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Pemphigoid diseases are a heterogeneous group of subepidermal autoimmune blistering dis-
eases that are characterized by autoantibodies against various structural proteins of hemides-
mosomes in the epidermal basement membrane zone (EBMZ) of skin and mucosa. The group 
of pemphigoid diseases includes several subtypes with either predominant cutaneous affection 
or mucous membrane pemphigoid (MMP). Subtypes of pemphigoid comprise bullous pemphi-
goid (BP), nonbullous pemphigoid, pemphigoid gestationis (PG), anti-p200 pemphigoid, linear 
IgA disease (LAD), lichen planus pemphigoides (LPP), Brunsting-Perry cicatricial pemphi-
goid, anti-plectin pemphigoid and epidermolysis bullosa acquisita (EBA). Mucous membrane 
pemphigoid encompasses subtypes such as ocular MMP, anti-laminin-332 MMP and localized 
vulvar pemphigoid. Although pemphigoid diseases share clinical charasteristics, the subtypes 
are heterogeneous in clinical presentation, target antigens, prognosis and treatment (Table I). 
The different subtypes of pemphigoid diseases cannot be distinguished solely on clinical fea-
tures or histopathology, therefore detection of in-vivo bound autoantibodies in skin or mucosa 
or circulating autoantibodies in serum are needed for diagnosis. 

Bullous pemphigoid

BP is the most common blistering disease of the skin and mainly affects elderly, the onset of 
disease is usually after the age of 70 years.1-3 Incidences have been estimated ranging 12-43 per 
million people per year in Europe.2-6 Moreover, the incidence rises incrementally with age, up 
to 300 per million people per year in elderly people above 80 years.3 The incidence of BP in 
Europe has more than doubled in the last decade, which might be related to both the increasing 
age of the general population, multi-drug use, the availability and quality of diagnostic tests 
and the recognition of atypical clinical variants.2,3 BP rarely occurs in infancy and childhood. 
BP has been associated with a high morbidity and a considerable 1-year mortality rate ranging 
from 20% to 40%.3,7 Most important risk factors for poor outcome are high age, widespread 
disease, a low Karnofsky score and high doses of oral corticosteroids.8-10 

BP typically presents with severe pruritus, localized or generalized tense blisters (Fig. 
1a) and erythema or urticarial plaques (Fig. 1b).11,12 Nikolsky’s sign is negative. Predilection 
sites are the trunk, abdomen and flexural aspects of the extremities.11 Blisters may arise on both 
healthy and erythematous skin, often have a serous exudate and can persist for several days 
(Fig. 1c). Ruptured blisters leave erosions and crusts, but do not heal with scarring. Mucosal 
involvement is seen in 10% to 20% of BP patients, mostly the oral mucosa.11,12

BP is characterized by the presence of IgG autoantibodies against components of he-
midesmosomes in the EBMZ, which maintain the dermo-epidermal integrity. Additionally, 
deposits of IgA and complement may also be found along the EBMZ. Autoantibodies in BP 
patients target two hemidesmosomal proteins: BP180 and BP230. Most BP patients have au-
toantibodies against the extracellular part of the 16th non-collagenous domain (NC16A) of the 
180-kDa protein BP180 (immunodominant region).13 BP230 is a 230-kDa intracellular com-
ponent of the hemidesmosomal plaque (Fig. 2). However, the pathogenic relevance of autoan-
tibodies against BP230 is not completely understood yet.14,15  Binding of autoantibodies to the 
antigens initiates a complex process of complement activation and an inflammatory response at 
the EBMZ  with various proteases leading to separation of the epidermis and the dermis with 
subepidermal blister formation.1 Isoforms of both BP180 and BP230 are also expressed in the 
central nervous system, which might play a role in the association between BP and neurolog-
ical diseases.16,17 Neurological disorders are present in 30 to 60% of patients with BP, such as 
dementia, stroke and Parkinson’s disease.9,18-20
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Target
antigens

BP180      

BP230

BP180      

BP230

BP180      

BP230

BP180            

LAD-1          

LABD-97

Type VII 

collagen

p200

BP180      

BP230

Plectin

BP180                 

LAD-1

BP180      

BP230

BP180

BP180

laminin-

332

Clinical symptoms

Pruritus, urticaria, tense blisters without 

predominant mucosal involvement

Pruritus, eczematous lesions, urticarial plaques, 

erythematous papules or nodules.  

In 2nd or 3rd trimester of pregnancy, intense 

pruritic urticarial rash and tense blisters starting 

around umbilicus and then spread over the body

Tense blisters and erosions in ‘string of pearls’, 

without predominant mucosal involvement

Mechanobullous variant: acral blistering that heal 

with scarring and milia. 

Inflammatory variant: widespread vesicles and 

blisters, without scarring or milia

Pruritus, tense bullae, vesicles, urticarial plaques, 

predominantly on the extremities and trunk

Tense blisters independent of the lichenoid plaques 

and papules of lichen planus

Pruritus, urticaria, tense blisters without 

predominant mucosal involvement

Erosions and blisters confined to the head, face, 

neck and upper trunk leaving atrophic scars

Erosions and blisters of the oral, nasal, eyes, 

pharyngeal, laryngeal, oesophagus and anogenital 

mucosa

Erosions and blisters of the oral, nasal, eyes, 

pharyngeal, laryngeal, oesophagus and anogenital 

mucosa

Erosions and blisters of the oral, nasal, eyes, 

pharyngeal, laryngeal, oesophagus and anogenital 

mucosa

Erosions and blisters of the oral, nasal, eyes, 

pharyngeal, laryngeal, oesophagus and anogenital 

mucosa

EBMZ: epidermal basement membrane zone; DIF: direct IF; IIF SSS: indirect IF salt-split-skin; IgG/IgA: immunoglobuline 
G/A; C3c: complement C3

IIF SSS

epidermal

epidermal

epidermal

epidermal

dermal

dermal

epidermal

epidermal

epidermal

epidermal

epidermal

epidermal

dermal

Table I. Target antigens, clinical symptoms and IF findings of subtypes of subepidermal autoimmune blistering 
diseases

DIF EBMZ

n-serrated 

IgG ± IgA, 

C3c

n-serrated 

IgG ± IgA, 

C3c
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C3c ± IgG
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IgA

u-serrated 

IgG ± IgA
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IgG ± C3c

n-serrated 

IgG ± C3c

n-serrated 

IgG ± C3c

n-serrated 

IgG ± C3c

n-serrated 

IgG ± IgA, 

C3c

n-serrated 

IgG ± IgA

n-serrated 

IgG ± IgA, 

C3c

n-serrated 

IgG ± C3c

Immunofluorescence 
findings

Pemphigoid
subtype 

Bullous pemphigoid

Nonbullous pemphigoid

Pemphigoid gestationis

Linear IgA disease

Epidermolysis bullosa 

acquisita

Anti-p200 pemphigoid

Lichen planus 

pemphigoides

Anti-plectin pemphigoid

Brunsting-Perry 

pemphigoid

Mucous membrane 

pemphigoid

Ocular mucous 

membrane  pemphigoid

Localized vulvar 

pemphigoid

Anti-laminin-332 

mucous membrane 

pemphigoid
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Fig. 1 Clinical features of bullous pemphigoid: (a) Tense blisters on erythematous skin on predilection sites of 
BP: the flexural surfaces of the legs and the thighs. Multiple ruptured blisters leave eroded areas. (b) Confluent 
infiltrated urticarial plaques on the trunk. (c) Tense blisters on inflamed, erythematous skin.

a

b

c
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Nonbullous pemphigoid

Nonbullous pemphigoid is the subset of patients with immunopathological findings of BP and 
a pruritic eruption, but no blister development during disease course.21,22 Previous studies show 
approximately 20% of patients do not have skin blistering at time of diagnosis of pemphi-
goid.3,11 Patient with this subtype of pemphigoid are mainly elderly people, presenting with 
pruritus with nonbullous skin lesions, such as eczematous lesions, urticarial plaques, erythem-
atous papules or nodules, or with scratch marks and no primary skin lesions (Fig. 3).22 Pru-
ritus in these patients is frequently misdiagnosed as eczema, xerosis, prurigo nodularis, drug 
reaction, or scabies, and consequently with a long diagnostic delay.22 It is questioned whether 
patients with nonbullous pemphigoid represent a prodromal phase of bullous pemphigoid, or 
a distinct nonbullous variant of within the pemphigoid spectrum.21,23 In the literature there is 
no unanimity on how to name the subset of patients with pemphigoid without blistering, such 
as pruritic nonbullous pemphigoid, pemphigoid nodularis, papular pemphigoid, prurigo-nodu-
laris like pemphigoid, non-bullous BP, prodromal BP, BP incipiens or encompassing cutaneous 
pemphigoid.22,24,25 The exact pathomechanism why these patients do not have skin blistering 
remains to be elucidated. 

Fig. 2 Schematic overview of the hemidesmosome with structural proteins targetted by autoantibodies in 
patients with pemphigoid diseases. Adapted from M.F. Jonkman.

1
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Epidermolysis bullosa acquisita

Epidermolysis bullosa acquisita (EBA) is a subtype of pemphigoid diseases characterized by 
autoantibodies against type VII collagen, located in the anchoring fibrils in the EBMZ.26,27 
EBA is a rare subtype with a frequency of approximately 5-6% of pemphigoid diseases, with a 
mean age of onset of 50 years.28 Two major clinical variants have been recognized of this het-
erogeneous disease; a classical mechanobullous and an inflammatory phenotype, with a ratio of 
approximately 1:2.29 The classic mechanobullous phenotype mimics hereditary dystrophic epi-
dermolysis bullosa with acral blistering and nail dystrophy, explaining the name of ‘acquired’ 
epidermolysis bullosa. Lesions may heal with scarring, milia and hypo- or hyperpigmentation. 
The inflammatory phenotype may resemble various subtypes of pemphigoid diseases, such as 
bullous or nonbullous pemphigoid, MMP or LAD.28 In the BP-like phenotype widespread 
vesicles and bullae on the skin usually heal without scarring, while the phenotype with pre-
dominant mucosal involvement (5-10%) resembling MMP leaves scarring on the mucosa with 
possible strictures.28 Early recognition is necessary to avoid these complications and scarring, 
while EBA often does not respond well to treatment.

Anti-p200 pemphigoid

Originally described in 1996 by Zillikens and Chen as a novel subtype of pemphigoid with 
autoantibodies against an unknown 200-kDa component of the EBMZ, the disease was conse-
quently termed anti-p200 pemphigoid.30,31 Anti-p200 pemphigoid may mimic BP with pruritus 
and tense bullae, vesicles and erythematous or urticarial plaques that heal without scarring, 
predominantly on the extremities and trunk. Mucous membranes are involved in a minority of 
approximately 10% to 20% of patients.32 Patients tend to be younger than in BP and the disease

Fig. 3 Clinical features of nonbullous pemphigoid. An elderly patient with pruritic, excoriated eczematous 
lesions on the back (a), and in detail (b).

a b
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severity is reported to be less severe compared to BP.32,33 An association with psoriasis was 
seen in about 30% of reported cases, mostly in Japanese patients.31,34 Serum samples of 90% of 
anti-p200 patients appeared to recognize the glycoprotein laminin γ1, mainly the C-terminus 
region.35 Since then, it was renamed to laminin γ1 pemphigoid as a new entity in pemphigoid 
diseases.36 However, ex vivo and in vivo studies were unable to show pathogenic activity of 
laminin γ1 and the molecular identity of the target antigen remains to be elucidated.32

Other pemphigoid diseases

Pemphigoid gestationis (PG), previously termed herpes gestationis, is a pregnancy-associated 
subtype of pemphigoid which manifests in the 2nd or 3rd trimester of pregnancy. PG presents 
with pruritic urticarial plaques, vesicles and tense blisters often starting around the umbilicus, 
followed by expansion over the trunk and the distal extremities.37 In a small percentage PG 
persists and converts into BP, a transient mild form of BP may be seen in neonates. Recurrence 
of PG occurs in more than 90% of the additional pregnancies. PG is characterized by autore-
activity to the NC16A domain of BP180.38 A hypothesis is that PG is caused by an immune 
response with the formation of autoantibodies against placental BP180, after which a cross-re-
action occurs in the skin with BP180.38 

Linear IgA disease (LAD) is a subtype of pemphigoid diseases characterized by autoan-
tibodies exclusively from the IgA class, targeting different antigens of the EBMZ. LAD affects 
primarily young children at age of four to five years old and adults in their fifties. Typical clini-
cal features are tense circinate vesicles and blisters on urticarial plaques on the trunk and limbs, 
configured in a ring as a “crown of jewels” or more serpenginous in a “string of pearls”. Mucous 
membrane involvement occurs in up to 80% of cases. The main antigen is BP180, with reactivi-
ty to the LAD-1 antigen (120-kDa cleaved ectodomain of BP180), and a 97-kDa LAD antigen 
1 (LABD97).39,40 The sublamina densa-type LAD is also termed IgA EBA, with exclusively 
IgA autoantibodies against type VII collagen.41-43 A rare case of IgA anti-p200 pemphigoid has 
been described.44 Vancomycine is the most reported trigger factor of LAD.45

Lichen planus pemphigoides is a combination of clinical, histological and immunolog-
ical features of both lichen planus and BP.1 In the bullous form of lichen planus blistering is 
restricted to lichen planus lesions, while in LPP blisters also appear on normal appearing skin. 
Histopathology shows typical findings of both lichen planus and subepidermal blistering in 
biopsies of bullous lesions, with compatible findings by DIF. LPP is associated with an auto-
immune response directed against the NC16A domain of BP180.46 A suggested theory is that 
lichen planus lesions damage the basal keratinocytes and expose the BP180 antigen, leading to 
a secondary autoimmune reponse with autoantibodies to the EBMZ.1 

Anti-plectin pemphigoid is a very rare subtype of pemphigoid diseases characterized by 
autoantibodies against plectin, a member of the plakin family in the hemidesmosome. All re-
ported patients with anti-plectin autoantibodies demonstrated concomitant antibodies against 
other pemphigoid antigens, most patients show clinical manifestations resembling BP.29 Most 
often reactivity is also seen against BP180, BP230, and/or LAD-1.29 Because of this reactivity 
against multiple antigens, the direct pathogenicity and clinical manifestationsof anti-plectin 
antibodies cannot be determined, A possible explanation could be the epitope spreading phe-
nomenon, a secondary autoimmune response to other antigens in hemidesmosomes during a  
chronic autoimmune process in the EBMZ.

Brunsting-Perry cicatricial pemphigoid is a rare form of localized pemphigoid that clin-
ically presents with erosions and blisters on the skin of the head, neck and shoulder area that

1
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heal with scarring and milia.47 Mucosal involvement is rarely seen. DIF is necessary for correct 
diagnosis, the targeted C-terminal domain of BP180 that is located in the lamina densa and 
might be responsible for the scarring phenotype.

MUCOUS MEMBRANE PEMPHIGOID

Mucous membrane pemphigoid (MMP) is the subgroup of pemphigoid diseases which pre-
dominantly affects mucous membranes (Table I).48 Previously, the term cicatricial pemphigoid 
was used synonymously for MMP. At present, the term refers to the rare clinical phenotype 
of Brunsting-Perry cicatricial pemphigoid.48 The incidence of MMP as a group has been esti-
mated at 1.3-2.0 per million per year in France and Germany. MMP often occurs earlier in life 
than BP, with age of onset between 60-70 years. Several subtypes are classified based on clin-
ical symptoms and target antigens, such as ocular mucous membrane pemphigoid (OMMP), 
localized vulvar pemphigoid (LVP) and anti-laminin 332 MMP (anti-LN-332 MMP).1  Auto-
antibodies are mainly directed against BP180 and often recognize the C-terminal epitopes of 
BP180.49,50 Various mucosa can be affected, mostly erosions and blistering of the oral mucosa 
(85%), conjunctiva (65%), and less frequently, the nose (20-40%), oesophagus (5-15%), phar-
ynx (20%), larynx (5-10%) and genitals (20%)(Fig. 4).48 Clinical severity is highly variable in 
the different subtypes of MMP. Oral complaints in MMP may be limited to gingival lesions 
resulting in the desquamative gingivitis. Mucosal blisters often rupture rather quickly as a 
result of mechanical injury. When MMP is limited to the conjunctivae (approximately 20%), 
the term ocular MMP is used.51 Ocular MMP usually starts unilaterally and can proceed bi-
laterally, with recurrent inflammation resulting in clinical features of burning, dryness, con-
junctivitis and proceeding to scar formation with fornix shortening, symblepharon, and finally 
blindness.51 Localized vulvar pemphigoid is a rare subtype of pemphigoid with solitary lesions 
of the skin of vulva and perineum.

Anti-laminin-332 mucous membrane pemphigoid

Anti-laminin 332 MMP (anti-LN-332 MMP) is a rare subtype of MMP that is difficult to 
distinguish from other forms of MMP with similar clinical features.48,52 However, progressive 
scar formation is a severe complication of anti-LN-332 MMP, resulting in blindness or up-
per airway obstruction.53 Therefore, early diagnosis is important due to the aggressive clinical 
course. Patients have an increased relative risk for malignancy, especially adenocarcinoma.53,54 
Anti-LN-332 MMP was previously termed anti-epiligrin cicatricial pemphigoid, or later an-
ti-laminin-5 MMP. In most patients the IgG autoantibodies predominantly target the laminin 
α3 subunit, although IgG autoantibodies targeting the β3 or γ2 subunits have also been de-
scribed.48,52

DIAGNOSIS OF PEMPHIGOID DISEASES

Subtypes of pemphigoid diseases cannot be differentiated based on clinical features alone due 
to the heterogeneous presentations.1 Clinical criteria have been established to differentiate typ-
ical cases of BP with positive DIF from other subtypes, when three of four clinical criteria are 
present: age greater than 70 years, absence of atrophic scars, absence of mucosal involvement, 
and absence of predominant bullous lesions on the neck and head.55,56  However, the criteria

18



are not applicable for the complete spectrum of pemphigoid, such as nonbullous pemphigoid. 
Histopathology of a lesional biopsy of a bulla can be helpful in guiding to a diagnosis of BP with 
typical findings of a subepidermal bulla and characteristic eosinophilic infiltrate. However, 
histopathology is not sufficient for diagnosis of pemphigoid diseases and may be non-specific 
in nonbullous pemphigoid, such as the presence of only a superficial eosinophilic infiltrate.57 
Therefore, diagnosis of pemphigoid diseases is based on a combination of clinical features, and 
detection of skin bound autoantibodies using direct immunofluorescence microscopy (DIF) 
and immunoserological tests for detection and subtyping of serum autoantibodies. Immunoflu-
orescence microscopy has become the cornerstone of diagnosis of autoimmune bullous diseas-
es, the technique of visualization of autoantibodies can be applied to both a biopsy specimen 
and serum.

Fig. 4 Clinical features of mucous membrane pemphigoid. (a) blistering on the oral mucosa. (b) MMP limited 
to the oral mucosa with desquamative gingivitis. (c) ocular MMP with conjunctivitis and fornix shortening.

a

b c
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Direct immunofluorescence microscopy 

Direct immunofluorescence (DIF) microscopy is an important diagnostic tool for detection 
of autoantibodies deposition in patient skin or mucosa. Pemphigoid diseases are character-
ized by a lineair immunodeposition of mainly IgG, and additional IgA and/or complement C3 
along the EBMZ58 A perilesional biopsy is recommended, with a reduced background staining 
when transported in saline.59-61 Sensitivities have been reported ranging 82-96% with a very 
high specificity, although the sensitivity is difficult to assess because of the role as reference 
standard for diagnosis.62,63 The nature of the immunodeposition by DIF can differentiate LAD 
or IgA EBA with only IgA depositions from other pemphigoid diseases.64 In the majority of 
cases the lineair immunodeposition along the EBMZ can further be classified by the serration 
pattern, which enables to differentiate between subtypes of pemphigoid diseases (Table I, Fig. 
4).28,53,65 The serrated pattern is based on the localization of the autoantigen in the EBMZ. The 
u-serrated pattern is pathognomic for pemphigoid disease with autoantibodies against type VII 
collagen: most commonly EBA and also in bullous systemic lupus erythematosus (SLE). The 
u-serrated pattern can be explained by the localization of immunodepositions in the upstanding 
arms of the sublamina densa zone between the rootlets of the basal keratinocytes.65 In con-
trast, the n-serrated pattern is found in all other pemphigoid diseases with antibodies against 
hemidesmosomal components above the lamina densa; most commonly bullous and nonbullous 
pemphigoid, PG, anti-p200 pemphigoid, MMP, anti-laminin-332 MMP and LAD.53,65 With 
an n-serrated pattern, the immunodepositions are localized above the lamina densa and follow 
the plasma membrane in the basal cell rootlets.65 The serration pattern may not be observed in 
mucosal biopsies, and a additional skin biopsy or thinner cryosections may be needed.

Indirect immunofluorescence microscopy 

Indirect immunofluorescence microscopy is used to detect circulating antibodies in serum, by 
incubating a substrate tissue with patient serum and visualize present autoantibodies. The most 
commonly used substrate is monkey oesophagus, in pemphigoid diseases a linear deposition 
along the EBMZ can be observed. Sensitivities have been reported for BP ranging between 
60-80% with a high specificity.63 Using human salt-split skin as a substrate for indirect im-
munofluorescence improves the sensitivity for the diagnosis of pemphigoid diseases ranging 
between 70-80%, and specificity above 95%.26,63,66 Incubating normal human skin for 48-72 
hours in 1.0M sodium chloride leads to a reproducible split in the lamina lucida. By separating 
epidermal and dermal located antigens, the technique enables differentiation of subtypes of 
pemphigoid diseases.26,66 Antigens located in the roof of salt-split skin are BP180 and BP230. 
Consequently, the subtypes of bullous and nonbullous pemphigoid, MMP, PG, and LPP show 
staining of IgG on the epidermal (roof) side of the split. In contrast, the antigens laminin 332, 
p200 and type VII collagen are located in the floor of the split, leading to staining on the dermal 
side in anti-laminin 332 MMP, anti-p200 pemphigoid, EBA, and bSLE.67 Specificity of salt-
split skin is high for all subtypes of pemphigoid diseases, and ranges between 97-100%.63 In 
EBA and MMP much lower sensitivities of indirect immunofluorescence have been observed, 
probably due to lower titers of circulating autoantibodies. Presence of IgA in addition to IgG 
can be demonstrated and solely IgA deposition can be seen in LAD and IgA EBA, although 
false-positive results for IgA are more commonly seen.
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Immuno-assays 

The main serological techniques for diagnosis of pemphigoid diseases are immunoblotting, 
immunoprecipitation and enzyme-linked immunosorbent assay (ELISA). The techniques are 
based on the ability to detect and visualize circulating autoreactive IgG that bind to the specific 
target antigen.

Immunoblotting, also called Western blotting, is a qualitative technique performed with 
patient serum incubated on a membrane filter containing cultured keratinocyte protein ex-
tracts. The skin proteins are separated using gel electrophoresis and fractionized according 
to molecular mass. The bound IgG is stained and antigens can be identified by the molecular 
weight.68 During the process protein complexes are dissolved, such as the hemidesmosomes 
containing the pemphigoid antigens. Therefore, the advantage of immunoblot is the possibility 
to test various antigens and the full length molecule is available. A disadvantage is that the na-
tive conformation and structure of epitopes are destroyed during this process and may not be 
recognizable by immunoblotting.68 The epitope is the part of the antigen that is recognized by 
the antibody. Epitopes can be either a linear epitope with a continous stretch of amino ac-ids, 
or a conformational epitope with stretches of amino acids that are located closely together in 
the native conformation of the protein, and are contingent upon the structure. For diagnosis of 
anti-p200 pemphigoid immunoblotting can be performed with a dermal extract, which requires 
a sophisticated extraction procedure and is only performed in few specialized laboratories.30,32 
Immunoprecipitation is a more labor intensive technique than immunoblotting, and therefore 
not much used for routine diagnostics. The technique enables to identify unknown antigens 
and more epitopes on the autoantigen than immunoblotting because conformational epitopes 
remain intact.68 Nowadays non-radioactive immunoprecipitation is most commonly performed, 
which is a combination of immunoprecipitation and immunoblotting. 

 ELISA is a quantitative technique that enables to monitor disease activity based on 
the antibody titer. In contrast to immunoblotting, ELISA measures the autoantibody respons 
of a single autoantigen.69 A plastic well plate is coated with recombinantly produced molecules 

1

Fig. 5 Direct immunofluorescence microscopy serration pattern analysis. Left: linear u-serrated immunodepo-
sitions of IgG along the BMZ, found in epidermolysis bullosa acquisita. Right: linear n-serrated immunodepo-
sitions of IgG along the BMZ, found in all other subtypes of pemphigoid diseases.

21



consisting of parts or the full-length antigen, and containing both linear and conformation-
al epitopes. The coated well is incubated with patients’ serum and when IgG to the specific 
antigen is present, it will bind and can be visualized with a colorimetric reaction. The color 
intensity is an indication of the amount of specific IgG in the serum of the patient, which is 
used for serological disease monitoring. The BP180 NC16A ELISA titers correspond with 
disease activity, in contrast to BP230 ELISA titers.70-72 ELISAs are commercially available for 
the pemphigoid antigens BP180, BP230 and type VII collagen. The BP180 ELISA contains a 
recombinant fragment of NC16A, the immunodominant region of the extracellular domain of 
BP180. Sensitivities have been reported ranging 70-100% with very high specificities above 
95%, depending on the selected patient populations.63 A meta-analysis of 17 studies using vari-
ous BP180 ELISAs reported an overall sensitivity of 87%.73 The sensitivity of the BP230 ELI-
SA has been reported ranging 59-73%, with also high specificities.63 Detection of IgG autoan-
tibodies against BP180 and BP230 by ELISA or immunoblot has been reported in elderly and 
elderly with pruritic dermatoses, most commonly anti-BP230 autoantibodies.74-77 Whether this 
might be representing a preclinical stage of pemphigoid or non-specific binding of autoantibod-
ies is unclear.23 The previously reported high sensitivity of the ELISA to type VII collagen was 
found to have a much lower sensitivity of 30-54% in an unselected study population, because 
approximately half of the patients had a very low undetectable serum titers.78,79 The ELISA 
values of antibodies against type VII collagen correspond well with disease activity.  

Other laboratory techniques 

In addition to routine diagnostic techniques, more advanced immunofluorescence techniques 
can be used to identify or further characterize autoantibodies in patients’ skin or serum. In 
cases in which the serration pattern by DIF in a skin biopsy is unrecognizable, the level of 
the immunodeposition can be determined by fluorescent overlay antigen mapping (FOAM).80 
Using a double staining for the deposited IgG and a topographic reference marker (antibody) 
of a known antigen, such as BP180 or type VII collagen, overlapping staining patterns can be 
observed indicating co-localisation. FOAM can be performed using a standard immunofluores-
cence microscope and software for overlay imaging.

Another indirect immunofluorescence technique is using knock-out skin as a substrate. 
Using skin of patients with hereditary forms of epidermolysis bullosa completely deficient of 
type VII collagen (recessive dystrophic epidermolysis bullosa [RDEB], severe generalized) or 
laminin-332 (junctional epidermolysis bullosa [JEB], severe generalized), enables to differen-
tiate between EBA and anti-laminin-332 MMP.67 EBA with antibodies against type VII colla-
gen will show no staining on type VII collagen-deficient skin, but a contrasting positive linear 
staining on laminin-332-deficient skin. In anti-laminin-332 MMP the opposite results will be 
found. Positive staining on both deficient-skin substrates suggest a diagnosis of anti-p200 pem-
phigoid, which shows similar dermal side staining on salt-split skin.81 The disadvantage of this 
technique is the required presence of sufficient concentration of circulating autoantibodies, 
which might be rather low in EBA and MMP and a skin biopsy is needed for serration pattern 
analysis or FOAM.
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TREATMENT AND FOLLOW-UP

BP can have a clinical course that may last from several months to years. The high age of BP 
patients and the possible presence of co-morbidities can make the treatment management more 
difficult. Recommended first-line therapy for mild, moderate and severe disease is superpo-
tent topical steroids (clobetasol propionate) 30 to 40 g/day applied daily over the whole body, 
including blisters, erosions and healthy skin, but sparing the face.82 Whole body application 
of superpotent topical corticosteroids is considered to be effective and save and has a lower 
cumulative dose of corticosteroids and less side-effects compared to oral corticosteroids.83,84 
Patients with localized BP can be treated with superpotent topical corticosteroids applied to 
lesional skin only. Oral corticosteroids prednisone in a dosage of 0,5mg/kg/day are often used 
in treatment of moderate to severe BP and may be accompanied by adjunctive superpotent 
topical corticosteroids and/or immunosuppressive agents, such as azathioprine, mycopheno-
late mofetil, mycophenolic acid or methotrexate.82 Systemic anti-inflammatory antibiotics (tet-
racyclines) are commonly used as alternative or adjunctive treatment. In refractory cases of 
pemphigoid diseases, anti-CD20 monoclonal antibody (rituximab) or alternatively intravenous 
immunoglobulin may be considered.

BP can last for several years and has the tendency to relapse. Determination of an-
ti-BP180 NC16A IgG antibodies by ELISA appeared to follow disease activity and severity 
and can also be used to identify patients with a high risk of relapse.70,72,85,86 Current evidence 
suggests to continue the initial topical treatment until 15 days after disease control, when no 
new lesions arise and lesions begin to heal. Treatment should be reduced by a tapering sched-
ule of four months.83,84,87 Tapering of oral corticosteroids is based on clinical course, and when 
available on serum levels of anti-BP180 NC16A IgG. Doses of oral corticosteroids should be 
tapered gradually after disease control, based on clinical symptoms.

OUTLINE AND AIM OF THE THESIS

The aim of this thesis was to further elucidate the relatively unknown nonbullous pemphigoid 
and to facilitate early diagnosis, by investigating the optimal diagnostic strategy of pemphigoid 
and provide minimal diagnostic criteria. Secondly, we aimed to optimize and support serration 
pattern analysis for diagnosis of various pemphigoid diseases.
In chapter 2, we revive historical research to bullous diseases from in The Netherlands, to 
contribute to its understanding today. Chapter 3 provides a review of the literature of cases of 
nonbullous pemphigoid to further characterize the nonbullous spectrum of the disease, with a 
focus on the clinical symptoms, the diagnostic process and disease course. In chapter 4, we an-
alyzed the detection of circulating pemphigoid autoantibodies in patients who do not have the 
disease, or do they? In chapter 5, we compared the diagnostic accuracy of direct and indirect 
immunofluorescence and of various immuno-assays for diagnosis of pemphigoid in the largest 
cohort up to now. We aimed to evaluate the optimal diagnostic strategy and compose minimal 
diagnostic criteria. In chapter 6, we investigated the prevalence of pruritus and pemphigoid 
in a high-risk population of nursing home residents, to assess whether nonbullous pemphigoid 
could be identified as an unrecognized cause of pruritus. Chapter 7 describes an image-based 
online test for serration pattern analysis, to assess the learnability of pattern recognition and
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to encourage the use of this diagnostic technique in daily practice for dermatologists and pa-
thologists. In chapter 8, we compared the technical procedures for serration pattern analysis 
in two laboratories and analyzed the conformity among observers. We sought to determine the 
technical requirements for implementation in routine diagnostics, and provide a protocol. In 
chapter 9, we describe the technological development of automated serration pattern analysis 
and identification of the digital fingerprint of the u-serrated pattern. In chapter 10, we report 
the use of serration pattern analysis and indirect immunofluorescence knock-out analysis to 
facilitate the diagnosis of anti-p200 pemphigoid, and describe clinical features in a cases series 
study of twelve patients. Chapter 11 provides an insight in the current treatment approach of 
bullous pemphigoid in The Netherlands and United Kingdom.
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The official birth of bullous pemphigoid took place in February 1953 with its description in an 
analytical review by Walter Lever in the journal Medicine, in which he separated bullous pem-
phigoid from the pemphigus group and dermatitis herpetiformis.1 In this chapter we will focus 
on the historical milestones of autoimmune bullous diseases and illustrate historical research 
from The Netherlands. ‘Pemphigoid’ means ‘pemphigus-like’ and to review the history of pem-
phigoid, it starts with pemphigus. Before the introduction of the name bullous pemphigoid, the 
disease entity was termed ‘pemphigus vulgaris chronicus’ or ‘benign bullous pemphigus’, and 
considered a more benign form of pemphigus vulgaris. Moreover, until 1953 the term ‘pem-
phigus’ was used for all noncontagious bullous diseases, with the only exception of dermatitis 
herpetiformis of Duhring.2

Hippocrates used the term ‘pemphigodes pyretoi’ to describe various feverish diseas-
es, not necessarily related to bullous diseases. Pemphigus is derived from pemphix in Greek, 
meaning ‘blister’. Until early 1700’s the term pemphigus was used as synonym for symptoms 
of vesicles and blisters and not to describe a specific group of entities.2 François Boissier de 
Sauvages introduced the term ‘pemphigus’ in 1768 in his nosology for the description of bullous 
diseases. De Sauvages described five forms of pemphigus (major, castrensis, helveticus, indicus 
and brasiliensis) that were also based on the origin of reported patients and cannot be related 
to current classifications.3 In retrospect, König reported the first clinical description of a patient 
with pemphigus vulgaris, unaware of the disease at that time.4 It was Wichmann who described 
a patient with pemphigus vulgaris in 1791 in his ‘Beytrag zur Kenntnis des Pemphigus’ and 
used ‘pemphigus’ as name of the chronic bullous disease.5 He described remarkable details of 
‘presence of flaccid blisters, and loosening of the epidermis without blister formation when 
pressure applied, resulting in eroded areas of the skin’. In 1896 this phenomenon was described 
by Nikolsky as a diagnostic feature in pemphigus,  and still used nowadays.6 Between 1780 
and 1850 dermatology started to branch of medicine. In that period there were two leading 
schools in Europe, the French school led by Alibert, Brocq and Darier, and the German-Aus-
trian school with names as Auspitz, Hebra and Kohn-Kaposi. The schools initiated a stream 
of publications and descriptions of dermatological disorders, of which classification completely 
depended on these clinical-morphological reports. Here we describe the publications on bul-
lous diseases in The Netherlands during that time.

Groningen 1810, Christoffel Wilhelm Eekhout - Dissertatio Medica In-

auguralis de Pemphigo

During this period, the first professor at the medical faculty of the University of Groningen 
in the north of The Netherlands, Thomassen à Thuessink (Fig. 1), described patients with 
pemphigus at the Academic Hospital in Groningen around 1800 in his ‘Medical Observations 
1804-1805’.7 In his opinion pemphigus deserved more study, because it was a rare and devas-
tating disease with no reports yet in The Netherlands. He encouraged his apprentice Christof-
fel Willem Eekhout to study pemphigus in his thesis.8 Eekhout described the observed patients 
since 1800 and reviewed the earliest scientific reports of the disease. He found no evidence of 
a description of pemphigus before Hippocrates in Greek, Latin or Arabic. The disease, which 
was then reported as pemphigus, consisted of vesicles and blisters present on all body parts 
and of different sizes, which broke and left serous crusts. They reported an acute benign form, 
and a chronic lethal form with fever. According to their understanding, pemphigus was not 
contagious, but caused by blockage of the intestinal organs, disturbance of body fluids and con-
sequently skin blistering as a replacement of renal excretion. However, they also raised doubts
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about this well accepted hypothesis at that time of pemphigus due to renal failure, because 
one reported male patient urinated very well while having the skin blistering. In the name of 
science, Gaitskell had injected himself and others with blister fluid, which did not lead to prov-
ocation of pemphigus.

Although the concepts of immunology and autoimmune disease were still distant, 
around that time the local farmer Geert Reinders from Groningen performed breakthrough 
immunological experiments, that make him one of the founders of immunology. He conducted 
extensive experiments with vaccination in his cattle, the characteristic Groningen blisterhead 
cows. The name blisterhead was derived of the solitary coloured blisters surrounding the eyes 
(Fig. 2). At that time, rinderpest was a highly infectious disease with major outbreaks that 
decimated entire herds of livestock in the rural areas of Europe. Despite religious opposition, 
research was conducted to fight rinderpest by vaccination, with little success. Farmer Geert 
Reinders noticed that calves that were born of cows that had recovered from the disease, were 
immune. However, this immunity was only temporary, and he experimented with repeated 
vaccination until complete immunity was achieved. He was the first to make immunological 
experiments on a large scale and one of the first examples of maternally derived immunity and 
booster vaccination. The results of Geert Reinders were published in 1774 and 1776, years 
before Edward Jenner used the cowpox vaccine as an immunization for smallpox in humans.9

Fig.1 1807 Thomassen à Thuessink the first professor of the medical faculty of the University of Groningen. 
University Museum Groningen.
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Groningen 1838, Arend Evertsz - Dissertatio Medica Inauguralis, de 

Pemphigo

Following Eekhout, Arend Evertsz evaluated the classification and treatment of various types 
of pemphigus based on reported symptoms and complications.10 He described the inflamma-
tory character of pemphigus with blisters on erythematous skin and with dolor, calor, tumor, 
rubor and sometimes unbearable itch. Often an adjective was used to describe different types 
of pemphigus. Hence, in 1829 Von Martius described 97 different types of pemphigus, bring-
ing together many diseases of various etiology.11 Instead of pemphigus with or without fever, 
acute and chronic or benign and malignant, Evertsz and his promotor Thomassen à Thuessink 
abridged the classification to simple and complicated pemphigus. Thus far, the etiology of pem-
phigus was still unknown. Osiander described neonates with pemphigus, in whom the moth-
er remarkably ate much herring during pregnancy, and hypothesized high concentrations of 
phosphoric acid in herring could lead to pemphigus. However, his experiments in persons 
with added high concentrations of phosphoric acid to herring did not provoke pemphigus. 
Pemphigus was considered to be a very dangerous disease. With longer duration of the disease, 
the imbalance of internal organs and body fluids could be fatal. Evertsz concluded pemphigus 
had three causes: 1) most commonly an abnormal urine excretion, 2) pemphigus following 
other skin diseases, or 3) excessive use of phosphoric acid. For the first cause, the pharmacist 
Evertsz advised treatment with alkali and water with calcium, soda and sulphur against kidney 
stones. Additionally, digitalis or belladonna could be used and he recommended an acid-free 
pemphigus diet.

Fig. 2 Groningen blisterhead cows, with coloured blisters surrounding the eyes. Painting by Karel Buskes, 
courtesy of M.F. Jonkman.
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In the period following the thesis of Evertsz, the classification and differentiation of dermato-
ses became more clear and the number of diseases classified as pemphigus declined. The term 
pemphigus, originally describing a symptom of skin blistering, developed into a disease entity. 
However, the disease entity was not strictly defined and the etiology was still unknown. In 1844 
Cazenave recognized a specific variant of pemphigus and thereby appended pemphigus folia-
ceus.12 Following this development, Hebra stated in 1860 that pemphigus was a chronic blister-
ing disease, without an acute form of the disease. He introduced the term pemphigus vulgaris 
and distinguished pemphigus foliaceus based on the clinical symptoms.13 In 1886 Neumann 
described another new variant of pemphigus; pemphigus vegetans.14 In the following period 
also other bullous dermatoses were identified within the pemphigus group and subclassified, 
such as dermatitis herpetiformis by Duhring in 1884, lichen ruber pemphigoides in 1892 by 
Kaposi and pemphigus erythematosus in 1926 by Senear and Usher.15-17 

In 1915 Macleod was invited to open the discussion on pemphigoid eruptions in the 
Journal of the Royal Society of Medicine.18 Pemphigoid eruptions included dermatitis herpeti-
formis of Duhring and Dermatite polymorphe douloureuse of Brocq and was distinct from the 
pemphigus group.15,19 The main point of diagnosis was the differentiation of pemphigoids from 
chronic pemphigus, and the important question whether they represented a distinct entity or 
simply a variant of common disease. He argues the term ‘pemphigoids’, introduced by Besnier 
in the literature, was a somewhat unfortunate one. Pemphigoids signified an eruption that char-
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Fig. 3 Front page of thesis by Evertsz in 1838, entitled Dissertatio Medica Inauguralis, de Pemphigo. Universi-
ty Library Groningen.
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acterised only a phase of bullae during the disease course. Another descriptive term used by 
Hebra was pemphigus pruriginosus, indicating the importance of the symptom of pruritus. 
Macleod analysed more than one hundred cases of pemphigoid eruptions, and was struck by 
the small advances in their knowledge of the pemphigoids that were made in the last decades. 
He described a multiformity in eruptions, such as prurigo-like papules, papulo-vesicles and 
bullae. The intensity of pruritus was an essential feature of the diseases. In his experience, the 
pruritus was so intense that the pain of digging out a papule with the fingernail was preferable 
to it. When the pemphigoid eruption was profuse with intense pruritus, some patients may had 
benefit from local antipruritic applications containing menthol or lead, or a vegetarian diet. 

Since Hebra in 1860, not many new insights were known about the etiology of pem-
phigus of pemphigoids  and the lack of knowledge was a problem for treatment. Pemphigus 
and dermatitis herpetiformis were considered to be strongly related, because of the clinical 
similarities. In contrast to this theory of the German-Austrian school, the dermatologists of 
the French school preferred to distinct both entities, mainly based on the histological findings 
of Civatte and cytologic studies of Tzanck.20 In 1943 Civatte reported histological studies in 
which he concluded that dermatitis herpetiformis and pemphigus vulgaris could be separat-
ed, based on the observation of acantholysis.20 Civatte described intra-epidermal separation in 
pemphigus vulgaris, by loss of intercellular connections in epidermal cells. Acantholysis was 
solely present in pemphigus, in dermatitis herpetiformis he found a subepidermal localisation of 
the blister without acantholysis. The French school followed the view expressed by Brocq, and 
recognized only two chronic blistering diseases: pemphigus with acantholysis and dermatitis 
herpetiformis with subepidermal blisters without the acantholysis. Brocq emphasized the poly-
morphous spectrum of dermatitis herpetiformis beyond the definition by Duhring, including 
presence of disseminated bullae.15,19 Therefore, he proposed the term ‘dermatite polymorphe 
prurigineuse chronique â pousées successives’ instead of dermatitis herpetiformis. Therefore, 
for a long time in France dermatitis herpetiformis was called ‘dermatitie polymorphe doulou-
reuse Duhring-Brocq’. In line with the French view, the fundamental publication by Civatte 
describing acantholysis in pemphigus was entitled ‘Diagnostique de la dermatite polymorphe 
douloureuse ou maladie de Duhring-Brocq’ and not mainly focused on the important aspect of 
differentiation of pemphigus. Acantholysis was previously mentioned by Auspitz in 1881, but 
at that time not recognized as an important clue for diagnosis of pemphigus and not further 
studied within the German school.21 In The Netherlands, Theodorus Nelemans studied pem-
phigus and dermatitis herpetiformis in his thesis, mainly focused on histopathology and with 
attention to the theories of a viral etiology.

Groningen 1951, Th.G. Nelemans - Pemphigus vulgaris and dermatitis 

herpetiformis Duhring. A etiological, histological and cytological 

study.

At this time, three clinical variants of pemphigus were distinguished; pemphigus vulgaris, pem-
phigus foliaceus and pemphigus vegetans. Of more rare clinical variants the inclusion in the 
pemphigus group was not certain, however, criteria for the disease were not established yet. 
The developments in microbiology gave researchers opportunities to prove micro-organisms as 
a cause of dermatoses, and in other dermatoses a viral etiology. It was known that pemphigus 
was not contagious, nor hereditary. Nelemans described in his own histopathological studies in 
pemphigus vulgaris both intra-epidermal blistering with local acantholysis, as well as subepi-
dermal blistering without acantholysis.22 Therefore, he recommended to separate both forms,
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because they might have different etiology. He thought acantholysis was not ‘la lésion élé-
mentaire histologique’ as described by Civatte, but secondary to intercellular spongiosis. He 
recommended more research to acantholysis and the alterations of tonofibrils, and whether 
subepidermal blistering with acantholysis could also occur. After reviewing the literature, rep-
lication of other studies and performing his experiments with blister fluid, blood and urine 
samples, Nelemans concluded that there were no indications of a viral etiology of pemphigus 
vulgaris and dermatitis herpetiformis.

In the period of 1943 to 1953 the important separation in the pemphigus group was 
made by Civatte and Lever. With the discovery of acantholysis Civatte had separated the pem-
phigus group from subepidermal bullous dermatoses.20 Already in 1940 Lever emphasize the 
existence of an acute and a chronic form of pemphigus. He stated ‘Acute pemphigus may be 
distinguished from chronic pemphigus clinically by the early development of lesions in the 
mouth, a rapid fulminating course, and a high racial susceptibility. Chronic pemphigus, on the 
other hand, progresses slowly and may have prolonged asymptomatic periods. Death usually 
occurs from a complication due to high age or lowered resistance.1 After the reports of Civatte, 
Lever found acantholysis exclusively in these distinct patients with pemphigus vulgaris acutus. 
Moreover, the subepidermal blisters were only present in the patients with pemphigus vulgaris 
chronicus. However, the clinical features of these patients with pemphigus vulgaris chronicus 
were different than dermatitis herpetiformis. Therefore, he identified the disease as an inde-
pendent entity termed ‘benign bullous pemphigus’, or later ‘bullous pemphigoid’. He separated 
bullous pemphigoid from the pemphigus group and dermatitis herpetiformis, based on clinical 
and histological findings.1 Lever stated that pemphigus vulgaris was a lethal dermatosis with 
intra-epidermal blistering and acantholysis, while bullous pemphigoid had a better prognosis 
and was accompanied by subepidermal blistering. Because of the high morbidity, pemphigus 
belonged to the ‘grandes dermatoses’ and various treatments were tested, without substantial 
improvement. After reports in the literature about surprising results of adrenocorticotropic 
hormone (ACTH) and cortison in patients with rheumatoid arthritis and other diseases, this 
was studied by Pieter van Aken in 14 patients with pemphigus in Utrecht.

Utrecht 1954, Pieter van Aken - Treatment of pemphigus with ACTH and 

cortison.

Up till now, no effective treatment for pemphigus was available and the disease course left 
patients in agony. The most commonly used drugs was germanine, besides arsenicum, sulphur 
and antibiotics. The introduction of adenocorticotrope hormone (ACTH) and cortison in 1950 
was a revolution in treatment of pemphigus. The first studies reported spectacular improve-
ment of pemphigus, but also the considerable side effects. Van Aken reported improvement as 
soon as one to two days, disease control in four to seven days and remission before four weeks 
and with a negative Nikolsky sign.23 However, patients with pemphigus could not be cured and 
Van Aken recommended to titrate the dosage of ACTH and cortisone to have the minimal and 
effective dosage to reduce side effects.

The differentiation of bullous pemphigoid from pemphigus and dermatitis herpetiformis 
led to a new scientific discussion of the existence and nomenclature for the group of subepider-
mal autoimmune bullous diseases. Different views were expressed,  a series of 20 patients from 
the United States published in 1953 supported the existence of bullous pemphigoid.24 Oth-
ers opposed the idea and suggested nonacantholytic subepidermal bullae in pemphigus.25,26 In 
Great Britain Rook and Waddington published 38 cases of bullous pemphigoid in 1953. They
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favored the plain term ‘pemphigoid’ already meaning ‘pemphigus-like’, and pointed out bul-
lous pemphigoid was a tautology; saying the same thing twice.27 Following these publications, 
Prakken and Woerdeman reported 16 adults and three children from The Netherlands with 
bullous pemphigoid.28 However, they suggested the term ‘parapemphigus’ instead of bullous 
pemphigoid, since the latter was an adjective and not a noun. The term parapemphigus was 
only used in The Netherlands and Germany, and still used by some.28 Within the German-Aus-
trian school, uncertainty prevailed of the differentiation of bullous pemphigoid. Authors re-
ferred to bullous pemphigoid as ‘old age pemphigus’, or ‘pemphigus vulgaris of the dermatitis 
herpetiformis type’ as a bullous variant of dermatitis herpetiformis located between dermatitis 
herpetiformis and pemphigus.29-31

A few years later, in the discussion on bullous dermatoses at the 11th International 
Congress of Dermatology in Stockholm in 1957, the French group stated that bullous pemphi-
goid represented a bullous variant of dermatitis herpetiformis.2 They referred to the histologic 
findings of Civatte and retained in line with Brocq’s views of the polymorphous disease. Others 
accepted the existence of bullous pemphigoid and concluded that the division of dermatitis 
herpetiformis of Duhring from bullous pemphigoid of Lever was justified.2 Another discussion 
took place regarding the term herpes gestationis, that was used for a subepidermal autoim-
mune bullous disease exclusively found in pregnant women and post-partum.32 The clinical 
observation of herpes gestationis was earlier described by others, such as Hebra describing 
‘pemphigus hystericus’ with the occurence of the eruption during pregnancy, and remission 
within short time after delivery. The disease is nowadays termed pemphigoid gestationis, and 
may persists to a chronic form of bullous pemphigoid. In the time following, bullous pemphi-
goid became generally accepted as being different from pemphigus vulgaris because of the 
absence of acantholysis. With the breakthrough of immunofluorescence microscopy for diag-
nostic classification, the diseases were classified as autoimmune diseases and confirmed to have 
different types of antibodies, with intercellular bound antibodies in pemphigus first described 
by Beutner and Jordon in 196433 and subepidermal bound antibodies in bullous pemphigoid 
discovered by Jordon in 1967.34 Subsequently autoimmune bullous diseases were further clas-
sified and specified using immunofluorescence microscopy, and the previously reported clinical 
and histopathological findings of certain bullous diseases were confirmed to be specific entities.

Utrecht 1972, Jan Bareld van der Meer - Dermatitis Herpetiformis a 

specific (immunopathological?) entity.

In 1969 Jan Bareld van der Meer reported immunofluorescence microscopy findings in 59 
patients with dermatitis herpetiformis and bullous pemphigoid, and discovered that different 
types of in-vivo bound immunoglobulines differentiated the diseases.35 In patients with derma-
titis herpetiformis granular depositions of  IgA were seen in the dermal papillae of the basement 
membrane zone, while a homogeneous staining pattern of IgG in the basement membrane zone 
was observed in pemphigoid. Later on, he was appointed head of department in Groningen 
and introduced the expertise in immunology and ‘grandes dermatoses’ continued nowadays at 
the Groningen Center for Blistering Diseases. Further differentiation followed of two bullous 
diseases with solely IgA staining along the basement membrane zone by direct immunofluores-
cence; with linear staining found in Linear IgA Disease, and with granular papillary staining in 
dermatitis herpetiformis described by van der Meer.36 A few years earlier in 1966, Marks de-
scribed that many patients with dermatitis herpetiformis had concomitant intestinal malabsorp-
tion (gluten-sensitive enteropathy), which was absent in patients with bullous pemphigoid.37 It
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would take more than 30 years until this link could be further explained with the identification 
of epidermal transglutaminase as the autoantigen of dermatitis herpetiformis, with an isotype of 
tissue transglutaminase causing the associated gluten sensitive enteropathy.38,39

In 1971 Roenigk established clinical criteria for the entity of epidermolysis bullosa 
acquisita (EBA), with the name of the subtype derived from the original view of EBA as a 
disease resembling hereditary recessive dystrophic epidermolysis bullosa.40 In addition to im-
munofluorescence microscopy, the technique of immuno-electron microscopy allowed to study 
the ultralocalisation of immunodepositions in bullous diseases. Thereby, EBA could be distin-
guished from bullous pemphigoid showing IgG depositions within and below the lamina den-
sa.41,42 Subsequently, two clinical phenotypes of EBA were distinguished by Gammon in 1982 
with the original description of mechanobullous EBA with scaring and milia at extensor skin 
surfaces, and an inflammatory form of EBA resembling bullous pemphigoid.43 Of other differ-
entiated subtypes, Tufannelli already found that the bullous eruption in patients with systemic 
lupus erythematosus (SLE) could be placed within the spectrum of subepidermal autoimmune 
bullous diseases, and findings of direct immunofluorescence and immuno-electron microscopy 
revealed a deposition pattern similar to EBA in patients with bullous SLE.44-46 Similarly, the 
specific immunofluorescent findings in lichen planus pemphigoides were described in 1981 by 
Souteyrand.47

The breakthroughs in diagnosis of autoimmune bullous progressed in identification of 
distinct subtypes, illustrated in Fig. 4 as the tree of autoimmune bullous diseases resembling 
Alibert’s L’arbre des Dermatoses. Clinical reports of patients still remained valuable for the 
understanding of the diseases. Various authors describe the ‘enigma of bullous pemphigoid 
and dermatitis herpetiformis’ and point out that the classical direct and indirect immunofluo-
rescence findings are not always seen with typical skin blistering, but may resemble dermatitis 
herpetiformis.48-50 Approximately twenty-five years after the introduction of bullous pemphi-
goid by Lever, more patients are being reported with atypical forms of bullous pemphigoid 
without skin blistering, such as papular pemphigoid, pemphigoid nodularis and generalized 
pruritus with an eczematous rash.51-55 Barriere even described patients with pruritus ‘sine ma-
teria’ preceding the diagnosis of bullous pemphigoid. Moreover, Asbrink and Barker mention 
that besides the urticarial prodromal lesions, pruritus and an eczematous prodromal eruption 
may precede the blister development for months and may cause misinterpretation in patients 
with bullous pemphigoid. Barker concludes that the disorder deserves more attention related 
to pruritus in elderly, and that further studies are needed to the long duration of prodromal 
pruritus. In addition, Bingham reported eight elderly patients with prolonged pruritus preced-
ing the diagnosis of BP with a mean of 10 months. The authors also reviewed the detection of 
serum IgG autoantibodies against the basement membrane zone by indirect immunofluores-
cence in patients with bullous pemphigoid, as a screening or diagnostic test. They reported 
the false-positive detection of autoantibodies in elderly with pruritus and conclude it is not 
indicative for diagnosis of bullous pemphigoid, and direct immunofluorescence may permit an 
early diagnosis in these cases.55

Developments of new diagnostic techniques immunoblot and indirect immunofluores-
cence on 1.0 M NaCl split human skin enabled to further differentiate the group of subepider-
mal autoimmune bullous diseases. The use of 1.0 M NaCl split human skin as a substrate for 
indirect immunofluorescence increased the sensitivity for detection of low concentrations of 
autoantibodies. Moreover, the technique enabled to differentiate autoantigens in the epidermal 
or dermal part of the basement membrane zone.56 Using immunoblot, also the molecular
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autoantigens were identified of different subtypes of pemphigoid diseases, such as the hemides-
mosomal proteins BP230 (BP antigen I) and BP180 (BP antigen II) in bullous pemphigoid, in 
EBA type VII collagen in the anchoring fibrils and later on the extracellular part of BP180 LAD-
1 in linear IgA disease by Pas from Groningen.57-60 In the following years the autoantigens of 
new and more rare variants of pemphigoid diseases were identified. In 1992 Domloge-Hultsch 
found antibodies in patients with cicatricial mucous membrane pemphigoid against laminin 
5 (now termed laminin 332), within the lower lamina lucida/lamina densa and different from 
the sublamina densa depostions in EBA.61 In 1996 Zillikens and Chen described patients with 
a bullous eruption and with circulating autoantibodies against a 200-kDa protein located low 
in the epidermal basement membrane zone, termed anti-p200 pemphigoid.62,63 The sera of the 
majority of patients with anti-p200 pemphigoid was later found to recognize laminin γ1, with 
a suggested denomination to laminin γ1 pemphigoid.64 However, the relevance of anti-laminin 
γ1 autoantibodies in the pathogenesis has not yet been elucidated. Reports of autoantibodies 
against other antigens, such as epiplakin, p105, plectin or 168-kDa antigen, were limited or not

Fig. 4 Tree of autoimmune bullous diseases analog to L’Arbre des Dermatoses of Alibert.
IgA, immunoglobulin A; MMP, mucous membrane pemphigoid; Anti-LN-332, anti-laminin-332; EBA, epider-
molysis bullosa acquisita; SLE, systemic lupus erythematosus.
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replicated.65-68 New serological diagnostic techniques have emerged for subtyping pemphigoid 
diseases, such as commercially available ELISA using recombinant forms of the proteins of 
target antigens BP180, BP230 and type VII collagen. Moreover, the diseases activity and risk 
of relapse can be indicated by measuring serum concentrations of autoantibodies. Besides the 
known relationship with ageing, associations have been found between bullous pemphigoid 
and neurodegenerative diseases, mainly dementia. The strong association could be hypothe-
sized by an age related loss of self-tolerance of the immune system, with autoantibodies against 
neuronal and cutaneous antigens.

Diagnosis of pemphigoid diseases can be challenging, especially in ‘atypical’ cases when 
the characteristic skin blisters are absent. As discussed by Macleod in 1915, the diagnosis and 
classification of the polymorph pemphigoid eruptions are still matter of discussion. Recent 
changes in perception of the clinical spectrum of pemphigoid are exemplified by the variety 
of names for nonbullous clinical presentations of the same disease, such as pruritic non-bul-
lous pemphigoid.69 The original name of bullous pemphigoid by Lever is a tautology, with 
pemphigoid derived from Greek meaning ‘form of a blister’. Therefore Rook and Waddington 
proposed to use the plain term ‘pemphigoid’ directly after its initiation.27 The more recently 
proposed alternative adjective ‘cutaneous’ pemphigoid by Borradori and Joly could be seen as 
a phenotypic description comprising various pemphigoid diseases with predominant cutaneous 
features at one end of the spectrum, opposing mucous membrane pemphigoid at the other end 
of the spectrum of the group of pemphigoid diseases.70,71 Although etymologically flawed, we 
simply append nonbullous pemphigoid to bullous pemphigoid to comprise the complete spec-
trum of pemphigoid.72 The new insights of today may indicate a new concept of pemphigoid in 
future, of a pruritic cutaneous autoimmune disease that is more than skin deep.

Back to the stable of farmer Geert Reinders from Groningen, besides the characteristic 
blisterhead cow also the whitehead cow could be found there. Being identical species, the only 
difference is the phenotype of absence of the typical ‘blisters’. Based on estimations of that time 
the whitehead was more prevalent than the blisterhead, possibly with a similar prospect of 
nonbullous pemphigoid compared to the original bullous pemphigoid.
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abstract

Background

Bullous pemphigoid is an autoimmune disease that typically presents with tense bullae and
severe pruritus. However, bullae can be lacking, a subtype termed nonbullous pemphigoid.

Objective

To summarize the reported characteristics of nonbullous pemphigoid.

Methods

The EMBASE and MEDLINE databases were searched using ‘‘nonbullous pemphigoid’’ and
various synonyms. Case reports and series describing nonbullous pemphigoid were included.

Results

The search identified 133 articles. After selection, 39 articles were included, presenting 132 
cases. Erythematous, urticarial plaques (52.3%) and papules/nodules (20.5%) were the most 
reported clinical features. The mean age at presentation was 74.9 years. Histopathology was 
commonly nonspecific. Linear depositions of IgG and/or C3 along the basement membrane 
zone were found by direct immunofluorescence microscopy in 93.2%. Indirect immunofluores-
cence on salt-split skin was positive in 90.2%. The mean diagnostic delay was 22.6 months. A 
minority of patients (9.8%) developed bullae during the reported follow-up.

Limitations

Results are mainly based on case reports and small case series.

Conclusion

Nonbullous pemphigoid is an underdiagnosed variant of pemphigoid that most often does
not evolve to bullous lesions and mimics other pruritic skin diseases. Greater awareness among 
physicians is needed to avoid delay in diagnosis. (Journal of American Acadamy of Dermatol-
ogy https://doi.org/10.1016/j.jaad.2017.10.035.)
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Bullous pemphigoid (BP) is the most common autoimmune bullous disease affecting the 
skin and mucosal membranes, with autoantibodies directed against the 180-kDa BP antigen 
(BP180) and the 230-kDa BP antigen (BP230) located in the basement membrane zone.1

The disease commonly affects older patients and isassociated with an increased risk for mortal-
ity, as well as a significant decline in quality of life and psychologic well-being.2-6

The clinical phenotype of pemphigoid is polymorphic. The typical presentation consists 
of tense blisters that arise on erythematous, urticarial plaques and is accompanied by severe 
pruritus.1,3 Before blister formation, pruritus can occur asa prodrome, with or without primary 
skin manifestations.7 In contrast to the typical bullous presentation, various atypical variants 
of pemphigoid have been reported with terms such as papular pemphigoid, pemphigoid nodu-
laris, pemphigoid vegetans, erythrodermic pemphigoid, pruritic nonbullous pemphigoid, and 
erythema multiforme-like pemphigoid.8-11 The nonbullous variant of pemphigoid presents with 
pruritus and various nonbullous findings on the skin, such as erythematous patches, urticarial 
plaques, papules, nodules, excoriations, eczema, and erythroderma.
Moreover, this variant can even present without primary skin lesions, in which case it is called 
pruritus on primary, nondiseased, noninflamed skin according to the International Clinical 
Classification of Itch.11,12

Cohort studies show that at least 20% of all pemphigoid patients do not have blisters 
at the time of diagnosis.3,13 Thus, nonbullous pemphigoid is not that uncommon or atypical as 
might be assumed.14 Bullous and nonbullous pemphigoid are immunologically indistinguish-
able. The diagnosis is usually based on the combination of clinical presentation, histopathologic
findings, direct immunofluorescence (DIF) microscopy, and immunoserology.13 One of the 
main obstacles currently is the lack of consensus on the minimal diagnostic criteria of pemphi-
goid.8,14-17 The absence of blistering in nonbullous pemphigoid can make the recognition of this 
disease difficult for clinicians and might result in a delay of diagnosis.18,19 
The aim of our study was to characterize and define nonbullous pemphigoid by systematic 
review, which has not been performed previously. Our study lists reported clinical presen-
tations, histopathologic findings, laboratory findings, and prognosis regarding patients with 
nonbullous pemphigoid.

Materials and Methods

Search Strategy

The literature search for this review was conducted in the EMBASE and MEDLINE databas-
es on November 4, 2016. Various terms and synonyms for ‘‘nonbullous pemphigoid’’ (Supple-
mentary Appendix; available at http://www.jaad.org) were used. There were no limitations on 
article type. After the selection procedure, the references of all included articles were checked 
for missing articles.

Selection of Articles

Language was limited to Dutch, German, or English. Independent screening of the titles and 
abstracts was carried out by Drs Lamberts and Meijer. Discrepancies between the researchers 
were resolved through discussion. All articles reporting on 1 or multiple cases of nonbullous 
pemphigoid were included. Nonbullous pemphigoid was defined as all symptomatic cases with
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a nonbullous phenotype that lacked a previous history of bullae and fulfilled the following di-
agnostic criteria of pemphigoid: a positive DIF with linear IgG and/or C3c along the basement 
membrane zone and/or positive indirect immunofluorescence (IIF), in combina-
tion with compatible clinical presentation, histopathologic findings, or other immunoserologic 
tests. If the full text was not available online, the text was ordered at the national library. Poster 
abstracts were only included if sufficient individual patient data were presented.

Data collection

The following variables were gathered: age at diagnosis, sex, duration of symptoms before 
diagnosis, clinical presentation, results of diagnostic tests, histopathologic findings, total fol-
low-up time, and blisters development during follow-up. Statistical analyses were done in IBM 
SPSS statistics 23.

Results

Systematic Search Results

A total of 39 articles presenting a total of 132 cases of nonbullous pemphigoid were identified 
(Supplemental Table I; available at http://www. jaad.org).10,11,22-56 Fig. 1 displays the selection 
procedure. The first case of nonbullous pemphigoid was reported in 1983 by Barker et al.20 The 
largest case series was from Lamb et al.,21 who described the clinical presentation of 53 patients 
diagnosed with ‘‘prodromal bullous pemphigoid.’’ This large case series did not present individ-
ual patient characteristics concerning age, sex, duration of symptoms, histopathologic findings, 
and total duration of follow-up. However, we were able to include the reported clinical presen-
tation and the number of cases that developed blisters during follow-up.
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Articles identified by the literature search, n=208
MEDLINE n=84
EMBASE n=124

75 duplicates

Unique articles screened on titles and abstract, 
n=133 Total of articles excluded, n= 99

Exlcusion of articlesreporting cases with blistering at 
the time of diagnosis, n=51

reports on patients with undifined symptoms prior 
to blistering, n=28
reports on patients without undifined symptoms 
prior to blistering, n=23

Exclusion due to language restriction, n=15
Exclusion of articles not relevant to the question, n=33

Relevant articles, n=34
Inclusion after screening of the references, n=5
Total of articles included in the study, n=39

Fig.1 Study selection flow diagram.



Clinical presentation

Table I shows the demographics of the reported patients with nonbullous pemphigoid. The 
mean age at presentation was 74.9 years. The reported efflorescences and configurations of 
skin lesions seen at dermatologic examination are displayed in Table II. Table III presents the 
location of skin lesions reported in 64 of the 132 cases.
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Skin findings reported            

Erythematous, urticarial papules and plaques
Papules/nodules    
Eczematous lesions   
No primary lesions reported*    
Dermatitis herpetiformis-like lesions           
Ulcerations           
Erythroderma 
Other           

Scarring alopecia
Vegetations
Solitary macule              

Excoriations
Configuration reported

Annular configuration†
Figurated configuration
Gyrated configuration

n (%)

69 (52.3)
27 (20.5)
16 (12.1)
  6 (4.5)
  5 (3.8)
  3 (2.3)
  3 (2.3)
  9.6
19.6

* All 6 cases presented with secondary lesions in the form of 
excoriations.
† Two cases presented with erythema multiformis-like lesions.

Table II. Skin findings and configurations reported in 132 
cases of nonbullous pemphigoid.

Table I. Demographics of the reported cases of nonbullous pemphigoid.

Demographic outcome measurements            

Mean age at presentation, years            
Male cases, n (%)    
Cases experiencing pruritus, n (%)   
Cases with reported mucosal lesions, n (%)     
Mean duration of symptoms before diagnosis, months           
Cases with blister development after diagnosis, n (%)           

Mean duration of symptoms until blisters occurred, months            
Mean duration from diagnosis till blisters occurred, months              

Mean total follow-up, months

74.9
33 (42.3%)
77 (100%)
  1 (7.1%)*
22.6
13 (9.8%)
15.9
  9.6
19.6

SD (range)

11.8 (39-95)

39.1 (0-240)

  8.4 (7.5-27)
  8.6 (1-21)
18.6 (0-72)

Total no. reported 
cases

  78
  78
  77
  14
  50
132
    5
    7
  46

SD, Standard deviation.
* Ulceration in the mouth that healed without scarring, other mucosal areas were spared.32



 

Histopathology

The histopathologic findings were described in 53 individual cases. A perivascular infiltrate 
was seen most frequently (n=32; 60.4%), which is a nonspecific finding. In addition, nonspecif-
ic findings not further specified were reported in 14 cases (26.4%). Eosinophils were present 
in the biopsies of 25 cases (47.2%) and neutrophils in 7 cases (13.2%). Spongiosis without eo-
sinophils was reported in 10 cases (18.9%), and eosinophilic spongiosis was seen in 4 patients 
(7.5%). The presence of dermal edema was reported in 8 cases (15.1%). The presence of a 
microscopic subepidermal split was reported in 8 patients (15.1%).

Laboratory Findings

Table IV shows the reported laboratory findings of patients with nonbullous pemphigoid. In 
all cases, DIF microscopy was performed. In cases with negative DIF results, the diagnosis 
was based on positive IIF with additional serologic tests that specified the targeted antigen. 
IIF was the most commonly performed immunoserologic test (55 cases). The substrate used in 
IIF was not specified in 15 cases. In the other cases monkey oesophagus (n=27) or human skin 
(n=13) were used as substrate. The BP230 enzyme-linked immunosorbent assay was the least 
performed immunoserologic test (n=19). In addition, in 4 cases, immunoprecipitation was used 
to identify antigens, resulting in a positive reaction to both BP180 and BP230 in 1 case and a 
positive reaction to only BP230 in 3 cases. Eosinophilia of the peripheral blood was reported 
in 13 of 15 cases (86.7%).
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Localization           

Extremities
Trunk    
Generalized   
Head and/or neck    
Scalp          
Hands and/or feet

n (%)

43 (67.2)
42 (65.5)
14 (21.9)
  7 (10.9)
  6 (9.4)
  5 (7.8)

Table III. Localization of skin lesions reported in 64 cases 
of nonbullous pemphigoid.

Table IV. Laboratory findings in reported cases of nonbullous pemphigoid.

Diagnostic test            

DIF microscopy, linear IgG and/or C3c depositions
along the BMZ   

IIF, IgG*
IIF on salt-split skin, IgG, epidermal binding
Nc16a ELISA, IgG
BP230 ELISA, IgG
Immunoblot BP180, IgG
Immunoblot BP230, IgG

BMZ, Basement membrane zone; BP, bullous pemphigoid; DIF, direct immunofluorescence;
ELISA, enzyme linked immunosorbent assay; IIF, indirect immunofluorescence; Nc16a, noncollagen 16a.
* Different substrates were used by different authors.

Total no. 
reported cases

  132
  

    55
    51
    26
    19
    34
    36

Cases with positive 
test results, n (%)

  123 (93.2)
  

    42 (76.4)
    46 (90.2)
    15 (57.7)
    10 (52.6)
    11 (32.4)
    20 (55.6)



Discussion

This systematic review summarizes the reported characteristics of nonbullous pemphigoid. The 
most frequently reported skin efflorescences were erythematous, urticarial plaques (52.3%). 
Pruritus was reported in 100% of the cases. Overall, the duration between the start of symp-
toms and the correct diagnosis was very long (mean 22.6 months). Only 13 patients (9.8%) 
developed bullae during the reported follow-up; thus only 13 cases were actually prodromal 
to bullous pemphigoid. However, for most of the cases (90.2%) bullae never occurred. The 
findings of this review show that although the clinical presentation of nonbullous pemphigoid 
is various, pruritus at an older age might be a clinical clue.

Our study identified several similarities in clinical characteristics of nonbullous and 
bullous pemphigoid. Both present at older age (mean 74.9 years in nonbullous pemphigoid ver-
sus 77.2-82.6 years in bullous pemphigoid).4-6 Furthermore, in both variants lesions are most 
frequently located on the trunk and extremities.18,57 Most of the skin efflorescences reported 
in nonbullous pemphigoid cases can also be found in patients with bullous pemphigoid.1,13 On 
the other hand, mucosal involvement was rarely reported in nonbullous pemphigoid and was 
reported in 10%-30% of patients with bullous pemphigoid.3,13,57 In 14 cases, the configurations 
of the skin lesions were reported to be annular, gyrate, figurate, or herpetiform.21,23-30 Two of 
these patients presented with targetoid lesions.21,25 We also found 3 case
reports that were possibly drug-induced due to nifedipine, lisinopril, and the combination of
allopurinol plus colchicine.25,31,32 Nifedipine and lisinopril were previously associated with bul-
lous pemphigoid; however, it has not been shown that these drugs cause a higher risk to devel-
op bullous pemphigoid.58,59 Studies did show that the use of spironolactone and neuroleptics are 
independent risk factors for the development of bullous pemphigoid.60,61

The reported histopathologic findings in nonbullous pemphigoid differ from bullous
pemphigoid in several aspects. Histopathologic findings were commonly nonspecific in non-
bullous pemphigoid and resembled eczema or prurigo nodularis. Although bullous pemphigoid 
is usually characterized by the presence of eosinophilic spongiosis (>50%) and a subepidermal 
split (±80%), in the cases with nonbullous pemphigoid, histopathologic findings only described 
eosinophilic spongiosis in 7.5% and a subepidermal split in 15.1%.1,62 These findings emphasize 
the need to always perform DIF microscopy and immunoserology in addition to histopathology 
in patients in which nonbullous pemphigoid is suspected. In nonbullous pemphigoid, DIF mi-
croscopy was the most reported positive diagnostic test (positive in 93.2%) followed by IIF on 
salt-split skin (90.2%). Both DIF microscopy and IIF on salt-split skin have a high specificity 
(98% and 100%, respectively).63 Yet, the reported percentage of positive findings in DIF mi-
croscopy in nonbullous pemphigoid might be an overestimation, considering this test is regard-
ed as the reference standard for diagnosis of pemphigoid and commonly the only performed 
immunopathologic test.64 Consequently, the diagnosis of pemphigoid might be rejected when 
DIF microscopy is negative, and immunoserologic analysis might not have been performed.

The mean duration of symptoms of nonbullous pemphigoid until the correct diagnosis 
of pemphigoid was 22.6 months. These results seemto be consistent with other research that 
also found long diagnostic delays in pemphigoid cases that lack bullae. Previously, we reported 
a mean delay in diagnosis of 33.6 months in 15 patients with nonbullous pemphigoid.11 The 
studies of Zhang et al. and Sun et al. reported misdiagnosis with eczema, nodular prurigo, or 
other dermatologic diseases in all pemphigoid patients that initially presented without bullae, 
which were 181 and 24 cases respectively.18,65 In both studies, the correct diagnosis was made
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 when bullae appeared, which was after a mean duration of 15.9 months and 20.75 months 
(range 1 month-19 years). Although these studies only identified misdiagnosis in prodromal 
bullous pemphigoid patients, they also illustrate the importance of more awareness and better 
knowledge regarding the characteristics of nonbullous pemphigoid. In contrast, Della Torre 
et al. did not find a significant difference in delay of diagnosis between patients with bullous 
(n=97) and nonbullous (n=20) pemphigoid in their cohort.3 Whether early recognition and 
immunosuppressive treatment of nonbullous pemphigoid can prevent later blister development 
is unknown.

A much debated question is whether patients diagnosed with nonbullous pemphigoid 
are prodromal or have a distinct pemphigoid variant.10,21 The finding that most nonbullous 
pemphigoid patients did not develop blisters during follow-up supports the hypothesis that 
nonbullous pemphigoid is not a prodromal stage but merely a variant within the clinical spec-
trum of pemphigoid diseases. We can conclude that prodromal pemphigoid is an incorrect 
term and that there is a need for consensus regarding the terminology to describe this disease 
variant. We strongly argue for insertion of the term nonbullous pemphigoid in the EMTREE.

During our literature search we identified a number of other subepidermal autoimmune 
blistering diseases with nonbullous clinical presentations: nonbullous epidermolysis bullosa ac-
quisita,66 nonbullous linear IgA dermatosis,67 and nonbullous pemphigoid gestationis.68

Furthermore, we came across reports of pemphigoid patients that first presented with bullae 
and later experienced a nonbullous flare-up of the disease.45,49,69-72 These cases strengthen the 
idea that nonbullous pemphigoid should be seen as a disease variant within the spectrum of 
pemphigoid diseases. Previous publications reported a higher prevalence of BP-specific au-
toantibodies in older dermatology patients (>75 years) without blisters, healthy blood donors, 
and elderly individuals with pruritus.73-75 How these patients fit the pemphigoid spectrum has-
not been clarified.

Our systematic review provides insight on reported literature on nonbullous pemphi-
goid. A limitation of this review is that the results are mainly based on single case reports and 
small case series. As a consequence, values were missing in the summarized data. Moreover, in 
some publications the clinical picture was described very briefly. A second limitation of this re-
view is the risk of reporting bias, considering that cases with unusual atypical presentations are 
more likely to be reported in the literature. Furthermore, the finding that most (90.2%) non-
bullous pemphigoid patients did not develop blisters during the reported follow-up (mean 19.8 
months, range 0-72) might be slightly biased by selection, since we excluded cases of pemphi-
goid that were diagnosed after bullae appeared, even though authors retrospectively described 
pruritic symptoms before blistering. However, it is uncertain whether these symptoms before 
diagnosis were caused by pemphigoid or other pruritic dermatoses, such as prurigo nodularis 
or eczema. This study therefore highlights the importance of larger observational studies with 
longer follow-up for a better representation of nonbullous pemphigoid.

Another interesting focus for future research is why patients with nonbullous pemphi-
goid do not develop bullae. Several factors have been suggested to influence blister formation, 
such as autoantibody titers,53 the antigens or epitopes targeted by autoantibodies,57,76 comple-
ment involvement,77,78 and eosinophils.79 More knowledge of the underlying pathophysiology 
of this subtype of pemphigoid might lead to more awareness and less delay in diagnosis of 
nonbullous pemphigoid. 

In conclusion, our review showed that the reported clinical presentation of nonbullous 
pemphigoid can be heterogeneous. The reported long duration of symptoms until correct diag-
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nosis (mean 22.6 months) illustrates that nonbullous pemphigoid can be difficult to recognize 
for clinicians. Pruritus in elderly patients is a common denominator in patients with nonbullous 
pemphigoid and, in our opinion, the most important clue for recognition. Clinicians should, 
therefore, perform DIF on a skin biopsy and immunoserologic analysis on a blood sample for 
elderly patients with unexplained or refractory chronic pruritus and erythematous, urticarial 
papules and plaques. Further study is needed to evaluate the prevalence of nonbullous pem-
phigoid.
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SUPPLEMENTARY APPENDIX

Keywords used in the systematic search (performed in EMBASE & MEDLINE): (‘‘non*bul-
lous’’ AND ‘‘pemphigoid’’) OR ‘‘non*bullous pemphigoid’’ OR ‘‘non*bullous bullous pemphi-
goid’’ OR ‘‘non*bullous BP’’ OR ‘‘pruritic pemphigoid’’ OR ‘‘pruritic non*bullous pemphigoid’’ 
OR ‘‘pemphigoid nodularis’’ OR ‘‘nodular pemphigoid’’ OR ‘‘prurigo nodularislike pemphi-
goid’’ OR ‘‘papular pemphigoid’’ OR ‘‘prodromal BP’’ OR ‘‘prodromal bullous pemphigoid’’ 
OR ‘‘prodromal pemphigoid’’ OR ‘‘prodrome of bullous pemphigoid’’ OR ‘‘non bullous variant’’ 
NEAR/10 ‘‘pemphigoid’’ OR ‘‘nonbullous variant’’ NEAR/10 ‘‘pemphigoid’’ OR ‘‘bullous pem-
phigoid mimicking’’ OR ‘‘-like bullous pemphigoid’’ OR ‘‘erythrodermic bullous pemphigoid’’ 
OR (‘‘bullous pemphigoid’’ AND ‘‘without blister*’’) OR (‘‘bullous pemphigoid’’/exp AND 
‘‘without blister*’’) OR (‘‘bullous pemphigoid’’ AND ‘‘without bullae’’) OR (‘‘bullous pemphi-
goid’’ AND ‘‘without bullous lesions’’).
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DEAR EDITOR, we read with interest the recent article of van Beek et al. on ‘Serum auto-
antibodies against the dermal-epidermal junction in patients with chronic pruritic disorders,
elderly individuals and blood donors prospectively recruited’1 and the recent review article of 
Schmidt et al. on ‘BP180- and BP230-specific IgG autoantibodies in pruritic disorders of the 
elderly: a preclinical stage of bullous pemphigoid?’2 about the association between pruritus in 
the elderly and the presence of bullous pemphigoid (BP)-specific IgG autoantibodies.

van Beek et al. studied autoantibody reactivity against the epidermal basement mem-
brane zone (EBMZ) by indirect immunofluorescence (IIF) microscopy, enzyme-linked immu-
nosorbent assay (ELISA) and immunoblot. Positive reactivity in any test was found in 31% of 
the sera of elderly individuals (≥70 years; n=93), 17% of the sera of patients with
chronic pruritic disorders (n=78) and 26% of the sera of healthy blood donors of all ages 
(n=50). In our opinion these are remarkably high percentages, probably due to the false-pos-
itive rates of the immunoassays, as mentioned in the discussion of their article. van Beek et al. 
concluded that neither advanced age nor chronic pruritus have been verified as risk factors for 
autoantibodies against the EBMZ.1

Schmidt et al.2 reviewed clinical and experimental studies about the possible association 
between senile pruritus and BP IgG autoantibodies, and questioned whether this could be a 
preclinical stage of BP. Prior studies by Rieckhoff-Cantoni et al.,3 Hofmann et al.4 and Feli-
ciani et al.5 on the presence of circulating BP autoantibodies in elderly patients with pruritic 
disorders, but without blistering, reported IgG reactivity against BP180 or BP230 in 10 of 
43 patients (23%), three of 25 patients (12%) and five of 15 patients (33%), respectively. The 
question remains whether circulating autoantibodies against BP antigens in the elderly and pa-
tients with pruritic disorders indicate the presence of a BP subtype, may identify patients with 
an increased risk of developing BP, or may have no clinical relevance at all.

As an extension to these studies we present our results of a retrospective database study, 
which included 374 patients who consulted our department for a skin disorder, without
blistering. Data were collected from patients in our dermatology database in whom direct im-
munofluorescence (DIF) and serological testing were performed at the University
Medical Center Groningen. Patients were excluded if DIF was positive or if they presented 
clinically with blisters or erosions on skin or mucous membranes, to exclude those with an 
evident diagnosis of an autoimmune blistering disease. The patient characteristics are shown in 
Table I. The following serolgical test results were studied: IIF on monkey oesophagus, IIF on 
salt-split skin, immunoblot testing on BP180 and BP230 antibodies, and BP180 NC16A- and 
BP230-specific ELISAs (MBL, Nagoya, Japan; cut-off< 9 U mL-1) (Fig. 1).

In our study, we found at least one positive serological test in 13.6% (n=51) of the 
dermatology patients with a nonbullous skin disorder. The median age of these patients (71 1 
years, n=51) was significantly higher (p=0 .009, Mann-Whitney U-test) than the median age of 
patients with no positive test results (64 0 years, n=323). Moreover, logistic regression showed 
that age >75 years had a significant predictive value for positive reactivity for at least one 
serological test (p=0. 025, odds ratio 3. 8) compared with patients aged <45 years. The higher 
prevalence of BP IgG autoantibodies in patients aged >75 years was confirmed with the χ2-test 
(p=0. 012). In contrast, no relationship was found between the presence of pruritus and BP 
IgG autoantibodies. Furthermore, no relationship was found between the combined presence 
of pruritus and older age (>65 years) and BP IgG autoantibodies.

van Beek et al. stated that the positive ELISA results could not be confirmed with ELI-
SA tests from other manufacturers; nevertheless, these values were considered positive.
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In our study, ELISA results were considered positive only if the result remained positive after 
replication of the tests. This does not exclude nonspecific binding of antibodies, but minimiz-
es false-positive results due to technical errors. Therefore another 15 former positive ELISA 
results were negative after replicated testing. In 13 of 374 patients (3 5%) multiple positive 
reactivity was seen in tests of different methodologies, of which seven patients had positive 
reactivity in two different tests, three patients in three tests, two patients in four tests and one 
patient in five different tests.

Although detection of circulating BP IgG antibodies has been reported previously in 
patients with various (chronic) pruritic dermatoses and in elderly individuals, the mechanism 
and relevance are not yet fully understood. Both Hofmann et al. and Schmidt et al. discussed the 
mechanism of repeated cell injury to the EBMZ due to itching in pruritic dermatoses, which 
may lead to exposure of hidden epitopes. In combination with a loss of self-tolerance related 
to the ageing process, these patients could be at risk of developing anti-EBMZ antibodies and, 
eventually, BP.2,4,6 Conversely, anti-BP230 IgG autoantibodies may trigger pruritus, leading to 
the development of pruritic skin lesions and possibly anti-BP180 IgG antibodies, by the pro-
cess of epitope spreading.2,6

Our findings did not show a relationship between pruritus and circulating BP IgG 
autoantibodies in our nonbullous dermatology population. A possible association might have 
been obscured due to selection bias, as our study was based on a population that consulted a 
dermatologist for a dermatosis that might have been pruritic due to various causes.

The nonbullous clinical variant of BP and the minimal criteria to diagnose BP are a 
topic of recent discussion.7-9 Positive epidermal binding of IIF on salt-split skin may play an im-
portant diagnostic role, with a reported high specificity and positive predictive value in typical 
patients with BP.10 The finding in our study of a significantly higher prevalence of BP-specific 
IgG autoantibodies in elderly dermatology patients with nonbullous skin disorders raises the 
question of whether a diagnosis of pemphigoid in elderly patients with pruritus
and negative DIF is often missed. However, the results of testing sera of elderly patients with 
pruritic disorders should be interpreted with caution, and additional studies are needed in the
general population (as control) and in a high-risk population for developing BP (elderly per-
sons in nursing homes).

4
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Total population
Sex

Female
Male   

Pruritus
Yes
No

Age (years)
Mean (range)
≤75 years
≥75 years

Values are n (%) unless stated otherwise. aP-value by χ2 test. * Significant (P<0.05).

No reactivity

323 (86.4)
  

190 (87.2)
133 (85.3)   

  59 (88.1)
264 (86.0)

239 (89.2)
  84 (79.2)

Total

        374                               

        218 (58.3)
        156 (41.7)
    
          67 (17.9)
        307 (55.6)

          62.2 (5.5-96.0)
        268 (71.7)
        106 (28.3)

At least one positive 
test result

51 (13.6)
  

28 (12.8)
23 (14.7)   

  8 (11.9)
43 (14.0)

29 (10.8)
22 (20.8)

P-valuea

-
  

0.60
   

0.66

   0.012*

Table I. Patient characteristics with sex, pruritus and age vs. serological test results.
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Fig. 1 Bullous pemphigoid (BP)-specific IgG autoantibody reactivity in our study population of dermatology 
patients with nonbullous skin disorders, divided into age ≥75 years and ≤75 years. Sera were tested with six 
different serological tests, including indirect immunofluorescence (IIF) microscopy on monkey oesophagus 
(n=308), IIF on human salt-split skin (SSS, n=359), immunoblot (n=306) and BP180 and BP230 en-
zyme-linked immunosorbent assay (ELISA, n=239 and 227, respectively).
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abstract

Importance

A substantial number of patients with bullous pemphigoid do not develop skin blisters and may 
lack the correct diagnosis. Diagnostic criteria and an optimal diagnostic strategy are needed for 
early recognition and trials.

Objective

To assess the minimal requirements for diagnosis of pemphigoid (bullous and nonbullous) and 
evaluate the optimal diagnostic strategy. 

Design

Retrospective paired multivariable diagnostic accuracy study.  

Setting

Secondary and tertiary care patients from The Netherlands.

Participants

1125 consecutive subjects with suspected pemphigoid between 2002 and 2015.

Main outcomes and measures

Pairwise performed direct immunofluorescence microscopy (DIF), indirect immunofluores-
cence microscopy (IIF) on salt-split human skin (SSS) and on monkey oesophagus (MO), 
BP180 and BP230 ELISAs, and immunoblot for BP180 and BP230. Reported in accordance 
with STARD 2015.

Results

Of 343 subjects with pemphigoid, 24% presented as nonbullous pemphigoid. DIF was con-
firmed the most sensitive (88.3%) diagnostic test, while IIF SSS was less sensitive (77.0%), but 
highly specific (99.9%) and complemented most DIF-negative cases. BP180 NC16A ELISA 
did not have added value for initial diagnosis in multivariable logistic regression   analysis of 
combined tests.

Conclusions and relevance

Both DIF and IIF SSS should at least be performed (minimal requirements) for diagnosis, 
while the BP180 NC16A ELISA is recommended as add-on test for disease activity monitor-
ing. Based on these findings the proposed minimal diagnostic criteria for pemphigoid consist 
of at least two positive out of three criteria (2-out-of-3 rule): 1) pruritus and/or predominant 
cutaneous blisters, 2) linear IgG and/or C3c deposits (in n-serrated pattern) by DIF on a skin 
biopsy, 3) positive epidermal side staining by IIF SSS on serum. Thereby extending the entity 
‘bullous pemphigoid’ with the unrecognized nonbullous form. 
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Key Points

Question

What is the optimal diagnostic strategy for pemphigoid encompassing the bullous and nonbul-
lous forms?

Findings

Our paired multivariable diagnostic accuracy study with 1125 subjects showed one in four 
patients with pemphigoid had no skin blistering. Diagnosis of pemphigoid could be made with 
positive direct immunofluorescence on a skin biopsy and/or indirect immunofluorescence on 
salt-split skin in serum, with the combined tests the minimum of diagnostic tests required. En-
zyme-linked immunosorbent assay (ELISA) for BP180 NC16A did not have added diagnostic 
value.

Meaning

The proposed diagnostic criteria allow diagnosis of all pemphigoid forms based on a positive 
skin biopsy and/or serology.
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More than 20% of patients with bullous pemphigoid do not present with typical skin blistering, 
but with a pruritic nonbullous variant consisting of erythematous-urticarial plaques, eczema-
tous lesions, papules and nodules, or only excoriations.1-3 These patients with nonbullous pem-
phigoid may often be misdiagnosed or overlooked with a prolonged doctor’s delay, especially 
in cases were blisters never develop.3,4 Bullous pemphigoid is the most frequent subepidermal 
autoimmune bullous disease (sAIBD) and mainly affects elderly people.1,5 It is characterized by 
presence of circulating IgG autoantibodies targeting the structural proteins BP180 and BP230 
of the epidermal basement membrane zone (BMZ).5 Annual incidence of bullous pemphigoid 
in Europe has increased significantly in the last decades, which might be attributed to an in-
creasingly ageing population, availability of better diagnostic tests, and the recognition of pa-
tients with atypical clinical features.1,6 

Minimal diagnostic criteria for pemphigoid are needed, but have not yet been estab-
lished.4,7 Currently the diagnosis is based on the typical presentation using combined clinical 
criteria8,9 to separate it from other pemphigoid diseases such as mucous membrane pemphigoid 
(MMP), linear IgA disease (LAD), and epidermolysis bullosa acquisita (EBA), histopatholo-
gy of a blister and detection of autoantibodies in a skin biopsy by direct immunofluorescence 
microscopy (DIF), and additionally in a blood sample by various immunoserological tests.10-12 
The 2015 European consensus recommendations11 require a positive DIF biopsy for diagno-
sis, while the 2015 German guideline also allows diagnosis based on various combinations of 
serological tests.12 Studies suggest high diagnostic accuracies of commercially available en-
zyme-linked immunosorbent assays (ELISA)13,14, but methodological flaws may have led to an 
overestimation of the diagnostic accuracy in the intended population.

We evaluated the diagnostic accuracy of DIF on a skin biopsy and various serological 
tests in a paired study design in a large cohort of subjects suspected for bullous or nonbullous 
pemphigoid, and the first to report diagnostic tests in accordance with STARD.15 We then 
assessed the optimal diagnostic strategy by comparing the additional value of combined diag-
nostic tests in multivariable logistic regression modeling and evaluated which tests should at 
least be performed for diagnosis (minimal requirements). Based on these evaluations we pro-
pose minimal diagnostic criteria for pemphigoid, that support early recognition of this common 
cutaneous autoimmune disease.

Materials and Methods

Study design and subjects

This single-center retrospective study was performed at the national referral center for auto-
immune bullous diseases in The Netherlands (Groningen Center for Blistering Diseases). The 
study population consisted of consecutive subjects from secondary and tertiary care hospitals 
with suspected pemphigoid, including severe or refractory itch in elderly with or without skin 
blistering. Eligible were participants with paired data of at least: 1) a skin biopsy for DIF, 2) 
IIF SSS and 3) ≥1 routine immunoserological test performed in the period Jan 1, 2002, to May 
1, 2015. Samples were taken at the time of first diagnosis, before introduction of immunosup-
pressive therapy and within an inclusion window of maximum 4 weeks. According to national 
regulations in The Netherlands, this type of retrospective non-interventional study does not 
require approval from the local medical ethical committee.
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Reference standard and index tests

No consensus reference standard for diagnosis of pemphigoid is established. As a composite 
reference standard we used criteria for diagnosis of the 2015 German S2k Guideline for di-
agnosis of bullous pemphigoid.12 Compatible clinical presentation of pemphigoid was defined 
as presence of pruritus and predominant tense skin blisters or nonbullous skin morphologic 
features (not further specified). DIF on a skin biopsy was considered positive when linear or 
linear n-serrated deposits of IgG and/or C3c along the epidermal BMZ were observed.11,16 IIF 
SSS was considered positive when epidermal side staining of IgG was observed.11 The clinical 
diagnosis of pemphigoid was made in the following cases: 1) compatible clinical presentation 
and positive DIF, 2) compatible clinical presentation and positive DIF and positive IIF SSS,  
3) compatible clinical presentation and positive IIF SSS and positivity in at least one other im-
munoserological test: immunoblot with reactivity to BP180 or BP230, IIF MO, ELISA BP180 
or ELISA BP230, 4) compatible clinical presentation of tense blisters and compatible histopa-
thology of subepidermal blister and positive ELISA BP180 and positivity in at least one other 
immunoserological test: immunoblot with reactivity to BP180 or BP230, IIF MO or ELISA 
BP230. Clinical features and test outcomes of cases with indeterminate or single positive index 
test result were discussed by physicians, a pathologist and a biochemist to confirm of reject 
diagnosis of pemphigoid. Data of histopathology were not routinely analyzed in the study, 
because histopathology is often non-specific in nonbullous pemphigoid, does not enable dif-
ferentiation of subtypes of pemphigoid diseases and was not available in all cases.11 Excluded 
were participants with suspected MMP, and participants with diagnosis of other autoimmune 
(bullous) diseases based on DIF findings and immunoserology, including linear u-serrated pat-
tern (EBA/bSLE), solely IgA depositions (LAD), or with IgG against autoantigens other than 
BP180 or BP230 (Fig. 1). Diagnostic tests and assessment of the reference standard were 
separately performed.

Biopsies for DIF were transported and stored mainly in saline solution (0.9% NaCl, 
overnight), liquid nitrogen or Michel’s medium.16,17 Biopsy sites were defined in advance as: 1) 
perilesional skin: erythematous nonbullous skin within 2 cm from a lesion, 2) lesional skin: bul-
lous or nonbullous lesion except erosions, and 3) healthy skin: normal appearing non-inflamed 
skin (from inner aspect of upper arm). Serration pattern analysis was assessed by routine DIF 
from 2009 onwards using either a Leica DM2000 or LEICA DMRA microscope with a 40× 
dry objective and 10× ocular lens (Leica Microsystems, Wetzlar, Germany, total magnification 
×400).16,18 IIF SSS human salt-split skin substrate was performed with standard dilution of 
1:8 as described in eMethods from donated normal human skin tissue freshly obtained from 
routine reduction mammoplasty and abdominoplasty surgery, after signed informed consent, 
and validated with positive and negative controls.18 The routine multi-step immunoserological 
test procedure included IIF on monkey oesophagus (MO) substrate, immunoblot with kera-
tinocyte extract and tested for IgG and IgA autoantibodies against BP180 and BP23019, and 
commercially available BP180 NC16A (≥2007) and BP230 (≥2009) ELISAs (Medical and 
Biological Laboratories Co Ltd, Nagoya, Japan) according to the manufacturer’s protocol and 
positivity cut-off value ≥ 9 u/mL. Consequently, missing ELISA tests of subjects with pemphi-
goid were post-hoc performed (n=201). 

Statistical analyses

We calculated diagnostic accuracy with the composite reference standard, including sensitivity, 
specificity, positive and negative predictive values, positive and negative likelihood ratios, and
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diagnostic odds ratio (DOR) according to standardized formulas and with 95% confidence 
intervals (95% CIs). Sensitivities and specificities of paired diagnostic tests were compared 
using McNemar’s test. Mann-Whitney U test, Chi-square test, or Fisher’s exact test were used 
to compare medians and proportions. ROC curve analysis was used to determine the optimal 
cut-off value of continuous variables of autoantibody titer of BP180 NC16A and BP230 ELI-
SAs by calculating maximum Youden’s J index values. With multivariable logistic regression 
modeling we evaluated additional value of combined diagnostic test (DIF, IIF SSS and BP180 
NC16A ELISA) for the initial diagnosis of bullous and nonbullous pemphigoid, with inclusion 
of clinical variables (age, sex, pruritus, blisters) with a backward selection procedure (p<0.20). 
Significant additional value of a test was indicated when 95% CIs of areas under the curves 
(AUC) did not overlap. Multiple imputation was used for at random missing data of BP180 
NC16A ELISA in 20% of non-pemphigoid controls, with no significant differences between 
imputed and non-imputed groups. Two-sided p-values were used with a significance level of 
0.05. We used IBM SPSS Statistics version 22 for all analyses. Results are reported according 

1859 potentially eligible subjects

1125 subjects with index test

816 DIF negative

713 excluded: other diagnosis
lupus erythematosus
(pseudo) porphyria
(paraneoplastic) pemphigus
dermatitis herpetiformis
epidermolysis bullosa acquisita
anti-p200/laminin γ1 pemphigoid
linear IgA disease
lichen planus (pemphigoides)
mucous membrane pemphigoid

21 excluded: DIF biopsy not usable

Fig. 1 Flow diagram of study. Classification based on the reference standard. Based on the index tests DIF and 
IIF SSS, eligible participants were excluded with other diagnoses. DIF, direct immunofluorescence microsco-
py; IIF SSS, indirect immunofluorescence on human salt-split skin substrate.

309 DIF positive

779 IIF SSS negative 37 IIF SSS positive

4 had pemphigoid
775 had no pemphigoid

36 had pemphigoid
1 inconclusive diagnosis

82 IIF SSS negative 227 IIF SSS positive

76 had pemphigoid
6 had no pemphigoid 227 had pemphigoid
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to the Standards for Reporting Diagnostic Accuracy (STARD 2015), a list of essential items 
for reporting diagnostic accuracy studies (supplementary material).15  

Results

For the period January 2002 to May 2015, we retrospectively analyzed 1125 subjects with 
suspected bullous or nonbullous pemphigoid (Fig. 1). The mean age was 63.2 years [SD 19.9 
years], and 68% were women. Eventually, 343 subjects were diagnosed with pemphigoid 
(mean age 71.8 years [SD 17.4]) and were compared to 782 controls (mean age 59.5 years [SD 
19.7], p<.001). One in four patients (74 of 343, 23.6%) presented as nonbullous pemphigoid. 
Table I summarizes diagnostic accuracy of DIF and immunoserological tests.

Direct immunofluorescence

The sensitivity of index test DIF on a skin biopsy was 88.3% (95% CI 84.5-91.3) and specific-
ity 99.2% (95% CI 98.3-99.7). Solitary positive or inconclusive DIF findings were classified 
as false-positive in six participants in whom diagnosis of pemphigoid could not be confirmed, 
including chronic ulcers and a case of vasculitis. Twenty-one biopsies for DIF contained arte-
facts with uninterpretable results and were excluded. Comparison of biopsy sites for DIF in 
1482 skin biopsies showed DIF on a perilesional skin biopsy was most sensitive (90.4%; 95%CI 
85.7-93.9), and superior to a biopsy of healthy skin (p=0.005) or of lesional skin (p=0.002; 
Table II). In the subgroup of participants without skin blisters DIF had a lower sensitivity 
of 81.1% (95%CI 70.0-88.9), and no significant differences were seen between biopsies sites 
(n=788 biopsies, Table II). Immunodepositions of IgG, C3c and IgA were detected by DIF 
in 91.4%, 73.6% and 27.4% of biopsies, respectively. Solely IgG deposition was detected in 
19.8%, combined presence of IgG and C3c in 44.6%, IgG and IgA in 6.6% and combined IgG, 
C3c and IgA in 20.5%. DIF serration pattern analysis was routinely assessed in 728 consecu-
tive cases from 2009 onwards. The distinctive linear n-serrated pattern was observed in 76.0% 
of cases with positive DIF, the serration pattern was undetermined in the remaining cases 
(24%). No false-positive n-serrated patterns were observed.

Immunoserology

The sensitivity of index test IIF SSS was 77.0% (95%CI 72.2-81.1; Table I), with specifici-
ty of 99.9% (95%CI 99.3-100.0). Although a significantly lower sensitivity compared to DIF 
(p<.001), IIF SSS showed a very high discriminative value with a positive predictive value of 
99.6% (95%CI 97.9-99.9), and high diagnostic odds ratio (Table I). IIF SSS was complementa-
ry to identify the majority of patients with pemphigoid with negative DIF findings (10.5%; Fig. 
2). Positive findings in IIF SSS were always confirmed by positivity in other serological tests 
of different methodology (Fig. 2). The sensitivities of IIF MO (57.1%; 95%CI 51.9-62.3) and 
immunoblot (70.3%; 95%CI 65.2-74.9) were substantially lower than IIF SSS, but with high 
specificities (Table I). Four cases of pemphigoid were diagnosed despite both negative DIF 
and IIF SSS at inclusion, based on pruritus with tense blisters, compatible histopathology, and 
positive IIF MO, immunoblot and ELISA.12 Follow-up available in three of four cases revealed 
positive DIF during disease course.

The sensitivities of BP180 NC16A and BP230 ELISAs were 70% (95%CI 64.9-74.6) 
and 44.6% (95%CI 39.9-49.9), respectively (Table I). Single false-positive test results were 
seen in 57 (11.3%) and 31 (7.2%) non-pemphigoid controls, respectively, and included cases
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Diagnostic test

DIF

 

IIF SSS

 

IIF MO

 

Immunoblot

 

ELISA BP180-NC16A

 

ELISA BP230

 

Combined tests

DIF + IIF SSS

 

bullous

 

nonbullous

 

DIF + ELISA BP180-NC16A

 

bullous

 

nonbullous

n (pemphigoid/
 controls)

1125 (343/782)

 

1125 (343/782)

 

1077 (343/734)

 

1093 (343/750)

 

904 (343/561)

 

774 (343/431)

 

 

1125 (343/782)

 

456 (239/217)

 

600 (74/526)

 

904 (343/561)

 

388 (239/149)

 

460 (74/386)

Values in brackets represent 95% CIs. PPV, positive predictive value; NPV,negative predictive value; LR, likelihood ratio; 
DOR, diagnostic odds ratio; DIF, direct immunofluorescence microscopy; IIF, indirect immunofluorescence; SSS, salt-split 
skin; MO, monkey oesophagus; ELISA, enzyme linked immuno-sorbent assay

Sensitivity (%)

88.3

[84.5-91.3]

77.0

[72.2-81.1]

57.1

[51.9-62.3]

70.3

[65.2-74.9]

70.0

[64.9-74.6]

44.6

[39.9-49.9]

 

98.8

[97.0-99.7]

98.3

[95.8-99.5]

100.0

[95.1-100.0]

94.8

[91.8-96.9]

96.7

[93.5-98.5]

86.5

[76.6-93.3]

Specificity (%)

99.2

[98.3-99.7]

99.9

[99.3-100.0]

98.8

[97.7-99.4]

94.7

[92.8-96.1]

89.8

[87.1-92.1]

92.8

[90.0-94.9]

 

99.1

[98.2-99.6]

99.5

[97.5-99.9]

98.9

[97.5-99.6]

88.8

[85.9-91.3]

92.6

87.2-96.3]

87.3

[83.6-90.5]

Table I. Diagnostic performance of laboratory tests in participants suspected for pemphigoid.
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Positive LR

115.1

[51.8-255.7]

601.9

[84.8-4271.3]

46.6

[24.2-89.8]

13.2

[9.7-18.0]

6.9

[5.3-8.9]

6.2

[4.3-8.9]

 

110.4

[52.8-230.9]

213.4

[30.2-1508.0]

87.7

[39.6-194.3]

8.4

[6.7-10.7]

13.1

[7.4-23.1]

6.8

[5.2-9.0]

Negative LR

0.1

[0.1-0.2]

0.2

[0.2-0.3]

0.4

[0.4-0.5]

0.3

[0.3-0.4]

0.3

[0.3-0.4]

0.6

[0.5-0.7]

 

0.01

[0.00-0.03]

0.02

[0.01-0.04]

0.00

[-]

0.06

[0.04-0.09]

0.04

[0.02-0.07]

0.15

[0.09-0.28]

DOR

979.7

[411.1-2334.5]

2609.9

[361.3-18851.9]

107.4

[53.8-214.4]

41.9

[28.3-62.2]

20.6

[14.4-29.5]

10.4

[6.8-15.9]

 

9838.0

[2728.6-32265.9]

12690.0

[1407.3-114426.8]

11931.5

[665.3-213983.8]

142.7

[83.0-245.4]

362.3

[142.2-922.6]

44.0

[21.2-91.4]

Table I continued.

NPV (%)

95.1

[93.4-96.4]

90.8

[88.7-92.6]

83.1

[80.5-85.5]

87.4

[85.0-89.5]

83.0

[79.8-85.8]

67.8

[63.9-71.4]

 

99.5

[98.7-99.8]

98.2

[95.3-99.3]

100.0

[-]

96.5

[94.6-97.8]

94.5

[89.7-97.2]

97.1

[95.0-98.4]

PPV (%)

98·1

[95.8-99.1]

99.6

[97.9-99.9]

95.6

[91.7-97.7]

85.8

[81.2-89.4]

80.8

[76.0-84.9]

83.2

[77.1-87.9]

 

98.0

[95.9-99.0]

99.6

[97.1-99.9]

92.5

[84.8-96.5]

83.8

[80.3-86.7]

95.5

[92.2-97.4]

56.6

[49.8-63.3]

77
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with toxic epidermal necrolysis, burns, psoriasis and atopic dermatitis. Mean serum concentra-
tions of anti-BP180 NC16A and anti-BP230 IgG autoantibodies detected by ELISA in subjects 
with pemphigoid were 48.8 U/mL [SD 50.4] and 25.6 U/mL [SD 35.0], compared to 2.4 U/
mL [SD 9.3, range 0-115 U/mL] and 1.5 U/mL [SD 5.3, range 0-50 U/mL] in control subjects. 
Combined performance of ELISAs had a sensitivity of 79% (95%CI 74.4-82.9), at cost of a 
lower specificity of 83.6% (95%CI 79.8-86.8). With the intended use of initial diagnosis and to 
prevent the high number of false-positives, positivity cut-off values were calculated based on 
ROC curve analysis (eFig. 1-4) and specificity comparable to DIF and IIF SSS (98%). Hence, 
positivity cut-off for BP180 NC16A ELISA was calculated at 30 U/mL, with corresponding 
sensitivity of 49.7%. Positivity cut-off for BP230 ELISA was calculated at 15 U/mL, with cor-
responding sensitivity of 38.8%.

Diagnostic strategy by multivariable logistic regression analysis 

Presence of skin blisters was the highest predictive factor for diagnosis of pemphigoid (univari-
ate OR 7.7; 95%CI 5.7-10.5). Categorical 5-year age groups (ranging <49 to >90 years) showed 
an incremental association with pemphigoid above the age of 60 years (OR from 1.96-9.66;

5
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Fig. 2 Ratios of immunoreactivity in various diagnostic tests in patients with confirmed diagnosis of pemphi-
goid.Inner ring DIF (gold standard) with dark color representing test positivity and light color representing 
test negativity. Outer rings representing IIF SSS, immunoblot and combined anti-BP180 NC16A and BP230 
ELISA’s with test results relative to the inner ring(s). Note the overlap in positivity of DIF (gold) and IIF 
SSS (green) covering the near full circle identifying 98.8% of patients with pemphigoid. DIF, direct immunof-
luorescence microscopy; IIF SSS, indirect immunofluorescence on human salt-split skin substrate; ELISA, 
enzyme-linked immuno sorbent assay.



eTable III). On the contrary, pruritus was not a predictor (OR 0.6; 95%CI 0.3-1.2) since pruri-
tus often was the reason to suspect the disease. Eventually, no significant additional value was 
seen of performing BP180 NC16A ELISA in addition to combined DIF and IIF SSS, with 
overlapping 95% CI’s (Figure 3, eTable IV). The combined performance of DIF and IIF SSS 
reached a sensitivity of 98.8% (95%CI 97.0-99.7) and specificity of 99.1% (95%CI 98.2-99.6) 
for the diagnosis of pemphigoid in our cohort (Table I).

80

Fig. 3 Receiver operator characteristic (ROC) curves and area under the curves (AUC) of (combined) 
diagnostic tests for pemphigoid using multivariable logistic regression modeling. ROC curves representing sen-
sitivity and specificity of (combined) diagnostic tests for pemphigoid based on multivariable logistic regression 
modeling, with corresponding AUC and 95% CI. Note the overlap in 95% CIs between model DIF+IIF SSS 
and model DIF+IIF SSS+ELISA NC16A indicating no significant difference in AUC, and no added diagnos-
tic value of ELISA NC16A additional to DIF and IIF SSS. DIF, direct immunofluorescence microscopy; IIF 
SSS, indirect immunofluorescence on human salt-split skin substrate; ELISA, enzyme-linked immuno sorbent 
assay; NC16A, noncollagenous 16A domain of BP180.
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Bullous versus nonbullous pemphigoid

In subgroup analysis of patients with bullous versus nonbullous pemphigoid, positive DIF 
was observed in 89.1% and 81.1% (p=0.070), respectively. Significant lower frequency of C3c 
depositions were observed in nonbullous pemphigoid (52%) compared to bullous pemphigoid 
(77%, p<.001), with no difference in IgG or IgA. Positive IIF SSS were seen in 76.2% and 
70.3% (p=0.31), respectively. Sensitivity and specificity of combined DIF and IIF SSS did not 
differ between bullous and nonbullous subjects (Table I). In contrast, for combined DIF and 
BP180 NC16A ELISA a lower specificity, positive predictive value and diagnostic odds ratio 
was seen in nonbullous subjects (Table I), indicating false-positivity in BP180 NC16A ELISA 
is more commonly observed in nonbullous subjects than bullous subjects. 
Presence of circulating BP180 antibodies was associated with a bullous phenotype (80.3%, 
univariate OR 2.6 95%CI 1.5-4.6; p<.001). In patients with nonbullous pemphigoid more often 
single reactivity against BP230 was seen and absence of serum autoantibodies against BP180 
(18%; p<.001). Mean serum concentration of anti-BP180 NC16A IgG by ELISA was signifi-
cantly lower in patients with nonbullous pemphigoid (27.7 U/mL [SD 34.9]) compared to 
patients with bullous pemphigoid (53.9 U/mL [SD 52.9], p<.001), while similar in both groups 
for serum concentrations of anti-BP230 IgG. Furthermore, solely presence of BP230 autoan-
tibodies was associated with a negative skin biopsy for DIF (10.2%; univariate OR 5.5 95%CI 
2.7-11.3; p<.001), whereas solely presence of BP180 autoantibodies was associated with posi-
tive DIF (69.7%; univariate OR 2.5 95%CI 1.2-4.9; p=0.010).

DISCUSSION

Our findings revealed at least both DIF on a skin biopsy and the serological test IIF SSS 
should be performed for optimal diagnosis to trustfully detect the vast majority (98.8%) of cas-
es. Although positive epidermal staining of IgG by IIF SSS is highly specific and confirmative 
for diagnosis of pemphigoid, it is not sufficient to exclude pemphigoid due to the lower sensi-
tivity of 77%. In contrast, performing the widely used BP180 NC16A ELISA had no additional 
value for initial diagnosis in our cohort and showed a high number of false-positives. 

Sárdy et al. reported similar findings for DIF and IIF SSS in a retrospective compara-
tive study with sensitivities of 90% and 73%, and specificities of 98% and 100%, respectively, 
although hampered by a high number of missing data of serological tests.13 The higher frequen-
cy of IgG (91%) than C3c (74%) positivity by DIF in our study can be explained by saline in-
cubation in the majority of biopsies that lowers high dermal background staining of IgG.17 DIF 
sensitivity was lower in nonbullous subjects, while similar sensitivities were found for IIF SSS 
in bullous and nonbullous subjects. The high specificity of IIF SSS has been reported many 
times before.13,20-23 The diagnostic test accuracy of IIF MO was congruent with other studies 
and highly specific, but with a low sensitivity of 57% and inferior to IIF SSS.13 The sensitiv-
ity of IIF might have been raised when IgG was specifically stained by a mixture of subclass 
specific antibodies (IgG1, IgG4).24 In absence of diagnostic criteria as a reference standard for 
diagnosis of pemphigoid, a limitation of all studies of diagnostic accuracy is the incorporation 
of the results of analyzed tests. Our results indicated that patients with nonbullous pemphigoid 
more often have BP230 as target antigen and lower serum titers of autoantibodies against the 
immunodominant BP180 compared to patients with bullous pemphigoid (Fig. 4). Patients with



antibodies against BP230 had significantly more often a negative DIF and the antibodies 
against BP230 contributed mainly to positivity in IIF.13,19,23 A hypothesis is that antibodies 
against BP230 bind less to the intracellular target antigen in vivo in a skin biopsy, while they do 
on tissue sections of salt-split skin in vitro in which the BP230 antigen is exposed.20,25

A meta-analysis of the BP180 NC16A ELISA (both commercial and in-house made) 
analyzed 17 studies with 538 patients with bullous pemphigoid and reported a pooled sensi-
tivity and specificity of 87% and 98%, with the authors concluding ELISA can be used as a 
diagnostic screening test in patients with autoimmune bullous diseases.14 In contrast, we report 
a low diagnostic performance of ELISAs, in line with reported values by others.13,26 Sensitivity 
and specificity vary with the cut-off chosen for ELISA and are not intrinsic to the test but crit-
ically dependent upon the context of tested subjects. Consequently, differences in study design 
and methodological flaws of previous studies may have led to an overestimation of diagnostic 
test accuracy; e.g., selection bias and spectrum bias with evident (bullous) disease and positive 
DIF or immunoserology, controls of healthy subjects or blood donors not representative of 
the patient domain, variation of reference standard and a significant lower number of subjects. 
Although commercially available ELISAs have a simple standardized readout, to prevent the 
high number of false-positives a substantial higher cut-off value would be needed resulting in 
very low sensitivities with no clinical use. Similar findings of a false-positivity rate of 14.3% of 
the BP180 NC16A ELISA and a suggested higher positivity cut-off value have recently been 
reported in suspected dermatology patients.26 Therefore, based on our findings it is recom-
mended to perform ELISA solely for monitoring relative disease activity in confirmed patients 
with pemphigoid, instead of initial diagnostic test.27,28 Moreover, a survey in Germany indicated 
DIF and IIF were the most commonly used diagnostic tests, with the required expertise avail-
able in 98% (DIF) and 74% (IIF) of university and non-university hospitals.29

The available clinical criteria for bullous pemphigoid are not applicable in patients with 
the nonbullous form.8,9 Although histopathology of a lesional skin biopsy of a blister can sup-
port the diagnosis of bullous pemphigoid, it is neither sufficient nor essential for diagnosis and 
cannot distinguish between other subtypes of sAIBD.12,30 Moreover, histopathology is most 
often non-specific in nonbullous pemphigoid and indistinguishable from other inflammatory 
dermatoses.3 Following these findings, at least performing both DIF and IIF SSS is required 
for diagnosis pemphigoid. Subsequently, the proposed minimal diagnostic criteria for pemphi-
goid consist of at least two positive out of three criteria (2-out-of-3 rule): 1) pruritus and/or 
predominant cutaneous blisters, 2) linear IgG and/or C3c deposits (in n-serrated pattern) by 
DIF on a skin biopsy, 3) positive epidermal side staining by IIF SSS on serum. The minimal 
diagnostic criteria thus contradict that presence of blisters or histopathology is a prerequisite 
for diagnosis of pemphigoid. To distinguish pemphigoid from other sAIBD, the predominance 
of cutaneous lesions opposes mucous membrane pemphigoid. The finding of positive DIF with 
linear IgG depositions with undetermined serration pattern along the BMZ does not always 
imply a definitive diagnosis of pemphigoid, the required performance of IIF SSS excludes the 
subtypes of sAIBD with dermal side binding of autoantibodies: anti-p200/laminin γ1 pemphi-
goid, EBA/bSLE, and also anti-laminin-332 mucous membrane pemphigoid (MMP). LAD is 
excluded by detection of solely autoantibodies of IgA isotype, and pemphigoid gestationis by 
the distinct patient population. Subtyping in seronegative patients requires routine DIF serra-
tion pattern analysis to identify the n-serrated pattern in pemphigoid as opposed to the linear 
u-serrated pattern in EBA.16

Concluding, our proposed minimal diagnostic criteria encompass the complete clinical
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spectrum of pemphigoid, and also differentiate it from other sAIBD. The nosological entity 
‘bullous pemphigoid’, postulated 65 years ago by Walter Lever31, was already adapted to plain 
‘pemphigoid’ in the UK in the past to avoid the tautology.32 Therefore, we advocate the use of 
pemphigoid to comprise both the bullous and nonbullous variants of this cutaneous autoim-
mune disease that typically presents as a pruritic dermatosis in elderly people, with or without 
skin blistering.
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Abstract

Background

Pruritus, or itch, is the most common and burdensome skin complaint in elderly people, and 
may be caused by bullous pemphigoid. However, pemphigoid can be easily missed when it 
presents as pruritus without skin blistering. The disease is associated with ageing and neurode-
generative diseases, such as dementia. We evaluated the prevalence of pruritus and pemphigoid 
in a high-risk population of nursing home residents.

Methods

We performed a cross-sectional study among nursing home residents aged 65 years or older 
with and without cognitive impairment. Pruritus was assessed with a pruritus numeric rating 
scale, skin examination for scratch marks, and information from nursing staff. Diagnosis of 
pemphigoid was confirmed with various immunoserological laboratory tests.  

Findings

Between July 2016 and December 2017, 125 consecutive participants were enrolled. They had 
a mean age of 84.1 years. Fifty-nine subjects (47%) had complaints or signs of pruritus, often of 
chronic duration (6 weeks or longer, 81%). Of these subjects with a history of pruritus, seven 
(12%) had pemphigoid, yielding an overall prevalence of 6%. Four subjects had newly diag-
nosed nonbullous pemphigoid, and three subjects had known bullous pemphigoid.

Interpretation

Pruritus and pemphigoid were highly prevalent amongst nursing home residents. Unrecog-
nized nonbullous pemphigoid as underlying cause of pruritus appeared to be more common 
than bullous pemphigoid in this high-risk population. Therefore, awareness is needed for this 
newly identified cause of pruritus, and serological screening for pemphigoid is recommended 
for the diagnostic work-up of chronic pruritus in elderly people in nursing homes.

Funding

Junior Scientific Masterclass Groningen AGIKO program, University Medical Center Gron-
ingen.
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Chronic pruritus, or itch, has been estimated to affect 7% to 38% of nursing home residents, 
and has a significant negative impact on quality of life.1-5 The higher the age, the greater the risk 
of having pruritus.1 The rapidly accelerating ageing of populations worldwide makes chronic 
pruritus in elderly people a burden of growing concern.6 

Clinical evidence suggests that undiagnosed pemphigoid may be a cause of pruritus 
in elderly people.7 Pemphigoid is an age-related pruritic autoimmune skin blistering disease 
that is associated with neurodegenerative diseases, such as dementia, and polypharmacy.8-10 
The etiology of pemphigoid is based mainly on IgG autoantibodies directed against structural 
proteins BP180 and BP230 that are located in the dermal-epidermal junction of the skin. The 
majority of patients have bullous pemphigoid with typical skin blistering.8 Bullous pemphigoid 
is associated with increased mortality rates and has a high burden of disease.11,12 One in four 
patients has a nonbullous form of pemphigoid without skin blisters, but with pruritus and skin 
manifestations, which mimic other pruritic inflammatory skin diseases.11,13,14 Consequently, 
these patients often have a long diagnostic delay, are frequently misdiagnosed and inadequate-
ly treated.13 

Studies about the prevalence of pemphigoid are limited. The prevalence was an estimat-
ed 0.01% in Denmark in 2006, and 0.03% in Germany in 2014 based on ICD codes.15,16 The 
incidence of bullous pemphigoid has been estimated at 22-43 per million people per year in Eu-
rope.11,17 The incidence strongly increased with age, with the highest incidences found among 
persons aged 85 years or older (500 new cases per million per year).11 Over the last decades, 
a two- to four-fold increase in the annual incidence has been observed. This increase might be 
attributable to ageing of the general population, advances in diagnostic techniques, and the 
recognition of nonbullous pemphigoid.11,17

The true prevalence of pemphigoid might remain unclear, because clinical studies of 
pemphigoid were merely hospital based. Studies among the possible high-risk population of 
nursing home residents are scarce. These patients have a high age on average, and a high 
prevalence of neurodegenerative diseases and polypharmacy. A survey study in nursing homes 
has reported a prevalence of 1% of bullous pemphigoid, and a case series of elderly with skin 
blisters calculated an exceptional high annual incidence of 5% compared to the general popula-
tion.4,18 Treatment of pemphigoid and the associated pruritus is often successful, with a poten-
tial significant improvement of quality of life after early recognition of the disease. The primary 
aim of our study was to assess the prevalence of pruritus and pemphigoid in the high-risk 
population of nursing home residents. The secondary aims were to explore risk factors for pru-
ritus and pemphigoid, and to characterize the identified patients with bullous and nonbullous 
pemphigoid.

Research in context

Evidence before this study 

Most epidemiological studies of pruritus or pemphigoid have been performed in general or 
hospitalized elderly populations. We searched for studies about the prevalence of pruritus and 
pemphigoid in nursing home populations. We used the search terms “pruritus” OR “itch”, 
“pemphigoid” OR “bullous pemphigoid” and combined these with “nursing home” AND “prev-
alence” in PubMed up to April 1st, 2018, with no language restrictions. We identified four rele-
vant articles about pruritus and two about bullous pemphigoid. These studies suggested a high
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prevalence of pruritus among institutionalized elderly people, ranging between 7% and 38%. 
A survey study of dermatological diseases in nursing home residents reported a prevalence of 
bullous pemphigoid of 1%, using clinical diagnosis based on skin blisters. In a case series of in-
stitutionalized elderly people with skin blisters the crude incidence rate of bullous pemphigoid 
was 5% per year.

Added value of this study 

Our study was conducted in nursing home residents with and without cognitive impairment. 
To assess pruritus in cognitively impaired individuals, who are often not able to express pruritic 
complaints, we used physical skin examination to objectify scratch marks. We found a higher 
prevalence of pruritus than reported previously in the literature. In addition, we assessed both 
bullous and nonbullous pemphigoid and showed that pemphigoid is not a rare disease in this 
population. Remarkably, a higher prevalence of nonbullous pemphigoid was seen compared to 
the typical bullous pemphigoid. To our knowledge, our study is the first to assess nonbullous 
pemphigoid in the nursing home population.

Implications of all available evidence

Our findings confirm a high prevalence of pruritus, and reveal nonbullous pemphigoid as a 
cause of chronic pruritus in nursing home residents. In contrast to bullous pemphigoid, the 
nonbullous variant may resemble other pruritic dermatoses, such as eczema and scabies, and 
often remains unrecognized. Identification and adequate treatment of nonbullous pemphigoid 
may significantly improve quality of life. Therefore, serological screening for pemphigoid is 
recommended for the diagnostic work-up of chronic pruritus in elderly people in nursing 
homes, preferably by using indirect immunofluorescence on salt-split skin. A skin biopsy for 
direct immunofluorescence is indicated in patients with a negative result, but a high clinical 
suspicion of pemphigoid.

Methods

Study design and participants

The multicentre cross-sectional SSENIOR study was conducted between July 2016 and De-
cember 2017 in seven nursing homes located in the northern region of The Netherlands, in 
collaboration with the University Network for Elderly Care Organisations of the University 
Medical Center Groningen (UNO-UMCG). In general, nursing homes in The Netherlands 
have separate wards for rehabilitation, long-term somatic care and  psychogeriatric care. 

The study was designed to exert minimal burden on participants. Nursing home resi-
dents of 65 years or older could be enrolled if a routine vena punction was scheduled and an 
extra blood sample could be withdrawn for our study. We required written informed consent 
of cognitively capable participants or the legal representatives of cognitively impaired partici-
pants. Exclusion criteria were systemic immunosuppressive therapy or a life expectancy of less 
than four weeks. This cross-sectional study had no follow-up period, except for participants 
diagnosed with pemphigoid. Data collection management was done with electronic case report 
forms and OpenClinica software (www.openclinica.com), with no missing data.

The study was approved by the local institutional ethics committee and complied with 
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the Declaration of Helsinki. The code of conduct for the expression of objection by cognitively 
impaired (psycho)geriatric patients of the Dutch Association of Nursing Home Physicians and 
Dutch Geriatrics Society was applied. The study was monitored by the Clinical Research Of-
fice UMCG. The SSENIOR study is registered with ClinicalTrials.gov (NCT02823067), and 
The Netherlands National Trial Register (NTR5843). 

Skin assessments 

We assessed presence and intensity of pruritus within two weeks of vena punction. In all par-
ticipants, a medical doctor performed the skin examination and assessed excoriations using a 
derivative score of the Bullous Pemphigoid Disease Area Index (BPDAI) of the extent of skin 
excoriations, ranging from mild (isolated excoriations on at most 2 sites), moderate (excori-
ations on ≥3 sites or disturbed daily activity) and to severe (generalized excoriations or dis-
turbed sleep due to pruritus).19 Additionally, the doctor interviewed nursing staff about signs 
of pruritus and scratching, and the duration of these symptoms. In addition, the numeric rating 
score (NRS) of the BPDAI was used to assess pruritus (range 0-10) in cognitively competent 
participants. Presence of pruritus was defined by a positive score on at least one of the above 
mentioned pruritus assessments. Other observed skin lesions were classified using the glossary 
for the description of cutaneous lesions.20 Outcomes of skin assessment and treatment advice 
were communicated with the attending nursing home physician.

Laboratory tests for pemphigoid

A blood sample of 10mL was taken for immunoserological screening for pemphigoid. Labora-
tory tests included indirect immunofluorescence (IIF) on 1.0M human salt-split skin substrate 
(IIF SSS), IIF on monkey oesophagus (IIF MO), immunoblot with reactivity to BP180 or 
BP230 as reported previously, and commercially available enzyme-linked immunosorbent as-
says against BP180 NC16A and BP230 (Medical and Biological Laboratories Co Ltd, Nagoya, 
Japan) according to the manufacturer’s protocol.14 Diagnosis of pemphigoid was defined as 1) 
compatible clinical features of bullous or nonbullous pemphigoid, and 2) positive epidermal 
side (roof) staining of IgG by IIF SSS.14,21,22 Participants that fulfilled these diagnostic crite-
ria were offered an additional skin biopsy for direct immunofluorescence microscopy (DIF), 
which was performed as described previously.23

Other variables

A detailed patient history was extracted from the medical file, including co-morbidities (chart 
diagnosis) and use of medication. Medical history covered dementia, Parkinson’s disease, 
stroke, other neurodegenerative diseases, diabetes mellitus I/II, thyroid disorders, renal insuf-
ficiency, cardiovascular disease, and haematological diseases. History of psychiatric disease 
was defined as presence of depression, psychosis or anxiety disorder. Medications included 
ACE inhibitors, calcium channel blockers, statins, NSAIDs, morphine, sulfonyl urea agents, 
antibiotics, diuretics, β-adrenergic blockers, antidepressant drugs, and antipsychotic drugs. 
Polypharmacy was defined as the chronic use of ≥5 systemic drugs. Finally, we administered 
two questionnaires. The Karnofsky Performance Scale was used to assess daily functioning, 
and the Neuro Psychiatric Inventory - Nursing Home questionnaire to asses neuropsychiatric 
symptoms.24 Results of the latter will be published separately. 
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Statistical analysis

A previous study suggested a prevalence of pruritus of more than 30% in nursing home resi-
dents.1 In the absence of persuasive epidemiological data of pemphigoid in nursing home res-
idents, we estimated a prevalence of pemphigoid specific autoantibodies in 30% of residents 
with pruritus, and calculated a required sample size of 126 participants. 

We used frequencies, percentages, cross tabulations, and means with standard devia-
tions (SD) for continuous variables in a descriptive analysis of the participant characteristics, 
and calculate the prevalence of pruritus and pemphigoid. We used Pearson Chi-square, or 
Fishers exact when appropriate, to test for differences between participants with and without 
pruritus.

Using an explorative approach to assess potential risk factors of pruritus, we first 
performed univariate logistic regression with aforementioned variables of daily functioning, 
medication, comorbidities and skin assessment. Then, in multivariate analysis, we adjusted for 
factors that were significant in univariate analysis or reported to be associated with pruritus, in-
cluding age, sex, dry skin and the use of antipsychotic drugs.1,25,26 We also analysed a cluster of 
pruritus associated medication in the multivariate analysis, including ACE inhibitors, calcium 
channel blockers, statins, NSAIDs, morphine, sulfonyl urea agents, and antibiotics. Similarly, 
a cluster of pruritus associated comorbidities was analysed, including diabetes mellitus type I/
II, haematological disease, renal insufficiency, and thyroid disorders.1,25,26 Results are presented 
with 95% confidence intervals. All statistical analyses were done with SPSS Statistics version 
23. A p-value <0.05 was considered statistically significant.

Role of the funding source

The funder had no role in study design, data collection, monitoring, data analysis and inter-
pretation, or writing of the report. All authors had full access to all the data in the study. The 
corresponding author had final responsibility for the decision to submit for publication.

Results

Between July 2016 and December 2017, 125 consecutive nursing home residents were en-
rolled in this cross-sectional study (Fig. 1). Participants were on average 84.1 years old [SD 
6.9], and predominantly female (70%; Table I). Participants resided in psychogeriatric care 
wards (80%) or somatic care wards (20%), and the majority for a duration of more than a 
year (65%). The overall profile was one of multiple comorbidities, polypharmacy (71%) and 
low daily functioning requiring considerable care (Table I). Neurodegenerative diseases were 
present in 75% of participants, and consisted mainly of dementia (68%), stroke (20%) and 
Parkinson’s disease (5%). 

Prevalence of pruritus and pemphigoid

We observed pruritus in 59 of 125 nursing home residents, which resulted in a prevalence of 
47%. Pruritus was most often of chronic duration (>6 weeks; 81%). Of the cognitively capable 
participants (23/125), 57% reported complaints of pruritus themselves. Excoriations due to 
scratching were observed in 44 participants (35%). Most commonly the excoriations were mild
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 mild (57%). Moderate excoriations were seen in 26% and severe excoriations in 17%. Partici-
pants with pruritus used topical non-corticosteroid treatment (p=0.049) or corticosteroid treat-
ment (p=0.005; Table I) more often than those without pruritus. Skin lesions were observed in 
105 participants (84%) and included dry skin (xerosis cutis; 57%), erythema (41%), papules 
(14%), urticaria (5%), and skin blisters (1%, one participant). Other diagnoses of dermatolog-
ical conditions were (multiple) actinic keratosis (n=14), intertrigo (n=9), atopic or seborrheic 
dermatitis (n=4), psoriasis (n=2), basal cell carcinoma (n=1), scabies (n=1) and various benign 
lesions.

Pemphigoid was found in seven of 125 participants, resulting in an overall prevalence 
of 6%. More specific, pemphigoid was present in 12% of the patients with pruritus (n=59), and 
50% of the participants with severe pruritus (n=8). The nursing home physician had diagnosed 
bullous pemphigoid in three participants. Nonbullous pemphigoid was newly diagnosed in four 
participants during the study (Table III). All participants with pemphigoid had a history of 
pruritus, which was present during study examination in six of seven patients, depending on 
disease activity and treatment at that moment. Pruritus intensity was severe in four of the 
participants with pemphigoid, as indicated by generalized excoriations and sleep disturbance 
(57%, Table III). 

In all participants diagnosed with pemphigoid, multiple serological assays showed pos-
itive results (Table III). An additional perilesional skin biopsy for DIF was taken in all four 
participants with newly diagnosed nonbullous pemphigoid. It turned out negative in three, 
and positive for only IgA with no concomitant IgG in one participant. Of the three partici-
pants with bullous pemphigoid, two participants showed positive compatible DIF results and 
one participant refused an additional biopsy. Serological findings of other participants without 
pemphigoid are shown in Table SI.
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701 nursing home residents

192 subjects potentially eligible:
routine vena punction scheduled

701 nursing home residents

701 nursing home residents

43   no participation or no signed consent form returned
11   no contact with family/legal representative
  4   immunosuppressive drug

2   resistance during study examination
2   deaths during study, after inclusion
4   no extra blood withdrawn due to miscommunication
1   corrected double inclusion after study closure

Fig. 1 Flow diagram of study.



Variables
            
Female sex
Age in years, mean (SD)

Daily functioning

Psycho-geriatric care unit
Somatic care unit
Cognitively impaired
Karnofsky Performance Scale:

Occasional or frequent medical care
Partly or completely bedridden

Medication

ACE inhibitors
Calcium channel blockers
Statins
NSAIDs
Morphine
Sulphonyl urea agents
Antibiotics
Diuretics
β-adrenergic blockers
Antidepressant drugs
Antipsychotic drugs
Polypharmacy** 

Comorbidities

Dementia
Parkinson’s disease
Stroke
Other neurodegenerative diseases
Diabetes mellitus I/II
Thyroid disorders
Renal insufficiency
Cardiovascular disease
Haematological disease
History of psychiatric disease*** 

Skin assessment

Skin lesions present
Xerosis cutis
Topical non-steroid therapy 
Topical corticosteroid therapy

Overall
(n=125)

  88 (70%)
  84.1 (6.9)

  99 (79%)
  26 (21%)
102 (82%)

  90 (72%)
  32 (28%)

  17 (14%)
  13 (10%)
    8 (6%)
    3 (2%)
  16 (13%)
    9 (7%)
  10 (8%)
  30 (24%)
  32 (26%)
  38 (30%)
  35 (28%)
  89 (71%)

  85 (68%)
    6 (5%)
  25 (20%)
    5 (4%)
  35 (28%)
  22 (18%)
  17 (14%)
  73 (58%)
    5 (2%)
  30 (24%)

105 (84%)
  71 (57%)
  46 (37%)
  19 (15%)

With pruritus
(n=59)

36 (41%)
85.3 (5.8)

45 (45%)
14 (54%)
46 (45%)

41 (46%)
18 (51%)

  9 (54%)
  6 (46%)
  1 (12%)
  1 (33%)
  9 (56%)
  2 (22%)
  3 (30%)
15 (50%)
16 (50%)
14 (37%)
  8 (23%)
43 (48%) 

42 (49%)
  4 (67%)
14 (56%)
  2 (40%)
16 (46%)
  8 (36%)
  8 (47%)
41 (56%)
  2 (40%)
10 (33%)

58 (55%)
41 (58%)
27 (59%)
15 (79%)

Data are n (%), or mean (SD). ACE, angiotensin-converting enzyme; *χ2 trend; **defined as chronic use of ≥5 drugs; 
***depression/psychosis/anxiety disorder

No pruritus
(n=66)

52 (59%)
83.0 (7.7)

54 (55%)
12 (46%)
56 (55%)

49 (54%)
17 (49%)

  8 (47%)
  7 (54%)
  7 (88%)
  2 (67%)
  7 (44%)
  7 (88%)
  7 (70%)
15 (50%)
16 (50%)
24 (63%)
27 (77%)
46 (52%)

43 (51%)
  2 (33%)
11 (44%)
  3 (60%)
19 (54%)
14 (64%)
  9 (53%)
32 (44%)
  3 (60%)
20 (67%)

47 (45%)
30 (42%)
19 (41%)
  4 (21%)

P-value

0.030
0.061

0.446
0.446
0.322

0.910*

0.610
0.936
0.065
1.000
0.437
0.170
0.332
0.725
0.713
0.125
0.001
0.659

0.470
0.420
0.324
1.000
0.836
0.262
0.990
0.017
1.000
0.081

0.000
0.007
0.049
0.005

Table I. Characteristics of study population, classified by pruritus.
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Variables
            
Female sex
Age in years
Xerosis cutis

Medication

ACE inhibitors
Calcium channel blockers
Statins
NSAIDs
Morphine
Sulphonyl urea agents
Antibiotics
Diuretics
β-adrenergic blockers
Antidepressant drugs
Antipsychotic drugs
Polypharmacy**
Cluster of pruritus associated medication*** 

Comorbidities

Dementia
Stroke/Parkinson’s disease/other 
neurodegenerative diseases
Diabetes mellitus type I/II
Thyroid disorders
Renal insufficiency
Haematological disease
Cardiovascular disease
History of psychiatric disease*****
Cluster of pruritus associated 
comorbidities****

Crude OR 
(95% CI)

0.42 (0.19 - 0.93)
1.05 (1.00 - 1.11)
2.73 (1.31 - 5.71)

1.31 (0.47 - 3.64)
0.95 (0.30 - 3.02)
0.15 (0.02 - 1.22)
0.55 (0.05 - 6.25)
1.52 (0.53 - 4.37)
0.30 (0.06 - 1.48)
0.39 (0.10 - 1.54)
1.16 (0.51 - 2.64)
1.16 (0.52 - 2.60)
0.54 (0.25 - 1.19)
0.23 (0.09 - 0.55)
1.17 (0.54 - 2.54)
0.89 (0.44 - 1.80)

1.24 (0.58 - 2.64)
1.74 (0.79 - 3.84)

1.00 (0.46 - 2.17)
0.67 (0.27 - 1.68)
0.99 (0.36 - 2.77)
0.74 (0.12 - 4.57)
2.42 (1.12 - 5.05)
0.47 (0.20 - 1.11)
0.91 (0.45 - 1.84)

P-value

0.032
0.067
0.007

0.611
0.936
0.145
0.631
0.440
0.139
0.178
0.725
0.713
0.127
0.001
0.695
0.745

0.586
0.167

0.997
0.393
0.990
0.743
0.018
0.084
0.792

OR, odds ratio; CI, confidence interval; ACE, angiotensin-converting enzyme; NSAIDs,non-steroidal anti-inflammatory drugs; 
*adjusted for sex, age, xerosis cutis, antipsychotic drugs use; **defined as chronic use of ≥ 5 drugs; ***use of ACE inhibitors, 
calcium channel blockers, statins, NSAIDs, morphine, sulphonyl urea agents, or antibiotics; ****depression/psychosis/anxiety 
disorder; *****presence of diabetes mellitus type I/II, haematological disease, renal insufficiency, thyroid disorders.  

Adjusted OR* 
(95% CI)

0.29 (0.12 - 0.74)
1.05 (0.98 - 1.12)
4.73 (1.97 - 11.37)

1.08 (0.33 - 3.47)
0.88 (0.23 - 3.34)
0.05 (0.00 - 0.59)
0.47 (0.03 - 7.81)
0.94 (0.28 - 3.19)
0.45 (0.07 - 2.85)
0.31 (0.06 - 1.47)
1.20 (0.46 - 3.13)
1.37 (0.54 – 3.46)
0.54 (0.22 - 1.34)
0.16 (0.06 - 0.45)
1.09 (0.49 - 2.66)
0.70 (0.31 - 1.60)

1.81 (0.74 - 4.43)
1.94 (0.75 - 5.03)

1.37 (0.54 - 3.44)
0.62 (0.21 - 1.82)
0.46 (0.13 - 1.62)
0.43 (0.05 - 3.72)
2.36 (1.01 - 5.52)
0.61 (0.23 - 1.66)
0.96 (0.42 - 2.18)

P-value

0.009
0.143
0.001

0.900
0.848
0.018
0.600
0.917
0.398
0.138
0.709
0.505
0.185
0.000
0.846
0.397

0.198
0.171

0.509
0.388
0.229
0.443
0.048
0.333
0.914

Table II. The association between patient characteristics and pruritus in nursing home patients.
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Patient no.
/age/sex
            
1/83/F

2/81/M

3/73/F

4/84/M

5/89/F

6/81/F

7/83/F

Cognitively 
competent/
impaired

Cognitively 

impaired 

Cognitively 

impaired 

Cognitively 

impaired 

Cognitively 

impaired 

Cognitively 

impaired 

Cognitively 

impaired 

Cognitively 

impaired 

Bullous / 
nonbullous

bullous

bullous

bullous

nonbullous

nonbullous

nonbullous

nonbullous

F, female; M, male; IIF, indirect immunofluorescence; SSS, salt-split skin; MO, monkey oesophagus; ELISA, enzyme linked 
immunosorbent assay; NC16A, non-collagenous 16A domain of BP180; DIF, direct immunofluorescence; BMZ, basement 
membrane zone; -, negative. 

History of chronic 
pruritus / skin 
excoriation score

+ / mild

+/ severe

+ / -

+ / severe

+ / severe

+ / severe

+ / -

Table III. Characteristics of nursing home residents diagnosed with pemphigoid.

Neuro-
degenerative 
disease

Parkinson’s 

disease

Dementia

Dementia

Dementia

Dementia

Dementia

Cognitive 

decline, 

neuro-

psychiatric 

symptoms

Skin lesions

skin blisters, 

hyper-

pigmentation

blisters, erosions, 

erythema, papules, 

urticaria

excoriations, 

hyper-

pigmentation, 

hematoma

excoriations, 

erythema

excoriations, 

erythema, papules, 

urticaria, xerosis 

cutis

excoriations, ery-

thema, urticaria

erythema, papules

IIF SSS

IgG 3+

IgG 3+ 

IgA 1+

IgG 1+

IgG 1+

IgG 3+

IgG 1+

IgG 2+
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IIF MO

positive

doubtful

positive

positive

positive

positive

positive

ELISA (U/mL) 
BP180 NC16A 
& BP230

BP180 (13)

BP230 (65)

BP180 (>150)

BP180 (16) 

BP230 (9)

-

BP230 (56)

BP230 (17)

BP230 (19)

Immunoblot
BP180 & BP230

BP230

BP180

BP230

BP230 doubtful

BP230

BP230 doubtful

-

DIF 
anti-BMZ

not performed

IgG, C3c

IgG, C3c  

n-serrated

IgA n-serrated

-

- 

- 

Treatment

topical lesional super potent 

corticosteroids

oral corticosteroids, 

doxycycline, topical lesional 

super potent corticosteroids

oral corticosteroids, 

methotrexate (15 mg/wk) 

and  topical lesional super 

potent corticosteroids

Doxycycline, whole-body 

super potent corticosteroids

Methotrexate (7.5mg/wk)

Methotrexate (7.5mg/wk)

Topical non-steroid oint-

ments

Follow-up (dura-
tion)

Partial remission 

(1.5 months)

Death shortly after 

study examination

Complete remis-

sion 

(18 months)

Partial remission 

(2.5 months)

Complete remis-

sion 

(11 months)

Complete remis-

sion (7 months)

History of prurigo, 

limited pruritic 

symptoms during 

study visit and 

follow-up

(18 months)

Table III continued.
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DISCUSSION

The objective of this cross-sectional study was to assess the prevalence of pruritus and pem-
phigoid in nursing home residents, to explore risk factors for pruritus and to assess whether 
pemphigoid could be identified as underlying cause of pruritus. Our study showed that pruri-
tus and pemphigoid were highly prevalent amongst nursing home residents, with a prevalence 
of 47% and 6% respectively. Pemphigoid was diagnosed in four out of eight participants with 
severe pruritus and extensive excoriations. Nonbullous pemphigoid with chronic pruritus and 
nonspecific skin lesions such as erythema, papules and scratch marks, was more prevalent than 
bullous pemphigoid with skin blistering.

We found a higher prevalence of pruritus compared to previous studies in geriatric 
nursing home populations, which reported prevalence rates ranging from 7% to 38%.1-4 These 
differences may be explained by our assessments of pruritus with skin examination, a higher 
age and the inclusion of large proportion of cognitively impaired participants in our study. In 
these participants, who were not able to express whether they had pruritic symptoms, the ob-
servation of scratch marks revealed the presence of previously unnoticed pruritus.

The prevalence of pemphigoid in our study population was 6%, which is two hundred-
fold higher than reported in the general population.15,16 Subgroup analysis of epidemiological 
data of Germany, kindly provided by the authors, showed an incremental prevalence of 0.03% 
in the general population, 0.09% in the population ≥65 years, up to 0.3% in inhabitants ≥85 
years and confirms the association with ageing.15 Only one study investigated the incidence 
of bullous pemphigoid in 28 institutionalized elderly with any type of skin blisters, with a skin 
biopsy for histopathology or DIF performed.18 The crude incidence rate of bullous pemphigoid 
was 5 new cases per 100 elderly individuals per year and approximately a hundredfold higher 
than the incidence in the general population. The study was limited to participants with skin 
blistering and no serological assays were performed. To our knowledge, our study is the first 
that analysed the complete spectrum of bullous and nonbullous pemphigoid in nursing home 
residents. We used serological screening as a less invasive study assessment than a skin biopsy 
in our frail study population. The prevalence of pemphigoid might be underestimated in our 
study, since the sensitivity of the confirmative diagnostic test IIF SSS is approximately 80%.14 
Moreover, a skin biopsy for DIF might have missed the targeted antigen of BP230 in patients 
with nonbullous pemphigoid (Table III).14

Previously reported comorbidities and drugs associated with pruritus (Table II) were 
not independently predictive for pruritus in our study.25,26 Antidepressants, also prescribed as 
pruritus therapy, were not associated with pruritus in our cohort either.27 In contrast, antipsy-
chotic drugs were associated with less pruritus, possibly due to the antihistaminergic or sed-
ative effect of the drugs. The study design with selection of participants with planned routine 
vena punction to minimize burdening, may have led to a population with more comorbidities 
and polypharmacy than average and less variation therein.

Neurodegenerative diseases have been reported in the literature to often precede the 
development of pemphigoid.9,10 Therefore, it is hypothesized that neurodegenerative diseases 
initiate exposure of the neuronal isoform of BP180 and/or BP230 to the immune system, and 
cross-reactivity against the epithelial isoform may occur with development of pemphigoid.28 In 
line with these reports, in our cohort dementia was present in five of seven participants with 
pemphigoid, Parkinson’s disease in one participant, and cognitive decline with possible demen-
tia in another participant, whereas the overall prevalence of these diseases was 75%.
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In our study population, pemphigoid was diagnosed in participants with pruritus and 
extensive excoriations, which indicates severe pruritus. A previous study characterized pruri-
tus in patients with bullous pemphigoid also as severe (mean VAS 7.8 ± 1.7; scale 0-10) and 
reported presence of multiple excoriations and a significant impact on quality of life.12 More-
over, pruritus preceded the diagnosis of bullous pemphigoid with a mean of 2.1 years ± 7.6. 
Treatment of the patients with pemphigoid in our study was successful with either whole body 
application of very potent topical corticosteroids, oral corticosteroids or low-dose methotrexate 
(7.5mg/week). The latter therapy seemed to be effective as monotherapy, leading to ongoing 
remission in two participants with nonbullous pemphigoid. Pruritus was more common in par-
ticipants already using topical corticosteroid and non-steroid ointments, suggesting treatment 
of pruritus was necessary but unsuccessful. 

Our findings may have several implications in daily practice. First of all, regular skin 
examination for scratch marks is indicated in institutionalized elderly. Pruritus can be an unre-
cognized burdensome complaint in these patients who often do not report this symptom spon-
taneously. Secondly, serological screening for pemphigoid needs to be considered in nursing 
home patients with severe pruritus, but without skin blisters. When pruritus and widespread 
skin blisters appear, physicians may recognize bullous pemphigoid. In our study, at least half of 
patients with pemphigoid had unrecognized nonbullous pemphigoid with severe chronic pruri-
tus, and only erythematous papules and scratch marks. Adequate treatment could significantly 
improve quality of life in these participants.

In conclusion, this study revealed both pruritus and pemphigoid are highly prevalent 
in nursing home residents, and deserve more attention due to a high impact on well-being. 
Pemphigoid should not be considered a rare disease in this high-risk population. Remarkably, 
the nonbullous variant of pemphigoid prevailed over the typically known bullous pemphigoid 
with skin blistering. Therefore, the often unknown disease variant nonbullous pemphigoid 
should be added to the differential diagnosis of chronic pruritus in elderly people, and included 
in the diagnostic work-up. Future research is needed to further characterize the disease course 
of nonbullous pemphigoid in this understudied population of nursing home residents.
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Age/sex
            
85/F

72/F

78/M

86/F

77/F

81/F

80/M

77/F

90/F

80/M

89/F

85/M

81/F

84/F

81/M

95/M

79/M

92/M

86/F

91/F

74/F

91/F

100/F

85/F

81/M

87/F

77/F

Pruritus

no

no

no

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no

F, female; M, male; CVA, cerebrovascular accident; IIF, indirect immunofluorescence; SSS, salt-split skin; MO, monkey 
oesophagus; pos, positive; ELISA, enzyme linked immunosorbent assay; NC16A, non-collagenous 16A domain of BP180. 
*Result suggestive of linear IgA disease, however, no compatible clinical symptoms present at study examination and during 
follow-up.

Table SI. Detection of circulating pemphigoid autoantibodies in nursing home residents, without the diagnosis 
of pemphigoid.

Neuro-degenerative 
disease

dementia

dementia, CVA

dementia, CVA

-

-

dementia

dementia

dementia, CVA

dementia

dementia

dementia

-

-

CVA

dementia, CVA

CVA

dementia

-

CVA

dementia

CVA

dementia

dementia

dementia, CVA

dementia, CVA

-

dementia

IIF SSS

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

IgA 3+*

IgA 2+*

IIF MO

pos 

-

-

-

-

-

-

-

-

-

-

-

-

pos

-

-

-

-

-

-

-

-

-

-

-

-

-

ELISA BP180 NC16A & BP230
Positivity cut-off ≥9 (U/mL)

NC16A (9)

-

NC16A (10)

-

NC16A (13)

-

NC16A (70)

NC16A (9) & BP230 (12)

-

NC16A (15)

NC16A (15)

BP230 (9)

-

-

NC16A (11)

-

-

-

-

BP230 (24)

NC16A (14)

-

-

-

NC16A (12)

-

-

Immunoblot
BP180 & BP230

-

BP230 doubtful

-

BP230 doubtful

-

BP230 positive

-

-

BP180 doubtful

-

-

-

BP230 doubtful

-

BP180 doubtful

BP230 doubtful

BP230 doubtful

BP230 doubtful

BP230 doubtful

-

-

BP230 positive

BP230 doubtful

BP180 positive

-

-

BP180 pos IgA

102



6

103





the n- versus u-serration is a learnable 
criterion to differentiate pemphigoid from 
epidermolysis bullosa acquisita in direct 
immunofluorescence serration pattern analysis

Jorrit B. Terra, Joost M. Meijer, Marcel F. Jonkman and 
Gilles F.H. Diercks

chapter 7

105

Center for Blistering Diseases, Department of Dermatology, 
University Medical Center Groningen, University of Groningen, 
Groningen, The Netherlands

Published in British Journal of Dermatology, 2013;169:100-5.

7



106

Abstract

Background

Serration pattern analysis of direct immunofluorescence (DIF) allows the differentiation of 
epidermolysis bullosa acquisita from other subtypes of pemphigoid. In daily practice its use is 
limited due to lack of experience and unfamiliarity.

Objective

To test the learnability of DIF serrated-pattern recognition in groups with various a priori levels 
of competence.

Methods

An online nversusu-test (www.nversusu.umcg.nl) was created, which contained 26 DIF images 
of the epidermal basement membrane zone, IgG stained and photographed with a magnifica-
tion of ×40 and ×63. All images represented patients with a form of subepidermal autoimmune 
bullous disease. Thirteen DIF images were presented before and 13 DIF images after an in-
struction video about n- and u-serrated patterns. There were three options to choose from: 
n-serrated, u-serrated or undetermined. The test was completed by three groups of profession-
als: dermatology residents in training at the University Medical Center Groningen (UMCG), 
international experts on bullous diseases, and dermatologists and pathologists who had partic-
ipated in the Groningen blistering course during the past 10 years.

Results

The overall number of correct answers of serration patterns was significantly higher af-
ter instruction than before instruction (median 90 correct answers vs. 11.0 correct answers, 
P<0.001). Participants showed a mean improvement after instruction of 15.4% in the UMCG 
group (66.7% vs. 82.1%), 16.2% in the international expert group (67.2% vs. 83.4%) and 12.1% 
in the blistering course group (60.7% vs. 72.8%). The u-serrated pattern was better
recognized than the n-serrated pattern.

Conclusion

Serration pattern analysis by DIF can be learned irrespective of background of expertise.
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what’s already known about this topic?

• Serration pattern analysis by routine direct immunofluorescence (DIF) shows linear
 n-serration or linear u-serration immunodepositions along the epidermal basement 
 membrane zone.

what does this study add? 

• We are the first to describe that the recognition of n- and u-serrated DIF patternsis easy 
 to learn with instruction. Our online test can be used worldwide to increasethe experi-
 ence with DIF serration pattern analysis, and the standard use will ensuremore accu-
 rate diagnosis of patients with a subtype of pemphigoid so that treatmentcan be opti- 
 mized.
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The acquired subepidermal autoimmune blistering diseases (sAIBDs) comprise bullous pem-
phigoid (BP), mucous membrane pemphigoid (MMP), antilaminin-332 MMP (anti-LN-
332 MMP), anti-p-200 pemphigoid, antiplectin pemphigoid, linear IgA bullous dermatosis 
(LAD), pemphigoid gestationis (PG), lichen planus pemphigoides (LPP) and epidermolysis
bullosa acquisita (EBA). Each subtype is characterized by circulating antibodies targeting 
components of the epidermal basement membrane zone (BMZ).1 The main target antigens in
BP, MMP, LAD, PG and LPP are the 180-kDa antigen (BP180, BPAG2 or type XVII col-
lagen), and the 230-kDa antigen (BP230, BPAG1). These are components of the hemides-
mosomal plaque, adhesion structures that anchor the basal cells to the underlying BMZ.1 
Anti-LN-332 MMP shows circulating antibodies targeting LN-332, which connects hemides-
mosomes to anchoring fibrils by interlinking integrin α6β4 to type VII collagen.2 EBA shows 
autoreactivity to 290-kDa antigen (type VII collagen), the major structural component of the 
anchoring fibrils located in the BMZ.3

In 2004, Vodegel et al.4 described serration pattern analysis by routine direct immuno-
fluorescence (DIF) showing linear n-serration or linear u-serration immunodepositions along 
the BMZ. The u-serration pattern confirms the diagnosis of EBA, and represents immunoglob-
ulin depositions in upstanding arms (‘grass’) of the sublamina densa zone between the rootlets 
of basal keratinocytes.3 In all other sAIBDs the antigens are located in the lamina lucida or 
above, so the immunodeposits follow the rootlets of the basal keratinocytes showing the n-ser-
ration pattern.2,4

However, since its first publication, DIF serration pattern analysis has found limited 
use, although the criterion is mentioned in textbooks,5 and in the forthcoming European guide-
line on AIBD. The limited use might be caused by uncertainty and lack of training of the IF mi-
croscopists. The aim of this study was to test the learnability of n- and u-serrated DIF patterns 
before and after instruction. Moreover, for knowledge transfer, our image-based online test and 
instruction video is available online free of charge. To display the importance of
DIF serration pattern analysis as a diagnostic criterion in subtyping sAIBD, we first present 
two cases in which it had an important role in early diagnosis.

Patients and Methods

Case Reports

A 42-year-old woman presented with desquamative gingivitis with oral ulcerations (Fig. 1a-I), 
intranasal crustae and symblepharon (Fig. 1a-II), and laryngeal involvement without skin
symptoms. DIF of a skin biopsy showed linear IgG deposition along the BMZ in the n-serrated 
pattern. Indirect IF (IIF) of serum on monkey oesophagus showed circulating anti-BMZ
IgG, and IIF on salt-split skin (SSS) revealed IgG binding to the dermal side of the split. The 
combination of mucosal symptoms, n-serrated pattern by DIF and dermal binding by SSS 
was suggestive for anti-LN-332 MMP (Fig. 1a-III). Diagnosis was confirmed by a positive 
enzyme-linked immunosorbent assay (ELISA) against native LN-332.

A 31-year old man presented with urticarial plaques on the trunk (Fig. 1b-I), mecha-
nobullous blistering on the hands and feet, and milia on the dorsal side of the hands (Fig. 1b-
II). DIF showed linear IgG deposition along the BMZ in the u-serrated pattern. IIF on mon-
key oesophagus showed circulating Ig against the BMZ, and IIF on SSS showed IgG binding 



to  the dermal side of the split. The combination of clinical symptoms, u-serrated pattern by 
DIF (Fig. 1b-III) and dermal binding of SSS was suggestive for classic mechanobullous EBA. 
This diagnosis was confirmed by immunoblot demonstrating IgG binding the 290-kDa antigen, 
and a positive type VII collagen ELISA.
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Fig 1. Clinical features and serration pattern analysis by direct immunofluorescence (DIF) in the patient 
with antilaminin-332 mucous membrane pemphigoid (left panels) and the patient with epidermolysis bullosa 
acquisita, mechanobullous phenotype (right panels). (a-I) Desquamative gingivitis, (a-II) conjunctivitis with 
symblepharon, (a-III) n-serrated pattern by DIF. (b-I) Urticarial plaques on the back, (b-II) milia on the 
dorsal side of the hand, (b-III) u-serrated pattern by DIF.

a-I

a-II

a-III b-III

b-II

b-I



Study Design

An image-based online test (www.nversusu.umcg.nl) was created, using LimeSurvey software.6 
The test included 26 DIF images of the BMZ; all biopsies were IgG stained and photographed 
with a ×40 and ×63 objective. Firstly, the participant had to score 13 DIF images, then an in-
struction video about n- and u-serrated pattern recognition was presented, and subsequently 
the participant had to score 13 other DIF images. The short instruction video contained in-
structions on how to recognize the different serrated patterns with simple
mnemonics: undulating n or u-serrated grass.4 To reduce guessing and to stay close to real prac-
tice the participant could also score ‘undetermined’, in addition to n-serrated and u-serrated.

Participants

Three groups of participants were selected who had different a priori levels of expertise on the 
subject: (i) dermatology residents from the University Medical Center Groningen (UMCG); 
(ii) international experts in blistering diseases, who were selected by the network of M.F.J. 
derived from the European Academy of Dermatology and Venereology Task Force on Auto-
immune Bullous Diseases and the Pre-International Investigative Dermatology Symposium 
on Autoimmune Bullous Diseases in Lübeck, 6-7 May 2013; and (iii) dermatologists and pa-
thologists who had participated in the annual Dutch blistering course in Groningen during the 
years 2005-12.

Patients

Tissue samples of patients with sAIBD were collected from the biobank of the Groningen Cen-
ter for Skin Blistering Diseases in The Netherlands from the period 2002-12. The 26 patients 
included in this study were selected by previously confirmed positive DIF showing a linear 
deposition pattern along the BMZ in a serrated pattern. The final diagnosis was based on clin-
ical, routine laboratory, histological and immunopathological findings. Tissue samples with the 
n-serrated deposition pattern (n=13) included patients with one of the following diagnoses: BP 
(n=5), MMP (n=5) or anti-LN-332 MMP (n=3). Tissue samples with the u-serrated deposition 
pattern included patients with EBA (n=10). Three tissue samples showed an undetermined 
serration deposition pattern (BP, n=2; EBA, n=1).

Direct immunofluorescence microscopy 

The 4-mm IF punch biopsies were all derived from perilesional (erythematous) skin and had 
been transported prior to freezing in saline for 24 h. Cryosections of 4-lm thickness were cut 
and mounted on PolysineTM glass slides (Fisher Scientific, Fair Lawn, NJ, U.S.A.), air dried 
for 30 min in front of a fan, and encircled with a hydrophobic emulsion pen (PAP pen; Dako, 
Glostrup, Denmark). The sections were then stained for 30 min with Fc-specific fluoresce-
in isothiocyanateconjugated goat antihuman IgG. The sections were examined with a Leica 
DMRA microscope (Leica, Wetzlar, Germany). Digital fluorescence images were acquired 
using a Leica DFC350FX camera and further image processing was done using Leica Applica-
tion Suite software. The images of the serration pattern were validated until 100% concordance 
was reached by two experts (G.F.H.D. and M.F.J.) and were randomly assigned in the test 
before and after instruction. Participants had the possibility of leaving their comments after 
completing the test.
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Statistical analysis

The Wilcoxon signed-rank test was used to compare the scores of correct answers of serra-
tion patterns of the total group of participants before and after instruction. Scores of correct 
answers before and after instruction between the three groups of participants were compared 
using the Kruskal-Wallis test. For all tests, two-sided p-values <0.05 were considered to indi-
cate statistical significance. All analyses were performed using commercially available software 
(SPSS v20; SPSS, Chicago, IL, U.S.A.).

Results

We sent out 200 invitations to participate in the test; 87 participants completed the online 
nversusu-test (Table 1). The response rate for the UMCG group was 100% (33/33), for the 
international experts 50% (19/38) and for the blistering course participants 27% (35/128).

The mean scores of correct answers before and after instruction of all participants were 
64.4% and 78.6%, respectively (P<0.001). After instruction, overall, 60 participants (69%) im-
proved in score, 10 participants (11%) worsened and 17 participants (20%) had the same score 
as before instruction. The mean improvement after instruction was 15.4% in the UMCG group 
(66.7% vs. 82.1%), 16.2% in the international expert group (67.2% vs. 83.4%) and 12.1% in the 
blistering course group (60.7% vs. 72.8%) (Fig. 2). No significant difference
in learnability was observed between groups. 

Direct immunofluorescence images with u-serrated patterns were recognized best, with 
a mean of 75% correct answers, whereas the n-serrated pattern was recognized with a mean of 
69%. Remarkably, the undetermined patterns were well scored, with correct answers in 68%. 
The best and least recognized DIF images of n-serrated, u-serrated and undetermined patterns 
are shown in Fig. 3. Participants scored 26% ‘undetermined’ before the instruction video, com-
pared with 18% ‘undetermined’ after instruction.

Group

UMCG
Blistering course 
International experts
All

Data are mean ± SD 
UMCG, University Medical Center Groningen 
aP-value by Wilcoxon signed-rank test.

No. of correct 
answers
       
8.7 ± 2.3
7.9 ± 2.2
8.7 ± 2.5
8.4 ± 2.3

n

33                               
35
19
87

%

66.7                               
60.7
67.2
64.4

No. of correct 
answers
       
8.7 ± 2.3
7.9 ± 2.2
8.7 ± 2.5
8.4 ± 2.3

%

66.7                               
60.7
67.2
64.4

P-valuea

<0.001                          
<0.001
  0.003
<0.001 

Before instruction 
(n=13 DIF images)

After instruction 
(n=13 DIF images)

Table I. Correct answers of serration pattern analysis by direct immunofluorescence (DIF) of the test before 
and after instruction.
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Comments of participants

Many participants commented positively on the high quality of the DIF images and serration 
patterns and on the very clear instruction video. They emphasized that this is an easy way of 
learning about DIF serration patterns and encouraged us to make the test available to the pub-
lic for teaching purposes.

Discussion

In this study we show that recognition of n- and u-serration patterns by DIF is learnable 
irrespective of the level of expertise. The overall a priori level of serration pattern recognition 
was high at 69.2%. Significant improvement to 84.6% was reached using the online instruction 
video. No significant difference in a priori knowledge was observed between the three groups, 
which suggests that the international expert group, despite their experience in sAIBD, is not 
more experienced in serration pattern analysis than the other participants in this study. The 
number of undetermined scores declined after viewing the instruction video, which suggests 
that participants are more confident in serration pattern analysis after instruction.

In serological negative cases or in cases in which IIF in combination with immunoblot 

Fig. 2 Total scores of the number of correct answers of serration pattern analysis by direct immunofluorescence 
before and after instructions in the three different groups.
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and/or ELISA is not conclusive, serration pattern analysis of DIF might disclose the diagnosis 
(Fig. 4). As more than half of patients with EBA do not have detectable circulating antibodies 
by either ELISA or SSS, DIF serration pattern analysis on perilesional skin biopsy is
mandatory for diagnosis of AIBD.3,7 Buijsrogge et al.3 described a frequency of 55% EBA 
among patients with sAIBD when DIF serration pattern analysis was used. We expect that 
many of those with inflammatory EBA are misdiagnosed with pemphigoid when DIF serration 
pattern analysis is lacking.

For daily practice, adequate recognition of the DIF serration pattern must meet the 
following standards: (i) perilesional biopsies of nonscarring skin not exposed to topical cortico-

7
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Fig. 3 Best and least recognized serration patterns by direct immunofluorescence images: n-serrated (a, 88%; b, 
47%), u-serrated (c, 96%; d, 40%) and undetermined (e, 88%; f, 44%). IgG stained; original magnification ×63.
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steroids; (ii) transporting biopsies without freezing in saline for 24 h; (iii) cryosections of high 
quality (4-µm thickness or less); and (iv) lens objective of at least 40×.4,8

Limitations of our study are, firstly, the possibility of selection bias, as we had a re-
sponse rate of only 44%. Invited participants who were interested in serration pattern analysis 
might respond more often than invited participants with less experience in serration pattern 
analysis. Secondly, although the DIF images were of high-quality standard, self-assessment of 
the slides under a microscope is superior and might even give better results. Finally, in general 
it is important to realize that the serration pattern cannot always be recognized, especially in 
mucosal biopsies.4

In conclusion, we show that serration pattern analysis by DIF is learnable. Our im-
age-based online test and instruction video are available online free of charge (www.nversusu.
umcg.nl).
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Fig. 4 Overview of the serration pattern, indirect immunofluorescence (IIF) on salt-split skin and subepider-
mal autoimmune blistering diseases (sAIBDs): n-serrated in bullous pemphigoid (BP), mucous membrane 
pemphigoid (MMP), cicatricial pemphigoid (CP), linear IgA dermatosis (LAD), anti-p200 pemphigoid (p200) 
and antilaminin-332 MMP (anti-LN-332); u-serrated in epidermolysis bullosa acquisita (EBA) and bullous 
systemic lupus erythematosus (bSLE). DIF, direct immunofluorescence; BMZ, basement membrane zone.
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Abstract

Background

Direct immunofluorescence (DIF) microscopy of a skin biopsy specimen is the reference
standard for the diagnosis of pemphigoid diseases (PDs). Serration pattern analysis enables the 
differentiation of epidermolysis bullosa acquisita (EBA) from other PDs using DIF microsco-
py alone. However, practice gaps need to be addressed in order to implement this technique in 
the routine diagnostic procedure.

Objective

We sought to determine and optimize the technical requirements for serration pattern analysis 
of DIF microscopy and determine interrater conformity of serration pattern analysis.

Methods

We compared serration pattern analysis of routine DIF microscopy from laboratories in Gron-
ingen, The Netherlands and Lübeck, Germany with 4 blinded observers. Skin biopsy speci-
mens from 20 patients with EBA and other PDs were exchanged and analyzed. Various factors 
were evaluated, including section thickness, transport medium, and biopsy specimen process-
ing.

Results

The interrater conformity of our 4 observers was 95.7%. Recognition of serration patterns was 
comparable in samples transported in saline and in Michel’s medium and with section thick-
nesses of 4-, 6-, and 8-µm.

Limitations

Limitations include our small sample size and the availability of 20 samples that were compared 
retrospectively.

Conclusion

DIF serration pattern analysis is not restricted by variation in laboratory procedures, transport 
medium, or experience of observers. This learnable technique can be implemented as a routine 
diagnosticmethod as an extension of DIF microscopy for subtyping PD. ( J Am Acad Derma-
tol. https://doi.org/10.1016/j.jaad.2017.11.029.)
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Capsule summary

• Epidermolysis bullosa acquisita can be differentiated from other pemphigoid diseases  
by direct immunofluorescenc serration pattern analysis of a skin biopsy specimen.

• In the current study, high interrater conformity was shown independent of laboratory  
 procedures, transport medium, or experience.
• Serration pattern analysis can be implemented as a routine diagnostic technique as an  
 extension of direct immunofluorescence microscopy.
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In patients with pemphigoid diseases (PDs), direct immunofluorescence (DIF) microscopy 
of a skin biopsy specimen is considered the reference standard for diagnosis.1 PDs are au-
toimmune bullous diseases of the skin and mucosa that are characterized by circulating and 
tissue-bound autoantibodies against structural proteins in the epidermal basement membrane 
zone (EBMZ). PD includes the subtype epidermolysis bullosa acquisita (EBA), which is char-
acterized by autoantibodies against type VII collagen.1,2 Differentiating EBA from other PDs is 
relevant for both the treatment and prognosis of patients. The diagnosis of PD can be challeng-
ing because of the heterogeneous clinical presentation and histopathology.1,3 For the diagnosis 
of EBA, in-vivo bound linear immunodepositions can be detected along the EBMZ
in a skin biopsy specimen using DIF microscopy and serration pattern analysis4 or detected 
by direct immunoelectron microscopy.5-7 Circulating autoantibodies against type VII collagen 
can be detected in serum by indirect immunofluorescence microscopy on saltsplit skin (SSS), 
immunoblot, or enzyme-linked immunosorbent assay.3,6,8,9 However, labeling of autoantibodies 
to the dermal side (floor) of the artifical split in indirect immunofluorescence microscopy SSS 
is also seen in patients with anti-laminin-332 mucous membrane pemphigoid and anti-p200/
laminin γ1 pemphigoid.10-12 In addition, the technique of DIF microscopy using salt-split pa-
tient skin may destruct the tissue sample and cannot differentiate EBA from other PDs.6 Fur-
thermore, the serologic diagnosis of EBA is hampered by the low sensitivity of these immu-
noserologic tests, with no detectable circulating autoantibodies and possible misdiagnosis in 
approximately 50% of patients with EBA.7,13,14 Although the concept of DIF serration pattern 
analysis was described in 2004 and incorporated into standard textbooks, its use in routine 
DIF microscopy was limited, perhaps by perceived hurdles of high technical requirements.4,15,16 
Consequently, EBA is likely underdiagnosed, especially in seronegative patients.

Using DIF microscopy, 2 serrated patterns of linear immunodeposits (immunoglobulin 
G [IgG], IgA, and complement component 3) along the EBMZ can be identified in PD: the 
u-serrated pattern in EBA and in the more rare bullous systemic lupus erythematosus and the 
n-serrated pattern in all other PDs, including bullous pemphigoid and mucous membrane pem-
phigoid. The u-serrated pattern is recognizable by finger-like structures or spikes (Fig. 1a and 
b) and is pathognomonic for EBA/ bullous systemic lupus erythematosus, where
immunodeposits are located below the lamina densa associated with type VII collagen as part 
of anchoring fibrils. The linear n-serrated pattern (Fig. 1c and d) can be seen in all other PDs, 
and the linear deposits are located on or above the lamina densa.4,17 By comparing various tech-
nical factors of routine DIF microscopy procedures of 2 laboratories - including the
use of saline versus Michel’s transport medium, cryosection thickness, and conformity among 
observers with different levels of expertise - this study sought to optimize the DIF microscopy 
serration pattern analysis for implementation in the routine diagnostic procedure.

Materials and Methods

Twenty perilesional skin biopsy specimens obtained from patients with suspected PD and pos-
itive findings of linear IgG immunodeposition along the EBMZ by DIF microscopy were an-
alyzed. Archived biopsy specimens of patients diagnosed with EBA (n=10) based on a linear 
u-serrated IgG immunodeposition pattern (100%) were included. These patients with EBA 
were either seropositive with circulating autoantibodies against type VII collagen confirmed by
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enzyme-linked immunosorbent assay or immunoblot (60%) or seronegative (40%). Biopsy 
specimens of patients who were diagnosed with other PDs (n=10) were included based on a 
linear (n-serrated) IgG immunodeposition pattern along the EBMZ. For comparison, biopsy 
specimens transported in saline (Groningen) and Michel’s transport medium (Lübeck) were 
exchanged between the 2 laboratories and processed according to routine diagnostic proce-
dures for DIF microscopy of each laboratory (see below). This type of study with a retrospec-
tive reanalysis of leftover patient materials for diagnostic purposes is exempted from the review 
by the medical ethical committees in The Netherlands and Germany.

Direct immunofluorescence microscopy 

Four observers with different grades of experience independently examined routine 6-µm sec-
tions for serration pattern analysis, including a dermatopathologist (GD) and dermatologist 
(MJ) from Groningen, and a dermatologist (ES) and resident in dermatology (AV) from Lü-
beck. Sections were presented at random (JM and IA) to the observers and the observed 
immunodeposition patterns were classified as linear n-serrated, linear u-serrated, or undeter-
mined. The intensity of fluorescence of the IgG immunodeposition was graded as weak (+), 
moderate (++), or bright (+++). To evaluate the influence of section thickness on serration pat-
tern analysis, 4-, 6-, or 8-µm thick sections from all biopsy specimens were cut in the Groningen 
laboratory and randomly examined by 2 observers (GD and MJ).

121

Fig. 1 Direct immunofluorescence microscopy serration pattern analysis of u-serrated and n-serrated patterns 
in patients with pemphigoid diseases. Linear u-serrated immunoglobulin G deposition patterns along the 
epidermal basement membrane zone in patients with epidermolysis bullosa acquisita with biopsy specimens 
transported in saline (A) and Michel’s medium (B). Note the distinct spikes or ‘‘growing grass’’ in the u-serrat-
ed patterns (arrowheads). Linear n-serrated immunoglobulin deposition patterns along the epidermal basement 
membrane zone in patients with other pemphigoid diseases with biopsy specimens transported in saline (C) 
and Michel’s medium (D). Note a continuous curved linear deposition with closed arches at the top (arrow-
heads). All 6-µm cryosections were cut and processed in the Lübeck laboratory. (Original magnification, ×400.)
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DIF laboratory procedures 

In the Groningen routine DIF microscopy laboratory procedure, perilesional biopsy speci-
mens were placed in saline in polypropylene vials, stored overnight in saline (for 12-16 hours) 
and processed the next day. Biopsy specimens were then placed in aluminium vials, snap fro-
zen in liquid nitrogen, and stored at -80˚C until processing. Temperature of cryostate (Leica 
CM3050S; Leica, Wetzlar, Germany) and microtome knife was regulated between as low as
-20˚C and -35˚C to prevent compression and deformation of the sections. For biopsy fixation, 
first a small wetted piece of filter paper was applied to the fixation table, a circle of Tissue-Tek 
O.C.T. Compound (Sakura, Alphen aan den Rijn, The Netherlands) was added to the filter 
paper, frozen, and filled with another drip of O.C.T. Compound for fixation of the biopsy 
specimen (Supplemental Figs. 1 and 2, available online at http://www.jaad.org). The biopsy 
specimen was only partially embedded, with the base in O.C.T. Compound and the top of the 
specimen protruding for cutting (Supplemental Figs. 2 and 3, available at http://www.jaad.
org). Cryosections were cut with tungsten carbide conventional microtome knives (Type C, 
160 mm; Spikker Specials, Zevenaar, The Netherlands). The microtome knives were stan-
dard wedge-shaped with a bevel angle of 20˚ and were resharpenable (Supplemental Fig. 3). 
Cryosections were mounted on Polysine (Thermo Fisher Scientific, Waltham, MA) glass slides 
sideways with no pressure applied (Supplemental Video, available at http://www.jaad.org). 
The sections were stained for 30 minutes in a moist chamber at room temperature using flu-
orescein isothiocyanate-labeled Fc-specific goat F(ab’)2 antibody against human IgG (Protos 
311; Protos Immunoresearch, Burlingame, CA). SlowFade Antifade Reagent (Thermo Fisher 
Scientific) was added to inhibit photobleaching. Sections were examined with a Leica DM2000 
microscope and Leica HCX PL Fluotar 40×/0.75 dry objective and
10× ocular (total magnification, ×400; Leica).

The Lübeck routine DIF microscopy laboratory procedure only showed minor differ-
ences compared to the Groningen procedure. Biopsy specimens were either kept in Michel’s 
medium or snap frozen at -20˚C until processing. Biopsy specimens were fixated by complete-
ly embedding the material in Tissue-Tek O.C.T. Compound, and cryosections were cut us-
ing disposable microtome blades S35 (Feather, Osaka, Japan). Sections were stained using a 
monoclonal mouse antihuman IgG-fluorescein isothiocyanate antibody (Bio-Rad, Hercules, 
CA) and examined with a Olympus BX40 microscope and 40×/0.75 dry objective (UPlan FI; 
Olympus, Tokio, Japan). Photographs, videos, and extended methods are available at http://
www.jaad.org.

For additional automated serration pattern recognition, all slides were photographed 
with total magnification ×400 with standardized settings and processed with Leica Applica-
tion Suite imaging software. The automated technique by Shi et al.18 was developed based a 
trainable inhibitionaugmented COSFIRE filter with detection of the distinctive spikes (ridge 
endings) found in u-serrated patterns, similar to recognition of fingerprints.

DIF laboratory procedures 

Data were analyzed using SPSS software (version 23; IBM, Armonk, NY). Qualitative data 
were expressed as frequencies and percentages. Statistical analysis of recognition rates of ser-
ration pattern analysis was performed using the McNemar test. The Cochran Q test was used 
for comparison of recognition rates between 4-, 6-, and 8-µm sections. Conformity among 4 ob-
servers (inter- and intraobserver variability) was assessed of routine serration pattern analysis 
of 6-µm sections and of fluorescence intensity of IgG staining and was calculated with 2-mixed 
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intraclass correlation coefficient (ICC [3,4]). All tests were 2-tailed, and P<0.05 was consid-
ered statistically significant.

RESULTS

The primary outcome for diagnostic purposes in daily practice was the recognition rate of ser-
ration patterns of routinely cut 6-µm sections (n=20) from both laboratories (Fig. 1). The mean 
recognition rate by 4 observers was 97.5% and the intraclass correlation coefficient ICC [3,4] 
for the conformity among 4 observers (inter- and intraobserver variability) was 0.957 (95% 
confidence interval 0.916- 0.981). Moreover, no erroneous serration patterns were classified in 
the complete experimental setup, and differences only occurred in the classification of ‘‘unde-
termined’’ immunodepositions (Supplemental Table I, available at http://www.jaad.org). Sec-
tions were classified as n-serrated in 48.8%, u-serrated in 43.8%, and undetermined in 7.5%. 
Of interest was 1 specific case classified by all observers as undetermined with a homogeneous 
immunodeposition of IgG instead of a linear immunodeposition (Supplemental Table I, case 
GR5). In retrospect, this biopsy specimen proved to have been obtained from a patient with 
porphyria cutanea tarda who was initially misdiagnosed with mechanobullous EBA (seroneg-
ative) and is the subject of current research.

Biopsy spceimens transported in Michels’s transport medium or frozen at -20˚C showed 
a higher background fluorescence in the dermis compared to biopsy specimens that were trans-
ported in saline (Fig. 1). However, no significant difference was seen in the recognition of ser-
ration patterns comparing 6-µm sections of samples transported in Michel’s transport medium 
from the Lübeck laboratory to samples transported in saline from the Groningen laboratory 
(p=0.49). For interpretation of these data, fluorescence intensity of IgG staining of the random 
selected biopsies was classified as 11 (11.3%), 21 (48.7%), and 31 (40.0%). The classification 
of fluorescence intensity of IgG staining among the four observers showed a high conformity 
(ICC [3,4] 0.836). The overall serration pattern recognition rate of sequentially cut 4-, 6-, and 
8-µm sections (n=60) was 95.8%. No statistical significant differences in recognition rates were 
seen between the groups with 4-, 6-, and 8-µm sections (p=0.368, Supplemental Fig. 4, avail-
able at http://www.jaad.org) or between the 2 observers (p=0.063).

Discussion

The implementation of DIF microscopy serration pattern analysis in the routine diagnostic 
procedure is hampered by presumed technical hurdles, such as the inability to use Michel’s 
medium for transport, the need of cutting thin (<4-µm) sections, the requirement of highmag-
nification ocular objectives (×600), and the need of a trained pathologist. We found in 2 inde-
pendent laboratories that not a single technical factor limits the performance in routine diag-
nostics. Using DIF microscopy serration pattern analysis and recognizing the pathognomonic 
u-serrated pattern may increase the number of diagnosed cases of EBA substantially and is the 
most informative and cost-effective diagnostic test for PD.13,14 This learnable technique can 
be trained online with DIF photos of serrated patterns at our website (nversusu.umcg.nl). In
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more detail, a higher background fluorescence was observed in biopsy specimens transport-
ed in Michel’s medium compared to saline (Fig. 1).19 A decreased signal to noise ratio was 
mainly observed in 8-µm cryosections, which may lead to false-negative fin ings in cases with 
low staining intensities. The additionally performed automated pattern recognition based on 
the DIF microscopy photographs of all slides showed a recognition rate of 90% of u-serrated 
patterns, confirming that the spikes or ridge-endings of the u-serrated patterns are distinctive 
recognizable features.4,18 The recognition rate decreased with thicker 8-µm sections of biopsy 
specimens transported in Michel’s medium because of the loss of details of spikes with the 
higher background fluorescence.

Exchange of experiences in two laboratories 

Although the various technical factors did not critically impair the DIF microscopy serration
pattern recognition, the exchange of experiences of observers and laboratory technicians taught 
us the following on optimizing the DIF procedure. The nondisposable wedge-shaped micro-
tome blade with a bevel angle is optimal; however, cutting 4-µm cryosections was also possible 
with disposable microtome blades. Only partially embedding the biopsy specimen tissue in 
O.C.T. Compound improved the cutting characteristics, resulting in more stretched sections 
that are better microphotographed within the depth of field (Supplemental Figs. 2 and 3; and 
Supplemental Video). In contrast, details can be lost in overexposed areas and micrometering 
was needed to focus in 8-µm cryosections. The use of saline transport medium and cutting 
thinsections decreases background staining, which is necessary to distinguish serrated patterns 
in specimens with low amounts of IgG deposition. The limiting factor for saline transport is 
the required transport time to be <48 hours from physician to (reference) laboratory.19 Alterna-
tively, Michel’s medium allows transport times longer than 48 hours. We investigated in both 
laboratories preincubation of biopsy specimens in saline before storage in
Michel’s medium with various time intervals, and also washing of biopsy specimens with saline 
and various buffers after storage in Michel’s medium. However, these alternative detours did 
not decrease background fluorescence.

In conclusion, serration pattern analysis in routine DIF microscopy can differentiate 
EBA from other PDs and is essential for a definitive diagnosis of EBA in patients who have 
no detectable circulating autoantibodies in serum. The high recognition rate and conformity 
among various observers in this study show that serration pattern analysis is not critically res-
tricted by variations in technical laboratory procedures, transport media, and the experience of 
the observers. This easily learned technique can be implemented as a routine diagnostic method 
as an extension of DIF microscopy for the diagnosis and subtyping of PDs.
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Abstract

Direct immunofluorescence (DIF) microscopy of a skin biopsy is used by physicians and pa-
thologists to diagnose autoimmune bullous dermatoses (AIBD). This technique is the refer-
ence standard for diagnosis of AIBD, which is used worldwide in medical laboratories. For 
diagnosis of subepidermal AIBD (sAIBD), two different types of serrated pattern of immu-
nodepositions can be recognized from DIF images, namely n- and u-serrated patterns. The 
n-serrated pattern is typically found in the most common sAIBD bullous pemphigoid. Presence 
of the u-serrated pattern indicates the sAIBD subtype epidermolysis bullosa acquisita (EBA), 
which has a different prognosis and requires a different treatment. The manual identication of 
these serrated patterns is learnable but challenging. We propose an automatic technique that 
is able to localize u-serrated patterns for automated computer-assisted diagnosis of EBA. The 
distinctive feature of u-serrated patterns as compared to n-serrated patterns is the presence of 
ridge-endings. We introduce a novel ridge-ending detector which uses inhibition-augmented 
trainable COSFIRE filters. Then, we apply a hierarchical clustering approach to detect the 
suspicious u-serrated patterns from the detected ridge-endings. For each detected u-serrated 
pattern we provide a score that indicates the reliability of its detection. In order to evaluate the 
proposed approach, we created a data set with 180 DIF images for serration pattern analysis. 
This data set consists of seven subsets which were obtained from various biopsy samples under 
different conditions. We achieve an average recognition rate of 82.2% of the u-serrated pattern 
on these 180 DIF images, which is comparable to the recognition rate achieved by experienced 
medical doctors and pathologists.
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Subepidermal autoimmune bullous diseases (sAIBD) are among the most life-threatening in-
flammatory diseases of the skin. These bullous skin diseases can be differentiated in various 
subtypes, including the most common sAIBD bullous pemphigoid and epidermolysis bullosa 
acquisita (EBA). These variants of sAIBD share similar clinical symptoms (Buijsrogge et al., 
2011; Schmidt and Zillikens, 2013), however, they differ substantially in treatment and prog-
nosis. Therefore, it is vital to accurately diagnose different subtypes of sAIBD. All subtypes 
of sAIBD are characterized by immunodepositions along the epidermal basement membrane 
zone (BMZ). The BMZ is a region between the epidermis and the dermis, which is marked 
by the green dashed boundaries in Fig. 1. Due to different locations of target antigens in the 
BMZ, different shapes of serration immunodeposition patterns are formed in the subtypes 
of sAIDB. Direct immunofluorescence (DIF) microscopy, which provides the visualization 
of tissue-bound autoantibodies in skin sections from a biopsy, is considered as the reference 
standard for diagnosis of sAIBD (Vorobyev et al., 2017). Additionally, automated processing of 
DIF biopsies has been developed recently to improve eciency and diagnostic accuracy (Lem-
cke et al., 2015). Along with immune serological tests, serration pattern analysis of DIF micros-
copy images becomes reference standard in the diagnostics of sAIBD (Vodegel et al., 2004).

Serration pattern analysis in DIF images concerns two types of patterns, which are 
referred to as n-serrated and u-serrated. Fig. 2(a,b) show examples of DIF images with these 
two types of serration patterns. Ridges undulate rounded n-shapes in n-serrated patterns while 
u-serrated patterns consist of finger-like ridges. DIF images that only contain n-serrated pat-
terns indicate the pemphigoid group, while the presence of u-serrated patterns is confirmative 
for EBA (Vodegel et al., 2004; Terra et al., 2013). Manual serration pattern analysis is shown 
to be learnable, irrespective of expertise (Terra et al., 2013). In clinical practice, however, the 
use of manual serration pattern analysis is limited. This is mainly due to technical diculties and 
lack of technical analysts (Terra et al., 2013). Standard DIF staining procedures are routine-
ly performed in diagnostic laboratories worldwide, which allow performing serration pattern 
analysis without extra cost. In order to contribute in a sustainable system with feedback, it is 
necessary to provide information of the location of the possible u-serrated patterns which are 
minutial patterns in DIF images. Thus, dermatologists could focus on the nal diagnosis of EBA 
and the subsequent treatment.

Computer-aided diagnosis has been implemented in radiology images, immunofluores-
cence assays and stained tissue sections for pathology to improve diagnostic accuracy, such as 
discrimination of benign and malignant melanomas (Wiltgen et al., 2003; Kostopoulos et al., 
2017), detection of antinuclear antibodies in serum (Bizzaro et al., 2014) or lymph node meta-
stasis in breast cancer (Song et al., 2016; Bejnordi et al., 2017) or bacteria in microscope images 
(Song et al., 2017). So far, there are only a few automatic techniques for serration pattern 
analysis in DIF images. The work proposed in (Shi et al., 2015a) attempted to use as a feature 
vector the histogram of absolute orientations of ridges to automatically dierentiate between 
n- and u-serrated DIF images. Later, the authors improved the method by considering the 
local orientation of the BMZ and constructed histograms of relative orientations of ridges with 
respect to the BMZ (Shi et al., 2015b). Both methods, however, are unable to provide location 
information of u-serrated patterns in DIF images. In order to extract such information, we seek 
to locate ridge-endings that are used to characterize the u-serrated patterns. There have been 
a large body of work that focuses on line or ridge detection (von Gioi et al., 2010; Cho et al., 
2017; Prabhakar et al., 2003; McLean and Kotturi, 1995; Berlemont and Olivo-Marin,  2010; 
Chung et al., 2010) or texture descriptors (Barata et al., 2015; Riaz et al., 2017; Shi et al., 2017).

9
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Fig. 1 Example of a pathology picture (magnication ×400) showing a sectional view of the normal skin - the 
epidermis, the dermis and the basement membrane zone (BMZ).

BMZ

Dermis

Epidermis

Fig. 2 Examples of (a) an n-serrated and (b) a u-serrated DIF images. The areas marked by the red dashed 
lines indicate the BMZ (400× original magnication). (c,d) Enlargements of the enframed n- and u-serrated 
patterns in (a,b), respectively. The white dashed lines indicate ridges that have the characteristic shapes of the 
n- and u-serration patterns.

a b

c d



Most of the approaches aim at either the detection of minutae features in fingerprints (Prabha-
kar et al., 2003; Alaei et al., 2011; Ram et al., 2010; Chang and Fan, 2001; Abutaleb and Kamel, 
1999) or the detection of parallel lines in three-dimentional space to estimate their vanishing 
points in the 2D view (McLean and Kotturi, 1995; Almansa et al., 2003). To the best of our 
knowledge there is, however, no work on the exclusive detection of line- or ridge- endings.

In this work, we propose an automatic approach to identify and localize the u-serrated 
patterns in DIF images. We first apply inhibition-augmented COSFIRE (COmbination of 
Shifted FIlter REsponses) filters that are only selective for ridge-endings. Then we apply a 
hierarchical clustering approach to detect suspicious u-serrated patterns from the candidate 
ridge-endings. Finally, we provide a score for each detected u-serrated pattern that indicates 
the reliability of the detection.

The rest of the paper is organized as follows. In Section 2, we elaborate on the proposed 
method for ridge-ending detection. In Section 3, we experiment on a data set that we created 
with a variety of samples from different labs and report the achieved results. Finally, we discuss 
some aspects of the proposed method in Section 4 and draw conclusions in Section 5.

2. Ridge-ending detector

In this section, we explain how to construct a detector that responds exclusively to ridge-end-
ings, such as the pattern in Fig. 3a, but that does not respond to complete lines nor to patterns 
with curvatures, such as those in Fig. 3(b-h). The proposed ridge-ending detector is based on 
the trainable bar-selective COSFIRE (B-COSFIRE) filter approach (Azzopardi et al., 2015). 
We augment the B-COSFIRE filters by adding a brain-inspired inhibition mechanism, which 
increases the selectivity of such filters without compromising generalization (Guo et al., 2016, 
2017). We configure suchan inhibition-augmented B-COSFIRE filter by using two different 
types of prototype, a positive and a set of negative patterns. We use as a positive prototype 
pattern a ridge-ending (Fig. 3a) while the negative prototypes are a group of seven patterns 
that contain the ridge-ending pattern of the positive prototype along with some additional lines, 
Fig. 3(b-h). In the following, we explain in detail how we congure and apply the proposed 
ridge-ending selective filter.

2.1 Bar-selective COSFIRE filter

A B-COSFIRE filter1 is a brain-inspired computational model for the detection of bar-like 
shapes, and has been shown to be effective for blood vessel delineation (Azzopardi et al., 2015; 
Strisciuglio et al., 2015a,b). It is based on the COSFIRE approach (Azzopardi and Petkov, 2013) 
and the CORF (Combination of Receptive Fields) computational model (Azzopardi and Pet-
kov, 2012). Such a filter takes as input the responses of a Difference-of-Gaussians
(DoG) filter at certain positions, and combines them by (weighted) geometric mean. The po-
sitions where the DoG responses are taken are determined in an automatic conguration step, 
which we explain below.

9

1Matlab scripts: http://tinyurl.com/y8rpkwsj
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Fig. 3 Synthetic input images (of size 50×50 pixels) that are considered as (a) positive and (b-h) negative pro-
totype patterns. The width of each line is 5 pixels.

a b c d

e f g h

Fig. 4 (a) Synthetic image (of size 50×50 pixels) of a vertical ridge-ending (of width 5 pixels). (b) Response 
map of a center-on DoG filter (here σ = 2,5) to the ridge-ending image in (a). The white cross indicates the 
center position of the pattern of interest. We consider the dashed circles of given radii (here  ρ ∈ {0, 6, 12}) 
around the center of the pattern of interest. The black dots indicate the positions of the local maximum DoG
responses along these circles. (c) Structure of the resulting B-COSFIRE filter Pf . The black cross indicates the 
center of the B-COSFIRE filter and the pairs of concentric circles represent the support areas of the involved 
DoG filters.
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Let us consider the synthetic ridge-ending in Fig. 4a and use it as a positive prototype. Fig. 
4b shows the corresponding response image of a center-on DoG filter, whose outer Gaussian 
function has a standard deviation σ=2.5 (the width of the line in Fig. 4a is 5 pixels). For the 
conguration of a B-COSFIRE filter, we consider the DoG responses along three concentric 
circles2 with radii ρ ∈ {0, 6, 12} pixels around the center point. We choose the local maximum 
responses along these circles and form one 3-tuple for each such response. The elements of each 
tuple i include the standard deviation σi of a DoG function3 and the polar coordinates (ρi , φi) of 
the preferred position with respect to the support center of the concerned B-COSFIRE filter. 
For the pattern shown in Fig. 4a this procedure results in a set of the following three tuples:

Fig. 4c shows the structure of the resulting B-COSFIRE filter Pf . The pairs of concen-
tric circles represent the support of the concerned DoG functions.

We compute the response rPf (x, y) of the B-COSFIRE filter as the geometric mean4 of 
all the DoG responses that correspond to the tuples described by Pf :

where, the intermediate representation S σi , ρi , φi (x,y) is the blurred and shifted DoG response 
that corresponds to the tuple i. We blur the DoG responses in order to allow for some toler-
ance with respect to the preferred locations. We then shift the blurred DoG responses by a 
vector ∆xi , ∆yi so that all responses in the locations specified by the polar coordinates in the 
set Pf  meet at the support center of the filter. For further technical details about the blurring 
and shifting operations we refer to (Azzopardi and Petkov, 2013) and (Azzopardi et al., 2015).

Fig. 5(a-h) show the corresponding response maps of the B-COSFIRE filter to every 
image in Fig. 3. The B-COSFIRE filter congured by a ridge-ending in Fig. 3a gives strong res-
ponses also to the patterns in Fig. 3(b-h). This is because the line segment of the ridge-ending is 
also present in the other patterns in Fig. 3(b-h). The additional line parts do not have influence 
on the response of the filter. In the following, we explain how we use inhibition-augmented
B-COSFIRE filters in order to exclusively detect ridge-endings.

 ( σ1 = 2.5, ρ1 = 0,   = 0  
Pf = ( σ2 = 2.5, ρ2 = 6 ,   = 3π/2
 ( σ3 = 2.5, ρ3 = 12,   = 3π/2

),
),
)

φ1

φ2

φ3
{ }

 
rPf (x,y) =         S σi , ρi , φi (x,y)
 

( )π|Pf |

i=1

1 / |Pf |

  S σi , ρi , φi (x,y) = max{cσi (x − ∆xi − x' , y − ∆yi − y')G σ' (x' , y')},
  ∆xi = −ρi cos φi , ∆yi = −ρi sin φi , −3σ' ≤ x' , y' ≤ 3σ' ,

(1)

(2)

2For ρ = 0 we only consider the center point
3The standard deviation of the inner Gaussian function is 0.5 σi
4The original B-COSFIRE method computes the output as the 
weighted geometric mean of the involved DoG responses. In this
work we give equal weights to all tuples.
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2.2 Configuration of an inhibition-augmented B-COSFIRE filter

Let us consider the two patterns in Fig. 3(a-b), which we refer to as a positive and a negative 
pattern, respectively. Fig. 6b is the response map of the same center-on DoG filter (σ=2.5) to 
the negative pattern in Fig. 3b, which is replicated in Fig. 6. We consider the DoG responses 
along the same concentric circles with radii ρ ∈ {0, 6, 12} pixels around the center point, and
denote by Nf1 = {(σ j  , ρj , φj) | j ∈ 1...n2} the B-COSFIRE filter that is configured with the neg-
ative pattern:

Fig. 6c shows the structure of the resulting B-COSFIRE filter Nf1.
Then, we form a new set Sf by selecting tuples from the two sets, Pf  and Nf1 , as follows. 

We include all tuples from Pf  into the new set Sf and mark them with a tag δ = +1 to indicate 
that the corresponding DoG responses provide excitatory input to the resulting filter. Then we 
compute the minimum distance d(Nf1 , Pf  ) between the spatial coordinate of the j-th
tuple from Nf1 and the spatial coordinates of all tuples from Pf :

 ( σ1 = 2.5, ρ1 = 0,   = 0  
 ( σ2 = 2.5, ρ2 = 6 ,   = π/2
Nf1 = ( σ3 = 2.5, ρ3 = 6,   = 3π/2
 ( σ4 = 2.5, ρ4 = 12,   = π/2  
 ( σ5 = 2.5, ρ5 = 12,   = 3π/2 

),
),
),
),
)

φ1

φ2

φ3

φ4

φ5

{ }
j

d(Nf1 , Pf ) =    min  √ X2 + Y2

X = ρi cos φi − ρj cos φj

Y = ρi sin φi − ρj sin φj

j

i∈{1,...,|Pf |}
{ }

Fig. 5 (a-h) Response maps of the B-COSFIRE filter Pf to the corresponding images in Fig. 3(a-h).

a

e

b

f

c d
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If the distance d(Nf1 , Pf  ) is larger than a certain distance threshold , we include the tuple Nf1 
into the set Sf and mark it with a tag δ = −1 indicating that the corresponding DoG response 
provides inhibitory input. Here we use η equals to 5 pixels which is twice the standard devia-
tion σ of the outer Gaussian function. For further comments on the choice of the value of η we 
refer the reader to (Guo et al., 2016). We repeat this procedure for each tuple in the set Nf1 . In 
this way we obtain a new set Sf = {(σ k  , ρk , φk , δk) | k ∈ 1...n3} of labeled excitatory and inhib-
itory tuples. The parameter n3 denotes the number of tuples in the set Sf . For the considered 
example, the above procedure results in the following set Sf :

Fig. 7a shows the structure of the resulting inhibition-augmented B-COSFIRE filter, which 
we denote by Sf . The white and black pairs of concentric circles indicate DoG filters whose 
responses provide excitatory and inhibitory inputs, respectively.

Finally, we apply the above procedure to the remaining negative patterns in Fig. 3(c-h) 
and determine the inhibitory tuples from each of the sets Nfm (m ∈ {2,3,...,7}). For each set of 
the inhibitory tuples from the same pattern, we give it a unique tag δ = −m. For instance, the 
inhibitory tuples determined from the set Nf1 are each assigned the tag δ = −1, the inhibitory 
tuples determined from the set Nf2 are assigned the tag δ = −2, and so forth. Fig. 7b shows the 
structure of the inhibition-augmented B-COSFIRE filter that takes into account the negative 
patterns in both Fig. 3b and Fig. 3c. In Fig. 7c, we illustrate the resulting structure of the filter 
configured by all negative patterns, in which the different coloured pairs of concentric circles 
represent the tuples from different negative patterns.

Fig. 6 (a) Synthetic image (of size 50×50 pixels) of a vertical ridge (of width 5 pixels). (b) Response map of a 
center-on DoG filter (here σ = 2,5) to the ridge image in (a). (c) Structure of the resulting B-COSFIRE filter 
Nf1.

a b c

j

 ( σ1 = 2.5, ρ1 = 0,   = 0     , δ1 = +1
 ( σ2 = 2.5, ρ2 = 6 ,   = 3π/2, δ2 = +1
Sf = ( σ3 = 2.5, ρ3 = 12,   = 3π/2, δ3 = +1
 ( σ4 = 2.5, ρ4 = 6,   = π/2  , δ4 = −1
 ( σ5 = 2.5, ρ5 = 12,   = π/2  , δ5 = −1

φ1

φ2

φ3

φ4

φ5

{ ),
),
),
),
)

}

j



5In the original B-COSFIRE approach, the DoG responses are 
blurred to allow for some tolerances. Here we do not blur the DoG 
responses and set Gσ' = 1.

2.3. Response of an inhibition-augmented B-COSFIRE filter

For each group of tuples that share the same  value in the set Sf , we first compute their com-
bined responses by geometric mean as defined in Eq. 15. We denote by rSf  

(x,y) the output of 
the group of tuples with the tag δ = +1. Similarly, we denote by rSf  

  (x,y) the output of the group 
of tuples with the tag δ = −m that provides inhibitory input. Finally, we compute the output rSf  

(x,y) of the inhibition-augmented B-COSFIRE filter by subtracting the maximum value of the 
outputs of all groups of tuples that provide inhibitory input from the output of the group of 
tuples that provide the excitatory input:

−m

+

 
rSf (x,y) = rSf

 (x,y) − max {rSf
  (x,y)}   

 

+ −j
j=1

ndef (3)
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Fig. 7 (a-c) The structures of the inhibition-augmented B-COSFIRE filters configured by the positive pattern 
in Fig. 3a and one negative prototype pattern (Fig. 3b), two negative prototypes (Fig. 3b and Fig. 3c) and 
seven negative prototypes shown in Fig. 3(b- h), respectively. The pairs of concentric circles in different colors 
represent the tuples determined from different prototypes. The white pairs of concentric circles indicate the 
tuples of which the corresponding DoG responses provide excitatory input to the filter while the colored ones 
indicate those that provide inhibitory input. (d) The structure of the filter in (c) rotated anticlockwise by 45 
degree.
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where Sf  = {(σ i  , ρi , φi) |    (σ i  , ρi , φi  , δi) ∈ Sf ,δi  = +1},
Sf  = {(σ i  , ρi , φi) |    (σ i  , ρi , φi  , δi) ∈ Sf ,δi  = −j}, n = max| δi |. We denote by rSf 

 and rSf
  the geometric 

mean of all shifted DoG responses that correspond to the tuples in the set Sf  and Sf .
Fig. 8(a-h) shows the response maps of the inhibition-augmented B-COSFIRE filter 

in Fig. 7c to all images in Fig. 3. The resulting filter responds exclusively to the ridge ending 
in Fig. 3a.

2.4. Achieving rotation tolerance

The proposed B-COSFIRE filters with inhibition achieve tolerance to rotation by manipulat-
ing the values of the parameter φ. We refer the reader to (Azzopardi and Petkov, 2013) for a 
thorough explanation. Fig. 7d shows the structure of an example of the inhibition-augmented 
B-COSFIRE filter that is rotated anticlockwise by 45 degrees.

3. Experimental results

3.1. Data set

We experiment on a data set named NversusU2017 with 180 DIF images of samples provided 
by the Immunodermatology Laboratory of the University Medical Center Groningen (UMCG) 
and the laboratory of the University Hospital Schleswig-Holstein, University of Lübeck (UL). 
All images were taken with the same microscope (Leica DMRA, Leica, Wetzlar, Germany) in 
the most commonly used standard settings, which are the 40× magnification dry objective

+ A

−j A
+ −

+ −
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Fig. 8 (a-h) Corresponding response maps of the inhibition-augmented B-COSFIRE filter Sf to all images in 
Fig. 3(a-h).
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Data subset no.           

1

2

3

4

5

6

7

8

9

10

11

Biopsies taken at

UMCG

UMCG

UMCG

UL

UMCG

UL

UL

UL

UMCG

UMCG

UMCG

Table I. Eleven subsets in the NversusU2017 dataset

No. of images with 
u-serrated

15 (58%)

30 (50%)

  5 (36%)

  5 (50%)

  5 (50%)

  5 (50%)

  5 (50%)

  5 (50%)

  5 (50%)

  5 (50%)

  5 (50%)

Processed at

UMCG

UMCG

UMCG

UL

UL

UMCG

UMCG

UMCG

UMCG

UMCG

UMCG

Tissue section 
thickness

6-µm

6-µm

6-µm

6-µm

6-µm

4-µm

6-µm

8-µm

4-µm

6-µm

8-µm

No. of images

26

60

14

10

10

10

10

10

10

10

10
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Fig. 9 Examples of DIF images from different subsets. (a-c) Three n-serrated and (d-f) three u-serrated DIF 
images from subset 1, subset 2 and subset 3, respectively.
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(Leica HCX PL Fluotar 40×/0.75, Leica, Wetzlar, Germany) and the 10× magnification ocular.
The NversusU2017 data set consists of eleven different subsets of DIF images (subset 1-11), 
listed in Table I. The DIF images in subsets 1-3 were obtained with routine processing tech-
niques in the UMCG lab. Unlike these images, the DIF images in other subsets were captured 
under different conditions of DIF microscopy in order to represent daily practices and to deter-
mine the optimal conditions for serration pattern analysis. A number of biopsies obtained from 
the University of Lübeck were transported in a fixative named Michels medium while those 
from the UMCG were transported in saline (0.9% NaCl). To analyze influences of transport 
mediums and section thicknesses of the slides for optimal serration pattern analysis, samples 
from both laboratories were exchanged and processed in both laboratories. For instance, the 
DIF images in the subsets 4 and 5 were captured from biopsies that were collected from both 
laboratories and cut in the UL lab. Images in the subsets 6-11 were obtained from biopsies that 
were processed in the UMCG and cut in different section thicknesses of 4-µm, 6-µm and 8-µm. 
So far, subset 1 is publicly available as an online test6 while the other subsets are available upon 
request. Fig. 9(a-c) shows three examples of n-serrated DIF images and Fig. 9(d-f) are exam-
ples of u-serrated images from the subsets 1-3.

3.2. Segmentation of the BMZ

As we see from the examples of DIF images shown in Fig. 9, serration patterns are located 
along the BMZ region. Here we explain how we detect the BMZ region before applying the 
proposed ridge-ending detectors. We use the algorithm proposed in (Shi et al., 2015a) to seg-
ment the BMZ from the green channel (Fig. 10b) of a RGB DIF image (of size 1392 × 1040 
pixels). First, we use a disk-shaped structuring element (radius of 30 pixels) to perform mor-
phological closing followed by a flood-ll operation, of which the result is shown in Fig. 10c. 
Then, we use the Canny edge detector (Canny, 1986) to extract the upper-most boundary of 
the largest connected component. In order to avoid the boundary effect, we do not consider 
the regions within 50 pixels from the borders of the image. Fig. 10d shows the resulting largest 
connected boundary. We then dilate the detected boundary using a disk-shaped structuring 
element (radius of 30 pixels) to obtain the BMZ mask (Fig. 10e). Finally, we extract the corre-
sponding region in the green channel of a DIF image from the resulting BMZ mask, Fig. 10f.

3.3. Implementation and experimental results

In the following, we explain how we implement the proposed approach in order to detect 
ridge-endings and then localize the u-serrated patterns in DIF images. First, we congure an 
inhibition-augmented B-COSFIRE filter in the same way as proposed in Section 2. We apply 
the resulting filter in partial rotation-invariance mode that considers ridges with an orientation 
varying from −π / 2 to  π / 2 in intervals of  π / 16. We then take the locations of the local maxi-
mum responses in the output map to indicate the detected ridge-endings. We consider a circu-
lar neighbourhood of radius (dmin=) 5 pixels when determining a local maximum response. Fig. 
11(a-b) show the response maps of our ridge-ending detector to an n-serrated and a u-serrated 
DIF images, respectively. The red dots mark the locations where the ridge-ending detector 
responds strongly along the BMZ of the green channel images.
Next we group together ridge-endings that are within a distance of (rw=) 40 pixels and ignore 
any ridge-endings that are isolated. In practice, we use agglomerative clustering with single 

6http://www.nversusu.umcg.nl/
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Fig. 10 (a) Example of an RGB DIF image (of size 1392 × 1040 pixels) and (b) its green channel image. (c) 
The resulting binary image after applying the morphological closing operation using a disk-shaped structur-
ing element (radius of 30 pixels) to the green channel image. (d) The extracted boundary which is the largest 
connected edge between the black and white regions of the binary image in (c). We then dilate the extracted 
boundary to obtain (e) the binary mask of the BMZ region and use it to extract the corresponding region (f) in 
the green channel.

a b c

d e f

Fig. 11 Examples of the experimental results. (a-b) Output maps of a ridge-ending detector on an n-serrated 
and a u-serrated DIF image, respectively. The red dots indicate the locations of the detected ridge-endings on 
the green channel of the DIF images. (c-d) The output maps of the localization of u-serrated patterns. The 
dashed yellow rectangles indicate the presence of suspicious u-serrated patterns.
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linkage with a cut-off criterion of a distance of 40 pixels. We also ignore clusters with less than 
four ridge-endings. For the remaining clusters we locate the corresponding u-serrated patterns.
We then provide a reliability score that indicates the condence of the presence of u-serrated 
patterns within each local region. We define such a reliability score α by 

When α is larger than 0.25 in the considered local region, we mark it as the u-serrated region. 
In Fig. 11d, the yellow bounding boxes indicate clusters with more than three ridge endings. 
Finally, we classify a DIF image as the u-serrated image if it has at least one region with  >0.25. 
For the two DIF images in Fig. 11, the one in the left column is classied as the n-serrated DIF 
image while the one in the right is the u-serrated DIF image.

We experiment on all 180 DIF images in the NversusU2017 set. Table II shows the rec-
ognition rates that we achieve on different subsets in the NversusU2017 data set. We achieve 
an average recognition rate of 82.2% across all subsets. For subset 1, the recognition rate of 
u-serrated patterns is 84.6%, which is higher than the average recognition rate of 78.6% by 
trained medical doctors and pathologists (Terra et al., 2013) who perform the test on the same 
set. The proposed method performs signicantly better than the other existing approach (Shi et 
al., 2015a).

4. Discussion

Computer-assisted diagnosis is increasingly developed for detection of antibodies in autoim-
mune diseases, such as commercially available systems for analysis of anti-nuclear antibodies 
in a blood sample. Using digitalized images of immunofluorescence these systems can discrim-
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Data subset no.           

1

2

3

4

5

6

7

8

9

10

11

Average

Biopsies taken at

UMCG

UMCG

UMCG

UL

UMCG

UL

UL

UL

UMCG

UMCG

UMCG

Table II. Recognition rates (The results in bold font represent the best performance among the two methods.)

Proposed method

  84.6%

  81.7%

  78.6%

  90.0%

  90.0%

  70.0%

  90.0%

  40.0%

  90.0%

  90.0%

100.0%

  82.2%

Processed at

UMCG

UMCG

UMCG

UL

UL

UMCG

UMCG

UMCG

UMCG

UMCG

UMCG

Tissue section 
thickness

6 µm

6 µm

6 µm

6 µm

6 µm

4 µm

6 µm

8 µm

4 µm

6 µm

8 µm

(Shi et al.,2015a)
(Shi et al.,2015b)

84.6%

75.0%

64.3%

80.0%

70.0%

80.0%

80.0%

40.0%

70.0%

90.0%

60.0%

72.2%
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inate between positive and negative samples, and classication of homogeneous, speckled or 
dotted patterns (Bizzaro et al., 2014). However, for autoimmune bullous diseases, the detection 
of autoantibodies in a skin biopsy is essential and requires pattern analysis for subtyping and 
final diagnosis. In a study by (Terra et al., 2013) it was found that the mean recognition rate of 
manual selection of u-and n- serrated DIF images by trained experts was 78.6% on an online 
test with 26 images from subset 1. They concluded that DIF images that contain u-serrated pat-
terns were better recognized than the ones with n-serrated patterns. This is probably because 
u-serrated patterns have ridge-endings of finger-like structures which are more distinctive and 
better recognizable than n-serrated patterns. This is, in fact, similar to how our automatic 
method works - it uses ridge-endings as the most salient feature.

Since the presence of u-serrated immunodeposition patterns in DIF microscopy is a 
conrmation for EBA diagnosis, it is not necessary to use additional diagnostic techniques. 
Therefore, it helps with high accurate diagnosis and low medical expenses. This work proposes 
an automatic system for the localization of u-serrated patterns in DIF images which gives a 
visualization of the detected patterns together with a reliability score. In this way, we provide 
a computer-assisted diagnostic system to support the medical doctor or pathologist in the diag-
nosis process by indicating regions with suspicious signs.

Current studies also aim at defining the optimal technical conditions for serration pat-
tern analysis, such as the way for transportation and storage of biopsies as well as the thick-
ness of the biopsy sections. (Vodegel et al., 2004) concluded that transportation of biopsies 
in saline is superior to that in Michels medium for diagnosis of sAIBD in DIF microscopy. 
Transportation of biopsies in Michels medium may lead to false negatives or no detection of 
serration patterns, which is due to the relatively high undesired background fluorescence in 
biopsies. Despite such influence, the recognition rates of u-serrated pattern in subsets 4 (Mi-
chels medium) and 5 (saline) are the same and quite high (90%). Additionally, differences in 
section thicknesses of the skin biopsy do not have much influence on the automatic analysis of 
serration patterns, as the recognition rates of both 4-µm sections (subsets 6 and 9) and 6-µm 
sections (subsets 7 and 10) are similar. However, when sections are cut thicker at 8-µm, there is 
a signicant difference in recognition rate between samples transported in saline (subset 11) and 
Michels medium (subset 8). The automatic approach of serration pattern recognition performs 
better on the DIF images obtained from biopsies transported and stored in saline. This might 
be explained by the increase of background fluorescence and the decrease of signal to noise 
ratio in thick sections stored in Michels medium biopsies, which brings negative influences on 
the detection of ridge-endings in u-serrated pattern DIF images.

The proposed ridge-endings detector can be considered as a general solution for many 
other applications, such as vessel-ending detection in retinal fundus images and minutiae de-
tection in fingerprints, among others.

5. Conclusions

We propose a novel automatic system for serration pattern analysis in DIF images, which is 
used for computer-assisted diagnosis of autoimmune bullous skin diseases. The system uses 
inhibition-augmented B-COSFIRE filters for the exclusive detection of ridge-endings and lo-
calization of the u-serrated patterns based on the frequent and nearby occurrences of ridge-
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endings. We demonstrated the effectiveness of our approach on the new NversusU2017 data 
set with 180 DIF images distributed in 11 subsets, with samples of various quality and labora-
tory processing resembling the clinical setting. This data set was collected from laboratories in 
both the University Medical Center Groningen and the University of Lübeck under different 
experimental conditions. For subset 1 we achieve a recognition rate of 84.6%, which is higher 
than that (78.6%) of the trained medical doctors and pathologists (Terra et al., 2013). For all 
11 subsets we achieve an average recognition rate of 82.2%. The results also show that the 
most important technical conditions for optimal automatic serration pattern analysis are the 
sectionthickness of 4-µm or 6-µm, and transportation in saline for the best contrast ratio for 
pattern recognition.
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Abstract

IMPORTANCE

Anti-p200 pemphigoid is a rare subepidermal autoimmune blistering disease characterized by 
autoantibodies against a 200-kDa protein in the basement membrane zone. Anti-p200 pem-
phigoid is probably often misdiagnosed because of low availability of diagnostic assays and 
expertise and classified as bullous pemphigoid or epidermolysis bullosa acquisita.

Objective

To clinically characterize patients with anti-p200 pemphigoid, identified by using indirect im-
munofluorescence microscopy on skin substrates deficient in type VII collagen and laminin-332 
(knockout analysis), to validate this technique by immunoblot with dermal extract, and to in-
corporate direct immunofluorescence serration pattern analysis in the diagnostic algorithm.

DESIGN, SETTING, AND PARTICIPANTS

This was a retrospective study performed from January 2014 to June 2015 with biobank pa-
tient materials and clinical data for the period 1998 to 2015 from the single national referral 
center on autoimmune bullous diseases. Patients were selected based on a dermal side binding 
on 1-mol/L salt (sodium chloride)-split human skin substrate by indirect immunofluorescence 
microscopy, not diagnosed epidermolysis bullosa acquisita or anti-laminin-332 mucous mem-
brane pemphigoid.

MAIN OUTCOMES AND MEASURES

Indirect immunofluorescence microscopy knockout analysis was performed and diagnosis of 
anti-p200 confirmed by immunoblot with dermal extract. Clinical, histological, and immuno-
logical findings were registered. Autoantibodies against laminin γ1 were determined by immu-
noblot.

Results

Twelve patients with anti-p200 pemphigoid (7 male and 5 female; mean age, 66.6 years) were 
identified using the indirect immunofluorescence microscopy knockout analysis. Direct immu-
nofluorescence microscopy showed a linear n-serrated IgG deposition pattern along the base-
ment membrane zone in 9 of 11 patients. The diagnosis was confirmed by immunoblot showing 
autoantibodies against 200-kDa protein in dermal extract in 12 of 12 patients. Autoantibodies 
against recombinant laminin γ1 were detected by immunoblot in 8 of 12 patients. Remarkable 
similarities were seen in clinical features with predominantly tense blisters on hands and feet, 
resembling dyshidrosiform pemphigoid. Mucosal involvement was seen in 6 (50%) of the pa-
tients.

CONCLUSIONS AND RELEVANCE

Predominance of blisters on hands and feet may be a clinical clue to the diagnosis of anti-p200 
pemphigoid. Direct immunofluorescence microscopy serration pattern analysis and indirect 
immunofluorescence microscopy knockout analysis are valuable additional techniques to facil-
itate the diagnosis of anti-p200 pemphigoid.
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Key Points

Question

How is the diagnosis of the rare subepidermal autoimmune bullous disease anti-p200 pemphi-
goid made and the clinical profile characterized?

Findings

In this retrospective study, 12 patients with anti-p200 pemphigoid were identified using indi-
rect immunofluorescence (IF) microscopy knockout analysis and direct IF microscopy serra-
tion pattern analysis. Clinical clues to diagnosis were distribution of blisters on hands and feet 
and often mucosal involvement.

Meaning

Consider anti-p200 pemphigoid in patients with acral blistering; apart from immunoblotting 
the diagnosis can also be made using indirect IF microscopy knockout analysis and direct IF 
microscopy serration pattern analysis.
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Anti-p200 pemphigoid is a rare subepidermal autoimmune bullous disease (sAIBD) originally 
described in 1996 and characterized by autoantibodies against a 200-kDa protein, localized 
within the lower lamina lucida of the basement membrane zone(BMZ).1-3Anti-p200 pemphi-
goid is probably often misdiagnosed and classified as bullous pemphigoid (BP) or epidermol-
ysis bullosa acquisita (EBA) because of low availability of diagnostic assays and expertise.4 
Serum samples of most patients with anti-p200 pemphigoid seemed to recognize laminin γ1, 
and therefore the term anti-laminin γ1 pemphigoid was proposed for the disease.5 However, until 
now, ex-vivo and in-vivo studies showed no direct pathogenic role of anti-laminin γ1 antibod-
ies, and the molecular identity of thepathogenic 200-kDa autoantigen still remains unclear.6,7

Approximately 100 cases have been published so far, and the incidence is likely higher; 
the clinical characteristics and disease course are not well known.4 The heterogeneous clinical
presentation of anti-p200 pemphigoid may mimic BP, linear IgA dermatosis and inflammatory 
EBA.4,8 Moreover, the clinical course of anti-p200 pemphigoid is reported to be more benign 
compared with EBA and even BP.4

Diagnosis of anti-p200 pemphigoid is based on a combination of histopathologic analy-
sis, direct immunofluorescence (DIF) microscopy, and immunoserologic testing. Histopatho-
logic analysis alone does not allow differentiating anti-p200 pemphigoid from other sAIBDs, 
and a linear deposition of IgG and C3c along the BMZ by DIF is found in all IgG mediat-
ed subtypes of sAIBD.9 Dermal side binding on indirect immunofluorescence microscopy on 
1-mol/L salt (sodium chloride)-split skin (IIF SSS) enables to differentiate anti-p200 pemphi-
goid from other sAIBD but not fromEBA and anti-laminin-332 mucous membrane pemphigoid 
(anti-LN-332 MMP). The differentiation is of importance because in anti-LN-332 MMP onco-
logical screening may be indicated and in EBA often a refractory response to treatment is seen.

The laboratory diagnosis of anti-p200 pemphigoid can be made by immunoblot with 
human dermal extract but is established in only a few specialized laboratories.1,4 In addition, 
IIF microscopy knockout analysis on skin sections from patients with hereditary epidermolysis 
bullosa completely lacking expression of type VII collagen and laminin-332 has been used prior 
in experimental studies to provide the evidence that the200-kDa autoantigen is different from 
typeVII collagen and laminin-332.10,11 To further facilitate the laboratory diagnosis of anti-p200 
pemphigoid, we incorporated IIF microscopy knockout analysis and DIF serration pattern 
analysis to the diagnostic algorithm. Furthermore, identification of a series of patients with 
anti-p200 pemphigoid allowed profiling clinical characteristics, disease course, and immuno-
pathological features.

Methods

Patients

Patients were selected from our biobank of the single national referral center on autoimmune 
bullous diseases in The Netherlands for the period of 1998 to 2015. These patients could be 
newly diagnosed, referred to our hospital, or referred for laboratory diagnostics. Inclusion 
criteria were (1) dermal side binding of serum IgG on 1-mol/L SSS human skin substrate by 
IIF microscopy of patients not diagnosed as having EBA or anti-LN-332 MMP, and(2) linear 
IgG deposition along the BMZ by DIF microscopy. To distinguish patients with anti-p200 
pemphigoid from patients with anti-LN-332 MMP and EBA, DIF serration pattern analysis 
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was implemented and IIF microscopy knockout analysis was performed with IgG and/or pem-
phigoid from patients with anti-LN-332 MMP and EBA, DIF serration pattern analysis was 
implemented and IIF microscopy knockout analysis was performed with IgG and/or IgG4 on 
skin sections from patients with hereditary epidermolysis bullosa completely lacking
expression of typeVII collagen (recessive dystrophic epidermolysis bullosa [RDEB], severe 
generalized) and laminin-332 (junctional epidermolysis bullosa [JEB], severe generalized), as 
described previously.10,12 IgG4 was being used for IIF microscopy knockout analysis in patients 
with low serum titers of autoantibodies, to reduce background staining on the skin substrate. 
This retrospective study was performed in line with the guidelines of the University Medical 
Center Groningen ethics committee; according to the national regulations in The Netherlands, 
no approval by the ethics committee is needed.

Histopathologic findings

Lesional skin biopsy specimens were examined by light microscopy of hematoxylin-eo-
sin-stained paraffin sections and the blister level mapped by immunohistochemical analysis 
using a human type IV collagen monoclonal antibody (Ventana Medical Systems).

Immunofluorescence Microscopy

The DIF and IIF microscopy studies were performed using the methods previously described.13 
Cryosections of 4-µm from perilesional skin biopsy specimens were studied by DIF microscopy 
for anti-BMZ deposits of IgG, IgA, IgM, andC3c. Routine DIF serration pattern analysis was 
performed using a Leica DMRA microscope with a standard 40× dry objective and 10× ocular.

Immunoblot Analyses

Immunoblot analyses were performed as previously described on 2 types of extracts: (1) hu-
man dermal extract,1 labeling a 200-kDa protein, and (2) recombinant monomeric C-terminus 
fragment of human laminin γ1 (hLAMC1-cterm).14

Results

Clinical Features

Using the laboratory tests (vide infra), 12 patients were identified as having anti-p200 pem-
phigoid. Their mean age was 66.6 years (range, 28-91 years), with a male to female ratio of 
1.4:1 (7 [58%] were male, 5 [42%] were female). Patient characteristics are shown in Table 1. 
The initial clinical presentation of anti-p200 pemphigoid was exclusively cutaneous in 6 of 12 
patients (50%), and concomitant mucosal and cutaneous in the 6 other patients (50%). None 
of the patients had the mucosa exclusively or predominantly affected. All 12 patients showed
tense skin blisters, while pruritus was present in 11 of 12 patients. The distribution of skin 
lesions showed remarkable similarities in 9 of 12 of the patients with tense blisters localized on
the hands and feet, resembling dyshidrosiform pemphigoid (Fig. 1a and b). Circumscript 
monomorphic blisters were observed in patient 3 (Fig. 1d). The bullous eruption was general-
ized on the skin and mucosa in patients 2 and 6 (Table I). Neither scarring nor milia formation 
was observed in any patient. Mucosal lesions consisted of gingivitis, blistering on the
tongue, and on buccal and/or anogenital mucosa (Fig. 1c). The eyes or larynx were never in
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10Fig 1.Clinical manifestations of anti-p200 pemphigoid. a and b, Tense blisters and desquamation of a palm and 
sole, respectively, resembling dyshidrosiform pemphigoid (patient 9). c, Vesicles on the tongue (patient 9). 
d, Circumscript monomorphic tense vesicles and blisters on the arm (patient 3).
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volved. Psoriasis was not observed in any patient.
All 12 patients received (super)potent topical corticosteroids during the disease course 

(Table I). One patient (8%) with localized disease (Figure 1d) achieved clinical remission 
with daily lesional application of clobetasol propionate, 0.05% cream; likewise, 2 of 12 pa-
tients (17%) achieved clinical remission with additional doxycycline, 200 mg daily. In 2 of 12 
patients, topical whole-body clobetasol propionate, 0.05% cream, application was being used 
at onset of disease. Nine patients (75%) received systemic oral corticosteroids, mostly pred-
nisolone, 0.5 mg/kg/d, and, in case of severe disease (in patients 2 and 11), up to 1.0 mg/kg/d. 
Systemic oral corticosteroids were often combined with dapsone (4 of 12 patients) or azathi-
oprine (3 of 12), the adjunctive treatment was continued after achieving clinical remission to 
prevent relapses. Clinical remission on therapy was achieved in 7 of 12 patients within a mean 
(SD) duration of 7.2 (5.3) months. Clinical remission off therapy was seen in 4 of 12 patients, 
with a mean time to remission of 18.5 (16.7) months (Table I). Five patients (42%) experienced 
relapse during follow-up, and 3 patients (25%) died during follow-up (patients 1, 9, and 10). 
Detailed information on follow-up of patient 1 was not available; she was in her 90s and died of 
natural causes. Patient 9 had achieved disease control after 2 months, until she died of cardiac 
failure during surgery not related to the disease. Patient 10 died from cardiac arrest in his 80s, 
18 months after diagnosis.

Histopathologic findings

Histopathologic Findings In 11 of 12 patients with anti-p200 pemphigoid, lesional skin biop-
sy specimens were available (Table II). In all biopsy specimens, subepidermal blistering was 
observed along with mild to dense inflammatory infiltrates in the upper dermis. The inflamma-
tory infiltrate was exclusively composed of neutrophils in 5 patients (42%), whereas a mixed 
infiltrate of neutrophils and eosinophils was seen in 5 other patients (Table II). In 2 patients, 
papillary microabscesses were observed combined with an exclusively neutrophilic infiltrate 
(patient 7) and neutrophilic spongiosis (patient 9), respectively. In patient 11, only eosinophilic 
spongiosis was seen. Staining of type IV collagen was performed in 10 of 11 lesional biopsies. 
In all patients, type IV collagen was mapped to the dermal side (the floor) of the blister (Table 
II).

Laboratory Diagnostics

Directimmunofluorescence microscopy of perilesional skin biopsy specimens showed linear 
depositions of IgG and C3c along the BMZ in all 12 patients (Table III). In addition, deposi-
tions of IgA and/or IgM along the BMZ were present in 7 patients (58%) and 2 patients (17%), 
respectively. An n-serrated immunodeposition pattern along the BMZ was identified in 9 of 
11 available biopsy specimens (82%). In the remaining 2 patients, the serration pattern of the 
linear deposition was considered undetermined by 2 observers (J.M.M. and G.F.H.D.). The 
sera of all anti-p200 patients showed binding of IgG to the dermal side of the split in IIF SSS, 
and additional binding of IgA was found in 4 of 12 patients (33%). Knockout analysis by IIF 
microscopy of all 12 sera showed a positive reactivity on skin substrates
deficient in type VII collagen and laminin-332, and on control healthy human skin (Table III, 
Fig. 2). Immunoblot analysis with human dermal extract demonstrated reactivity to the 200-
kDa protein in all 12 patients. Reactivity to the recombinant C-terminus of laminin γ1 was seen 
in 8 of 12 patients (67%) (Table III).
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Patient no.           

1

2

3

4

5

6

7

8

9

10

11

12

Subepidermal
blistering

+

+

+

+

+

+

+

NA

+

+

+

+

Dermal infiltrate other findings

Moderate mixed infiltrate neutrophils/eosinophils

Moderate infiltrate neutrophils

Moderate infiltrate neutrophils

Moderate mixed infiltrate neutrophils/eosinophils

Moderate infiltrate neutrophils

Dense mixed infiltrate neutrophils/eosinophils

Moderate infiltrate neutrophils, papillary microabcesses

NA

Moderate infiltrate neutrophils, neutrophilic spongiosis, 

papillary microabcesses 

Moderate mixed infiltrate eosinophils/neutrophils

Moderate eosinophilic spongiosis

Mild mixed infiltrate eosinophils/neutrophils

CR, clinical remission; DC, disease control; NA, not affected.

Type IV collagen 
mapping

Dermal

Dermal

Dermal

Dermal

Dermal

Dermal

Dermal

NA

Dermal

Dermal

NA

Dermal

Table II. Histopathological and immunohistochemical findings in 12 patients with anti-p200 pemphigoid.

155

Fig 2. Indirect immunofluorescence (IIF) microscopy knockout analysis on skin substrate of a patient with 
epidermolysis bullosa completely deficient of type VII collagen (RDEB) or laminin-332 (JEB). a and b, Test 
results for anti-laminin-332 mucous membrane pemphigoid (MMP). In absence of the target antigen, serum of 
a patient with anti–laminin-332 MMP is negative (neg) on laminin-332 deficient skin (a). c and d, Test results 
for epidermolysis bullosa acquisita (EBA). Similarly, serum of a patient with EBA is negative on type VII 
collagen deficient skin (d). e and f, Test results for anti-p200 pemphigoid. Serum of a patient with anti-p200 
pemphigoid is positive (pos) on both skin substrates, therefore excluding autoantibodies to solely laminin-332 
and type VII collagen.



P
at

ie
nt

 n
o.

1 2 3 4 5 6 7 8 9 10 11 12 B
M

Z
, b

as
em

en
t m

em
br

an
e 

zo
ne

; D
IF

, d
ir

ec
t i

m
m

un
ofl

uo
re

sc
en

ce
 m

ic
ro

sc
op

y;
 I

B
 la

m
in

in
 γ

1,
 im

m
un

ob
lo

t r
ec

om
bi

na
nt

 C
-t

er
m

in
us

 la
m

in
in

 γ
1;

 I
B

 p
20

0,
 im

m
un

ob
lo

t h
um

an
 d

er
m

al
 e

xt
ra

ct
; I

IF
, 

in
di

re
ct

 im
m

un
ofl

uo
re

sc
en

ce
 m

ic
ro

sc
op

y;
 M

O
, m

on
ke

y 
oe

so
ph

ag
us

; N
A

, n
ot

 a
va

ila
bl

e;
 S

SS
, s

al
t (

so
di

um
 c

hl
or

id
e)

-s
pl

it 
sk

in
; +

, f
ea

tu
re

 is
 p

re
se

nt
; −

, f
ea

tu
re

 is
 a

bs
en

t.

Ta
bl

e 
II

I.
 L

ab
or

at
or

y 
di

ag
no

st
ic

s 
of

 1
2 

pa
tie

nt
s 

w
ith

 a
nt

i-p
20

0 
pe

m
ph

ig
oi

d.

A
nt

i-
B

M
Z

Ig
G

3+
 C

3c
2+

Ig
G

3+
 C

3c
3+

Ig
G

2+
 C

3c
3+

Ig
G

+ 
C

3c
2+

Ig
G

2+
 C

3c
3+

Ig
G

3+
 I

gA
+ 

C
3c

2+

Ig
G

3+
 I

gA
+ 

C
3c

3+

Ig
G

3+
 I

gA
+ 

C
3c

2+

Ig
G

3+
 I

gA
+ 

C
3c

3+

Ig
G

+ 
Ig

A
+ 

Ig
M

+ 
C

3c
3+

Ig
G

3+
 I

gA
2+

 

C
3c

3+

Ig
G

3+
 I

gA
2+

 

Ig
M

+ 
C

3c
3+

Se
rr

at
io

n 
pa

tt
er

n

N
-s

er
ra

te
d

N
A

N
-s

er
ra

te
d

N
-s

er
ra

te
d

N
-s

er
ra

te
d

N
-s

er
ra

te
d

U
nd

et
er

m
in

ed

N
-s

er
ra

te
d

N
-s

er
ra

te
d

N
-s

er
ra

te
d

N
-s

er
ra

te
d

U
nd

et
er

m
in

ed

D
IF

M
O +/
-

+/
- + +/
- + +/
-

+/
-

+/
-

+/
-

N
A +/
-

+/
-

SS
S 

de
rm

al
 s

ta
in

in
g

Ig
G

2+

Ig
G

2+

Ig
G

2+

Ig
G

3+

Ig
G

+

Ig
G

3+
 I

gA
+

Ig
G

2+

Ig
G

+

Ig
G

2+
 I

gA
+

Ig
G

+

Ig
G

3+
 I

gA
+

Ig
G

3+
 I

gA
+

II
F

L
am

in
in

-3
32

+ + + + + + + + + + + +

Ty
pe

 V
II

 c
ol

la
ge

n

+ + + + + + + + + + + +

K
no

ck
ou

t

p2
00

+ + + + + + + + + + + +

L
am

in
in

 γ
1

- + - + + - + - + + + +

IB

156



Discussion

Laboratory diagnosis of anti-p200 pemphigoid was feasible by using IIF microscopy knockout 
analysis in our series of 12 patients. The clinical profile of this subtype of pemphigoid had
a remarkable acral distribution of blisters on hands and feet, resembling dyshidrosiform pem-
phigoid. Moreover, mucosal involvement was seen in half of the patients. The disease course
of these 12 patients with anti-p200 pemphigoid was more severe than so far reported in the 
literature; treatment with systemic corticosteroids was needed in three-quarters of patients.

The clinical presentation of anti-p200 pemphigoid has been described as highly variable 
mimicking BP, linear IgA dermatosis, and the inflammatory variant of EBA.8,15 The findings in 
these 12 patients showed a common denominator ininitial clinical presentation with acral dis-
tribution of tense blisters on hands and feet. Although not exclusive to anti-p200 pemphigoid, 
the acral blisters may give a clinical clue to diagnosis. In contrast to mechanobullous EBA, no 
scarring or milia formation was observed. In most patients, skin blistering was
limited to the extremities; only 2 patients presented with a generalized bullous eruption. In-
volvement of oral and/or anogenital mucosa was observed in 50% of patients, which was much 
higher than previously estimated in literature in about 20% of reported cases.8 However, the 
mucosal lesions were not a dominant feature in the patients and less severe (no ocular or laryn-
geal involvement) than in patients with anti–LN-332 MMP. Although a rare disease, owing to 
a relatively low number of patients (12), these clinical findings do not allow us to draw conclu-
sions on general characteristics of anti-p200 pemphigoid. Patients with anti-p200 pemphigoid 
tend to be slightly younger compared with those with BP, which mainly affects patients older 
than 70 years.8,16 Based on routinely performed IIF SSS in the diagnostic algorithm for sAIBD, 
we estimate anti-p200 pemphigoid to constitute approximately 1.3% of seropositive patients 
with sAIBD in our clinic (unpublished data). For the differential diagnosis of sAIBD with der-
mal side binding by IIF SSS, the ratio of anti-p200 pemphigoid, anti–LN-332 MMPand EBA 
was 23.5% (total sAIBD, 1.3%), 21.6% (total sAIBD, 1.2%),
and 54.9% (total sAIBD, 3.0%), respectively. Diagnosis of anti-p200 pemphigoid and an-
ti-LN-332 MMP can be confirmed only based on serologic test results. Consequently, seroneg-
ative patients diagnosed as having EBA based on the linear u-serrated anti-BMZ immunode-
position by DIF are not included in this calculation. Summarizing, 1 in 4 patients with
dermal side binding by IIF SSS was diagnosed as having anti-p200 pemphigoid.

No treatment recommendations are known for anti-p200 pemphigoid; therapy usually 
corresponds with standard treatment for BP. The clinical course of anti-p200 pemphigoid has 
previously been described as variable, but usually more benign compared with that of EBA, 
and even BP.4 In contrast, in our study population, most (75%) received systemic corticoste-
roids and often adjuvant immunosuppressive drugs. Nevertheless, 5 patients (42%) experi-
enced relapse during follow-up. Although they had a more severe disease course than was 
expected, a number of patients with localized disease showed a prompt response to immuno-
suppressive treatment.

Currently the diagnosis of anti-p200 pemphigoid is based on DIF microscopy showing 
linear depositions of IgG and C3c along the BMZ and dermal side binding by IIF on 1-mol/L 
SSS.4,9 Using the latter technique, anti-p200 pemphigoid can be differentiated from BP but not 
from EBA and anti–LN-332 MMP. For the first time, to our knowledge, routine DIF serration 
pattern analysis was included in the diagnostic algorithm of anti-p200 pemphigoid (Figure 3). 
To perform DIF serration pattern analysis, it is sufficient to use a conventional IF microscope
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Dermal side binding of
lgG autoantibodies

(floor)

Linear n-serrated 
anti-BMZ IgG

Linear u-serrated 
anti-BMZ IgG

Anti-p200
pemphigoid

Anti-laminin-
332 MMP

Immunoblot dermal extract
p200 (200 kDa)

Immunoblot Recombinant C-terminus laminin γ1

IIF knockout analysis
Type VII collagen-deficient skin +

Laminin-332-deficient skin +

IIF knockout analysis
Type VII collagen-deficient skin +

Laminin-332-deficient skin -

Immunoblot ECM cultured keratinocytes
Laminin-332 (α3, β3, and γ2 chains)

ELISA
Laminin-332

Immunoprecipitation
Laminin-332 (α3, β3, and γ2 chains)

IIF knockout analysis
Type VII collagen-deficient skin -

Laminin-332-deficient skin +

Immunoblot dermal extract
Type VII collagen (290 kDa)

ELISA
Type VII collagen

Fluorescence overlay antigen mapping

EBA

Serum IIf SSS
Biopsy by
 direct IF

Differential 
diagnosis Confirmatory serological test

Fig. 3. Algorithm for diagnosis of anti-p200 pemphigoid in patients with subepidermal autoimmune bullous diseases (sAIBDs) 
and IgG autoantibodies binding to the dermal side on SSS by (IIF) microscopy.
The differential diagnosis includes anti-p200 pemphigoid, anti–laminin-332 mucous membrane pemphigoid (MMP) and 
epidermolysis bullosa acquisita (EBA). To distinguish between these sAIBDs, final diagnosis can be confirmed by using 
1 or a combination of available laboratory techniques: immunoblotting with appropriate substrates, immunoprecipitation, 
enzyme-linked immunosorbent assay (ELISA), fluorescence overlay antigen mapping or IIF knockout analysis on type VII 
collagen and laminin-332-deficient skin. Reactivity to laminin γ1 is seen in 70% to 90% of patients with anti-p200 pemphigoid 
and can be used as a diagnostic marker. 
ECM, extracellular matrix; IF, immunofluorescence; IIF, indirect immunofluorescence; SSS, salt (sodium chloride)-split skin.
a Diagnosis of EBA can be made by direct immunofluorescence (DIF) microscopy alone, based on a linear u-serrated deposi-
tion pattern of IgG along the basement membrane zone (BMZ).

a

or

or

or

or

or

or

or
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with 40× dry objective and 10× ocular.13 The linear n-serrated pattern is found in all sAIBD 
with immunodeposits located in hemidesmosomes, lamina lucida, or lamina densa. In contrast, 
in EBA and in bullous systemic lupus erythematosus, a linear u-serrated pattern is seen corre-
sponding with the ultralocalization of type VII collagen in the sublamina densa
zone.13 Described previously by Vodegel et al.13 in 2 patients, our findings confirm that an-
ti-p200 pemphigoid is characterized by a linear n-serrated pattern by DIF microscopy. This 
finding corresponds with the observed ultrastructural localization of anti-p200 immunodepos-
its along the lower lamina lucida and upper lamina densa of the BMZ.3

The histopathological features do not allow to distinguish anti-p200 from other sAIBD.3,9 
Nevertheless, the mainly neutrophilic inflammatory dermal infiltrate is in contrast to a typically 
eosinophilic infiltrate in BP and may prompt a histopathologist to consider the diagnosis of an-
ti-p200 pemphigoid and perform DIF microscopy and serological studies to define or exclude 
the diagnosis. Type IV collagen in anti-p200 pemphigoid locates to the blister floor andmay be 
helpful to differentiate it from EBA, where in type IV collagen is found on the blister roof.17

Previously, Dainichi et al.5 described the presence of antibodies against laminin γ1 in 
90% of anti-p200 pemphigoid sera, confirmed by enzyme-linked immunosorbent assay (ELI-
SA) using the recombinant C-terminus of laminin γ1. In our study, 8 of 12 patients with an-
ti-p200 pemphigoid (66.7%) showed reactivity against hLAMC1-cterm by immunoblot. Dif-
ferences in patient population may play a role; for example, an association with psoriasis has 
been reported in up to 30% of cases, mostly in Asian patients.2,8,18 In contrast, coexistence
of psoriasis was not observed in any of our cases. Moreover, this difference might be explained 
by reactivity of autoantibodies to epitopes of laminin γ1 outside of hLAMC1-cterm or
with another 200-kDa dermal protein. Although relapses occurred only in patients with re-
activity to laminin γ1, no correlations were seen with disease area and severity. Reactivity 
to laminin γ1 by immunoblot or ELISA may be useful as a diagnostic marker for anti-p200 
pemphigoid.

Laboratory techniques, such as immunoblot with dermal extract or recombinant lami-
nin γ1 and IIF microscopy knockout analysis, may not be available in most medical centers. In 
contrast, DIF serration pattern analysis can be performed in routine laboratories and allows 
identification of patients with EBA. In patients with dermal side binding of autoantibodies on 
IIF SSS suspected for anti-p200 pemphigoid, it is recommended to specify the diagnosis of 
anti-p200 pemphigoid in referral centers for autoimmune blistering disease.

Conclusions

Laboratory diagnosis of anti-p200 pemphigoid is possible not only by immunoblot with human 
dermal extract, but also by IIF microscopy knockout analysis on skin substrates deficient in 
type VII collagen and laminin-332. We add DIF serration pattern analysis to the diagnostic 
algorithm to differentiate anti-p200 pemphigoid (n-serrated) from EBA (u-serrated). Clinical 
clues of anti-p200 pemphigoid in our series of 12 patients with anti-p200 pemphigoid include 
acral distribution of blisters without scarring or milia, mild mucosal involvement in half of 
them, and a slightly younger age of onset of disease compared with patients with BP.
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Abstract

Treatment approaches for bullous pemphigoid (BP), the most common autoimmune skin blis-
tering disease, are largely based on national and international guidelines. We conducted a na-
tional survey among dermatologists in The Netherlands to explore the current treatment of BP, 
and compared the results with those of a previously published survey from the UK. Almost all 
responders in The Netherlands (n=175) used very potent topical corticosteroids, both as mono-
therapy and as adjunctive therapy. In contrast to UK dermatologists, the majority recommend-
ed whole-body application rather than local application to lesions. Systemic antibiotics were 
used by >70% of responders. Half of the responders in The Netherlands considered systemic 
steroids the first-choice treatment, with the majority also using adjunctive therapy as a routine. 
Despite many similarities in treatment approach between the two countries, these surveys pro-
vide an important insight into the gap between actual and recommended practice at a country 
level in relation to the best external evidence.
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Learning points

• High-quality evidence about current practice and optimum treatment for BP is limited.
• Treatment of BP is usually based on topical and/or systemic corticosteroids, although  

 systemic antibiotics and adjunctive immunosuppressants are also widely used.
• Dermatologists in the UK and The Netherlands show variations in practice with  regard 
 to whole-body application of very potent topical corticosteroids, but preferences for   

 topical corticosteroids and anti-inflammatory systemic antibiotics are similar.
• Whole-body application of very potent topical corticosteroids is not always prefered,  

 owing to differences in national guidelines, health service models and practical factors.
• Systemic anti-inflammatory antibiotics are used widely, and considered safe and effec-

tive in mild disease; results about their effectiveness in current practice are expected.
• More multicentre comparative studies are needed to validate outcomes of common 

practice for the treatment of BP.
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Bullous pemphigoid (BP) is the most common autoimmune skin blistering disease worldwide, 
and mainly affects elderly patients. The incidence is estimated between 6.6 and 43 cases per 
million persons per year, with a substantially increasing incidence with age.1 Because of the 
high burden of the disease due to its severe itching/blistering and its increasing incidence, an 
effective treatment approach is needed.1,2 High-quality evidence regarding current treatment 
practice and optimum treatment approach for BP is limited. BP is usually treated with topical
and systemic glucocorticosteroids.3 However, treatment with high-dose systemic corticoste-
roids in an elderly population is associated with serious adverse effects. According to recent 
surveys, systemic anti-inflammatory antibiotics, such as tetracyclines, are used widely for treat-
ment of BP in Germany and the UK.4,5 Results of a current randomized controlled trial (RCT) 
comparing the effectiveness of tetracyclines versus systemic corticosteroids in the treatment 
of BP [the Bullous Pemphigoid Steroids and Tetracyclines (BLISTER) study] are expected 
soon.6 To gain further insight into the current practice for the treatment of BP we have carried 
out a nationwide online survey in The Netherlands and compared the results with those of an 
earlier survey in the UK.

Report

A nationwide online survey (Limesurvey.org, Hamburg, Germany) was conducted in The 
Netherlands among dermatologists and residents in dermatology who were members of The 
Netherlands Society of Dermatology and Venereology (NVDV) in spring 2014. We used a 
validated translation of the questionnaire previously used in a UK survey (The UK Association 
of Dermatologists Guideline Development Group 2012; see Supplementary material) with per-
mission, in order to permit a direct comparison with the treatment approach of dermatologists 
in the UK.5

Fisher exact test was used to compare independent proportions, Mann Whitney U-test 
was used to compare mean ranks. For all tests, two-sided p-values of <0.05 were considered to 
indicate statistical significance.

Dermatologists (n=475) and residents in dermatology (n=200) in The Netherlands were 
contacted, of whom 175 (25.9%) responded. The majority of responders were dermatologists 
(n=145, 82.9%), and the remaining 30 responders (17.1%) were residents. Half of the respon-
ders reported <5 new patients with BP diagnosed per year, with another 36.0% reporting 5-10/
year and 6.8% reporting >10/year.

The majority of responders used topical steroids as sole treatment for localized BP 
(98.9%) and as adjunctive treatment for widespread BP (88.0%). Nearly 68% of responders 
also used topical steroids alone for widespread BP. Very potent topical steroids were favou-
red by the majority of responders (89.3%). More than half of the responders (52.4%) recom-
mended applying topical steroids over the whole body including the healthy skin but sparing 
the face, as described by Joly et al.7 The majority (58.2%) of survey responders discontinued 
the use of topical steroids after remission of BP (Fig. 1).

Anti-inflammatory antibiotics were used to treat BP by the majority of the responders 
(72.8%). The preferred drugs were doxycycline (41.0%), tetracycline (16.0%) and minocycline 
(12.0%) (Fig. 2). Almost 60% of the responders who prescribed anti-inflammatory antibiotics 
considered these medications to be ‘sometimes effective’, whereas 17.1% found them ‘often
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effective’ and 23.4% did not find them at all effective in treatment of BP. The majority of re-
sponders did not observe any adverse effects. The most commonly reported adverse effects 
were gastrointestinal complaints (n=19), hyperpigmentation (n=5), vertigo (n=5), photosensi-
tivity (n=3), abnormal liver function (n=2) and Candida infection (n=1).

Half of the responders (50.6%) used systemic corticosteroids as first choice in treatment 
of BP. The majority (57.7%) used an adjunctive therapy routinely with systemic corticoste-
roids, mostly azathioprine as an immunosuppressive adjunctive therapy (by 44%).

Compared with dermatologists in the UK, dermatologists and residents in dermatol-
ogy in The Netherlands recommended whole-body application of topical steroids more often 
(14.4% and 52.4%, respectively) (Fig. 1). Furthermore, dermatologists in the UK reported a 
different treatment strategy, as they were more likely to continue with the application of topical 
steroids after remission in order to control flares (66.2% vs. 41.8%, respectively). Preferences 
for topical steroids, anti-inflammatory antibiotics and preferred antibiotic were remarkably 
similar (Table 1).

There appears to be variation in the mode of use of topical steroids. However, the treat-
ment approach of the UK dermatologists who were surveyed in 2012 concurs with the
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Percentage of responders

Fig. 1 Preferences in the use of topical corticosteroids in treatment for BP compared between Dutch dermatol-
ogists and residents in dermatology (n=175) and British dermatologists (n=375, data shared with permission, 
Taghipour et al.).
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recommendation of the British Association of Dermatologists (BAD) guideline for the man-
agement of BP, whereas dermatologists in The Netherlands appear to follow the treatment 
strategy advised by The Netherlands Center for Blistering Diseases.8 The BAD guideline does 
not recommend whole-body application in severe disease because of practical considerations, 
possible systemic absorption and adverse effects. By contrast, the recommended treatment 
strategy in The Netherlands is whole-body application of very potent topical steroids in mild, 
moderate and severe disease.

A national survey performed in Germany in 2007, showed that only a minority (27%) of 
dermatologists working in (university) hospitals used topical steroids exclusively for treatment 
of BP.4 The difference in the recommendation of whole-body application of topical steroids may 
be explained by differences in national guidelines and health service models, such as the avail-
ability of caregivers to apply the topical treatment or the initiation of treatment during inpatient 
stays in Germany; in The Netherlands, patients with BP are usually treated as outpatients. 
Although the evidence from RCTs for whole-body application of topical corticosteroids dates 
from 20027 and 2009, it appears that the widespread adoption of such a treatment strategy is 
dependent on its reinforcement by national expert recommendations, e.g. the first German 
guideline for the treatment of bullous pemphigoid was published in 2014.
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Fig. 2 Preferences in anti-inflammatory systemic antibiotics for treatment of BP among Dutch dermatologists 
and residents in dermatology (n=175, survey question 7).
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Despite several similarities in the current practice in treatment approach for BP, more 
multicentre comparative studies are needed to evaluate outcomes of common practice for the 
treatment of BP.9 In addition, further research is needed to determine the optimum starting 
dose of systemic corticosteroids, to compare effectiveness of adjunctive immunosuppressants, 
and to assess whether the continued use of topical corticosteroids or tetracyclines should be 
recommended to prevent relapses. Our study suggests that the results of a clinical trial in 
BP, such as the BLISTER study, influences the treatment approach only when guidelines or 
national experts recommend it. Surveys such as the one presented could be used to evaluate 
whether a new guideline or results from clinical trials are being followed.
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Survey question

Treatment with topical steroids for localized BP
Alone
Adjunctive

Topical steroids used
Very potent
Potent
Moderate

Use of whole-body application of topical steroids
Use of topical steroids after remission

Discontinued
Continued

Use of systemic anti-inflammatory antibiotics
Preferred antibiotic

Doxycycline
Tetracycline
Minocycline
Erythromycin

Effectiveness of antibiotics reported by dermatologists, n
Sometimes
Often
Not

Commented on adverse effects
Did not experience any adverse effect

Survey 
question
number

1
2

3
3
3
4

5
5
6

7
7
7
7

8
8
8
9
9

BP, bullous pemphigoid; NS, no significance. 
*P-value (two-sided) by Fisher’s exact test.

Netherlands
(n=175)

98.8
88.0

89.3
  9.5
  1.2
52.4

58.2
41.8
72.8

41.0
16.0
12.0
  1.7

59.5
17.1
23.4
56.6
69.7

Table I. Comparison between the treatment approach for bullous pemphigoid in the UK and The Netherlands 
with regard to topical corticosteroids and systemic antibiotics.

Responders answering ‘Yes’, %

UK
(n=375)

97.5
91.6

84.7
14.6
  0.7
14.4

33.8
66.2
79.2

40.0
No data
31.0
No data

63.2
  8.8
28.0
39.9
56.0

P*

NS
NS

NS
NS
NS
<0.001

<0.001
<0.001
NS

NS

<0.001

NS
  0.01
NS
<0.001
  0.04
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BP or not BP, that is the question. (this thesis)

This thesis is focused on the diagnosis and clinical presentations of various subtypes of pemphi-
goid diseases, encompassing laboratory, translational and clinical studies. The first proposition 
“BP or not BP, that is the question” comprises several aspects of this thesis regarding the termi-
nology of pemphigoid, classification of subtypes and the minimal diagnostic criteria of bullous 
and nonbullous pemphigoid. 

Knowledge of the history of a disease contributes materially to its understanding.1 In 
chapter 2 we followed the history of bullous pemphigoid from the first descriptions of pem-
phigus, reported patients with blistering diseases in 19th and 20th century theses from Gron-
ingen, to more recent hallmarks and developments. Initially, the term pemphigus was used to 
describe a blister, without knowledge of the etiology. Thereafter, pemphigus developed into a 
disease entity of a chronic bullous disease, until further differentiation of other bullous diseases 
became apparent based on histopathology in 1953. The addition of ‘bullous’ to pemphigoid 
was introduced to differentiate bullous pemphigoid from benign mucous membrane pemphi-
goid, and already point of debate at its initiation because of the tautology.2 The introduction 
of immunofluorescence microscopy was a breakthrough in diagnostic classification, enabling 
further unraveling and classification of bullous diseases until today. Although a blister is the 
most characteristic symptom of the disease, more recent insights show a blister is not a prereq-
uisite for diagnosis of pemphigoid diseases. Looking back, without the sophisticated diagnostic 
techniques of today the clinical spectrum of bullous and nonbullous pemphigoid could not be 
foreseen at the initial description of bullous pemphigoid.

A bulla is not a prerequisite for diagnosis of pemphigoid diseases. 

(this thesis)

The heterogeneous clinical spectrum of bullous and nonbullous pemphigoid is exemplified in 
the terminology used in previous publications, such as papular pemphigoid, pemphigoid nodu-
laris, pruritic nonbullous pemphigoid, cutaneous pemphigoid, erythrodermic pemphigoid, and 
polymorphic pemphigoid.3-5 In chapter 3 we analyzed the clinical and immuno(pathological) 
features of reported patients with nonbullous pemphigoid in literature by systematic review. In 
absence of widespread skin blistering on erythematous skin, these variants are considered to be 
‘atypical’, but not a rarity and reported comprising 20 to 40% of patients.6-8 The most reported 
skin lesions in nonbullous pemphigoid were erythematous and urticarial plaques, papules and 
nodules, or eczematous lesions. These skin lesions are frequently present in patients with other 
pruritic inflammatory dermatoses. Consequently, the difficult clinical recognition led to a long 
diagnostic delay, of mean 22.6 months. Clinicians may only be ascertained of misdiagnosis 
retrospectively when skin blisters appear, and the term prodromal bullous pemphigoid is fre-
quently used.9-11 Why these patients with nonbullous pemphigoid do not develop blisters has 
yet to be elucidated. It could be hypothesized that early recognition and immunosuppressive 
treatment may alter the disease course of possible skin blistering, as most reported cases did 
not develop skin blistering in follow-up.3,11 Although patients may have had absence of blisters 
for years before the diagnosis is made, this hypothesis cannot be studied prospectively due to 
ethical considerations. In contrast, cases have been described of initial bullous pemphigoid 
with a nonbullous flare-up of the disease.

Diagnosis of pemphigoid can be particularly challenging in patients with nonbullous 
clinical features. The histopathology of the reported cases of nonbullous pemphigoid often
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showed non-specific findings and diagnosis was mainly based on DIF, in less than half of the 
patients IIF SSS was performed. DIF was a more sensitive test (93%) compared to IIF SSS 
(90%) in these cases, although DIF was often the only performed immunopathological di-
agnostic test with a possible overestimation of sensitivity. Of interest, more often circulating 
autoantibodies against BP230 were reported, opposed to the immunodominant BP180 auto-
antibodies in bullous pemphigoid. These findings support that nonbullous pemphigoid is not 
merely a stage of bullous pemphigoid, but a clinical variant within the spectrum of pemphigoid. 
The clear difference in clinical presentation justifies the naming of the subtype of nonbullous 
pemphigoid next to bullous pemphigoid, to support early detection and further research. 

Single test detection of circulating pemphigoid specific autoanti-

bodies in elderly should be interpreted with care. (this thesis)

Several reports have been published of detection of circulating autoantibodies against BP180 
or BP230 by immunoblot, ELISA or indirect immunofluorescence on various substrates in 
subjects who do not fulfill the available combined criteria of bullous pemphigoid: i.e. in elderly 
people, elderly people with pruritus, and also in healthy blood donors.12-15 In chapter 4 we 
assessed the presence of circulating autoantibodies against BP180 and BP230 in 374 subjects 
with nonbullous skin disorders who visited our outpatient dermatology clinic, in whom autoim-
mune bullous diseases were excluded based on negative DIF. In 13.6% of subjects at least one 
positive immunoserological test was found, mainly the BP180 NC16A and BP230 ELISAs and 
immunoblot with autoantibodies against BP230. Age above 75 years was a predictive factor for 
presence of a positive immunoserological test compared to an age below 45 years. However, 
similar to other studies no association was seen between autoantibody detection and pruritus, 
nor combined age and presence of pruritus. Possibly the latter was obscured because the rea-
son for consultation of the dermatologist and the performed diagnostic tests was pruritus of 
various etiology. These findings address the questions whether development of pemphigoid 
specific autoantibodies is associated with the characteristic pruritus or high age of bullous 
pemphigoid, may consist of a pre-clinical stage of bullous pemphigoid or could be a risk factor 
for development of the disease.16 A hypothesis for presence of BP180 and BP230 autoantibod-
ies with higher age could be a loss of self-tolerance due to the ageing process of the immune 
system, and an increased risk to develop autoimmune diseases.16 Alternatively, these findings 
may be false-positive outcomes of the diagnostic tests intrinsic to nonspecific binding of auto-
antibodies.16,17 In previous studies, single test positivity by ELISA or immunoblot have been 
published in a wide range between 7% and 60% of subjects, mainly depending on the study 
population and the number of used serological tests. The reactivity could not be confirmed by 
IIF SSS, or replicated by other ELISA test systems.15 Subgroup analysis of our study showed 
multiple positive reactivity was found in only 3.5%, including ten subjects with positive IIF 
SSS and multiple reactivity in tests of other methodology. These subjects were of significant 
higher mean age, and with clinical characteristics similar to nonbullous pemphigoid described 
in chapter 3. Nonetheless, these patients did not fulfill the combined criteria for diagnosis of 
bullous pemphigoid according to the most recent European expert consensus (2015) having 
atypical clinical features, lacking the histopathological finding of a subepidermal blister and 
the required positive DIF.18 In contrast, the German S2k guideline for the diagnosis of bullous 
pemphigoid describes various combinations of tests for diagnosis, including diagnosis based on 
typical clinical features and immunoserological tests without a required positive DIF.19 How-
ever, no evidence based diagnostic criteria have been established yet for bullous pemphigoid.20
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The serological diagnosis of bullous and nonbullous pemphigoid 

can be made based on indirect immunofluorescence microscopy on 

salt-split human skin. (this thesis)

To assess the optimal diagnostic strategy and minimal diagnostic criteria of bullous and non-
bullous pemphigoid, in chapter 5 we compared several pairwise performed diagnostic tests in 
a large cohort of 1125 subjects with suspected pemphigoid. Opposed to single test research, to 
reflect the sequential, multivariable diagnostic process in daily practice, we used multivariable 
logistic regression analysis to assess the additional diagnostic value of tests.21 One in four pa-
tients initially presented as nonbullous pemphigoid. DIF was confirmed to be the most robust 
diagnostic test for bullous and nonbullous pemphigoid and positive in 88% of patients, with a 
perilesional biopsy site superior to lesional or healthy skin. DIF was less sensitive in the sub-
group of nonbullous pemphigoid, in which definitions of biopsy sites are ambiguous. Based on 
our findings the optimal biopsy site for DIF can be defined as erythematous nonbullous skin. 
The approximately 11% with negative DIF could mostly be identified by positivity in IIF SSS 
and confirmed with positive reactivity using other immunoserological tests of different meth-
odology. The combined performance of DIF and IIF reached a sensitivity of 98.8%, therefore 
these combined tests should be considered the minimal required laboratory tests for diagnosis. 
Our results confirmed the previously reported high diagnostic value of IIF SSS, with a very 
high specificity and diagnostic odds ratio.22 These findings show that positive epidermal side 
staining of IgG by IIF SSS allows serological diagnosis of bullous and nonbullous pemphi-
goid. The lower sensitivity of 77% indicates that to confirm diagnosis in the remaining number 
of patients with a high clinical suspicion, a biopsy for DIF is also required. In contrast, the 
commonly used BP180 NC16A and BP230 ELISAs were not sufficiently specific for initial 
diagnosis, with a high false-positivity rate. The BP180 NC16A ELISA did not have added 
diagnostic value in addition to DIF and IIF SSS in multivariable logistic regression analysis. 
Compared to other studies we found a significantly lower sensitivity and specificity, explained 
by the differences in methodology and the populations.17,23  Hence, sensitivity and specificity 
are not intrinsic to the test, but to the population of use. Comparing confirmed positive patients 
to healthy controls in previous studies may have given an overestimation of the diagnostic 
accuracy. Of interest, false-positive results were more often found in nonbullous subjects than 
subjects with blisters.

In the subgroup analysis of subjects with bullous and nonbullous pemphigoid remark-
able associations were seen. The subjects with bullous pemphigoid showed a higher mean se-
rum autoantibody titer against BP180, which was associated with a positive biopsy for DIF. 
In contrast the subjects with nonbullous pemphigoid had significantly more often solely auto-
antibodies against BP230, similar to the findings in chapter 3. Moreover, lower serum titers or 
absence of autoantibodies against BP180 were observed. The BP230 autoantibodies contribut-
ed mainly to positivity by IIF SSS in serum, in contrast BP180 autoantibodies were associated 
with positivity by DIF in a skin biopsy. The latter has been reported previously in literature 
and could be an explanation why false-negative DIF biopsies may occur, by missing the intra-
cellular target of the BP230 protein.22,24,25 Autoantibodies against BP230 may not be visualized 
properly by direct immunofluorescence on an intact skin biopsy, while the saline induced tis-
sue damage of an artificial split in the lamina lucida of the EBMZ exposes the BP230 antigen. 
Autoantibodies against BP230 were recognized in bullous pemphigoid four decades ago, prior 
to the identification of BP180. The pathogenicity of autoantibodies against BP180 and the role 
in blister formation has been studied well, while the direct pathogenic role in blister formation 
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has been studied well, while the direct pathogenic role of autoantibodies against BP230 has 
been debated since. 

The availability of full-length ELISAs may improve the sensitivity, by detection of auto-
antibodies outside the immunodominant NC16A domain. Differences in phenotype have been 
reported in patients with autoantibodies targeting epitopes outside the NC16A domain of the 
BP180 protein, with less inflammation and erythema. The non-NC16A autoantibodies did not 
differ significantly between nonbullous and bullous subjects in our study, only representing a 
small minority of patients. Our study reveals the ELISA could be of better use as add-on test 
for relative disease monitoring in confirmed patients, without the need of a positivity cut-off 
value for individual patients. Similar findings were recently reported, suggesting a higher pos-
itivity cut-off to improve the specificity, at cost of sensitivity.17 More comparative studies are 
needed in the population of intended use for other more recently introduced diagnostic test 
systems, such as the IIF Biochip with BP180 and BP230 and IIF on primate SSS.26,27 In con-
trast to IIF on human salt-split skin for detection of anti-EBMZ antibodies, the multivariate 
single-specific antigen testing systems require the various antigens of pemphigoid diseases to 
improve sensitivity and cover patients with more rare subtypes. 

The proposed minimal diagnostic criteria of pemphigoid consist of 

at least two positive out of three criteria: 1) pruritus and/or pre-

dominant cutaneous blisters, 2) positive linear IgG and/or Comple-

ment C3 depositions (in n-serrated pattern) along the BMZ by DIF on 

a skin biopsy, 3) positive epidermal side staining of IgG by IIF SSS on 

serum. (this thesis)

The minimal diagnostic criteria encompass the complete clinical spectrum of bullous and non-
bullous pemphigoid, and differentiate it from other subtypes. The criteria thus contradict that 
presence of blisters or histopathology is a prerequisite for diagnosis of pemphigoid. To distin-
guish bullous and nonbullous pemphigoid from other subtypes, the predominance of cutaneous 
lesions opposes mucous membrane pemphigoid. Summarized in the diagnostic algorithm in 
Fig. 1, the finding of positive DIF with linear IgG depositions along the BMZ does not always 
imply a definitive diagnosis. The required performance of IIF SSS excludes the subtypes of 
pemphigoid diseases with dermal side binding of autoantibodies: anti-p200/laminin γ1 pem-
phigoid, EBA/bSLE, and also anti-laminin-332 mucous membrane pemphigoid (MMP). LAD 
is excluded by detection of solely autoantibodies of IgA isotype, and pemphigoid gestationis 
by the distinct patient population. Subtyping in seronegative patients requires DIF serration 
pattern analysis to identify the linear n-serrated pattern in pemphigoid opposing to the linear 
u-serrated pattern in EBA, described in chapters 7 to 9.
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Fig.1 Diagnostic algorithm of pemphigoid diseases.
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Nonbullous pemphigoid is not a white raven in the high-risk popula-

tion of nursing home residents, and should routinely be screened in 

those patients with chronic severe pruritus. (this thesis)

Although epidemiological data show pemphigoid is not a rare disease above 80 years, studies 
are often limited to the outpatient clinic or hospitalized patients. With ageing also comes itch, 
and when no clear diagnosis can be made often senile pruritus is the diagnosis by exclusion. We 
hypothesized nonbullous pemphigoid might be an unrecognized cause of pruritus, and nursing 
home residents a very high-risk population for pemphigoid with a high age on average and 
presence of associated neurodegenerative disease and polypharmacy. In chapter 6 we evalu-
ated the prevalence of pruritus and pemphigoid in nursing home residents in the prospective 
SSENIOR study. The prevalence of 47% of pruritus confirmed the common presence of the 
burdensome complaint, often of chronic duration. One other study analyzed how often skin 
blistering in an elderly population of nursing home residents was caused by bullous pemphi-
goid, and found a substantial higher incidence rate of nearly 5% compared to reports in the 
general population.28 The SSENIOR study was the first study using serological screening for 
pemphigoid in nursing home residents, and assessment of nonbullous pemphi-
goid. Our findings showed a high prevalence of pemphigoid of 6%, a two hundredfold higher 
prevalence compared to the general population (0.026%).29 All cases had concomitant neuro-
degenerative disease, mainly dementia. Remarkably, more often patients with unrecognized 
nonbullous pemphigoid were diagnosed than bullous pemphigoid. This raises the question 
whether the typical clinical features of bullous pemphigoid indeed are typical, or possibly the 
atypical nonbullous clinical features are more frequent, but unrecognized within the spectrum 
of pemphigoid.20 Diagnosis of the cases of nonbullous pemphigoid was made using IIF SSS, 
with negative DIF in all cases. The serological diagnosis was confirmed with positive IIF MO, 
immunoblot or ELISA. These findings implicate serological screening for pemphigoid using 
IIF SSS should be included in the diagnostic work-up of elderly people with moderate to se-
vere pruritus, with or without skin blistering. In cases of negative IIF SSS and a high clinical 
suspicion of pemphigoid, a skin biopsy for DIF is recommended. 

Autoantibodies in the diagnosed patients with pemphigoid mainly targeted BP230. 
Studies to the relationship between anti-BP230 autoantibodies and disease activity in pem-
phigoid patients have been contradictory, with no clear association.30 Various mouse models 
did not show consistent skin blistering, but skin fragility was observed with development of 
neurological defects with sensory neuron degeneration.31-33 Therefore, BP230 might contribute 
more than a skin phenotype in patients with pemphigoid. Possibly, studies with a focus on skin 
blistering may have overlooked features of a different phenotype of the disease, of nonbullous 
pemphigoid. In addition to the skin, recent studies have reported expression of the BP auto-
antigens BP180 and BP230 in the central nervous system.34-36 Presence of dementia gives a 
twofold increased risk of bullous pemphigoid, whereas neurodegenerative diseases often pre-
cede the development of pemphigoid.37 It is hypothesized the strong association with neurode-
generative diseases could be explained a process of neurodegeneration or neuroinflammation 
and with a subsequent cross-reactive immune response between neuronal and cutaneous auto-
antigens, driven by an age related loss of immunotolerance.38,39 Ageing of the immune system 
may impair the control of autoreactive immune cells, leading to development of autoreactive 
antibodies due to a loss of self-tolerance. Immunological tolerance could be described as a state 
of indifference (non-reactivity) towards substances that would normally not excite an immuno-
logical response. The loss of self-tolerance is also demonstrated in an increased seroprevalence
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of anti-nuclear antibodies (ANA) and rheumatoid factors in elderly. Overall, these insights 
suggest pemphigoid might be considered a cutaneous autoimmune disease of the elderly, that 
is more than skin deep. 

U, nu! (Joost van den Vondel, 1620) 

DIF on a skin biopsy has been the standard for diagnosis of pemphigoid diseases for fifty 
years, the detection of a linear deposition of immunoglobulins along the BMZ does not allow 
differentiation of subtypes of pemphigoid diseases. Subtyping in pemphigoid diseases is of im-
portance because of differences in treatment, prognosis and complications of the disease, such 
as a scarring phenotype and recalcitrant disease course in EBA and associated malignancy in 
anti-laminin-332 MMP.40,41 DIF serration pattern analysis has been used for more than a de-
cade in Groningen to differentiate EBA from other pemphigoid diseases based on a skin biopsy, 
however with limited use in other laboratories due to perceived technical hurdles.42 In chapter 
7 we addressed these technical aspects of serration pattern analysis, and provide a protocol for 
implementation of the technique in the routine diagnostics for pemphigoid diseases. Clinical 
features and histopathology are not sufficient for subtyping of pemphigoid diseases and there-
fore direct immunofluorescence and immunoserology are necessary for dif-
ferentiation.43,44 For EBA various serological assays are available for identification of the specif-
ic autoantibodies against type VII collagen, depending on availability and expertise.45 In EBA, 
however, approximately 50% of patients do not have detectable circulating autoantibodies by 
IIF SSS or type VII collagen ELISA (NC1, NC1/2).46,47 Moreover, flaws in study design may 
have led to an overestimation of sensitivity of serological assays in EBA, using an inadequate 
reference standard for diagnosis of EBA and testing only confirmed patients.48,49 According to 
the recent consensus on diagnostic criteria for EBA (2017), the diagnosis is based on detection 
of skin bound autoantibodies by either DIF using serration pattern analysis or direct immu-
no-electron microscopy (DIEM), and additionally combined with serological assays.50 DIEM 
has limited availability nowadays and is less applicable as routine diagnostic technique. Conse-
quently, a large number of patients with EBA may currently be misdiagnosed as BP or MMP.

We analyzed various technical aspects of DIF serration pattern analysis, by compar-
ing the procedures and performance in two laboratories in Groningen and Lübeck, Germany. 
Technical factors such as transport medium, thickness of cryosections, microtome blade or 
observer did not significantly affect the recognition of the serration patterns. The serration 
pattern can be well identified, shown by the high inter-rater conformity of 95.7% and the fact 
that no erroneous serration patterns were classified. DIF serration pattern analysis is the most 
informative and cost-effective diagnostic test for pemphigoid diseases. Recognizing the pathog-
nomonic u-serrated pattern may increase the number of diagnosed cases of EBA substantial-
ly, especially seronegative cases. Therefore, we conclude technical requirements are not an 
obstacle to use serration pattern analysis as a routine diagnostic technique for differentiating 
pemphigoid diseases.

We further evaluated the ability to learn recognition of serrated patterns by testing observers 
with levels of expertise in chapter 8. Practice makes perfect in case of serration pattern analy-
sis. However, the use of the rather simple technique as routine diagnostic method is still limited, 
possibly by a lack of experience with the distinctive patterns. The image-based online n-ver-
sus-u test and instruction video was created to stimulate practicing serration pattern analysis, 
to test the recognition rate in various observers, and to spread the knowledge about the tech-
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nique. Improvement in recognition rate was seen after a short instruction indepen- dent of the 
level of expertise of the participant, with a mean recognition rate of nearly 80%. The training 
images and instruction video remain available at www.nversusu.umcg.nl. The u-serrated pat-
tern was better recognized than the n-serrated pattern. 

The u-serrated pattern is a recognizable fingerprint of epidermoly-

sis bullosa acquisita. (this thesis)

The spikes or ridge-endings of the u-serrated patterns are distinctive recognizable features and 
represent the fingerprint of EBA. This distinctive recognizable feature of ridge-endings of the 
u-serrated pattern was used for computer aided pattern recognition in DIF images in chap-
ter 9. We developed an automatic technique that identifies the BMZ and detect the distinct 
u-serrated pattern with trainable (COSFIRE) filters that are only selective for ridge-endings. 
Finally, a score and region of interest is provided that indicates the reliability of pattern recog-
nition. We achieved an average recognition rate of 82.2% in 180 DIF images, which equals or 
exceeds the manual recognition rate. The technique of ridge-endings detector can be used for 
other applications, such as vessel-endings in retinal fundus images, and minutiae detection in 
fingerprints.

Serration pattern analysis and indirect immunofluorescence 

microscopy knockout analysis are valuable additional techniques 

to facilitate the diagnosis of anti-p200 pemphigoid. (this thesis) 

The rare subtype of anti-p200 pemphigoid is probably more common than currently estimated, 
because of under-recognition and the need of sophisticated serological techniques for definitive 
diagnosis. Clinical features are heterogeneous and the acral distribution of blisters, described in 
the cases series in chapter 10, may give a clue for diagnosis.51,52 Similarly, histopathology with 
a predominant neutrophilic than eosinophilic infiltrate could be an indication for additional 
testing for anti-p200 pemphigoid.43 Serration pattern anaysis enables to distinguish anti-p200 
pemphigoid (n-serrated) from EBA (u-serrated), but is not confirmative for diagnosis of an-
ti-p200 pemphigoid.41,42 Consequently, these patients are often misdiagnosed as bullous pem-
phigoid or EBA and additional serological assays are necessary for diagnosis. This emphasizes 
the required routinely performance of IIF SSS in pemphigoid diseases, as a first step for iden-
tification of anti-p200 pemphigoid. The circulating autoantibodies of patients with anti-p200 
pemphigoid show dermal side binding of IgG by IIF SSS. The autoantibodies label a 200-kDa 
protein by immunoblotting with dermal extract, corresponding with γ1 chain of laminin 311 
and 511.53 Subsequently, the denomination to anti-laminin γ1 pemphigoid has been suggested 
since.53 However, the significance of anti-laminin γ1 antibodies remain unclear as ex-vivo and 
in-vivo studies failed to show a direct pathogenic role.51 We reported detection of autoanti-
bodies against laminin γ1 in two-thirds of patients with anti-p200 pemphigoid, which could 
be used as a diagnostic marker. Other serological assays have been used to facilitate diagnosis 
of anti-p200 pemphigoid, such as ELISA using a recombinant c-terminus fragment of laminin 
γ154, immunoblot with epidermal abstract52 or immunoblot studies with recombinant laminin 
trimers as diagnostic marker.55 A small number of patients show circulating autoantibodies 
against BP180 and BP230.51,52 These patients revealed a mirroring staining pattern of both 
epidermal and dermal side binding by IIF SSS. It is questioned whether this is associated with 
intra-molecular epitope spreading, leading to detection of autoantibodies against other pem-
phigoid antigens, or vice versa with development of autoantibodies against the p200 antigen. 
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A majority of Dutch dermatologists and residents in dermatology 

show high adherence to treatment recommendations for bullous 

pemphigoid by using transcutaneous systemic clobetasol therapy. 

(this thesis)

Bullous and nonbullous pemphigoid have a high burden of disease due to the intense pruri-
tus and/or blistering. Because of the potential chronic relapsing disease course, an effective 
treatment approach is needed. In chapter 11 we evaluated the treatment approach for bullous 
pemphigoid among dermatologists and residents in dermatology in The Netherlands, and made 
a comparison with the treatment approach of British dermatologists.56 Clinical studies to the 
optimal treatment of pemphigoid are limited, due to the relative rarity and distinct patient 
population with high age and comorbidities. Current recommended first-line therapy for mild, 
moderate and severe disease in The Netherlands is systemic transcutaneous clobetasol thera-
py (clobetasol propionate) 30-40 grams applied daily over the whole body, including blisters, 
erosions and healthy skin, but sparing the face.18,57-59 The dermatologists and residents in der-
matology from The Netherlands showed a high adherence to this treatment recommendation, 
used by more than half of the participants of the survey. Treatment was was often continued 
after clinical remission to prevent relapses. In contrast, dermatologists from the United King-
dom preferred a different treatment strategy with lesional application of topical corticosteroids 
and discontinuation after remission. This difference can be explained by variation in national 
guidelines and health service models, with practical factors regarding topical therapy. 

The European consensus on management of bullous pemphigoid recommends equiva-
lent first-line treatment with oral corticosteroids (prednisone 0.5-0.75mg/kg/day) for moderate 
to extensive disease.18 Dosage <0.5mg/kg/day and >0.75mg/kg/day have not been validated and 
seem ineffective or associated with higher mortality and side-effects. Half of the participants 
used oral corticosteroids as first-line treatment, the majority (58%) with adjuvant immunosup-
pressive therapy, most commonly azathioprine. A current clinical study evaluates the
efficacy and safety of initial treatment of bullous pemphigoid with prednisone 0.5mg/kg/day, 
which appears to be insufficient in moderate to extensive disease. Systemic anti-inflammatory 
antibiotics were commonly used for in both The Netherlands (73%) and UK (79%) as alter-
native or adjunctive treatment, mainly doxycycline. The recently published BLISTER trial 
intended to provide an evidence base for treatment of bullous pemphigoid with doxycycline.60 
The study tested whether a strategy of starting treatment with doxycycline may give acceptable 
short-term blister control and possible long-term safety advantages over starting treatment 
with oral corticosteroids. The authors concluded a treatment strategy starting with doxycycline 
is non-inferior compared to standard treatment with oral prednisolone for short-term blister 
control in bullous pemphigoid and safer in the long-term. Doxycycline is clearly safer than oral 
corticosteroids, and clearly has a reduced success rate. Although the evidence for
non-inferiority is subjectively based on the definition of the non-inferiority margin, the trial 
gives an indication doxycycline is at least partly effective. Participants were allowed to use 
(lesional) topical corticosteroids for symptomatic relief, which could serve as an initial treat-
ment strategy in mild disease. Alternatively, oral corticosteroids could be used as an induction 
therapy to achieve clinical remission and reduce treatment related morbidity and mortality, 
with maintenance therapy of continued use of doxycycline to prevent relapses. More studies
are being reported evaluating treatment of pemphigoid diseases with anti-CD20 monoclonal 
antibody (rituximab). Although less effective than in pemphigus, rituximab may demonstrate 
efficacy in treatment of especially MMP and refractory cases of bullous pemphigoid.61,62
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To evaluate whether dermatologists follow recent guidelines or implicate new results of clinical 
trials for treatment approach, the survey should be repeated in the upcoming five years.

Future perspectives

What makes the blister, remains a key question in bullous pemphigoid and topic of current 
studies. Or alternatively, why do patients with nonbullous pemphigoid do not make a blister. 
Various possible differences in the underlying pathophysiology for blister formation have been 
suggested, such as the serum autoantibody concentration and the targeted autoantigen or epi-
topes within the antigen63-65, complement activation66,67, eosinophilic infiltration68,69, or BP-spe-
cific IgE autoantibodies.70,71 Considerable lower concentrations of BP-specific IgE compared 
to IgG complicates diagnostic testing and require validated test systems. Although IgE staining 
along the BMZ has been reported incidentally, no replication of these findings have been re-
ported in literature yet and focus changes to BP-specific IgE on mast cells. Current develop-
ments of IgE ELISA may enhance the research to the role of IgE in pemphigoid and explain 
possible differences between bullous and nonbullous pemphigoid. Since the recognition of pa-
tients with nonbullous pemphigoid has increased in the last years, more comparative studies 
are needed to address these possible differences. The epidemiology of nonbullous pemphigoid 
has not been studied extensively, and possibly treatment options and prognosis of nonbullous 
pemphigoid may differ from bullous pemphigoid.72 It is of interest whether the nonbullous 
phenotype could be considered a milder disease variant, or has similar treatment response and 
prognosis as bullous pemphigoid.

For future applications machine learning could be suitable for detection of serration patterns
using a deep learning convolutional neural network (CNN), capable of learning from images 
and teaching itself to improve the performance of pattern recognition. Recent studies showed 
a CNN for detection of melanoma based on dermoscopy images out-performed expert physi-
cians with a higher sensitivity and less misdiagnosis.73,74 Instead of man versus machine, artifi-
cial intelligence could serve as an aid for physicians and increase the diagnostic probability, or 
limit the need for additional diagnostic tests and expenses. 

Despite recent advantages in diagnostics and subtyping of pemphigoid diseases, the molecular 
identity of the pathogenic 200-kDa autoantigen still remains unsolved.51 The IIF knockout 
technique is a diagnostic method by exclusion of other known antigens of pemphigoid diseas-
es.75 Immunoprecipitation studies of sera of patients with anti-p200 pemphigoid might give 
new insights in the targeted antigen. Another approach could be similar to the used diagnos-
tic technique of IIF knockout analysis in our case series. Instead of using skin substrate of 
patients with hereditary epidermolysis bullosa deficient of type VII collagen or laminin-332, 
the technique could be used conversely. With the existence of forms of epidermolysis bullosa 
with deficiency of the various pemphigoid antigens, current unsolved cases with unknown 
mutations could serve as a substrate for yet to be found p200 epidermolysis bullosa and future 
experiments. 
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The SSENIOR study, described in chapter 6, gave a first sign of the frequent diagnosis of 
unrecognized nonbullous pemphigoid in a high-risk population of nursing home residents. Fur-
ther studies are needed to confirm a higher prevalence of nonbullous pemphigoid than bullous 
pemphigoid in this population, which often remained out of sight of the researchers. These 
insights may change the concept of pemphigoid, being a cutaneous autoimmune disease pre-
senting in elderly people, with or without skin blistering.
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Pemphigoid diseases comprise a heterogeneous group of subepidermal autoimmune bullous 
diseases of the skin and mucosa. These autoimmune bullous diseases are characterized by au-
toantibodies that target distinct structural proteins of the basement membrane zone (BMZ), 
which are important for the integrity of the epidermis and dermis. Various subtypes of pem-
phigoid diseases can be differentiated, including bullous pemphigoid (BP), nonbullous pem-
phigoid, pemphigoid gestationis, anti-p200 pemphigoid, lichen planus pemphigoides, epider-
molysis bullosa acquisita (EBA), linear IgA disease (LAD), mucous membrane pemphigoid 
(MMP), and anti-laminin-332 MMP (anti-LN-332 MMP). Although the clinical presentations 
of pemphigoid diseases are heterogeneous, the subtypes differ in clinical symptoms, target anti-
gens, and the treatment and prognosis. This thesis is focused on the diagnosis and clinical pre-
sentations of various subtypes of pemphigoid diseases, encompassing laboratory, translational 
and clinical studies. 

In chapter 2 we give an introduction in the history of the disease, with insights from the first 
theses about bullous diseases from The Netherlands. Initially, the term pemphigus was used 
to describe a blister, without knowledge of the origin. Since 1953, the disease entity of bullous 
pemphigoid has been recognized based on histopathology. In the following years, the introduc-
tion of the diagnostic technique immunofluorescence microscopy was a breakthrough in diag-
nostic classification and further subtyping of pemphigoid diseases. Several decades ago, the 
clinical observations were already made that patients with bullous pemphigoid often had a pru-
ritic prodromal phase before skin blistering occurred. More recent insights show a subgroup 
of patients does not fulfill the typical clinical picture, but have atypical nonbullous clinical 
features that may persist without the development of skin blistering. These atypical nonbullous 
variants are not a rarity, but reported to comprise 20 to 40% of patients. We analyzed the clin-
ical and immunopathological features of the nonbullous variant of pemphigoid by systematic 
review in chapter 3. Besides pruritus, the most common skin lesions in nonbullous pemphigoid 
were erythematous and urticarial plaques, papules and nodules, or eczematous lesions. These 
skin lesions are frequently present in patients with other pruritic inflammatory skin diseases, 
and therefore clinicians may only be ascertained of misdiagnosis retrospectively when skin 
blisters appeared. Diagnosis of nonbullous pemphigoid in particular can be challenging; the 
mean diagnostic delay of reported cases was 22.6 months. It is not known yet why these pa-
tients do not develop skin blisters. 

Several studies reported detection of circulating autoantibodies against the BP target antigens 
BP180 or BP230 by immunoblot, ELISA or indirect immunofluorescence in subjects who do 
not fulfill the available criteria of bullous pemphigoid, such as elderly people, elderly peo-
ple with pruritus, and also healthy blood donors. In chapter 4 we evaluated the detection of 
BP-specific autoantibodies in serum of 374 subjects with nonbullous skin disorders who visited 
our outpatient dermatology clinic, in whom autoimmune bullous diseases were excluded based 
on negative direct immunofluorescence (DIF). In 13.6% of subjects at least one positive immu-
noserological test was found, mainly the BP180 NC16A and BP230 ELISAs and immunoblot 
with autoantibodies against BP230. No association was seen with pruritus, present in most 
patients due to various skin diseases. These findings address the questions whether these pem-
phigoid specific autoantibodies are associated with a pre-clinical stage of bullous pemphigoid 
or could be a risk factor for development of the disease, or represent false-positive results. A 
minor subgroup of 3.5% of patients showed multiple reactivity in tests of different methodolo-
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gy; by both indirect immunofluorescence on salt-split skin (IIF SSS), and ELISA and/or im-
munoblot. These patients showed clinical characteristics of nonbullous pemphigoid, but did not 
fulfill the available combined criteria for diagnosis of bullous pemphigoid, lacking positivity by 
DIF on a skin biopsy. However, no evidence based diagnostic criteria have been established 
yet. 

In chapter 5, we evaluated the optimal diagnostic strategy for bullous and nonbullous pem-
phigoid and aimed to develop much-needed minimal diagnostic criteria. We compared several 
pairwise performed diagnostic tests in a large cohort of 1125 subjects with suspected pemphi-
goid. To reflect the diagnostic process in daily practice and opposed to single test comparison, 
we used multivariable logistic regression analysis to assess the additional diagnostic value of 
various tests. One in four patients initially presented as having nonbullous pemphigoid. DIF 
was confirmed to be the most robust diagnostic test and was positive in 88% of patients, al-
though it was less sensitive in the subgroup of nonbullous pemphigoid (81%). The remaining 
approximately 11% of patients with negative DIF could mostly be identified by positivity in 
IIF SSS and confirmed with positivity in other immunoserological tests. The combined perfor-
mance of DIF and IIF identified 98.8% of patients; therefore these combined tests should be 
considered the minimal required laboratory tests for diagnosis to identify the vast majority of 
patients. The BP180 NC16A ELISA did not have added diagnostic value in addition to DIF 
and IIF SSS, with a considerable false-positivity rate. The subjects with nonbullous pemphi-
goid had significantly more often solely autoantibodies against BP230 and lower serum titers 
or absence of autoantibodies against BP180. The BP230 autoantibodies contributed mainly to 
positivity by IIF SSS in serum. The latter has been reported previously in literature and could 
be an explanation why false-negative DIF biopsies may occur, by missing the intracellular 
target of the BP230 protein. Based on our findings, the proposed minimal diagnostic criteria of 
pemphigoid consist of at least two positive out of three criteria: 1) pruritus and/or predominant 
cutaneous blisters, 2) positive linear IgG and/or Complement C3 depositions (in n-serrated 
pattern) along the BMZ by DIF on a skin biopsy, 3) positive epidermal side staining of IgG 
by IIF SSS on serum.

With ageing also comes itch. We hypothesized nonbullous pemphigoid might be an unrecog-
nized cause of pruritus, and that nursing home residents are a very high-risk population for 
pemphigoid with a high age on average and presence of associated neurodegenerative disease 
and polypharmacy. In chapter 6 we evaluated the prevalence of pruritus and pemphigoid in 
nursing home residents in the prospective SSENIOR study. The prevalence of 47% of pruritus 
confirmed the common presence of the burdensome complaint, often of chronic duration. Our 
findings showed a high prevalence of pemphigoid of 6%, a two-hundredfold higher prevalence 
compared to the general population (0.026%). Remarkably, more often patients with unrecog-
nized nonbullous pemphigoid were diagnosed than with bullous pemphigoid. This raises the 
question whether the typical clinical features of bullous pemphigoid indeed are typical, or pos-
sibly the atypical nonbullous clinical features are more frequent, but unrecognized within the 
spectrum of pemphigoid. These findings implicate serological screening for pemphigoid using 
IIF SSS is recommended in the diagnostic work-up of elderly people with moderate to severe 
pruritus, with or without skin blistering. It is hypothesized the strong association with neuro-
degenerative diseases could be explained a process of neurodegeneration or neuroinflammation 
and with a subsequent cross-reactive immune response between neuronal and cutaneous auto-
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antigens, driven by an age related loss of immunotolerance. Overall, these insights suggest 
pemphigoid might be considered a cutaneous autoimmune disease of the elderly, that is more 
than skin deep.

In chapter 7 we described differentiation of subtypes of pemphigoid diseases based on serra-
tion pattern analysis by DIF on a skin biopsy. Subtyping in pemphigoid diseases is of impor-
tance because of differences in treatment, prognosis and complications of the disease, such as 
a scarring phenotype and recalcitrant disease course in EBA and associated malignancy in 
anti-laminin-332 MMP. DIF serration pattern analysis has been used for more than a decade 
in Groningen to differentiate EBA with a u-serrated pattern from other pemphigoid diseases 
with an n-serrated pattern. We analyzed various technical aspects for implementation of the 
technique in routine diagnostics, by comparing the procedures and performance in two lab-
oratories, in Groningen and Lübeck, Germany. Technical factors such as transport medium, 
thickness of cryosections, microtome blade or observer did not significantly affect the recogni-
tion of the serration patterns. The serration pattern can be well identified, shown by the high 
inter-rater conformity of 95.7% and the fact that no erroneous serration patterns were classi-
fied. DIF serration pattern analysis is the most informative and cost-effective diagnostic test 
for pemphigoid diseases. Recognizing the pathognomonic u-serrated pattern may increase the 
number of diagnosed cases of EBA substantially, especially in seronegative cases.  

We further evaluated the ability to learn recognition of serrated patterns by testing observ-
ers with levels of expertise in chapter 8. Practice makes perfect in case of serration pattern 
analysis. However, the use of the rather simple technique as routine diagnostic method is still 
limited, possibly by a lack of experience with the distinctive patterns. The image-based online 
n-versus-u test and instruction video was created to stimulate practicing serration pattern anal-
ysis, to test the recognition rate in various observers, and to spread the knowledge about the 
technique. Improvement in recognition rate was seen after a short instruction independent of 
the level of expertise of the participant, with a mean recognition rate of nearly 80%. The train-
ing images and instruction video remain available at www.nversusu.umcg.nl. The u-serrated 
pattern was better recognized than the n-serrated pattern.

In chapter 9 we explored a novel automated technique of computer aided serration pattern 
recognition based on the fingerprint of EBA, the u-serrated pattern. The spikes or ridge-end-
ings of the u-serrated patterns are distinctive recognizable features. We developed an auto-
matic technique that identifies the basement membrane zone and detect the distinct u-serrated 
pattern with trainable (COSFIRE) filters that are only selective for ridge-endings. Finally, a 
score and region of interest is provided that indicates the reliability of pattern recognition. We 
achieved an average recognition rate of 82.2% in 180 DIF images, which equals or exceeds the 
manual recognition rate. The technique of ridge-endings detector can be used for other appli-
cations, such as vessel-endings in retinal fundus images, and minutiae detection in fingerprints. 

In chapter 10 we used the combined diagnostic techniques of IIF knockout analysis and ser-
ration pattern analysis to identify 12 patients with the rare subtype of anti-p200 pemphigoid. 
The subtype is probably under-recognized and misdiagnosed, because sophisticated serological 
techniques are needed for definitive diagnosis. The clinical features were heterogeneous and 
the acral distribution of blisters might be a clue for diagnosis. In contrast to Japanese patients, 
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no association with psoriasis was found and the diseases severity was higher than previously re-
ported. The circulating autoantibodies of patients with anti-p200 pemphigoid show dermal side 
binding of IgG by IIF SSS and serves as a first step for identification of anti-p200 pemphigoid. 
While autoantibodies against laminin γ1 were found in two-thirds of patients with anti-p200 
pemphigoid, the significance of anti-laminin γ1 antibodies and molecular identity of the target 
antigen remain unclear.

Finally, in chapter 11 we evaluated the treatment approach for bullous pemphigoid among der-
matologists and residents in dermatology in The Netherlands (n=175), and made a comparison 
with the treatment approach of British dermatologists (n=375). Bullous and nonbullous pem-
phigoid have a high burden of disease due to the intense pruritus and/or blistering. Because of 
the potential chronic relapsing disease course, an effective treatment approach is needed. The 
dermatologists and residents in dermatology from The Netherlands showed a high adherence 
to the treatment recommendation in The Netherlands of transcutaneous systemic clobetasol 
therapy, used by more than half of the participants of the survey. Treatment was often contin-
ued after clinical remission to prevent relapses. In contrast, dermatologists from the United 
Kingdom preferred a different treatment strategy with lesional application of topical cortico-
steroids and discontinuation after remission. This difference can be explained by variation in 
national guidelines and health service models, with practical factors regarding topical therapy. 
Systemic anti-inflammatory antibiotics were commonly used in both The Netherlands (73%) 
and UK (79%) as alternative or adjunctive treatment, mainly doxycycline. Half of the partici-
pants considered oral corticosteroids as first-line treatment, the majority (58%) with adjuvant 
immunosuppressive therapy. The survey should be repeated in the upcoming five years to eval-
uate whether dermatologists follow recent guidelines and implicate new results of clinical trials 
for treatment of bullous pemphigoid. 
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Pemfigoïd is een heterogene groep subepidermale auto-immuun blaarziekten van de huid en 
slijmvliezen. Deze auto-immuun blaarziekten worden gekenmerkt door circulerende auto-anti-
stoffen gericht tegen structurele eiwitten in de epidermale basaalmembraanzone (BMZ), welke 
belangrijk zijn voor de verbinding tussen de huidlagen van epidermis en dermis. Verschillende 
subtypen van pemfigoïd kunnen worden onderscheiden, waaronder bulleus pemfigoïd (BP), 
nonbulleus pemfigoïd, pemfigoïd gestationis, anti-p200 pemfigoïd, lichen planus pemfigoïdes, 
epidermolysis bullosa acquisita (EBA), lineaire IgA ziekte, slijmvliespemfigoïd (MMP) en 
anti-laminine-332 slijmvliespemfigoïd (anti-LN332-MMP). Ondanks overeenkomsten in kli-
nische symptomen, kunnen de subtypen van pemfigoïd verschillen in klinische presentatie, 
aangedane antigenen, behandeling en prognose. Dit proefschrift is gericht op de diagnostiek 
en klinische presentaties van verschillende subtypen van pemfigoïd, door middel van laborato-
riumonderzoeken, translationele en klinische studies.

In hoofdstuk 2 geven we een introductie in de geschiedenis van pemfigoïd, met inzichten uit de 
eerste proefschriften over blaarziekten uit Nederland. Oorspronkelijk werd de term pemphi-
gus gebruikt om blaren te beschrijven, zonder kennis te hebben over het ontstaan ervan. Sinds 
1953 wordt de entiteit bulleus pemfigoïd onderscheiden op basis van histopathologisch on-
derzoek. In de daaropvolgende jaren zorgde de introductie van de diagnostische techniek im-
muunfluorescentiemicroscopie voor een doorbraak in de diagnostische classificatie en differen-
tiatie van subtypen van pemfigoïd. Reeds enkele decennia geleden werden de eerste klinische 
observaties gerapporteerd dat patiënten met bulleus pemfigoïd vaak een jeukende prodromale 
fase van de ziekte doormaakten voorafgaand aan het ontstaan van blaren. Recente inzichten 
laten zien dat een subgroep van patiënten niet voldoet aan de typische kenmerken van bulleus 
pemfigoïd, maar atypische huidafwijkingen heeft zonder blaren en waarbij blaarvorming niet 
noodzakelijkerwijs optreedt. Deze atypische nonbulleuze varianten zijn geen zeldzaamheid, 
maar gerapporteerd in 20 tot 40% van de patiënten. In hoofdstuk 3 brachten we de klinische 
en immunopathologische kenmerken van deze nonbulleuze variant van pemfigoïd in kaart met 
een systematische review. Naast de aanwezige jeuk, waren de meest voorkomende huidafwij-
kingen bij nonbulleus pemfigoïd erythemateuze en urticariële plaques, papels en noduli, of 
eczemateuze huidafwijkingen. Deze huidafwijkingen komen frequent voor bij patiënten met 
andere jeukende inflammatoire huidziekten, waardoor artsen mogelijk pas de diagnose stellen 
wanneer blaarvorming aanwezig is. Het stellen van de diagnose van nonbulleus pemfigoïd kan 
uitdagend zijn; de gemiddelde vertraging tot het stellen van de diagnose was 22,6 maanden. 
Het is tot op heden niet volledig bekend waarom deze patiënten geen blaren ontwikkelen.
 
Verschillende studies hebben de detectie beschreven van circulerende auto-antistoffen die ge-
richt zijn tegen de BP antigenen BP180 of BP230 bij personen die niet voldoen aan de be-
schikbare criteria voor bulleus pemfigoïd, zoals ouderen, ouderen met jeuk en ook gezonde 
bloeddonoren. In hoofdstuk 4 analyseerden we de detectie van deze specifieke BP auto-an-
tistoffen in serum van 374 patiënten met nonbulleuze huidafwijkingen die onze polikliniek 
dermatologie bezochten en waarbij auto-immuun blaarziekten waren uitgesloten op basis van 
een negatief huidbiopt voor DIF. Bij 13,6% van deze patiënten werd ten minste één positieve 
serologische test gevonden, voornamelijk de BP180 NC16A en BP230 ELISA’s en immunoblot 
met auto-antistoffen tegen BP230. Er werd geen associatie gezien tussen auto-antistoffen en 
jeuk, mogelijk verbloemd doordat jeuk bij het merendeel van de patiënten aanwezig was door
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verschillende huidziekten. Deze bevindingen roepen de vragen op of de aanwezigheid van deze 
pemfigoïd-specifieke auto-antistoffen geassocieerd zijn met een subklinisch stadium van bul-
leus pemfigoïd, een risicofactor zijn voor ontwikkeling van de ziekte, of vals-positieve uitslagen 
vertegenwoordigen. Een kleine subgroep van 3,5% van de patiënten liet meerdere verschillen-
de positieve testen zien, waaronder indirecte immuunfluorescentie op zout-gespleten huid (IIF 
SSS), en daarnaast ELISA en/of immunoblot. Deze patiënten hadden klinische kernmerken 
overeenkomend met nonbulleus pemfigoïd, maar voldeden niet aan de beschikbare criteria 
voor het stellen van de diagnose van bulleus pemfigoïd, door het ontbreken van positief huid-
biopt voor DIF. Tot op heden zijn er echter geen wetenschappelijk onderbouwde diagnostische 
criteria vastgesteld.

In hoofdstuk 5 onderzochten we de optimale diagnostische strategie voor bulleus en non-
bulleus pemfigoïd en streefden we ernaar om minimale diagnostische criteria te ontwikkelen. 
We vergeleken verschillende gelijktijdig uitgevoerde diagnostische testen in een omvangrijk 
cohort van 1125 personen met een klinische verdenking op pemfigoïd. In tegenstelling tot het 
vergelijken van individuele testen, gebruikten wij multivariabele logistische regressie analyse. 
Deze methode is vergelijkbaar met de stappen van het diagnostische proces, om de toegevoeg-
de waarde van de testen te analyseren. Bij één op de vier (24%) patiënten met pemfigoïd was 
de initiële presentatie nonbulleus. DIF op een huidbiopt bleek de meest sensitieve test en deze 
was positief bij 88% van de patiënten, maar bij patiënten met nonbulleus pemfigoïd was de test 
minder sensitief (81%). De overige circa 11% van patiënten met een negatief huidbiopt voor 
DIF kon worden geïdentificeerd door middel van een positieve IIF SSS en daarnaast andere 
positieve serologische testen. De gecombineerde testen DIF en IIF SSS identificeerden 98,8% 
van de patiënten en daarom zouden deze gecombineerde testen beschouwd moeten worden als 
het minimum uit te voeren laboratoriumtesten om daarmee het merendeel van de patiënten te 
herkennen. De BP180 NC16A ELISA had geen toegevoegde diagnostische waarde bovenop 
DIF en IIF SSS, bovendien was sprake van een aanzienlijk aantal vals-positieve resultaten. De 
patiënten met nonbulleus pemfigoïd hadden significant vaker alleen auto-antistoffen gericht te-
gen BP230 en een lagere concentratie of afwezigheid van auto-antistoffen gericht tegen BP180. 
BP180 auto-antistoffen droegen met name bij aan positiviteit van DIF in een huidbiopt, in 
tegenstelling tot BP230 auto-antistoffen, welke met name bijdroegen aan positiviteit van IIF 
SSS in serum. Het laatste is eerder gerapporteerd in de literatuur en zou een verklaring kunnen 
bieden waarom fout-negatieve DIF biopten voorkomen bij deze patiënten, namelijk doordat 
het intracellulaire antigeen van het BP230 eiwit niet kan worden aangekleurd. De voorgestelde 
minimale diagnostische criteria van pemfigoïd vereisen minstens twee positieve van de volgen-
de drie criteria: 1) jeuk en/of predominant cutane blaren, 2) positieve lineaire deposities van 
IgG en/of complement C3 (in n-serrated patroon) langs de BMZ met DIF op een huidbiopt, 3) 
positieve epidermale (dak-) aankleuring van IgG met IIF SSS in serum.

Met veroudering komt ook jeuk. Wij stelden de hypothese dat nonbulleus pemfigoïd een 
niet-herkende reden van jeuk zou kunnen zijn en dat bewoners van verpleeghuizen een hoog-
risicopopulatie zijn voor pemfigoïd, met een hoge gemiddelde leeftijd en aanwezigheid van 
geassocieerde neurodegeneratieve ziekte en polyfarmacie. In hoofdstuk 6 onderzochten wij 
de prevalentie van jeuk en pemfigoïd bij verpleeghuisbewoners in de prospectieve SSENIOR 
studie. De prevalentie van jeuk van 47% bevestigde het frequente voorkomen van deze belem-
merende klacht, bij het merendeel was jeuk chronisch aanwezig. Onze bevindingen lieten een
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hoge prevalentie zien van pemfigoïd van 6%, een tweehonderd maal hogere prevalentie verge-
leken met de algemene populatie (0,026%). Opvallend genoeg werden meer patiënten geïden-
tificeerd met niet herkend nonbulleus pemfigoïd dan gediagnosticeerd met bulleus pemfigoïd. 
Dit roept de vraag op of de typische symptomen van bulleus pemfigoïd het meest voorkomend 
zijn, of dat mogelijk de atypische variant van nonbulleus pemfigoïd frequenter voorkomt, maar 
niet wordt herkend binnen het spectrum van pemfigoïd. Op basis van deze bevindingen is het 
aan te raden serologische screening voor pemfigoïd met IIF SSS op te nemen in de diagnosti-
sche benadering van ouderen met matige en ernstige jeuk, met of zonder blaren. Een hypothese 
is dat de sterke associatie tussen neurodegeneratieve ziekte en pemfigoïd verklaard zou kunnen 
worden door een proces van neurodegeneratie en een daarop volgende kruisreactieve immuun-
respons tussen neuronale en huidauto-antigen, veroorzaakt door een aan leeftijd gerelateerd 
verlies van immunotolerantie. Deze inzichten suggereren dat pemfigoïd mogelijk te beschou-
wen is als een auto-immuunziekte bij ouderen, die dieper gaat dan alleen de huid. 

In hoofdstuk 7 beschrijven we de differentiatie van subtypen van pemfigoïd op basis van ser-
ratiepatronen door middel van DIF op een huidbiopt. Het maken van onderscheid tussen sub-
typen van pemfigoïd is belangrijk vanwege verschillen in behandeling, prognose en complica-
ties. Zo is bij EBA mogelijk sprake van verlittekening en een therapieresistent beloop, terwijl 
anti-laminine-332 MMP is geassocieerd met maligniteit. Sinds ruim een decennium worden 
in Groningen serratiepatronen gebruikt om EBA met een u-serratiepatroon te onderscheiden 
van andere subtypen van pemfigoïd met een n-serratiepatroon.  Wij vergeleken verschillende 
technische aspecten voor het gebruik van de techniek in de routinediagnostiek, door de pro-
cedures en uiteindelijke patroonherkenning van twee laboratoria te vergelijken, Groningen en 
Lübeck (Duitsland). Factoren zoals het transportmedium, de dikte van coupes, het microtoom 
en de beoordelaar van de coupe bleken de herkenning van serratiepatronen niet significant te 
beïnvloeden. De serratiepatronen kunnen goed worden onderscheiden, bleek uit het feit dat er 
95,7% overeenstemming was tussen vier beoordelaars. Analyse van DIF serratiepatronen is de 
meest informatieve en kosteneffectieve diagnostische methode voor pemfigoïd. Door herken-
ning van het pathognomische u-serratiepatroon voor EBA zal mogelijk het aantal gediagnosti-
ceerde patiënten substantieel toenemen, met name seronegatieve patiënten. 

We onderzochten in hoofdstuk 8 de leerbaarheid en interpretatie van DIF serratiepatronen 
door beoordelaars van verschillende expertiseniveaus te testen. Oefening baart kunst in het 
geval van analyse van serratiepatronen. Het gebruik in de praktijk van de relatief eenvoudige 
techniek is echter nog beperkt, mogelijk door een gebrek aan ervaring met herkenning van 
de patronen. Een online test werd ontwikkeld met 26 afbeeldingen van DIF serratiepatronen 
van patiënten met pemfigoïd, voorzien van een instructievideo. Het doel van de studie was om 
te kunnen oefenen met analyse van serratiepatronen, om de mate van herkenning te toetsen 
bij verschillende beoordelaars, en om de kennis van de techniek te verspreiden. De test werd 
afgenomen bij drie groepen; 1) dermatologen en dermatologen in opleiding van het Universi-
tair Medisch Centrum Groningen, 2) internationale experts op het gebied van auto-immuun 
blaarziekten, en 3) dermatologen en pathologen die deelname aan de Groninger Blaarcursus 
tussen 2002 en 2012. Er werd een duidelijke verbetering van herkenning van serratiepatronen 
waargenomen na de korte instructievideo, onafhankelijk van het niveau van de beoordelaar en 
met een gemiddelde herkenning van 80%. Het u-serratiepatroon werd beter herkend dan het 
n-serratiepatroon. De online test blijft beschikbaar op www.nversusu.umcg.nl. 



201

14

In hoofdstuk 9 beschreven wij een nieuwe geautomatiseerde techniek van computeronder-
steunde herkenning van serratiepatronen op basis van de vingerafdruk van EBA, het u-serra-
tiepatroon. Het getande patroon, of grassprieten, van het u-serratiepatroon zijn duidelijk her-
kenbare kenmerken. Wij ontwikkelden een automatische techniek die in DIF afbeeldingen de 
BMZ identificeert en het u-serratiepatroon detecteert door middel van trainbare (COSFIRE) 
filters die selectief zijn voor lijnuiteinden van het patroon. Uiteindelijk wordt een score bere-
kend en het gebied van detectie weergegeven om de betrouwbaarheid van de patroonherken-
ning te toetsen. Met deze techniek bereikten we een gemiddelde herkenningsgraad van 82,2% 
in 180 DIF afbeeldingen, wat betekent dat de resultaten vergelijkbaar of beter waren ten op-
zichte van de nversusu-test in hoofdstuk 8. De techniek van detectie van lijnuiteinden kan ook 
gebruikt worden voor andere toepassingen, zoals fundoscopie of detectie van vingerafdrukken.

Wij gebruikten in hoofdstuk 10 de gecombineerde diagnostische technieken IIF knockout 
analyse en analyse van serratiepatronen om 12 patiënten te identificeren met het zeldzame 
subtype anti-p200 pemfigoïd. Dit subtype is waarschijnlijk weinig herkend en vaak verkeerd 
gediagnosticeerd, omdat geavanceerde serologische testen nodig zijn om de diagnose te beves-
tigen. De klinische kenmerken waren heterogeen en de distributie van blaren op de handen 
en voeten kan een aanwijzing geven voor de diagnose. In tegenstelling tot Japanse patiënten 
werd er geen associatie gezien met psoriasis. De ernst van de ziekte was hoger dan eerder 
aangenomen werd voor anti-p200 pemfigoïd. De circulerende auto-antistoffen van patiënten 
met anti-p200 pemfigoïd lieten een dermale (bodem-) aankleuring van IgG zien in IIF SSS, 
wat een eerste stap is in de identificatie van anti-p200 pemfigoïd. Auto-antistoffen gericht tegen 
laminine γ1 werden gedetecteerd bij twee derde van onze patiënten met anti-p200 pemfigoïd, 
echter is de relevantie van deze auto-antistoffen en de moleculaire identiteit van het antigen 
nog niet bekend. 

Ten slotte evalueerden wij in hoofdstuk 11 de behandeling van bulleus pemfigoïd onder der-
matologen en dermatologen in opleiding in Nederland (n=175) en vergeleken wij dit met de 
behandeling van dermatologen in het Vereniging Koninkrijk (n= 375). Bulleus en nonbulleus 
pemfigoïd hebben een hoge ziektelast vanwege ernstige jeuk en/of blaren. Door het potentieel 
recidiverende ziektebeloop is een effectieve behandeling noodzakelijk. De dermatologen en 
dermatologen in opleiding in Nederland lieten een hoge naleving zien van de behandeladvie-
zen in Nederland en meer dan de helft van de respondenten gebruikte clobetasol crème van 
kaak tot teen (transcutaan systemische clobetasol therapie). Deze behandeling werd vaak ge-
continueerd na het bereiken van klinische remissie ter voorkoming van recidief. Daarentegen 
gaven de dermatologen uit het Verenigd Koninkrijk de voorkeur aan lesionale applicatie van 
topicale corticosteroïden en het staken van deze behandeling na het bereiken van remissie. 
Het verschil in deze benadering valt te verklaren door verschillen in de nationale richtlijnen 
en de organisatie van gezondheidszorg, vooral met betrekking tot praktische factoren voor de 
uitvoerbaarheid van het zalven. Systemische anti-inflammatoire antibiotica werden regelmatig 
gebruikt in zowel Nederland (73%) als het Verenigd Koninkrijk (79%) als alternatieve of aan-
vullende behandeling, voornamelijk doxycycline. De helft van de respondenten beschouwde 
orale corticosteroïden als eerste keus behandeling, waarbij de meerderheid (58%) een adjuvant 
immuunsuppressivum gebruikte. Om te kunnen beoordelen om dermatologen recente richtlij-
nen navolgen en resultaten van klinische trials betrekken in de behandeling van bulleus pemfi-
goïd, zou de survey in de komende vijf jaar herhaald moeten worden.
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Op de blaren zitten doe je niet alleen, zo heb ik de afgelopen jaren ondervonden tijdens het 
voltooien van dit proefschrift. Graag zou ik iedereen willen bedanken die betrokken was bij het 
tot stand brengen van dit proefschrift en enkelen hiervan in het bijzonder.

Allereerst zou ik mijn promotor prof. dr. M.F. Jonkman en co-promotor dr. H.H. Pas willen 
bedanken.

Marcel, tijdens ons eerste gesprek in 2012 over een wetenschappelijke stage vroeg je of ik een 
beetje kon schrijven, namelijk voor een historisch onderzoek over blaarziekten in Nederland 
voor het 100-jarig jubileum van de leerstoel Dermatologie in Groningen. We hebben gezamen-
lijk de basis van de blaarboom verder uitgediept met als resultaat uiteindelijk hoofdstuk 2 van 
dit proefschrift, een stevige basis waar ik de afgelopen jaren de vruchten van heb kunnen pluk-
ken. Ondanks deze stormachtige en sombere herfst komt er dankzij jouw nalatenschap ook 
weer een voorjaar met nieuwe bloei. Het wetenschappelijk onderzoek was weliswaar gericht 
op de verbroken contacten van de huidcel, maar graag wil ik je bedanken voor de heel goede 
contacten, de kansen die je me hebt gegeven en kijk ik met trots terug op dit proefschrift als 
eindresultaat van onze mooie samenwerking. 

Hendri, met jou heb ik graag een boom opgezet over blaren, waarbij het altijd mogelijk was een 
goede discussie te voeren over onze nieuwe bevindingen, met een wijde blik andere onderzoe-
ken te bespreken en een kritische noot te plaatsen. Met jouw expertise heb je een belangrijke 
rol gespeeld in de onderzoeken van dit proefschrift, daarnaast heb je me ook wetenschappelijk 
aan het denken gezet. Bedankt voor deze belangrijke bijdragen, inspiratie en natuurlijk weten-
schappelijke nabeschouwingen. Graag toets ik nogmaals een hypothese met je en ronden we 
af met een proost!

Beste Jeroen en Antoni, jullie zijn echte koningspinguïns en ik kan me geen betere paranimfen 
wensen. Bedankt voor jullie steun en hulp in de afgelopen jaren bij het tot stand brengen van 
dit proefschrift en de promotie, goed voorbeeld doet volgen! Na deze derde promotie wordt het 
voor ons toch tijd om een andere hobby te zoeken. Hopelijk hebben we hier nog jaren plezier 
in, in het Hoge Noorden of dichter bij de Zuidpool.

I would like to thank the members of the reading committee for reading and judging my thesis, 
I am looking forward to your presence during the defense of my thesis on the 5th of November. 
Prof. dr. Pascal Joly, as the most cited author in this thesis it is an honor this thesis withstands 
your scrutiny. Prof. dr. Maarten Vermeer, I am looking forward to the further collaboration in 
the Dutch working group on bullous diseases. Prof. dr. Peter Heeringa, during our co-opera-
tion you triggered a broader view of immunology. 

This thesis was a result of various international collaborations, therefore I would like to extend 
my gratefulness to all co-authors. Especially to prof. Enno Schmidt and the Lübeck laboratory 
for the contribution to the anti-p200 pemphigoid study and our shared project of DIF serration 
pattern analysis. 
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Gilles, betere supervisie dan superfietsie krijg je niet. Bedankt voor je belangrijke bijdragen in 
verschillende hoofdstukken van dit proefschrift en je scherpe feedback. Ik kijk met veel plezier 
terug op de verschillende projecten en volgens mij zitten wij op één lijn, hetzij natuurlijk lineair 
n-serrated of u-serrated. 

Jorrit, bedankt voor het vertrouwen en de vliegende start die je mijn promotie gaf. Als student 
had ik jouw artikel over anti-laminine-332 MMP meegenomen tijdens mijn kennismakingsge-
sprek met Marcel als voorbeeld van wat ik zelf graag voor onderzoek zou willen doen, mede 
dankzij jouw hulp heb ik dat kunnen bereiken. Je mensenkennis gaat blijkbaar zo ver dat je me 
zag denken, ik denk dat je dat goed zag. 

Aniek, als beginnend promovendus en student gaat onze samenwerking inmiddels al een aantal 
jaren terug. Waarschijnlijk begrijpen we elkaar goed omdat we praktisch in dezelfde klas op de 
basisschool bleken te hebben gezeten. Het hoofdstuk 4 was als eerste project voor ons allebei 
een hele goede start en de basis voor de SSENIOR studie, waar ik erg trots op ben dat we het 
voor elkaar hebben gekregen. Nu op naar jouw promotie, waar ik alle vertrouwen in heb!
Emma en Alet, met veel plezier heb ik samengewerkt aan jullie afstudeeronderzoeken en jullie 
zijn met vlag en wimpel geslaagd!

Medewerkers van het laboratorium immunodermatologie. Janny, Gonnie, Laura, Marije, 
Miranda en Duco. In het merendeel van de projecten zijn jullie op een moment betrokken 
geweest, bij het snijden van vele coupes, de diagnostiek van de SSENIOR studie en voor vak-
kundige spoedeisende hulp bij ontdooiende vriezers. Bedankt hiervoor.

Sytse Zuidema, Dika Luijendijk en de overige leden van de SSENIOR studiegroep. Door onze 
samenwerking ging er een wereld open in het verpleeghuis, waar we veel van geleerd hebben 
en wat resulteerde in een belangrijke bijdrage in dit proefschrift. Bedankt en ik hoop dat we nu 
gezamenlijk deze resultaten een waardevolle verdere betekenis kunnen geven.

Mijn opleider, Barbara Horváth. Naast het feit dat je me hebt aangenomen voor de opleiding, 
wil ik je bedanken voor het rekening gehouden met de wirwar van mijn zeer persoonlijke 
opleidingsschema. Daarnaast wil ik de overige stafleden en medewerkers van de afdeling Der-
matologie bedanken voor de tijd en ruimte die ik heb gekregen tijdens de ontwikkeling van dit 
proefschrift. Piet, niet alleen jij staat er altijd goed op, je uitstekende foto’s zijn een waardevolle 
toevoeging aan dit proefschrift.

Anneke Hoekstra, Katarina Ondrekova en Alberta Oolders. Bedankt voor alle ondersteuning 
en gezelligheid in de afgelopen jaren op de Brug.

Mijn collega AIOS, het wiel draait niet zonder spaken en ik heb veel steun van jullie gehad, 
zonder jullie had ik dit proefschrift niet kunnen voltooien. Ik kijk uit naar het vervolg van mijn 
opleiding met jullie samen en graag bedank ik jullie nogmaals na afloop tijdens de borrel in 
wielercafé Spaak!

Familie en vrienden, bedankt voor de jarenlange steun in de rug, jullie hulp aan niet alleen dit 
proefschrift en voor een wiel (of brede rug) tijdens onze rondjes op het Hoogeland.
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Lieve pap en mam, jullie gaven mij de vrijheid, wijsheid en de mogelijkheden om mij te ontwik-
kelen als persoon. Jullie zijn een voorbeeld voor mij, bedankt voor alles. Pap, nu moet je me 
toch eens uitleggen wat je eigenlijk bedoelde met dat wad, zo is het droog zo is het nat. 

Lieve Lot, samen kunnen we iedere klus aan en ik ben er ontzettend trots op hoe we dit proef-
schrift hebben voltooid. Ik kan je niet genoeg bedanken hiervoor en ik kijk uit naar onze vol-
gende (kleine) klus! Lieve Sjoert, bedankt voor je glimlach iedere ochtend. 
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Joost Meijer werd geboren op 13 februari 1987 te Beilen. In 2005 behaalde hij zijn gymnasium-
diploma aan het Roelof van Echten College in Hoogeveen en volgde hij de studie Genees-
kunde aan de Rijksuniversiteit Groningen. Als student deed hij onderzoek in het Universitair 
Medisch Centrum Groningen naar serratiepatronen in de diagnostiek van pemfigoïd samen 
met prof. dr. Marcel Jonkman, dr. Jorrit Terra en dr. Gilles Diercks, opgenomen in dit proef-
schrift als hoofdstuk 8. Daarnaast verrichte hij onderzoek naar historisch proefschriften over 
blaarziekten in het kader van het 100-jarig jubileum van de leerstoel Dermatologie aan de 
Rijksuniversiteit Groningen, in dit proefschrift beschreven in hoofdstuk 2. Hij behaalde het 
artsenexamen in 2013 en begon met de opleiding Dermatologie in het Universitair Medisch 
Centrum Groningen met als opleider dr. Barbara Horváth. Tijdens deze opleiding begon hij in 
2014 als promovendus bij prof. dr. Marcel Jonkman en als co-promotor dr. Hendri Pas, met de 
afronding van zijn promotie op 5 november 2018.




