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Summary Vaccination against severe acute respira-
tory syndrome coronavirus type 2 (SARS-CoV-2) has
become a major tool in the battle against the coro-
navirus disease 2019 (COVID-19) pandemic. Numer-
ous products have been developed and more are to
come. Vaccination success varies greatly between
different countries. There are a number of different
vaccine types, such as mRNA, DNA vaccines, aden-
ovirus vector vaccines, and full-length spike protein
nanoparticles with a special matrix. The different
types may also cause a different spectrum of ad-
verse events. With mass vaccination, post-marketing
surveillance for product safety becomes increasingly
important. In this review, we discuss possible hy-
persensitivity and cutaneous adverse events related
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to SARS-CoV-2 vaccination—from local reactions like
COVID arm to systemic and severe reactions like ana-
phylaxis. Vaccination may also induce or exacerbate
preexisting disorders such as herpes zoster infec-
tion. This review should provide information to tailor,
whenever possible, vaccination to patients’ needs. It
is a contribution to patient safety as well. There is
general consensus that the benefits of SARS-CoV-2
vaccination currently outweigh the risks of possible
adverse events.

Keywords Patient safety - Post-marketing -
Surveillance - Risk-benefit considerations

Kutane und allergische Nebenwirkungen bei
COVID-19-Vakzinierung - ein narrativer Review

Zusammenfassung Die Impfung gegen SARS-CoV-2
(Severe Acute Respiratory Syndrome Corona Virus 2)
ist zu einem wesentlichen Instrument im Kampf ge-
gen die COVID-19(coronavirus disease 2019)-Pande-
mie geworden. Viele unterschiedliche Vakzine sind
bisher entwickelt worden, und weitere werden folgen.
Der Impffortschritt in den verschiedenen Staaten va-
riiert erheblich. Die zur Verfiigung stehenden Vakzine
umfassen mRNA- und DNA-Vakzine, Adenovirus-
Vektor-Vakzine und Spike-Protein-Nanopartikel in
einer speziellen Matrix. Diese unterschiedlichen Pro-
dukte kénnen auch unterschiedliche Spektren mog-
licher Nebenwirkungen verursachen. Im Zuge von
Massenimpfungen werden Post-Marketing-Daten zur
Produktsicherheit zunehmend wichtiger. In der vor-
liegenden Ubersicht werden mogliche allergische und
andere kutane Nebenwirkungen mit Bezug zur SARS-
CoV-2-Vakzinierung diskutiert — von lokalen Reaktio-
nen wie dem ,,COVID-Arm*“ bis zu systemischen und
schwerwiegenderen Reaktionen wie der Anaphylaxie.
Die Impfung kann auch Dermatosen induzieren oder
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praexistente Hauterkrankungen exazerbieren lassen —
wie den Herpes zoster. Mit dieser Ubersicht werden
Informationen bereitgestellt, die bei der individuel-
len Auswahl der Vakzine behilflich sein sollen. Sie ist
auch ein Beitrag zur Patientensicherheit. Es besteht
ein allgemeiner Konsens, dass derzeit der Nutzen ei-
ner Impfung gegen SARS-CoV-2 hoher eingeschitzt
wird als das Risiko moglicher Nebenwirkungen.

Schliisselworter Patientensicherheit - Post-
Marketing - Kontrolle - Nutzen-Risiko-Abwéigungen

Introduction

Introducing vaccination programs for severe acute
respiratory syndrome coronavirus type 2 (SARS-
CoV-2) nourished the hope of a control of the coro-
navirus disease 2019 (COVID-19) pandemic [1]. A num-
ber of different vaccines have been developed and
approved by various medical bodies (Table 1). With
the increasing number of people who have been
vaccinated, the reports on possible adverse events
grow and gain public attention [2]. Adverse events
following immunization (AEFI) do not necessarily
have a causal relationship to vaccination. However,
it is important to get an overview of possible adverse
events so that vaccination can be more specifically
tailored to the needs of the individual patient. This
will increase patient safety and may help to further
improve vaccine development.

Allergy except anaphylaxis

Ring et al. defined allergy as follows: “Occurrence
of objectively reproducible symptoms or signs initi-
ated by exposure to a defined stimulus at a dose toler-
ated by normal individuals” [3]. This broad definition
would include immune-mediated and non-immune
reactions such as pseudo-allergies. There have been

several reports on allergic/hypersensitivity reactions
to SARS-CoV-2 vaccines.

Self-reported acute allergic reactions to COVID
mRNA vaccines have been observed in 2.10% among
64,900 vaccinated persons. The rate was higher in
those who received Moderna mRNA-1273 compared
to BioNTec/Pfizer BNT162b2: 2.20% vs. 1.95% [4].

Among 43,448 patients who received the BNT162b2
vaccine from BioNTec/Pfizer, local reactions such as
soft tissue swelling or redness were observed in 5-6%
of patients. The C4591001 trial, however, did not sep-
arate immediate and delayed reactions [5].

The COVE study group reported local hypersen-
sitivity reactions known as COVID arm in 0.8% of
patients after the first vaccination and in 0.2% after
the second shot of mRNA-1273 (Moderna) among
15,210 patients [6]. The pathogenesis of COVID arm
is thought to be a T-cell type IV immune reaction [7].

Ramos and Kelso (2021) reported 12 patients with
delayed inflammatory injection site reactions after
vaccination with both mRNA vaccines (11 x Moderna,
1x BioNTec/Pfizer). The average time to onset of
symptoms was 7 days after vaccination and persis-
tence for 3-8 days. In their experience, they did not
reappear after the second dose [8].

In a study from Saudi Arabia with 455 persons who
received the BNT162b2 vaccine, local swellings and
redness were noted in 0.8% after the first shot only.
Local hypersensitivity reactions occurred in 8.0% after
the first vaccination and in 14.5% after the second
injection [9].

Johnston et al. (2021) reported a series of 16 pa-
tients demonstrating a delayed localized cutaneous
reaction to mRNA-1273. The onset of symptoms was
2-12 days after vaccination (mean 7 days). Patients
presented with a pruritic tender and erythematous or
pink plaque on the arm used for vaccination [10]. This
reaction should not be mistaken for the local injec-
tion site reaction with pain, swelling, and redness on
days 1-3. Most patients (15/16) developed the hyper-

Nucleoside-modified mRNA encoding viral spike glycoprotein of SARS-CoV-2
Nucleoside-modified mRNA encoding viral spike glycoprotein of SARS-CoV-2

Recombinant, replication-deficient chimpanzee adenovirus vector encoding SARS-CoV-2
spike glycoprotein

Human adenovirus serotype 26 carrying the spike glycoprotein of SARS-CoV-2

Human adenovirus serotype 26 (first shot) and serotype 5 (second shot) carrying the spike
glycoprotein of SARS-CoV-2

Recombinant adenovirus serotype 5 carrying the spike glycoprotein of SARS-CoV-2
Full-length spike protein nanoparticle plus matrix M1, saponin-based adjuvant

Based on whole inactivated SARS-CoV-2

Based on whole inactivated SARS-CoV-2

Spike proteins aggregated as virus-like particles, tobacco plant-based adjuvant
Recombinant tandem-repeat dimeric receptor binding domain-based protein subunit vac-

Table 1 SARS-CoV-2 vaccines
Vaccine Company Remarks
BNT162b2 BioNTec/Pfizer, Germany & US
mRNA-1273  Moderna; US
AZD1222 AstraZeneca, Sweden & UK
Ad26.CoV-2.S Janssen-Cilag/Johnson & Johnson, US & Belgium
Gam-COVID-  Gamaleya, Russia (Sputnik V)
Vac
Ad5-nCoV CanSino, China
NVX-CoV2373 Novavax, US
BBV-152 Bharat, India
CoronaVAC SinoVac, China
Co-VLP Medicago, Canada & Italy
ZF2001 Zhifei Longcom
cine
IN0-4800 Inovio, US

DNA vaccine delivered intradermally with CELLECTRA® electroporation (EP) delivery system
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Fig. 1 COVID arms of two
different patients (a, b) after
vaccination with Corona-
Vac. Erythematous, pru-
ritic plaque persistent for
3-4 days

sensitivity after the second dose (Fig. 1). The treat-
ment consisted of topical corticosteroids, oral anti-
histamines, and cold compresses. On histology, mild
perivascular and focal interstitial inflammatory infil-
trate of lymphocytes and eosinophils was noted.

The international registry of cutaneous manifesta-
tions of SARS-CoV-2 is a collaboration between the
American Academy of Dermatology and the Interna-
tional League of Dermatological Societies. During the
first 3 months of the COVID epidemic, they recorded
414 cutaneous reactions to mRNA COVID-19 vaccines
from Moderna (83%) and BioNTec/Pfizer (17%). De-
layed large local reactions were most common, fol-
lowed by local injection site reactions. Second-dose
recurrence was noted in 43% of patients [11].

In a phase II trial with the Ad5-vectored COVID-
19 vaccine from China, injection site reactions such
as induration, redness, swelling, and pruritus were
recorded in 1-5%. Hypersensitivity reactions were not
documented [12]. In phase I and II trials with ZF2001,
injection site pain, swelling, and redness was observed
in 4-8% for two doses and in up to 14% for three vac-
cination doses [13]. In a Sputnik V phase I/II trial,
local itching and pain at the injection site and hives
in a single patient were reported, but no delayed hy-
persensitivity reactions [14]. With the ChAdOx1 nCoV-
19 vaccine, a single case has been observed with a de-
layed immune reaction [7].

A 26-year-old woman developed a fixed drug erup-
tion after first vaccination with BNT162b2, which was
challenged after the second shot. The second time the
redness was darker, and she developed vesiculations
with a targetoid shape. Topical corticosteroids im-
proved pruritus and redness. A skin biopsy revealed
a lichenoid interface dermatitis confirming the clini-
cal diagnosis of a fixed drug eruption [15]. Three sim-
ilar cases have been reported in middle-aged women
after the second shot of BNT162b2, one with vesicu-
lation [16].

Another differential diagnosis to painful local hy-
persensitivity reactions is subacromial-subdeltoid
bursitis (SIRVA) due to unintentional vaccine injec-
tion into the bursa [17].

Anaphylaxis

Anaphylaxis is a typical type I immune reaction. It
presents the most severe type of a hypersensitivity
and is caused by activation of mast cells and ba-
sophils via binding of cell membrane receptors to
immunoglobulin E (IgE) antibodies. Subsequent re-
lease of inflammatory mediators (histamine, tryptase,
cytokines, and chemokines) leads to a rapid progres-
sion from mild symptoms (such as pruritus, urticaria,
headache, metallic taste, and disorientation) to life-
threatening symptoms such as mucosal swelling,
tachycardia, bronchoconstriction, vomiting and diar-
rhea, seizures, vascular permeability, and shock. At
least two organs should be involved to confirm the
diagnosis. It warrants aggressive treatment to prevent
disease-specific mortality [18].

Anaphylactic reactions to vaccines are very rare in
general, with a frequency of about 1 per 1,000,000
doses [19]. The Centers for Disease Control (CDC)
have reported anaphylaxis rates of 4.7 and 2.5 per
1,000,000 doses for the BioNTec/Pfizer (BNT162b2)
and Moderna vaccines (mRNA-1273), respectively
[20]. Data reported from the UK are much lower, with
0.027% for BioNTec/Pfizer and 0.023% for Moderna
[4]. The reason for this discrepancy is not completely
clear, but in the study from Blumenthal et al. (2021),
only employees were considered, no pensioners [4].

About three quarters of anaphylactic reactions oc-
cur within 15min after vaccination.

Both of these vaccines are mRNA vaccines con-
sisting of non-replicating and non-infectious RNA in
a special formulation containing polyethylene glycol
(PEG). The European Anaphylaxis Registry contains
more than 13,000 cases of anaphylaxis from Europe
and Brazil of the years between 2007 and 2020. Here,
14 cases of reactions to various PEG-containing vac-
cines and 7 reactions to PEG were recorded. The rate
of atopic patients among those with PEG anaphylaxis
reached 29% (vaccines) and 49% (PEG without vac-
cines) [21].

High-molecular weight PEG seems to pose a higher
risk for this adverse event [22]. Usually, type I reac-
tions are IgE mediated, but other mechanisms of ana-
phylaxis have been considered as well [23, 24]. PEG
bound to lipid nanoparticles can activate basophil
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Fig. 2  Other cutaneous
findings after SARS-CoV-2
vaccination. a, b Morbil-
liform rash. ¢ Small in-
durated plaque. d Herpeti-
form rash

leukocytes [25]. Possible “allergic” constituents other
than PEG include polysorbate, tromethamine (hy-
droxymethyl)aminomethane (TRIS) used as a buffer
ingredient, and glycerophospholipids which are sub-
strates for phospholipases A2 which is known for
proinflammatory activity.  Glycerophospholids are
a constituent of mRNA-1273 [26]. Lipid nanoparticles
may directly activate mast cells after phagocytosis or
activate complement components [23].

The potential cause of immediate allergic reactions
to recombinant ChAdOx1-S from AstraZeneca could
be polysorbate 80 [27]. Cross-reactions to PEG have
occasionally been observed [7].

Pre-vaccination screening for PEG sensitization has
been performed by Paoletti et al. (2021) and Banerji
et al. (2021) [28, 29]. Paoletti et al. (2021) screened
about 10% of their whole vaccination population and
detected a single person with a positive reaction to
PEG to be excluded from vaccination. Although test
protocols and substances used for testing are yet not
standardized nor validated, they conclude that their
screening helped to reduce anaphylactic reactions to
mRNA vaccines [29]. The uncertainty with unvali-
dated test protocols, however, has raised concerns
[30].

Park et al. (2021) reported a case of anaphylaxis
after first does of BNT162b2 in a 34-year-old Cau-
casian woman. Allergy tests and provocation con-
firmed cholinergic urticaria and excluded anaphylaxis
to the vaccine. The second vaccination was performed
without any problem [31].

Guidelines for diagnosis and treatment of anaphy-
lactic reactions to SARS-CoV-2 vaccines have been de-
veloped by several medical societies [32, 33].

In conclusion, most anaphylaxis cases are due to
a hypersensitivity to excipients apart from the active
substance.

Other cutaneous reactions

In the international registry of the American Academy
of Dermatology and the International League of Der-
matological Societies, urticaria (n=16 first dose; n=7
second dose), morbilliform exanthema (n=11 first
dose; 7 second dose), and erythromelalgia (n=5 first
dose; n=6 second dose) were noted among 343 pa-
tients with cutaneous adverse events due to SARS-
CoV-2 vaccination (Fig. 2). Sites of soft tissue filler
injection prior to vaccination may develop inflam-
matory reactions after vaccination. Such events were
registered in up to 4.9% (Moderna) and 2.5% (BioN-
Tec/Pfizer) of patients [11].

In a survey from patients of 18 countries who re-
ceived soft tissue filler injections prior to at least one
shot of vaccination, 94.9% of patients reported no
adverse reaction related to their previous soft tissue
filler injection, whereas 5.1% reported pain that lasted
longer than 2 days. From the current knowledge, ad-
verse events following immunization with hyaluronic
fillers don’t seem to have a causal relationship to the
vaccination itself [34].

A study from Northern Italy reported cutaneous
adverse reactions to BNT162b2 in 0.22% of patients.
The most common reaction was urticaria followed by
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other rashes, i.e., morbilliform, pityriasis-form, etc.
[35]. The morbilliform rash after vaccination resem-
bles those due to COVID-19 [36, 37].

Reactivation of skin disorders

Activation of herpes zoster is not uncommon among
elderly patients during any vaccination [37]. In a case
series from Spain, however, all patients with herpes
zoster after first or second vaccination with BTN162b2
were young and healthy [38].

McMahon et al. (2021) reported herpes zoster in
10% of patients after the second vaccination with
BNT162b2 but no case after the Moderna vaccine. Ex-
acerbation of pre-existing dermatoses was observed
in 1.0 and 1.1% after the first and second dose of
mRNA-1273 and in 20.0 and 7.5% after the first and
second dose of BNT162b2, respectively ([11]; Fig. 3).

The prevalence of herpes zoster among 491 patients
with autoimmune rheumatic disorders after vaccina-
tion with BNT162b2 reached 1.2% in a study from Is-
rael [39].

Herpes zoster has also been observed among chil-
dren with COVID-19. We have seen a number of cases
between 1 and 11 years of age [40].

The exact mechanisms of herpes zoster activation
by COVID-19 vaccination are not yet fully understood.
There must be a failure of T lymphocytes responsible
for control of the VZV virus. It has been suggested

Fig. 3 Herpes zoster

that there might be similarities with a paradoxical re-
action to immune reconstitution inflammatory syn-
drome [41].

Inflammatory reactions within Bacillus Calmette-
Guérin (BCG) vaccination scars have been observed
24-36h after the second vaccination with both mRNA
vaccines. They disappeared after 4 days [42].

Conclusion

Adverse cutaneous and hypersensitivity reactions to
SARS-CoV-2 vaccines are not uncommon. A more fre-
quent example of these benign conditions that can
resolve without treatment is COVID arm—a delayed
hypersensitivity reaction. While most of these adverse
events are self-limited and temporary, anaphylaxis has
been observed in rare cases, some with a fatal out-
come. There is general consensus that an absolute
contraindication to COVID-19 vaccination is a known
hypersensitivity to ingredients of the vaccine. Patients
with lower and medium risk for SARS-CoV-19 vacci-
nation should be monitored for at least 15 or 30 min
after injection [43]. For a number of other vaccines,
public safety data are sparse or missing [44].
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