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A potential role of Staphylococcus aureus in bullous pemphigoid was explored by
examining the colonization rate in patients with new-onset disease compared with that in
age- and sex-matched controls. S. aureus colonization was observed in 85% of bullous
pemphigoid lesions, 3—-6-fold higher than the nares or unaffected skin from the same patients
(P<0.003) and 6-fold higher than the nares or skin of controls (£ < 0.0015). Furthermore,
96% of the lesional isolates produced the toxic shock syndrome toxin-1 superantigen, and
most of these additionally exhibited homogeneous expression of the enterotoxin gene cluster
toxins. Toxic shock syndrome toxin-1-neutralizing antibodies were not protective against
colonization. However, S. aureus colonization was not observed in patients who had recently
received antibiotics, and the addition of antibiotics with staphylococcal coverage eliminated
S. aureus and resulted in clinical improvement. This study shows that toxic shock syndrome
toxin-1-positive S. aureus is prevalent in bullous pemphigoid lesions and suggests that early
implementation of antibiotics may be of benefit. Furthermore, our results suggest that S.
aureus colonization could provide a source of infection in patients with bullous pemphigoid,
particularly in the setting of high-dose immunosuppression.
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INTRODUCTION

Bullous pemphigoid (BP) is an autoimmune blistering disease characterized by
autoantibodies targeting the epidermal attachment proteins, known as BP180 (collagen
XVII) (Diaz et al., 1990) and BP230 (Stanley et al., 1988). BP predominantly affects

the elderly (Langan et al., 2008) and manifests as localized inflammation, blisters, and
erosions of the skin (Ren et al., 2017). Because the basic mechanisms driving autoantibody
development are not understood, treatment consists of broad-based immunosuppression with
steroids alone or in combination with additional immunomodulatory agents. This approach
often results in a high degree of morbidity in the elderly population, and much of the
mortality observed in BP results from infectious complications linked to the deleterious
effects of treatment (Ren et al., 2017).

Staphylococcus aureus is a commensal bacterium that colonizes the respiratory tract of
~30% of the general population (Wertheim et al., 2005) and is a frequent cause of localized
and systemic infections and an array of disorders induced by its secreted superantigen
(SAQ) toxins (Spaulding et al., 2013). These SAgs trigger massive, antigen-independent
proliferation of T cells and antigen-presenting cells and have been implicated in a variety
of inflammatory and autoimmune diseases (Paller et al., 2019; Spaulding et al., 2013).
Within the skin, staphylococcal SAgs exert direct cytotoxic and inflammatory effects on
keratinocytes, further contributing to immune dysregulation and inflammation (Schlievert et
al., 2020). The goal of this study was to explore the potential role of S. aureusin BP by
examining the colonization rate in patients with new-onset disease.

RESULTS

Patient population

This study included 28 patients with new-onset BP (17 male/11 female, mean age [£SD]
=76.0 £ 8.3 years, range = 61.5-90.8 years) and 28 sex- and age-matched controls (mean
age [+SD] 75.9 + 8.1 years, range = 60.2-90.3 years) who had no history of autoimmunity.
Two weeks before referral to our institution, 15 of the patients with BP had not been treated,
6 had been prescribed either antibiotics or immunomodulatory agents, and 1 patient had
received both treatments. Controls had not been treated with immunomodulatory agents or
antibiotics in the 2-weeks before enroliment. Race was self-reported; the BP group was
composed of 27 Caucasians and 1 Asian, whereas all the 28 controls were Caucasian.
Bullous Pemphigoid Disease Area Index (BPDAI) scores ranged from 1 to 148 (median
score = 48.5), with almost half (13 patients) presenting with severe BP (BPDAI > 56) (Lévy-
Sitbon et al., 2014). As expected, BPDAI scores were strongly correlated with circulating
levels of BP180 1gG (Spearman’s r=0.6644, £< 0.0001) and, to a lesser extent, BP230 1gG
(Spearman’s r=10.4298, £=0.0225). Individual demographic, clinical, and laboratory data
are shown in Supplementary Table S1

Staphylococcal colonization

Lesional sampling was performed by gentle unroofing of an intact lesion and swabbing
the interior base of the blister. Staphylococcal growth was categorized as S. aureus,
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coagulase-negative staphylococci (typically Staphylococcus epidermidis), or no growth. As
shown in Figure 1a and Supplementary Table S2, patients with BP exhibited a high rate

of colonization with S. aureus isolated from 85.7% of the lesions, 58.8% of nares, and
27.3% of unaffected skin swabs. In contrast, samples from matched controls grew primarily
coagulase-negative staphylococci or had no staphylococcal growth, whereas only 10.7%

of the samples obtained from the nares or skin surface (anatomically matched to their
respective areas in patients with BP) grew S. aureus. Fisher’s exact test to determine relative
risk and 95% confidence interval (CI) revealed that the BP lesions were over six times more
likely to be colonized by S. aureus than either the skin or nares of the controls (95% CI =
2.790-15.78, P< 0.0001) Comparison of similar sites between patients with BP and controls
revealed that patients with BP are 2-3-fold more likely to grow S. aureus from their nares
(95% CI = 1.346-4.712, P=0.0015) or skin (95% CI = 1.544-9.217, P=0.0003). Finally,
BP lesions were also more (3.7 or 6.5 times) likely to be colonized with S. aureus than
samples from nares (95% CI = 1.199-11.88, 2= 0.0300) or unaffected skin (95% CI 2.300-
19.69, P=0.0004) from the same patients. No significant association between the type of
colonizing bacteria and disease severity or BP180/BP230 antibody levels was detected using
a Wilcoxon rank-sum test.

Because staphylococcal colonization rates are not well-established in the elderly, we
determined whether the type of colonizing bacteria changed with age in an additional

cohort of 125 healthy individuals aged 40-89 years (Figure 1b). Although no significant
differences in colonization were detected by age (logistic regression, area under the curve

= ~0.5 for all comparisons), S. aureus colonization was more common in the nares than

in the skin, as expected. These findings indicate that the average nasal carriage rate of our
(Midwestern United States, Caucasian) patient population does not change dramatically with
age; however, the overall S. aureus nasal carriage rate for our cohort is lower than the
expected rate of 30% (Wertheim et al., 2005).

Staphylococcal production of toxic shock syndrome toxin-1

Most of the pathogenesis associated with S. aureusis linked to its production of toxic
shock syndrome (TSS) toxin-1 (TSST-1) (Merriman et al., 2016). Remarkably, evaluation
of TSST-1 by immunoblot revealed that most of the isolates from BP lesions (92%), nares
(70%), and unaffected skin (100%) produced TSST-1 (Figure 1c). To confirm TSST-1
production in situ, TSST-1 was evaluated with fluid aspirated from intact blisters using
quantitative immunoblot analysis. TSST-1 was detected in all nine samples of adequate
volume (values ranged from 0.0075 to 19.4 ug/ml) at levels well above the minimum
threshold needed (0.02 ng/ml) (Spaulding et al., 2013) to exert SAg effects (Supplementary
Table S1). By comparison, TSST-1 production was less predominant (33%) in the S. aureus
isolates obtained from controls. This translates to a >4-fold increased risk of TSST-1* S,
aureus colonization of BP lesions compared with that from the nares (95% CI = 2.422—
9.468, £< 0.0001) or skin (95% CI = 2.315-9.144, P< 0.0001) of controls. Disease severity
and serum BP180/BP230 antibody levels are depicted on the basis of lesional isolate in
Supplementary Figure S1.

J Invest Dermatol. Author manuscript; available in PMC 2023 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Messingham et al. Page 4

High prevalence of the enterotoxin gene cluster in TSST-1* S. aureus isolates in BP

In addition to TSST-1, S. aureus secretes a variety of toxins that aid in colonization, tissue
destruction, and subversion of the immune system (Vandenesch et al., 2012). A subset of
these, known as the enterotoxin gene Cluster (EGC) (encoding SAgs G, I, M, N, O, and U),
are often coexpressed in recently emergent Clonal types of S. aureus (Fischer et al., 2019;
van Belkum et al., 2006). Shown in Table 1, PCR analysis of the EGC in the TSST-1" S.
aureusisolates from BP lesions revealed that 80% exhibited full expression of the EGC,
10% expressed all except M, and the remaining 10% expressed all except U. The high

level of identity in EGC expression suggests that patients with BP may be colonized with a
Clonal strain of S. aureus (Fischer et al., 2019). Furthermore, these isolates also consistently
produced B-hemolysin but very low amounts of a-hemolysin, as is characteristic of the
USAZ200 strains (Salgado-Pabon et al., 2014).

TSST-1-neutralizing antibodies

Protective levels of TSST-1-neutralizing antibodies are naturally developed in ~80% of
people by the age of 12 years (Spaulding et al., 2013). Titers =40 are reported in healthy
individuals, inCluding asymptomatic carriers, whereas levels <40 are observed in patients
with menstrual TSS (Stolz et al., 1985). Overall, 16 of 28 (57%) of patients with BP
exhibited protective titers of TSST-1-specific I1gG, and similarly, protective titers were
observed in 12 of 24 (50%) of those colonized by TSST-1* S. aureus. Healthy controls
(described in Supplementary Materials and Methods) exhibited similar levels of TSST-1
1gG, with 14 of 28 (50%) exhibiting titers =40 (Figure 2 and Supplementary Table S1)
Spearman’s rdid not reveal any association between TSST-1 IgG and TSST-1* S. aureus
colonization (/2= 0.005, = 0.9796) or BPDAI (/2= 0.150,P = 0.4465).

Because TSST-1 IgG levels were lower than expected in our control population, we
evaluated titers as a function of age in an additional 168 controls aged 40-89 years
(Supplementary Figure S2). When stratified by decades of age (40-49 years, 50-59 years,
and others), the frequency of individuals with protective antibody levels declined gradually
as age increased, so that 68% (13/40) of subjects aged 40-49 years had titers =40, whereas
only 47% (16/34) of subjects aged 80-89 years had protective titers. These findings indicate
that although TSST-1 IgG titers wane over time, the levels observed in patients with BP

are in line with those of our population of elderly individuals and thus do not explain their
increased rate of TSST-1* S. aureus colonization.

Clinical observation and application

The relevance of these findings to patient care is illustrated by the Clinical course of a

man aged 67 years with a 6-month history of BP who was referred to Dermatology at

the University of lowa Hospitals & Clinics (lowa City, 1A). Six weeks before, he was
hospitalized owing to the extent of his disease and started on high-dose immunosuppressive
therapy (prednisone, 60 mg; mycophenolate, 3 gm/day). At the time of referral, he had a
widespread cutaneous disease (BPDAI = 173) and was still forming new blisters (Figure 3
and Table 2, patient #758). He had a serum BP180 ELISA of 179 IU (normal < 9 IU) and
was afebrile with circulating white blood cells of 13.2 K/mm?3 and lymphocytes of 229 per
mm?3 (normal = 875-3,300). Lesional swabs were obtained, antibiotic therapy (Clindamycin,
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450 mg, three times daily) was initiated, and his mycophenolate was decreased (1 gm/day).
Lesional TSST-1* S. aureus was confirmed, and 3 days after his first visit, the patient
reported an improved condition and decreased blistering (via phone). Twenty-three days
after his first visit to our Clinic, he was no longer forming new blisters, and his disease
severity score had decreased to 97 (a 44% decrease). In repeat cultures, no S. aureus could
be isolated from either the skin or nares.

Similar observations were made in an additional three patients who presented with severe
BP but had not yet received any systemic immunosuppression (Table 2). Lesional TSST-1*
S. aureus was isolated from all the three patients, and only antibiotics with staphylococcal
coverage (doxycycline or clindamycin) were added. In the absence of systemic immune
suppression, a 14-52% decrease in disease activity was observed in all the three patients

in less than a month, and TSST-1* S. aureus was no longer detected. These findings
suggest that antibiotic therapy can facilitate a reduction in immunosuppression and improve
outcomes through the elimination of S. aureus colonization.

DISCUSSION

This study shows that the lesions of most patients with BP are colonized by TSST-1* S.
aureus. In addition, there is an increased prevalence of TSST-1* S. aureusin the nares

and on the surface of unaffected skin of patients with BP, compared with that in age- and
sex-matched controls. These findings are significant because patients with BP are known

to suffer from increased hospitalizations and mortality owing to infectious complications,
including sepsis and pneumonia (Ren et al., 2017). Furthermore, recent case reports identify
complications arising from methicillin-resistant S. aureus as a potential emerging problem
in BP (Chen et al., 2020; Lugovi¢-Mihi¢ et al., 2019; Souaid et al., 2019). Our results
suggest that S. aureus colonization could provide a source of infection in patients with BP,
particularly in the setting of high-dose immunosuppression.

Although none of the patients with BP exhibited signs of a clinically significant infection,

it remains unclear whether these patients were colonized with S. aureus before the onset

of their disease. TSST-1* S. aureus was the primary isolate found at all the three locations
sampled in the BP group, whereas the controls were primarily colonized with coagulase-
negative staphylococci (hormal flora). Susceptibility to S. aureus colonization is complex
and is dependent on a variety of factors involving its initial attachment to the skin, breach of
the epidermal barrier, and immune cell responsiveness (Shukla et al., 2015), one or more of
which may play a role in the lack of infectious complications among colonized patients with
BP.

It is surprising that TSST-1 IgG titers did not correlate with TSST-1* S. aureus colonization
or BP severity. It is not known how circulating antibody titers translate to effective toxin
neutralization in the skin; however, their complete protection of women from menstrual TSS
suggests that neutralization is effective within the vaginal mucosa (Stolz et al., 1985). In

BP, it is conceivable that the direct effects of TSST-1" on keratinocytes outweigh its impact
on TCR/major histocompatibility complex—mediated immune stimulation. In support of this
hypothesis, a recent RNA-sequencing analysis revealed that TSST-1 treatment of primary
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human keratinocytes led to the dysregulation of 5,773 genes (Schlievert et al., 2020).
Production of several mediators known to be upregulated in the serum and skin of patients
with BP, such as IL-8 (Ameglio et al., 1998; Inaoki and Takehara, 1998), were increased

in response to TSST-1 treatment (Schlievert et al., 2020). Thus, S. aureus colonization may
contribute to the altered immunologic milieu observed in BP skin (D’Auria et al., 1999;
Giomi et al., 2002; Kotzin et al., 1993).

To explore whether detection of S. aureus colonization and/or TSST-1 is facilitated by
blister formation, suction blisters were created on four controls, including one individual
who had TSST-1" S. aureus isolated from the skin surface. No growth was observed

from lesional swabs, nor was TSST-1 protein detected in the fluid aspirated from these
blisters. Unfortunately, suction blisters begin to heal immediately after the vacuum is
released and therefore cannot be resampled. Thus, it remains possible that TSST-1* S.
aureus colonization is a consequence of compromised barrier function and not specific to
BP. This limitation could be addressed through the evaluation of skin colonization in elderly
individuals with chronic skin conditions that affect barrier function, such as diabetic foot
ulcers. Indeed, S. aureus is the most common pathogen isolated from diabetic foot ulcers

in patients who have not been treated with topical or systemic antibiotics; however, only
8% of these express TSST-1 (Vu et al., 2014). In addition, a survey of SAg expression by

S. aureus in atopic dermatitis wounds indicates that the prevalence of TSST-1 expression is
decreasing in the United States (Merriman et al., 2016). These findings are in line with our
sampling of affected skin from 13 individuals diagnosed with non-BP lesions (dermatitis,
pustular eruptions, bullous bite reaction), which revealed that half (7, 54%) were colonized
with S. aureus, but very few expressed TSST-1 (3, 23%). Taken together, these observations
indicate that the prevalence of TSST-1* S, aureus is unusually high in BP.

The TSST-1* S. aureus isolates from BP lesions exhibited highly homogeneous expression
of the EGC that is most likely of the USA200 group (Merriman et al., 2016; van Belkum et
al., 2006). USA200 is a clonal group of S. aureusthat is widespread in both community and
healthcare settings and is the primary cause of many life-threatening infections, including
TSS (Fitzgerald et al., 2001; King et al., 2016; Merriman et al., 2016; Spaulding et al.,
2013). Although the molecular basis for this clonal selection remains unclear, animal
studies show that full expression of the ECG plus TSST-1 gives the USA200 clone a
selective advantage for colonization, even in the presence of systemic protective antibodies
(Schlievert et al., 2019; Spaulding et al., 2013; Stach et al., 2016). Expanded genetic
analysis is necessary to determine whether patients with BP are colonized with a clonal
group of S. aureus, such as women with TSS (Fitzgerald et al., 2001), or whether it is a local
strain, as intimated by the identical expression of the ECG in the isolates obtained from three
controls. Going forward, whole-genome sequencing of the TSST-1" isolates from patients
with BP and controls, alongside a group of epidemiologically unrelated USA200 isolates,
will determine whether a local strain of TSST-1* S, aureus is observed in this patient cohort
or whether BP is associated with a single clonal group.

A limitation is that this study was conducted at a single site; inclusion of a more
geographically and racially diverse population is necessary because these factors are known
to influence S. aureus SAg expression (Merriman et al., 2016; Parsonnet et al., 2005). In
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particular, African Americans are not typically colonized with TSST-1* S. aureus and are
not susceptible to TSST-1-associated menstrual toxic shock (Merriman et al., 2016). Despite
this, the prevalence of BP is similar across all racial and geographic groups in the United
States (Wertenteil et al., 2019). However, differences in the clinical course are observed

in nonwhite patients with BP, such as a higher frequency of serious secondary infections
(Wertenteil et al., 2019), and in the type autoimmune comorbidities observed (Narla and
Silverberg, 2020). Whether African American patients with BP are colonized with TSST-1*
S. aureus will be a key factor in understanding the relevance of the current findings to BP
onset and pathogenesis.

Patients with BP are treated with systemic glucocorticoids in combination with other
steroid-sparing agents, typically immunosuppressants or immunomodulators (Feliciani et
al., 2015). Tetracycline antibiotics (doxycycline, minocycline) are sometimes used short-
term on the basis of their anti-inflammatory effects rather than of their antimicrobial
functions (Feliciani et al., 2015; Schaller, 2017). A limited case series (Thomas et al.,
1993) and a recent placebo-controlled study (Williams et al., 2017) provide evidence

that tetracycline antibiotics are effective at reducing disease activity in BP. Unfortunately,
bacterial colonization was not assessed in these studies. We propose that the antimicrobial
effects of the tetracycline antibiotics play an important therapeutic role in BP through the
clearance of S. aureus. This hypothesis is supported by the presence of TSST-1 protein

in the blister fluid of antibiotic-treated patients (Supplementary Table S1) from whom no
S. aureus was isolated. Most likely, these patients were colonized with TSST-1" S. aureus
before antibiotic treatment, and residual toxin was detected in the blister fluid.

In conclusion, this study shows that TSST-1* S. aureus is prevalent in BP lesions and
suggests that early implementation of antibiotics may be of benefit. Furthermore, our
findings suggest that TSST-1* S. aureus may play a role in the development or severity
of bacterial complications seen in patients with BP.

MATERIALS AND METHODS

Patient population, enrollment criteria, and information collected

This study was approved by the University of lowa Institutional Review Board (Institutional
Review Board number 200701758) and performed in accordance with the Declaration

of Helsinki. Written informed consent was obtained from study participants before
inclusion, and the patients granted permission for publication of the clinical images used

in this manuscript. All patients with new onset of classic BP seen in the Department

of Dermatology at the University of lowa Hospitals & Clinics from March 2017 to

June 2019 were offered enrollment. A total of 28 patients met our inclusion criteria

of active blistering and compatible clinical, histologic, and immunologic features of BP,
including deposition of IgG and/or complement C3 at the basement membrane zone of
biopsied skin and circulating BP180-specific 1gG. Peripheral blood was collected, and
demographic information, laboratory results, and all medications taken in the 2 weeks
preceding enrollment were recorded. Disease severity was scored using the standardized
BPDAI (Murrell et al., 2012). A total of 28 age- and sex-matched controls with no history
of autoimmune disease and no antibiotics or immunosuppressive medications in the previous
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2 weeks were recruited from patients on routine visits to the clinic, primarily for skin

checks and evaluation of benign lesions not known to affect the skin flora. An additional

168 controls aged 40-88 years were enrolled for examination of anti-TSST-1 1gG and
staphylococcal colonization. At the time of enrollment, patients were coded numerically, and
investigators conducting laboratory assays had no knowledge of the patient group and no
access to their clinical information.

Sampling and staphylococcal isolation

Blister fluid was removed from intact lesions using a sterile 21-gauge needle, and
colonization was assessed after the sterile opening of the blister top and gentle rotation

of a swab three times on the interior base of the lesion. To control for anatomic variation
in cutaneous microbiome, the site sampled for controls reflected lesional sampling site for
each patient with BP, typically volar forearm, or other dry sites (Grice et al., 2009). For
unaffected/control skin, a 2-cm x 2-cm area was swabbed with 10 nonoverlapping strokes.
Anterior nares were sampled by 2-cm insertion and 3-second rotation of a sterile swab in
first the right and then the left nostril. The swabs were streaked onto blood agar plates

and were incubated for 24 hours (37 °C, 5% carbon dioxide), and staphylococci were
distinguished from streptococci and lactobacilli as catalase positive. Next, S. aureus (gram
positive, catalase positive, coagulase positive) was distinguished from coagulase-negative
staphylococci using the slide coagulase (clumping factor) test. Multiple colonies were tested.

Bacterial toxin production

TSST-1 production by S. aureusisolates was evaluated by immunoblot, using highly purified
TSST-1 as a control and monospecific (TSST-1) hyperimmune antisera (Blomster-Hautamaa
and Schlievert, 1988). TSST-1 was similarly quantified in blister fluids alongside a standard
curve consisting of 10-fold dilutions (10-0.001 ug/ml) (Vu et al., 2015). In this assay, no
TSST-1 was detected in the controls for nonspecific interaction, including diluent or human
serum. Bacterial production of cytotoxins was determined by differential lysis of sheep (beta
and gamma toxins) and rabbit (alpha toxin) erythrocytes in blood agar plates.

Staphylococcal SAg gene expression

The S. aureus isolates were tested for expression of SAg genes, including the EGC and
TSST-1, using PCR. Briefly, individual S. aureus colonies were selected from blood agar
plates and cultured in Todd Hewitt broth (Thermo Fisher Scientific, Waltham, MA) until
stationary phase, DNA was then extracted, and PCR was performed using commercial
reagents (Qiagen, Germantown, MD) with primers specific for each SAg (G, I, M, N, O, X,
TSST-1) and appropriate positive and negative controls, as previously described (Vu et al.,
2015).

Serum TSST-1-specific IgG titers

TSST-1 titers were determined by indirect ELISA using a standard intravenous Ig
preparation (Immune Globulin Intravenous [Human]; Immuno AG, Vienna, Austria) as a
reference (Hudson and Hay, 1980; Park et al., 2015). Titers were recorded as the reciprocal
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of the last 10-fold serial dilution of serum or intravenous Ig to give a positive color reaction.
In this assay, the standard intravenous Ig had a titer of 320.

Statistical analysis

Statistical analysis was performed in consultation with the University of lowa Institute
for Clinical and Translational Science. Differences in colonization or TSST-1 production
were determined using a Fisher’s exact test (two-sided, £ < 0.05) to determine relative
risk, 95% CI, and P-value. TSST-1 titers were compared using Mann-Whitney and Kruskal—
Wiallis tests followed by Dunn’s multiple comparisons test, with P-value correction for
comparison of age-related TSST-1 titers with those of the age group of 40-49 years.

For correlation analysis, pairs of variables were evaluated using Fisher’s exact test (two
categorical values), Spearman’s correlation (two continuous values), and Wilcoxon rank-
sum test (one categorical, one continuous). Evaluation of the main effect or interaction
between age and site as predictors of colonization (no growth, coagulase negative, or S.
aureus) was performed using logistic regression models. £< 0.05 was determined to be
statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Patients with BP exhibit an increased rate of Staphylococcus aureus colonization, and
most of theseisolates produce TSST-1.

(a) Staphylococcal colonization was categorized as S. aureus (coagulase positive) or
coagulase-negative staphylococci or no growth, and their relative distribution is shown as
a percentage of the total number (above bars). BP lesions were six-fold more likely to be
colonized by S. aureusthan control Ns or S (Fisher’s exact test, 95% CI = 2.790-15.78, P
< 0.0001). (b) Staphylococcal colonization of the S or Ns of 128 healthy individuals aged
40-99 years shows that bacterial distribution is not influenced by age (logistic regression
models, AUC ~0.5). (c) Most S. aureus isolates from patients with BP produce TSST-1,
whereas most of the control isolates do not. Using Fisher’s exact test, BP lesions were
>4-fold more likely to be colonized by TSST-1* S. aureusthan control Ns (95% Cl =
2.422-9.468, P< 0.0001) or S (95% CI = 2.215-9.144, P< 0.0001). AUC, area under
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the curve; BP, bullous pemphigoid; CI, confidence interval; N, nare; S, skin; TSST-1, toxic
shock syndrome toxin-1.
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Figure 2. TSST-11gG doesnot p
lesions.

Serum titers of TSST-1-specifi

revent TSST-1* Staphylococcus aureus colonization of BP

¢ 1gG were measured by ELISA. Titers <40 (shaded area)

are not considered protective. TSST-1 IgG titers were similar in the sera from 28 patients
with BP and 28 matched controls (Mann—Whitney test, 2= 0.787), with 50% and 57% of

each respective group showing

protective titers. TSST-1% S. aurous colonization (filled dot)

was not correlated with the level of TSST-1 IgG (Spearman’s 7 = 0.005, A= 0.9796). Each

point represents the average of
indicated by the solid line. BP,
toxic shock syndrome toxin-1.

triplicate wells for an individual patient, with the median
bullous pemphigoid; LLD, lower limit of detection; TSST-1,
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Figure 3. Rapid reduction in disease activity with antibiotic treatment in a patient with BP
colonized with TSST-1* Staphylococcus aureus.

Disease activity in a male aged 67 years who had been treated with prednisone, 60 mg/day,
and mycophenolate mofetil, 3 g/day, for 6 weeks (front is shown in a; back is shown

in b). Bacterial swabs were obtained, and his therapeutic regimen was altered to reduce
immune suppression (mycophenolate, 1 g) and inClude an antibiotic with staphylococcal
coverage (Clindamycin, 450 mg, three times per day). TSST-1* S. aurous was isolated from
lesions and nares but not from the unaffected skin. (c, d) The patient reported a cessation
of new blisters by day 10; by day 23, a 44% decrease in BPDAI was observed, and repeat
cultures yielded no growth of S. aurous from the skin surface or the nares. The patient
granted permission to publish Clinical images. BP, bullous pemphigoid; BPDAI, Bullous
Pemphigoid Disease Area Index; TSST-1, toxic shock syndrome toxin-1.

J Invest Dermatol. Author manuscript; available in PMC 2023 April 01.



Page 17

Messingham et al.

Author Manuscript

"T-1SS.1 snid D93 ayp J0 UoIssaIdxa 00T YUM dg Ynm siusied /T Buiaes| ‘W ssaidxa 10 M X8| Jayls sjenpiipul ajesedss o>>hm,

'sadues Tz Buine] ‘paroeiixe WYINY JusIolgnsul pey s|dues T ‘gz Woiy paje|os semsname s | T-1SSL ‘dg Unm syusiied gz how

"T-1SS.1 pue suixol 993 Joj ay19ads siswiid Buisn YOd Ag $81uojod parejost uo uma:_gmw

“T-UIX0} SWOJPUAS Y20ys 2IX01 ‘T-1SS.L ‘Uabnueladns ‘ByS ‘Jagquuinu ““oN *491sn[o auab uixololsius ‘D93 ‘probiydwad snojng ‘dg :suoneinsiqay

(001) T2 @.oemﬂ (oot) 1z (00T) T2 Am.emm (001) T2 SSVNE (%) "oN

T-1SS1 n (6] N Al | 9
ch<m 1220000 Ay deIs

SUOISaT 49 WOJ) S31R|0S| $18./n® Sn22020/Ayde)s 10 Buljljoid suss uabnueladng

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript

J Invest Dermatol. Author manuscript; available in PMC 2023 April 01.



Page 18

Messingham et al.

'00T x ([dn-mo104 e 1'YAdE — JusW|0ua Je |YAdg] / Juswijoius |YAdd) = Ivddg ul auljosp sbejusased mﬁm

"sasayjuated ayy Ul parealpul si pasdea sAep 4O 1aqLINU 8y} ‘ISIA BUIINO 1X8U 8} Je PUB JUSW||0JUS JO 31Bp aY) U0 |\YAdg 8y Buisn palods sem AJLisnas mmmww_n_m

'SOIUIND 79 S|eNdSOH BMO| JO ANISIBAIUN 01 MSIA [eRIUl 118y 810yaq ueloisAyd Buruayal ayy Aq paqiiosaid mco_umo_vw_\,_w

“JUBLUI|0JUS JO 81eP 8} U0 dg YN Sluaifed WOJ) PaUILIqO SGeMS [BUOISS| WO Pale|oS| SeM Sa/neg 'S

"9JBW ‘Al ‘UOIEONUBPI ‘d| ‘8]ewWway ‘4 Xapu] ealy asessid plobiyduwad snojing ‘|vadg ‘piobiydwad snojing 'dg :suoneinsiqqy

vT (22) Le/ev Bw ooz ‘autfohohxoq JUBWIUIO 04T "0 ‘BUOfeUIOWELL | EVLN 108
ST (T2) 05/6G B 0oz ‘autjohohxoq UBWIUIO %G0"0 ‘duoseyawelsg 1.8/ €0.
4] (S2) vviz6 B ge'T ‘uroAwepun| JUBWIUIO 04T "0 ‘BUOfeUIOWELL | ST9MH 18L
BT ‘a1ejouaydodAN
‘6 Ge'T ‘utoAwepuld p 6€ ‘D ¢ ‘arejouaydooAN
44 (€2) L6/ELT ‘Bw o ‘suosiupaid 'p 6€ ‘Bwi 09 ‘suosiupaid 19N 85.

Ivadgaulped % (pesde|3sAeq) dn-mojjo4auewiolul _ Ivaddd

L > ‘
€ z (e50a Areq 'Bn1) wewoIug ey (UOHBINA S0AAIrRA BNIq) RIBRYIIORE (p

aby/xes @l iuelred

A1118A9S 8seasi Ul U0NINPaY B YIIM PaJRId0SSY S| PUe UONBZIUO|0D S1a/ne Sna2020jALde]S euoisaT Seleulwi|3 dg YIM S1Ualled JO Juswieal] onolgqnuy

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Invest Dermatol. Author manuscript; available in PMC 2023 April 01.



	INTRODUCTION
	RESULTS
	Patient population
	Staphylococcal colonization
	Staphylococcal production of toxic shock syndrome toxin-1
	High prevalence of the enterotoxin gene cluster in TSST-1+
S. aureus isolates in BP
	TSST-1–neutralizing antibodies
	Clinical observation and application

	DISCUSSION
	MATERIALS AND METHODS
	Patient population, enrollment criteria, and information collected
	Sampling and staphylococcal isolation
	Bacterial toxin production
	Staphylococcal SAg gene expression
	Serum TSST-1–specific IgG titers
	Statistical analysis

	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

