Preparation

6625930-1 N/A N/A 2010 Moviprep No Preparation

6649325-X 55 Female 2010 Golytely Yes Preparation

6681659-5 4 Male 2010 Miralax No Constipation

6784081-6 73 Male 2010 Miralax No Constipation

7610318-7 19 Male 2011 Moviprep Yes Preparation

7429359-8 59 Female 2011 Polyethylene Glycol 3350- 
Brand not specified

Yes Preparation

7444601-5 55 Male 2011 Miralax No Preparation

7636123-3 64 Female 2011 Moviprep No Preparation

7759201-7 33 Female 2011 Polyethylene Glycol 3350- 
Brand not specified

No Preparation

8274426-2 67 Female 2012 Moviprep Yes Preparation

8289679-4 57 Female 2012 Polyethylene Glycol 3350- 
Brand not specified

Yes Constipation

8456637-6 46 Female 2012 Polyethylene Glycol 3350- 
Brand not specified

Yes Constipation

8712178 N/A Female 2012 Miralax No Constipation

8814458 24 Male 2012 Polyethylene Glycol 3350- 
Brand not specified

Yes Constipation

9321913 16 Female 2013 Miralax No Preparation

9417033 56 Female 2013 Golytely Yes Preparation
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FAERS Report 
ID Number

Age Sex Year of 
Report

Formulation of PEG Patient taking any 
other medications 
concomitantly

Indication
(Colonoscopy 
Preparation vs. 
Constipation)

9420162 N/A Female 2013 Miralax Yes Constipation

9607762 50 Male 2013 Golytely No Preparation

9782506 70 Female 2013 Moviprep No Preparation

9828607 34 Female 2014 Miralax Yes Preparation

9894648 N/A Female 2014 Miralax Yes Constipation

9934430 54 Male 2014 Miralax Yes Constipation

10235381 87 Female 2014 Moviprep Yes Preparation

10242352 13 Male 2014 Miralax No Constipation

10335513 54 Female 2014 Glycolax No Preparation

10428179 65 Male 2014 Moviprep Yes Preparation

10682474 59 Male 2014 Moviprep No Preparation

10710219 19 Female 2015 Moviprep Yes Preparation

11362693 N/A N/A 2015 Miralax No Preparation

11573598 N/A Female 2015 Moviprep No Preparation

11617696 74 Male 2015 Moviprep No Preparation

12787790 62 Male 2016 Polyethylene Glycol 3350- 
Brand not specified

Yes Preparation

12849324 39 Male 2016 Colyte Yes Preparation

12865113 59 Male 2016 Polyethylene Glycol 3350- 
Brand not specified

No Preparation

13243846 46 Male 2016 Moviprep Yes Preparation

13268930 64 Male 2016 Polyethylene Glycol 3350- 
Brand not specified

No Preparation

13747359 68 Female 2017 Miralax Yes Constipation

13854981 73 Female 2017 Golytely No Preparation

13870252 61 Female 2017 Moviprep No Preparation

13896629 2 Male 2017 Golytely Yes Constipation

Data marked as N/A indicate that the information was not contained in the primary report to the FDA.
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Reports of Anaphylaxis After Receipt of mRNA COVID-19 Vaccines
in the US—December 14, 2020-January 18, 2021
Tom T. Shimabukuro, MD, MPH, MBA; Matthew Cole, MPH; John R. Su, MD, PhD, MPH

In December 2020, the US Food and Drug Administration (FDA) is-
sued Emergency Use Authorizations for 2 mRNA-based vaccines for
prevention of coronavirus disease 2019 (COVID-19): Pfizer-
BioNTech COVID-19 vaccine (EUA issued December 11; 2 doses, 3

weeks apart) and Moderna
COVID-19 vaccine (EUA issued
December 18; 2 doses, 1 month

apart). Shortly after each authorization, the Advisory Committee on
Immunization Practices issued interim recommendations for use.1,2

Following implementation of vaccination, cases of anaphylaxis
after administration of the Pfizer-BioNTech and Moderna vaccines
began to be reported.3,4 Anaphylaxis is a life-threatening allergic
reaction that can occur after vaccination, with onset typically
within minutes to hours.5 The initial estimated reporting rates for
anaphylaxis in the US were 11.1 cases per million doses administered
of the Pfizer-BioNTech vaccine (December 14-23, 2020) and 2.5
cases per million doses administered of the Moderna vaccine
(December 21, 2020-January 10, 2021).3,4 Since these early esti-
mates were generated, millions more doses of both vaccines have
been administered and safety monitoring has detected additional
cases of anaphylaxis. This analysis updates the reporting rates of
anaphylaxis in individuals following receipt of either the Pfizer-
BioNTech or Moderna vaccine.

The Vaccine Adverse Event Reporting System (VAERS), the na-
tional passive surveillance (spontaneous reporting) system for ad-
verse events after immunization,6 captured notifications and re-
ports of suspected anaphylaxis following vaccination. Physicians at
the Centers for Disease Control and Prevention (CDC) evaluated
these reports and applied the Brighton Collaboration case defini-
tion for anaphylaxis to classify cases.7

During December 14, 2020 through January 18, 2021, a total of
9 943 247 doses of the Pfizer-BioNTech vaccine and 7 581 429 doses
of the Moderna vaccine were reported administered in the US (CDC
unpublished data, February 2021). CDC identified 66 case reports
received by VAERS that met Brighton Collaboration case definition
criteria for anaphylaxis (levels 1, 2 or 3): 47 following Pfizer-
BioNTech vaccine, for a reporting rate of 4.7 cases/million doses ad-
ministered, and 19 following Moderna vaccine, for a reporting rate
of 2.5 cases/million doses administered. Cases occurred after re-
ceipt of doses from multiple vaccine lots. Characteristics of re-
ported cases of anaphylaxis following these vaccines are described
in the Table.

CDC physician reviewers concluded that the clinical character-
istics of anaphylaxis cases following both vaccines were similar.
Furthermore, there were no apparent clinical differences between
anaphylaxis cases with symptom onset within 30 minutes and those
with symptom onset after 30 minutes (a 15-minute postvaccina-
tion observation period is recommended for all persons and a 30-
minute period is recommended for those with a history of certain
allergic reactions).8 Common signs and symptoms in anaphylaxis

cases were generalized urticaria, diffuse erythematous rash, angio-
edema, respiratory and airway obstruction symptoms, and nau-
sea. Twenty-one (32%) of the 66 case reports noted a prior epi-
sode of anaphylaxis from other exposures; prior exposures included
vaccines (rabies, influenza A[H1N1], seasonal influenza, unspeci-
fied), contrast media (gadolinium-based, iodine-based, unspeci-
fied intravenous), unspecified infusions, sulfa drugs, penicillin,

Multimedia

Table. Characteristics of Reported Cases of Anaphylaxis Following
Receipt of Pfizer-BioNTech (9 943 247 Doses) and Moderna (7 581 429
Doses) COVID-19 Vaccines—Vaccine Adverse Events Reporting System
(VAERS), US, December 14, 2020-January 18, 2021

Characteristics

No. (%) of cases
Pfizer-BioNTech
(n = 47)

Moderna
(n = 19)

Age, median (range), y 39 (27-63)a 41 (24-63)

Female sex 44 (94) 19 (100)

Minutes to symptom onset,
median (range)

10 (<1-1140 [19 h])b 10 (1-45)

Symptom onset, min

≤15 34 (76)b 16 (84)

≤30 40 (89)b 17 (89)

Reported historyc

Allergies or allergic reactions 36 (77) 16 (84)

Prior anaphylaxis 16 (34) 5 (26)

Vaccine dose

First 37 17

Second 4 1

Unknown 6 1

Brighton Collaboration
case definition leveld

1 21 (45) 10 (52)

2 23 (49) 8 (43)

3 3 (6) 1 (5)

Anaphylaxis reporting rate
(cases per million doses
administered)

4.7 2.5

Abbreviation: COVID-19, coronavirus disease 2019.
a Age missing in 1 Pfizer-BioNTech report.
b Time to symptom onset missing in 2 BioNTech reports.
c To rabies vaccine, influenza A(H1N1) vaccine, seasonal influenza vaccine,

unspecified vaccines, gadolinium- and iodine-based contrast media, unspecified
intravenous contrast media, unspecified infusions, sulfa drugs, penicillin,
prochlorperazine, latex, walnuts, unspecified tree nuts, jellyfish stings,
unspecified multiple environmental and food allergens, unspecified exposure.

d The Brighton Collaboration case definition uses combinations of symptoms to
define levels of diagnostic certainty. Brighton level 1 represents the highest
level of diagnostic certainty that a reported case represents anaphylaxis; levels
2 and 3 are successively lower levels of diagnostic certainty. Level 4 is a case
reported as anaphylaxis but that does not meet the Brighton Collaboration
case definition, and level 5 is a case that was neither reported as anaphylaxis
nor meets the case definition.
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prochlorperazine, latex, walnuts, unspecified tree nuts, jellyfish
stings, and unspecified exposures.

In 61 (92%) of the anaphylaxis cases, patients received epineph-
rine as part of emergency treatment. All 66 persons were treated
in health care settings; 34 (52%) were treated in an emergency de-
partment and 32 (48%) were hospitalized (including 18 in inten-
sive care, 7 of whom required endotracheal intubation). As deter-
mined by medical record review and follow-up with treating health
care facilities and clinicians, of the 7 patients who required endo-
tracheal intubation, median time to symptom onset was 6 minutes
(range, <1-45 minutes), with all but one patient having onset within
11 minutes. All 7 of those intubated received epinephrine, 6 re-
ceived corticosteroids, and 5 received antihistamines; facial, tongue,
or laryngeal angioedema was present in 4 of these patients; and hos-
pitalization ranged from 1 to 3 days. Sixty-one individuals (92%) with
follow-up information available are known to have been dis-

charged from care or had recovered at the time of report to VAERS.
No deaths from anaphylaxis after vaccination with either product
were reported.

Continued safety monitoring of mRNA COVID-19 vaccines in the
US has confirmed that anaphylaxis following vaccination is a rare
event, with rates of 4.7 cases/million Pfizer-BioNTech vaccine doses
administered and 2.5 cases/million Moderna vaccine doses admin-
istered, based on information through January 18, 2021. When con-
sidered in the context of morbidity and mortality from COVID-19,9

the benefits of vaccination far outweigh the risk of anaphylaxis, which
is treatable. Because of the acute, life-threatening nature of ana-
phylaxis, immediate epinephrine administration is indicated for all
cases. CDC guidance on use of mRNA COVID-19 vaccines8 and man-
agement of anaphylaxis is available.10 All facilities administering
COVID-19 vaccines should have the necessary supplies and trained
medical personnel available to manage anaphylaxis.

ARTICLE INFORMATION

Author Affiliations: Immunization Safety Office,
Division of Healthcare Quality Promotion, National
Center for Emerging and Zoonotic Infectious
Diseases, Centers for Disease Control and
Prevention, Atlanta, Georgia (Shimabukuro, Su);
Division of Bacterial Diseases, National Center for
Immunization and Respiratory Diseases, Centers for
Disease Control and Prevention, Atlanta, Georgia
(Cole).

Corresponding Author: Tom Shimabukuro, MD,
MPH, MBA, Immunization Safety Office, Division of
Healthcare Quality Promotion, National Center for
Emerging and Zoonotic Infectious Diseases,
Centers for Disease Control and Prevention,
1600 Clifton Rd, Atlanta, GA 30329 (tshimabukuro
@cdc.gov).

Published Online: February 12, 2021.
doi:10.1001/jama.2021.1967

Conflict of Interest Disclosures: None reported.

Disclaimer: The findings and conclusions in this
report are those of the authors and do not
necessarily represent the official position of the
CDC. Mention of a product or company name is for
identification purposes only and does not
constitute endorsement by the CDC.

Additional Contributions: We thank investigators
from the CDC COVID-19 Response Team; the FDA
Office of Biostatistics and Epidemiology, Center for
Biologics Evaluation and Research; and the Clinical
Immunization Safety Assessment Project.

REFERENCES

1. Oliver SE, Gargano JW, Marin M, et al. The
Advisory Committee on Immunization Practices’
interim recommendation for use of Pfizer-BioNTech
COVID-19 vaccine—United States, December 2020.
MMWR Morb Mortal Wkly Rep. 2020;69(50):1922-
1924. doi:10.15585/mmwr.mm6950e2

2. Oliver SE, Gargano JW, Marin M, et al. The
Advisory Committee on Immunization Practices’
interim recommendation for use of Moderna
COVID-19 vaccine—United States, December 2020.
MMWR Morb Mortal Wkly Rep. 2021;69(5152):1653-
1656. doi:10.15585/mmwr.mm695152e1

3. Shimabukuro T, Nair N. Allergic reactions
including anaphylaxis after receipt of the first dose
of Pfizer-BioNTech COVID-19 vaccine. JAMA.
Published online January 21, 2021. doi:10.1001/jama.
2021.0600

4. CDC COVID-19 Response Team; Food and Drug
Administration. Allergic reactions including
anaphylaxis after receipt of the first dose of
Moderna COVID-19 vaccine—United States,
December 21, 2020-January 10, 2021. MMWR Morb
Mortal Wkly Rep. 2021;70(4):125-129. doi:10.
15585/mmwr.mm7004e1

5. McNeil MM, DeStefano F. Vaccine-associated
hypersensitivity. J Allergy Clin Immunol. 2018;141
(2):463-472. doi:10.1016/j.jaci.2017.12.971

6. Shimabukuro TT, Nguyen M, Martin D,
DeStefano F. Safety monitoring in the Vaccine

Adverse Event Reporting System (VAERS). Vaccine.
2015;33(36):4398-4405. doi:10.1016/j.vaccine.2015.
07.035

7. Rüggeberg JU, Gold MS, Bayas JM, et al;
Brighton Collaboration Anaphylaxis Working Group.
Anaphylaxis: case definition and guidelines for data
collection, analysis, and presentation of
immunization safety data. Vaccine. 2007;25(31):
5675-5684. doi:10.1016/j.vaccine.2007.02.064

8. Rossen LM, Branum AM, Ahmad FB, Sutton P,
Anderson RN. Excess deaths associated with
COVID-19, by age and race and ethnicity—United
States, January 26–October 3, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(42):1522-1527. doi:10.
15585/mmwr.mm6942e2

9. CDC. COVID-19 vaccination: interim clinical
considerations for use of mRNA COVID-19 vaccines
currently authorized in the United States. Updated
January 21, 2021. Accessed February 9, 2021.
https://www.cdc.gov/vaccines/covid-19/info-by-
product/clinical-considerations.html

10. CDC. COVID-19 vaccination: interim
considerations: preparing for the potential
management of anaphylaxis after COVID-19
vaccination. Updated December 31, 2020.
Accessed February 9, 2021. https://www.cdc.gov/
vaccines/covid-19/info-by-product/pfizer/
anaphylaxis-management.html

Clinical Review & Education JAMA Insights

E2 JAMA Published online February 12, 2021 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Elmhurst Memorial Hospital by EEH CME on 02/13/2021

mailto:tshimabukuro@cdc.gov
mailto:tshimabukuro@cdc.gov
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.1967?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.1967
https://dx.doi.org/10.15585/mmwr.mm6950e2
https://dx.doi.org/10.15585/mmwr.mm695152e1
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0600?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.1967
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0600?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.1967
https://dx.doi.org/10.15585/mmwr.mm7004e1
https://dx.doi.org/10.15585/mmwr.mm7004e1
https://dx.doi.org/10.1016/j.jaci.2017.12.971
https://dx.doi.org/10.1016/j.vaccine.2015.07.035
https://dx.doi.org/10.1016/j.vaccine.2015.07.035
https://dx.doi.org/10.1016/j.vaccine.2007.02.064
https://dx.doi.org/10.15585/mmwr.mm6942e2
https://dx.doi.org/10.15585/mmwr.mm6942e2
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/anaphylaxis-management.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/anaphylaxis-management.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/anaphylaxis-management.html
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.1967


T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med﻿﻿  nejm.org﻿ 1

Review Article

From Brigham and Women’s Hospital, 
Boston (M.C.C.); and the Department of 
Medicine, Vanderbilt University Medical 
Center, Nashville (E.J.P.). 

This article was published on December 
30, 2020, at NEJM.org.

DOI: 10.1056/NEJMra2035343
Copyright © 2020 Massachusetts Medical Society.

To date, the development of mRNA vaccines for the prevention 
of infection with the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has been a success story, with no serious concerns identified 

in the ongoing phase 3 clinical trials.1 Minor local side effects such as pain, red-
ness, and swelling have been observed more frequently with the vaccines than with 
placebo. Systemic symptoms such as fever, fatigue, headache, and muscle and joint 
pain have also been somewhat more common with the vaccines than with placebo, 
and most have occurred during the first 24 to 48 hours after vaccination.1 In the 
phase 1–3 clinical trials of the Pfizer–BioNTech and Moderna mRNA vaccines, 
potential participants with a history of an allergic reaction to any component of 
the vaccine were excluded. The Pfizer–BioNTech studies also excluded participants 
with a history of severe allergy associated with any vaccine (see the protocols of 
the two trials, available with the full text of the articles at NEJM.org, for full exclu-
sion criteria).1,2 Hypersensitivity adverse events were equally represented in the 
placebo (normal saline) and vaccine groups in both trials.1

The Medicines and Healthcare Products Regulatory Agency (MHRA) in the 
United Kingdom was the first to authorize emergency use of the Pfizer–BioNTech 
mRNA vaccine. On December 8, 2020, within 24 hours after the start of the U.K. 
mass vaccination program for health care workers and elderly adults, the program 
reported probable cases of anaphylaxis in two women, 40 and 49 years of age, who 
had known food and drug allergies and were carrying auto-injectable epinephrine. 
On December 11, the Food and Drug Administration (FDA) issued an emergency 
use authorization (EUA) for the Pfizer–BioNTech mRNA vaccine, and general vac-
cination of health care workers was started on Monday, December 14. On Decem-
ber 15, a 32-year-old female health care worker in Alaska who had no known al-
lergies presented with an anaphylactic reaction within 10 minutes after receiving 
the first dose of the vaccine. The participants who had these initial three reported 
cases of anaphylaxis would not have been excluded on the basis of their histories 
from the mRNA vaccine clinical trials.1,2 Since the index case in Alaska, several 
more cases of anaphylaxis associated with the Pfizer mRNA vaccine have been 
reported in the United States after vaccination of almost 2 million health care 
workers, and the incidence of anaphylaxis associated with the Pfizer SARS-CoV-2 
mRNA vaccine appears to be approximately 10 times as high as the incidence re-
ported with all previous vaccines, at approximately 1 in 100,000, as compared 1 in 
1,000,000, the known and stable incidence of anaphylaxis associated with other 
vaccines. The EUA for the Moderna mRNA vaccine was issued on December 18, 
and it is currently too soon to know whether a similar signal for anaphylaxis will 
be associated with that vaccine; however, at this time a small number of potential 
cases of anaphylaxis have been reported, including one case on December 24 in 
Boston in a health care worker with shellfish allergy who was carrying auto-in-
jectable epinephrine.

Dan L. Longo, M.D., Editor

Maintaining Safety with SARS-CoV-2 
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In response to the two cases of anaphylaxis 
in the United Kingdom, the MHRA issued a 
pause on vaccination with the Pfizer–BioNTech 
SARS-CoV-2 mRNA vaccine, to exclude any per-
son with a history of anaphylactic reaction to 
any food, drug, or vaccine. The Centers for Dis-
ease Control and Prevention (CDC) has issued 
advice pertaining to administration of either the 
first or the second dose of the Pfizer–BioNTech 
or Moderna mRNA vaccine, recommending ex-
clusion of any person who has a history of a 
severe or immediate (within 4 hours) allergic 
reaction associated with any of the vaccine com-
ponents, including polyethylene glycol (PEG) and 
PEG derivatives such as polysorbates.3

Anaphylaxis is a serious multisystem reaction 
with rapid onset and can lead to death by as-
phyxiation, cardiovascular collapse, and other 
complications.4 It requires prompt recognition 
and treatment with epinephrine to halt the rapid 
progression of life-threatening symptoms. The 
cause of anaphylactic reactions is the activation 
of mast cells through antigen binding and cross-
linking of IgE; the symptoms result from the 
tissue response to the release of mediators such 
as histamine, proteases, prostaglandins, and leu-
kotrienes and typically include flushing, hives, 
laryngeal edema, wheezing, nausea, vomiting, 
tachycardia, hypotension, and cardiovascular col-
lapse. Patients become IgE-sensitized by previous 
exposure to antigens. Reactions that resemble 
the clinical signs and symptoms of anaphylaxis, 
previously known as anaphylactoid reactions, 
are now referred to as non-IgE–mediated reac-
tions because they do not involve IgE. They 
manifest the same clinical features and response 
to epinephrine, but they occur by direct activa-
tion of mast cells and basophils, complement 
activation, or other pathways and can occur on 
first exposure. Tryptase is typically elevated in 
blood in IgE-mediated anaphylaxis and, to a 
lesser extent, in non–IgE-mediated mast-cell ac-
tivation, a feature that identifies mast cells as 
the sources of inflammatory mediators. Prick 
and intradermal skin testing and analysis of 
blood samples for serum IgE are used to iden-
tify the specific drug culprit, although the tests 
lack 100% negative predictive value.5 The clinical 
manifestations of the two U.K. cases and the 
one U.S. case fit the description of anaphylaxis: 
they occurred within minutes after the injec-
tions, symptoms were typical, and all responded 

to epinephrine. The occurrence on first exposure 
is not typical of IgE-mediated reactions; however, 
preexisting sensitization to a component of the 
vaccine could account for this observation.4

Anaphylaxis is a treatable condition with no 
permanent effects. Nevertheless, news of these 
reactions has raised fear about the risks of a new 
vaccine in a community. These cases of anaphy-
laxis raise more questions than they answer; 
however, such safety signals are almost inevitable 
as we embark on vaccination of millions of peo-
ple, and they highlight the need for a robust and 
proactive “safety roadmap” to define causal 
mechanisms, identify populations at risk for such 
reactions, and implement strategies that will fa-
cilitate management and prevention (Fig. 1).6

Figure 1 (facing page). Assessing Reactions to Vaccines.

SARS-CoV-2 mRNA vaccines are built on the same lipid-
based nanoparticle carrier technology; however, the lipid 
component of the Pfizer-BioNTech vaccine differs from 
that of the Moderna vaccine. Operation Warp Speed has 
led to an unprecedented response to the study of the 
safety and effectiveness of new vaccine platforms never 
before used in humans and to the development of vac-
cines that have been authorized for use less than a year 
after the SARS-CoV-2 viral sequence was discovered. The 
next few months could see the authorization of several 
such vaccines, and inevitably, adverse drug events will 
be recognized in the coming months that were not seen 
in the studies conducted before emergency use autho-
rization. Maintenance of vaccine safety requires a pro-
active approach to maintain public confidence and re-
duce vaccine hesitancy. This approach involves not only 
vigilance but also meticulous response, documentation, 
and characterization of these events to heighten recog-
nition and allow definition of mechanisms and appro-
priate approaches to prediction, prevention, and treat-
ment. A systematic approach to an adverse reaction to 
any vaccine requires clinical recognition and appropri-
ate initial treatment, followed by a detailed history and 
causality assessment. Nonimmune immediate reactions 
such as vasovagal reactions are common and typically 
manifest with diaphoresis, nausea, vomiting, pallor, 
and bradycardia, in contrast to the flush, pruritus, urti-
caria, angioedema, tachycardia, and laryngeal edema 
seen with anaphylaxis. Post-reaction clinical assessment 
by an allergist–immunologist that includes skin testing 
for allergy to components of the vaccine can be helpful. 
Use of other laboratory information may aid in clinical 
and mechanistic assessment and guide future vaccine 
and drug safety as well as management, such as rechal-
lenge with alternative vaccines if redosing is required.  
A useful resource for searching the excipients of drugs 
and vaccines is https://dailymed​.nlm​.nih​.gov/​dailymed/​. 
A useful resource for excipients in licensed vaccines  
is https://www​.cdc​.gov/​vaccines/​pubs/​pinkbook/​
downloads/​appendices/​b/​excipient​-table​-2​.pdf.
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• Rechallenge with vaccines with alternative construct, composition, or excipients
• Determine implications for reactions to other vaccines or drugs

Implications for Safe Vaccination and Future Management

Combining all clinical and laboratory information to help further revise and document 
clinical phenotype and underlying mechanism

Mechanistic Assessment

• Serum tryptase or complement activation assay (30–90 minutes after acute 
   reaction), for example, to help document IgE/mast cell, non-IgE, or complement-
   mediated mechanism
• Stored samples from acute episode (e.g., vaccine-specific IgE-serum or ex vivo assays)

Ancillary Laboratory Information

• Clinical history (allergy to a vaccine component, full atopic history)
• Drugs or substances taken before vaccination (e.g., ibuprofen)
• Physical examination
• Documentation of clinical phenotype (specialty allergy assessment and testing)

Detailed History and Clinical Causality Assessment

• Immediate
     • IgE
     • Non-IgE
     • Nonimmune (vasovagal 

     syncope)
• Delayed
     • Site reactions
     • Urticaria or benign exanthem
     • Serum sickness and serum 
       sickness–like reaction
     • Fever
     • Rare skin, organ, and 
       neurologic sequelae

• Symptoms and signs
• Provisional clinical phenotype

Vaccine Reactions

Clinical Recognition and Acute Treatment

Lipid
Nanoparticle

SARS-CoV-2 mRNA
vaccine
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We can be reassured that vaccine-associated 
anaphylaxis has been a rare event, at one case 
per million injections, for most known vac-
cines.6 Acute allergic reactions after vaccination 
might be caused by the vaccine antigen, residual 
nonhuman protein, or preservatives and stabiliz-
ers in the vaccine formulation, also known as 
excipients.6 Although local reactions may be 
commonly associated with the active antigen in 
the vaccine, IgE-mediated reactions or anaphy-
laxis have historically been more typically asso-
ciated with the inactive components or products 
of the vaccine manufacturing process, such as 
egg, gelatin, or latex.6

The mRNA vaccines developed by Pfizer–
BioNtech and Moderna use a lipid-based nanopar-
ticle carrier system that prevents the rapid enzy-
matic degradation of mRNA and facilitates in 
vivo delivery.1,2,7 This lipid-based nanoparticle 
carrier system is further stabilized by a polyeth-
ylene glycol (PEG) 2000 lipid conjugate that 
provides a hydrophilic layer, prolonging half-life. 
Although the technology behind mRNA vaccines 
is not new, there are no licensed mRNA vac-
cines, and the Pfizer–BioNtech and Moderna 
vaccines are the first to receive an EUA. There is 
therefore no prior experience that informs the 
likelihood or explains the mechanism of allergic 
reactions associated with mRNA vaccines. It is 
possible that some populations are at higher risk 
for non–IgE-mediated mast-cell activation or 
complement activation related to either the lipid 
or the PEG-lipid component of the vaccine. By 
comparison, formulations such as pegylated lipo-
somal doxorubicin are associated with infusion 
reactions in up to 40% of recipients; the reac-
tions are presumed to be caused by complement 
activation that occurs on first infusion, without 
previous exposure to the drug, and they are attenu-
ated with second and subsequent injections.8

PEG is a compound used as an excipient in 
medications and has been implicated as a rare, 
“hidden danger” cause of IgE-mediated reac-
tions and recurrent anaphylaxis.9 The presence 
of lipid PEG 2000 in the mRNA vaccines has led 
to concern about the possibility that this compo-
nent could be implicated in anaphylaxis. To date, 
no other vaccine that has PEG as an excipient 
has been in widespread use. The risk of sensiti-
zation appears to be higher with injectable drugs 
with higher-molecular-weight PEG; anaphylaxis 
associated with bowel preparations containing 

PEG 3350 to PEG 4000 has been noted in case 
reports.9,10 The reports include anaphylaxis after 
a patient was exposed to a PEG 3350 bowel 
preparation; anaphylaxis subsequently developed 
on the patient’s first exposure to a pegylated 
liposome microbubble, PEGLip 5000 perflutren 
echocardiography contrast (Definity), which is 
labeled with a warning about immediate hyper-
sensitivity reactions.11 For drugs such as methyl-
prednisolone acetate and injectable medroxypro-
gesterone that contain PEG 3350, it now appears 
that the PEG component is more likely than the 
active drug to be the cause of anaphylaxis.9,12 For 
patients with a history of an anaphylactic reac-
tion to the SARS-CoV-2 Pfizer–BioNTech mRNA 
vaccine, the risk of anaphylaxis with the Mod-
erna SARS-CoV-2 mRNA vaccine — whose deliv-
ery system is also based on PEG 2000, but with 
different respective lipid mixtures (see Table 1) 
— is unknown. The implications for future use 
of SARS-CoV-2 vaccines with an adenovirus car-
rier and protein subunit, which are commonly 
formulated with polysorbate 80, a nonionic sur-
factant and emulsifier that has a structure simi-
lar to PEG, are also currently unknown.6,13 Ac-
cording to the current CDC recommendations, 
all persons with a history of an anaphylactic 
reaction to any component of the mRNA SARS-
Cov-2 vaccines should avoid these vaccines, and 
this recommendation would currently exclude 
patients with a history of immediate reactions 
associated with PEG. It would also currently ex-
clude patients with a history of anaphylaxis after 
receiving either the BioNTech–Pfizer or the 
Moderna vaccine, who should avoid all PEG 
2000–formulated mRNA vaccines, and all PEG 
and injectable polysorbate 80 products, until 
further investigations are performed and more 
information is available.

We are now entering a critical period during 
which we will move rapidly through phased 
vaccination of various priority subgroups of the 
population. In response to the cases of anaphy-
laxis associated with the Pfizer–BioNTech vac-
cine in the United Kingdom and now several 
cases of anaphylaxis in the United States, the 
CDC has recommended that only persons with 
a known allergy to any component of the vac-
cine be excluded from vaccination. A system-
atic approach to the existing hypersensitivity 
cases and any new ones will ensure that our 
strategy will maintain safety not only for this 
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vaccine but for future mRNA and SARS-CoV-2 
vaccines with shared or similar components 
(Fig. 1 and Table 1).6

The next few months alone are likely to see at 
least five new vaccines on the U.S. market, with 
several more in development (Table 1).13 Main-
taining public confidence to minimize vaccine 
hesitancy will be crucial.14,15 As in any post-EUA 
program, adverse events that were not identified 
in clinical trials are to be expected. In addition, 
populations that have been studied in clinical 
trials may not reflect a predisposition to adverse 
events that may exist in other populations.16 Re-
gardless of the speed of development, some ad-
verse events are to be expected with all drugs, 
vaccines, and medicinal products. Fortunately, 
immune-mediated adverse events are rare. Be-
cause we are now entering a period during 
which millions if not billions of people globally 
will be exposed to new vaccines over the next 
several months, we must be prepared to develop 
strategies to maximize effectiveness and safety 
at an individual and a population level. The de-
velopment of systematic and evidence-based ap-
proaches to vaccination safety will also be cru-
cial, and the approaches will intersect with our 
knowledge of vaccine effectiveness and the need 
for revaccination. When uncommon side effects 
that are prevalent in the general population are 
observed (e.g., the four cases of Bell’s palsy re-
ported in the Pfizer–BioNTech vaccine trial group), 
the question whether they were truly vaccine-
related remains to be determined.1

If a person has a reaction to one SARS-CoV-2 
vaccine, what are the implications for the safety 
of vaccination with a different SARS-CoV-2 vac-
cine? Furthermore, what safety issues may pre-
clude future vaccination altogether? Indeed, 
mRNA vaccines are a promising new technology, 
and demonstration of their safety is relevant to 
the development of vaccines against several 
other viruses of global importance and many 

cancers.7 For the immediate future, during a 
pandemic that is still increasing, it is critical 
that we focus on safe and efficient approaches to 
implementing mass vaccination. In the future, 
however, these new vaccines may mark the be-
ginning of an era of personalized vaccinology in 
which we can tailor the safest and most effective 
vaccine on an individual and a population level.17 
Moreover, postvaccination surveillance and doc-
umentation may present a challenge. On a public 
health level, the Vaccine Adverse Event Report-
ing System (VAERS; https://vaers​.hhs​.gov) is a 
national reporting system designed to detect 
early safety problems for licensed vaccines, but 
in the case of Covid-19 vaccines, the system will 
serve the same function after an EUA has been 
issued. On an individual level, a system that will 
keep track of the specific SARS-CoV-2 vaccine 
received and will provide a means to monitor 
potential long-term vaccine-related adverse 
events will be critical to individual safety and 
efficacy. V-safe (https://cdc​.gov/​coronavirus/​2019​
-ncov/​vaccines/​safety/​vsafe​.html) is a smartphone 
application designed to remind patients to ob-
tain a second dose as needed and to track and 
manage Covid-19 vaccine–related side effects.

In the world of Covid-19 and vaccines, many 
questions remain. What are the correlates of 
protective immunity after natural infection or 
vaccination? How long will immunity last? Will 
widespread immunity limit the spread of the 
virus in the population? Which component of 
the vaccine is responsible for allergic reactions? 
Are some vaccines less likely than others to 
cause IgE- and non-IgE–mediated reactions? 
Careful vaccine-safety surveillance over time, 
paired with elucidation of mechanisms of ad-
verse events across different SARS-CoV-2 vaccine 
platforms, will be needed to inform a strategic 
and systematic approach to vaccine safety.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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