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Abstract

Background When coronavirus disease 2019 (COVID-
19) vaccines were introduced, they were suspected of
triggering severe allergic reactions disproportionately
often. This contributed to the fear of vaccination, par-
ticularly among allergy patients.

Methods In an allergy center in eastern Bavaria, we
used a skin prick test to investigate how often sen-
sitization to COVID-19 vaccines can be detected and
whether appropriate testing could significantly reduce
the fear of vaccination.
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Results Comirnaty® (n=245 tested/6.93% clearly pos-
itive reaction; Biontec/Pfizer, Mainz, Germany/New
York City, NY, USA), Spikevax® (56/14.28%; Mod-
erna, Cambridge, MA, USA), Vaxzevria® (208/4.32%;
Astra Zeneca, Cambridge, England) and Jcovden®
(48/4.16%; Johnson & Johnson, New Brunswick, NJ,
USA) were tested by skin prick test. Most participants
tested were female (83.6%) and had a history of al-
lergies (94.8%). Depending on the result of the skin
prick test, the test subjects were advised on vaccina-
tion. In a questionnaire survey approximately 1 year
after testing, 75.7% of the N=70 respondents stated
that their fear of vaccination had been greatly or very
greatly reduced as a result of the testing and counsel-
ing. In the follow-up survey, 88.5% of all respondents
had been vaccinated at least once. No notable allergic
problems occurred during the COVID-19 vaccination
in study participants.

Conclusion The study shows that simple skin prick
testing could reduce fears and concerns about allergic
reactions to COVID-19 vaccines, and thus significantly
increase the willingness to vaccinate in the popula-
tion, especially among allergy patients.
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AeDA German Society for Applied Allergology

MHRA Medicines and Healthcare products Regula-
tory Agency
PEG  Polyethylene glycol

PEI Paul-Ehrlich-Institute
SPT Skin prick test
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Introduction

During the coronavirus disease 2019 (COVID-19) pan-
demic, effective vaccines against severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) were de-
veloped within a very short time and approval stud-
ies [1] showed no evidence of increased rates of side
effects or an increased allergenic potential of these
vaccines. Shortly after approval, however, there were
reports of severe anaphylactic reactions following vac-
cinations in the USA [2] and the UK [3], which led to
great uncertainty among the population.

As a precautionary measure, the Medicines and
Healthcare products Regulatory Agency (MHRA) in
the UK issued an interim recommendation in Decem-
ber 2020 that patients with anaphylaxis to vaccines,
drugs or foods should not be vaccinated with COVID-
19 vaccines [4]. At the same time patients in the USA
with a history of severe or immediate allergic reaction
to any of the vaccine components of the messenger
ribonucleic acid (mRNA) vaccines, were advised not
to get vaccinated [5]. However, at the end of 2020, the
Paul Ehrlich Institute saw no contraindication against
COVID-19 vaccination for allergy patients or people
with a history of anaphylaxis. Only known allergies
against vaccine components or an allergic reaction
to a prior vaccination [6] would be considered as an
indication against vaccination.

In this situation, many people feared serious side
effects or long-term consequences from vaccination
due to the rapid development and approval of vac-
cines, the media outrage and overheated discussions
in social media. Specifically, concerns about aller-
gic or immunological reactions to vaccines were ex-
pressed [7-9]. Thus, allergy departments developed
programs to test available COVID-19 vaccines to de-
termine whether COVID-19 vaccines would actually
have an increased likelihood of sensitization and sub-
sequently allergic reactions, so that allergy patients
could be properly advised on vaccination.

At the allergology department of the Worth district
hospital, allergy testing for vaccines was offered and
in addition it was investigated whether allergy testing
with the COVID-19 vaccines can reduce the fear of an
allergic or anaphylactic reaction and whether this can
also lead to an actual increase in the willingness to get
vaccinated.

Materials and methods
Patient cohort

From January 2021 to February 2022, prick tests with
the then available COVID-19 vaccines Comirnaty®
(Biontec/Pfizer, Biontec/Pfizer, Mainz, Germany/New
York City, NY, USA), Spikevax® (Moderna, Cambridge,
MA, USA), Vaxzevria® (Astra Zeneca, New Brunswick,
NJ, USA) and Jcovden® (Johnson & Johnson) were
carried out in the allergy outpatient clinic of the dis-

trict hospital in Worth an der Donau in the greater
Regensburg area. Patients of all ages presented for
testing either on their own initiative or with a referral
from their attending physician.

Skin prick testing

The undiluted original vaccines were used for the skin
prick test (SPT). As the availability of the vaccines was
still limited during that time, unused vaccine doses
from that day were applied. The SPT were carried
out on the skin on the volar side of the forearm. One
test drop was applied to the marked skin area using
a pipette or a milliliter syringe. The distance between
the drops was about 4cm. A positive and negative
control was carried out to validate the reaction (his-
tamine and saline solution). A prick lancet was then
inserted into the skin so that a small amount of test
solution could penetrate. After a period of 15-30 min,
the skin reaction was evaluated and documented on
a standardized test form. A positive test reaction re-
ferred to a pale yellow wheal (edema) with a surround-
ing red halo (erythema). We considered a wheal di-
ameter of 23mm to be a clearly positive result and
no reaction was allowed to occur in the negative con-
trol with 0.9% NacCl solution (wheal diameter 0 mm).
The results were evaluated according to the following
classification from 0-5: 0=no reaction; 1=minimal
reaction (+) for wheal <3 mm; 2=slight reaction (+)
for wheal =3 to <4mm; 3=medium reaction (++) for
wheal =4 to <5mm; 4 = strong reaction (+++) for wheal
>5mm; 5=not assessable.

Procedure after skin prick testing with vaccine

The patients received detailed information and med-
ical advice after the test. In the event of negative
test results, vaccination was recommended according
to the low risk for an anaphylactic reaction, which
is comparable to the general population. In the
case of a positive test result, the further procedure
was discussed depending on the cutaneous reac-
tion (mild-moderate-severe). In the case of a mild
reaction to a vaccine, vaccines that tested negative
were generally recommended and a longer follow-up
period under antihistamine administration was sug-
gested. In the case of moderate or strong sensitization
in the SPT to a vaccine, vaccination with one of the
alternative vaccines that tested negative was offered
or, at the patient’s request, vaccination in an inpatient
setting with monitoring under antihistamine admin-
istration. In the case of several clearly positive skin
reactions or a systemic, vasovagal reaction in the SPT,
occurring in a few cases only, confirmation of vaccine
intolerance was documented in the allergy passport
and the attending physician was informed.
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Patient survey

Following the allergy test, a survey was carried out
using a questionnaire [10]. The main items of the
questionnaire were the following: Was a vaccination
given following the testing? Which vaccine was used?
Where was the vaccination given? In the case of an
actual vaccination, did a vaccination reaction occur
after the test and if so, which one? To what extent did
the test reduce the fear of vaccination (1=notat all, 2=
slightly, 3=moderately, 4 = strongly, 5= very strongly)?
Initially, contact was made by telephone between
February and April 2022 in order to obtain consent
for the survey by means of a questionnaire. If consent
to the survey was obtained by telephone, participants
were contacted by post to document their consent in
writing, complete the questionnaire and send it to the
study center in a prepaid envelope. All study proce-
dures were approved by the Ethics Committee of the
University of Regensburg (file number 22-2810-101).

Statistical evaluation

The results of the skin prick test and the question-
naire evaluations were documented and analyzed de-
scriptively. Metrically scaled variables were presented
with mean values and standard deviation. As some
of the patients were tested with several different vac-
cines, only those individuals who had been tested for
both vaccines in the comparison could be used for the
statistical evaluation of vaccine reactivity using the
McNemar test. This resulted in significantly smaller
sample sizes for the comparisons of the vaccines than
can be seen in the descriptive presentation. The fre-
quency of positive allergic reactions to vaccines in the
SPT was compared with the frequency of positive re-
actions to Comirnaty® as the standard.

Results

Between January 2021 and February 2022, 250 peo-
ple were tested for allergic sensitization to COVID-
19 vaccines by skin prick test. Of these, n=70 were
successfully included in the follow-up survey on anx-
iety reduction and willingness to vaccinate, as shown
in the flowchart in the supplementary material. The
demographic data for both the entire study popula-
tion and the subgroup that participated in the sur-
vey are shown in Table 1. The patients came mainly
from the greater Regensburg area (92%), were between
16 and 88 years old, 6 times more often female, and
almost 95% had a history of allergy. The subpopula-
tion of n=70 who ultimately took part in the ques-
tionnaire survey did not differ significantly from the
overall test population in terms of the parameters an-
alyzed (Table 1, column 2).

At the beginning of testing, only the vaccines
Comirnaty® and Vaxzevria® were approved and avail-
able for testing. Later, the vaccines Spikevax® and

Table 1 Demographic characteristics of study population
Patients with SPT Respondents to
(total) questionnaire
(n=250) (n=70)

Sex (female) 209 (83.6%) 61 (87.14%)

Age in years mean 48.5 (16-88) 50.7 (19-85)

(min—max)

Allergy history? 237 (94.8%) 66 (94.28%)

Polyvalent allergies? 126 (50.4%) 33 (47.14%)

PEG allergy? 7 (2.8%) 4 (5.48%)

History of anaphylaxis 2 (0.8%) 1(1.42%)

(grade Il and more)?

PEG polyethylene glycol, SPT skin prick test, min minimum, max maximum
ahased on patient’s accounts, overlaps possible

Jcovden® were also approved and were therefore
available for testing. The number of tests per patient
depended on the availability of the vaccines, but also
on individual patient wishes: n=31 (12.4%) people
were tested for only one of the available vaccines, 160
subjects (64%) were tested for two different vaccines,
a further n=30 people (12%) were tested for 3, and n=
29 (11.6%) were tested for all 4 vaccines. 198 people
did not react to any vaccine, n=24 reacted to one, n=
18 to 2, n=7 to 3 and n=2 to all 4 vaccines tested.
In one person, the SPT could not be assessed due to
a strong histaminergic reaction and swelling of the en-
tire forearm to the positive control. The number of all
positive skin test reactions (regardless of their sever-
ity) in relation to the tests carried out for each vaccine
was n=37 (17.8%) for Vaxzevria®, n=33 (13.5%) for
Comirnaty®, n=12 (21.4%) for Spikevax® and n=9
(18.8%) for Jcovden®. The minimal reactions n=45
(8.1%) were in most cases due to urticaria factitia.
Late reactions also occurred in a total of 2 test sub-
jects 12-24h after testing. Clinically clearly positive
reactions (mild, moderate, severe) occurred in 4-14%
of the respective tests as shown in Table 2. Of the
patients who had a history of polyvalent allergy (n=
127), 8 (6.29%) had a clearly positive reaction in the
SPT to a COVID-19 vaccine, in patients who had a his-
tory of polyethylene glycol (PEG) allergy (n=7), this
was the case in 1 patient, and of the 2 patients with
a history of anaphylactic reaction grade II or higher,
none reacted to any of the COVID-19 vaccines tested.

With Comirnaty®, n=17 out of 241 (6.9%) had
clearly positive skin reactions, of which 3 patients
(1.2%) had severe skin reactions. The vaccine Spike-
vax® was only tested in n=56 subjects, but showed
clearly positive skin reactions in 8 subjects (14.3%)

Table 2 Number of skin prick tests (SPT) per vaccine and
clearly positive SPT reactions

Vaccine nSPT (total)  nand (%) of clearly positive SPT reactions
Comirnaty® 245 17 (6.93)

Spikevax® 56 8 (14.28)

Vaxzevria® 208 9(4.32)

Jcovden® 48 2(4.16)
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Fig. 1 Venn diagram (a)
and pairwise statistical
comparison using McNe-
mar test (b) of sensitiza-
tions by skin prick test
(SPT) against COVID-19
vaccines using Comirnaty
as reference (Note: Co-
mirnaty® was used as the
standard for comparison
because this vaccine had
been used and tested most C
frequently from the out-
set). A Comirnaty® (Bion-
tec/Pfizer), B Spikevax®
(Moderna), C Vaxzevria®
(Astra Zeneca), D Jcov-
den® (Johnson & Johnson),
neg. negative, pos. positive A

and a severe test reaction in 2 (3.6%) of these.
Vaxzevria® led to a clearly positive reaction in 9 (4.32%)
of a total of 208 skin tests and to a strong test reac-
tion in 1 person (1%). Finally, Jcovden® was tested
in 48 patients, showed a clearly positive reaction in
2 (4.16%) and a strong reaction in 1 person (2.1%) in
the skin test.

To statistically compare the SPT reactivity between
vaccines in our study setting, it was not possible to
use complete groups but only individuals, as some
probands had been tested with several different vac-
cines. This resulted in significantly smaller compari-
son groups. Comirnaty® was used as the “standard”
for all comparison because this vaccine had been
used and tested most frequently from the beginning
(Fig. 1). This subevaluation showed no significant (p<

n=38
(54.28%)
I/ n=15
(21.4%)

mvery strong

= strong
medium
wlow
n=9
mnone (12.85%)
- = n=4

/ (B8]

1 n=4
/’ (5.71%)
]

Fig. 2 Reduction of COVID-19 vaccination fear after skin
prick test (SPT) and counselling

Vaxzevria®
neg. | pos.
®
> nheg. 186 2
g p=0.065
g pos. 9 6
O
Spikevax®
neg. | pos.
B 2 ne
T d. 46 0
£ i p=1.000
% pos. O 7
(@)
Jcovden®
neg. | pos.
% neg. 42 1
g p=0.375
€ pos. 4 1
b 3

0.05) differences in terms of allergic potential between
the vaccines when compared to Comirnaty®. Of note,
all subjects in the subevaluation who were tested for
Comirnaty® and Spikevax® reacted to both vaccines.

In the questionnaire survey, n=53 of 70 test sub-
jects stated that SPT testing and counseling had led
to a very strong or strong reduction in anxiety (75.7%)
regarding the vaccination. In 13 people (18.5%) there
was a moderate or slight reduction and in 4 patients
(5.7%) there was no reduction in anxiety about the
vaccination as a result of the testing and counseling
(Fig. 2). Of the total of n=70 patients surveyed, n=
62 people (88.5%) were vaccinated with one of the
COVID-19 vaccines available at the time of follow-
up, 11.5% were not vaccinated, half of whom had re-
ceived a vaccination recommendation (Fig. 3). Over-
all, none of the SPT-recommended vaccinations (n=
62) resulted in a severe allergic reaction, 4 patients
reported local cutaneous vaccination reactions and
2 reported short-term mild dizziness after vaccina-
tion. The gender-related evaluation shows a very sim-
ilar picture in terms of both anxiety reduction and the
decision to vaccinate.

n=4 (5.7%) < ‘,— n=4 (5.7%)

” __ n=62(88.5%)

m vaccinated w unvaccinated+adviced munvaccinated+not adviced

Fig. 3 COVID-19 vaccination in respect to skin prick test
(SPT) and counselling results
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Discussion

Depending on the vaccine, a clearly positive skin test
reaction occurred in 4-15% of the vaccine tests in the
test subjects, almost all of whom had a history of al-
lergy. In a pairwise comparison with Comirnaty, no
significant differences in sensitization to the vaccines
were found in the statistically analyzable subpopula-
tion. An SPT for COVID-19 vaccines and appropriate
counseling led to a reduction in vaccination anxiety in
many patients and to vaccination in an overwhelming
majority of patients.

The vaccine testing was carried out due to a clin-
ical need after media reports at the end of 2020 had
caused considerable uncertainty, especially among al-
lergy patients, regarding the tolerability of COVID-19
vaccines. Most of the 250 participants in the SPT
were therefore tested at their own request, but also
according to German Society for Applied Allergology
(AeDA) recommendations at the time. Although we
were able to reach n=156 people by telephone who
verbally consented to the survey, we ultimately only
received written consent and a completed question-
naire from n=70 participants. Presumably, a postal
response with additional completion of the question-
naire was too complicated or too time-consuming for
most people. In our study, as in comparable stud-
ies, a very high proportion of female participants was
found [11-13]. One of the reasons for this may be that
women are more willing to critically review health is-
sues [14]. The reporting rate of allergic anaphylactic
reactions is also higher among women [15, 16]. This
study did not only include patients who were willing/
ready to be vaccinated; some participants were quite
critical of the COVID-19 vaccination and had not nec-
essarily completed the test with the aim of being vac-
cinated.

The test solutions were unused vaccine doses and
not standardized test solutions, as these were not yet
available at the time of testing. Undiluted vaccine
solutions were used for the SPT, but it was not for-
mally checked whether the necessary concentration of
the individual substances was reliably sufficient to de-
tect immunological sensitization (sensitivity). On the
other hand, there is still no data on the influence of
storage (cooling) on the skin reaction in the SPT. It has
also not yet been conclusively clarified to what extent
a skin reaction is triggered in people who previously
tolerated the vaccine during vaccination (specificity)
[11]. However, as negative SPT and positive results
were measurable and correlate very well with toler-
ance in the subsequent vaccination, it is unlikely that
the SPT did not produce relevant results.

After the test, 88.5% of all respondents had been
vaccinated at least once, and some had already been
vaccinated twice or three times at the time of the sur-
vey approximately 1 year after testing. Furthermore,
75.6% reported a strong to very strong reduction in
anxiety after the test. However, other factors in addi-

tion to testing and counseling could have influenced
the willingness to be vaccinated and the reduction in
anxiety: A growing acceptance or mandatory vaccina-
tion in some professions, further studies on the safety
of COVID-19 vaccines, as well as a more balanced re-
porting in the media.

A more structured patient history using the criteria
of the Paul Ehrlich Institute (PEI), as later published
in a German study [13], might also have been suf-
ficient to make an allergic vaccination very unlikely.
However, skin prick testing is an inexpensive and sim-
ple diagnostic procedure from an economic point of
view [17]. Therefore, in the pandemic situation with
so many individual concerns, we thought it to be ad-
vantageous to use SPT to demonstrate with little effort
that a vaccination was harmless to a specific patient.
No study ever compared the two approaches (medical
history according to PEI and counseling versus med-
ical history, skin prick test and counseling as in our
study) in terms of anxiety reduction and willingness
to vaccinate.

Consulting alone could also have had an anxiety-
reducing effect. Interestingly, a study from Hong
Kong came to the conclusion that a consultation in
an allergy center increased the willingness to vac-
cinate [18]. However, several studies conclude that
allergology testing contributes significantly to anxiety
reduction and increased willingness to vaccinate [12,
13].

The starting point for our analysis of the effect of
allergological testing on vaccination fear and will-
ingness to vaccinate was the testing of a relatively
large number of allergy patients. Of note, there were
quite different sensitization rates for vaccines by SPT.
Spikevax® with 14.3% and Jcovden® with 4.2% were
the extremes in our testing. However, not all vac-
cines were tested in all subjects and not in the same
number of subjects. Therefore, these figures should
definitely be viewed with caution. In the statistical
comparison with Comirnaty®, no statistically signif-
icant difference in sensitization to the vaccines used
could be demonstrated due to variable overlaps when
individual vaccines were compared in pairwise com-
parisons in subjects who all had received vaccines
against Comirnaty® as a reference. This comparison
between vaccines was not the primary objective of
this study and therefore, the study was not designed
for this purpose.

In the meantime, the rate of confirmed cases
of anaphylaxis for Comirnaty® has been reported
at 0.2 per 100,000 vaccine doses administered, for
Spikevax® at 0.08/100,000, for Vaxzevria® at approx-
imately 0.35/100,000 and for Jcovden® at approxi-
mately 0.1/100,000 doses [9, 19]. Fortunately, anaphy-
laxis resulting in death in connection with COVID-
19 vaccines has not yet been reported or described
despite millions of vaccinations [20]. The COVID-19
vaccines therefore do not appear to have an increased
risk of clinically relevant allergic reactions. The pro-
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cedure described here helped to reduce the fear of
vaccination among allergy patients and increase will-
ingness to vaccinate with little effort. Programs of this
kind may also be useful in future pandemics and vac-
cination campaigns to reduce preconceived concerns
regarding negative health effects.
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