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SIGNIFICANCE
Epidermolysis bullosa acquisita belongs to the autoimmune 
blistering skin diseases. The disease is characterized by 
auto antibodies against type VII collagen, a structural pro-
tein of the junction between the epidermis and the dermis. 
In this study we compared the sensitivities and specificities 
of 6 diagnostic assays. The highest diagnostic performance 
was observed for immunoblotting using the recombinant 
non-collagenous NC1 domain of collagen type VII and the 
commercial NC1 BIOCHIP®.

Epidermolysis bullosa acquisita is a pemphigoid 
disease characterized by autoantibodies against type 
VII collagen. This study compared the sensitivity and 
specificity of 6 diagnostic assays: type VII collagen non-
collagenous domains enzyme-linked immuno assay 
(NC1/2 ELISA) (MBL, Nagoya, Japan); type VII colla-
gen NC1 ELISA (Euroimmun, Lübeck, Germany); indi-
rect immunofluorescence (IF) microscopy test based 
on the expression of recombinant NC1 in a human cell 
line (NC1 BIOCHIP®; Euroimmun); full-length recom-
binant type VII collagen ELISA; immunoblotting with 
full-length type VII collagen in the extract of human 
dermis; and immunoblotting with recombinant NC1. 
Immunoblotting with recombinant NC1 showed a 
sensitivity of 93.1% and specificity of 100%, follow-
ed by NC1 BIOCHIP® (sensitivity, 89.1%; specificity, 
100%), immunoblotting with human dermis (sensiti-
vity, 87.1%; specificity 100%), NC1-ELISA (sensitivity 
82.2%; specificity 98.6%), NC1/NC2 ELISA (sensitivi-
ty 88.1%; specificity 93.3%), and full-length type VII 
collagen ELISA (sensitivity 80.2%; specificity 93.8%). 

Key words: epidermolysis bullosa acquisita; autoantibody; type 
VII collagen; BIOCHIP; enzyme-linked immunoassay; immu-
noblot.
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Epidermolysis bullosa acquisita (EBA) is a rare auto­
immune bullous disease (AIBD) with a prevalence 

of 2.8/million in Germany (1). The disease is charac­
terized by tissue­bound and circulating autoantibodies 
against type VII collagen (Col7), which is part of the 
basal membrane zone (BMZ) of the skin (2–4). The 
binding of anti­Col7 autoantibodies leads to complement 
activation at the BMZ and, subsequently, to the influx 
of leukocytes and dermal–epidermal splitting, which 
manifests as subepidermal blistering (5, 6). Clinically, 
EBA can present as inflammatory variant with ery­
themas and tense blisters/erosions resembling bullous 

pemphigoid or linear IgA disease, and a mechanobullous 
form with non­inflammatory lesions predominantly on 
mechanically­stressed parts of the skin (Fig. 1a) (7). 
Approximately 50% of patients also show lesions on 
surface­close mucous membranes (8).

Diagnosis of EBA relies on: (i) clinical presentation; (ii) 
detection of autoantibodies by direct immunofluorescence 
(IF) or immunoelectron microscopy of perilesional skin 
biopsies showing linear deposits of IgG (in some cases 
IgA alone or combined with IgG) and/or complement C3 
along the BMZ; and/or (iii) evidence for serum antibodies 
against Col7 (Fig. 1b) (9). Circulating autoantibodies 
against Col7 have been reported in approximately 60% of 
patients with EBA, and can be detected by different assays 
(7). Serration pattern analysis of direct IF microscopy 
allows the differentiation of EBA from other pemphigoid 
diseases with a so­called u­serrated pattern, seen only 
in autoimmunity against Col7 (10). This method has a 
high inter­rater reliability and can easily be integrated 
in a routine laboratory using 6­µm cryosections and a 
standard IF microscope with a ×400 magnification (11, 
12). Serum autoantibodies in EBA label the dermal side 
of the artificial blister by indirect IF on human salt­split 
skin (SSS). This binding pattern contrasts the epidermal 
binding seen in bullous pemphigoid, the, by far, more 
frequent AIBD, but is indistinguishable from the label­
ling seen in the about equally frequent anti­laminin 332 
pemphigoid and the approximately 5­fold more frequent 
anti­p200 pemphigoid (Fig. 1c) (9, 13). Circulating 
auto antibodies against Col7 can be detected by different 
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assays including both commercial and in­house systems. 
Col7 is composed of 3 identical α1 chains, which build a 
triple helical structure. Each chain contains a large col­
lagenous domain flanked by 2 non­collagenous domains 
(NC1 and NC2) (3). Lapiere et al. (14) described the NC1 
domain as the immunodominant region in EBA, while 
some patients also develop autoantibodies against the 
NC2 domain (4, 14–16). 

This retrospective blinded study included a large 
number of sera from patients with EBA and other AIBD 
to determine the sensitivities and specificities of 3 com­
mercial and 3 in­house assays for the detection of serum 
anti­Col7 IgG.

MATERIALS AND METHODS

Human sera 

In this multicentre study sera from patients with EBA (n = 101) 
were collected retrospectively at the dermatology departments 
in Lübeck (Germany, n = 36), Kurume (Japan, n = 52), and Rome 
(Italy, n = 13). EBA was diagnosed based on: (i) a compatible clini­
cal picture (7, 8); and/or (ii) linear deposits of IgG, IgA and/or C3 at 
the dermal–epidermal junction by direct IF of a perilesional biopsy; 
and (iii) reactivity with Col7 by immunoblotting with extract of 
human dermis, reactivity with the recombinant NC1 domain of 
Col7 by enzyme­linked immunoassay (ELISA) (Euroimmun, 
Lübeck, Germany) (17) or reactivity with the recombinant NC1/
NC2 domain of Col7 by ELISA (MBL, Nagoya, Japan) (9, 14). As 
controls, sera from patients with anti­p200 pemphigoid (n = 65), 
anti­laminin 332 mucous membrane pemphigoid (n = 6), bullous 
pemphigoid (n = 99), and pemphigus vulgaris (n = 40) were applied 
as diagnosed by national or international guidelines (18–20) or as 
previously detailed (21, 22). The study was performed following 
the Declaration of Helsinki and approved by the ethics committee 
of the University of Lübeck (12­178, amended 15.02.2019). Sera 
were stored at –20°C or –80°C until use.

Serum analysis

All sera (diluted 1:10 in PBS) were analysed by indirect IF mi­
croscopy on 6­µm cryosections of human SSS using a fluorescein 
isothiocyanate (FITC)­conjugated monoclonal anti­human IgG 
detection antibody (1:50; Sigma Aldrich, Munich, Germany). 

All Col7­specific assays detailed below were performed blinded 
in Paris (full­length Col7 ELISA) and Lübeck (all other tests).

NC1 and NC1/NC2 enzyme-linked immunoassay

The Col7­NC1 ELISA (anti­type VII collagen ELISA, Euroimmun) 
and the Col7­NC1/NC2 ELISA (MESACUP Anti­Type VII 
Collagen Test, MBL, Fig. 2a) were performed according to the 
manufacturers’ instructions. Sere were diluted 1:101 and the ab­
sorbance of each well was measured at 450 nm using a plate reader 
(GloMax® Discover, Promega, Walldorf, Germany). A reference 
wavelength of 620 nm was applied. The relative units/ml (RU/ml) 
and units/ml (U/ml), respectively, were calculated for each ELISA 
according to the information provided by the manufacturers. Data 
were analysed using Excel, and values were illustrated as dot plots 
using the software GraphPad Prism8 (GraphPad Software Inc., 
San Diego, California USA).

Full-length Col7 enzyme-linked immunoassay

Recombinant full­length Col7 was purified from conditioned 
medium of a SV40­immortalized recessive dystrophic epidermo­
lysis bullosa (RDEB) keratinocyte cell line (23) transduced with 
a COL7A1 retroviral vector, as described previously (24). The 
protein was purified from serum­free culture supernatant by anion­
exchange chromatography on an AKTA prime FPLC (Amersham 
Biosciences, Amersham, UK) according to Chen et al. (25) after 
concentration using a Vivaflow tangential flow filtration system 
(cut­off 100 kDa; Sartorius, Göttingen, Germany).

Patient sera (diluted 1:50 up to 1:3200) were incubated on 
Nunc MaxiSorp 96­well microtitre plates coated with Col7 (540 
ng/well). Control wells without serum or healthy control serum 
were run on each plate in parallel. Bound anti­Col7 antibodies 
were detected with peroxidase­ conjugated antibody to human 
immunoglobulins (ab8504, Abcam, Cambridge, UK). Signal was 
revealed using 3,3’,5,5’­tetramethylbenzidine (TMB) peroxidase 
substrate (09743, Sigma­Aldrich, St Louis, USA) on a plate reader 
(Packard).

In previously published full­length Col7 ELISA, a standard 
curve was made with a serial dilution of a pool of 10 EBA patient 
sera. Using this pool, the ELISA score cut­off threshold was 
calculated at 17.9 (26, 27). However, as this standard pool was 
exhausted, a serial dilution of commercially available human IgG 
against human Col7 (CA 1947­0101, Euroimmun) was used as 
standard curve in the current study. The test was validated using 
a cohort of 20 healthy donors and EBA patient sera. Receiver 
operating characteristic (ROC) plot established the new cut­off 

Fig. 1. Clinical presentation and diagnostic findings in patients with epidermolysis bullosa acquisita (EBA). (a) Clinical picture of a patient 
with inflammatory EBA with erosions on the back. (b) Direct immunofluorescence (IF) microscopy of a perilesional biopsy of a patient with EBA showing 
linear deposition of immunoglobulin G (IgG) at the dermal–epidermal junction with a u-serrated pattern. (c) Indirect IF microscopy on 1 M NaCl-split 
human skin of an EBA patient’s serum reveals linear binding of IgG serum autoantibodies at the floor of the artificial blister.
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threshold for the ELISA score at 174, with a sensitivity and spe­
cificity of the assay of 82% and 95%, respectively (calculations 
were performed using Graphpad Prism 5). 

NC1 BIOCHIP®

Slides with BIOCHIP® mosaics (Euroimmun) containing recombi­
nant NC1­Col7 expressing HEK293 cells and empty plasmid trans­
fected HEK293 cells were used as previously reported (Fig. 2B) 
(17). Briefly, HEK293 cells growing on cover glasses were trans­
fected with a plasmid containing the sequence for the NC1 domain 
of Col7 or with the empty plasmid, respectively. After 48 h, cells 
were fixed, cover glasses were cut into millimetre­sized biochips 
and glued onto incubation slides. Slides were incubated with sera 
diluted 1:10 according to the manufacturer’s instructions.

Immunoblotting

Recombinant NC1 (amino acids 1­1253; Euroimmun (17)) and 
extract of human dermis (28) were fractionated by sodium do­
decylsulfate polyacrylamide gel electrophoresis (SDS­PAGE), 
transferred to nitrocellulose membrane and immunoblotted as 
reported (Fig. 2C) (29). Human sera were diluted 1:50 in Tris­
buffered saline with 0.05% Tween20 (TBST) containing 5% 
skimmed­milk powder plus 1% bovine serum albumin (BSA) in 

TBST and incubated overnight at 4°C. As secondary antibody 
horseradish peroxidase (HRP)­conjugated monoclonal mouse 
anti­human IgG4 antibody (Southern Biotech, Birmingham, AL, 
USA) was used. The proteins were visualized by diaminobenzidine 
(Merck, Darmstadt, Germany).

RESULTS

Indirect IF microscopy on human salt-split skin
Of the 101 EBA sera, 97 revealed IgG labelling along the 
dermal side of the artificial blister, resulting in a sensiti­
vity of 96%. Of the 211 control sera, 5 BP sera showed 
dermal binding in addition to IgG reactivity along the 
blister roof, at titres of 1:10, while anti­BP180 NC16A 
ELISA values ranged between 48 and 1566 U/ml. These 
5 BP sera were positive in the full­length Col7 ELISA, 
but not in any other assay (Table I). 

Col7-specific assays
The highest sensitivity was observed in immunoblotting 
with recombinant NC1, with a sensitivity of 93.1%, fol­

Fig. 2. Schematic representation of type 
VII collagen (Col7) and the Col7 domains 
used in the different serological tests as 
well as non-collagenous NC1 BIOCHIP® 
and immunoblotting (IB). (a) The NC1 
and/or NC2 domain of Col7 or full-length Col7 
are used in the different serological assays for 
the detection of Col7-specific immunoglobulin 
G (IgG) autoantibodies. (b) Exemplified 
pictures of an indirect immunofluorescence 
(IF) microscopy using the NC1 BIOCHIP®. The 
recombinant NC1 domain is expressed on the 
surface of HEK293 cells (red box, left field). 
HEK293 transfected with the empty plasmid 
(pTriEx-1) served as control (red box, right 
field). A representative picture of a positive 
epidermolysis bullosa acquisita (EBA) serum 
reacting with NC1-expressing HEK293 cells is 
shown (red box, left field). (c) Representative 
pictures of immunoblotting using extracts of 
human dermis (upper blot) and recombinant 
NC1 (lower blot). Upper blot: lane 1, anti-p200 
pemphigoid serum labelling the p200 protein; 
lane 2, EBA serum labelling the 290 kilodalton 
(kD) full-length Col7 protein; lanes 3–4, sera 
of healthy blood donors; lower blot: lanes 1–2, 
sera of patients with EBA reacting with the NC1 
domain of Col7, lanes 3–5, sera of healthy blood 
donors. H2N: N-terminus; COOH: C-terminus; 
CMP, cartilage matrix protein (CMP) domain; 
vWFA2, von Willebrand factor A2-like domain; 
1-9, nine fibronectin III (FNIII)-like domains; 
BPTI: Kunitz bovine pancreatic trypsin inhibitor 
domain.
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lowed by the NC1 BIOCHIP® (89.1%), NC1/NC2 ELISA 
(88.1%) and the immunoblotting employing extract of 
human dermis (87.1%). The Col7­specific assays with the 
highest specificities of 100% were the NC1 BIOCHIP® 
and the 2 immunoblottings with dermal extract, and the 
NC1 domain, followed by the NC1 ELISA (specificity, 
98.6%; Table I). The tests with the lowest specificities, 
at 93.3% and 93.8%, were the NC1/NC2 ELISA and 
the full­length Col7 ELISA, respectively. When only 
sera from patients with anti­p200 pemphigoid and anti­
laminin 332 mucous membrane pemphigoid, which 
showed an identical binding pattern to that of EBA sera 
by indirect IF on human SSS, were used, the specificities 
were 97.2% (NC1 ELISA) 87.3% (NC1/NC2 ELISA) 
and 93.0% (full­length Col7 ELISA). The highest diag­
nostic accuracy determined by combining sensitivity and 
specificity of the individual test systems was observed 
for immunoblotting with recombinant NC1, followed 
by the NC1 BIOCHIP® (Table I). The values for the 3 
Col7­specific ELISA are detailed in Fig. 3. When results 
for anti­Col7 serum reactivities were analysed separately 
for European and Japanese patients with EBA, the high­
est sensitivities for the different assays in the Japanese 

patients were observed in the Col7 NC1/NC2 ELISA and 
Col7 NC1 immunoblot (both 96.2%) followed by immu­
noblotting with dermal extract and the NC1 BIOCHIP® 
(sensitivities of 92.0%; Table II). In the European EBA 
sera, the highest sensitivities were obtained by immunob­
lotting with Col7 NC1 (91.8%) and the NC1 BIOCHIP® 
(85.7%) followed by immunoblotting with dermal extract 
and the full­length Col7 ELISA (both 83.7%).

DISCUSSION

The aim of this retrospective study was the blinded 
determination of the diagnostic accuracy of several 
Col7­specific assays for the detection of serum IgG 
autoantibodies in a large cohort of patients with EBA 
and other AIBD. 

EBA usually requires long­term immunosuppressive 
and/or immunomodulatory therapy, including high­dose 
corticosteroids, azathioprine, mycophenoles, colchicine, 
dapsone, rituximab, and high­dose intravenous im­
munoglobulins (6, 8, 30, 31). Disease activity in EBA 
is more difficult to suppress than most other AIBDs, 
including bullous pemphigoid, mucous membrane 

Table I. Sensitivities and specificities of different serological tests for the diagnosis of epidermolysis bullosa acquisita (EBA)

Patients

Indirect IF on SSS 
(blister floor) 
n (%)

NC1 BIOCHP® 
n (%)

NC1 ELISA 
n (%)

NC1/NC2 ELISA 
n (%) 

FL Col7 ELISA 
n (%)

Dermal extract 
IB (Col7) 
n (%)

NC1 IB 
n (%)

EBA (n = 101) 97 (96.0) 90 (89.1) 83 (82.2) 89 (88.1) 81 (80.2) 88 (87.1) 94 (93.1)
BP (n = 99) 5 (5.1) 0 (0) 1 (1) 4 (4) 6 (6.1) 0 (0) 0 (0)
PV (n = 40) 0 (0) 0 (0) 0 (0) 1 (2.5) 2 (5.0) 0 (0) 0 (0)
Anti-p200 pemphigoid (n = 65) 65 (100) 0 (0) 2 (3.1) 8 (12.3) 3 (4.6) 0 (0) 0 (0)
Anti-laminin332 MMP (n = 6) 6 (100) 0 (0) 0 (0) 1 (16.7) 2 (33.3) 0 (0) 0 (0)
Specificity 97.6% 100% 98.6% 93.3% 93.8% 100% 100%
Sensitivity + Specificity 193.6% 189.1% 180.8% 181.4% 174.4% 187.1% 193.1%

BP: bullous pemphigoid; Col7: type VII collagen; NC: non-collagenous domain; FL: full-length; IF: immunofluorescence; IB: immunoblot; MMP: mucous membrane 
pemphigoid; PV: pemphigus vulgaris; SSS: salt-split skin.

Fig. 3. Graphic representation of enzyme-linked immunoassay (ELISA) values obtained using the 3 different Col7 ELISA. Sera of patients 
with epidermolysis bullosa acquisita (EBA, n = 101) and other autoimmune blistering diseases, including bullous pemphigoid (BP, n = 99), pemphigus 
vulgaris (PV, n = 40), anti-laminin 332 mucous membrane pemphigoid (anti-lam332 MMP, n = 6), and anti-p200 pemphigoid (n = 65) were analysed. 
Coloured dots represent RE/ml (NC1 ELISA), U/ml (NC1/NC2 ELISA) or the optical density (OD) at 450 nm (full-length (FL)-Col7 ELISA). Dotted lines 
indicate cut-off values.
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pemphigoid, and anti­p200 pemphigoid (6, 8, 21, 30). 
Thus, an exact diagnosis of EBA is essential to initiate 
optimal treatment. 

Direct immunoelectron microscopy was considered the 
diagnostic gold­standard for EBA (8, 28, 34). Since this 
method is available only in a few laboratories worldwide, 
and biopsies need to be analysed immediately and can­
not be sent away, in most EBA patients the diagnosis is 
based on other methods. The introduction of the serration 
pattern analysis by Vodegel et al. in 2004 provided an 
alternative for the detection of tissue­bound antibodies 
against Col7 (10). This method is, however, not yet 
widely used, although it has revealed a high inter­rater 
reliability and requires only 6­µm cryosections and a 
standard IF microscope with a ×400 magnification (11, 
12). At present, most physicians rely on various serolo­
gical assays to detect circulating Col7­specific autoan­
tibodies for the diagnosis of EBA. However, only a few 
data are available about the comparative performance 
of these assays. 

In the current study, sera from large cohorts of patients 
with AIBD, collected at different centres, were subjected 
to 3 commercial and 3 in­house assays for the detection 
of serum anti­Col7 IgG. The highest diagnostic accuracy 
was observed for the in­house immunoblot applying 
recombinant NC1 (sensitivity 93.1%, specificity 100%), 
followed by the commercial NC1 BIOCHIP® (sensitivity 
89.1%, specificity 100%). For the NC1 BIOCHIP®, this 
finding is in line with previous studies by Komorowski 
et al. (17), who reported a sensitivity and specificity of 
91.8% and 99.8%, respectively, and by Marzano et al. 
(33), who found reactivity in all 6 EBA and none of the 
11 other AIBD and control sera, but contrasts with data 
by Seta et al. (27), who found only 27% of EBA sera 
were positive in the NC1 BIOCHIP®. This discrepancy 
may be explained by the different inclusion criteria of 
the latter study, which assayed sera based on immuno­
electron microscopy results, and not on the presence of 
Col7­specific serum antibodies as in the current study. 
The different study designs are also reflected by the low 
number of SSS­positive EBA sera (43%) (27), compared 
with 96% in the present study. 

Among the 2 other commercially available Col7­ 
specific tests, the NC1 ELISA had a slightly higher per­
formance than the NC1/NC2 ELISA, which was mainly 
due to the higher specificity of 98.6%, compared with 
93.3%, while the sensitivity of the NC1 ELISA was lower 
(82.2% vs 88.1%). Other studies with similar inclusion 

criteria using the NC1/NC2 ELISA have observed sen­
sitivities of 79.2% (n = 24) (34), 80.8% (n = 21) (35), 
93.8% (n = 49) (14), 96.7% (n = 30) (36), 97.9% (n = 95) 
(37), and 100% (n = 6) (33) with specificities between 
98.1% and 100%. The only other study that directly 
compared the NC1 and the NC1/NC2 ELISA showed 
a higher sensitivity of the NC1/NC2 ELISA (97.9%, 
n = 95) compared with the NC1 ELISA (89.5%) (37). The 
higher sensitivity of the NC1/NC2 ELISA may be due to 
a selection bias, since most, if not all, patients with EBA 
had been pre­diagnosed using this assay. This view is sup­
ported by the sensitivities for both ELISAs, of 82.2% and 
88.1%, in the present study, which correspond well with 
the sensitivity of 89.5% in the NC1 ELISA in the latter 
study (37). Of note, while the specificities of the NC1 
(98.7%, n = 200) and NC1/NC2 ELISA (99.3%) in the 
previous studies were both relatively high, in the present 
study, the specificity of the NC1 ELISA of 98.6% was 
comparable, while it was considerably lower for the NC1/
NC2 ELISA (93.3%). This discrepancy was mainly due 
to the high reactivity of anti­p200 pemphigoid sera in the 
NC1/NC2 ELISA (12%), an AIBD cohort not included 
in the other study. This observation might be explained 
by epitope spreading, which is a common phenomenon 
in anti­p200 pemphigoid sera (38).

The NC1 immunoblot was identified as the (in­house) 
test with the highest diagnostic performance. However, 
this assay is not widely available. In addition, although 
accredited by the German Accreditation Board (DAkkS, 
D­ML­13069­06­00), this assay does not have the same 
level of standardization with regard to storability and 
batch control systems compared with the commercial 
systems. The full­length Col7 ELISA showed compa­
rable sensitivity and specificity of 80.6% and 93.8%, 
respectively, compared with SSS­positive patients with 
EBA in the original description (80% and 97%) (27). Of 
interest, indirect IF microscopy on SSS also revealed a 
high sensitivity (96%) and specificity (97.6%). In par­
ticular, the sensitivity of this in­house test varied consi­
derably, with 74.7% (n = 95) (37), 83.3% (n = 24) (34), 
91.4% (n = 105) (39), and 100% (n = 49) (14), which is 
most likely explained by inclusion criteria of the studies 
and quality of SSS. Unfortunately, indirect IF microscopy 
on SSS is not sufficient for the diagnosis of EBA, since 
anti­p200 pemphigoid and anti­laminin 332 mucous 
membrane pemphigoid have the same binding pattern. 
In the current study, 5 BP sera also showed binding to 
the blister floor on SSS at low titres, while anti­BP180 

Table II. Sensitivities of the serological tests calculated individually for Japanese and European patients

Patients

Indirect IF on SSS 
(blister floor) 
n (%)

NC1 BIOCHP® 

mosaic 
n (%)

NC1 ELISA 
n (%)

NC1/NC2 ELISA 
n (%) 

FL Col7 ELISA 
n (%)

Dermal extract 
IB (Col7) 
n (%)

NC1 IB 
n (%)

Japanese EBA sera (n = 52) 51 (98.1) 48 (92) 47 (90.4) 50 (96.2) 39 (75) 48 (92) 50 (96.2)
European EBA sera (n = 49) 46 (93.9) 41 (85.7) 37 (75.5) 39 (79.6) 41 (83.7) 41 (83.7) 45 (91.8)

EBA: epidermolysis bullosa acquisita; NC: non-collagenous domain;  IF: immunofluorescence; FL: full-length; IB: immunoblot.
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NC16A ELISA reactivity was observed. This phenome­
non might be explained by epitope spreading, which can 
occur during the course of disease (38). 

When the sensitivities of the different assays were 
compared in the subgroups of European and Japanese 
patients with EBA, a higher autoantibody detection rate 
in the Japanese patients was observed in all assays beside 
the full­length Col7 ELISA. This may be explained by 
a difference in the frequency of serum anti­Col7 auto­
antibodies between the 2 populations, genetic differen­
ces, or differences within the defined inclusion criteria 
of the present study. Furthermore, the current study 
shows that the differences in sensitivities between the 2 
cohorts in NC1 ELISA and NC1/NC2 ELISA seem to be 
wider than for the other tests (except for full­length Col7 
ELISA), which may be explained by comparing different 
test systems with different sensitivities and specificities. 

The strength of the present study is the large cohort of 
patients with EBA and the blinded designs. For a high 
practicability and usability of data, ELISA systems were 
compared using the cut­off values of the manufacturer, 
instead of calculating cut­offs based on the chosen study 
populations. The study is limited by its retrospective 
approach and the inclusion criteria that required serum 
reactivity in a Col7­specific assay. As pointed out by 
Jonkman et al. (40), only approximately half of EBA sera 
show serum reactivity against Col7. In the present study, 
those other 50% of patients with EBA who can only be 
diagnosed by immunoelectron microscopy or serration 
pattern analysis have not been covered and, as such, 
the much lower sensitivities for anti­Col7 antibodies in 
studies that used these diagnostic methods can be ex­
plained (27, 41). In detail, the study performed by Terra 
et al. (41) in 2013 detected a sensitivity of 80% for the 
Col7­NC1/NC2 ELISA in a subgroup of patients positive 
in indirect IF using human SSS, whereas it was only 
23% in SSS­negative patients. Regarding a subgroup of 
prospective EBA sera (n = 20), including 10 SSS­negative 
sera, the authors observed a sensitivity of 45% using Col7 
NC1/NC2 ELISA (41). Furthermore, the rare patients 
with EBA with exclusive IgA autoantibodies have not 
been included in the current study. 

In summary, in this, so far largest, serological study 
of patients with EBA, the highest diagnostic perfor­
mance of Col7­specific serological assays was found to 
be the immunoblot with recombinant NC1 and, among 
the commercially available tests, the NC1 BIOCHIP®. 
These tests will be valuable for the diagnosis of EBA 
for those physicians without access to immunoelectron 
microscopy and pattern analysis of direct IF microscopy.
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