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Background: Vaccination against COVID-19 reduces the risk of severe COVID-19
disease and death. However, few studies have examined the safety of the COVID-19
vaccine in patients with autoimmune skin disease.

Objectives: We sought to determine the incidence of disease exacerbation in this
population following COVID-19 vaccination as well as the associated factors.

Methods: We performed a chart review of all patients seen in the autoimmune skin
disease clinic of the principal investigator during the study period. All patients included for
analysis were systematically and prospectively asked about COVID-19 vaccination status,
manufacturers, vaccine dates, autoimmune symptoms after the vaccine, and timing of
symptom onset using a standardized template as part of their visit. Demographics and
autoimmune disease diagnosis were also collected. Analysis used Chi-square and
Fisher’s exact tests.

Results: 402 subjects were included for analysis. 85.6% of patients were fully vaccinated,
with 12.9% unvaccinated and 1.5% partially vaccinated. 14.8% of fully vaccinated patients
reported worsening autoimmune signs and symptoms after the vaccine. Fully vaccinated
dermatomyositis patients were more likely to report worsening autoimmune signs and
symptoms after the vaccine (22.7%) than fully vaccinated lupus erythematosus patients
(8.6%) (p=0.009). Patients fully vaccinated with the Moderna vaccine trended towards an
increased likelihood of reporting worsening autoimmune signs and symptoms after the
vaccine (19.1%) than those with the Pfizer-BioNTech vaccine (12.0%) (p=0.076). Of the
patients who had autoimmune symptoms after vaccination, 20% had symptoms after the 1st
dose, 82% after the 2nd dose, and 4% after the 3rd dose with median onset (95%
confidence interval) of 7 (2,14), 14 (14,21), and 18 (7,28) days later, respectively.

Conclusions: More fully vaccinated dermatomyositis patients had exacerbation of
autoimmune signs and symptoms after the vaccine than fully vaccinated lupus
erythematosus patients. However, given the risks of COVID-19, clinicians should still
promote vaccination in most patients with autoimmune skin disease.
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INTRODUCTION

COVID-19, the disease resulting from infection with the SARS-
CoV-2 virus, was officially declared a pandemic by the World
Health Organization on March 11, 2020. Since then, COVID-19
has led to enormous amounts of death, altered how society
approaches many aspects of daily life, and placed significant
strain on healthcare systems worldwide (1). Development of
vaccines targeting SARS-CoV-2 occurred at a historically quick
pace and led to FDA emergency use authorization of two
vaccines using mRNA technology administered in a two-dose
series (Pfizer-BioNTech and Moderna) and one adenovirus-
based vaccine administered in one dose (Johnson & Johnson).
The Pfizer-BioNTech and Moderna vaccines eventually received
full FDA approval, and booster doses became recommended 5
months after the initial two-dose vaccine series or 2 months after
a Johnson & Johnson (J&J) vaccine.

All of the COVID-19 vaccines used in the United States have
been shown to significantly reduce the risk of hospitalization and
death (2). However, many patients with autoimmune diseases
experience hesitancy with regards to receiving a COVID-19
vaccine (3). Patients with immune-mediated inflammatory
diseases were not included in the COVID-19 vaccine clinical
trials, leading to questions about vaccine efficacy and safety in
this patient population (4, 5). A few studies have examined the
incidence of flares in rheumatic disease patients following
COVID-19 vaccination and found a range of 3%-13.4% (6–8).
However, these studies used either online patient surveys or
physician-reported registries to generate their data, which could
be possible limitations in determining true flare incidence rates.

The exact mechanisms by which the COVID-19 vaccines
could trigger autoimmune disease flares have not been fully
elucidated, but some studies may give potential clues. New onset
blistering diseases, including bullous pemphigoid (BP), have
been reported following the COVID-19 vaccine (9, 10). One
study showed that lesions in patients with new onset BP after
COVID-19 vaccination had a high clonality of T cells reactive to
SARS-CoV-2 derived epitopes while control tissues from prior to
the widespread use of COVID-19 vaccines did not (10). This
indicates that in these patients there was an ongoing adaptive
immune response likely resulting from the vaccine and driving
BP lesion formation (10). Thus, the COVID-19 vaccine may lead
to an unintended T cell response that can result in new onset
autoimmune disease or possibly drive flares in patients who
already have an autoimmune disease diagnosis.

Given the lack of knowledge of the safety of the COVID-19
vaccine in patients with autoimmune disease, the aim of our study
was to determine the incidence of disease exacerbation in patients
with autoimmune skin disease following COVID-19 vaccination as
well as to assess the factors associated with these flares.
METHODS

Study Design
All patients included for analysis were systematically and
prospectively asked questions by the principal investigator (PI),
Frontiers in Immunology | www.frontiersin.org 2
author VPW, using a standardized template as part of their
standard of care visit as shown here:

Did you get the vaccine? ***

When? ***

If yes, did you have a reaction to the vaccine? ***

When? ***

Which vaccine did you get? ***

We performed a chart review in Epic of all patients seen in the
autoimmune skin disease clinic of the PI at the University of
Pennsylvania during the study period to collect this prospectively
collected data. Data was manually extracted and stored in a
password-protected Excel file. Data collected included
demographic data, autoimmune disease diagnosis, and data about
the COVID-19 vaccine and reactions obtained from the template.
Characteristics of the study population are summarized inTable 1.
Patients were considered unvaccinated if they had never received a
COVID-19 vaccine, partially vaccinated if they received only one
dose of the Pfizer-BioNTech or Moderna vaccines, and fully
vaccinated if they received at least one dose of the J&J vaccine or
at least two doses of any vaccines. Patients were categorized into the
following autoimmune disease diagnoses based on chart review:
lupus erythematosus (LE), dermatomyositis (DM), morphea,
pemphigus, bullous pemphigoid (BP), Behcet’s disease, mucous
membrane pemphigoid (MMP), and other. The pemphigus group
included patients with pemphigus vulgaris and pemphigus
foliaceus. The “other” group of autoimmune disease diagnoses
included patients who had multiple overlapping autoimmune
disease diagnoses as well as others not included here with only 1-
2 patients per diagnosis. A full list of autoimmune disease diagnoses
included in the “other” group can be found in Table 2. Responses
recorded in the template were assessed to determine if the patient
experienced an autoimmune disease exacerbation (e.g., increased
erythemaand itchinessofdermatomyositis skin lesionsor increased
swelling of joints in patients with lupus arthritis) with careful
attention to distinguish from typical known vaccine-related
adverse events (such as fever and sore arm). This assessment of
whether or not patients experienced autoimmune disease
exacerbations after receiving the COVID-19 vaccine was also
collected. Patients’ interim or initial history, physical exam
findings, and assessment and plan were also collected and were
assessed to determine if any patients who experienced autoimmune
disease exacerbations after the vaccine required an escalation in
treatment. Patients who experienced autoimmune disease
exacerbations were called to ask if they had stopped any of their
autoimmune disease treatments at the time of vaccination, as some
patients stopped their immunosuppressive medications in an
attempt to increase vaccine response. This study was approved by
the institutional review board at theUniversity of Pennsylvania and
was carried out in accordance with the Declaration of Helsinki and
the Health Insurance Portability and Accountability Act.
Statistical Analysis
Descriptive statistics were performed on patient demographic
data, autoimmune disease diagnosis, vaccine manufacturer, and
May 2022 | Volume 13 | Article 899526
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timing of autoimmune disease symptom onset after vaccination.
Further analyses used Chi-square and Fisher’s exact tests.
Analysis was conducted with IBM SPSS Statistics for Windows,
Version 26.0 (Armonk, NY).

RESULTS

402 subjects were included for analysis. Ages ranged from 17-96
with a median age (95% confidence interval) of 58 (56,60). Most
patients (81.6%) were female. Patients came from a variety of
racial backgrounds, with 65.2% white and 17.7% Black. The study
population was largely non-Hispanic (95.0%). Most patients
(59.2%) had either LE or DM. Patients were largely fully
vaccinated (85.6%). More patients received the Pfizer-BioNTech
vaccine for all 3 doses than other vaccine manufacturers while J&J
was given to the least number of patients.
Frontiers in Immunology | www.frontiersin.org 3
Across all diagnoses, 14.8% of fully vaccinated patients had
autoimmune disease exacerbations or flares after the COVID-
19 vaccine. 45.1% of these patients required an escalation in
treatment, representing 6.7% of all fully vaccinated patients.
19.6% of fully vaccinated patients who experienced flares
had stopped their autoimmune disease treatment at the time
of their COVID-19 vaccine. Most of these patients paused their
autoimmune disease medications for 1-2 weeks starting at the
time of receiving a vaccine dose. Fully vaccinated DM patients
were more likely to report an autoimmune disease exacerbation
after the COVID-19 vaccine (22.7%) than fully vaccinated
LE patients (8.6%) (p=0.009) (Figure 1). The two fully
vaccinated Behcet’s disease patients both experienced
significant flares after the COVID-19 vaccine. These patients
were not included in the “other” category to draw attention to
the severity of their flares. The proportion of fully vaccinated
patients who had autoimmune disease exacerbations
a f t e r COVID-19 vacc ina t ion var i ed by d iagnos i s
(p=0.004) (Figure 2).

Figure 3 shows the proportion of fully vaccinated patients
who reported autoimmune disease exacerbation by COVID-
19 vaccine manufacturer. There was a trend towards more
fully vaccinated patients who received the Moderna vaccine
having an autoimmune disease exacerbation (19.1%)
compared to Pfizer-BioNTech (12.0%) and J&J (10.5%)
(p=0.198) (Figure 3).

The COVID-19 vaccination status of LE patients differed
significantly from that of DM patients (p=0.005) (Figure 4).
89.5% of DM patients were fully vaccinated compared to
77.1% of LE patients (p=0.010). 42.9% of the LE patients in
our sample were Black compared to 7.5% of DM patients. In
both the LE and DM patient samples, a higher proportion of
white patients were fully vaccinated than Black patients
(Figure 5). There was a trend towards increased vaccination
TABLE 1 | Characteristics of the study population.

Characteristic Patients (N=402)
No. (%)

Age Group
<18 1 (0.2)
18-30 28 (7.0)
31-40 35 (8.7)
41-50 63 (15.7)
51-60 102 (25.4)
61-70 103 (25.6)
71-80 52 (12.9)
80+ 18 (4.5)

Sex
Male 74 (18.4)
Female 328 (81.6)

Race
White 262 (65.2)
Black 71 (17.7)
Asian/Pacific Islander 25 (6.2)
American Indian/Alaskan Native 1 (0.2)
Other 16 (4.0)
Unknown 27 (6.7)

Ethnicity
Non-Hispanic 382 (95.0)
Hispanic 7 (1.7)
Unknown 13 (3.2)

Autoimmune Disease Diagnosis
Lupus Erythematosus 105 (26.1)
Dermatomyositis 133 (33.1)
Morphea 13 (3.2)
Pemphigus 19 (4.7)
Bullous Pemphigoid 13 (3.2)
Behcet’s Disease 2 (0.5)
Mucous Membrane Pemphigoid 10 (2.5)
Other 107 (26.6)

COVID-19 Vaccination Status
Unvaccinated 52 (12.9)
Fully Vaccinated 344 (85.6)
Partially Vaccinated 6 (1.5)

COVID-19 Vaccine Manufacturer First dose, second dose, third dose
Pfizer-BioNTech 187 (46.5), 184 (45.8), 25 (6.2)
Moderna 143 (35.6), 140 (34.8), 14 (3.5)
J&J 19 (4.7), 0 (0.0), 1 (0.2)
Unknown 1 (0.2), 1 (0.2), 0 (0.0)
n/a 52 (12.9), 77 (19.2), 362 (90.0)
TABLE 2 | Autoimmune diseases included as “other”.

Other Autoimmune Diseases

Alopecia areata Mixed connective tissue disease
CREST syndrome Multicentric reticulohistiocytosis
Cutaneous polyarteritis nodosa Neutrophilic dermatosis
Cutaneous sarcoidosis Neutrophilic urticarial dermatosis
Diabetic dermopathy Overlap of multiple autoimmune diseases
Disseminated porokeratosis PASH syndrome
Eczema Primary Sjogren syndrome
Eczematous dermatitis Psoriasis
Epidermolysis bullosa acquisita Pyoderma gangrenosum
Erythema nodosum Raynaud’s phenomenon
Erythromelalgia Rheumatoid nodules
Frontal fibrosing alopecia Sneddon Wilkinson disease
Granuloma annulare Solar urticaria
Hypocomplementemic urticarial
vasculitis

Sweet’s syndrome

IgA vasculitis Systemic sclerosis
Lichen planopilaris Thyroid acropachy
Lichen planus Unclear blistering disease
Lichen sclerosis Undifferentiated connective tissue disease
Lichenoid mucositis Urticarial eruption
Livedo vasculopathy Urticarial hypersensitivity reaction
Livedoid vasculitis Vitiligo
May 2022 | Volume 13 | Article 899526
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rates in patients with DM, morphea, BP, Behcet’s disease, and
MMP compared to other diseases such as LE and pemphigus
(p=0.061) (Figure 6).

Of the patients who had autoimmune exacerbations after
vaccination, 20% had flares after the first dose, 82% after the
second dose, and 4% after the third dose. Some patients
experienced disease flares after multiple doses. The median
time to autoimmune exacerbation onset (95% confidence
Frontiers in Immunology | www.frontiersin.org 4
interval) was 7 (2, 14), 14 (14, 21), and 18 (7, 28) days after
the first, second, and third vaccine doses, respectively.
DISCUSSION

Several studies have shown that some autoimmune disease patients
experienceflares after theCOVID-19vaccine (6–8).However, these
FIGURE 1 | The percent of fully vaccinated patients reporting symptoms of autoimmune disease exacerbation after the COVID-19 vaccine by diagnosis, highlighting
the higher incidence in dermatomyositis patients compared to lupus erythematosus patients. **P ≤ 0.01.
FIGURE 2 | The percent of fully vaccinated patients reporting symptoms of autoimmune disease exacerbation after the COVID-19 vaccine by diagnosis, highlighting
the variation across all diagnoses seen.
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FIGURE 3 | The percent of fully vaccinated patients reporting symptoms of autoimmune disease exacerbation after the COVID-19 vaccine by vaccine manufacturer,
highlighting the trend of increased incidence with the Moderna vaccine. NS, Not significant.
FIGURE 4 | The COVID-19 vaccination status of lupus erythematosus and dermatomyositis patients is shown here. A higher proportion of dermatomyositis patients
were fully vaccinated compared to lupus erythematosus patients.
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studies used either on-line patient surveys or physician-reported
registries to generate their data, representing possible limitations in
determining true flare incidence rates. In this study, we
prospectively and systematically evaluated patients to determine if
they experienced autoimmune disease exacerbations following the
COVID-19 vaccine. The rate of fully vaccinated patients reporting
autoimmune disease exacerbations in our study (14.8%) is higher
than the previously reported incidences of rheumatic disease flares
(3%-13.4%) following COVID-19 inoculation (6–8). Perhaps this
difference results fromdifferences in thepopulations sampled inour
Frontiers in Immunology | www.frontiersin.org 6
study compared topast studies. Past studies that used online patient
surveys and physician-reported registries aremore likely to include
patients with mild autoimmune disease than patients from our
study which were all recruited from a single tertiary care center that
specializes in autoimmune skin disease with a high volume of
moderate-to-severe autoimmunediseasepatients. Since these sicker
patients have increased flare rates generally, it is possible that they
also have increased flare rates with specific environmental triggers,
such as theCOVID-19vaccine.As our study includedpatients from
a dermatology clinic, it is also possible that the ubiquitous
FIGURE 5 | The proportion of fully vaccinated lupus erythematosus and dermatomyositis patients is seen here by racial background (white and Black). In both
diseases, a higher proportion of white patients were fully vaccinated compared to Black patients.
FIGURE 6 | The percent of patients who are fully vaccinated, partially vaccinated, and unvaccinated within each diagnosis, highlighting the variation across all
diagnoses seen.
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prevalence of skin disease in our population played a role in the
increased rate of disease exacerbations seen. As 19.6% of the fully
vaccinated patients who experienced disease exacerbations in our
study stopped their autoimmune disease treatment at the time of
vaccination, it is possible that some of these flares were due to
medicationdiscontinuation.However,most patientswhoflareddid
not stop their medication for the vaccine and so it was not a factor
contributing to their disease exacerbation.

The low rate of flares requiring an escalation in treatment in
our study (6.7% of fully vaccinated patients or 45.1% of patients
who flared) is reassuring and indicates that the COVID-19
vaccine is relatively safe and well tolerated by many patients
with autoimmune skin disease. However, it does raise questions
of risk-benefit analysis for patients who have had severe vaccine-
related flares on the necessity of additional vaccine doses or
booster shots. As new variant-specific vaccines are being
developed, such as the Omicron-based vaccine, it is not clear
either how safe these will be for autoimmune disease patients
with past COVID-19 vaccine-related flares.

It is not totally obvious why the incidence of flares varied
across diagnoses or specifically why DM patients were more
likely to flare after the COVID-19 vaccine than LE patients. Only
speculation is possible. Both DM and LE pathogenesis are
believed to be in part driven by type 1 interferons which the
COVID-19 vaccines have been shown to upregulate (11–13).
However, the immune cells driving interferon expression in these
diseases differ, with plasmacytoid dendritic cells playing a key
role in LE interferon expression compared to myeloid dendritic
cells in DM (14, 15). These differences in pathogenesis may be
partly responsible for the differences in flares seen in these
diseases after the COVID-19 vaccine. There is a lack of data
comparing the flare rates of LE to DM patients, but studies
looking at each disease individually report a lower rate offlares in
LE than DM (16, 17). Thus, it is possible that more flares were
seen in our study after the vaccine in DM patients than LE
patients due to an increased tendency to flare at any given time.

Though the incidence in autoimmune disease exacerbation
after vaccination did not differ significantly by COVID-19
vaccine manufacturer, there was a trend towards increased
flares following the Moderna vaccine. Studies have shown the
Moderna vaccine to be more immunogenic than the Pfizer-
BioNTech or J&J vaccines, resulting in greater spike protein-
specific antibody levels, neutralizing antibody levels, and spike
protein-specific T cell responses (18). Data indicates that
increased vaccine immunogenicity may correlate with
increased vaccine-related side effects due to heightened
immune system activation (18). This could explain why the
more immunogenic Moderna vaccine had the highest rate of
flares in our study as there was possibly an increased immune
response with off-target autoimmune effects. There was also a
trend towards the fewest autoimmune disease exacerbations
occurring after the J&J vaccine in our study. This also seems to
correlate with what is known about vaccine immunogenicity as
J&J has been shown to result in lower levels of vaccine-induced
antibodies and have a less robust T-cell response than the mRNA
vaccines (18).
Frontiers in Immunology | www.frontiersin.org 7
While the vaccination rate differed significantly between LE
and DM patients with DM patients more likely to be fully
vaccinated, this is likely explained in large part due to
differences in the racial makeup of these two disease populations
as well as variation in vaccine acceptance across racial
backgrounds. COVID-19 vaccination rates among Black people
in the US are lower than other racial groups (19). Black patients
made up a larger share of LE patients in our study than DM
patients and also had lower vaccination rates than white patients
in both disease populations, which is consistent with previous data
on differences in vaccination rates by race and helps to explain the
differences observed across disease diagnoses.

Most patients who experienced autoimmune disease
exacerbations after the COVID-19 vaccine in our study had
increased symptoms after the second dose (82%). Studies have
shown that higher levels of antibody response occur after the second
dose of COVID-19 vaccines compared to the first dose (20). This
increased humoral response may parallel the increased
autoimmune response seen after the second COVID-19 vaccine
dose in our study. Additionally, prior infectionwithCOVID-19 has
been shown toplay a role in the level of immune response after each
dose of the COVID-19 vaccine, with increased immunogenicity
seen in previously infected individuals after the first vaccine dose
(21). Thus, one possible mechanism for patients experiencing
autoimmune disease exacerbations after the first vaccine dose is a
priorCOVID-19 infectionwhich resulted in amore robust immune
response after thefirst dosewith increased autoimmune side effects.

There are several limitations to this study. Patients may have
not accurately remembered details about their COVID-19 vaccine
and any possible disease flares they experienced afterwards. Some
patients were seen several months after they received the COVID-
19 vaccine, increasing the possibility of recall bias. It is also
possible that some patients who experienced flares temporally
correlated with the COVID-19 vaccine were coincidental and that
vaccine was not an autoimmune trigger. However, comparing the
disease exacerbation rate by diagnosis and vaccine manufacturer
helps to mitigate this potential limitation.

This study demonstrates that most patients with autoimmune
skin disease tolerate the COVID-19 vaccine well, but a small
number of patients do experience disease flares requiring an
escalation in treatment (6.7%). Given the risks of hospitalization
and death associated with COVID-19, clinicians should continue
to promote vaccination in most patients.
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