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Abstract
Background The BIOCHIP (Dermatology Mosaic 7; EUROIMMUN, Lubeck, Germany) is a novel multiplex indirect

immunofluorescence (IIF) technique used in the serological diagnosis of bullous pemphigoid (BP) and pemphigus.

Objective To validate the accuracy and inter-rater reliability (IRR) of the BIOCHIP in the diagnosis of BP, pemphigus

foliaceus (PF) and pemphigus vulgaris (PV).

Methods Sera from patients with BP (n = 38), PF (n = 8), PV (n = 23), control patients (n = 64) and healthy control volun-

teers (n = 39) were tested. Sera were collected and analysed during the course of the disease at 1–5 different time points.

The BIOCHIP was performed for all patients, digital images were captured of each incubated field, and the images were

shared with 10 dermatologists experienced in reading IF from around the world to report. There were 312 BIOCHIP slides

consisting of 1872 photos in total. All patients were de-identified. Fleiss Kappa was used to estimate the IRR.

Results Fleiss Kappa was computed for each category (Oesophagus, Oesophagus immunofluorescence pattern, Salt-

Split Skin (SSS), SSS immunofluorescence location, BP180, BP230, Dsg 1 and Ds3). The inter-rater agreement between

the 10 raters varied between fair and moderate for all categories. Those that demonstrated fair concordance included mon-

key oesophagus (k = 0.257, P < 0.0001), oesophagus pattern (k = 0.357, P < 0.0001), Dsg1 (k = 0.390, P < 0.0001) and

BP230 (k = 0.281, P < 0.0001). Moderate agreement was demonstrated for SSS (k = 0.416, P < 0.0001), SSS immunoflu-

orescence location (k = 0.505, P < 0.0001), Dsg3 (k = 0.437, P < 0.0001) and BP180 (k = 0.559, P < 0.0001).

Conclusion The BIOCHIP mosaic-based immunofluorescence test is a simple, time and effort saving test that can aid

in the diagnosis and screening of BP, PV and PF. However, the level of agreement was relatively low. The authors found

the most common causes to be variable levels of training, indicating the presence of a learning curve in the interpretation

of the results and ambiguous staining patterns leading to incongruent results.
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Introduction
Bullous pemphigoid (BP), pemphigus vulgaris (PV) and pem-

phigus foliaceus (PF) are autoimmune bullous diseases (AIBD)

that are potentially life-threatening and have significant negative

impacts on the psychological health of patients. They are charac-

terized by circulating and tissue-bound autoantibodies against

BP180/BP230, Desmoglein (dsg) 3 or Dsg1, respectively. The

timely and accurate identification of autoantibodies is important

for patient management to reduce the severity of disease,

morbidity and mortality.1

In recent years, the BIOCHIP (Dermatology Mosaic 7;

EUROIMMUN) mosaic-based indirect immunofluorescence

(IIF) technique has been developed as a new method for the

diagnosis of AIBD. The design of the BIOCHIP enables dif-

ferential diagnosis amongst the different AIBD subtypes from

a single serum sample. This is possible through the presence

of multiple antigenic structures in separate windows on a sin-

gle incubation field.2 These fields are interpreted under a flu-

orescent microscope in a similar way to traditional IIF

investigations. The simultaneous processing of the most com-

mon AIBD autoantibodies using a single investigation such as

the BIOCHIP can be useful to aid a timely and precise

diagnosis.

We demonstrated the validity of the BIOCHIP, and we

found that the BIOCHIP technique afforded better specificity

than sensitivity in the diagnosis of BP, PV or PF.3 The authors

found the main limitation with the BIOCHIP was the accurate

interpretation of the BIOCHIP slides. Despite the use of a

control, the intensity of the fluorescence was variable and at

times ambiguous. Some windows would display positive stain-

ing but only at the edge of a few cells, not sufficiently strong

for a positive diagnosis yet not completely negative. Due to

the rater-dependent nature of this investigation, in an

unblinded clinical situation, this could lead to interpretation

bias. It is important to measure inter-rater reliability (IRR) of

the BIOCHIP to determine its utility in clinical practice. This

is the first international study to analyse the inter-rater agree-

ment of the BIOCHIP substrates using evaluations from sev-

eral experienced dermatologists.

Bullous pemphigoid
Bullous pemphigoidis the most common autoimmune subepi-

dermal bullous disease in the Western world. It is character-

ized by circulating immunoglobulin (Ig) G autoantibodies

targeting the 180-kD BP antigen (BP180, BPAG2) and/or the

230-kD BP antigen (BP230 or BPAG1).4,5 These two antigens

are components of the hemidesmosomes, which are adhesion

complexes promoting epithelial–stromal adhesion in stratified

and other complex epithelia. Most patients with BP have cir-

culating IgG autoantibodies that bind to the immunodomi-

nant non-collagenous NC16A extracellular domain of

BP180.6–8

Pemphigus
Pemphigus is a life-threatening AIBD that presents clinically

with blisters of the skin and mucous membranes.9 The disease

manifests in patients aged 20–40 years and PV most prevalent in

people of Mediterranean or Jewish ancestry; however, individu-

als with certain human leucocyte antigen allotypes are also pre-

disposed to the disease.2,9 Pemphigus is mediated by

autoantibodies targeting the 130kDa antigen (Dsg3) in patients

with mucosal PV and 165kDa antigen (Dsg1) in patients with PF

and mucocutaneous PV.10–12 These two antigens are compo-

nents of the desmosomal glycoproteins (cadherins) which con-

nect neighbouring keratinocytes. This is in the suprabasal

spinous and the subcorneal granular layer, respectively, leading

to acantholysis and intraepithelial blisters.13–15

Methods/Subjects/Raters

Ethics
The study was approved by Bellberry Ethics. All subjects were

over the age of 18 and informed consent was obtained.

Method
Twenty millilitres of blood was collected and centrifuged at

2.5 rates per minute for 10 min before being aliquoted into

dilutions of 1 : 10 with saline buffer solution. All sera were

stored at �20°C and anonymized before testing. BIOCHIP

(Dermatology Mosaic 7; EUROIMMUN) was processed

according to the manufacturer’s instructions. The kits were

provided free of charge by the manufacturers, and all sera

were processed at St George Hospital, Sydney, Australia by a

single immunopathologist.

Photographs of each substrate in each window on the BIO-

CHIP slide were taken using a mounted IMAGING MicroPub-

lisher 5.0 RTV camera (OLYMPUS, Tokyo, Japan). The same

settings were used for all the images captured. Individual photos

of each substrate from 312 BIOCHIP slides produced a total of

1872 photos. The photos were magnified and displayed in a

blinded document. Each photo was rated by each rater. Raters

selected an option from a dropdown box alongside each image.

The ‘monkey oesophagus (MO)’ window was rated as ‘Positive’,

‘Negative’ or ‘Indeterminate’. The options for the type of

immunofluorescence pattern were ‘Desmosomal’, ‘Linear’ or

‘Indeterminate’. The ‘Salt-Split Skin (SSS)’ window was rated as

‘Positive’, ‘Negative’ or ‘Indeterminate’ and the location – ‘epi-

dermal/above’, ‘dermal/below’, ‘both’ or ‘indeterminate’. BP180,

BP230, Dsg1 and Dsg3 were rated as ‘Positive’, ‘Negative’ or

‘Indeterminate’. If raters selected indeterminate, they were asked

for the reason.

Subjects
In total, 312 blood samples were collected and processed with

the BIOCHIP (Dermatology Mosaic 7; EUROIMMUN).
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Cases Sera from patients with BP (n = 38), PF (n = 8), and PV

(n = 23) were collected prospectively. The diagnosis was con-

firmed based on the routine multistep diagnostic algorithm: clini-

cal presentation, appropriate findings of histopathology, and/or

positive direct or IIF results, and/or serum autoantibodies against

BP180, BP230, Dsg1 or Dsg3, respectively. A total of 209 blood

samples were collected from the 69 cases. Samples were collected

at 1–5 different time points over the course of the disease.

Disease controls Sera from patients (n = 64) with a variety of

diseases different from BP, PV or PF were used as disease con-

trols. Those in the diseased control group had a variety of der-

matological conditions including linear IgA dermatosis,

psoriasis, Sjogren’s syndrome, epidermolysis bullosa acquisita

(EBA), epidermolysis bullosa simplex, mucous membrane pem-

phigoid, junctional epidermolysis bullosa, porphyria, prurigo

nodularis, urticarial pruritus and Galli–Galli disease.

Healthy volunteers Healthy volunteers (n = 39) were recruited

if they were not treated for a dermatological disease.

Raters
Ten raters were included in this study. Each photo was rated by

each rater. An invitation to participate in the study was sent to

21 dermatologists and one immunopathologist with BIOCHIP

IIF experience. Those that responded (n = 14) were provided

examples of control positive and negative BIOCHIP slides

(Figs 1–3) and were required to demonstrate a priori level of

knowledge by passing a test to correctly interpret standard slides

before they were provided access to the subject images. Those

from the same institution were given instructions to read the

slides separately to avoid bias. Thirteen returned the standardizing

test and were then granted access to the images. Ten raters com-

pleted evaluating all 312 BIOCHIP slides. Upon completion, the

participants were asked to complete a questionnaire (Appendix I).

Statistics
All data were analysed using SPSS (IBM SPSS Statistics for Mac-

intosh, Version 25.0. Armonk, NY, USA). Inter-rater agreement

was tested using Fleiss Kappa statistical test that was appropriate

for fully crossed designs with three or more coders.16 The rating

system used was a nominal rating system to limit the strain on

IRR estimates. Fleiss Kappa was computed for category. Values

of k of 0.21–0.40 are rated as a fair concordance, 0.41–0.60 as a

moderate concordance, 0.61–0.80 as substantial concordance

and 0.81–1.00 as almost perfect concordance. A P-value of <0.05
was considered statistically significant.17

Results
All 312 biochip slides consisting of 1872 photos were rated by 10

raters. Table 1 summarizes the kappa statistic for the inter-rater

agreement on each individual substrate of the BIOCHIP. The

Figure 1 Normal staining patterns on salt-split skin (SSS) and monkey oesophagus substrate (MO). (a) Negative reaction on SSS.
(b) Positive reaction above the blister. (c) Positive reaction below the blister. (d) Negative reaction on MO. (e) Positive reaction on MO
showing desmosomal reactivity. (f) Positive reaction on MO showing linear pattern.
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inter-rater agreement between the 10 raters varied between fair

and moderate for all substrates. Those that demonstrated fair con-

cordance included, MO (k = 0.257, P < 0.0001), MO immunoflu-

orescence pattern (k = 0.357, P < 0.0001), Dsg1 (k = 0.39,

P < 0.0001) and BP230 (k = 0.281, P < 0.0001). Moderate agree-

ment was demonstrated for SSS (k = 0.416, P < 0.0001), SSS

immunofluorescence location (k = 0.505, P < 0.0001), BP180

(k = 0.559, P < 0.0001); and Dsg3 (k = 0.437, P < 0.0001).

Six raters responded to the postassessment questionnaire. The

images took on average 7.25 h to rate, 13.9 s per window. Many

of the raters found that there was weak desmosomal staining on

the MO which made it difficult to differentiate from background

staining. Fifty percent of the participants responded that the flu-

orescence on the Dsg1 and Dsg3 substrates was superficial or

displayed peripheral staining which they deemed indeterminate.

Where the diagnosis inferred from the BIOCHIP differed

from that of the conventional multistep diagnostic procedure,

the BIOCHIP slides were reviewed. These windows differed to

the typical patterns observed on the positive and negative con-

trols provided by EUROIMMUN. Figure 4 depicts some of these

unconventional staining patterns observed on MO, SSS, BP180,

BP230 and Dsg1 substrates. It was common in these slides for

the raters to have provided incongruent evaluations.

Discussion
Validity and reliability are the two most important factors to

consider when judging the value of a new diagnostic test. Valid-

ity measures the extent to which the test measures what it is sup-

posed to measure. Reliability refers to whether the test produces

consistent results when repeated measurements are made. The

BIOCHIP has demonstrated high validity in the diagnosis of BP

and pemphigus diseases; however, it falls short of producing reli-

able results between users.

On a standard BIOCHIP (Dermatology Mosaic 7; EUROIM-

MUN) slide, there are 10 incubation fields each containing sec-

tions of six different substrates including (i) frozen tissue section

of MO; (ii) 1 mol/L NaCl-split skin/SSS; (iii) human embryonic

kidney (HEK293) cells transfected with Dsg1 protein ectodo-

main, (iv) HEK293 cells transfected with Dsg3 protein ectodo-

main; (v) microdrops of BP180 free antigen; and (vi) HEK293

cells transfected with C-terminal globular domain of the BP230

domain. These substrates are coated on thin glass slides that

have been mechanically cut into millimetre-sized fragments and

glued onto microscope slides. After incubation, these are viewed

under a fluorescent microscope, and the windows are inter-

preted in a similar manner to conventional IIF.

Several studies have demonstrated its relatively high diagnos-

tic accuracy.18–23 However, due to the rater-dependent nature of

immunofluorescent slides, there is a potential for an interpreta-

tion bias and poor reliability. Furthermore, despite the use of a

control as a comparison, the intensity and distribution of the

fluorescence were variable and at times ambiguous and difficult

to interpret.

The assessment of IRR provides a way of quantifying the

degree of agreement between raters who make independent rat-

ings about the features of the BIOCHIP. IRR analysis aims to

determine how much of the variance in the observed result is

due to variance in the true result after the variance due to mea-

surement error between raters has been removed.24

The study was a fully crossed design where all the subjects

were rated by all the raters – this allowed for systematic bias

between raters to be assessed and controlled for in the IRR

Figure 2 Normal staining patterns on BP180 and BP230
substrates. (a) Negative reaction for BP180. (b) Positive reaction
for BP180. (c) Negative reaction for BP230. (d) Positive reaction for
BP230.

Figure 3 Normal staining patterns on Dsg 1 and 3 substrates.
(a) Negative reaction on Dsg1. (b) Positive reaction for Dsg1.
(c) Negative reaction for Dsg3. (d) Positive reaction for Dsg3.
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estimate.25 This is instead of only a subset of subjects being

reviewed by multiple raters and generalization applied to the full

sample.

An IRR analysis was performed to assess the degree that raters

consistently interpreted each individual substrate of the BIO-

CHIP. Fleiss Kappa (j) was computed for each coder pair then

averaged to provide a single index of IRR.26 The resulting kappa

indicated fair-to-moderate agreement, (j = 0.257–0.559).27

There are no other published IRR estimates to compare these

findings in the literature. The IRR analysis suggested that raters

had better agreement in SSS (k = 0.416, P < 0.0001), SSS

immunofluorescence location (k = 0.505, P < 0.0001) and

BP180 (k = 0.559, P < 0.0001). Only fair agreement is observed

in interpretation of the MO (k = 0.257, P < 0.0001), staining

pattern on MO (k = 0.357, P < 0.0001), Dsg1 (k = 0.39,

P < 0.0001) and BP230 (k = 0.281, P < 0.0001).

The low IRR indicated that the observed ratings contained a

large amount of measurement error. The authors postulate that

the low IRR could be due to variability in experience amongst

raters and occasional ambiguous staining patterns.

The raters that were selected are known within the interna-

tional community to be users of the BIOCHIP. To ensure a pri-

ori level of knowledge, they were required to correctly interpret

control images on a qualifying test prior to having authorization

to interpret the real subjects in the study. Despite this, some

raters were more experienced in the use of the BIOCHIP com-

pared with others. Those with more experience with the BIO-

CHIP demonstrated more congruent results compared to those

with less experience. This highlights the importance of ensuring

appropriate training and that users should be aware of the learn-

ing curve present in the use of this investigation.

Ambiguous staining patterns accounted for many of the

‘indeterminate’ results. Of the MO substrates deemed indetermi-

nate, raters reported difficulty interpreting the staining pattern.

Several reasons included ‘weak desmosomal staining’, ‘weak lin-

ear staining’, ‘focal linear fluorescence’ and ‘missing epidermis’.

Additionally, two participants reported the presence of nuclear

staining in the epithelium (Fig. 4a) on several MO substrates.

This indicated the presence of antinuclear antibodies (ANA),

and these findings further correlated with the presence of anti-

bodies against the dermal side of the basement membrane on

their respective SSS substrates. These results are suggestive of

bullous systemic lupus erythematosus (BSLE) or EBA as recently

published studies have found positive ANA in 25% of patients.28

EUROIMMUN have developed alternative BIOCHIP slides with

Table 1 Summary of Fleiss Kappa statistic

Fleiss Kappa CI upper 95% CI lower 95% Strength of agreement

Oesophagus 0.257* 0.243 0.272 Fair

Oesophagus pattern 0.357* 0.343 0.370 Fair

SSS 0.416* 0.402 0.431 Moderate

Location 0.505* 0.494 0.515 Moderate

Dsg1 0.39* 0.376 0.404 Fair

Dsg3 0.437* 0.423 0.452 Moderate

BP180 0.559* 0.544 0.574 Moderate

BP230 0.281* 0.267 0.295 Fair

The inter-rater agreement between the 10 raters varied between fair and moderate for all substrates.
CI, confidence interval; SSS, salt-split skin.
*P < 0.0001.

Figure 4 Examples of ambiguous staining. (a) Nuclear staining
on epithelium on monkey oesophagus (MO) of a control patient.
(b) Ambiguous staining on salt-split skin. (c) Inverse staining of
BP180. (d) Ambiguous staining on Dsg 1. (e) Faint staining on
BP180. (f) Uneven staining of cells on BP230.
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Collagen VII to screen for BSLE or EBA that has demonstrated

promising results.29

The majority commented that the electronic format pre-

senting the BIOCHIP photos in a more convenient layout

that allowed them to see their evaluations of all six windows

simultaneously. They found this a more efficient and conve-

nient format than the conventional use of a microscope. Two

participants stated that the electronic format interfered with

their evaluations due to not being able to magnify the photos.

This was an inevitable disadvantage of presenting the images

electronically.

Conclusion
The design of the BIOCHIP enables differential diagnosis

amongst the different AIBD subtypes from a single serum sam-

ple. This has great potential to be a sensitive and specific test

to aid in the timely and accurate diagnosis of AIBD. An inter-

rater analysis was performed to assess the degree that raters

consistently interpreted each individual substrate. The level of

agreement was relatively low, and the authors found the most

common causes to be variable levels of training, indicating the

presence of a learning curve in the interpretation of the results,

and ambiguous staining patterns leading to incongruent

results.
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Appendix 1

BIOCHIP Questionnaire
Regarding the BIOCHIP itself
1. Approximately how long did it take to finish reading the BIOCHIP slides?

2. What were the strengths of reading the BIOCHIP compared to conventional indirect 
immunofluorescence slides?

3. What were the challenges you encountered reading the BIOCHIP?

4. If there were windows that you deemed as indeterminate, what were the reasons?
• Oesophagus:

• Salt Split Skin:

• Desmoglein 1:

• Desmoglein 3:

• BP180:

• BP230:

5. Would you recommend the BIOCHIP for clinical use? If so, why? If not, why?

6. Any other comments
Regarding the electronic format of how the BIOCHIP slides were presented

1. What are some obvious differences (strengths or difficulties) you encountered reading the 
BIOCHIP electronically versus in person?

2. What were some challenges you encountered with the electronic format?

3. Did these challenges affect your evaluation of the BIOCHIP results?

4. Do you have any suggestions for improvement?

5. Any other comments
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