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Abstract

Background: Although an increasing number of cases of new-onset pemphigus have
been reported following drug exposure or vaccination, the available evidence remains
fragmented and distinguishing true trigger-associated disease from coincidental onset
continues to represent a major clinical challenge. We performed a systematic review to
evaluate the available evidence on drug- and vaccine-associated new-onset pemphigus
and to compare their clinical characteristics, management, and outcomes. Methods: This
systematic review was conducted according to the PRISMA 2020 statement and prospec-
tively registered in PROSPERO (CRD420261307622). PubMed was searched from database
inception to 30 April 2026. Studies reporting individual patients with new-onset pemphigus
temporally associated with drug exposure or vaccination were included. Demographic, clin-
ical, immunopathological, therapeutic, and outcome data were extracted and synthesized
descriptively because of the anticipated heterogeneity of the available evidence. Results:
A total of 20 drug-associated and 26 vaccine-associated cases identified from primary
reports were included in the descriptive synthesis. Drug-associated cases demonstrated
marked heterogeneity in the implicated agents, broader clinical variability, and a longer
median latency, with frequent clinical improvement following withdrawal of the suspected
drug when reported. In contrast, vaccine-associated cases occurred predominantly after
SARS-CoV-2 vaccination, displayed a substantially shorter latency, and were mainly rep-
resented by pemphigus vulgaris and pemphigus foliaceus. Across both groups, systemic
corticosteroids constituted the mainstay of treatment, with generally favorable outcomes
among patients with available follow-up. However, the available evidence consisted al-
most exclusively of case reports and small case series, precluding reliable assessment of
incidence or causality. Conclusions: Current evidence suggests that drugs and vaccines
may act as potential triggers of new-onset pemphigus in susceptible individuals; however,
the strength of evidence differs substantially between the two settings. Drug-associated
cases generally provide more convincing clinical support for a trigger-related mechanism,
whereas vaccine-associated cases require more cautious interpretation because temporal
association alone cannot establish causality. Standardized case reporting, prospective
pharmacovigilance, and mechanistic studies are needed to strengthen causal inference and
improve the recognition and management of trigger-associated pemphigus.
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1. Introduction

Pemphigus is a group of rare, potentially life-threatening autoimmune blistering
diseases characterized by the production of pathogenic autoantibodies directed against
desmosomal adhesion molecules, primarily desmoglein 1 (Dsgl) and desmoglein 3 (Dsg3).
Clinically, pemphigus encompasses a spectrum of entities, including pemphigus vulgaris
(PV), superficial pemphigus, and less common variants such as pemphigus vegetans, IgA
pemphigus, and pemphigus herpetiformis, with manifestations ranging from mucosal
erosions to widespread cutaneous blistering and erosions. The diagnosis of pemphigus is
suspected based on clinical manifestations and confirmed by histopathological examination,
direct immunofluorescence, and the detection of tissue-bound and circulating autoantibod-
ies against desmosomal antigens. Despite substantial advances in diagnostic techniques
and therapeutic strategies, pemphigus remains associated with significant morbidity, and
its pathogenesis is not yet fully understood [1-3].

In addition to idiopathic forms, an increasing body of evidence supports the role of
external triggers in the development of pemphigus, particularly drugs and, more recently,
vaccines. Drug-associated pemphigus has been recognized for decades and has been
associated with a wide range of pharmacological agents, including thiol-containing drugs,
angiotensin-converting enzyme inhibitors, antibiotics, and biologic or targeted therapies.
These forms may present with clinical and immunopathological features overlapping
those of idiopathic pemphigus, although variability in latency, severity, and response to
treatment has been reported. The expanding spectrum of implicated agents highlights
that trigger-associated pemphigus encompasses diverse pharmacological classes and novel
immunomodulatory therapies [4-8].

More recently, the widespread administration of vaccines, particularly in the context
of the COVID-19 pandemic, has been accompanied by an increasing number of reports
describing new-onset pemphigus following vaccination. Proposed mechanisms include im-
mune system activation, molecular mimicry, and bystander activation, although a definitive
causal relationship remains difficult to establish. The clinical spectrum of vaccine-associated
pemphigus appears heterogeneous, and the currently available evidence is largely limited
to case reports, small case series, and systematic reviews of published cases [7,9].

A key challenge in both drug- and vaccine-associated pemphigus lies in distinguishing
true trigger-induced disease from coincidental onset, given the rarity of the condition and
the widespread exposure to medications and vaccines in the general population [4,7,9].

To date, no comprehensive and updated systematic review has specifically focused
on new-onset pemphigus associated with both drugs and vaccines, with particular em-
phasis on demographic characteristics, triggering agents, latency, clinical presentation,
management, and outcomes. Given the increasing use of biologic and targeted therapies,
together with the global implementation of vaccination programs, an updated synthesis of
the available evidence is warranted to improve recognition of potential trigger-associated
pemphigus and to better inform clinical decision-making [5,9].

The primary objective of this systematic review was to analyze the available evi-
dence on new-onset pemphigus associated with drugs and vaccines, focusing on demo-
graphic characteristics, triggering agents, latency, clinical presentation, treatment strategies,
and outcomes. The secondary objective was to explore clinical and temporal patterns
that may support a causal relationship between exposure and disease onset and to pro-
vide a comprehensive overview of the available evidence to facilitate clinical recognition
and management.
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2. Materials and Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [10]. The
review protocol was prospectively registered in the International Prospective Register of
Systematic Reviews (PROSPERO) (registration number: CRD420261307622).

The review aimed to identify and synthesize all available evidence regarding new-
onset pemphigus occurring after exposure to drugs or vaccines. Eligible studies included
patients of any age with a diagnosis of pemphigus temporally associated with a pharmaco-
logical agent or vaccination. The diagnosis of pemphigus was required to be supported by
clinical, histopathological, and/or immunological findings according to current interna-
tional recommendations [1]. All pemphigus subtypes were considered eligible, including
pemphigus vulgaris, pemphigus foliaceus, pemphigus vegetans, pemphigus herpetiformis,
IgA pemphigus, and other less common variants.

Case reports, case series, retrospective and prospective observational studies, and
cohort studies were eligible for inclusion. Reviews, editorials, commentaries, conference
abstracts without full text, studies lacking sufficient patient-level information, duplicate
publications, and non-human studies were excluded.

A systematic literature search was performed on PubMed/MEDLINE from incep-
tion to 30 April 2026 to identify published case reports of drug- and vaccine-associated
pemphigus. The search strategies executed in PubMed/MEDLINE were structured as
follows: Drug-associated search string: ((Pemphigus) OR (pemphigus vulgaris)) AND
((Drug-induced) OR (drug induced) OR (iatrogenic) OR (drug-related)). Vaccine-associated
search string: ((Pemphigus) OR (pemphigus vulgaris)) AND ((Vaccine) OR (vaccination)).

The electronic database search was supplemented by manual screening of reference
lists from retrieved primary reports and relevant literature reviews to identify additional
eligible cases. The systematic literature search was restricted to PubMed /MEDLINE and to
English-language publications.

All retrieved records were imported into a reference management software, and
duplicate records were removed prior to screening. Two investigators (G.P. and E.B.)
independently screened titles and abstracts to identify potentially eligible studies. Full texts
of selected articles were subsequently reviewed for inclusion. Any disagreements were
resolved through discussion and consensus, with arbitration by a third senior investigator
(G.G.) when necessary. This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement [10]; the completed PRISMA 2020 checklist is provided in the Supplementary
Materials (Supplementary File S1).

Data extraction was independently performed by G.P. and EB. using a standardized
data collection form. Extracted variables included study characteristics (authors, year of
publication, country, and study design), demographic data (age and sex), characteristics
of the suspected trigger (drug, drug class, vaccine type, and latency period), clinical
presentation (cutaneous, mucosal, or mucocutaneous involvement), pemphigus subtype,
histopathological and immunological findings, treatment strategies, withdrawal of the
suspected causative agent when applicable, clinical outcomes, time to resolution, and
disease recurrence when reported. (Figure 1).

The methodological quality of the 42 included primary publications (describing a
total of 46 patients: 20 drug-associated and 26 vaccine-associated) was evaluated using
the standardized Joanna Briggs Institute (JBI) critical appraisal checklist for case reports
at the study level (N = 42). Diagnostic tests and results (Q4) were clearly described
in 100% of the included studies. Because the included case series consisted of small
aggregations of individual case descriptions (1-3 patients per article) without group-level

https://doi.org/10.3390/vaccines14090828


https://doi.org/10.3390/vaccines14090828

Vaccines 2026, 14, 828 40f 13

statistical aggregation, the JBI 8-item checklist for case reports was applied uniformly
across all publications to evaluate reporting completeness. Overall, the primary literature
demonstrated high completeness of reporting across key clinical and diagnostic domains
(Table 1). Demographic details (Q1) and clinical presentations (Q3) were provided in 95.2%
and 97.6% of studies, respectively. Minor reporting gaps were restricted to variable detail
regarding adverse events or alternative potential triggers (Q7, 78.6%). Overall, 90.5% of
published reports fulfilled at least 7 of the 8 appraisal criteria, reflecting good reporting
completeness in the analyzed primary literature; however, high reporting quality in case
reports reflects descriptive thoroughness rather than low risk of bias for causal inference.
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Figure 1. PRISMA flow diagram showing study selection process.

Table 1. Overall methodological quality assessment of included primary case reports using the Joanna
Briggs Institute (JBI) critical appraisal checklist (N = 42 published studies).

JBI Critical Appraisal Domain Yes (11, %) No (n, %) Unclear (n, %) Compliance Level
Q1. Patient demographic characteristics o o o .
clearly described 40 (95.2%) 0 (0.0%) 2 (4.8%) High

Q2. Patient history clearly presented as

S elin 38 (90.5%) 1(2.4%) 3(7.1%) High
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Table 1. Cont.

JBI Critical Appraisal Domain Yes (1, %) No (n, %) Unclear (n, %) Compliance Level
Sﬁaff; rent clinical condition 4197.6%)  0(0.0%) 1(2.4%) High
%ﬁffe“sﬁgef“s and results 4(100.0%)  0(0.0%) 0 (0.0%) Optimal

3;3‘; ervention/ treatment procedure 39.(929%)  1(24%) 2 (4.8%) High
g;g}c:sé—ei:ﬁ;edntion clinical outcome 37 (88.1%) 2 (4.8%) 3(7.1%) High

Q7. Adverse events or unanticipated 33 (78.6%)  4(9.5%) 5 (11.9%) Moderate

Q8. Case report provides clear 41 (97.6%) 0 (0.0%) 1(2.4%) High

takeaway lessons

3. Drug-Associated Pemphigus

A total of 20 patients with new-onset drug-associated pemphigus were identified
from primary case reports and small case series and were included in the descriptive
synthesis. A previously published systematic review summarized 170 cases of drug-
associated pemphigus [5]; however, these cases were not included in the present descriptive
synthesis because the review represented a secondary source and individual primary
reports could not be systematically distinguished from or analyzed alongside the primary
studies identified by our search. The previous systematic review was therefore considered
only as contextual evidence and discussed separately.

Sex was reported for 15/20 patients (75.0%), with 9 males (60.0%) and 6 females
(40.0%), corresponding to a male-to-female ratio of 1.5:1. Age at onset was available for
16/20 patients (80.0%), ranging from 5 to 73 years, with a mean age of 55.4 years (SD 17.7)
and a median of 60 years (interquartile range [IQR] 50.5-68.3).

Information on the implicated drug was available for all patients. The most frequently
reported trigger was secukinumab, observed in 3/20 patients (15.0%). All other drugs were
reported in single cases (1/20, 5.0% each), including nivolumab, tislelizumab, gefitinib,
lenvatinib, liraglutide, linagliptin, lisinopril, ethambutol, piperacillin-tazobactam and/or
linezolid, imiquimod, sodium valproate, Leucogen, and ibuprofen.

When grouped by pharmacological class, immune-modulating and oncologic ther-
apies accounted for the largest proportion of cases (7/20 patients, 35.0%), followed by
cardiometabolic agents (3/20, 15.0%) and anti-infective agents (2/20, 10.0%), while the
remaining cases were distributed across heterogeneous drug classes.

Time to onset was reported in 11/20 patients (55.0%), ranging from 10 to 365 days,
with a mean latency of 79.8 days (SD 104.8) and a median of 42 days (IQR 21-75).

Data on clinical involvement were available for 12/20 patients (60.0%). Among these,
cutaneous-only involvement was observed in 7/12 patients (58.3%), whereas mucocuta-
neous involvement was reported in 5/12 patients (41.7%). No cases of isolated mucosal
involvement were reported.

Pemphigus subtype was specified in 15/20 patients (75.0%). The most frequent pheno-
type was pemphigus vulgaris and related variants, observed in 5/15 patients (33.3%). Other
subtypes included pemphigus herpetiformis in 2/15 patients (13.3%), and pemphigus veg-
etans in 2/15 (13.3%), both variants of pemphigus vulgaris. Less frequently reported were
superficial variants (4/15, 26.7%), including pemphigus erythematosus (n = 2), pemphigus
foliaceus (n = 1), and unspecified superficial pemphigus (n = 1).
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Histopathological confirmation by skin biopsy was reported in all included cases, sup-
porting the diagnosis of pemphigus. Immunological findings were inconsistently reported;
when available, circulating autoantibodies against Dsgl and/or Dsg3 were detected.

Treatment data were available for 13/20 patients (65.0%). Discontinuation of the
suspected causative drug was reported in 11/13 patients (84.6%). Systemic corticosteroids
were administered in 9/13 patients (69.2%), while topical corticosteroids were used in
5/13 patients (38.5%). Additional immunosuppressive or immunomodulatory therapies
were reported in 4/13 patients (30.8%).

Outcome data were available for 10/20 patients (50.0%). Complete remission (CR)
was achieved in 5/10 patients (50.0%), whereas partial remission (PR) was reported in the
remaining 5/10 patients (50.0%), with no documented non-responders. Among patients
in whom discontinuation of the suspected drug was described, clinical improvement was
observed in the majority of cases.

A temporal relationship between drug exposure and disease onset was reported,
and clinical improvement following drug withdrawal was observed in several pa-
tients with available follow-up; however, these observations alone do not establish a
causal relationship.

Data regarding time to clinical resolution and relapse were inconsistently reported
and were therefore not suitable for quantitative analysis.

4. Vaccine-Associated Pemphigus

A total of 26 patients with new-onset vaccine-associated pemphigus were identified
across 22 primary reports. One systematic review summarized 59 cases of pemphigus
following SARS-CoV-2 vaccination, including 46/59 new-onset cases (78.0%) [7]; however,
this study was not pooled with the individual cases because it included both new-onset
and relapsing disease and because of potential overlap with the primary reports.

Sex was reported for all 26 patients, with 15 females (57.7%) and 11 males (42.3%),
corresponding to a female-to-male ratio of approximately 1.4:1. Age was available for all
patients, ranging from 11 to 89 years, with a mean age of 50.2 years and a median age of
48.5 years (interquartile range [IQR] 37.0-64.8).

Information on the vaccine involved was available for all patients. COVID-19 vaccines
accounted for 19/26 cases (73.1%), while non-COVID-19 vaccines were implicated in
7/26 cases (26.9%). Among COVID-19 vaccine-associated cases, mRNA vaccines were
reported in 9/19 patients (47.4%), adenoviral vector vaccines in 3/19 patients (15.8%), and
inactivated vaccines in 1/19 patient (5.3%). In the remaining 6/19 COVID-19 vaccine-
associated cases (31.6%), the specific vaccine platform was not reported. Non-COVID-19
vaccines included diphtheria-tetanus-pertussis, tetanus-diphtheria, hepatitis B, rabies,
anthrax, and influenza.

Time to onset was reported in 18/26 patients (69.2%), ranging from 1 to 60 days, with
a mean latency of 17.3 days and a median latency of 10 days (IQR 7.0-20.8).

Data on clinical involvement were available for 20/26 patients (76.9%). Mucocuta-
neous involvement was observed in 10/20 patients (50.0%), cutaneous-only involvement
in 7/20 patients (35.0%), and isolated mucosal involvement in 3/20 patients (15.0%).

Pemphigus subtype was reported for all 26 patients. Pemphigus vulgaris was the most
frequent phenotype, observed in 13/26 patients (50.0%), followed by pemphigus foliaceus
in 9/26 patients (34.6%), pemphigus vegetans in 2/26 patients (7.7%), and IgA pemphigus
in 1/26 patient (3.8%). One case was reported as unspecified pemphigus (1/26, 3.8%).

Histopathological confirmation by skin biopsy was detailed in all the included cases,
supporting the diagnosis of pemphigus.
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Treatment data were available for 20/26 patients (76.9%). Systemic corticosteroids
were administered in 18/20 patients (90.0%), either alone or in combination with other
therapies. Topical corticosteroids or other topical treatments were used in 8/20 patients
(40.0%). Additional systemic therapies included azathioprine in 5/20 patients (25.0%),
rituximab in 4/20 patients (20.0%), intravenous immunoglobulins in 2/20 patients (10.0%),
and methotrexate, mycophenolate mofetil, cyclosporine, or intramuscular triamcinolone in
single cases. One patient was managed without systemic treatment.

Outcome data were available for 19/26 patients (73.1%). Partial remission was re-
ported in 12/19 patients (63.2%), whereas complete remission was achieved in 7/19 patients
(36.8%). No cases of non-response were documented among patients with available out-
come data. Time to clinical resolution was reported in 10/26 patients (38.5%), ranging from
7 days to 6 months, with a median time to resolution of approximately 2 months.

A temporal association between vaccination and pemphigus onset was documented
in the reported new-onset cases; however, causal attribution remains inherently uncertain
given the lack of re-challenge and inability to evaluate de-challenge in the vaccine setting.

5. Discussion

This systematic review provides an updated synthesis of the available evidence on
new-onset pemphigus temporally associated with drug exposure or vaccination. Overall,
our findings suggest that both medications and vaccines may act as potential triggers of
pemphigus in susceptible individuals; however, the current body of evidence remains
largely based on isolated case reports and small case series, precluding definitive conclu-
sions regarding causality [1,2,11]. Beyond the descriptive findings, our analysis highlights
distinct clinical patterns between drug- and vaccine-associated cases. Drug-associated
pemphigus was characterized by greater etiological heterogeneity, a longer latency, and
frequent clinical improvement following withdrawal of the suspected agent, whereas
vaccine-associated cases showed a shorter latency and were predominantly represented
by pemphigus vulgaris and pemphigus foliaceus. These observations suggest that dif-
ferent immune perturbations may converge toward a common autoimmune phenotype
in predisposed individuals, although the underlying mechanisms remain incompletely
understood [3-7,12,13].

These differences should be interpreted as descriptive patterns rather than formal
between-group comparisons, given the small number of primary cases, heterogeneity of
reporting, and absence of comparative observational studies [10].

Pemphigus is a prototypical antibody-mediated autoimmune blistering disease
in which pathogenic IgG autoantibodies target the desmosomal adhesion molecules
desmoglein 3 (Dsg3) and desmoglein 1 (Dsgl), ultimately leading to loss of keratinocyte
adhesion and intraepidermal blister formation [2,12,13]. Although idiopathic pemphigus is
thought to arise from a complex interplay between genetic susceptibility (such as specific
HLA class II alleles) and environmental factors, the identification of external triggers re-
mains of considerable clinical interest [14-16]. This suggests that diverse exogenous stimuli,
including various pharmacological agents and vaccines, may converge toward a common
pathogenic pathway in susceptible individuals [8,12,13,17,18].

The mechanisms by which these exposures contribute to disease onset are likely multi-
factorial and only partially understood [3,4,19]. Proposed pathways include disruption of
central and peripheral immune tolerance, nonspecific immune activation, epitope spread-
ing, molecular mimicry, bystander activation, and dysregulation of autoreactive B- and
T-cell responses [19-22]. In drug-associated pemphigus, both direct biochemical effects on
keratinocyte adhesion and indirect immunomodulatory mechanisms have been proposed,
depending on the pharmacological class involved [4,5,23]. In contrast, vaccine-associated
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cases are thought to reflect a transient activation of innate and adaptive immune responses
capable of amplifying pre-existing autoreactivity rather than inducing de novo autoim-
munity [7,9,21]. However, these hypotheses remain largely speculative, as mechanistic
studies specifically addressing trigger-associated pemphigus are scarce and most published
evidence relies on temporal associations rather than biological proof of causality [7,9,22].

Rather than representing distinct nosological entities, drug- and vaccine-associated
pemphigus are more likely to reflect clinical scenarios in which an external immune per-
turbation unmasks clinically silent autoimmunity in genetically predisposed individu-
als [2,14,24]. This interpretation is consistent with the exceptional rarity of reported cases
despite the widespread use of the implicated drugs and the global implementation of
vaccination programs, suggesting that host-related susceptibility factors are likely to play
a far greater role than the triggering exposure itself [2,19,25]. Future mechanistic studies
integrating genetic background, autoantibody profiling, and longitudinal immune monitor-
ing will be essential to clarify why only a small subset of exposed individuals ultimately
develops disease [13,19,26].

Historically, drug-induced pemphigus has been predominantly associated with thiol-
containing compounds, particularly D-penicillamine, as well as other agents including
angiotensin-converting enzyme inhibitors, antibiotics, and pyrazolone derivatives [4-6,23].
However, the contemporary cases identified in our review illustrate a clear evolution in the
spectrum of implicated medications [4,5]. Inmune-modulating and oncologic therapies,
including immune checkpoint inhibitors (e.g., anti-PD-1/PD-L1 agents), biologic thera-
pies, and targeted therapies, accounted for a substantial proportion of recently reported
cases [14,15,27-30]. This trend likely reflects not only the expanding clinical use of these
agents but also their intrinsic capacity to perturb immune homeostasis [27,28]. By enhanc-
ing immune activation, interfering with peripheral tolerance, or selectively modulating
inflammatory pathways, these therapies may facilitate the emergence of autoreactive B- and
T-cell responses, thereby unmasking latent autoimmunity or promoting the development
of de novo autoimmune blistering disease [28-31].

The marked heterogeneity observed among drug-associated cases further supports the
concept that trigger-associated pemphigus is unlikely to arise through a single pathogenic
mechanism [4,5,23]. The implicated medications belonged to diverse pharmacological
classes, latency varied considerably, and multiple clinical phenotypes were observed,
suggesting that different immunological pathways may converge toward a common clinical
endpoint [4,23,27]. For classical thiol-containing drugs, direct biochemical interactions with
keratinocyte adhesion molecules have long been proposed, whereas newer biologic and
targeted therapies are more likely to induce disease through immune dysregulation and
loss of self-tolerance [5,23,28]. Accordingly, the median latency of approximately six weeks
observed in our analysis is more consistent with a progressive breakdown of immune
tolerance than with an immediate hypersensitivity reaction [27,29,32].

An additional observation supporting a potential pathogenic role of drugs is the
frequent clinical improvement following withdrawal of the suspected agent, which was
documented in most patients with available follow-up [5,23]. Nevertheless, this finding
should be interpreted cautiously, as concomitant immunosuppressive therapy, the absence
of rechallenge in nearly all published cases, the possibility of spontaneous fluctuations in
disease activity, and publication bias substantially limit causal inference [5,6,32,33]. Conse-
quently, although the available evidence is compatible with a drug-triggered mechanism in
many patients, a definitive cause-and-effect relationship cannot be established on the basis
of the currently available literature [5,27,32,33].

Vaccine-associated cases displayed a distinct clinical profile compared with drug-
associated pemphigus [7,9]. Most reports followed SARS-CoV-2 vaccination, an observa-
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tion that is unsurprising given the unprecedented scale of global COVID-19 vaccination
campaigns and the heightened pharmacovigilance efforts implemented during the pan-
demic [7,9,34]. However, pemphigus has also been reported following several non-COVID
vaccines, including hepatitis B, influenza, tetanus-containing, rabies, and anthrax vac-
cines indicating that the phenomenon is not restricted to a single vaccine platform or
immunization strategy [7,9,21,35].

The shorter median latency observed after vaccination (approximately 10 days in our
cohort) may be more consistent with rapid activation of pre-existing autoreactive immune
pathways than with the de novo generation of pathogenic anti-desmoglein autoimmu-
nity [7,21,36]. This interpretation appears particularly plausible in genetically predisposed
individuals or in patients harboring subclinical autoreactivity prior to vaccination [14,21].
Vaccination induces a coordinated activation of innate and adaptive immune responses,
and, in susceptible individuals, this transient immune stimulation could theoretically lower
the threshold for clinically overt autoimmunity [21,34,36]. Proposed mechanisms include
bystander activation, molecular mimicry, epitope spreading, polyclonal lymphocyte activa-
tion, and innate immune stimulation mediated by vaccine adjuvants or platform-specific
immune responses [20-22,36]. In the context of pemphigus, these mechanisms might
promote the expansion of pre-existing autoreactive lymphocyte populations and enhance
the production of pathogenic anti-Dsgl and/or anti-Dsg3 antibodies, thereby unmasking
previously silent disease [7,9,21]. The relatively short latency observed in our cases may
therefore support an “unmasking” hypothesis rather than the generation of an entirely
new autoimmune response [9,21,36]. These observed differences in latency should be inter-
preted strictly as hypothesis-generating, as they may be influenced by reporting practices,
distinct exposure timelines, and missing data in primary reports. Nevertheless, direct
mechanistic evidence supporting these hypotheses in pemphigus remains limited [7,9].
Most published reports lack baseline serological data, longitudinal assessment of anti-
desmoglein autoantibody titers, HLA characterization, or detailed immunophenotyping,
thereby precluding definitive conclusions regarding pathogenesis [7,9,26].

The potential relationship between SARS-CoV-2 vaccination and pemphigus should
also be considered within the broader context of post-vaccination autoimmune phenom-
ena[21,34,37]. A spectrum of new-onset autoimmune and immune-mediated conditions has
been reported in temporal association with COVID-19 vaccination, involving neurological,
hematological, rheumatological, endocrine, and dermatological manifestations [21,37,38].
These observations have raised the hypothesis that the intense but transient activation of
innate and adaptive immunity following vaccination may, in rare susceptible individuals,
facilitate the emergence or unmasking of clinically overt autoimmunity [21,36,37]. In this
context, pemphigus may represent one of several uncommon autoimmune manifestations
reported after vaccination rather than a phenomenon unique to desmosomal autoimmu-
nity [7,21,38]. Importantly, however, the accumulation of temporally associated reports
does not establish a generalized propensity of SARS-CoV-2 vaccines to cause autoimmune
disease, and these observations should primarily be interpreted as supporting biological
plausibility and the need for continued pharmacovigilance rather than causality [21,34,39].

An additional consideration is the substantial influence of reporting and surveil-
lance bias [34,39]. The introduction of novel vaccines, particularly during the COVID-19
pandemic, was accompanied by unprecedented pharmacovigilance and a heightened
propensity to publish rare temporal associations [34,39]. Consequently, the growing num-
ber of published cases should not be interpreted as evidence of an increased biological
propensity of vaccines to induce pemphigus [21,39]. Given the exceptional rarity of the
disease relative to the billions of vaccine doses administered worldwide, coincidental onset
remains a plausible explanation for at least a proportion of reported cases [39,40]. Overall,
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our findings support the possibility that vaccination may act as a trigger in selected pre-
disposed individuals but do not support a generalized causal relationship or modify the
well-established favorable benefit-risk profile of vaccination [7,9,21,39].

The comparison between drug- and vaccine-associated pemphigus represents one
of the most clinically relevant findings of the present review [4,5,7,9]. Although both
entities share substantial overlap in clinical presentation and therapeutic management,
important differences emerged regarding the characteristics of the triggering exposure and
the strength of evidence supporting a causal association [4,7,32]. Drug-associated cases were
characterized by greater heterogeneity in the implicated agents, broader clinical variability,
and a longer latency between exposure and disease onset [4,5,27]. In contrast, vaccine-
associated cases displayed a shorter latency, were predominantly reported following SARS-
CoV-2 vaccination, and were generally managed with conventional pemphigus-directed
therapies [7,9,21]. These distinct temporal patterns may reflect different immunological
mechanisms ultimately converging toward a common autoimmune phenotype [4,7,19,21].

From a causality perspective, drug-associated cases generally provide stronger clinical
evidence for a trigger-related mechanism because several elements of causality assessment—
including compatible latency, biological plausibility, and, most importantly, clinical im-
provement following withdrawal of the suspected agent—can be evaluated [5,32,33]. Al-
gorithms such as the Naranjo adverse drug reaction probability scale or the World Health
Organization-Uppsala Monitoring Centre (WHO-UMC) system provide structured criteria
for drug causality [33,41]. In contrast, the interpretation of vaccine-associated cases is
inherently more challenging because de-challenge is usually not applicable, rechallenge
is rarely performed for ethical reasons, and temporal association alone cannot reliably
distinguish true trigger-induced disease from coincidental onset [32,39,42]. Consequently,
the level of evidence supporting individual trigger-associated cases should be considered
heterogeneous rather than uniform, underscoring the need for standardized approaches to
causality assessment and cautious interpretation of published reports [5,7,32,42].

From a practical perspective, clinicians should routinely investigate recent medication
exposure and vaccination history in all patients presenting with newly diagnosed pemphi-
gus, particularly when disease onset follows the introduction of an immune-modulating
therapy or occurs within a temporally compatible interval after vaccination [1,4,7]. Never-
theless, attribution of causality should always rely on a comprehensive clinical assessment
integrating temporal relationship, biological plausibility, exclusion of alternative explana-
tions, disease evolution, and, whenever applicable, response to withdrawal of the suspected
drug [32,33,41]. In suspected drug-associated cases, discontinuation or substitution of the
offending agent should be considered whenever clinically feasible and undertaken in col-
laboration with the treating physician [4,5,27]. Conversely, decisions regarding subsequent
vaccine doses should be individualized according to disease severity, risk of relapse, patient
comorbidities, and the expected benefits of continued immunization, recognizing that the
currently available evidence does not support withholding vaccination in the absence of a
compelling clinical indication [1,7,21,39].

This review also highlights several important limitations of the currently available lit-
erature [1,10]. First, the systematic search relied primarily on PubMed/MEDLINE and was
restricted to English-language publications, which may have inadvertently omitted some
relevant cases indexed in other regional databases or non-English journals. Most published
evidence consists of isolated case reports and small case series, with substantial hetero-
geneity in case definition, diagnostic work-up, immunological characterization, therapeutic
management, and duration of follow-up [5,7,10]. Reporting of key variables—including la-
tency, desmoglein antibody profile, direct and indirect immunofluorescence findings, treat-
ment response, and long-term outcome—was frequently incomplete, limiting meaningful
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comparisons across studies [5,7]. Moreover, few reports provided sufficient information to
permit a structured assessment of causality, while rechallenge data were almost universally
unavailable and de-challenge could only be evaluated in drug-associated cases [32,33,41].
Collectively, these limitations substantially reduce the strength of the available evidence
and preclude reliable estimates of incidence, relative risk, or attributable risk [10,39,40].
In addition, publication and reporting bias are likely to have influenced the published
literature, as unusual, severe, or temporally compelling cases are inherently more likely
to be reported than mild or clinically unremarkable presentations [34,39]. Finally, despite
careful screening, overlap between primary reports and previously published system-
atic reviews, particularly in the setting of SARS-CoV-2 vaccination, cannot be completely
excluded [7,9,10].

Future research should move beyond the publication of isolated case reports and
prioritize standardized reporting of trigger-associated pemphigus [7,10,26]. At a minimum,
future publications should systematically document the timing of exposure, the specific
drug or vaccine administered, dose and treatment duration where applicable, clinical
phenotype, histopathological findings, direct and indirect immunofluorescence results, anti-
Dsgl and anti-Dsg3 antibody titers, therapeutic interventions, clinical course, and long-term
follow-up [1,12,26]. Furthermore, multicenter registries, prospective pharmacovigilance
studies, and large observational cohorts will be essential to determine whether individual
drugs or vaccines truly increase the risk of pemphigus beyond the expected background
incidence [39,40,42]. Parallel mechanistic investigations integrating HLA background,
autoantibody profiling, B-cell and T-cell phenotyping, and longitudinal immune monitoring
may ultimately clarify why only a very small subset of exposed individuals develops
disease despite the widespread use of the implicated agents [14,19,26].

While drug-associated cases often provide stronger clinical evidence through com-
patible latency and improvement following withdrawal of the suspected agent, interpre-
tation of vaccine-associated cases requires greater caution because de-challenge is gen-
erally not feasible and temporal associations are expected in the context of widespread
population-wide immunization [32,39,41,42]. These findings highlight the importance of
clinical vigilance among dermatologists and primary care physicians rather than restricting
vaccination [21,39,40]. Clinicians should remain aware of potential temporal associations
to ensure prompt diagnostic recognition and management should cutaneous symptoms
arise following immunization [21,39,40,42]. Such balanced communication may be particu-
larly relevant in individuals with a previous history of autoimmune blistering disease and
may facilitate prompt recognition of new mucocutaneous manifestations occurring after
vaccination [1,7,21].

6. Conclusions

This systematic review delineates the reported clinical spectrum of new-onset pem-
phigus temporally associated with pharmacological agents and vaccines. Drug-associated
cases demonstrate substantial etiological diversity, longer median latency, and frequent
clinical improvement upon drug withdrawal. In contrast, vaccine-associated cases present
with a shorter median latency—predominantly following SARS-CoV-2 immunization—a
descriptive pattern that may reflect transient immune unmasking in predisposed hosts.
Given that population denominators are unavailable from case reports, these temporal
associations remain descriptive. Clinicians should routinely investigate recent exposures in
newly diagnosed patients, while standardized prospective registries are needed to further
clarify these associations.

https://doi.org/10.3390/vaccines14090828


https://doi.org/10.3390/vaccines14090828

Vaccines 2026, 14, 828 12 of 13

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines14090828/s1, File S1: PRISMA 2020 checklist.

Author Contributions: Conceptualization, G.P. and E.B.; methodology, G.P. and EB.; software,
G.P. and E.B,; validation, G.P. and F.B.; formal analysis, G.P. and EB.; investigation, G.P. and EB.;
resources, G.P. and EB.; data curation, G.P. and F.B.; writing—original draft preparation, G.P. and EB.;
writing—review and editing, G.P. and EB.; visualization, P.G. and G.G.; supervision, G.G.; project
administration, G.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.
17.

18.

Murrell, D.E; Peia, S.; Joly, P.; Marinovic, B.; Hashimoto, T.; Diaz, L.A.; Sinha, A.A_; Payne, A.S.; Daneshpazhooh, M.; Eming, R.;
et al. Diagnosis and management of pemphigus: Recommendations of an international panel of experts. |. Am. Acad. Dermatol.
2020, 82, 575-585.el. [CrossRef]

Hammers, C.M.; Stanley, ].R. Mechanisms of disease: Pemphigus and bullous pemphigoid. Annu Rev. Pathol. Mech. Dis. 2016, 11,
175-197. [CrossRef]

Kasperkiewicz, M.; Ellebrecht, C.T.; Takahashi, H.; Yamagami, J.; Zillikens, D.; Payne, A.S.; Amagai, M. Pemphigus. Nat. Rev. Dis.
Primers 2017, 3, 17026.

Maronese, C.A.; Genovese, G.; Moltrasio, C.; Cozzani, E.; Marzano, A.V. Pemphigus: Trigger and predisposing factors. Front.
Med. 2024, 11, 1385493. [CrossRef]

Ghaedi, F,; Etesami, I.; Aryanian, Z.; Kalantari, Y.; Goodarzi, A.; Teymourpour, A.; Tavakolpour, S.; Mahmoudi, H.; Danesh-
pazhooh, M. Drug-induced pemphigus: A systematic review of 170 patients. Int. Immunopharmacol. 2021, 92, 107299. [CrossRef]
Brenner, S.; Goldberg, I. Drug-induced pemphigus. Clin. Dermatol. 2011, 29, 455-457. [CrossRef]

Martora, E; Battista, T.; Potestio, L.; Napolitano, M.; Patruno, C.; Megna, M.; D’agostino, M. Pemphigus and bullous pemphigoid
following COVID-19 vaccination: A systematic review. Viruses 2023, 16, 1896. [CrossRef]

Stavropoulos, P.G.; Soura, E.; Antoniou, C. Drug-induced pemphigus: A review of the literature. J. Eur. Acad. Dermatol. Venereol.
2014, 28, 1133-1140. [CrossRef]

Petti, S.; Arduino, P.G. New-onset pemphigus vulgaris and pemphigus foliaceus following COVID-19 infection and vaccination:
Systematic review of case reports and a causal hypothesis. J. Eur. Acad. Dermatol. Venereol. 2023, 37, €1256. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. bm;j 2021, 372, n71.
[CrossRef]

Munn, Z.; Barker, T.H.; Moola, S.; Tufanaru, C.; Stern, C.; McArthur, A.; Stephenson, M.; Aromataris, E. Methodological quality of
case reports and case series: The Joanna Briggs Institute critical appraisal tools. JBI Evid. Synth. 2020, 18, 2127-2133.

Feng, X.; Zheng, H.; Wang, M.; Wang, Y.; Zhou, X.; Zhang, X; Li, J.; Xiao, Y.; Wei, M,; Li, X,; et al. Autoimmune bullous diseases:
Pathogenesis and clinical management. Mol. Biomed. 2025, 6, 30. [CrossRef]

Pollmann, R.; Schmidt, T.; Eming, R.; Hertl, M. Pemphigus: A comprehensive review on pathogenesis, clinical presentation and
novel therapeutic approaches. Clin. Rev. Allergy Immunol. 2018, 54, 1-25. [CrossRef]

Sinha, A.A. The genetics of pemphigus. Dermatol. Clin. 2011, 29, 381-391. [CrossRef]

Valenzuela, F.; Ferndndez, ]. Environmental triggers of pemphigus vulgaris. An. Bras. Dermatol. 2019, 94, 389-396.

Sagi, L.; Sherer, Y.; Trau, H.; Shoenfeld, Y. Pemphigus and autoimmunity. Autoimmun. Rev. 2008, 7, 620-623.

Asztalos, M.L.; Femia, A.N.; Howard, J.R.; Patel, PM.; Ramachandran, S.M.; Vengalil, S.; Wall, D.; Wickner, P.; Mostaghimi, A.;
Leventhal, ].S. Autoimmune blistering diseases associated with novel targeted anti-cancer therapies and immune checkpoint
inhibitors. J. Am. Acad. Dermatol. 2021, 84, 420-428.

Solimani, F; Maglie, R.; Pollmann, R.; Schmidt, T.; Schmidt, E.; Ishii, N.; Hashimoto, T.; Hertl, M.; Eming, R. Characteristics of
post-vaccination autoimmune blistering diseases: A comprehensive literature analysis. J. Eur. Acad. Dermatol. Venereol. 2022,
36,2012-2022.

https://doi.org/10.3390/vaccines14090828


https://www.mdpi.com/article/10.3390/vaccines14090828/s1
https://www.mdpi.com/article/10.3390/vaccines14090828/s1
https://doi.org/10.1016/j.jaad.2018.02.021
https://doi.org/10.1146/annurev-pathol-012615-044313
https://doi.org/10.3389/fmed.2023.1326359
https://doi.org/10.1016/j.intimp.2020.107299
https://doi.org/10.1016/j.clindermatol.2011.01.016
https://doi.org/10.3390/v16121896
https://doi.org/10.1111/jdv.12366
https://doi.org/10.1111/jdv.19271
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1186/s43556-025-00272-9
https://doi.org/10.1007/s12016-017-8662-z
https://doi.org/10.1016/j.det.2011.03.020
https://doi.org/10.3390/vaccines14090828

Vaccines 2026, 14, 828 13 of 13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Amber, K.T.; Valdebran, S.; Kridin, K.; Grando, S.A. Pathogenesis and clinical significance of non-desmoglein autoantibodies in
pemphigus vulgaris. Front. Immunol. 2018, 9, 2489.

Cusick, M.E,; Libbey, ].E.; Fujinami, R.S. Molecular mimicry as a mechanism of autoimmune disease. Clin. Rev. Allergy Immunol.
2012, 42,102-111. [CrossRef]

Chen, Y,; Xu, Z,; Wang, P,; Li, XM.; Shuai, ZW.; Ye, D.Q.; Pan, H.F. New-onset autoimmune phenomena post-COVID-19
vaccination. Immunology 2022, 165, 386—-401. [CrossRef]

Vojdani, A.; Kharrazian, D. Potential antigenic cross-reactivity between SARS-CoV-2 and human tissue with a possible link to an
increase in autoimmune diseases. Clin. Immunol. 2020, 217, 108480. [CrossRef]

Ruocco, V.; Wolf, R.; Ruocco, E.; Baroni, A. Drug-induced pemphigus: Pathogenesis and clinical forms. Int. |. Dermatol. 1996, 35,
305-311.

Culton, D.A; Liu, Z.; Diaz, L.A. Immunopathogenesis of pemphigus. J. Invest Dermatol. 2015, 135, 1-3. [CrossRef]

Kridin, K. Pemphigus group: Overview, epidemiology, mortality, and comorbidities. Immunol. Res. 2018, 66, 255-270. [CrossRef]
Di Zenzo, G.; Calabresi, V.; O'Toole, E.A.; Zambruno, G. Advanced diagnostic tools for autoimmune blistering diseases. Fron.
Med. 2021, 8, 782413.

Geisler, A.N.; Phillips, G.S.; Barrios, D.M.; W, J.; Leung, D.Y.M.; Moy, A.P.; Kern, J.A.; Lacouture, M.E. Immune checkpoint
inhibitor-related dermatologic adverse events. J. Am. Acad. Dermatol. 2020, 83, 1255-1268. [CrossRef]

Postow, M.A; Sidlow, R.; Hellmann, M.D. Immune-related adverse events associated with immune checkpoint blockade. N. Engl.
J. Med. 2018, 378, 158-168. [CrossRef]

Sibaud, V. Dermatologic reactions associated with immune checkpoint inhibitors: A clinical guide. Am. J. Clin. Dermatol. 2018, 19,
345-361.

Ellis, S.R.; Varra, H.; Patel, R. Pemphigus induced by biologic agents and targeted therapies: A systematic review. J. Dermatol.
Treat. 2022, 33, 642—-650.

Quaglino, P.; Maule, M.; Prince, H.M. Immune checkpoint inhibitors in dermatology: Adverse event profiles and cutaneous
toxicity management. Eur. |. Cancer 2021, 148, 180-195.

Hill, A.B. The environment and disease: Association or causation? Proc. R Soc. Med. 1965, 58, 295-300. [CrossRef]

Naranjo, C.A.; Busto, U.; Sellers, E.M.; Sandor, P,; Ruiz, I; Roberts, E.A.; Janecek, E.; Domecq, C.; Greenblatt, D.J. A method for
estimating the probability of adverse drug reactions. Clin. Pharmacol. Ther. 1981, 30, 239-245. [CrossRef]

Hausmann, ]J.S. Vaccination and autoimmune diseases: What have we learned from COVID-19? Nat. Rev. Rheumatol. 2022, 18,
307-308.

Pellegrino, P.; Radice, S.; Clementi, E. Vaccine-induced autoimmunity: The role of adjuvants and molecular mimicry. Autoimmun.
Rev. 2015, 14, 611-617.

Wraith, D.C.; Goldman, M.; Lambert, P.H. Vaccination and autoimmune disease: What is the evidence? Lancet 2003, 362, 1659-1666.
[CrossRef]

Guimaraes, L.E.; Baker, B.; Perricone, C.; Shoenfeld, Y. Vaccines, adjuvants and autoimmunity. Pharmacol. Res. 2015, 100, 190-209.
[CrossRef]

Jara, L.J.; Vera-Lastra, O.; Mahroum, N.; Pineda, C.; Shoenfeld, Y. Autoimmune post-COVID-19 vaccination syndromes: A review.
Curr. Opin. Rheumatol. 2022, 34, 280-287.

Sturkenboom, M.; Braeye, T.; van der Aa, L.; Danieli, G.; Dodd, C.; Duarte-Salles, T.; Emborg, H.D.; Gheorghe, M.; Kahlert, J.;
Gini, R.; et al. ADVANCE database characterisation and fit for purpose assessment for multi-country studies on the coverage,
benefits and risks of pertussis vaccinations. Vaccine 2020, 38, B8-B21. [CrossRef]

Wise, ]. COVID-19 vaccines and autoimmune adverse events: Pharmacovigilance perspectives. bmj 2021, 373, n1245.
Agbabiaka, T.B.; Savovi¢, J.; Ernst, E. Methods for assessing causality in adverse drug reactions: A systematic review. Drug Saf.
2008, 31, 21-37. [CrossRef]

Halsey, N.A. Biologically plausible mechanisms of adverse events following immunization: A guide for pharmacovigilance.
Vaccine 2002, 20, S14-S25.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/vaccines14090828


https://doi.org/10.1007/s12016-011-8294-7
https://doi.org/10.1111/imm.13443
https://doi.org/10.1016/j.clim.2020.108480
https://doi.org/10.1007/978-1-4614-9610-6_199-1
https://doi.org/10.1007/s12026-018-8986-7
https://doi.org/10.1016/j.jaad.2020.03.132
https://doi.org/10.1056/nejmra1703481
https://doi.org/10.1177/003591576505800503
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.1016/s0140-6736(03)14802-7
https://doi.org/10.1016/j.phrs.2015.08.003
https://doi.org/10.1016/j.vaccine.2020.01.100
https://doi.org/10.2165/00002018-200831010-00003
https://doi.org/10.3390/vaccines14090828

	Introduction 
	Materials and Methods 
	Drug-Associated Pemphigus 
	Vaccine-Associated Pemphigus 
	Discussion 
	Conclusions 
	References

