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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-
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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.

a b

c d

e f



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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