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ABSTRACT 49 

 50 

BACKGROUND 51 

The mechanism of allergic reactions to COVID-19 mRNA vaccines has not been 52 

clarified. Polyethylene glycol (PEG) is a potential antigen in the components of vaccines. 53 

However, there is little evidence that allergy after COVID-19 mRNA vaccination is 54 

related to PEG. Furthermore, the role of polysorbate (PS) as an antigen has also not been 55 

clarified. The objective of this study was to investigate whether PEG and PS allergies are 56 

reasonable causes of allergic symptoms after vaccination by detecting PEG-specific and 57 

PS-specific antibodies. 58 

METHODS 59 

Fourteen patients who developed immediate allergic reactions to BNT162b2 (Pfizer-60 

BioNTech) or mRNA-1273 (Moderna) vaccines and nineteen healthy controls who did 61 

not present allergic symptoms were recruited. Serum PEG-specific immunoglobulin E 62 

(IgE) and immunoglobulin G (IgG) and PS-specific IgE and IgG were measured by 63 

enzyme-linked immunosorbent assay. Skin tests using PEG-2000 and PS-80 were applied 64 

to five patients and three controls. 65 
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RESULTS 66 

Serum levels of PEG-specific IgE and IgG in patients with immediate allergic reactions 67 

to the COVID-19 mRNA vaccine were higher than those in the control group. Serum 68 

levels of PS-specific IgE in patients with allergy to the vaccine were higher than those in 69 

patients of the control group. Intradermal tests using PEG verified the results for PEG-70 

specific IgE and IgG. 71 

CONCLUSIONS 72 

The results suggest that PEG is one of the antigens in the allergy to COVID-19 mRNA 73 

vaccines. Cross-reactivity between PEG and PS might be crucial for allergy to the 74 

vaccines. PEG-specific IgE and IgG may be useful in diagnosing allergy to COVID-19 75 

mRNA vaccines. 76 

 77 

Key words: COVID-19 mRNA vaccines; PEG-specific IgE; PEG-specific IgG; Polyethylene 78 

glycol; Polysorbate 79 

Abbreviations 80 

PEG, Polyethylene glycol; PS, Polysorbate; COVID-19, Coronavirus disease 2019  81 
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 83 

INTRODUCTION 84 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in December 85 

2019 and rapidly spread globally, thereby, causing a respiratory disease pandemic named 86 

coronavirus disease 2019 (COVID-19).1 As the global COVID-19 epidemic continued to 87 

aggravate, the importance of vaccination increased rapidly. 88 

In Japan, BNT162b2 (Pfizer-BioNTech) mRNA vaccination started in February 2021. 89 

Subsequently, vaccination with the mRNA-1273 (Moderna) mRNA vaccine and 90 

AstraZeneca viral vector vaccine were also initiated, and now three types of COVID-19 91 

vaccines are being administered. The COVID-19 vaccines have been highly effective,2-4 92 

but adverse reactions have also been reported. In particular, allergic reactions are one of 93 

their most important side effects.5-7 The anaphylaxis frequency reported in the first month 94 

of BNT162b2 vaccination was 8.1/1 million doses in Japan, corresponding to levels 1-3 95 

of the Brighton Collaboration criteria.8,9 This frequency is similar to that reported by 96 

Castells et al. for BNT162b2 in approximately 2 million healthcare workers in the United 97 

States,10 where the anaphylaxis incidence was 1 case per 100 000 doses, which is higher 98 

than the incidence reported for other vaccines developed prior to COVID-19 mRNA 99 

Jo
urn

al 
Pre-

pro
of



6 

 

vaccines. 100 

Both BNT162b2 and mRNA-1273 contain polyethylene glycol (PEG)-2000 as an 101 

excipient to stabilize lipid nanoparticles that encapsulate mRNA.11 Although PEG is 102 

considered a possible cause of hypersensitivity to these mRNA vaccines,12 it is still not 103 

clear which vaccine component is responsible for the allergic reactions.10 104 

Polysorbate (PS) is also an excipient used to increase the water solubility of drugs and 105 

vaccines. Before the widespread use of COVID-19 mRNA vaccines, there were few 106 

injectable drugs containing PEG. In contrast, PS has been widely used in other vaccines 107 

and biologics. The cross-reactivity of PEG with PS owing to their shared chemical moiety 108 

has been described in previous studies.13-16 Therefore, patients allergic to PS should be 109 

carefully monitored when receiving COVID-19 mRNA vaccines containing PEG. 110 

Immediate allergies, including anaphylaxis, are often caused by immunoglobulin E 111 

(IgE)-mediated type I hypersensitivity. However, there are no established commercial 112 

PEG-specific IgE antibody tests. Stone et al. detected PEG-specific IgE and 113 

immunoglobulin G (IgG) antibodies in the plasma by enzyme-linked immunosorbent 114 

assay (ELISA) for patients with history of immediate hypersensitivity to PEG-containing 115 

medications.14 Nevertheless, there is little evidence that attributes these vaccine allergic 116 
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reactions to PEG. Some studies have shown that PEG-specific IgE has not been detected 117 

in the serum of patients allergic to COVID-19 mRNA vaccines.17,18 Furthermore, skin 118 

testing for PEG has shown limitation for the prediction of allergic reactions.19 119 

In this study, we used an ELISA system for the detection of PEG-specific IgE and IgG 120 

antibodies to investigate if PEG allergy is a reasonable cause of allergic symptoms after 121 

COVID-19 mRNA vaccination. Healthy subjects were used as a control group.  122 
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METHODS 123 

Study design and participants 124 

This study was a single-center retrospective investigation. The allergic and control 125 

groups were recruited by health care workers and medical students who received the 126 

BNT162b2 vaccine at the St. Marianna University of Medicine between March 8 and 127 

April 30, 2021 (Fig. 1). 128 

For the analysis of PEG- and PS-specific IgE and IgG based on ELISA, patients with 129 

allergic symptoms who received the BNT162b2 and mRNA-1273 in other institutions by 130 

August 15, 2021, were referred to the Department of Allergy at St. Marianna University 131 

School of Medicine and were included in the allergic group (Fig. 1). The allergic group 132 

included patients who presented allergic symptoms20 (definition shown in Supplementary 133 

Table 1) after mRNA vaccination, and the control group included those who did not show 134 

any allergic symptoms. The former was further classified into immediate allergy group, 135 

which presented symptoms within 3 h of vaccination,17 and delayed allergy group, which 136 

presented symptoms 3 h to 7 d after the vaccination. 137 

This study was approved by the ethics committee of the St. Marianna University School 138 

of Medicine (approval number 5319). Serum was collected from those who provided 139 
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written consent. The time of the first vaccination was set as day 0, and serum samples 140 

were collected after day 21.21 141 

Detection of PEG-specific IgE and IgG by ELISA 142 

ELISA was used to detect the PEG and PS-specific antibodies. For PEG-specific IgE 143 

and IgG, 96-well microplates were coated with diamino-polyethylene glycol (molecular 144 

weight 3000, Sigma-Aldrich Cat#14502) at 5 µg/ml.14 The serum was obtained 21 or 145 

more days after the first injection of BNT162b2 or mRNA-1273 mRNA vaccines. The 146 

serum samples were diluted 4-fold in phosphate-buffered saline (PBS) and then incubated. 147 

Subsequently, biotin-conjugated goat anti-human IgE antibody (Bio-Rad STAR147B) 148 

was added at a 1:10 000 dilution. Horseradish peroxidase (HRP)-conjugated streptavidin 149 

(BD Bioscience 554066) was then added at a 1:3000 dilution, and a 3,3',5,5'-150 

tetramethylbenzidine (TMB) substrate (KPL 5120-0053) was used as the detection 151 

reagent. Phosphoric acid (1 M) was used as the stop solution, and the plates were read at 152 

dual wavelengths of 450 and 600 nm in a microplate reader (iMark, Bio-Rad). For PEG-153 

specific IgG detection, coating was the same as that for PEG-specific IgE, but serum 154 

samples were diluted 32-fold. Subsequently, HRP-conjugated goat anti-human IgG 155 

antibody (Millipore AP309P) was incubated at 1:100 000 dilution, and the TMB substrate 156 

was used for detection. 157 
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To prepare a standard curve for PEG-specific IgE and IgG, serum at day 84 (12 weeks 158 

after vaccination) was collected from patient #3, whose absorbance of PEG-specific IgE 159 

and IgG observed in the preliminary study was relatively high. The serum of #3 was 160 

aliquoted and stored at −80°C, and thawed at the time of use. The standard serum sample 161 

was diluted with PBS. A standard curve for PEG-specific IgE was created with a 2-fold 162 

dilution set to 20 000 units and a 256-fold dilution set to 156.25 units. The standard curve 163 

for PEG-specific IgG was created with a 4-fold dilution set to 10 000 units and a 512-fold 164 

dilution set to 78.13 units. 165 

Detection of PS-specific IgE and IgG by ELISA 166 

PS-specific IgE and IgG were also measured using ELISA. The 96-well microplates 167 

were coated with PS-80 (Wako-Fujifilm) at a 1000-fold dilution. The protocol for diluting 168 

serum samples was the same as that for the detection of PEG-specific IgE and IgG. The 169 

standard curves for PS-specific IgE and IgG ELISA were prepared using the serum of #3 170 

and the same method as that for the preparation of the standard curve for PEG-specific 171 

IgE. 172 

Skin testing with PEG and PS 173 

Skin tests were performed on the forearm of healthy controls and patients suspected of 174 
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having immediate hypersensitivity to the COVID-19 mRNA vaccine and wished to 175 

receive the respective second dose. In addition, skin testing was performed for one patient 176 

with delayed hypersensitivity to COVID-19 mRNA vaccine upon request. The PEG-2000 177 

and PS-80 concentrations were determined by referring to the reports of Stone et al. 14 178 

and Banerji et al.5 (Supplementary Table 2). The reagents used in the skin tests were PEG-179 

2000 (Wako-Fujifilm), which has the same molecular weight as the PEG used in COVID-180 

19 vaccines, and PS-80 (Wako-Fujifilm), which is used in viral vector vaccines from 181 

AstraZeneca and others. The negative control was saline for both the prick and 182 

intradermal tests. In the prick test, the PEG-2000 concentration was increased from 0.1 183 

to 1, 10, and 100 mg/ml, and PS-80 was 0.25%. If the prick test was negative, we 184 

performed an intradermal test with PEG-2000 at concentrations of 0.1, 1, 10, and 30 185 

mg/ml and PS-80 at 0.025%. The final concentration of PEG-2000 (30 mg/ml) in the 186 

current study was the same as that in Depo-Medrol, and was 10-times higher than that 187 

reported by Banerji et al. We confirmed that intradermal tests with PEG-2000 (30 mg/ml) 188 

did not cause skin rash or allergic symptoms in three healthy controls. Therefore, we 189 

decided the maximum concentration of PEG-2000 to be 30 mg/ml. If all results were 190 

negative, we scheduled a challenge test with BNT162b2. The prick, intradermal, and 191 

challenge tests were all judged at 15 min. The skin prick test was judged positive if a 192 
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wheal of 3 mm or greater was observed. If a wheal greater than 9 mm or erythema greater 193 

than 20 mm was observed, which was not observed in the case of saline, the intradermal 194 

test was considered positive. If the wheal or erythema was not seen in the skin test area, 195 

but the symptoms appeared at the time of vaccination, we judged the test to be positive. 196 

Statistical analysis 197 

The difference between the two groups for serum PEG-specific and PS-specific IgE and 198 

IgG levels were examined using the Mann–Whitney U test. In all analyses, p < 0.05 was 199 

considered statistically significant. All statistical analyses were performed using the 200 

GraphPad Prism software (version 5.01).   201 
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RESULTS 202 

Characteristics of patients with allergy to mRNA vaccines 203 

At the St. Marianna University Hospital, approximately 7809 doses of BNT162b2 204 

mRNA vaccine were administered from March 8 to April 30, 2021. Almost all cases of 205 

suspected immediate hypersensitivity after vaccination were identified by the Health 206 

Management Center of St. Marianna University School of Medicine Hospital and referred 207 

to the outpatient clinic of the Department of Allergy. Nine patients (0.12%) showed 208 

immediate-type allergic reactions, and three patients (0.04%) were diagnosed with 209 

anaphylaxis according to the Brighton classification,9 at the St. Marianna University 210 

School Hospital (Fig. 1). Twenty patients were diagnosed with immediate or delayed 211 

allergy after mRNA vaccination, and all patients in the allergy group developed allergic 212 

symptoms after the first vaccination. Table 1 presents a summary of the cases. Fourteen 213 

patients, all female, developed symptoms of immediate allergy, such as skin rash and 214 

cough, within 3 h of the first vaccination shot (Fig. 1), and four of them were immediately 215 

hospitalized after epinephrine administration. Serum samples collected after day 21 were 216 

available for 18 patients from the allergy group (immediate-type: 14, delayed-type: 4) and 217 

19 controls (Fig. 1). 218 
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The share of female patients was 100%, 50%, and 79% for immediate-type, delayed-219 

type, and control groups, respectively, and the respective median ages in these groups 220 

were 34, 34, and 33 y (Table 2). 221 

Serum PEG-specific and PS-specific antibodies 222 

PEG-specific IgE and IgG values were not normally distributed and were analyzed using 223 

the Mann–Whitney U test. The median serum levels of PEG-specific IgE in the immediate 224 

allergy and control groups were 4897.9 and 848.3 units, respectively. The serum levels of 225 

PEG-specific IgE in the immediate allergy group were significantly higher than those in 226 

the control group (p = 0.009; Fig. 2A). Furthermore, serum levels of PEG-specific IgE 227 

for the entire allergy group were significantly higher than those in the control group (p = 228 

0.001; Supplementary Fig. 1A). The serum levels of PEG-specific IgG were also 229 

significantly higher in both immediate (p = 0.030) and entire (p = 0.007) allergy groups 230 

than in the control group (Fig. 2B; Supplementary Fig. 1B). PEG-specific IgE and IgG 231 

were significantly higher in the delayed allergy group than in the control group (PEG-232 

specific IgE: p = 0.011, PEG-specific IgG: p = 0.026, Supplementary Fig. 2A, B). These 233 

results suggest that PEG is one of the antigens in the allergy to COVID-19 mRNA 234 

vaccines, and not only PEG-specific IgE, but also PEG-specific IgG might be crucial for 235 

the pathogenesis of allergic reactions. 236 
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PS-specific IgE and IgG values were also not normally distributed and were analyzed 237 

using the Mann–Whitney U test. There were no significant differences in the serum levels 238 

of PS-specific IgE between the immediate allergy and control groups (p = 0.08; Fig. 2C). 239 

However, the serum levels of PS-specific IgE tended to be higher in the immediate allergy 240 

group. Serum PS-specific IgE was significantly higher in entire allergy groups and 241 

delayed allergy group than in the control group (entire: p = 0.015; Supplementary Fig. 242 

1C; delayed: p = 0.009; Supplementary Fig. 2C). In contrast, serum levels of PS-specific 243 

IgG were not different between the allergy and control groups (immediate: p = 0.44; Fig. 244 

2D; entire: p = 0.19; Supplementary Fig. 1D; delayed: p = 0.07; Supplementary Fig. 2D). 245 

These data suggest that pre-sensitization with PS might induce an allergic reaction to 246 

COVID-19 mRNA vaccines. 247 

Correlation between PEG-specific IgE and PEG-specific IgG or PS-specific IgE 248 

We examined whether serum levels of PEG-specific IgE were associated with PEG-249 

specific IgG or PS-specific IgE. There was a correlation between PEG-specific IgE and 250 

PEG-specific IgG levels (Fig. 3A) (Spearman’s rank correlation coefficient = 0.855, p < 251 

0.001). Some patients, including patients #2, #3, and #10, were predominantly PEG-252 

specific IgE, whereas others, such as patient #14, were predominantly PEG-specific IgG. 253 

In addition, there was a correlation between PEG-specific IgE and PS-specific IgE levels 254 
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(Spearman’s rank correlation coefficient 0.795, p < 0.001), which suggested a cross-255 

reaction between PS and PEG-specific IgE (Fig. 3B). 256 

Skin tests using PEG and PS 257 

Skin tests were performed on six patients of the allergy group (five immediate allergic 258 

cases: patients #2, #3, #5, #8, and #15, one delayed allergic case, patient #20) and three 259 

patients in the healthy control group (HC #1, #2, #3). The results for all three control 260 

cases were negative for both skin prick and intradermal tests. In the intradermal test with 261 

PEG-2000 and PS-80, symptoms similar to those seen with BNT162b2 vaccination 262 

appeared in three of the five immediate allergic patients (#2, #3, and #8) (Supplementary 263 

Fig. 3, Table 3). The symptoms during the allergy onset and details on the results of the 264 

skin tests and PEG-specific IgE of five immediate allergic cases are shown in Table 3 and 265 

summarized in the Supplementary Methods. The results of the skin tests and PEG-specific 266 

IgE for one delayed allergic case are summarized in the Supplementary Methods. 267 

The serum levels of PEG- and PS-specific IgE of the positive and negative skin test 268 

groups were compared. The serum levels of PEG-specific IgE in the positive skin test 269 

group (n = 3) were significantly higher than those in the negative skin test group (n = 5; 270 

p = 0.036) (Fig. 4A). The serum levels of PS-specific IgE were also significantly higher 271 
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in the positive skin test group than in the negative one (p = 0.033) (Fig. 4B). Of the 272 

patients for whom a skin test was performed, only one patient, #15, received a second 273 

dose of BNT162b2. She presented with low PEG-specific IgE, and no allergic reaction 274 

upon receiving the second COVID-19 mRNA vaccine. These data suggest that both 275 

PEG-specific and PS-specific IgE might be useful for the diagnosis of immediate-type 276 

allergy to mRNA vaccines.   277 
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DISCUSSION 278 

Despite several studies on this topic, the mechanism of allergic reactions to COVID-19 279 

mRNA vaccines is still unclear.11,17,18,22-24 To the best of our knowledge, this is the first 280 

study to report elevated PEG-specific IgE and IgG levels in patients with suspected 281 

hypersensitivity to COVID-19 mRNA vaccines. In cases with borderline to high PEG-282 

specific IgE levels, in the intradermal skin tests with PEG-2000 and PS-80, symptoms 283 

similar to those seen with mRNA vaccination appeared. Therefore, the results of this study 284 

suggest that PEG is one of the antigens in the allergy to COVID-19 mRNA vaccines, and 285 

both PEG-specific IgE and PEG-specific IgG might be useful in diagnosing immediate-286 

type allergy to PEG. Furthermore, there was a tendency for higher levels of PS-specific 287 

IgE in the immediate allergy group. Although further investigation on PS-specific IgE 288 

requires the investigation of more cases, the present results are potentially useful as a 289 

diagnostic method for both PS and PEG allergy. 290 

Previous studies suggest that PEG might be the target of hypersensitivity to COVID-19 291 

mRNA vaccines,25 but PEG-specific IgE has not been demonstrated. There is no 292 

consensus as to whether the allergic reactions to COVID-19 mRNA vaccines are caused 293 

by IgE-mediated hypersensitivity to PEG. Krantz et al. reported cases of anaphylaxis to 294 

the first dose of BNT162b2, and there was no elevation of tryptase, and all patients 295 
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tolerated the second dose with pre-medication, so they considered the mechanism to be 296 

non-IgE mediated.22 Warren et al. reported that PEG-specific IgE was not involved in 297 

post-vaccine allergic reaction after COVID-19 mRNA vaccine because PEG-specific IgE 298 

was not detected by ELISA and the skin prick test was negative.17,18 In our study, the skin 299 

prick results were negative for all cases, but some of intradermal results were positive. 300 

Troelnikov et al. reported that BNT162b2, but not PEG alone, induced the activation of 301 

basophils in patients, which suggested that PEGylated lipids within nanoparticles can 302 

induce degranulation.25 It is not clear why PEG-specific IgE was not detected in patients 303 

with hypersensitivity to COVID-19 mRNA vaccines in previous studies. However, there 304 

were differences between theirs and ours ELISA protocols. Furthermore, the Japanese 305 

population in this study might have more PEG allergies than the cohort analyzed in other 306 

studies.  307 

In the current study, an intradermal test using PEG validated the results of PEG-specific 308 

IgE, although the number of patients tested was limited. All skin prick results were 309 

negative for both PEG and PS, so intradermal testing was necessary to confirm 310 

hypersensitivity. For positive results, the values of PEG-specific IgE tended to be higher 311 

than those of the controls (Table 3). However, two patients who showed a negative skin 312 

test also presented low levels of PEG-specific IgE (Table 3). 313 
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Prior to the appearance of COVID-19 vaccines, reports of hypersensitivity to PEGs were 314 

rare, and most of them were attributed to the oral administration of PEGs.26-30 In Canada, 315 

88% of the allergic cases to macrogol and common injectable medications containing 316 

PEG occurred for female patients.31 Prior to the distribution of the COVID-19 vaccine, 317 

few injectables contained PEG, except for PEGylated drugs. People who have been 318 

sensitized to PEG might have developed allergic symptoms when they were injected with 319 

PEG for the first time. PEG is described as a high-risk hidden allergen in drug and food 320 

items that can induce allergic reactions that are difficult to detect by healthcare providers 321 

and might, therefore, be underdiagnosed.13,15 Patients allergic to the COVID-19 mRNA 322 

vaccine did not complain of allergic reactions upon oral intake of PEG or PS containing 323 

food or tablets in subsequent outpatient visits. This suggests that patients who are allergic 324 

to injection with PEG may have tolerance to oral intake of PEG and PS. However, they 325 

should be carefully monitored when using laxatives containing PEG because the amount 326 

of oral intake of PEG through laxatives will be higher than that through food or tablets, 327 

which may cause allergic reactions. 328 

In contrast, PS, which has structural similarities with PEG, is widely used in other 329 

vaccines and biologics.13-16 Nevertheless, the number of reports on PS allergy is 330 

remarkably lower than that for PEG.14,32-35 Although no study has reported elevated PS-331 
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specific IgE for PS hypersensitivity,34 we observed several cases of high serum PS-332 

specific IgE levels in patients with hypersensitivity to drugs containing PS (data not 333 

shown). In the current study, for high PEG-specific IgE levels, there were cases with high 334 

PS-specific IgE levels. Three patients who underwent skin testing also presented 335 

hypersensitivity reactions to both PEG and PS, which suggests that PS allergy may also 336 

participate in drug allergy of unknown origin. Therefore, patients with PS allergy may 337 

have developed an allergic reaction to COVID-19 mRNA vaccines. 338 

Although the IgE function in classical anaphylaxis has been established, the 339 

complementary activation of IgG or IgM could also lead to degranulation of mast cells 340 

and pseudo-allergic reactions or nonclassical anaphylaxis.11 PEG-specific antibodies can 341 

be detected in the serum of healthy individuals.36,37 In this study, PEG-specific IgG was 342 

significantly higher in the immediate allergy group than in the control group, and there 343 

was a case where PEG-specific IgG was predominant. Therefore, in addition to PEG-344 

specific IgE, PEG-specific IgG might also be involved in the pathogenesis of allergic 345 

reactions to COVID-19 mRNA vaccines. On the other hand, PEG-specific IgE was 346 

significantly higher in the delayed allergy group. The reason as to why PEG-specific IgE 347 

was detected in the delayed allergy group is not clear. In general, IgE-mediated reaction 348 

induces immediate symptoms, whereas delayed-type allergy is typically due to T cell-349 
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mediated immunity.38 However, chronic inflammation, such as atopic asthma and atopic 350 

dermatitis, shows Th2-type cellular immune responses with high amount of antigen-351 

specific IgE. Serum samples from only a few patients with delayed allergy were able in 352 

the current study. Further study with more patients is needed to clarify the role of PEG-353 

specific IgE in delayed allergy. 354 

In the current study, the anaphylaxis frequency is higher than previously reported 355 

values.24 One of the reasons may be that the vaccines were mainly given to younger age 356 

groups. Also, we established a flow to identify nearly all cases of suspected 357 

hypersensitivity after vaccination. Furthermore, there might be other possible causes, 358 

such as race and bias in vaccine serial numbers. 359 

In this study, all cases of immediate hypersensitivity reactions occurred for female 360 

patients and were observed for the first dose of the vaccine, which is similar to the results 361 

of previous studies.7,8,10 These findings suggest that some women were sensitized to the 362 

components of the vaccine prior to the first vaccination. 363 

PEG-specific IgE assays can be useful in cases of suspected hypersensitivity to the first 364 

dose vaccine or anaphylaxis caused by PEG or PS-containing drugs. For example, in 365 

patient #3, there were only respiratory symptoms, so that Brighton levels 1–3 were not 366 

Jo
urn

al 
Pre-

pro
of



23 

 

met, but hypersensitive reactions to both PEG and PS were suspected. Although these 367 

cases may not be recognized as allergies, the PEG-specific IgE ELISA might prevent 368 

them from being missed. 369 

This study presented some limitations. First, the number of participants was small, 370 

especially for the skin test or delayed-type allergy, and there was insufficient matching of 371 

age and gender. PEG allergy to COVID-19 mRNA vaccines has been mainly diagnosed 372 

by skin tests,39-41 and there have been no previous reports on the combined use of IgE 373 

measurement and skin tests. The number of patients in the allergic group with skin test or 374 

delayed type allergy and in the matching control group should be increased in future 375 

studies. Second, the timing of serum sampling for IgE measurement should also be further 376 

investigated. Serum samples were collected more than 3 weeks after the vaccination. 377 

Even if PEG-specific IgE is not observed immediately after anaphylaxis, it might be 378 

observed later because anaphylaxis might consume the serum levels of antigen specific 379 

IgE.21 Third, we could not evaluate if the values of serum PEG-specific IgE in patients 380 

with hypersensitivity to the first COVID-19 mRNA vaccination could predict anaphylaxis 381 

after the second dose. It has been reported that patients who had allergic reactions 382 

including anaphylaxis at the time of the first vaccination were able to receive the second 383 

vaccination under the administration of antihistamines. 19,22 However, there were only a 384 
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few patients who challenged a second dose in the current study, because Japanese 385 

Ministry of Health, Labor and Welfare prohibited second vaccination using the same 386 

vaccine as the first to the patients who have experienced severe allergic reactions to any 387 

of the COVID-19 vaccines. Finally, it was difficult to determine the cutoff value for PEG-388 

specific IgE based on the results of this study alone because some controls also showed 389 

high values. Further improvements and standardization of ELISA should be developed 390 

and applied in future studies. 391 

In conclusion, the results of this study suggest that PEG is one of the antigens for allergic 392 

responses to COVID-19 mRNA vaccines, and both IgE- and IgG-mediated reactions are 393 

potential pathways. Therefore, the measurement of PEG-specific IgE and IgG might be 394 

useful to diagnose allergy to COVID-19 mRNA vaccines. Allergy to PS might also induce 395 

hypersensitivity to COVID-19 mRNA vaccines. Further studies with larger number of 396 

cases are needed to confirm the usefulness of the detection of PEG- and PS-specific 397 

antibodies. 398 
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 524 

Figure Legends 525 

Fig. 1. Flow chart of patient inclusion (disposition and population) in this study. 526 

 527 

Fig. 2. Serum PEG-specific and PS-specific antibodies of immediate-type allergic 528 

patients (n = 14) and healthy controls (HC; n = 19). A: PEG-specific IgE; B: PEG-specific 529 

IgG; C: PS-specific IgE; D: PS-specific IgG. PEG-specific (A) and PS-specific (C) IgE 530 

are shown as natural logarithms. Bars represent median. 531 

 532 
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Fig. 3. Correlation between (A) PEG-specific IgE and PEG-specific IgG levels, and (B) 533 

PEG-specific IgE and PS-specific IgE levels. Data (n = 37) were obtained from patients 534 

with immediate or delayed allergies (n = 18) and healthy controls (n = 19), and 535 

Spearman’s correlation coefficient was adopted. 536 

 537 

 538 

Fig. 4. (A) PEG-specific and (B) PS-specific IgE of positive (n = 3) and negative (n = 5) 539 

skin test groups. PEG-specific and PS-specific IgE are displayed as natural logarithms. 540 

Bars represent median.  541 

 542 
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Table 1. Patients’ characteristics 

 

Type of 

allergy 

Patient 

No. 

Age Sex 

Past history of 

allergies 

Vaccine  
 

Onset after 

vaccination 

(1st or 2nd dose of 

vaccination †) 

Signs and symptoms 

Received 

epinephrine/ 

Emergency 

admission 
 

Brighton 

level 

Subsequent 

vaccination 

status 
‡

 

PEG-specific 

PS-specific 

IgE (U) § 

Immediate 

 
1 37 F BA BNT162b2 

15 min 

(1st) 

Diffuse erythematous rash, 

difficulty breathing 

Yes/Yes 3 
No 

9.12 

8.98 

2 25 F (-) BNT162b2 

55 min 

(1st) 

Urticaria, 

pharyngeal itching 

No/No 4 
No 

11.08 

11.48 

3 25 F AD, AR BNT162b2 

30 min 

(1st) 

Stridor, persistent dry cough Yes/Yes 4 
No 

11.2 

10.67 

4 37 F 

Metallic 

allergy 

BNT162b2 

5 min 

(1st) 

Urticaria, 

pharyngeal itching 

No/No 4 
No 

6.14 

0 

5 28 F (-) BNT162b2 

2 h 

(1st) 

Erythematous rash, 

pharyngeal itching 

No/No 4 
2nd dose, 

safety 

6.14 

4.69 

6 33 F 

NSAIDs 

allergy 

BNT162b2 

10 min 

(1st) 

Diffuse erythematous rash, 

difficulty breathing, 

desaturation 

Yes/Yes 1 
No 

¶ 

¶ 

7 31 F AR BNT162b2 

5 min 

(1st) 

Coldness of limbs,  

shivering 

No/No 4 
No 

9.87 

10.05 

8 18 F BA, AR BNT162b2 

10 min 

(1st) 

Hypotension, vomiting,  

abdominal pain 

Yes/Yes 3 
No 

8.33 

8.40 

9 20 F AR BNT162b2 

2 h 

(1st) 

Headache No/No 4 
No 

8.64 

7.65 

10 48 F 

AD, BA, AR, 

FA 

BNT162b2 

30 min 

(1st) 

Pharyngeal itching No/No 4 
No 

11.28 

11.42 

11 44 F (-) BNT162b2 

2 h 

(1st) 

Erythematous rash No/No - 
No 

7.80 

7.50 

12 49 F 

LVFX allergy, 

eczema caused 

by cosmetics 

BNT162b2 

10 min 

(1st) 

Vomiting,  

Erythematous rash 

No/Yes 4 
No 

6.31 

4.33 

13 18 F (-) BNT162b2 

30 min 

(1st) 

Nausea, diarrhea No/No 4 
No 

7.8 

7.31 
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F, female; M, male; BA, bronchial asthma; AD, atopic dermatitis; AR, allergic rhinitis; FA, food allergy; NSAIDs, non-steroidal anti-inflammatory drugs; LVFX, 

levofloxacin; ST, sulfamethoxazole-trimethoprim; BNT162b2, Pfizer-BioNTech mRNA vaccine; mRNA-1273, Moderna mRNA vaccine.  

†Allergic symptoms appeared at the time of the first dose or after the second dose. 1st, first dose; 2nd, second dose. 

‡No, No subsequent vaccinations were given; 2nd dose, safety, The second vaccinations were safely administered, but patient #19 and #20 had the same erythema 

as in the case of the first dose. 

§PEG-specific IgE and PS-specific IgE are expressed in natural logarithm. Top, PEG-specific IgE; bottom, PS-specific IgE. 

¶No serum samples were obtained. 

 

14 51 F ST allergy mRNA-1273 

20 min 

(1st) 

Erythematous rash No/No 4 
No 

9.27 

9.09 

15 58 F BA, FA BNT162b2 

3 min 

(1st) 

Cough Yes/No 4 
2nd dose, 

safety 

6.51 

0 

Delayed 

16 49 M AR BNT162b2 

3 d 

(1st) 

Diffuse erythematous rash No/No - 
No 

¶ 

¶ 

17 55 F AD BNT162b2 

24 h 

(1st) 

Headache No/No - 
No 

7.95 

7.80 

18 24 M BA BNT162b2 

24 h 

(1st) 

Cough No/No - 
No 

8.98 

8.61 

19 48 F BA BNT162b2 

>24 h 

(1st) 

Erythematous rash No/No - 
2nd dose, 

safety 

9.95 

10.35 

20 19 M BA, FA mRNA-1273 

18 h 

(1st) 

Erythematous rash No/No - 
2nd dose, 

safety 

8.53 

9.03 
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Table 2. Characteristics of the immediate and delayed allergy groups and HC group 

 

Characteristics Immediate type  

(n = 14) † 

Delayed type  

(n = 4) ‡ 

HC 

(n = 19) 

Female, n (%) 14 (100%) 2 (50%) 15 (79%) 

Age, median (IQR) 34 (25–47) 34 (18–48) 33 (27–42) 

Allergic history, n (%) 10 (71%) 4 (100%) 8 (42%) 

BNT162b2, n (%) 13 (93%) 3 (75%) 19 (100%) 

Anaphylaxis, n (%) 2 (14%) 0 (0%) 0 (0%) 

IQR, interquartile range; HC, healthy control. 

Two patients ( †Patient #6, ‡Patient #16) who did not give their consent were excluded from the study. 
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Table 3. Skin test and PEG-specific IgE test results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SPT, skin prick test; IDT, intradermal test; HC, healthy control; BNT162b2, Pfizer-BioNTech mRNA vaccine; N/A, not 

available; (-), negative. 

†Positive criteria: Wheal size greater than 9 mm or erythema size greater than 20 mm. 

‡PEG-specific IgE and PS-specific IgE are expressed in natural logarithm. 

§Wheal / erythema size (mm) were noted below. 

¶Patient #3 presented a dry cough similar to that after vaccination. 

 

Patient 

No. 

SPT IDT† Challenge test 

PEG-specific 

IgE (U)‡ 

PS-specific 

IgE (U)‡ 

  

Saline 

(negative 

 control) 

PEG-2000 

0.1 mg/ml 

PEG-2000 

1 mg/ml 

PEG-2000 

30 mg/ml 

PS-80 

0.025% 

BNT162b2 

#2 (-) (-) (-) (-) 

positive§ 

4×4/56×41 

positive§ 

4×4/27×27 

N/A 11.08 11.5 

#3 (-) (-) (-) (-) 

positive§ 

0×0/0×0¶ 

positive§ 

0×0/15×15¶ 

N/A 11.2 10.7 

#5 (-) (-) (-) (-) (-) (-) (-) 6.14 4.69 

#8 (-) (-) (-) (-) 

positive§ 

5×7/45×24 

positive§ 

6×6/44×27 

N/A 8.33 8.40 

#15 (-) (-) (-) (-) (-) (-) (-) 6.51 0 

HC #1 (-) (-) (-) (-) (-) (-) N/A 7.70 6.62 

HC #2 (-) (-) (-) (-) (-) (-) N/A 6.04 0 

HC #3 (-) (-) (-) (-) (-) (-) N/A 6.23 0 
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Supplementary Methods 

Details of patients who underwent skin testing 

Patient #2 

A 25-year-old woman with allergic rhinitis arrived at the emergency room complaining 

of urticaria and itchy throat, which started 55 min after the first vaccination shot. She was 

treated with methylprednisolone (mPSL), an antihistamine, which resolved the symptoms, 

and hospitalization was not required. Two months after the vaccination, urticaria appeared 

after the use of an emulsion containing PEG-32 and PEG-60. Allergy to PEG was 

immediately suspected and a skin test was performed; skin prick test (SPT) at 100 mg/ml 

PEG caused itching on the forearm on the side of the puncture, but no obvious erythema 

was observed. The SPT of PS was negative. Immediately after the intradermal injection 

of PEG 30 mg/ml, a pruritic erythema of 56 mm × 41 mm appeared, and immediately 

after the intradermal injection of PS-80, a 27 mm erythema also appeared in the injection 

site. 

 

Patient #3 

A 33-year-old woman with history of atopic dermatitis and seasonal allergic rhinitis 
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presented dry cough and stridor 30 min after the vaccination. After epinephrine was 

administrated, blood oxygen saturation was 96%, and symptoms improved. She was 

admitted to the hospital as an emergency case and was treated with antihistamines and 

mPSL. She was discharged from the hospital and continued steroid inhalation for one 

month, which resolved the symptoms. A skin test was performed, and the SPT was 

negative for both PEG and PS. After 5 min of an intradermal injection of 30 mg/ml of 

PEG, the patient presented a dry cough similar to that after vaccination. Thirty minutes 

later, the symptoms had almost disappeared, and no medication was required. One hour 

after the symptoms disappeared, the intradermal PS injection was applied. Four minutes 

after the injection, the patient presented dry cough, similar to that for the intradermal PEG 

injection, and an erythema of 15 mm appeared around the intradermal injection site. The 

dry cough resolved within 30 min without medication. After discharge from the hospital, 

dry cough reappeared, and steroid inhalers were restarted. 

 

Patient #5 

A 29-year-old woman with no history of allergies presented erythema on her face and 

extremities and pharyngeal itching 2 h after the BNT162b2 injection. The symptoms 

improved with oral fexofenadine and topical glucocorticoids. A skin test was performed, 
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and all results, including that for intradermal injection of BNT162b2, were negative. 

 

Patient #8 

An 18-year-old woman with history of asthma, vasovagal reflex, and seasonal allergic 

rhinitis presented nausea, abdominal pain, and hypotension (systolic blood pressure 

[SBP]: 88 mmHg; diastolic blood pressure [DBP]: 59 mmHg) 10 min after the vaccination. 

She received an intramuscular injection of adrenaline twice and intravenous injections 

of antihistamines and mPSL. The patient was admitted to the hospital as an emergency 

case. Although the reaction onset did not occur immediately after vaccination, a skin test 

was performed because the patient had a history of vasovagal reflex, and the diagnosis of 

anaphylaxis was not clear. Vasovagal reflex was observed when securing the venous route, 

which improved with lower extremity elevation. SBP improved from 61 to 105 mmHg, 

and a skin test was conducted. The intradermal PEG 30 mg/ml test resulted in a 45 mm × 

24 mm erythema and a 4 mm swelling, whereas the intradermal PS test led to a 44 mm × 

27 mm erythema centered on the injection site immediately after administration and 

remained after 15 min. 
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Patient #15 

A 49-year-old woman with history of asthma started coughing 5 min after vaccination. 

She received an intramuscular injection of adrenaline and intravenous injection of 

hydrocortisone. The symptoms were relieved, and hospitalization was not required. A skin 

test was performed, and all results, including allergy to the intradermal injection of 

BNT162b2, were negative. She received the second dose of BNT162b2 and did not 

present an allergic reaction. 

 

Patient #20 

A 19-year-old man with history of asthma and food allergies presented erythematous rash 

18 hours after the vaccination (mRNA-1273). We included him as a delayed allergy group. 

He and his family strongly wished to undergo the skin test.  

Both the skin prick test and the intradermal test with PEG-2000 were negative; the 

intradermal test with BNT162b2 was negative at 15 minutes, but erythema (size: 8 × 4 

cm) was observed at the injection site after 8 hours and persisted for about 3 days. The 

patient was able to safely receive the second dose of mRNA vaccine without immediate 

allergic reaction, but presented erythematous rash on his legs 6 hours after the second 
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vaccination (BNT162b2). 
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Supplementary Table 1. Inclusion criteria 

Organ system Symptoms 

Skin and mucous 

membrane 

Erythema, urticaria, angioedema, pruritus, burning sensation, 

eczema, conjunctival hyperemia and edema, pruritus, 

lacrimation, blepharedema, discomfort and/or swelling of the 

oral cavity/pharynx/lips/tongue 

Cardiovascular Decreased blood pressure, tachycardia, bradycardia, 

arrhythmia, coldness of limbs, pallor 

Respiratory Discomfort/itching/tightness in the pharyngo-larynx, 

hoarseness, dysphagia, coughing, wheezing, retractive 

breathing, feeling of chest tightness, dyspnea, cyanosis, 

rhinorrhea, nasal congestion, sneezing 

Gastrointestinal Nausea, vomiting, abdominal pain, diarrhea, hematochezia 

Nervous system Headache, lowered vigor, unrest, impaired consciousness, 

incontinence 
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Supplementary Table 2. Skin test protocol 

 

 

 

  
PEG-2000 PS-80 BNT162b2 

Step 1 Skin prick test 0.1 mg/ml 0.25% 
 

  
1 mg/ml 

  

  
10 mg/ml 

  

  
100 mg/ml 

  

Step 2 Intradermal test 0.1 mg/ml 0.025% 
 

  
1 mg/ml 

  

  
10 mg/ml 

  

  
30 mg/ml 

  

Step 3 Challenge test 
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Health care workers/ students who received the BNT162b2 at St. Marianna University of Medicine
First dose n = 4428 (male n = 1449, female n = 2979)
Second dose  n = 3381 (male n = 1271, female n = 2110)

<Immediate type>
n = 9 (all female, 0.12%) 

Anaphylaxis n = 3 (0.04%)

<Delayed type> 
n = 4 (0.05%)

Patients with any allergic reactions
n = 13 (0.17%)

Patients referred from other hospitals: n = 7

Immediate type: n = 6
(BNT162b2: n = 5, mRNA-1273: n = 1 )

Delayed type: n = 1 
(mRNA-1273: n = 1 )

<Immediate type>
Serum available at least 21 days after 

vaccination 
n = 14

<Delayed type> 
Serum available at least 21 days after 

vaccination 
n = 4

Serum anti-PEG/PS specific IgE and IgG measurement by ELISA

Exclusion: non-consent
Immediate type: n = 1
(Anaphylaxis: n = 1)

Exclusion: without hospital visit
Delayed type: n = 1 

Fig.1 
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Supplementary Figure 1. Serum (A) PEG-specific IgE, (B) PEG-specific IgG, (C) PS-specific IgE, and (D) PS-specific IgG levels of 
entire allergic patients (n = 18) and healthy controls (HC; n = 19).
(A) and (C) are shown as natural logarithms. Bars represent median.
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Supplementary Figure 2. Serum (A) PEG-specific IgE, (B) PEG-specific IgG, (C) PS-specific IgE, and (D) PS-specific IgG levels of 
delayed allergic patients (n = 4) and healthy controls (HC; n = 19).
(A) and (C) are shown as natural logarithms. Bars represent median.
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A B C D E F G

#2 #3 #8 #5 #15 HC #1 #2

*

Supplementary Figure 3. Pictures of intradermal skin tests by PEG-2000 and PS-80: (A-C) erythema, and (D-F) negative results 15 min 
after the intradermal skin test using PEG-2000 (30 mg/ml). A–E: Immediate allergic reaction to the Pfizer-BioNTech mRNA vaccine. F: 
Healthy control (HC) #1. G: Facial erythema in patient #2, 2 h after intradermal skin test by PEG-2000 (30 mg/ml). * Saline (negative 
control).
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