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A B S T R A C T   

Reports about cases of anaphylaxis to mRNA vaccines have created anxiety in the community and could increase 
vaccine hesitancy in the population. There are no standardized protocols for allergy testing to mRNA vaccines. 
PEG is currently the only excipient in both vaccines with recognized allergenic potential. Allergy to PEG has been 
reported with increasing frequency over recent years, often in patients who had repeated systemic allergic re-
actions/anaphylaxis to several classes of drugs before diagnosis. Proposed protocols are based on current 
knowledge about potential mechanisms of anaphylaxis associated with the mRNA vaccines, and the assumption 
that polyethylene glycol (PEG) is the most likely culprit. Allergy testing to PEGs and mRNA vaccines is complex 
and carries the risk of anaphylaxis and should be conducted in a specialist drug allergy center. Appropriate PEG- 
free emergency medical treatment and supervision should be readily available.   

1. Introduction 

1.1. The COVID-19 mRNA vaccines 

With the introduction of vaccination programs with the new Pfizer/ 
BioNTech’s and Moderna’s mRNA vaccines, more allergic reactions 
including vaccine-associated cases of anaphylaxis are reported, but 
overall remain rare. However, the information has created anxiety in the 
community. Allergies in general are so common (10–40%) that this 
could increase the vaccine hesitancy or resistance against the vaccines in 
the population [1,2]. Conversely, patients with allergies are concerned 
about the possibility that they may not be able to get vaccinated. 
Anaphylactic reactions can occur with any vaccine but are usually 
extremely rare—about one per 1 million doses [3]. The U.S. Centers for 
Disease Control and Prevention (CDC) reported a rate of 11.1 per million 
doses administered for Pfizer/BioNTech’s mRNA vaccine [4]; however, 
new data indicate a lower rate of 5.5 per 1 million doses for the COVID- 
19 vaccines (29 cases out of more than 5.3 million doses that have been 
administered as of Jan 5, 2021) [5]. The reported rate for the Moderna 
COVID-19 vaccine is 2.5 per million doses administered [6]. 

1.2. Is polyethylene glycol the culprit? 

The COVID-19 mRNA vaccines consist of non-infectious, non-repli-
cating RNA in a lipid-based formulation, which delivers the RNA to cells 
in the immunized person. The lipid nanoparticles are chemically 
attached to polyethylene glycol (PEG) molecules (PEGylated) that cover 
the outside of the particles and increase their stability and life span. 
Protein expression from the RNA is transient, and as is RNA itself. The 
vaccines do not contain adjuvants and the vaccine vials do not contain 
latex [7]. 

PEG is currently the only excipient in both vaccines with recognized 
allergenic potential [8]. PEGs, also called macrogols, are hydrophilic 
polymers with molecular weight (MW) in the 300–35,000 g/mol range. 
They are found in everyday products such as cosmetics, and medica-
tions, industrial and food products. PEGylation is a process used to 
extend half-life and limit volume of distribution of nucleic acid, peptide, 
and small molecule therapeutics. In pharmaceuticals, the number 
included in the name indicates the average molecular weight (e.g., 
PEG4000) but in in the cosmetics industry, the number refers to the 
average number of ethylene oxide units in each molecule (e.g., PEG40). 
Cross-reactivity exists with polysorbates [9]. Allergy to PEG has been 
reported with increasing frequency over recent years, often in patients 
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who had repeated systemic allergic reactions/anaphylaxis to several 
classes of drugs before diagnosis [10,11]. No studies to date examine the 
prevalence of PEG hypersensitivity, although occurrence is likely 
underestimated. The onset of serious hypersensitivity reactions and 
anaphylaxis to PEG is typically rapid and severe. Symptoms include 
pruritus, flushing, urticaria, and angioedema. Hypotension occurs in 
severe cases with airway symptoms of chest tightness and dyspnea. The 
presence of lipid PEG2000 in the mRNA vaccines has led to assumption 
about its involvement in anaphylaxis. 

1.3. The mechanism of PEG-associated hypersensitivity 

The mechanism of PEG-induced hypersensitivity reactions is poorly 
understood. Investigations for allergy to PEG currently include skin 
testing which is usually useful in the diagnosis of IgE-mediated allergy. 
However, some researchers believe that PEG-induced anaphylaxis is 
mediated by IgM and IgG antibodies against PEG, leading to comple-
ment activation and mediators release. This type of hypersensitivity 
reaction, called a complement activation-related pseudoallergy 
(CARPA), is proposed as a major mechanism of infusion reactions to a 
variety of nanoparticulate drugs and agents [12]. Most reported adverse 
events occurred on an apparent first exposure to a parenteral version of a 
specific-PEG containing product, suggesting previous sensitization to 
PEG [13,14]. This opinion is supported by results of clinical studies that 
found IgG and IgM antibodies against PEG in a significant proportion of 
the population without known prior exposure to PEGylated products (up 
to 25%), and in up to 89% of patients with known prior exposure to 
PEGylated products [15,16]. At least three PEGylated nanomedicines 
were withdrawn from clinical use because of severe hypersensitivity 
reactions; pegnivacogin, pegloticase and peginesatide. The strong as-
sociation of IgG anti-PEG antibodies with severe allergic reactions was 
found in clinical trials with pegnivacogin, a PEGylated IXa blocker RNA 
aptamer, and pegloticase, a PEGylated recombinant porcine uricase for 
treatment of refractory gout [17–19]. No investigations were conducted 
to clarify the mechanisms of anaphylaxis related to peginesatide, a 
PEGylated EPO-mimetic peptide [20]. However, it remains unknown to 
which extend positive anti-PEG IgG antibodies predisposes a person to a 
hypersensitivity reaction. 

Literature data regarding PEG-associated anaphylaxis confirmed by 
skin testing, oral challenge, and/or the detection of specific IgE anti-
bodies to PEG, suggest the importance of IgE-mediated mechanisms for 
some hypersensitivity reactions [9–11,21–25]. Positive skin reactions 
were more frequent with high MW PEGs (>4000), independently of the 
PEG MW in the culprit product. Furthermore, patient’s history of PEG- 
containing product exposures and oral challenge findings indicate that 
PEG dose may be a critical factor in triggering a hypersensitivity reac-
tion [11]. The MW and dose thresholds are not known, but it is likely 
that patients have an individual reactivity-threshold for both dose and 
MW. An IgE-related mechanism is further supported by positive basophil 
activation and basophil histamine release tests, and suppression of his-
tamine release through the utilization of omalizumab (anti IgE mono-
clonal antibodies) and both mono- and dimeric fractions of PEGs 
[24–27]. Recently, a study was published by Zhou and colleagues [28] 
who developed a Dual Cytometric Bead Assay for anti-PEG IgG, IgM, and 
IgE; samples for PEG-associated anaphylaxis cases were positive for anti- 
PEG IgE, confirming the long-considered hypothesis of IgE-mediated 
type 1 hypersensitivity. Interestingly, subjects positive for anti-PEG 
IgE also had high anti-PEG IgG titers. 

Given the evidence for both IgE-mediated and non-IgE-mediated 
mechanisms, further research is needed to explore the possibility of 
their coexistence in PEG-associated anaphylaxis [29,30]. 

1.4. The need for standardized allergy protocols 

Prevention of anaphylaxis may not be possible, particularly with the 
1st dose of a mRNA vaccine; therefore, healthcare professionals 

administering the vaccine must be vigilant for early signs and symptoms. 
Appropriate medical treatment and supervision should be readily 
available on vaccination site. Anaphylaxis should be managed with PEG- 
free medications. 

There are no standardized protocols for allergy testing to mRNA 
vaccines. Recommendations for allergy investigations are based on 
current but limited knowledge, and the assumption that PEG is the 
implicated in anaphylaxis. Future research will provide clarifications 
regarding the culprit and mechanisms of the reaction, the most appro-
priate methods of diagnosis and risk factors, enabling safer use of mRNA 
vaccines in the future. 

2. Allergy investigations 

2.1. Individuals eligible for allergy investigations 

Pre-vaccination allergy work-up is not feasible, due the rarity of the 
event, uncertainties regarding the culprit and mechanism behind 
anaphylaxis associated with mRNA vaccines. Currently, contraindica-
tion to vaccination with an mRNA vaccine is a known severe immediate- 
type allergy/anaphylaxis to components of the vaccine (e.g., PEG or 
polysorbate) or to the first vaccine dose [7]. For all other individuals 
with history of allergic reactions, observation for 15 or 30 min after the 
receipt of the vaccine is recommended, depending on their history of 
allergic reactions [31,32]. However, in individuals with a history of 
immediate onset allergic reactions or anaphylaxis to multiple classes of 
drugs, or an unexplained anaphylaxis, skin testing for PEG sensitization 
may be considered as this is a shared feature of many cases of PEG hy-
persensitivity [11]. 

So, the proposed criteria for pre-vaccination allergy investigations 
are severe immediate-type allergy/anaphylaxis to the first vaccine dose 
or to components of the vaccine, and history suggestive for PEG hy-
persensitivity. In test-negative individuals, vaccination with an alter-
native non-mRNA vaccine may be recommended in these patients, if 
available and not otherwise contraindicated. Ideally, the alternative 
vaccine should be PEG/polysorbate free. 

2.2. Proposed protocol for allergy investigation 

The proposed approach is based on published cases and review of 
cases investigating allergy to PEGs/polysorbate80; however, the un-
certainties regarding the culprit and mechanism behind anaphylaxis 
associated with mRNA vaccines, have been considered (Fig. 1). 

Individuals who have had severe allergic reaction/anaphylaxis to an 
mRNA vaccine should be urgently investigated to determine the mech-
anisms behind the reactions and the potential involvement of PEG. 
Other potential allergens should be excluded (e.g., disinfectants, other 
medications taken before vaccination, etc.), or if there is suspicion, 
included in the testing panel. 

To characterize the acute phase of the reaction, two laboratory tests 
are recommended by the CDC: tryptase (a mast cell marker whose in-
crease is suggestive for IgE-mediated allergy) and SC5b-9 (terminal 
complement complex whose increase is suggestive of non-IgE mediated 
allergy) [33]. If available, extended laboratory testing may be consid-
ered with measurements of other mediators of anaphylaxis (e.g., hista-
mine, complement components, etc.). 

Following a reaction, in vitro tests, skin tests, as well as provocation 
tests if necessary, are used to identify the trigger and to characterize the 
reaction [34]. These should ideally be performed 4 weeks at the earliest, 
but not later than 6 months after the reaction, due to increased risk of 
false positive or false negative results, respectively [35]. The in vitro 
diagnosis of IgE-mediated allergic diseases is useful in the identification 
of the causative allergen [36]. Due to current unavailability of an assay 
for the measurement of anti-PEG IgE antibodies, basophil tests can be 
used: the basophil activation test and/or the basophile histamine release 
test. Assays to detect PEG-specific IgG and IgM antibodies are 
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commercially available. 
Skin prick testing (SPT) is the most frequently used method for the 

detection of IgE antibodies, due to its rapidity, simplicity, and low cost. 
In SPT negative patients, intradermal tests (IDTs) can be performed. 
Standardized methods and appropriate positive and negative controls 
should be used [34]. Of note, atypically high rate of systemic hyper-
sensitivity reactions including anaphylaxis have been reported with 
both SPT and IDTs; so, patients should provide a written consent. 

In addition to PEG2000 contained in the mRNA vaccines, skin testing 
should include numerous MWs when investigating suspected 
immediate-type PEG hypersensitivity with the aim to establish a PEG 
MW threshold: the lowest MW tested positive. Published data suggest 
the absence of an upper limit for MW regarding reactivity [9,10]. Due to 
the possibility of systemic reactions with skin testing, a stepwise 
approach using dilute solutions is recommended. The readings for SPT 
should take place after 30 min, and readings for IDTs should take place 
after 45–60 min because of slow evolvement of test results. In PEG- 
sensitized patients, positive tests tend to occur at very low concentra-
tions. The proposed dilutions for SPT are 0.0001%–10%; SPT with lower 
MW PEGs may require comparatively greater test concentrations to 
show a response. IDTs should only be performed in SPT-negative pa-
tients and using dilute solutions; proposed dilutions are 0.0001%–1% 
(Table 1). Due to possible cross-sensitivity with PEGs, skin tests with 
polysorbate80 should be included in the panel. 

In SPT- and IDT-negative patients, skin testing with the mRNA vac-
cine should be considered if the supply is not an issue, although the 
culprit in the vaccine would not be identified. Ideally, skin testing with 
the mRNA vaccine should be conducted in all individuals who experi-
enced anaphylaxis to the first vaccine dose. Standard skin testing to 
vaccines involves the use of both SPT and IDs at varying concentrations 

[37]. However, the interpretation of these skin test results is compli-
cated in many instances by irritant reactions. Generally, SPTs are done 
with the undiluted vaccine, but if the previous reaction with the vaccine 
was life-threatening it is appropriate to use dilute vaccine for the SPT. 
The IDTs are done with dilutions 1:100. At the 1:10 and full-strength 
concentrations, irritant reactions are quite common for some vaccines 
[38]. The sensitivity is higher with a higher dilution, but higher rate of 
false negatives. With lower dilutions the specificity is higher but also the 
false positive rate. However, protocols should be validated because the 
skin reactibility to various dilutions of the new mRNA vaccines is not 
known. If skin testing using the vaccine is negative, the vaccine can be 
administered in the usual manner, but under close observation, with 
epinephrine and other treatments available. For safety reasons, graded 
administration of the vaccine can be considered [37]. However, no data 
are available on the efficacy of graded administration of mRNA vaccines. 
Alternatively, the second mRNA vaccine dose could be waived, if future 
research shows sufficient efficacy a single mRNA vaccine dose. The 
proposed PEG MWs and dilutions for skin tests and graded vaccine 
administration are shown in Table 1. 

If a PEG MW threshold is established with skin testing, oral challenge 
may be considered with PEGs with MWs below the threshold level to 
enable safer recommendations concerning future exposures to PEG- 
containing products. However, the safety of this approach is not estab-
lished, and the risks of cross-sensitization between PEGs of various MW, 
PEGylated drugs as well as PEG derivatives, are unknown. Thus, for 
patients with confirmed PEG sensitization, prescription of an epineph-
rine autoinjector may be considered. 

Testing for PEG sensitization should be conducted in a specialist drug 
allergy center due to associated risk of anaphylaxis. PEG- and 
polysorbate-free emergency medication for management of systemic 

  

 

 

 

Is the reaction suggestive of anaphylaxis to an 

mRNA vaccine or is there a history suggestive of 
anaphylaxis to any of the components of the 

vaccine (PEG)? 

If yes, do in vitro tests: basophil tests, PEG-

specific imunoglobulins (IgE, IgM, IgG) 

Skin test with multiple MW PEGs and 

polysorbate80 (and, ideally, the vaccine itself) 

If no, give 2nd vaccine dose in usual manner, 

unless the nature of reaction is a contraindication 

If skin tests negative, give 2nd vaccine dose in 

usual manner or in graded doses  

Be prepared to treat anaphylaxis, and observe for 

minimum of 30 minutes 

If skin tests positive, do not vaccinate with the 2nd 

dose.  

Consider graded oral challenge with low MW 

PEGs  

Consider graded administration of the 2nd vaccine 

dose  

Be prepared to treat anaphylaxis, and observe for 

minimum of 30 minutes 

If skin tests to PEG/polysorbate negative, skin test 

with vaccine if supply is not an issue 

Following acute reaction and stabilization of 

patient, collect blood for tryptase and SC5b-9  

Consider prescribing an epinephrine autoinjector 

Fig. 1. Suggested approach to suspected anaphylaxis to an mRNA vaccine.  
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reactions/anaphylaxis should be available on site. 

3. Conclusion 

The risk of anaphylaxis to mRNA vaccines is present but extremely 
low and is offset by the benefits of the vaccine; however, it could 
negatively impact the growing vaccine hesitancy. 

The proposed protocols are based on current knowledge about po-
tential mechanisms of anaphylaxis associated with the mRNA vaccines, 
the assumption that PEG is the most likely culprit, and the author’s 
extensive experience in drug allergy testing. However, they are open for 
discussion within experts or expert groups in the field, and for subse-
quent adjustments or corrections. 

An efficient risk minimization strategy coupled with management 
algorithms for individuals experiencing an anaphylactic reaction to an 
mRNA vaccine or those at risk, is important to reassure people that the 
risks are manageable, and that the use of the new mRNA vaccines is safe. 
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Table 1 
Proposed protocol for allergy testing to PEGs and mRNA vaccines.  

Allergena SPTb SPT- 
number of 
steps 

IDTb IDT- 
number of 
steps 

PEG300 0,001%– 
10% 

4 0,0001%– 
1% 

5 

PEG400 0,001%– 
10% 

4 0,0001%– 
1% 

5 

PEG2,000 0,0001%– 
10% 

5 0,0001%– 
1% 

5 

PEG3,350 0,0001%– 
10% 

5 0,0001%– 
1% 

5 

PEG4000 0,0001%– 
10% 

5 0,0001%– 
1% 

5 

PEG6,000 0,0001%– 
10% 

5 0,0001%– 
1% 

5 

PEG8,000 0,0001%– 
10% 

5 0,0001%– 
1% 

5 

PEG20,000 0,0001%– 
10% 

5 0,0001%– 
1% 

5 

Polysorbate 80 0,001%– 
10% 

4   

Comirnaty 1:10- 
undiluted 

2 1:100 2 

Comirnaty graded 
administration 

The full normal dose volume is 0.3 mL; give the following 
doses at 15-min intervals as tolerated: 
0.03 mL 1:10 dilution 
0.03 mL full-strength 
0.06 mL full-strength 
0.09 mL full-strength 
0.12 mL full-strength 

Moderna COVID-19 
Vaccine 

1:10- 
undiluted 

2 1:100 2 

Moderna COVID-19 
Vaccine graded 
administration 

The full normal dose volume is 0.5 mL; give the following 
doses at 15-min intervals as tolerated: 
0.05 mL 1:10 dilution 
0.05 mL full-strength 
0.1 mL full-strength 
0.15 mL full-strength 
0.2 mL full-strength  

a Bolded text- recommended minimum of allergens that should be included in 
the testing panel. 

b Stepwise approach from lower to higher concentrations multiplied by 10; 
stop at positive result. 
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