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Abstract Autoimmune bullous dermatoses are defined by autoantibodies directed against adhesion pro-
teins in the epidermis or basement membrane zone, resulting in blister formation on the skin and mu-
cosa. Diagnosis depends on lesional biopsy for histopathology and perilesional biopsy for direct
immunofluorescence. Additional diagnostic methods include indirect immunofluorescence, enzyme-
linked immunosorbent assay, and immunoblot (Western blot), which may be selected in specific clin-
ical scenarios due to improved sensitivity and/or specificity. This contribution reviews the available ev-
idence supporting the use of each method to provide a practical reference for clinicians when
diagnosing autoimmune bullous disorders. Techniques and cost are reviewed, and newer diagnostic
techniques with potential for clinical application are
© 2019 Elsevier Inc. All rights reserved.
Introduction bullous pemphigoid (BP).3 The specimen is frozen, sectioned,
and incubated with a primary antibody, such as anti-IgG, anti-
Direct immunofluorescence (DIF) is the gold standard and
most widely used test when diagnosing autoimmune bullous
disorders (AIBDs). DIF identifies autoantibodies in the skin
or mucosa. This requires a perilesional biopsy obtained 5 to
10 mm from the immediate vicinity of the blister, which is
placed in a nonfixative medium, typically phosphate-
buffered saline or Michel transport medium. Biopsy location
is important, as autoantibodies may already be degraded in
acutely inflamed skin. Immunoreactants may be detected for
up to 6 months in Michel medium and 24 hours in saline.1,2

Samples accidentally placed in formalin begin to lose immu-
nogenicity within 2 minutes for pemphigus vulgaris (PV)
and within 10 minutes for dermatitis herpetiformis (DH) and
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IgM, or anti-C3. The primary antibodies are labeled with a
fluorophore, most frequently fluorescein isothiocyanate
(FITC). The FITC-labeled antibodies bind to the patient’s
autoantibodies in the specimen, producing epifluorescence
that can be visualized using a microscope. The pattern of
immune complex deposition is evaluated, and the amount of
fluorescence is subjectively quantified by a pathologist.2

Indirect immunofluorescence (IIF) allows for autoanti-
body detection in the patient’s serum. A substrate containing
the target antigen is incubated with serial dilutions of serum
containing the primary antibodies. Various substrates are
used, including monkey esophagus (ME), normal human
skin (NHS), rat bladder epithelium, and salt-split skin
(SSS), depending on the suspected clinical diagnosis.
FITC-labeled secondary antibodies are added to bind the pri-
mary antibodies and allow their visualization using a fluores-
cent microscope. Epifluorescence is quantified by titration of
the patient’s serum.2
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In enzyme-linked immunosorbent assay (ELISA), the target
antigen in liquid phase is added to wells of a microtiter plate
where it is immobilized by physical adsorption or antibody cap-
ture. Primary antibodies in the patient’s serum are added, bind-
ing the target antigen. Antibody capture allows accurate
selection of the target from a sample of mixed antigens by first
adhering the antigen-specific capture antibody to the well sur-
face. The antigen is then sandwiched between the capture anti-
body and the primary antibody from the patient’s serum. Next,
secondary antibodies conjugated with an enzyme, commonly al-
kaline phosphatase or glucose oxidase, are applied. The enzyme-
linked antibody reacts with a chromogenic substrate, producing
a color change or fluorescence that is quantitatively measured.4

At high antibody titers, ELISA index values plateau and results
are no longer quantitative. Thismay be caused by antibody over-
saturation with limited antigen available for binding in the well.5

During immunoblot, cultured keratinocytes or epidermal/der-
mal extracts, which contain the target antigen, are centrifuged
and lysed to release proteins. The soluble protein sample is dena-
tured and loaded in cells of polyacrylamide gel. The proteins are
separated electrophoretically based on their molecular weight in
kilodaltons (kDa) and transferred to a nitrocellulose or polyviny-
lidene fluoride membrane. The membrane is washed, blocked,
and incubated with primary antibodies from the patient’s serum.
A secondary antibody labeled with a reporter enzyme, com-
monly horseradish peroxidase, is added to the membrane. En-
hanced chemiluminescence solution acts as the substrate for
peroxidase, producing a luminescent signal that is detected as
a band and quantified. Immunoblot is less commonly used as
it is time-consuming, expensive, and not widely available.6,7

The cost of an immunofluorescence study, whether DIF or
IIF, typically ranges from $370 to $550, depending on the
number of antibodies tested. The first antibody costs between
Table 1 Diagnostic methods for pemphigus subtypes

Pemphigus
vulgaris

Pemphigus
foliaceous

Paraneoplastic

DIF Sensitivity: 90%-
100%14,16–20

Sensitivity: 90%-
100%14,16–20

IgG intercellul
Sensitivity: 27
Specificity: 97

IIF Sensitivity: 69%-
95%12,18,22–28

Sensitivity: 69%-
95%12,18,22–28

IgG on rat bla
Sensitivity: 66
Specificity: 83

ELISA Anti-Dsg3
Sensitivity: 97%
Specificity: 98%11

Anti-Dsg1
Sensitivity: 96%
Specificity: 99%10,12

Antiperiplakin
Sensitivity: 74
Specificity: 91

Immunoblot Anti-Dsg3
Sensitivity: 89%29

Anti-Dsg1
Sensitivity: 100%29

Antiperiplakin
Sensitivity: 82
Specificity: 97

Note: Preferred methods are bolded.
BMZ, Basement membrane zone; DIF, direct immunofluorescence; Dsc, desmoco
immunohistochemical; IIF, indirect immunofluorescence.
$90 and $120 and each additional antibody is between $70
and $100. ELISA is more cost effective, with each antibody
costing $17.8

Pemphigus subtypes

Pemphigus is characterized by autoantibodies against kerati-
nocyte intercellular adhesion proteins and includes pemphigus
vulgaris (PV), pemphigus foliaceus (PF), drug-induced pemphi-
gus (DIP), IgA pemphigus (subcorneal or intraepidermal types),
and paraneoplastic pemphigus (PNP)9 Table 1 summarizes di-
agnostic methods for pemphigus subtypes.
Pemphigus vulgaris and pemphigus foliaceus

In PV (Figure 1) and PF (Figure 2), IgG autoantibodies are
directed against desmogleins, which are transmembrane cad-
herin glycoproteins within desmosomes. Antibodies against
desmoglein 3 (Dsg3) are characteristic of PV, but
patients with mucocutaneous disease may also have autoanti-
bodies against desmoglein 1 (Dsg1). Diagnosis of PV is
based only on tissue-bound or circulating autoantibodies
against Dsg3. In PF, autoantibodies solely target Dsg1. The
historic gold standard for diagnosis is lesional histopathology
and perilesional DIF, but numerous recent studies support the
use of ELISA in detecting circulating autoantibodies.10

ELISA is the most accurate diagnostic test for the diagnosis
of PV and PF, separately measuring anti-Dsg3 and anti-Dsg1
IgG. In a meta-analysis of 13 studies with a sample size
of 1,058 patients, anti-Dsg3 ELISA demonstrated a pooled
sensitivity of 97% and specificity of 98% in PV.11 Anti-Dsg1
pemphigus IgA pemphigus Drug-induced
pemphigus

ar and BMZ staining
%-70%
%57,59,60,65

Sensitivity: 83%-
100%18,47–52

-

dder
%-86%
%-99%18,57,59–61,65–68

Sensitivity:
50%-95%40,45,53

-

and/or antienvoplakin
%-100%
%-100%61,62,64

Anti-Dsc 1-3 IgA
Sensitivity: 66%53

-

and/or antienvoplakin
%-100%
%-100%59–63

Anti-Dsc IgA
Sensitivity: 2%53

-
Preferred test is
32-2B IHC stain
Sensitivity:
70.3%,
Specificity: 83.9%39

llin; Dsg, desmoglein; ELISA, enzyme-linked immunosorbent assay; IHC,



Fig. 1 Pemphigus vulgaris. (A) Deep, flaccid erosions with crust-
ing on the back in a patient with pemphigus vulgaris. (B) Supraba-
silar acantholysis with tombstoning appearance of basilar
keratinocytes (H&E, 100x magnification). (C) Direct immunofluo-
rescence demonstrates intercellular (cell surface) IgG deposition
limited to the bottom two-thirds of the epidermis (anti-IgG, 400x
magnification).

ig. 2 Pemphigus foliaceus. (A) Superficial flaccid erosions of
emphigus foliaceus. (B) Superficial (granular) acantholysis with
parse inflammation (H&E, 200xmagnification). (C)Direct immuno-
uorescence demonstrates intercellular (cell surface) IgG deposition
mited to the stratum granulosum (anti-IgG, 400x magnification).
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ELISA had a sensitivity of 96% and specificity of 99%
in PF.10,12

Routine histopathology lacks sensitivity in the diagnostic
evaluation of PV (70%) and PF (33%).13 The location of the
split on histopathologic examination classically distinguishes
PV and PF; however, in practice there is variability and
overlap in the level of clefting. Acantholysis with blister forma-
tion can be seen in the upper, lower, or entire epidermis in both
disorders.9,14 Dermal inflammatory infiltrates may be com-
posed of neutrophils, eosinophils, or lymphocytes, but consen-
sus is lacking on which cell type is more likely visualized in
PV compared with PF.9,10,13,15 Therefore histologic features
can favor PV or PF but are not definitive for diagnosis.

DIF provides important diagnostic information regarding
the autoantibody class and binding pattern. In PV and PF,
DIF reveals intercellular binding of IgG or C3 in the epider-
mis with 90% to 100% sensitivity.14,16–20 In PF, epifluores-
cence is stronger in the upper epidermis where Dsg1 is
present in higher concentration13,14,21; however, the fluores-
cent “chicken wire” or “honeycomb” pattern may be identi-
cal in these two disorders.

The sensitivity of IIF ranges from 69% to 95% and varies
based on the substrate used: ME, human esophagus, guinea
pig esophagus, or NHS.12,18,22–28 Each substrate contains
variable quantities of Dsg3 and Dsg1. As a result, IIF using
ME is more sensitive for PV, whereas IIF using guinea pig
esophagus and NHS are more sensitive for PF. Sensitivity can
( )

(+)

Fig. 3 PV and PF diagnostic algorithm. DIF, direct immunofluorescenc
H&E, hematoxylin and eosin; IIF, indirect immunofluorescence; PF, pem
be increased by performing IIF on more than one substrate. IIF
sensitivities for PV are 100% on ME and 75% on NHS. Com-
paratively, IIF sensitivities for PF are 67% on ME and 100%
on NHS.When using both ME and NHS for PV or PF, sensitiv-
ity increases to 100%.24 The intercellular fluorescent staining
pattern in IIF is similar to DIF, limiting specificity.

Immunoblot can differentiate between PV and PF by identi-
fying the presence of desmoglein-specific autoantibodies. Im-
munoblot detects anti-Dsg3 and anti-Dsg1 as bands at their
respective molecular weights, 130 kDa and 160 kDa. Immuno-
blot is 89% sensitive for PV and 100% sensitive for PF.29

ELISA is more clinically useful for disease monitoring than
IIF10,30 (see Table 4); however, studies of correlation between
ELISA index values and disease activity offer conflicting data.
There are two reports of higher anti-Dsg1 indices being corre-
lated with worsening cutaneous disease and higher anti-Dsg3
titers being correlated with worsening mucosal disease30,31;
however, another study found no association between anti-
Dsg3 titers and mucosal disease activity.32 ELISA is more
sensitive than DIF for monitoring immunologic remission
with a negative predictive value of 100%.33 Nevertheless, high
indices may be seen in patients who are in clinical remission
and off therapy. Therefore therapeutic decision-making should
not be based on ELISA indices alone.34,35

In mucosal PV, diagnosis is more difficult because viable
epithelium is susceptible to damage during biopsy. Classic
acantholysis may be subtle or absent, and nonspecific
( )

(+)

e; Dsg, desmoglein; ELISA, enzyme-linked immunosorbent assay;
phigus foliaceus; PV, pemphigus vulgaris.

Image of Fig.�3


696 J. Harrell et al.
inflammation, including a lichenoid pattern, may be confound-
ing. A 2016 study evaluated the sensitivity and specificity of
various combinations of IIF, ELISA, and Tzanck smear for non-
invasive diagnosis of mucosal PV. The Tzanck smear was per-
formed using scrapings of an unroofed blister base.
Acantholytic cells with deep-dyed large nucleoli indicated a
positive pemphigus result. Tzanck smear combined with
ELISA provided the best diagnostic accuracy with a sensitivity
of 82% and specificity of 98.7%.36 A diagnostic algorithm sum-
marizing the evaluation of PV and PF is provided in Figure 3.
ig. 4 IgA pemphigus. (A) Pustules distributed in an annular con-
guration on the thigh. (B) Subcorneal pustule (H&E, 100x magni-
Drug-induced pemphigus

DIP clinically resembles PF most frequently.37 Histologi-
cally, DIF, IIF, ELISA, and immunoblot can be identical in
these two conditions. DIP can also exhibit both intercellular
and junctional immunofluorescence by DIF, a finding also ob-
served in PNP and pemphigus erythematosus.37 Therefore clas-
sification as DIP is based on appropriate drug history and
clinical suspicion. The most commonly implicated drugs in-
clude angiotensin-converting enzyme inhibitors, anticoagulants,
diuretics, and antibiotics.38,39 Onset of disease after drug ad-
ministration is variable (1 month to 4.5 years) and withdrawal
of the suspected drug fails to resolve disease in 50% of patients,
complicating diagnosis.37–39 Although immunohistochemistry
for 32-2B was described with more than 70% sensitivity and
80% specificity for the detection of DIP, clinical suspicion and
drug history remain the most accessible diagnostic aids.39
cation). Direct immunofluorescence demonstrated IgA staining
ithin the upper one-third of the epidermis.
IgA pemphigus

There are two types of IgA pemphigus: subcorneal pustu-
lar dermatosis (SPD) and intraepidermal neutrophilic derma-
tosis (IEN). Histology is nonspecific, revealing neutrophils
predominantly in the upper epidermis in SPD type and in
the lower or entire epidermis in IEN type, along with some
acantholysis. IgA autoantibodies in SPD type are directed
against desmocollin 1 (Dsc1), a desmosomal cadherin glyco-
protein. The target antigens in IEN type are Dsg3 and
Dsg1.40–42 DIF demonstrates intercellular deposition of IgA
in the upper epidermis in SPD type and entire epidermis in
IEN type.43–45 Immunologic studies must be performed to
separate IgA pemphigus’ SPD type (Figure 4) from subcor-
neal pustular dermatosis (Sneddon-Wilkinson disease), in
which DIF and IIF are negative. Distinction is important as
Sneddon-Wilkinson disease may be associated with autoim-
mune connective tissue disease, hematologic abnormalities
such as IgA gammopathy, and malignancies.46

DIF is the best diagnostic test for IgA pemphigus. In a re-
cent study, DIF was found to be positive in 83% of
cases.18,47–53 IIF reveals sensitivities of 65% (with a range
of 50%-95%) using NHS and 25% using ME.40,45,53 Anti-
Dsg1 and anti-Dsg3 IgA ELISA is less useful with only
F
fi

fi

w

18% to 32% sensitivity.40,53 Anti-Dsc1-3 IgA ELISA de-
tected anti-Dsc1 IgA in 36.6% and at least one desmocollin
type in 66% of patients. Immunoblot using normal human
epidermal extract has a very low sensitivity, detecting anti-
Dsc IgA in only 2% of patients.53
Paraneoplastic pemphigus

PNP (Figure 5) is associated with malignant and benign neo-
plasms, most commonly lymphoproliferative malignancies, in-
cluding non-Hodgkin lymphoma and chronic lymphocytic
leukemia. IgG autoantibodies primarily target cytosolic plakin
proteins, including desmoplakins 1 and 2, envoplakin, and
periplakin. BP antigen 1 (BP230), Dsg1, Dsg3, alpha-2-
macroglobulin-like protein 1 (A2ML1), and Dsc1-3 have also
been identified as target antigens.54–57 Histology varies based
on the lesion morphology, displaying vacuolar interface derma-
titis with acantholysis or a lichenoid interface pattern.54,55 Sixty
percent of cases have both acantholytic and lichenoid features.
Keratinocyte necrosis correlates with a poor prognosis.58

Immunoblot for envoplakin (210 kDa) or periplakin
(190 kDa) is considered a gold standard for diagnosis with a
sensitivity of 82% to 100% and specificity of 97% to

Image of Fig.�4


Fig. 5 Paraneoplastic pemphigus. (A) Severe mucositis including
erosive cheilitis with hemorrhagic crust in a patient with paraneo-
plastic pemphigus in association with chronic lymphocytic leuke-
mia. (B) Vacuolar interface dermatitis, keratinocyte apoptosis, and
suprabasilar acantholysis (H&E, 200x magnification). (C) Direct
immunofluorescence demonstrates weak cell surface and junctional
reactivity (Anti-IgG, 100x magnification).
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100%.59–63 ELISA for antienvoplakin and/or periplakin IgG is
as accurate as immunoblot. One group found antienvoplakin
ELISA had 80.6% sensitivity and 98.8% specificity, whereas
antiperiplakin ELISA had 74.2% sensitivity and 97.5% speci-
ficity.62 Other groups have observed the antienvoplakin ELISA
to be 83% sensitive and 91% specific61 and ELISA for IgG an-
tibodies against envoplakin and periplakin to be 100% sensitive
and specific.64 IIF on rat bladder was previously thought to be
the most specific confirmatory test, as urothelium contains pla-
kin proteins but not Dsg1 or Dsg3.63,65 The sensitivity and
specificity of IIF on rat bladder are lower than antiplakin immu-
noblot and ELISA: 66% to 86% and 83 to 98.9%,
respectively.18,57,59–61,65–68

Anti-Dsg1 and/or anti-Dsg3 ELISA are 80% to 86% sen-
sitive in PNP. Detection of anti-Dsg autoantibodies does not
offer acceptable specificity for the diagnosis of PNP, which is
defined by autoimmunity against plakin family proteins.57,60

Anti-A2ML1 ELISA is 60% sensitive.57 Autoantibodies
against at least one desmocollin are detected in 33% to 72%
of patients.57,60,69 Identification of antibodies against these
less common antigenic targets in PNP is supportive but
neither sensitive nor specific.

DIF staining intercellularly and at the dermoepidermal
junction (DEJ) is considered characteristic of PNP with
97% specificity; however, sensitivity is 27% to 70% for this
classic pattern.57,59,60,65 When considering either intercellu-
lar or junctional immunoreactivity, one study found DIF
sensitivity increased to 100%, but specificity decreased to
40%.57 A diagnostic algorithm summarizing the evaluation
of PNP is provided in Figure 6.

Subepidermal blistering diseases

Subepidermal AIBDs are characterized by the presence of
autoantibodies against basement membrane components.
This heterogeneous group of disorders includes BP, gesta-
tional pemphigoid (GP), mucous membrane pemphigoid
(MMP) or cicatricial pemphigoid, and epidermolysis bullosa
acquisita (EBA).70 Diagnostic methods for subepidermal
blistering disorders are summarized in Table 2.
Bullous pemphigoid

BP is the most common AIBD. Pathophysiology is due to
antibodies against hemidesmosomal proteins, either BP anti-
gen 2 (BP180) or BP antigen 1 (BP230).70,71 Histologic
study reveals a subepidermal blister with dermal infiltrates
containing eosinophils. Early or urticarial BP (Figure 7)
demonstrates eosinophilic spongiosis and pseudovacuolar
change without blister formation.54,72 Recent ex vivo studies
have shown that IL-5 activates eosinophils to induce dermal-
epidermal separation with resultant bullae.73

DIF of perilesional biopsies remains the gold standard and
first step in diagnosing BP. Linear deposition of C3 or IgG
along the DEJ in an n-serrated pattern is diagnostic. Concomi-
tant linear IgA, IgE, or IgM are occasionally identified as
well.70,71,74 DIF is 91% to 98% sensitive and 98% to 100%
specific.72,75,76 False negatives may occur due to undetectable
antibody levels in early disease, variations in antigen

Image of Fig.�5
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Fig. 6 PNP diagnostic algorithm. BMZ, basement membrane zone; DIF, direct immunofluorescence; ELISA, enzyme-linked immunosor-
bent assay; H&E, hematoxylin and eosin; IIF, indirect immunofluorescence; PNP, paraneoplastic pemphigus.
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presentation, and nonreactivity between anti-IgG antibodies
used in DIF and the patient’s IgG subclass. If clinical suspicion
is high, a second biopsy is warranted.77 Depending on the clin-
ical context, adjunctive diagnostic testing is necessary because
the same histology andDIF pattern can be observed in antip200
pemphigoid, MMP, and EBA.70 Additional testing may
include IIF and/or ELISA.

ELISAs are commercially available for the detection of
autoantibodies directed against BP230 or the NC16a domain
of BP180. Disease severity and risk of mortality have been
linked to anti-BP180-NC16a ELISA indices.71,78,79 High
baseline indices of anti-BP180-NC16a, ≥ 3 to 6 times the
normal cut off value of 9 U/mL, are associated with an
increased frequency of disease relapse.80,81 Anti-BP180-
NC16a ELISA can also be used to monitor disease activity
during treatment (see Table 4).74 Despite this, ELISA should
not be used as a stand-alone diagnostic tool. Anti-BP180-
NC16a ELISA has a sensitivity of 54%, and anti-BP230
ELISA has a sensitivity of 48%. When combined, sensitivity
increases to 66%. Specificities were determined to be 94%
and 89% respectively.82 Similar results were found in a retro-
spective study of 1,125 patients; anti-BP180-NC16a ELISA
had 70% sensitivity and 89.8% specificity, and anti-BP230
ELISA had 44.6% sensitivity and 92.8% specificity. False
positives occurred in 11.3% of cases using anti-BP180-
NC16a ELISA and 7.2% of cases using anti-BP230
ELISA.83 Overall, a review of the literature reveals a sensi-
tivity of 53% to 95% and specificity of 89.8% to 100% for
anti-BP180-NC16a ELISA.11,72,75,76,83–87 Comparatively,
anti-BP230 ELISA sensitivity and specificity ranges from
11% to 60% and 92% to 100%, respectively.72,75,76,82–86
IIF can be used to further differentiate diseases within this
group. In BP, IIF on SSS is more sensitive (77%) compared
with ME (57.1%), but both have comparable specificities
(99.9% versus 98.8%, respectively).83 IIF sensitivity is
hypothesized to be low, because reactivity differs based on
antibody subtype and tissue substrate. Sensitivity is improved
by completing a second IgG subclass IIF on any previously
false-negative IIF. The sensitivities for IgG1, IgG3, IgG4 and
a combination of all three are 45.3%, 18.8%, 32.8%, and
48.4%, respectively. Detection of multiple antibody subclasses
increased sensitivity of IIF on ME from 73.2% to 80% to
87%.75 SSS remains the preferred substrate because it permits
distinction of subepidermal blistering diseases with antigenic
targets in the sublamina densa and corresponding dermal pattern
of immunofluorescence: EBA, antip200 pemphigoid, and
antiepiligrin cicatricial pemphigoid (AECP). In BP, IIF on
SSS demonstrates immunofluorescence in an epidermal pattern;
however, concomitant epidermal and dermal fluorescence is not
uncommon.71,74,88 Overall, sensitivity of IIF on ME ranges
from 57% to 73% with specificity ranging from 97% to
100%, and IIF on SSS has a sensitivity of 73% to 93% with
specificity of 99.9% to 100%.72,76,83,84,87

Immunoblot has largely been replaced by the other
diagnostic methods for BP discussed in the previous
paragraphs. Although the reported sensitivity ranges from
60% to 100%, 59% of healthy patients had sera containing an-
tibodies to BP180 or BP230, with the majority directed against
BP180.71,89 These autoantibodies did not target NC16a as
revealed by negative ELISA results.90 Immunoblot is, therefore,
not recommended as a diagnostic tool for BP due to its low
specificity.

Image of Fig.�6


Table 2 Diagnostic methods for subepidermal blistering disorders

Bullous pemphigoid Gestational pemphigoid Mucous membrane pemphigoid Epidermolysis bullosa acquisita

DIF Sensitivity: 98%-100%
Specificity: 91%-98%70–72,74–76

Sensitivity: 100% for C391,92,97–101 Sensitivity: 66.2%-86.6%,
highest (86.6%) is C318,112

Sensitivity: 100%
U-serrated pattern is specific for EBA
and BSLE18,127,129

IIF Monkey esophagus
Sensitivity: 57%-73%
Specificity: 97%-100%,
Salt split skin
Sensitivity: 73%-93%
Specificity: 99.9%-100%72,75,76,83,84,87

Sensitivity: 68%-87%86,91,102 Sensitivity: 50%-80%111,113–115 Salt split skin
Sensitivity: 50%-100%
Specificity: 99%18,126–128,131–134

ELISA Anti-BP180
Sensitivity: 53%-95%
Specificity: 89.8%-100%.
Anti-BP230
Sensitivity: 11%-60%,
Specificity: 92%-100%11,72,75,76,82–87

Sensitivity: 84%-97%
Specificity: 94%-100%86,91,94,102,104,105

Anti-Laminin-5
Sensitivity: 20%-94%
Specificity: 82%-98%
Anti-BP180 (entire domain or NC16a)
Sensitivity: 25%-39%
Anti-BP230
Sensitivity: 8.3%-11.5%106,108,113,116,117

Anti-COL7 (NC1 and/or NC2 domains)
Sensitivity: 45%-98%
Specificity: 97%-100%85,131–136

Immunoblot Sensitivity: 59%-100%71,89,90 Sensitivity: 93%-96%91,105 Sensitivity: anti-laminin 332 12%-66.7%,
anti-BP180-NC16a IgG 25%-75%,
anti-BP180 IgA 11%-78%, anti-BP230
10%-27.4%, anti-β4 integrin 21%
Specificity: anti-BP180-NC16a
IgG 100%113,118–123,125

Anti-COL7
Sensitivity: 66.6%-92%
Specificity: 94%-100%132,134,137

Note: Preferred methods are bolded.
BP, Bullous pemphigoid; BSLE, bullous systemic lupus erythematosus; COL7, collagen type 7; DIF, direct immunofluorescence; EBA, epidermolysis bullosa acquisita; ELISA, enzyme-linked immunosorbent
assay; IIF, indirect immunofluorescence.
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Fig. 7 Bullous pemphigoid. (A) Urticarial plaques in an elderly pa-
tient with early bullous pemphigoid. (B) Eosinophilic spongiosis with
numerous eosinophils at the dermoepidermal junction (H&E, 100xmag-
nification). (C) Direct immunofluorescence demonstrates linear IgG de-
position at the dermoepidermal junction (anti-IgG,400x magnification).

ig. 8 Gestational pemphigoid. (A) Urticarial plaques on the umbil-
al and abdominal skin in a patient with gestational pemphigoid. (B)
ubepidermal blister with numerous eosinophils, a histologic pattern
distinguishable from bullous pemphigoid (H&E, 100x magnifica-
on). (C) Direct immunofluorescence demonstrates linear C3 deposi-
on at the dermoepidermal junction (anti-C3,200x magnification).
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Gestational pemphigoid

GP occurs during pregnancy due to antigen cross-reactivity
of IgG autoantibodies directed against placental BP180, spe-
cifically the NC16a domain. In contrast, anti-BP230 autoanti-
bodies are only rarely identified in GP.91,92 GP (Figure 8)
appears during the second half of pregnancy and resolves
before delivery, but may relapse in the postpartum period.93–95

The histopathology varies based on disease stage and is
similar to findings of BP: papillary edema with eosinophilic
spongiosis, subepidermal bullae, and dermal lymphocytic
infiltrates with eosinophils.91,95,96 DIF remains the gold
F
ic
S
in
ti
ti
standard in diagnosis and demonstrates linear deposition of
C3 along the DEJ in 100% of cases. Sensitivity of DIF is
100% when detecting C3 deposition, but ranges from 25%
to 87.5% for IgG.91,92,97–101

Image of Fig.�7
Image of Fig.�8
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Sensitivity and specificity of ELISA was compared with
IIF in patients with either BP or GP. In this study, IIF was
74% sensitive and 96% specific. Only four patients were
originally diagnosed with GP, of whom two had a positive
IIF.102 IIF with complement fixation on SSS reveals an epi-
dermal pattern or a combined epidermal and dermal pattern,
as sometimes observed in BP.103 Sensitivity ranges from
68% to 87%.86,91,102 Anti-BP180-NC16a ELISA has been
used for diagnosis and disease activity (Table 4) in GP. In a
study of 30 patients with GP, ELISA sensitivity was 97%
whereas specificity was 100%.104 Other studies are compara-
ble, reporting a sensitivity of 84% to 97% and specificity of
94% to 100%.86,91,94,102,105 Anti-BP230 ELISA is not use-
ful in the detection of GP, with a sensitivity of only 16%.91

Immunoblotting for anti-BP180-NC16a demonstrates a
sensitivity of 93% to 96% for the diagnosis of GP. The sensi-
tivity increases when attempting to detect autoantibodies
against the entire BP180 protein rather than the NC16a
domain alone.91,105
ig. 9 Mucous membrane pemphigoid. (A) Deep erosions on the
ard palate in a patient with severe mucous membrane pemphigoid.
) Symblepharon, erosive conjunctivitis, and shortening of the forni-

es in severe (Foster stage IV) ocular mucous membrane pemphigoid.
Mucous membrane pemphigoid

MMP is caused by autoantibodies directed against anti-
gens BP180, β4 integrin subunit, laminin 5 (laminin 332, epi-
ligrin), laminin 6, or type VII collagen (COL7). Within
BP180, the C-terminus is the most common antigenic target,
but autoantibodies against NC16a or LAD-1 (120 kDa) may
also be identified in patients with MMP.106–108 Although
rare, antiepiligrin cicatricial pemphigoid (AECP) should be
excluded when evaluating patients with MMP, given its his-
toric association with lung, stomach, and colon cancer.109

More recent studies have failed to confirm a specific associa-
tion between internal malignancy and AECP, although MMP
in general may confer additional risk.108 MMP (Figure 9) is
unique because bullae are located primarily on the mucosa,
as opposed to the skin (which is involved in only 25% of
MMP cases), and significant scarring occurs after blister
resolution. The oral mucosa is most commonly affected
(80% to 90% of patients), followed by palpebral and bulbar
conjunctivae (60% to 80%).110,111

Histologic study of MMP shows subepithelial blisters
with eosinophilic, lymphocytic, or neutrophilic dermal infil-
trates. DIF with linear deposition of IgG, IgA, and/or C3 at
the DEJ is the most sensitive diagnostic test, ranging from
66.2% to 86.6%. C3 deposition demonstrates the highest sen-
sitivity at 86.6%.18,112 DIF can resemble other subepidermal
blistering diseases, including BP or EBA.111 Deposition of
multiple immunoreactants is common in MMP, unlike BP.
IIF can be used as a confirmatory test and, if negative,
ELISA can be used.113 The sensitivity of IIF on SSS ranges
from 50% to 80%. Although circulating autoantibodies are
undetectable in a significant number of patients, IIF on SSS
is important in the evaluation of MMP. In the context of a
dermal pattern of immunofluorescence, AECP, EBA, and
bullous systemic lupus erythematosus (BSLE) must be
excluded.111,113–115 The sensitivity of IIF on SSS is much
higher than on ME.111,113

The accuracy of ELISA for MMP varies, depending
on the target antigen. The sensitivity and specificity
of ELISA for antilaminin-5 (laminin 332) are 20% to
94% and 82% to 98%, respectively. The sensitivity of
ELISA for anti-BP180 (entire domain or NC16a) is 25%
to 39%, and the sensitivity of ELISA for anti-BP230 is
8.3% to 11.5% sensitivity.106,108,113,116,117 Detection of
IgG antibodies using immunoblot for laminin-332 is
well-studied, but its sensitivity varies from 12% to
66.7%.113,118–120 IgG and IgA antibodies targeting BP180
are frequently found in MMP with 25% to 75% sensitivity
for IgG and 11% to 78% sensitivity for IgA.118,120–123 Auto-
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Fig. 10 Epidermolysis bullosa acquisita. (A) Bullae, healing ero-
sions, scarring, and milia distributed over sites prone to trauma, such
as the elbow, are characteristic. (B)A cell-poor subepidermal blister
is present (H&E, 200x magnification). (C) Direct immunofluores-
cence demonstrates linear IgG deposition at the dermoepidermal
junction, indistinguishable from that of bullous pemphigoid (anti-
IgG, 200x magnification).
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antibody reactivity against other antigens is low, with a sensi-
tivity of 10% to 27.4% for anti-BP230 and 21% for anti-β4
integrin.118,122,123 If autoantibodies against BP180 are found,
anti-BP180-NC16a ELISA may be used for disease monitor-
ing (Table 4).124 A new immunoblot using cell lysates from
immortalized human oral keratinocytes found the sensitivity
for anti-BP180-NC16a to be 63% with a specificity of
100%. There was no reactivity with other target antigens.125

When evaluating MMP, it is important to consider the sensi-
tivity and specificity of diagnostic assays in the context of
the immunopathologic heterogeneity of this disease.
Epidermolysis bullosa acquisita

In EBA, autoantibodies target COL7, a protein that forms
the anchoring fibrils of the sublamina densa, resulting in a
subepidermal blister. Presentations of EBA (Figure 10) in-
clude mechanobullous or noninflammatory type and inflam-
matory type. Histology is variable: mechanobullous EBA is
cell-poor, whereas inflammatory EBA demonstrates
neutrophil- or eosinophil-rich infiltrates. Scarring and milia
are common in EBA.126,127

The sensitivity of DIF approximates 100% but varies de-
pending on the immunoreactant evaluated, with IgG being
the most common.18,127 Linear staining of the dermal base-
ment membrane for IgG and C3 is commonly seen, but IgA
and IgM are also noted in less than half of cases.128 When
present, a u-serrated pattern of immunoreactant deposition is
characteristic and allows distinction from other subepidermal
blistering diseases.129 Only EBA and bullous systemic lupus
erythematosus (BSLE) show the u-serration pattern. Although
u-serration is highly specific, it is not entirely sensitive, as a
linear pattern can also be observed on DIF. The feasibility of
serration pattern recognition has been studied, demonstrating
a recognition rate of 90% and interrater conformity of
97.5%.130 The sensitivity of IIF ranges from 50% to 100%
and is improved on SSS.18,126–128,131–134 A retrospective
multicenter study with 95 patients with EBA and 200 controls
determined the specificity of IIF on SSS to be 99%.134

In EBA, most ELISAs available detect antibodies against
the NC1 and/or NC2 domains of COL7, with a sensitivity of
45% to 98.7% and specificity of 97% to 100%.85,131–136

ELISA for both anti-NC1 and anti-NC2 has a higher sensitiv-
ity than anti-NC1 or anti-NC2 alone. ELISA may be used for
monitoring disease activity (Table 4), but DIF and IIF on SSS
remain the preferred methods of diagnosis.135 The sensitivity
of immunoblot tends to be lower than that of ELISA, ranging
from 67% to 92%, whereas specificity ranges from 94% to
100%.132,134,137

A diagnostic algorithm summarizing the evaluation of BP,
EBA, and GP is provided in Figure 11.
IgA-mediated bullous dermatoses

Dermatitis herpetiformis

Table 3 summarizes diagnostic methods for IgA-mediated
bullous dermatoses. DH (Figure 12) results from
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Fig. 11 BP, GP, EBA diagnostic algorithm. BP, bullous pemphigoid; BP180, bullous pemphigoid antigen 2; COL7, collagen type 7; DEJ,
dermoepidermal junction; DIF, direct immunofluorescence; EBA, epidermolysis bullosa acquisita; ELISA, enzyme-linked immunosorbent
assay; GP, gestational pemphigoid; IIF, indirect immunofluorescence.
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autoantibodies against epidermal transglutaminase (eTG). Pa-
tients with DH also produce autoantibodies against tissue
transglutaminase (tTG). Antibody quantity, especially anti-
tTG, decreases on a gluten-free diet.107,138 Two types of
anti-eTG IgA antibodies exist: one is specific for eTG and
DH and the other cross-reacts with tTG and is detected in ce-
liac disease without DH. Anti-eTG antibodies, but not anti-
tTG antibodies, persist in patients on a gluten-free diet. There-
fore anti-eTG IgA is a superior marker of disease activitymon-
itoring whereas anti-tTG IgA is a superior marker of dietary
compliance (Table 4).138,139 Histopathologic study demon-
strates neutrophils within the dermal papillae and subepider-
mal clefting in 62.5% to 78% of cases.140,141 Therefore
routine histology is insensitive. These features are also not
wholly specific, given that similar findings are observed in lin-
ear IgA disease (LAD) and BSLE.140,142 Perilesional DIF
within 1 cm from the vesicle is the diagnostic gold standard
test, demonstrating granular IgA deposition in the dermal
papillae. IgA deposition may also be seen in the rare fibrillar
pattern.143 One study reported granular IgA along the DEJ in
all cases with additional granular deposition in the dermal pa-
pillae in 41% and continuous IgA deposition in 59% of
cases.142 C3 is present in 47% to 50% of cases.142,143 DIF sen-
sitivity ranges from 92% to 100% with specificity greater than
90%.140,142,144,145 IIF on ME detecting endomysial smooth
muscle IgA (IgA-EMA) has a sensitivity of 52% to 100%
and specificity of 95% to 100%.140,142,146–150 IIF on NHS is
always negative, as eTG is not present within the dermis of
healthy skin.151

Sensitivity and specificity for anti-eTG ELISA
range from 45% to 100% and 92% to 100%,
respectively.138,142,144,151–153 For anti-tTG ELISA, sensi-
tivity and specificity are 42% to 99% and 92% to 100%,
respectively.138,142,144,146,148,150–154 Anti-eTG ELISA sensi-
tivity is typically greater than antitTG.138 Immunoblot is not
widely used as a diagnostic tool for DH.154

Image of Fig.�11


Table 3 Diagnostic methods for IgA-mediated bullous dermatoses

Dermatitis herpetiformis Linear IgA disease

DIF Sensitivity: 92%-100%140,142,144

Specificity: N90%145
Sensitivity: 79%-100%18,107,158,162

IIF IgA-EMA on monkey esophagus
Sensitivity: 52%-100%
Specificity: 95%-100%140,142,146–150

Sensitivity: 15%-63%18,161,162,164,175,176

ELISA Anti-eTG
Sensitivity: 45%-100%
Specificity: 92%-100%
Anti-tTG
Sensitivity: 42%-99%
Specificity: 92%-100%138,142,144,146,148,150–154

Anti-BP180 IgA
Sensitivity: 83%
Specificity: 100%
Anti-COL7 IgA
Sensitivity: 0%-66%
Specificity: 100%158,163,164

Immunoblot Anti-tTG
Sensitivity: 46%
Specificity: 100%
Antigliadin
Sensitivity: 50%
Specificity: 100%154

Sensitivity: anti-BP180 32%-100%, anti-BP230 12%-16%,
anti-LABD97 and/or anti-LAD1 44%-70%121,161,165,166

Note: Preferred methods are bolded.
BP, bullous pemphigoid; COL7, collagen type 7; DIF, direct immunofluorescence; ELISA, enzyme-linked immunosorbent assay; EMA, endomysial smooth
muscle; eTG, epidermal transglutaminase; IIF, indirect immunofluorescence; LABD97, linear IgA bullous disease antigen of 97 kDa; LAD1, ladinin 1; tTG,
tissue transglutaminase.
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Linear IgA disease

LAD tends to affect children, in which it is known as
chronic bullous disease of childhood.155 LAD (Figure 13)
can be idiopathic or drug-induced.156 There are two
types of LAD, distinguished by their DIF patterns and
antigenic targets. The more common lamina lucida type
displays linear epidermal fluorescence, whereas the
Table 4 Literature-based recommendations for disease activity mon

Pemphigus vulgaris
and pemphigus
foliaceous

Bullous pemphigoid Mucous m
pemphigoi

Frequency of
monitoring

Day 0, 90, then every
3-6 months based on
disease evolution174

Days 0, 60, and
15074

Day 0, the
months124

Preferred
monitoring
tool

Anti-Dsg1 and/or
Dsg3 IgG ELISA174

Anti-BP180-NC16a
IgG ELISA74

Anti-BP18
IgG ELISA

Second-line
monitoring
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IIF monkey
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DIF74 Anti-BP23
ELISA124

Discontinue
treatment

6-12 months after
complete remission⁎174

1-6 months after
complete remission
on minimal
therapy⁎⁎74
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LABD97 (97 kDa) and LAD-1 (120 kDa), both ectodo-
mains of BP180, are target antigens for the lamina lucida
type, and COL7 is the antigen for the sublamina densa
type.107,157,158 Additional targets have been discovered, in-
cluding 100 kDa and 285 kDa antigens.156,159 Histopatho-
logic examination demonstrates a subepidermal blister
with neutrophils.156,160,161
itoring

embrane
d

Epidermolysis bullosa
acquisita

Dermatitis herpetiformis
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Anti-COL7 ELISA
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on disease evolution and
ELISA titers139

e; Dsg, desmoglein; ELISA, enzyme-linked immunosorbent assay; EMA,
unofluorescence; tTG, tissue transglutaminase.
en off systemic corticosteroids.
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Fig. 12 Dermatitis herpetiformis. (A) Typical morphology and
distribution of dermatitis herpetiformis: excoriated papulovesicles
on the elbow. (B) Histology demonstrates accumulation of neutro-
phils with karyorrhexis in the dermal papillae (H&E, 400x magnifi-
cation). (C) Direct immunofluorescence demonstrates granular IgA
deposition in the dermal papillae (Anti-IgA, 200x magnification).

ig. 13 Linear IgA disease. (A) Tense bullae with crown of
wels configuration after administration of vancomycin 24 hours
arlier. (B) Subepidermal blister with abundant neutrophils, a non-
pecific pattern (H&E, 400x magnification). (C) Direct immunoflu-
rescence demonstrates linear IgA at the dermoepidermal junction
nti-IgA, 100x magnification).
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In 100% of cases, DIF demonstrates linear deposition of
IgA at the DEJ. Concomitant deposition of other immunoreac-
tants may also be identified, including IgG (10% to 13%) and
F
je
e
s
o
(a
C3 (13% to 37%). DIF has a high sensitivity and is the pre-
ferred diagnostic test.18,107,158,162 In contrast, IgA IIF on
SSS, ME, and NHS has low sensitivity, ranging from 15%
to 63%.

ELISA for IgA autoantibodies directed against the entire
extracellular domain of BP180 has a sensitivity of 83% and
a specificity of 100%.163 ELISA for anti-COL7 IgA has a

Image of Fig. 12
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reported sensitivity of 66% and specificity of 100%.158 A
study of eight patients with sublamina densa type LAD ob-
tained a sensitivity of 0% for anti-COL7 IgA ELISA.164 Im-
munoblot is not commonly used in the diagnosis of
LAD.161,165,166 A diagnostic algorithm summarizing the
evaluation of DH and LAD is provided in Figure 14.
New diagnostic methods

New techniques have been developed to improve diagnos-
tic efficiency and accuracy. These include multivariant
ELISA, Biochip mosaic IIF, automated DIF, DNAmicroarray
scanner, chemiluminescent enzyme immunoassay (CLEIA),
and lateral flow immunoassay (LFIA).

The new multivariant ELISA targets Dsg1, Dsg3, envo-
plakin, BP180, BP230, and COL7, allowing for simulta-
neous testing of many AIBDs. When patients with PV, PF,
PNP, BP, and EBA and controls were tested with the multi-
variant ELISA, sensitivity ranged from 85.7% to 100% and
specificity ranged from 97.3% to 100%.85 A limitation is
the lack of IgA reactivity for the diagnosis of IgA-mediated
bullous diseases.
( )

( )

(+)

Fig. 14 DH and LAD diagnostic algorithm. BP180, bullous pemphigoi
tiformis; DIF, direct immunofluorescence; ELISA, enzyme-linked immun
transglutaminase; IIF, indirect immunofluorescence; LAD, linear IgA dis
Similarly, the Biochip mosaic IIF allows for testing of
multiple AIBDs at once in a single step, as it contains multi-
ple substrates. The sensitivity and specificity of pemphigus-
related substrates for the diagnosis of PV are 97.6% to
100% and 99.6% to 100%, respectively. For PF, sensitivity
is slightly lower at 90%, but specificity is 100%.167 The sen-
sitivity and specificity of pemphigoid-related substrates for
the detection of anti-BP180 in serum are 88.3% to 100%
and 96.5% to 98.2%, respectively. Detection of anti-BP230
is less accurate with a sensitivity of 38.3% to 54.8%, but
specificity for this antibody remained high at 98.3% to
100%. Impressively, this assay results in an hour. Several
target antigens are not included, prohibiting detection of
other AIBDs including LAD and DH.168,169

For most AIBDs, DIF is still heavily relied upon for diag-
nosis. Compared with manual DIF, automated DIF may
generate higher quality, evenly distributed staining with less
background staining. The technique requires fewer steps and
is faster, but it is not available in most laboratories.170

The DNA microarray scanner can be used instead of a
fluorescence microscope to perform DIF, detecting fluores-
cence in skin sections that are incubated with labeled anti-
bodies. The resultant digital images allow for a complete
( )

( )

d antigen 2; DEJ, dermal-epidermal junction; DH, dermatitis herpe-
osorbent assay; EMA, endomysial smooth muscle; eTG, epidermal
ease; tTG, tissue transglutaminase.

Image of Fig.�14
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view of the entire specimen. Scanning in more than one
wavelength permits multiple antibodies to be evaluated at
once. Immunocomplex signal intensity is higher and evalua-
tion is faster than standard DIF; however, cost is the major
factor limiting access.171

CLEIA is an automated immunoassay that combines pa-
tient serum with magnetic beads coated with recombinant
Dsg1, Dsg3, and BP180. The immunocomplexes react with
a secondary IgG antibody and, after a substrate liquid is
added, light is emitted and quantified. This takes 1 hour to
perform and antibody detection is comparable to ELISA.
The concordance rate between CLEIA and ELISA for anti-
Dsg1, anti-Dsg3, and anti-BP180 identification is 96% to
99%.172 Additional studies are needed to confirm these
results before widespread use.

The fastest and simplest newmethod developed is a LFIA,
which detects anti-Dsg3 in serum for diagnosis of PV. This
device uses immobilized human anti-IgG that captures anti-
Dsg3 from patient serum and demonstrates test positivity
by an indicator line within ten minutes. Limitations include
qualitative analysis and reduced sensitivity. The sensitivity
and specificity of this assay are 78.1% and 97.1%, respec-
tively. LFIA could be modified to detect other AIBD anti-
gens. This modality may be useful in settings without
access to laboratories capable of performing conventional
serologies such as IIF and ELISA.173
Conclusions

Clinicians generally rely on lesional biopsy for routine
histology and perilesional DIF to diagnose AIBDs. In spe-
cific contexts, other methods are more accurate for diagnosis,
disease activity monitoring, or both. ELISA for anti-Dsg3
and anti-Dsg1 is the most efficient, cost-effective, and accu-
rate diagnostic and monitoring tool for PV and PF.10–12,174

DIF for IgA antibodies remains the most sensitive method
for diagnosis of IgA pemphigus and distinguishes the SPD
type from Sneddon-Wilkinson disease.18,47–53 ELISA and
immunoblot for antiperiplakin and/or antienvoplakin IgG
are now the most accurate diagnostic assays for PNP rather
than IIF on rat bladder.59–64

DIF remains the preferred diagnostic method in the initial
evaluation of subepidermal blistering diseases. For BP, DIF
remains highly sensitive and specific.72,75,76 Anti-BP180-
NC16a ELISA has high specificity and is a reasonable non-
invasive diagnostic method.11,72,75,76,83–87 Anti-BP180-
NC16a ELISA is also the preferred disease monitoring tool
for BP.74 As in GP, DIF has high sensitivity whereas ELISA
has high specificity.86,91,92,94,97–102,104,105 In contrast, given
the antigenic heterogeneity of MMP, clinical features in
tandem with DIF and IIF are necessary for accurate diagnosis.
If BP180 is the target antigen, anti-BP180-NC16a ELISA can
be used to monitor disease activity.124 DIF with linear IgG and
C3 DEJ and a u-serration pattern remains the most sensitive
test for the diagnosis of EBA, and ELISA for anti-COL7
IgG is the preferred method to monitor disease activity in
patients with detectable circulating autoantibodies.18,127

For IgA-mediated bullous dermatoses, DIF remains the
gold standard for diagnosis and is highly sensitive for DH,
although several patterns of immunofluorescence may be ob-
served.140,142,144 Anti-eTG and anti-tTG ELISAs are highly
specific and can help rule in DH, but only anti-eTG ELISA is
superior for disease monitoring.138,139,142,144,146,148,150–154

Linear deposition of IgA at the DEJ is the most helpful diag-
nostic finding for LAD.18,107,158,162

Several new techniques offer greater efficiency while still
maintaining diagnostic accuracy. Both the Biochip mosaic
IIF and multivariant ELISA screen for multiple AIBDs
simultaneously with accuracy that compares to traditional
methods. These immunoassays are becoming more available,
but results should still be confirmed with standard methods.
CLEIA requires further comparison to gold standard diag-
nostic methods before widespread use but also appears
to be highly sensitive and specific for diagnosis of PV, PF
and BP.85,168,169,172
Conflict of interest

None to declare.
References

1. Vaughan Jones SA, Salas J, McGrath JA, et al. A retrospective
analysis of tissue-fixed immunoreactants from skin biopsies
maintained in Michel’s medium. Dermatology 1994;189(suppl 1):
131-132.

2. Shetty VM, Subramaniam K, Rao R. Utility of immunofluorescence
in dermatology. Indian Dermatol Online J 2017;8:1-8.

3. Arbesman J, Grover R, Helm TN, et al. Can direct immunofluores-
cence testing still be accurate if performed on biopsy specimens after
brief inadvertent immersion in formalin? J Am Acad Dermatol
2011;65:106-111.

4. Gan SD, Patel KR. Enzyme immunoassay and enzyme-linked immu-
nosorbent assay. J Invest Dermatol 2013;133:e12.

5. Bystryn JC, Akman A, Jiao D. Limitations in enzyme-linked immuno-
sorbent assays for antibodies against desmogleins 1 and 3 in patients
with pemphigus. Arch Dermatol 2002;138:1252-1253.

6. Burnette WN. “Western blotting”: electrophoretic transfer of proteins
from sodium dodecyl sulfate—polyacrylamide gels to unmodified ni-
trocellulose and radiographic detection with antibody and radioiodi-
nated protein A. Anal Biochem 1981;112:195-203.

7. KimB.Western blot techniques.Methods Mol Biol 2017;1606:133-139.
8. US Centers for Medicare and Medicaid Services. Clinical diagnostic

laboratory fee schedule. Available at: https://www.cms.gov/
Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched/
index.html. Accessed.

9. Ohata C, Ishii N, Furumura M. Locations of acantholysis in pemphigus
vulgaris and pemphigus foliaceus. J Cutan Pathol 2014;41:880-889.

10. Schmidt E, Dähnrich C, Rosemann A, et al. Novel ELISA systems
for antibodies to desmoglein 1 and 3: correlation of disease activity
with serum autoantibody levels in individual pemphigus patients.
Exp Dermatol 2010;19:458-463.

http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0005
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0005
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0005
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0005
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0005
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0005
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0010
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0010
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0010
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0015
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0015
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0015
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0015
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0015
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0015
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0020
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0020
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0020
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0025
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0025
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0025
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0025
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0030
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0030
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0030
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0030
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0030
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0035
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0035
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0035
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched/index.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched/index.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched/index.html
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0040
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0040
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0040
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0040
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0045
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0045
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0045
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0045


708 J. Harrell et al.
11. Tampoia M, Giavarina D, Di Giorgio C, et al. Diagnostic accuracy of
enzyme-linked immunosorbent assays (ELISA) to detect anti-skin
autoantibodies in autoimmune blistering skin diseases: a systematic
review and meta-analysis. Autoimmun Rev 2012;12:121-126.

12. Ishii K, Amagai M, Hall RP, et al. Characterization of autoantibodies in
pemphigus using antigen-specific enzyme-linked immunosorbent assays
with baculovirus-expressed recombinant desmogleins. J Immunol
1997;159:2010-2017.

13. Tjarks BJ, Billings SD, Ko JS. Efficacy of triaging direct immunofluo-
rescence in intraepidermal bullous dermatoses. Am J Dermatopathol
2018;40:24-29.

14. Chowdhury J, Datta PK, Chowdhury SN, et al. A clinicopathological
study of pemphigus in Eastern India with special reference to direct
immunofluorescence. Indian J Dermatol 2016;61:288-294.

15. Caproni M, Giomi B, Cardinali C, et al. Further support for a role
for Th2-like cytokines in blister formation of pemphigus. Clinical
Immunology [serial on the Internet]. 2001;98(2).

16. Buch AC, Kumar H, Panicker N, et al. A cross-sectional study of
direct immunofluorescence in the diagnosis of immunobullous derma-
toses. Indian J Dermatol 2014;59:364-368.

17. Kumar S, Thappa DM, Sehgal S. Immunofluorescence study of
pemphigus from north India. J Dermatol 1995;22:571-575.

18. Arbache ST, Nogueira TG, Delgado L, et al. Immunofluorescence
testing in the diagnosis of autoimmune blistering diseases: overview
of 10-year experience. An Bras Dermatol 2014;89:885-889.

19. Hrabovska Z, Jautova J, Hrabovsky V. A study of clinical, histo-
pathological and direct immunofluorescence diagnosis in pemphigus
group Utility of direct immunofluorescence. Bratisl Lek Listy
2017;118:243-249.

20. Mysorekar VV, Sumathy TK, Shyam Prasad AL. Role of direct
immunofluorescence in dermatological disorders. Indian Dermatol
Online J 2015;6:172-180.

21. Rodriguez J, Bystryn JC. Pemphigus foliaceus associated with
absence of intercellular antigens in lower layers of epidermis. Arch
Dermatol 1977;113:1696-1699.

22. Ng PP, Thng ST, Mohamed K, et al. Comparison of desmoglein
ELISA and indirect immunofluorescence using two substrates
(monkey oesophagus and normal human skin) in the diagnosis of
pemphigus. Australas J Dermatol 2005;46:239-241.

23. Zagorodniuk I, Weltfriend S, Shtruminger L, et al. A comparison of
anti-desmoglein antibodies and indirect immunofluorescence in the
serodiagnosis of pemphigus vulgaris. Int J Dermatol 2005;44:541-
544.

24. Harman KE, Gratian MJ, Bhogal BS, et al. The use of two
substrates to improve the sensitivity of indirect immunofluores-
cence in the diagnosis of pemphigus. Br J Dermatol 2000;142:
1135-1139.

25. Ravi D, Prabhu SS, Rao R, et al. Comparison of immunofluorescence
and desmoglein enzyme-linked immunosorbent assay in the diagnosis
of pemphigus: a prospective, cross-sectional study in a tertiary care
hospital. Indian J Dermatol 2017;62:171-177.

26. Kridin K, Bergman R. The usefulness of indirect immunofluorescence
in pemphigus and the natural history of patients with initial false-
positive results: a retrospective cohort study. Front Med (Lausanne)
2018;5:266.

27. Jiao D, Bystryn JC. Sensitivity of indirect immunofluorescence, sub-
strate specificity, and immunoblotting in the diagnosis of pemphigus.
J Am Acad Dermatol 1997;37:211-216.

28. Giurdanella F, Nijenhuis AM, Diercks GFH, et al. Keratinocyte bind-
ing assay identifies anti-desmosomal pemphigus antibodies where
other tests are negative. Front Immunol 2018;9:839.

29. Khandpur S, Sharma VK, Sharma A, et al. Comparison of enzyme-
linked immunosorbent assay test with immunoblot assay in the diag-
nosis of pemphigus in Indian patients. Indian J Dermatol Venereol
Leprol 2010;76:27-32.

30. Weiss D, Ristl R, Griss J, et al. Autoantibody levels and clinical dis-
ease severity in patients with pemphigus: comparison of aggregated
anti-desmoglein ELISA values and indirect immunofluorescence titres.
Acta Derm Venereol 2015;95:559-564.

31. Harman KE, Seed PT, Gratian MJ, et al. The severity of cutaneous
and oral pemphigus is related to desmoglein 1 and 3 antibody levels.
Br J Dermatol 2001;144:775-780.

32. Abasq C, Mouquet H, Gilbert D, et al. ELISA testing of anti-
desmoglein 1 and 3 antibodies in the management of pemphigus.
Arch Dermatol 2009;145:529-535.

33. Daneshpazhooh M, Kamyab K, Kalantari MS, et al. Comparison of
desmoglein 1 and 3 enzyme-linked immunosorbent assay and direct
immunofluorescence for evaluation of immunological remission in
pemphigus vulgaris. Clin Exp Dermatol 2014;39:41-47.

34. Barnadas MA, Rubiales MV, Gich I, et al. Usefulness of specific anti-
desmoglein 1 and 3 enzyme-linked immunoassay and indirect immuno-
fluorescence in the evaluation of pemphigus activity. Int J Dermatol
2015;54:1261-1268.

35. Russo I, De Siena FP, Saponeri A, et al. Evaluation of anti-
desmoglein-1 and anti-desmoglein-3 autoantibody titers in pemphigus
patients at the time of the initial diagnosis and after clinical remission.
Medicine (Baltimore) 2017;96, e8801.

36. Zhou T, Fang S, Li C, et al. Comparative study of indirect immuno-
fluorescence, enzyme-linked immunosorbent assay, and the Tzanck
smear test for the diagnosis of pemphigus. J Oral Pathol Med
2016;45:786-790.

37. Yoshimura K, Ishii N, Hamada T, et al. Clinical and immunological
profiles in 17 Japanese patients with drug-induced pemphigus studied
at Kurume University. Br J Dermatol 2014;171:544-553.

38. Palleria C, Bennardo L, Dastoli S, et al. Angiotensin-converting-
enzyme inhibitors and angiotensin II receptor blockers induced pem-
phigus: a case series and literature review. Dermatol Ther 2019;32,
e12748.

39. Maruani A, Machet MC, Carlotti A, et al. Immunostaining with anti-
bodies to desmoglein provides the diagnosis of drug-induced pemphi-
gus and allows prediction of outcome. Am J Clin Pathol 2008;130:
369-374.

40. Hashimoto T, Komai A, Futei Y, et al. Detection of IgA autoanti-
bodies to desmogleins by an enzyme-linked immunosorbent assay:
the presence of new minor subtypes of IgA pemphigus. Arch Derma-
tol 2001;137:735-738.

41. Tajima M, Mitsuhashi Y, Irisawa R, et al. IgA pemphigus reacting ex-
clusively to desmoglein 3. Eur J Dermatol 2010;20:626-629.

42. Hegazy S, Bouchouicha S, Khaled A, et al. IgA pemphigus showing
IgA antibodies to desmoglein 1 and 3. Dermatol Pract Concept
2016;6:31-33.

43. Nishikawa T, Hashimoto T. Dermatoses with intraepidermal IgA de-
posits. Clin Dermatol 2000;18:315-318.

44. Hashimoto T, Yasumoto S, Nagata Y, et al. Clinical, histopathological
and immunological distinction in two cases of IgA pemphigus. Clin
Exp Dermatol 2002;27:636-640.

45. Porro AM, Caetano LeV,Maehara LeS, et al. Non-classical forms of pem-
phigus: pemphigus herpetiformis, IgA pemphigus, paraneoplastic pemphi-
gus and IgG/IgA pemphigus. An Bras Dermatol 2014;89:96-106.

46. Watts PJ, Khachemoune A. Subcorneal pustular dermatosis: a review
of 30 years of progress. Am J Clin Dermatol 2016;17:653-671.

47. Lutz ME, Daoud MS, McEvoy MT, et al. Subcorneal pustular derma-
tosis: a clinical study of ten patients. Cutis 1998;61:203-208.

48. Hashimoto T, Ebihara T, Nishikawa T. Studies of autoantigens recog-
nized by IgA anti-keratinocyte cell surface antibodies. J Dermatol Sci
1996;12:10-17.

49. Hashimoto T, Inamoto N, Nakamura K, et al. Intercellular IgA derma-
tosis with clinical features of subcorneal pustular dermatosis. Arch
Dermatol 1987;123:1062-1065.

50. Huff JC, Golitz LE, Kunke KS. Intraepidermal neutrophilic IgA der-
matosis. N Engl J Med 1985;313:1643-1645.

51. Beutner EH, Chorzelski TP, Wilson RM, et al. IgA pemphigus folia-
ceus. Report of two cases and a review of the literature. J Am Acad
Dermatol 1989;20:89-97.

http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0050
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0050
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0050
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0050
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0050
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0055
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0055
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0055
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0055
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0055
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0055
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0060
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0060
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0060
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0060
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0060
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0065
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0065
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0065
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0065
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0070
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0070
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0070
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0070
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0075
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0075
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0075
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0080
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0080
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0080
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0080
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0085
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0085
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0085
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0085
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0085
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0085
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0090
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0090
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0090
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0090
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0090
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0095
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0095
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0095
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0095
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0095
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0100
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0100
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0100
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0100
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0100
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0105
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0105
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0105
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0105
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0105
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0105
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0110
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0110
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0110
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0110
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0110
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0110
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0115
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0115
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0115
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0115
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0115
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0120
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0120
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0120
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0120
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0120
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0120
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0125
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0125
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0125
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0130
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0130
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0130
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0130
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0135
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0135
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0135
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0135
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0135
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0135
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0140
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0140
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0140
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0140
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0140
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0145
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0145
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0145
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0150
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0150
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0150
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0155
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0155
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0155
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0155
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0155
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0160
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0160
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0160
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0160
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0160
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0160
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0165
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0165
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0165
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0165
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0170
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0170
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0170
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0170
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0170
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0170
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0175
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0175
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0175
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0175
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0180
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0180
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0180
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0180
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0180
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0180
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0185
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0185
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0185
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0185
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0185
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0185
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0190
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0190
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0190
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0190
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0190
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0195
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0195
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0195
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0200
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0200
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0200
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0200
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0200
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0205
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0205
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0205
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0210
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0210
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0210
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0210
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0210
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0215
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0215
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0215
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0215
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0215
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0220
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0220
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0220
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0225
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0225
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0225
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0230
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0230
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0230
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0230
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0235
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0235
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0235
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0235
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0235
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0240
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0240
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0240
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0245
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0245
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0245
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0245
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0245


709
52. Wallach D. Intraepidermal IgA pustulosis. J Am Acad Dermatol
1992;27:993-1000.

53. Hashimoto T, Teye K, Ishii N. Clinical and immunological studies
of 49 cases of various types of intercellular IgA dermatosis and 13
cases of classical subcorneal pustular dermatosis examined at Kurume
University. Br J Dermatol 2017;176:168-175.

54. Kershenovich R, Hodak E, Mimouni D. Diagnosis and classification
of pemphigus and bullous pemphigoid. Autoimmun Rev 2014;13:
477-481.

55. Kasperkiewicz M, Ellebrecht CT, Takahashi H, et al. Pemphigus. Nat
Rev Dis Primers 2017;3, 17026.

56. Kridin K. Pemphigus group: overview, epidemiology, mortality, and
comorbidities. Immunol Res 2018;66:255-270.

57. Ohzono A, Sogame R, Li X, et al. Clinical and immunological
findings in 104 cases of paraneoplastic pemphigus. Br J Dermatol
2015;173:1447-1452.

58. McLarney RM, Valdes-Rodriguez RH, Isaza-Gonzalez G, et al. Para-
neoplastic pemphigus mimicking toxic epidermal necrolysis: an
underdiagnosed entity? JAAD Case Rep 2018;4:67-71.

59. Joly P, Richard C, Gilbert D, et al. Sensitivity and specificity of
clinical, histologic, and immunologic features in the diagnosis of
paraneoplastic pemphigus. J Am Acad Dermatol 2000;43:619-626.

60. Choi Y, Nam KH, Lee JB, et al. Retrospective analysis of 12
Korean patients with paraneoplastic pemphigus. J Dermatol
2012;39:973-981.

61. Powell JG, Grover RK, Plunkett RW, et al. Evaluation of a newly
available ELISA for envoplakin autoantibodies for the diagnosis of
paraneoplastic pemphigus. J Drugs Dermatol 2015;14:1103-1106.

62. Probst C, Schlumberger W, Stöcker W, et al. Development of ELISA
for the specific determination of autoantibodies against envoplakin
and periplakin in paraneoplastic pemphigus. Clin Chim Acta
2009;410:13-18.

63. Anhalt GJ, Kim SC, Stanley JR, et al. Paraneoplastic pemphigus.
An autoimmune mucocutaneous disease associated with neoplasia.
N Engl J Med 1990;323:1729-1735.

64. Huang Y, Li J, Zhu X. Detection of anti-envoplakin and anti-
periplakin autoantibodies by ELISA in patients with paraneoplastic
pemphigus. Arch Dermatol Res 2009;301:703-709.

65. Poot AM, Siland J, Jonkman MF, et al. Direct and indirect immuno-
fluorescence staining patterns in the diagnosis of paraneoplastic
pemphigus. Br J Dermatol 2016;174:912-915.

66. Liu AY, Valenzuela R, Helm TN, et al. Indirect immunofluorescence
on rat bladder transitional epithelium: a test with high specificity for
paraneoplastic pemphigus. J Am Acad Dermatol 1993;28:696-699.

67. Helou J, Allbritton J, Anhalt GJ. Accuracy of indirect immunofluores-
cence testing in the diagnosis of paraneoplastic pemphigus. J Am
Acad Dermatol 1995;32:441-447.

68. Kelly S, Culican S, Silvestrini RA, et al. Comparative study of five
serological assays for the diagnosis of paraneoplastic pemphigus.
Pathology 2015;47:58-61.

69. Ishii N, Teye K, Fukuda S, et al. Anti-desmocollin autoantibodies in
nonclassical pemphigus. Br J Dermatol 2015;173:59-68.

70. Amber KT, Murrell DF, Schmidt E, et al. Autoimmune subepidermal
bullous diseases of the skin and mucosae: clinical features, diagnosis,
and management. Clin Rev Allergy Immunol 2018;54:26-51.

71. Bernard P, Antonicelli F. Bullous pemphigoid: a review of its diagno-
sis, associations and treatment. Am J Clin Dermatol 2017;18:513-
528.

72. Sárdy M, Kostaki D, Varga R, et al. Comparative study of direct
and indirect immunofluorescence and of bullous pemphigoid 180
and 230 enzyme-linked immunosorbent assays for diagnosis of
bullous pemphigoid. J Am Acad Dermatol 2013;69:748-753.

73. de Graauw E, Sitaru C, Horn M, et al. Evidence for a role of eosino-
phils in blister formation in bullous pemphigoid. Allergy 2017;72:
1105-1113.

74. Feliciani C, Joly P, Jonkman MF, et al. Management of bullous pemphi-
goid: the European Dermatology Forum consensus in collaboration with
the European Academy of Dermatology and Venereology.Br J Dermatol
2015;172:867-877.

75. Jankásková J, Horváth ON, Varga R, et al. Increased sensitivity and
high specificity of indirect immunofluorescence in detecting IgG sub-
classes for diagnosis of bullous pemphigoid. Clin Exp Dermatol
2018;43:248-253.

76. Jankásková J, Horváth ON, Varga R, et al. Complement fixation test:
an update of an old method for diagnosis of bullous pemphigoid. Acta
Derm Venereol 2016;96:197-201.

77. Fudge JG, Crawford RI. Bullous pemphigoid: a 10-year study of
discordant results on direct immunofluorescence. J Cutan Med Surg
2018;22:472-475.

78. Esmaili N, Mortazavi H, Kamyab-Hesari K, et al. Diagnostic accuracy
of BP180 NC16a and BP230-C3 ELISA in serum and saliva of pa-
tients with bullous pemphigoid. Clin Exp Dermatol 2015;40:324-330.

79. Holtsche MM, Goletz S, van Beek N, et al. Prospective study in
bullous pemphigoid: association of high serum anti-BP180 IgG levels
with increased mortality and reduced Karnofsky score. Br J Dermatol
2018;179:918-924.

80. Koga H, Teye K, Ishii N, et al. High index values of enzyme-linked
immunosorbent assay for BP180 at baseline predict relapse in patients
with bullous pemphigoid. Front Med (Lausanne) 2018;5:139.

81. Bernard P, Reguiai Z, Tancrède-Bohin E, et al. Risk factors for relapse in
patients with bullous pemphigoid in clinical remission: a multicenter,
prospective, cohort study. Arch Dermatol 2009;145:537-542.

82. Keller JJ, Kittridge AL, Debanne SM, et al. Evaluation of ELISA testing
for BP180 and BP230 as a diagnostic modality for bullous pemphigoid:
a clinical experience. Arch Dermatol Res 2016;308:269-272.

83. Meijer JM, Diercks GFH, de Lang EWG, et al. Assessment of diag-
nostic strategy for early recognition of bullous and nonbullous
variants of pemphigoid. JAMA Dermatol 2019;155:158-165.

84. Yew YW, Tey HL. Sensitivities and utility of non-invasive serologi-
cal tests in the diagnosis of bullous pemphigoid. Int J Dermatol
2016;55:e510-e511.

85. van Beek N, Dähnrich C, Johannsen N, et al. Prospective studies on
the routine use of a novel multivariant enzyme-linked immunosorbent
assay for the diagnosis of autoimmune bullous diseases. J Am Acad
Dermatol. 2017;76:889-894.e885.

86. Powell AM, Sakuma-Oyama Y, Oyama N, et al. Usefulness of BP180
NC16a enzyme-linked immunosorbent assay in the serodiagnosis of
pemphigoid gestationis and in differentiating between pemphigoid
gestationis and pruritic urticarial papules and plaques of pregnancy.
Arch Dermatol 2005;141:705-710.

87. Di Zenzo G, Thoma-Uszynski S, Fontao L, et al. Multicenter prospec-
tive study of the humoral autoimmune response in bullous pemphi-
goid. Clin Immunol 2008;128:415-426.

88. van Beek N, Zillikens D, Schmidt E. Diagnosis of autoimmune
bullous diseases. J Dtsch Dermatol Ges 2018;16:1077-1091.

89. Grootenboer-Mignot S, Descamps V, Picard-Dahan C, et al. Place of
human amniotic membrane immunoblotting in the diagnosis of auto-
immune bullous dermatoses. Br J Dermatol 2010;162:743-750.

90. Desai N, Allen J, Ali I, et al. Autoantibodies to basement membrane
proteins BP180 and BP230 are commonly detected in normal subjects
by immunoblotting. Australas J Dermatol 2008;49:137-141.

91. Tani N, Kimura Y, Koga H, et al. Clinical and immunological pro-
files of 25 patients with pemphigoid gestationis. Br J Dermatol
2015;172:120-129.

92. Lin MS, Arteaga LA, Diaz LA. Herpes gestationis. Clin Dermatol
2001;19:697-702.

93. Huilaja L, Mäkikallio K, Tasanen K. Gestational pemphigoid.
Orphanet J Rare Dis 2014;9:136.

94. Sävervall C, Sand FL, Thomsen SF. Pemphigoid gestationis:
current perspectives. Clin Cosmet Investig Dermatol 2017;10:
441-449.

95. Sadik CD, Lima AL, Zillikens D. Pemphigoid gestationis: to-
ward a better understanding of the etiopathogenesis. Clin Der-
matol 2016;34:378-382.

http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0250
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0250
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0250
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0250
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0255
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0255
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0255
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0255
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0255
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0260
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0260
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0260
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0260
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0260
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0265
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0265
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0265
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0270
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0270
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0270
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0275
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0275
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0275
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0275
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0275
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0280
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0280
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0280
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0280
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0285
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0285
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0285
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0285
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0290
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0290
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0290
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0290
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0290
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0295
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0295
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0295
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0295
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0300
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0300
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0300
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0300
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0300
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0300
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0305
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0305
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0305
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0310
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0310
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0310
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0310
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0315
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0315
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0315
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0315
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0315
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0320
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0320
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0320
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0320
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0325
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0325
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0325
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0325
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0325
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0330
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0330
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0330
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0335
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0335
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0335
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0340
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0340
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0340
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0340
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0345
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0345
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0345
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0345
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0345
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0350
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0350
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0350
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0350
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0350
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0355
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0355
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0355
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0355
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0355
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0360
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0360
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0360
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0360
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0360
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0360
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0365
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0365
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0365
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0365
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0365
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0365
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0370
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0370
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0370
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0370
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0375
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0375
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0375
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0375
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0375
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0380
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0380
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0380
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0380
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0385
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0385
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0385
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0385
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0385
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0390
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0390
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0390
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0390
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0395
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0395
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0395
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0395
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0395
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0400
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0400
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0400
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0400
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0400
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0405
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0405
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0405
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0405
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0410
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0410
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0410
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0410
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0410
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0415
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0415
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0415
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0415
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0415
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0420
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0420
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0420
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0420
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0425
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0425
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0425
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0430
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0430
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0430
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0430
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0435
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0435
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0435
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0435
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0440
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0440
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0440
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0440
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0440
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0445
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0445
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0445
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0445
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0450
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0450
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0450
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0455
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0455
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0455
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0455
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0455
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0460
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0460
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0460
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0460
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0460


710 J. Harrell et al.
96. Al-Saif F, Elisa A, Al-Homidy A, et al. Retrospective analysis of
pemphigoid gestationis in 32 Saudi patients - clinicopathological
features and a literature review. J Reprod Immunol 2016;116:42-45.

97. Roth MM. Pregnancy dermatoses: diagnosis, management, and
controversies. Am J Clin Dermatol 2011;12:25-41.

98. Hallaji Z, Mortazavi H, Ashtari S, et al. Pemphigoid gestationis:
clinical and histologic features of twenty-three patients. Int J
Womens Dermatol 2017;3:86-90.

99. Castro LA, Lundell RB, Krause PK, et al. Clinical experience in
pemphigoid gestationis: report of 10 cases. J Am Acad Dermatol
2006;55:823-828.

100. Ambros-Rudolph CM, Müllegger RR, Vaughan-Jones SA, et al.
The specific dermatoses of pregnancy revisited and reclassified:
results of a retrospective two-center study on 505 pregnant pa-
tients. J Am Acad Dermatol 2006;54:395-404.

101. Kwon EJ, Ntiamoah P, Shulman KJ. The utility of C4d
immunohistochemistry on formalin-fixed paraffin-embedded tissue
in the distinction of polymorphic eruption of pregnancy
from pemphigoid gestationis. Am J Dermatopathol 2013;35:787-
791.

102. Barnadas MA, Rubiales MV, González MJ, et al. Enzyme-linked
immunosorbent assay (ELISA) and indirect immunofluorescence
testing in a bullous pemphigoid and pemphigoid gestationis. Int
J Dermatol 2008;47:1245-1249.

103. Otten JV, Hashimoto T, Hertl M, et al. Molecular diagnosis in
autoimmune skin blistering conditions. Curr Mol Med
2014;14:69-95.

104. Al Saif F, Jouen F, Hebert V, et al. Sensitivity and specificity of
BP180 NC16A enzyme-linked immunosorbent assay for the diagno-
sis of pemphigoid gestationis. J Am Acad Dermatol 2017;76:560-
562.

105. Sitaru C, Powell J, Messer G, et al. Immunoblotting and enzyme-
linked immunosorbent assay for the diagnosis of pemphigoid
gestationis. Obstet Gynecol 2004;103:757-763.

106. Bekou V, Thoma-Uszynski S, Wendler O, et al. Detection of
laminin 5-specific auto-antibodies in mucous membrane and
bullous pemphigoid sera by ELISA. J Invest Dermatol
2005;124:732-740.

107. Seline A, Seline L, Sokumbi O, et al. Comparison of histopathol-
ogy, immunofluorescence, and serology for the diagnosis of au-
toimmune bullous disorders: an update. Global Dermatology
2016;3.

108. Bernard P, Antonicelli F, Bedane C, et al. Prevalence and clini-
cal significance of anti-laminin 332 autoantibodies detected by
a novel enzyme-linked immunosorbent assay in mucous mem-
brane pemphigoid. JAMA Dermatol 2013;149:533-540.

109. Egan CA, Lazarova Z, Darling TN, et al. Anti-epiligrin cicatri-
cial pemphigoid: clinical findings, immunopathogenesis, and
significant associations. Medicine (Baltimore) 2003;82:177-
186.

110. Cizenski JD, Michel P, Watson IT, et al. Spectrum of orocuta-
neous disease associations: immune-mediated conditions. J Am
Acad Dermatol 2017;77:795-806.

111. Fleming TE, Korman NJ. Cicatricial pemphigoid. J Am Acad Dermatol
2000;43:571-591 [quiz 591-574].

112. Yasukochi A, Teye K, Ishii N, et al. Clinical and immunological
studies of 332 Japanese patients tentatively diagnosed as anti-
BP180-type mucous membrane pemphigoid: a novel BP180 C-
terminal domain enzyme-linked immunosorbent assay. Acta
Derm Venereol 2016;96:762-767.

113. Cozzani E, Di Zenzo G, Calabresi V, et al. Autoantibody profile
of a cohort of 78 Italian patients with mucous membrane pem-
phigoid: correlation between reactivity profile and clinical in-
volvement. Acta Derm Venereol 2016;96:768-773.

114. Buonavoglia A, Leone P, Dammacco R, et al. Pemphigus and
mucous membrane pemphigoid: an update from diagnosis to
therapy. Autoimmun Rev 2019;18:349-358.
115. Chan LS, Ahmed AR, Anhalt GJ, et al. The first international
consensus on mucous membrane pemphigoid: definition, diag-
nostic criteria, pathogenic factors, medical treatment, and prog-
nostic indicators. Arch Dermatol 2002;138:370-379.

116. Chiorean R, Danescu S, Virtic O, et al. Molecular diagnosis of
anti-laminin 332 (epiligrin) mucous membrane pemphigoid.
Orphanet J Rare Dis 2018;13:111.

117. Lazarova Z, Salato VK, Lanschuetzer CM, et al. IgG anti-
laminin-332 autoantibodies are present in a subset of patients
with mucous membrane, but not bullous, pemphigoid. J Am
Acad Dermatol 2008;58:951-958.

118. Hayakawa T, Furumura M, Fukano H, et al. Diagnosis of oral
mucous membrane pemphigoid by means of combined serologic
testing. Oral Surg Oral Med Oral Pathol Oral Radiol 2014;117:
483-496.

119. Hisamatsu Y, Nishiyama T, Amano S, et al. Usefulness of immu-
noblotting using purified laminin 5 in the diagnosis of anti-
laminin 5 cicatricial pemphigoid. J Dermatol Sci 2003;33:113-
119.

120. Schmidt E, Skrobek C, Kromminga A, et al. Cicatricial pemphi-
goid: IgA and IgG autoantibodies target epitopes on both intra-
and extracellular domains of bullous pemphigoid antigen 180.Br J Der-
matol 2001;145:778-783.

121. Christophoridis S, Büdinger L, Borradori L, et al. IgG, IgA and
IgE autoantibodies against the ectodomain of BP180 in patients
with bullous and cicatricial pemphigoid and linear IgA bullous
dermatosis. Br J Dermatol 2000;143:349-355.

122. Carrozzo M, Cozzani E, Broccoletti R, et al. Analysis of antigens
targeted by circulating IgG and IgA antibodies in patients with
mucous membrane pemphigoid predominantly affecting the oral
cavity. J Periodontol 2004;75:1302-1308.

123. Oyama N, Setterfield JF, Powell AM, et al. Bullous pemphigoid
antigen II (BP180) and its soluble extracellular domains are ma-
jor autoantigens in mucous membrane pemphigoid: the patho-
genic relevance to HLA class II alleles and disease severity. Br
J Dermatol 2006;154:90-98.

124. Knudson RM, Kalaaji AN, Bruce AJ. The management of mu-
cous membrane pemphigoid and pemphigus. Dermatol Ther
2010;23:268-280.

125. Kamaguchi M, Iwata H, Miyauchi T, et al. The identification of
autoantigens in mucous membrane pemphigoid using immortal-
ized oral mucosal keratinocytes. J Oral Pathol Med 2019;48:
60-67.

126. Vorobyev A, Ludwig RJ, Schmidt E. Clinical features and diag-
nosis of epidermolysis bullosa acquisita. Expert Rev Clin Immu-
nol 2017;13:157-169.

127. Delgado L, Aoki V, Santi C, et al. Clinical and immunopatholog-
ical evaluation of epidermolysis bullosa acquisita. Clin Exp Der-
matol 2011;36:12-18.

128. Mutasim DF, Adams BB. Immunofluorescence in dermatology.
J Am Acad Dermatol 2001;45:803-822 [quiz 822-804].

129. Diercks GF, Pas HH, Jonkman MF. Immunofluorescence of au-
toimmune bullous diseases. Surg Pathol Clin 2017;10:505-512.

130. Meijer JM, Atefi I, Diercks GFH, et al. Serration pattern analysis
for differentiating epidermolysis bullosa acquisita from other
pemphigoid diseases. J Am Acad Dermatol. 2018;78:754-759.
e756.

131. Seta V, Aucouturier F, Bonnefoy J, et al. Comparison of 3 type
VII collagen (C7) assays for serologic diagnosis of epidermoly-
sis bullosa acquisita (EBA). J Am Acad Dermatol 2016;74:1166-
1172.

132. Calabresi V, Sinistro A, Cozzani E, et al. Sensitivity of different
assays for the serological diagnosis of epidermolysis bullosa
acquisita: analysis of a cohort of 24 Italian patients. J Eur Acad
Dermatol Venereol 2014;28:483-490.

133. Kim JH, Kim YH, Kim S, et al. Serum levels of anti-type VII
collagen antibodies detected by enzyme-linked immunosorbent

http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0465
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0465
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0465
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0465
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0465
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0470
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0470
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0470
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0470
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0475
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0475
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0475
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0475
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0475
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0480
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0480
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0480
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0480
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0480
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0485
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0485
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0485
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0485
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0485
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0485
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0490
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0490
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0490
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0490
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0490
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0490
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0490
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0495
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0495
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0495
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0495
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0495
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0495
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0500
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0500
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0500
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0500
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0500
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0505
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0505
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0505
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0505
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0505
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0505
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0510
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0510
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0510
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0510
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0510
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0515
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0515
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0515
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0515
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0515
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0515
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0520
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0520
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0520
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0520
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0520
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0520
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0525
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0525
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0525
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0525
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0525
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0525
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0530
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0530
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0530
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0530
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0530
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0530
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0535
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0535
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0535
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0535
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0535
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0540
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0540
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0540
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0540
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0545
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0545
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0545
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0545
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0545
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0545
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0545
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0550
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0550
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0550
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0550
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0550
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0550
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0555
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0555
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0555
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0555
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0555
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0560
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0560
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0560
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0560
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0560
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0560
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0565
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0565
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0565
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0565
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0570
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0570
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0570
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0570
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0570
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0570
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0575
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0575
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0575
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0575
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0575
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0575
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0580
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0580
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0580
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0580
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0580
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0580
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0585
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0585
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0585
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0585
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0585
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0585
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0590
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0590
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0590
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0590
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0590
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0590
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0595
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0595
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0595
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0595
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0595
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0595
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0600
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0600
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0600
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0600
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0600
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0600
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0600
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0605
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0605
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0605
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0605
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0605
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0610
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0610
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0610
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0610
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0610
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0610
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0615
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0615
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0615
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0615
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0615
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0620
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0620
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0620
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0620
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0620
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0625
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0625
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0625
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0630
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0630
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0630
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0630
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0635
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0635
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0635
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0635
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0635
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0635
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0640
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0640
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0640
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0640
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0640
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0640
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0645
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0645


711
assay in patients with epidermolysis bullosa acquisita are corre-
lated with the severity of skin lesions. J Eur Acad Dermatol
Venereol 2013;27:e224-e230.

134. Schmidt T, Hoch M, Lotfi Jad SS, et al. Serological diagnostics
in the detection of IgG autoantibodies against human collagen
VII in epidermolysis bullosa acquisita: a multicentre analysis.
Br J Dermatol 2017;177:1683-1692.

135. Terra JB, Jonkman MF, Diercks GF, et al. Low sensitivity of
type VII collagen enzyme-linked immunosorbent assay in epi-
dermolysis bullosa acquisita: serration pattern analysis on skin
biopsy is required for diagnosis. Br J Dermatol 2013;169:164-
167.

136. Komorowski L, Müller R, Vorobyev A, et al. Sensitive and spe-
cific assays for routine serological diagnosis of epidermolysis
bullosa acquisita. J Am Acad Dermatol 2013;68:e89-e95.

137. Saleh MA, Ishii K, Kim YJ, et al. Development of NC1 and NC2 do-
mains of type VII collagen ELISA for the diagnosis and analysis of
the time course of epidermolysis bullosa acquisita patients. J Dermatol
Sci 2011;62:169-175.

138. Rose C, Armbruster FP, Ruppert J, et al. Autoantibodies against
epidermal transglutaminase are a sensitive diagnostic marker in
patients with dermatitis herpetiformis on a normal or gluten-
free diet. J Am Acad Dermatol 2009;61:39-43.

139. Cozzani E, Pappalardo F, Gasparini G, et al. Are antiepidermal
transglutaminase antibodies titre correlated with dermatitis her-
petiformis lesions during the disease follow-up? G Ital Dermatol
Venereol 2018;153:609-612.

140. Alonso-Llamazares J, Gibson LE, Rogers RS. Clinical, patho-
logic, and immunopathologic features of dermatitis herpetifor-
mis: review of the Mayo Clinic experience. Int J Dermatol
2007;46:910-919.

141. Warren SJ, Cockerell CJ. Characterization of a subgroup of pa-
tients with dermatitis herpetiformis with nonclassical histologic
features. Am J Dermatopathol 2002;24:305-308.

142. Rose C, Bröcker EB, Zillikens D. Clinical, histological and
immunpathological findings in 32 patients with dermatitis her-
petiformis Duhring. J Dtsch Dermatol Ges 2010;8(265-270):
265-271.

143. Clarindo MV, Possebon AT, Soligo EM, et al. Dermatitis herpe-
tiformis: pathophysiology, clinical presentation, diagnosis and
treatment. An Bras Dermatol 2014;89:865-875 [quiz 876-867].

144. Antiga E, Verdelli A, Calabrò A, et al. Clinical and immunopathological
features of 159 patients with dermatitis herpetiformis: an Italian
experience. G Ital Dermatol Venereol 2013;148:163-169.

145. Antiga E, Maglie R, Quintarelli L, et al. Dermatitis herpetifor-
mis: novel perspectives. Front Immunol 2019;10:1290.

146. Caproni M, Cardinali C, Renzi D, et al. Tissue transglutaminase anti-
body assessment in dermatitis herpetiformis. Br J Dermatol 2001;144:
196-197.

147. Tursi A, Brandimarte G, Giorgetti GM. Prevalence of antitissue
transglutaminase antibodies in different degrees of intestinal
damage in celiac disease. J Clin Gastroenterol 2003;36:219-
221.

148. Nicolas MEO, Krause PK, Gibson LE, et al. Dermatitis herpeti-
formis. Int J Dermatol 2003;42:588-600.

149. Caproni M, Antiga E, Melani L, et al. Guidelines for the diagno-
sis and treatment of dermatitis herpetiformis. J Eur Acad Derma-
tol Venereol 2009;23:633-638.

150. Kumar V, Jarzabek-Chorzelska M, Sulej J, et al. Tissue transglutaminase
and endomysial antibodies-diagnostic markers of gluten-sensitive
enteropathy in dermatitis herpetiformis. Clin Immunol 2001;98:378-382.

151. Sárdy M, Kárpáti S, Merkl B, et al. Epidermal transglutaminase
(TGase 3) is the autoantigen of dermatitis herpetiformis. J Exp
Med 2002;195:747-757.

152. Heil PM, Volc-Platzer B, Karlhofer F, et al. Transglutaminases as
diagnostically relevant autoantigens in patients with gluten sensitivity.
J Dtsch Dermatol Ges 2005;3:974-978.
153. Hull CM, Liddle M, Hansen N, et al. Elevation of IgA anti-
epidermal transglutaminase antibodies in dermatitis herpetifor-
mis. Br J Dermatol 2008;159:120-124.

154. Velikova T, Shahid M, Ivanova-Todorova E, et al. Celiac-related
autoantibodies and IL-17A in Bulgarian patients with dermatitis
herpetiformis: a cross-sectional study. Medicina (Kaunas)
2019;55.

155. Venning VA. Linear IgA disease: clinical presentation, diagno-
sis, and pathogenesis. Dermatol Clin 2011;29:453-458 ix.

156. Fortuna G, Marinkovich MP. Linear immunoglobulin A bullous
dermatosis. Clin Dermatol 2012;30:38-50.

157. Witte M, Zillikens D, Schmidt E. Diagnosis of autoimmune blis-
tering diseases. Front Med (Lausanne) 2018;5:296.

158. Tsuchisaka A, Ohara K, Ishii N, et al. Type VII collagen is the
major autoantigen for sublamina densa-type linear IgA bullous
dermatosis. J Invest Dermatol 2015;135:626-629.

159. Guide SV, Marinkovich MP. Linear IgA bullous dermatosis.
Clin Dermatol 2001;19:719-727.

160. Vale ECSD, Dimatos OC, Porro AM, et al. Consensus on the
treatment of autoimmune bullous dermatoses: dermatitis herpe-
tiformis and linear IgA bullous dermatosis - Brazilian Society
of Dermatology. An Bras Dermatol 2019;94:48-55.

161. Gottlieb J, Ingen-Housz-Oro S, Alexandre M, et al. Idiopathic
linear IgA bullous dermatosis: prognostic factors based on a case
series of 72 adults. Br J Dermatol 2017;177:212-222.

162. Genovese G, Venegoni L, Fanoni D, et al. Linear IgA bullous
dermatosis in adults and children: a clinical and immunopatho-
logical study of 38 patients. Orphanet J Rare Dis 2019;14:115.

163. Csorba K, Schmidt S, Florea F, et al. Development of an ELISA
for sensitive and specific detection of IgA autoantibodies against
BP180 in pemphigoid diseases. Orphanet J Rare Dis 2011;6:31.

164. Ohata C, Ishii N, Koga H, et al. A clinical and serological study of
linear IgA bullous dermatosis without linear immunoglobulin depo-
sition other than IgA at the basement membrane zone using direct
immunofluorescence. Br J Dermatol 2017;177:152-157.

165. Oyama N, Bhogal BS, Carrington P, et al. Human placental amnion
is a novel substrate for detecting autoantibodies in autoimmune bul-
lous diseases by immunoblotting. Br J Dermatol 2003;148:939-944.

166. Horváth B, Niedermeier A, Podstawa E, et al. IgA autoantibodies in
the pemphigoids and linear IgA bullous dermatosis. Exp Dermatol
2010;19:648-653.

167. Xuan RR, Yang A, Murrell DF. New biochip immunofluorescence
test for the serological diagnosis of pemphigus vulgaris and folia-
ceus: a review of the literature. Int J Womens Dermatol 2018;4:
102-108.

168. van Beek N, Rentzsch K, Probst C, et al. Serological diagnosis of
autoimmune bullous skin diseases: prospective comparison of the
BIOCHIP mosaic-based indirect immunofluorescence technique
with the conventional multi-step single test strategy. Orphanet J
Rare Dis 2012;7:49.

169. Damoiseaux J, van Rijsingen M, Warnemünde N, et al. Autoanti-
body detection in bullous pemphigoid: clinical evaluation of the
EUROPLUS™ Dermatology Mosaic. J Immunol Methods
2012;382:76-80.

170. Lemcke S, Sokolowski S, Rieckhoff N, et al. Automated direct im-
munofluorescence analyses of skin biopsies. J Cutan Pathol
2016;43:227-235.

171. Iwamoto S, Iwamoto AT, Cha J, et al. The utility of the DNA micro-
array scanner to simplify the immunofluorescence evaluation of au-
toimmune bullous diseases. Am J Dermatopathol 2009;31:218-222.

172. Fujio Y, Kojima K, Hashiguchi M, et al. Validation of chemilumi-
nescent enzyme immunoassay in detection of autoantibodies in
pemphigus and pemphigoid. J Dermatol Sci 2017;85:208-215.

173. Schmidt T, Mauracher S, Bender L, et al. A novel lateral flow
immunoassay for the rapid detection of anti-Dsg3 IgG serum au-
toantibodies in pemphigus vulgaris. Exp Dermatol 2018;27:233-
237.

http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0645
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0645
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0645
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0645
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0645
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0650
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0650
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0650
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0650
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0650
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0655
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0655
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0655
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0655
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0655
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0655
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0655
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0660
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0660
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0660
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0660
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0660
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0665
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0665
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0665
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0665
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0665
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0665
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0670
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0670
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0670
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0670
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0670
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0670
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0675
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0675
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0675
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0675
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0675
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0675
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0680
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0680
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0680
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0680
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0680
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0680
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0685
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0685
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0685
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0685
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0685
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0690
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0690
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0690
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0690
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0690
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0690
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0695
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0695
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0695
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0695
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0695
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0700
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0700
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0700
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0700
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0700
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0705
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0705
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0705
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0705
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0710
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0710
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0710
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0710
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0710
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0715
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0715
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0715
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0715
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0715
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0715
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0720
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0720
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0720
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0720
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0725
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0725
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0725
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0725
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0725
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0730
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0730
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0730
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0730
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0730
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0735
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0735
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0735
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0735
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0735
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0740
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0740
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0740
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0740
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0745
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0745
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0745
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0745
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0745
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0750
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0750
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0750
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0750
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0750
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0750
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0755
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0755
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0755
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0755
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0760
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0760
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0760
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0760
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0765
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0765
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0765
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0765
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0770
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0770
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0770
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0770
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0770
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0775
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0775
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0775
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0780
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0780
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0780
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0780
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0780
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0780
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0785
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0785
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0785
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0785
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0785
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0790
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0790
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0790
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0790
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0790
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0795
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0795
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0795
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0795
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0795
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0800
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0800
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0800
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0800
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0800
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0800
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0805
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0805
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0805
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0805
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0805
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0810
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0810
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0810
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0810
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0810
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0815
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0815
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0815
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0815
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0815
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0815
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0820
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0820
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0820
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0820
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0820
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0820
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0820
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0825
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0825
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0825
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0825
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0825
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0825
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0830
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0830
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0830
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0830
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0830
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0835
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0835
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0835
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0835
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0835
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0840
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0840
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0840
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0840
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0840
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0845
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0845
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0845
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0845
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0845
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0845


712 J. Harrell et al.
174. Murrell DF, Peña S, Joly P, et al. Diagnosis and management of
pemphigus: recommendations by an international panel of ex-
perts. J Am Acad Dermatol, in press.

175. Morrison LH. Direct immunofluorescence microscopy in the diagnosis
of autoimmune bullous dermatoses. Clin Dermatol 2001;19:607-613.

176. Sobjanek M, Sokolowska-Wojdylo M, Sztaba-Kania M, et al.
Clinical and immunopathological heterogeneity of 22 cases of
linear IgA bullous dermatosis. J Eur Acad Dermatol Venereol
2008;22:1131.

177. Ito Y, Kasai H, Yoshida T, et al. Anti-type VII collagen au-
toantibodies, detected by enzyme-linked immunosorbent as-
say, fluctuate in parallel with clinical severity in patients
with epidermolysis bullosa acquisita. J Dermatol 2013;40:
864-868.

http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0850
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0850
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0850
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0850
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0855
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0855
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0855
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0855
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0855
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0855
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0860
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0860
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0860
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0860
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0860
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0860
http://refhub.elsevier.com/S0738-081X(19)30176-2/rf0860

	Advances in the diagnosis of autoimmune bullous dermatoses
	Introduction
	Pemphigus subtypes

	Pemphigus vulgaris and pemphigus foliaceus
	Drug-induced pemphigus
	IgA pemphigus
	Paraneoplastic pemphigus
	Subepidermal blistering diseases

	Bullous pemphigoid
	Gestational pemphigoid
	Mucous membrane pemphigoid
	Epidermolysis bullosa acquisita
	IgA-mediated bullous dermatoses
	Dermatitis herpetiformis

	Linear IgA disease
	New diagnostic methods
	Conclusions
	Conflict of interest
	References


