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Exacerbation of Autoimmune Bullous Diseases After Severe Acute Respiratory Syndrome Coronavirus 2 Vaccination: Is There Any Association?












	 
	BRIEF RESEARCH REPORT
published: 19 July 2022
doi: 10.3389/fmed.2022.957169





[image: image]

Exacerbation of Autoimmune Bullous Diseases After Severe Acute Respiratory Syndrome Coronavirus 2 Vaccination: Is There Any Association?

Nika Kianfar, Shayan Dasdar, Ali Salehi Farid, Kamran Balighi, Hamidreza Mahmoudi† and Maryam Daneshpazhooh*†

Autoimmune Bullous Diseases Research Center, Tehran University of Medical Sciences, Tehran, Iran

Edited by:
Poonkiat Suchonwanit, Mahidol University, Thailand

Reviewed by:
Stefan Tukaj, University of Gdańsk, Poland
Federica Canfora, University of Naples Federico II, Italy
Gulsen Akoglu, University of Health Sciences, Turkey

*Correspondence: Maryam Daneshpazhooh, maryamdanesh.pj@gmail.com

†These authors share senior authorship

Specialty section: This article was submitted to Dermatology, a section of the journal Frontiers in Medicine

Received: 30 May 2022
Accepted: 23 June 2022
Published: 19 July 2022

Citation: Kianfar N, Dasdar S, Salehi Farid A, Balighi K, Mahmoudi H and Daneshpazhooh M (2022) Exacerbation of Autoimmune Bullous Diseases After Severe Acute Respiratory Syndrome Coronavirus 2 Vaccination: Is There Any Association? Front. Med. 9:957169. doi: 10.3389/fmed.2022.957169

Background and Aim: There have been concerns regarding the potential exacerbation of autoimmune bullous diseases (AIBDs) following vaccination against COVID-19 during the pandemic. In the current study, vaccine safety was evaluated in patients with AIBDs.

Methods: In this study, patients with AIBDs were contacted via face-to-face visits or phone calls. Patient demographics, vaccine-related information, pre- and post-vaccine disease status, and complications were recorded. The exacerbation was considered either relapse in the remission/controlled phase of the disease or disease worsening in the active phase. The univariate and multivariate logistic regression tests were employed to determine the potential risk factors of disease exacerbation.

Results: Of the patients contacted, 446 (74.3%) reported receiving at least one dose of vaccine injection (54.7% female). Post-vaccine exacerbation occurred in 66 (14.8%) patients. Besides, there were 5 (1.1%) patients with AIBD diagnosis after vaccination. According to the analysis, for every three patients who received vaccines during the active phase of the disease one experienced disease exacerbation. The rate of disease exacerbation increased by three percent with every passing month from the last rituximab infusion. Active disease in the past year was another risk factor with a number needed to harm of 10.

Conclusion: Risk of AIBD exacerbation after the COVID-19 vaccine is not high enough to prevent vaccination. This unwanted side effect, can be reduced if the disease is controlled at the time of vaccination.
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INTRODUCTION

Autoimmune bullous diseases (AIBDs) are a group of blistering dermatoses of the skin and mucosa. Vaccinations have always been a challenging issue for patients with AIBDs and their physicians for the possible risk of disease exacerbation (1).

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak began in Wuhan, China, in December 2019 and was declared a global pandemic by World Health Organization in March 2020 (2). Patients with AIBDs may be at increased risk of severe complications of coronavirus disease 2019 (COVID-19), and they are in substantial need to undergo vaccination (3–5). However, those with an underlying disease like AIBDs were excluded from vaccine clinical trials, and little is known concerning the safety profile of SARS-CoV-2 vaccines in this population.

Some studies have reported cases of exacerbation or new-onset AIBDs post-SARS-CoV-2 vaccination (6–9), yet it has not been evaluated in larger series. Herein, we sought to determine whether SARS-CoV-2 vaccination might affect the natural course of AIBDs and find the potential risk factors of disease exacerbation.



MATERIALS AND METHODS


Study Design and Participants

This cross-sectional study was performed at the AIBD clinic of Razi Skin hospital, Tehran, Iran, for 3 months between September 10 and December 10, 2021. To evaluate the SARS-CoV-2 vaccine outcome, AIBD patients were contacted, and those who had received at least one vaccine shot were enrolled.

Informed consent was obtained from each patient verbally. The study was conducted according to the Helsinki Declaration, and ethical approval was obtained from the Tehran University of Medical Sciences Ethics committee (IR.TUMS.MEDICINE. REC.1400.911). The patients were interviewed through face-to-face visits or phone calls. Demographic data, vaccine-related information, pre- and post-vaccine disease status, and vaccine-induced complications were self-reported by the patients and completed by referring to their medical records. If the patients had received only the first dose vaccination, they were contacted again by the follow-up phone call 1 month after the scheduled vaccination time.

To assess the post-vaccination disease status, an in-person visit was set for a thorough examination of the patients who reported new lesions after vaccination on the telephone interviews. Moreover, if this had occurred in the past, patients’ medical records were used to extract the necessary information. It is noteworthy that patients whose information was not complete and accurate were not included. The SARS-CoV-2 diagnosis was based on a positive polymerase chain reaction (PCR) test result or lung involvement on chest computed tomography (CT) scan congruent with SARS-CoV-2 (2). The patients were enrolled based on the following inclusion and exclusion criteria:

Inclusion criteria:


•Definite diagnosis of AIBDs

•Patient’s willingness to participate

•Receiving at least one vaccine shot



Exclusion criteria:


•Patient’s inaccessibility if an in-person examination was needed

•Incomplete or imprecise data





Definition of Exacerbation

In patients with active disease, a 10-point increase in Pemphigus Disease Area Index (PDAI)/Bullous Pemphigoid Disease Area Index (BPDAI)/Mucous Membrane Pemphigoid Disease Area Index (MMPDAI) was defined as disease worsening (10). For linear IgA disease and epidermolysis bullosa acquisita, BPDAI and MMPDAI scorings were employed, respectively. Relapse or newly diagnosed uncontrolled cases were considered to be in the active phase of the disease.

Relapse in patients with disease remission corresponded to the appearance of ≥ 3 new lesions in a month that did not heal spontaneously within 1 week, and in those with controlled disease corresponded to extension of established lesions (11). To determine the severity of relapses, the emergence of ≥ 20 lesions on ≥ 3 body sectors was defined as major relapse, and the appearance of < 20 lesions on < 3 body sectors as minor relapse (12). New lesions that did not comply with any of these criteria were considered as transient lesions. According to a previous study, the exacerbation must be occurred within 2 weeks of the vaccines to be considered as vaccine-associated (13). In summary, the criteria for defining the vaccine-associated exacerbations were as follows:


•A 10-point increase in PDAI/BPDAI/MMPDAI in the active phase of the disease

•≥3 new lesions or extension of established lesions in the remission/controlled phase of the disease

•Occurrence within 2 weeks of the vaccine





Statistical Analysis

Absolute number and percentage were employed for reporting qualitative variables. The quantitative variables were presented as mean with standard deviation (SD) for normal distributed variables and median with interquartile range (IQR) for non-normal ones. Logistic regression analysis was employed to predict dependent variable of post-vaccination disease exacerbation. Odds ratio (OR) with 95% confidence interval (95% CI) were measured for demographic and clinical data of the patients. Factors that demonstrated statistical significance (p < 0.05) based on univariate analysis and had no obvious colinearity with other variables were incorporated into multivariate analysis. Number needed to harm was measured for detected categorical risk factors reciprocating the absolute risk reduction (difference of event rate between two groups). All analyses were performed using SPSS (version 24; IBM, New York, United States), and statistical significance was defined as P < 0.05.




RESULTS

Six hundred patients with AIBD diagnosis were contacted. The flow diagram of patients’ enrollment is illustrated in Figure 1. Of the patients, 446 (74.3%) reported receiving at least one dose of vaccine injection (54.7% female). Supplementary Figure 1 compares the first dose SARS-CoV-2 vaccination rates between the present study and the country’s general population. Vaccines used in patients were Sinopharm (BBIBP-CorV, inactivated virus vaccine) in 379 (85.9%), AstraZeneca (ChAdOx1 nCoV-19, viral vector vaccine) in 36 (8.0%), COVIran Barekat (BIV1-CovIran, inactivated virus vaccine) in 22 (4.9%), and others in 9 (2.0%). The second vaccine shot was received by 404 (67.3%) patients before the defined cut-off date (55.9% female). The reasons for not completing vaccinations in these patients were as follows: not reaching the time in 11 (26.2%) patients, uncontrolled disease/relapse in 9 (21.4%), COVID-19/flu in 9 (21.4%), rituximab administration in 1 (2.4%), and non-medical reasons in 12 (28.5%).
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FIGURE 1. Methodology of the study.


The mean age of the 446 vaccinated patients was 50.2 ± 12.5 years old. The types of AIBDs were pemphigus vulgaris in 361 (80.9%) patients, pemphigus foliaceus in 38 (8.5%), bullous pemphigoid in 29 (6.5%), mucous membrane pemphigoid in 13 (2.9%), linear IgA disease in 2 (0.4%), epidermolysis bullosa acquisita in 2 (0.4%), and paraneoplastic pemphigus in 1 (0.2%). Of the patients, 334 (74.9%) were on systematic medications, mostly prednisolone (73.1%) at the time of vaccination. Twenty-nine patients (6.5%) were above minimal therapy (>10 mg/d prednisolone or equivalent). There were 184 (41.3%) patients who had a previous history of COVID-19 affection, of whom 118 (26.5%) had confirmed diagnosis of COVID-19 and 39 (8.7%) were hospitalized. Among these infections, 31 (6.9%) occurred within 3 months of the first vaccine injection, and the others were before that. The detailed data of clinical characteristics and vaccine-related information of the patients are depicted in Table 1.


TABLE 1. Clinical characteristics and vaccine-related data of patients with AIBDs.
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The three most common vaccine side effects were pain at the injection site in 221 (26%) vaccine shots, 139 (16.3%) fatigue, and 88 (10.3%) flu-like symptoms. Within 1 month of vaccinations, 17 (3.8%) patients were diagnosed as COVID-19. Of them, 14 (82.4%) were treated as outpatients, and the other 3 (17.6%) were administered remdesivir. A 56-year-old man who developed COVID-19 after the first vaccine dose, in the follow-up phone call, was reported to have passed away after hospitalization due to that infection. He was a known case of pemphigus vulgaris for 2 years with hypertension and diabetes. He was in partial remission on minimal therapy (prednisolone 5 mg) and received the first vaccine dose of Sinopharm (BBIBP-CorV); no vaccine-related side effects were reported, and the second dose was postponed for COVID-19 symptoms.

A total of 66 (14.8%) patients experienced post-vaccine disease exacerbation. Of those 401 patients who were either in remission or were controlled, 34 (8.5%) patients experienced minor, and 14 (3.5%) experienced major relapses. Among 40 patients who received the vaccine in the active phase of the disease, 18 (45%) patients reported disease worsening post-vaccination. There were also five patients who were diagnosed as AIBDs after the vaccination. Two of them reported occasional lesions before the vaccine, and the other three denied any history of skin diseases and were otherwise healthy. Of the 404 fully vaccinated patients, only 17 (4.2%) developed disease exacerbation after both vaccine shots. Figure 2 demonstrates the two patients who reported disease exacerbation after the SARS-CoV-2 vaccination.
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FIGURE 2. Clinical appearance of pemphigus vulgaris exacerbation in two patients vaccinated against SARS-CoV-2: a 39-year-old woman who experienced disease exacerbation 17 days after the first dose of Sinopharm vaccine (A,B); a 46-year-old man who experienced disease exacerbation 7 days after the second dose of COVIran Barekat vaccine (C,D).


According to multivariate analysis, every passing month from the last rituximab infusion increased the rate of disease exacerbation by 3 percent (95% CI, 1.01–1.05) (p = 0.03). Vaccination in those with a history of active disease in the past year had an OR of 2.11 (95% CI, 1.49–6.49) (p = 0.009) for exacerbation, with a number needed to harm of 10. Moreover, vaccine injection in the active phase of the disease escalated the risk of exacerbation with an OR of 8.9 (95% CI, 3.6–22.0) (p < 0.001), corresponding to the number needed to harm of 3; suggesting that for every three patients who receive the vaccine at the active phase of the disease one would experience disease exacerbation.

There was no significant difference in the exacerbation rate of AIBD subtypes (p > 0.05), as the recorded rates were 16.5% in pemphigus vulgaris, 10.5% in pemphigus foliaceus, 3.8% in bullous pemphigoid, 23.1% in mucous membrane pemphigoid, and none in the others. Due to the importance of disease exacerbation in AIBD subtypes, the detailed information of each is presented in Supplementary Table 1.

Other factors, including age, sex, vaccine type, disease duration, prednisolone dosage, previous COVID-19 infection, and having risk factors of relapse (comorbidity, major stress, medication reduction/cessation, infection), had no significant effect on post-vaccination disease exacerbation (Table 2).


TABLE 2. Univariate and multivariate analysis for the probable factors of post-vaccination disease exacerbation in patients with AIBDs.
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DISCUSSION

The current study assessed the effect of SARS-CoV-2 vaccination on AIBDs’ course in a large cohort of patients. Previous reports suggested exacerbation of AIBDs after tetanus and influenza vaccination (14–16). A similar phenomenon has been observed with regard to SARS-CoV-2 vaccine (6, 17). In a recent study, five patients with confirmed diagnosis of AIBDs were reported to develop disease exacerbation after the first COVID-19 vaccine. All patients had received mRNA vaccines at the remission phase of the disease, and only one experienced flare following the second dose (6). In another report, a patient with pemphigus vulgaris at remission on maintenance therapy with 5 mg/day of prednisone for 10 months presented new lesions after both doses of BNT162b2 vaccine. The exacerbations occurred 5 days after vaccine injections and were confirmed using histological and serological evaluation (17). Given the need for vaccination in AIBD patients, it is very important to have an estimate of post-vaccination disease exacerbation in a large population of patients.

Our results showed that only less than one-fifth of the AIBD patients experienced disease exacerbation post-SARS-CoV-2 vaccination. Moreover, there is no sufficient evidence to relate all the reported exacerbations to the vaccine with certainty, and some might be coincidental events. Therefore, while dermatologists encourage patients to be vaccinated against COVID-19, they should be aware of this possible event and inform their patients about it. It is noteworthy that exacerbation of the disease after the first dose does not preclude the administration of a second dose. According to our study, only a limited number of patients suffered from disease exacerbation after both vaccine shots, which is consistent with a previous report in this regard (6).

In addition to disease exacerbation, we detected five cases (three bullous pemphigoid and two pemphigus vulgaris) with a new diagnosis after vaccination. Numerous studies have reported similar cases induced by SARS-CoV-2 vaccination (7, 18–20). A recent review summarized demographic, clinical, and immunological characteristics of 35 case reports with new diagnoses following the COVID-19 vaccine. Of them, 26 were bullous pemphigoid, 6 pemphigus vulgaris, 2 linear IgA disease, and one pemphigus foliaceus. Contrary to the common epidemiology of AIBDs, they reported a female to male ratio of 1:1.7. The bullous lesions were presented after a median of 7 days (IQR: 3–14) following vaccine shots (21). In the largest case series of patients with SARS-CoV-2 vaccine-associated bullous pemphigoid, characteristics of 21 patients were compared to idiopathic disease. They reported similar clinical presentations, with a predominance of male patients. Immunopathological features were typical, but anti-BP230 autoantibody was remarkably reduced (22). It should be noted that some authors argue against the casualty relation between the SARS-CoV-2 vaccine and AIBDs as they recorded no increase in disease incidence in the year of vaccination (23).

The mechanisms triggering disease activity after vaccination are unclear, although both dysregulation of the immune system and molecular mimicry of vaccine adjuvants or antigens were previously suggested to play role in this regard. A recently published study has argued against the cross-reactivity relation between SARS-CoV-2 immunization and AIBDs. The authors in that study found that none of the 12 individuals with recent COVID-19 infection nor 12 individuals with SARS-CoV-2 immunization had any concomitant autoantibody of pemphigus or pemphigoid (24). Therefore, the role of the immune response following the SARS-CoV-2 vaccine would be highlighted. It is supposed that excessive generation of type I interferons and proinflammatory cytokine following vaccination would induce innate and adaptive immune cells proliferation (25). Triggering humoral immunity by regulatory T cells dysfunction in susceptible persons may contribute to autoantibody production in pemphigus and pemphigoid disorders (26). Cytotoxic T cell activation might also stimulate post-vaccination exacerbation of disease especially in pemphigoid group (27, 28). In addition, it is shown that SARS-CoV-2 vaccine is associated with complement dysregulation, which could be another reason for exacerbation of bullous pemphigoid and mucous membrane pemphigoid (29, 30).

In this study, patients who were vaccinated in the active phase of the disease were more prone to experience post-vaccine disease exacerbation with a number needed to harm of 3. Furthermore, disease exacerbation rate increased with a longer duration between the last rituximab infusion and vaccination. These findings can be important in the routine practice of dermatologists caring for patients with AIBDs, implying that it would be best to prescribe the COVID-19 vaccine when the patients are in the remission/controlled phase of the disease.

It has been shown that immunosuppressive drugs reduce the efficacy of SARS-CoV2 vaccines (31). Patients with immune-mediated skin conditions treated with immunosuppressants had low levels of serum anti-SARS-CoV-2 IgG antibodies, according to a recent study (32). The higher doses of corticosteroids in patients with active disease would attenuate the response to the vaccine. Therefore, vaccine administration in the remission/controlled phase of the disease would improve vaccine-induced immunity along with lowering the risk of disease exacerbation. This was previously suggested in the expert recommendations for the management of AIBDs during the COVID-19 pandemic, which can now be relied on with greater certainty (33). With regard to rituximab, the same group of experts suggested that vaccination should be completed more than 4 weeks prior to rituximab or 12–20 weeks after the last infusion. Although vaccination was found safe, vaccine efficacy, CD20-B cell count, and seroconversion rate were not studied in the present cohort; therefore, we cannot draw any conclusion regarding the optimal timing for obtaining the best efficacy.

The authors acknowledge the limitations of this study. It is important to mention that there might be multiple factors affecting AIBDs exacerbation. So, merely observing an exacerbation of the disease after vaccination cannot be concrete evidence for a probable association. Since the beginning of the COVID-19 pandemic, countries have been affected differently, and each has chosen a particular approach for prevention, vaccination, and treatment. Preexistence differences between countries may lead to variable results. Therefore, replicating the current study in further research from other regions would be crucial to reinforce the results.

Taking the following measures could further determine the effect of the SARS-CoV2 vaccine on disease exacerbation. First, performing laboratory assessments may help to elucidate the immunopathogenesis of this phenomenon, including different aspects of innate and adaptive immunity. Moreover, it could help detect patients who experience only serologic changes and minimal or no clinical findings after SARS-CoV2 vaccination. Second, a comparison of the exacerbation rates in vaccinated and unvaccinated patients during the same period with controlling other confounding factors would provide further information regarding the impact of SARS-CoV2 vaccines on the natural history of AIBDs. Despite these limitations, the message of this study regarding the low rate of exacerbation after SARS-CoV2 vaccines and identifying more susceptible individuals for this phenomenon can still be trusted.



CONCLUSION

Together, these findings suggest that there might be an association between SARS-CoV-2 vaccination and exacerbation of AIBDs. Active disease was especially concerning with a number needed to harm of 3. Still, the benefits of vaccination undoubtedly outweigh the potential risk of complications. Vaccination is therefore strictly recommended for patients with AIBDs, although preferably in the remission/controlled phase of the disease.
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Univariate Multivariate
OR (95% CI) P-value OR (95% CI) P-value

Age, years old 0998 (0.977-1.019) 0869
Sex (female vs. male) 1.017 (0.601-1.719) 0951
Types of AIBDs (vs. pemphigus vuigaris) Pemphigus 0.611(0.200-1.786) 0368

follaceus

Bullous pemphigoid 0208 (0.028-1.562) 0127

Mucous membrane 1.557 (0.416-5.831) 0511

pemphigoid
Disease duration until vaccination, months 1.000 (0.997-1.004) 0813
Active disease in the past year 2.025 (1.192-3.438) 0.009 3111 (1.490-6.496) 0.003
Previous COVID-19 experience 0961 (0.565-1.636) 0884
Duration from last RTX infusion, months 1.016 (1.002-1.031) 0.03 1.028 (1.011-1.045) 0.001
Risk factors of relapse® 0.640 (0.378-1.083) 0007
Bullous disease status at vaccination (active® vs. inactive®) 6017(3.012-12021)  <0.001 8904 (3.600-22022)  <0.001
Prechisolone dosage at vaccination?, mg 1.064 (1.018-1.112) 0.006
Vaccine type® AstraZenca 1.335 (0.527-3.381) 0542
(vs. Sinopharm)

COViran Barekat 2.337 (0.874-6.244) 0001

Others 1.780 (0.860-8.804) 0.479

“Comorbidty, major stress, medication reduction/cessation, infection.
bActive: relapse or newly diagnosed uncontrolled cases.
“lnactive: remission or controlled disease.

9 The variable of Precinisolone dosage at vaccination had obvious colinearity with Bullous disease status at vaccination.
°Sinopharm, BBIBP-CorV;: AstraZeneca, ChAJOx1 nCoV-19; COViran Barekat, BIV1-Coviran.

AIBDs, autoimmune bullous diseases; RTX, rituximab.
The bold values indicate the significant p-value of <0.05.
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Total population = 446

Age (years old), mean & SD 5024125

Types of AIBDs Pemphigus vulgaris 361 (80.9%)
Pemphigus foliaceus 38 (8.5%)
Bullous pemphigoid 29 (6.5%)
Mucous membrane pemphigoid 13 (2.9%)
Linear IgA disease 2(0.4%)
Epidermolysis builosa acquisita 2(0.4%)
Paraneoplastic pemphigus 1(02%)

Disease duration until vaccination (morths), median (QR)
Previous COVID-19 experience, n (%)

Bullous disease status at vaccination, n (%)

COVID-19 symptoms
Diagnosed with COVID-19
Hospitalized COVID-19

CR on minimal or off-therapy
PR on minimal or off-therapy

56.3 (31-109)
184 (41.3%)
118 (26.5%)

39 (8.7%)
219 (49.1%)
161 (36.1%)

Controlled 214.7%)
Relapse 29 (6.5%)
Uncontrolled new cases 1(25%)
Undiagnosed or healthy 5(1.1%)
Duration from last RTX infusion (months), median (QR) 21.4(103-33.3)
Disease severity at vaccination, median (range) PDAI score 0(0-22)
BPDAI score 0(0-20)
MMPDAI 0(0-17)
Mecication at vaccination, n (%) Prechnisolone, mg [dose, median (CR)] 326 (73.1%), [5 (3.75-8.75)]
Mycophenolate mofetil 17 3.8%)
Topical 40 (2.0%)
Other systemic 184.0%)

Other risk factors of relapse, n (%)

No medication
Comorbidity®

112 (25.1%)
234 (52.5%)

Major stress 65 (14.6%)
Medication reduction/cessation 1(25%)
Infection® 9 (2.0%)
Vaccination® First dose vaccination  Second dose vaccination
First vaccine type, n (%) Sinopharm 379 (85.9%) 348 (86.1%)
AstraZeneca 36 (8.0%) 28 (6.9%)
COViran Barekat 22 (4.9%) 20 (5.0%)
Other 9(2.0%) 8(2.0%)
Vaccine side effects, n (%) Pain at the injection site 129 (28.9%) 92 (22.8%)
Fatigue 82 (18.3%) 57 (14.1%)
Fever/chil, flu-like symptoms 56 (12.5%) 32(7.9%)
Headache 44 9.9%) 33 (8.2%)
Dizziness 10 @.2%) 4(1.0%)
Myalgia 38 8.5%) 25 (6.2%)
Gastrointestinal symptoms 9(2.0%) 10 (2.5%)
Cutaneous reactions 2(0.4%) 102%)
Anaphylactic shock 0(0%) 0(0%)
COVID infection after vaccination 10 @.2%) 7(1.7%)
Interventions for vaccine side effects, n (%) No medication 109 (49.3%) 75 (49.3%)
Over the counter drugs 110 (49.8%) 75 (49.3%)
Hospitalization 2(0.9%) 2(1.3%)
Disease exacerbation after vaccination”, n (%) Disease worserning 122.7%) 23(6.7%)
Minor relapse 1 (4.7%) 13 (3.2%)
Maior relapse 9(2.0%) 5(1.2%)
Total® 42 9.4%) 41(10.1%)
New diagnosis AIBD after vaccination, n (%) 3(0.7%) 2(05%)
Interval of vaccination to disease exacerbation (days), median (QR) 7@.7-12.5) 73-10)
Medication taken for post-vaccination disease activity, n (%) No altered medication 6 (14.3%) 40.7%)
Topical 8(19.0%) 5(12.1%)
Increase medication dosage 34(80.9%) 35 (85.4%)
New medication (other than RTX) 4(9.5%) 1@2.4%)
ATX 5(11.9%) 19 (46.4%)'

Recorded comorbidities were as follows: hyperlpidemia = 104, hypertension = 95, diabetes = 95, hypothyroicism = 40, cardiovascular diseases = 43, pulmonary
diseases = 9, hepatic diseases = 8, renal diseases = 6, other autoimmune diseases = 5, hyperthyroidism =4, and cancer = 3.

Recorded infections were as follows: five COVID-19, two urinary tract infections, one pneumonia, and one herpes zoster.

°Sinopharm, BBIBP-CorV; AstraZeneca, ChAJOx1 nCoV-19; COViran Barekat, BIV1-Coviran.

IDisease exacerbation after vaccination was categorized as disease worsening (10-point increase in PDAVBPDAVMMPDAY), minor relapse (< 20 lesions on < 3 body
sectors), and mejor relapse (2 20 lesions on > 3 body sectors).

*Seventeen patients with disease exacerbation after first vaccine shot experienced disease worsening after second vaccine as well. Nine patients with minor relapse,
three patients with major relapse, and five patients with disease worsening after the first vaccine experienced disease worsening after the second dose.

"Nine patients were RTX candidates prior to vaccination due to uncontrolled dissase.

AIBDs, autoimmune bullous diseases; SD, standard deviation; IR, interquartiee range; CR, complete remission; PR, partial remission; PDAI, Pemphigus Disease Area
Index; RTX, rituximab; BPDAI, Bullous Pemphigoid Disease Area Index; MMPDAI, Mucous Membrane Pemphigoid Disease Area Index.
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