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To the editor,

The coronavirus disease 2019 (COVID-19) pandemic is a global health emergency with more 
than 200 million cases and 4.5 million deaths. Vaccination is one of the main preventive 
measures to bring the current COVID-19 pandemic under control. Vaccines may cause 
adverse events; however, the majority of those adverse events are not allergic. Anaphylaxis 
induced by vaccines occurs approximately at a rate of 1.3:1,000,000 doses of vaccine [1]. 
Recent data indicate that the incidence of COVID-19 vaccine-induced anaphylaxis is higher 
than that of all previous vaccines. The rates of anaphylaxis caused by the novel mRNA vaccine 
BNT162b2 (Pfizer-BioNTech, Mainz, Germany) and mRNA-1273 (Moderna, Cambridge, MA) 
are 4.7:1,000,000 doses and 2.8:1,000,000 doses, respectively [2]. Early data estimates the 
anaphylaxis rate after AZD1222 vaccination is 7.4:1,000,000 doses [3].

Vaccine allergy is mainly caused by excipients rather than an active ingredient of the vaccine. 
For mRNA COVID-19 vaccines, PEG 2000 (a component of BNT162b2 and mRNA-1273) 
and tromethamine (in mRNA-1273) are thought to be the allergenic components, while 
polysorbate 80, a derivative of polyethylene glycol (PEG), is proposed as the culprit antigen 
of the AZD1222 vaccine [4]. However, it remains unclear whether PEG, tromethamine, or 
polysorbate 80 cause all of the allergic reactions to these vaccines.

It is currently recommended for those at high-risk of allergic reactions, such as people with 
suspected or confirmed allergy to the first dose of COVID-19 vaccine to have a vaccine from 
a different vaccine group or to have a graded dose of the same vaccine administered [5]. Use 
of skin testing for COVID-19 vaccines and their components such as PEG and polysorbate 
in high-risk groups has been reported to confirm the diagnosis of vaccine-induced allergic 
reactions. However, the sensitivity, specificity, and predictive value of skin testing have not 
been evaluated [4-8].

In this case series, we examined the utility of skin testing in patients who had allergic 
reactions after the first dose of the AZD1222 vaccine. Ten patients with suspected allergic 
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reactions post vaccination visited our clinics of allergy and clinical immunology at Vinmec 
International Hospital, Times City. Their history of allergy and clinical manifestations 
were examined carefully. Of those, 6 had symptoms within 4 hours, defined as immediate 
reactions [6] and the remaining 4 showed nonimmediate allergic reactions with onset of 
symptoms 5 to 12 hours after vaccination. Testing with PEG, polysorbate, and COVID-19 
vaccines including AZD1222, BNT162b2, and mRNA-1273 was performed prior to the 
administration of a second dose of a vaccine.

PROTOCOLS

Selected pharmaceutical products containing PEG 3350, PEG 4000, polysorbate 20, and 
polysorbate 80 were used for skin testing (Table 1). Skin testing with PEG 3350 and PEG 4000 
aimed to assess the risk of allergy to PEG 2000, a component of mRNA vaccines. PEG 3350 
and PEG 4000 were used for a skin test based on the report of Banerji et al. [7], due to an 
unavailability of PEG 2000 in Vietnam. Skin testing with polysorbate 20 and polysorbate 80 
aimed to evaluate the risk of polysorbate allergy in the AZD1222 vaccine. Dilutions used and 
the order of testing is illustrated in Table 1. Time intervals between steps were 20 minutes.

Skin prick tests with undiluted AZD1222, BNT162b2, and mRNA-1273 vaccines were 
performed undiluted and intradermal (ID) tests were conducted using 1/10 dilutions of each 
vaccine. The result was read and recorded after 20 minutes (Fig. 1).

The results are presented in Table 2. Of 6 patients (#01, #04, #05, #06, #07, and #08) who 
developed allergic symptoms rapidly following the AZD1222 vaccine, 4 of them (patient #01, 
#04, #05, and #06) had positive prick and ID tests to the AZD1222 vaccine. These 6 patients 
had negative skin tests to polysorbate 20 and polysorbate 80. Patient #01 then received the 
BNT162b2 vaccine for the second dose without prior BNT162b2 skin testing. Patient #05 had 
a negative skin test with PEG but a positive test with the BNT162b2 vaccine at a 1/10 dilution 
(ID test). This patient was then vaccinated with the BNT162b2 vaccine in graded doses 
without any subsequent allergic reaction (outcomes for patients #4 and #6).

Of the remaining 2 patients who had suffered rapid allergic symptoms, patient #08 had 
a negative skin test with the AZD1222 vaccine and patient #07 refused to have a skin test 
with the AZD1222 vaccine because of a clear clinical history of anaphylaxis after AZD1222 
vaccination. Patient #08 then received the second dose of AZD1222 in graded doses due to 
the immediate reaction the patient suffered after the first dose. Patient #07 had a negative 
skin test with BNT162b2. This patient refused skin testing with PEG, however, she tolerated 
the BNT162b2 vaccine as her second COVID 19 vaccine dose.
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Table 1. Diluted concentrations and steps of a skin test to polyethylene glycol (PEG) and polysorbate
Step Skin test Positive 

control
Negative control PEG-4000 PEG 3350 Polysorbate 20 Polysorbate 80

Histamine NaCl 0.9% Forlax  
(80 mg/mL)

Depo-Medrol 
(40 mg/mL)

Negative control: 
Solumedrol (40 mg/mL)

Twinrix vaccine Triamcinolone 
(40 mg/mL)

Vitamin K  
(10 mg/mL)

1 Prick test - 1/1 1/1 1/1 1/1 1/1 1/1 1/1
2 Intradermal test - 1/1 - 1/100 1/100 1/100 1/100 1/10
3 Intradermal test - - - 1/10 1/10 1/10 1/10 -



Of the 4 patients (#02, #03, #09, and #10) with nonimmediate allergic reactions following 
the first dose of the AZD1222 vaccine, 2 patients (#02 and #03) had a positive ID test to the 
AZD1222 vaccine but had negative tests to polysorbate. They were skin tested with PEG and 
mRNA vaccine (either BNT162b2 or mRNA-1273) prior to the second dose. Patient #02 then 
tolerated BNT162b2 without any allergic reaction after having negative skin testing results to 
the mRNA vaccine. However, due to the shortage of mRNA vaccines and based on a shared 
decision after consultation, patient #03 received a second dose of the AZD1222 vaccine after 8 
weeks using a graded dose protocol. She experienced generalized urticaria after the 4th dose of 
0.15 mL of undiluted vaccine. She was advised to have an mRNA vaccine for any booster doses.
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Patient 2: Lips angioedema and
generalized urticaria after the
first dose of AZD1222 vaccination.

Patient 2: Skin tests were positive
to AZD1222 (ID test at 1/10 diluted
concentration) and negative to
BNT162b2, mRNA-1273,
polysobate 80, polysobate 20,
PEG 3350, and PEG 4000.

Patient 1: Skin tests were positive
to AZD1222 (ID test at 1/10 diluted
concentration) and negative to
polysobate 80, polysobate 20,
PEG 3350, and PEG 4000.

Patient 3: Skin tests were positive
to AZD1222 (ID test at 1/10 diluted
concentration) and negative to
polysobate 80, polysobate 20,
PEG 3350, and PEG 4000.

Patient 4: Skin tests were positive
to AZD1222 (prick test at undiluted
concentration) and negative to
BNT162b2, Moderna,
polysobate 80, polysobate 20,
PEG 3350, and PEG 4000.

Patient 5: Skin tests were positive
to AZD1222, BNT162b2 and
negative to mRNA-1273,
polysobate 80, polysobate 20,
PEG 3350, and PEG 4000.

Patient 6: Skin tests were positive
to AZD1222 (ID test at 1/10 diluted
concentration) and negative to
polysobate 80, polysobate 20,
PEG 3350, and PEG 4000.

Patient 7: Skin tests with Pfizer
showed the negative results.

Fig. 1. Skin testing results to polyethylene glycol (PEG), polysorbate and coronavirus disease 2019 vaccines.



Patients #09 and #10 had negative results to all of the skin tests. They tolerated well their 
second doses of the AZD1222 vaccine.

Skin testing to polysorbate may not be sufficient to assess the allergy risk to the AZD1222 
vaccine as all 6 patients with symptoms of hypersensitivity allergic reactions had negative 
prick tests and ID tests to polysorbate 20 and polysorbate 80. It is possible that another 
component of the AZD1222 vaccine is responsible for postvaccination allergic reactions. 
Although data examining the utility of skin testing to polysorbate in the evaluation of the risk 
of allergic reactions to AZD1222 is limited, there is some research which indicates there may 
be a role for excipient skin testing of mRNA COVID-19 vaccines [8, 9].

A positive AZD1222 vaccine skin test was associated with allergic symptoms in 6 of our 
cases, which may suggest that the positive predictive value of AZD1222 vaccine skin testing 
is significant and useful in evaluating the risk of allergy to the vaccine prior to subsequent 
doses of vaccines.

In individuals with allergic reactions after the first dose of the AZD1222 vaccine, it is possible 
to change to an mRNA vaccine according to the current recommendations. Indeed, 5 out of 
10 patients in our study tolerated BNT162b2 vaccination. Another of our cases had a positive 
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Table 2. Clinical manifestations, skin testing results and the outcome of the second COVID-19 vaccine in patients with allergic reactions to AZD1222 vaccine
Patient Age Sex Allergy  

history
Vaccine 
dose 1

Allergic symptoms Time 
onset

Treatment Skin test The second dose 
administrationComponents 

(PEG, 
polysorbate)

AZD1222 
vaccine

mRNA 
vaccine

01 42 M None AZD1222 Grade III anaphylaxis 45 
Minutes

Corticoid and 
antihistamine

Negative Positive to 
ID test

Shortage of 
BNT162b2

BNT162b2 vaccine without 
allergic reactionsHypotension, face and 

tongue numbness
02 29 M Food  

(shrimp, crab)
AZD1222 Grade II anaphylaxis 5 Hours Corticosteroid 

and 
antihistamine

Negative Positive to 
1/10 ID test

Negative to 
BNT162b2 and 

mRNA-1273

BNT162b2 vaccine without 
allergic reactionsGeneralized urticaria, facial 

edema, abdominal pain
03 25 F Food  

(shrimp, crab)
AZD1222 Generalized urticaria 9 Hours None Negative Positive to 

1/10 ID test
Shortage of 
BNT162b2

Graded-dose AZD1222 
vaccine, generalized 
urticaria after 
administering 0.15 mL of 
an undiluted vaccine

Ibuprofen

04 29 F MMR vaccine, 
food (shrimp)

AZD1222 Grade I anaphylaxis 4 Hours None Negative Positive to 
prick test

Negative to 
mRNA-1273

BNT162b2 vaccine without 
allergic reactionsGeneralized urticarial

05 38 F None AZD1222 Grade II anaphylaxis 4 Hours Corticosteroid 
and 

antihistamine

Negative Positive to 
1/10 ID test

Positive to 
BNT162b2

Graded-dose BNT162b2 
vaccine without allergic 
reactions

Generalized urticaria, 
vomiting abdominal pain

06 28 M Food  
(shrimp, crab, 

soft turtle)

AZD1222 Grade II anaphylaxis 15 
Minutes

Antihistamine 
and 

corticosteroid

Negative Positive to 
1/10 ID test

Shortage of 
BNT162b2

BNT162b2 vaccine without 
allergic reactionsDizziness, hypertension, 

generalized urticaria
07 43 F Etoricoxib AZD1222 Grade III anaphylaxis 30 

Minutes
Adrenalin, 

antihistamine, 
corticosteroid

Patient 
refused

Patient 
refused

Negative to 
BNT162b2

BNT162b2 vaccine without 
allergic reactionsMedia contrast 

anaphylaxis
Urticaria, difficulty in 
breathing
Hypotension

08 30 M None AZD1222 Grade I anaphylaxis 40 
Minutes

None N/A Negative Not required Graded-dose AZD1222 
vaccine without 
hypersensitive reaction 
due to immediate reaction

Limited spontaneous 
urticaria

09 38 M None AZD1222 Limited spontaneous 
urticaria

12 Hours None N/A Negative Not required AZD1222 vaccine without 
allergic reactions

10 41 F None AZD1222 Limited spontaneous 
urticaria

8 Hours None N/A Negative Not required AZD1222 vaccine without 
allergic reactions

Anaphylaxis grading: grade I, cutaneous symptoms; grade II, measurable but not life-threatening symptoms; grade III, life-threatening symptoms; grade IV, 
cardiac and/or respiratory arrest [10].



ID test to BNT162b2 vaccine before the second dose and then tolerated BNT162b2 vaccine 
with administration of divided doses. To date, there are no data which have determined 
the incidence of cross-reactive allergic reaction between mRNA vaccines and the AZD1222 
vaccine; however, there are several reports of cross-reactivity between polysorbate and PEG 
[4]. Our results suggest a role for skin testing with mRNA vaccines in patients with previous 
allergic reaction to AZD1222 vaccine.

We conclude that skin testing to COVID-19 vaccines might be helpful in confirming the 
mechanism of immediate reactions to COVID 19 vaccines and in selecting an alternative 
vaccine for the subsequent doses. A limited role for excipients such as polysorbate and PEG 
in allergic reactions to COVID 19 vaccines has been observed in this case series. Further 
studies should be carried out to determine the precise utility of skin testing in patients with 
COVID-19 vaccine allergy.
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