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Abstract 

Background: The coronavirus disease 2019 (COVID‐19) is associated with a wide clinical spectrum of skin manifesta‑
tions, including urticarial, vesicular, vasculitic and chilblain‐like lesions. Recently, delayed skin reactions have been 
reported in 1% individuals following mRNA vaccination against SARS‑CoV‑2. The exact pathophysiology and the risk 
factors still remain unclear.

Patients and methods: 6821 employees and patients were vaccinated at our institutions between February and 
June 2021. Every patient received two doses of the mRNA‑1273 vaccine in our hospitals, and reported back in case of 
any side effects which were collected in our hospital managed database.

Results: Eleven of 6821 vaccinated patients (0.16%) developed delayed skin reactions after either the first or second 
dose of the mRNA‑1273 vaccine against SARS‑CoV‑2. Eight of 11 patients (73%) developed a rash after the first dose, 
while in 3/11 (27%), the rash occurred after the second dose. More females (9/11) were affected. Four of 11 patients 
required antihistamines, with two needing additional topical steroids. All the cutaneous manifestations resolved 
within 14 days. None of the skin reactions after the first dose of the vaccine prevented the administration of the sec‑
ond dose. There were no long‑term cutaneous sequelae in any of the affected individuals.

Conclusion: Our data suggests that skin reactions after the use of mRNA‑1273 vaccine against SARS‑CoV‑2 are pos‑
sible, but rare. Further studies need to be done to understand the pathophysiology of these lesions.
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Introduction
The extended vaccination campaign started in 2020 
against SARS-CoV-2 infections has contributed to a 
significant decrease in the number of infected symp-
tomatic patients. Novel mRNA-based vaccines have 
been developed, tested and made available to the 
world population at an unprecedented pace. While it 
is demonstrated that full vaccination protects against 
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COVID-19 infection, it is still unclear how to identify 
and treat its unexpected side effects [1]. Baden et  al. 
reported an 84.2% rate of immediate injection-site 
reactions after the first mRNA-1273 vaccination dose 
in their phase III trial participants [2]. Late injection 
site reactions occurred in 2444/30420 (8%) patients 
after 8 days from the first dose, and in 68/30420(0.2%) 
cases after the second dose [2].

These reactions involved erythema, induration and 
soreness, which typically resolved within 4–5  days. 
Based on histological findings, the research group 
interpreted the side effect as a type IV hypersensitiv-
ity reaction [3–5]. Similar skin reactions have recently 
been reported with BNT162b2, the second currently 
approved mRNA-based vaccine [6, 7]. The US Cent-
ers for Disease Control and Prevention (CDC) refers to 
these rare skin reactions associated with mRNA-based 
vaccines as “COVID arm” [8]. “COVID arm” usually 
neither requires treatment nor should discourage a 
second dose of vaccination if scheduled.

Here, we report a case series of 11 patients with 
skin reactions after the inoculation of either the first 
or the second dose of the mRNA-1273 vaccine. All the 
reported lesions were near the injection site and pre-
sented after the complete resolution of the initial local 
and systemic symptoms associated with the vaccina-
tion. In addition, we describe the therapeutic options 
and speculate on the possible pathophysiology, based 
on histological examinations.

Patients and methods
After the roll out of a massive vaccination campaign at 
our institutions, we collected data of vaccination and 
side effects in 6821 patients and health care workers who 
presented for their two doses between January and June 
of 2021. All patients received the mRNA-1273 vaccina-
tion at the recommended time intervals. The data were 
collected in our institutional patient database. Patients 
with cutaneous side effects were identified though the 
database after a query for cutaneous reaction. We ana-
lyzed the reports on acute side effects in the Depart-
ments of Dermatology at the University Düsseldorf and 
Münster  and in one private practice in Düsseldorf. Every 
patient providing informed consent was included in this 
case series. Eleven patients were identified with the side 
effects of interest for our study during our vaccination 
program. These patients returned to the Dermatology 
Department or the Department of Infectious Disease to 
address the acute side effects after the vaccination dose.

Results
The 11 patients are individually described below. A sum-
mary of their data is provided in Table 1.

Case 1
A 56-year-old Caucasian male with no past medical his-
tory presented with a large area of local erythema and 
edema at the injection site, 3 days after the first dose of 
the mRNA-1273 vaccine, in addition to local cutaneous 
hypersensitivity. The use of oral antihistamines quickly 
alleviated his symptoms (Fig. 1).

Table 1 Case description of the 11 patients who developed a skin reaction after COVID vaccination

Case Age (years) Sex Comorbidity First/second 
injection

Time onset of the skin 
reaction (days)

Treatment Relief of 
symptoms 
(days)

1 56 Male No First 3 Oral antihistamines 1

2 60 Female No First 4 Oral antihistamines 1

3 41 Female No First 7 No 2

4 41 Female No First 7 No 2–3

5 50 Female No First 9 No 2–3

6 30 Female No First 7 Topical glucocorti‑
coids + oral antihis‑
tamines

3–4

7 44 Female Obesity Second 3 No 2

8 63 Female No Second 2 No 2

9 50 Female No Second 4 Topical glucocorti‑
coids + oral antihis‑
tamines

10 37 Female No First 8 No 3

11 79 Male No First 12 No 4
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Case 2
A 60-year-old Caucasian female with no past medical 
history presented with a large area of local erythema 
and edema, which developed at the site of the injection 
4  days after the first dose of the mRNA-1273 vaccine. 
Cervical lymphadenopathy was also present starting 
2 days after the first injection. Oral antihistamines were 
useful for the symptoms, which did not present after 
the second dose (Fig. 2).

Case 3
41-year-old Caucasian female with erythema, edema 
and soreness of the arm presenting 7 days after the first 
dose of the mRNA-1273 vaccine. Symptoms resolved 
spontaneously without therapy (Fig. 3).

Case 4
Mild erythema in a 41-year-old Caucasian female 
7  days after first dose with the mRNA-1273 vaccine. 
Complete resolution of the symptoms occurred with-
out treatment after 2–3 days from the onset (Fig. 4).

Case 5
50-year-old female with local erythema and soreness of 
the injected site after the first dose of the mRNA-1273 

vaccine. The symptoms appeared 9 days after the injec-
tion and disappeared after 2–3 days, without any treat-
ment (Fig. 5).

Case 6
A healthy 30-year-old female developed an 8 × 5  cm 
indurated plaque on her right arm, 7 days after her first 
dose of the mRNA-1273 vaccine, which presented as a 
painful burning sensation at the injection site. She denied 
any additional systemic or local side effects. Topical 
methylprednisolone acetate and loratadine  orally were 
prescribed for few days to relieve the discomfort at the 
injection site. The skin lesions completely resolved after 
few days. The second vaccination was administered as 
planned, with no additional acute side effects (Fig. 6).

Case 7
A healthy 44-year-old female developed local edema, 
erythema and induration at the injection site and the 
surrounding area, 3  days after the second dose of the 
mRNA-1273 vaccine. No other signs or symptoms were 
described except for cutaneous tenderness, mild pruri-
tus and chills 24 h after each vaccination. Otherwise, the 
vaccination was well tolerated. No topical or systemic 

Fig. 1 “COVID arm”: delayed cutaneous reaction to the mRNA‑1273 
vaccine, with erythema and induration 72 h after the injection in a 
56‑year‑old male

Fig. 2 “COVID arm”: 48 h after the injection with the mRNA‑1273 
vaccine, large area of local erythema and edema at the injection site, 
in conjunction with cervical lymphadenopathy, 4 days after the first 
dose
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Fig. 3 Erythema and edema accompanied by soreness of the arm 
7 days after injection of the first dose of the mRNA‑1273vaccine

Fig. 4 Local erythema at 9 days after the first dose of the mRNA‑1273 
vaccination

Fig. 5 Mild erythema in a 41‑year‑old Caucasian female 7 days after 
the first dose of the mRNA‑1273 vaccine

Fig. 6 Erythematous and edematous indurated plaque 7 days after 
the first dose of the mRNA‑1273 vaccine
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treatment was needed. There was a complete resolution 
of the skin lesions after few days (Fig. 7).

Case 8
A 63-year-old female noticed erythema and edema at the 
injection site on the left arm 2 days after the second dose 
of the mRNA-1273 vaccine. No other symptoms were 
described, except for mild pruritus. No known allergies 
were reported. After the first vaccine dose, the patient felt 
very tired, and “ill”, requiring her to stay at home. Due to 
the mild symptoms, no treatment was deemed necessary 
after the administration of either dose. The cutaneous 
symptoms spontaneously resolved after 2 days (Fig. 8).

Case 9
A 50-year-old healthy female presented with erythema, 
edema and induration at the injection site, 4  days after 
the second dose of the mRNA-1273 vaccine (Fig. 9). Due 
to the significant size of the lesion as well as the pro-
nounced local burning and pruritus, a skin biopsy was 
taken (Fig. 10). 

The histopathologic examination confirmed the diag-
nosis of a lymphocyte-triggered inflammatory reac-
tion in response to the vaccination with mRNA-1273. 
The histologic exam revealed a dermal perivascular 

infiltrate of lymphocytes, and few eosinophils. The 
patient received topical methylprednisolone acetate 
until resolution of the skin lesions and loratadine orally 
for the pruritic symptoms.

Case 10
A 37-year old female patient reported painful edema on 
her left arm, starting 8 days after the first injection with 
the mRNA-1273 vaccine. A 10  cm-diameter urticarial 
plaque with central fading was observed. A painful lymph 
node could also be palpated in the left axilla. The patient 
felt tired but had no fever (Fig. 11).

Case 11
A 79-year-old male patient reported painful edema on 
his left arm, starting 12 days after the first injection with 
mRNA-1273 vaccine (Fig. 12).

Discussion
Our case series of delayed local skin reactions after the 
mRNA-1273 vaccination is consistent with the recently 
published literature, reporting similar reactions after the 
administration of either mRNA-1273 [3, 9] or BNT162b2 

Fig. 7 Local erythema and edema 3 days after the second dose of 
the mRNA‑1273 vaccine

Fig. 8 Erythema and edema at the injection site, 2 days after the 
second dose of the mRNA‑1273 vaccine
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[6]; [7] approved vaccinations [6, 7, 9–20]. While the 
exact mechanism of these skin reactions is still unclear, a 
delayed hypersensitivity reaction has been hypothesized 
[11].

Delayed skin reactions are rare post-vaccination events, 
typically observed several days after the vaccination with 

both mRNA-based COVID-19 vaccines. The reported 
incidence is of 0.8–1.0% following the first and 0.2–1.1% 
after the second dose [2, 6]. These lesions differ from 
acute allergic and other immediate local reactions attrib-
utable to the vaccination itself. The phenomenon is tran-
sient and typically resolves within 3–5  days, frequently 

Fig. 9 A and B Erythema, edema and induration 4 days after second dose of the mRNA‑1273 vaccine

Fig. 10 Histology of the injections site of patient 9, 4 days after vaccination. A, shows superficial and deep perivascular inflammatory infiltrate in 
the dermis. The perivascular infiltrate was dominated by lymphocytes (B, arrows) [staining: hematoxylin–eosin (HE); original magnification: A 40×; B 
200×]
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without any treatment required. In case pharmacological 
intervention is needed, topical glucocorticosteroids and 
oral antihistamines are associated with a good response, 
as highlighted from this study as well as earlier reports.

When the “COVID arm” occurs after the first of the 
two scheduled vaccinations, the recommendation is to 
proceed with the second dose as planned, administering 
it to the opposite arm if needed [7, 8].

Currently, it is still unclear why the “COVID arm” 
occurs after mRNA vaccinations. The delayed skin 
reactions observed in our case series presented at two 
distinct times of onset and with two specific clinical phe-
notypes, indicative of more than a single mechanism of 
action. Specifically, we observed manifestations of early 
onset, 2–3  days post-vaccination characterized by dif-
fuse, poorly demarcated urticarial  eruption associated 
with variable degrees of local edema, tenderness, and 
pruritus well-responsive to antihistamines (as in case 
#1). These early skin manifestations appeared to be dis-
tinct from the ones of later onset (7–10  days after the 

first dose, and 2–4 days after the second). The erythema 
in the late lesions was more sharply demarcated and with 
irregular morphology around and inside the area. While 
the initial type of skin manifestation clinically reminds 
of an  acute type I allergic reaction, the one with a later 
onset seems to suggest the involvement of an adaptive 
immune response, as suggested by earlier reports. Our 
data, despite the small patient population, seem to be 
consistent with earlier reports documenting the rela-
tive short time from the second-dose administration and 
the development of the rash [3]. When we compared the 
delayed skin reactions after the second dose to the early 
skin manifestations associated with the COVID-19 infec-
tion, we found no clinical correlation.

The histopathological analysis of the skin biopsies of 
COVID-19-associated cases show a diverse range of 
morphologies. A consistent histological feature, how-
ever, appears to be the presence of prominently dilated 
blood vessels with edematous endothelial layers, vas-
cular engorgement with erythrocytes and perivascular 
infiltrates [14]. A proposed mechanism of action sug-
gests a direct viral infection of the endothelial cells. 
Electron microscopy and polymerase chain reaction 
(PCR) analyses of the skin lesions have supported 
this hypothesis [13, 20, 21]. It is known that COVID-
19 is associated with a wide clinical spectrum of skin 
lesions including urticarial, vesicular, vasculitic and 

Fig. 11 Erythema, edema and induration 8 days after the second 
vaccination with mRNA‑1273

Fig. 12 Erythema, edema and induration, 12 days after second 
vaccination with mRNA‑1273
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chilblain‐like lesions. However, the risk factors and the 
time frame to develop a specific type of skin lesions 
during the COVID-19 infection are still unclear [7, 15, 
22].

The histology of one of our patients after vaccination 
shows a superficial and deep perivascular dermatitis, 
with scattered eosinophils and intraluminal neutrophil 
accumulation (Fig.  10). These features are consistent 
with previously reported histological analysis of skin 
lesions following mRNA-based BNT162b2 vaccinations 
[6].This is similar to the cutaneous histomorphology 
observed in COVID-19 infections.

We postulate that the skin reactions secondary to 
mRNA vaccinations belong to a nonspecific histologic 
pattern referred to as dermal hypersensitivity reaction 
(DHR) [12]. DHR is not diagnostic for any specific con-
dition or etiology. It is most commonly seen in patients 
with a urticaria, drug reactions and spongiotic (eczema-
tous) dermatitis. The clinical manifestation of these con-
ditions is similar to the “COVID-arm”. Our cases seem to 
suggest a similarity in the immunologic responses follow-
ing vaccination. However, additional work is required to 
further dissect the phenomenon and reveal the underly-
ing immunologic mechanism.

Conclusion
Delayed local skin reactions, also referred to as 
“COVID arm”, are a rare side effect that can present 
as a localized, transient, erythematous and edematous 
plaque several days after the first or the second dose 
of the mRNA-based COVID-19 vaccines. Topical glu-
cocorticosteroids and oral antihistamines are effective 
in resolving the skin lesions and controlling symptoms, 
even though most cases resolve spontaneously. Patients 
should be notified that a “COVID arm” is a non-threat-
ening benign potential side effect of the vaccination and 
it should not discourage from obtaining a second dose 
of mRNA-based vaccine. Further investigations on the 
precise molecular and cellular mechanisms underly-
ing this cutaneous pathology are needed to understand 
why and when rare adverse events may occur afterRNA 
vaccines.
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