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Clinical and Serological Characterization
of Orf-Induced Immunobullous Disease
Kaan Yilmaz, MD; Stephanie Goletz, PhD; Henri H. Pas, PhD; Renate R. van den Bos, MD;
Andrew Blauvelt, MD, MBA; Wain L. White, MD; Jean-David Bouaziz, MD; Elina Zuelgaray, MD;
Maryam Daneshpazhooh, MD; Kim B. Yancey, MD; Matthias Goebeler, MD; Enno Schmidt, MD, PhD

O rf, also known as ecthyma contagiosum, is a zoonotic
viral infection that primarily affects small ruminants
caused by the orf virus of the Poxviridae family. While

orf can lead to severe complications in animals, it is deemed
to follow a benign course with spontaneous resolution in hu-
mans. However, human orf has recently generated consider-
able interest owing to increasing evidence of its role in induc-
ing autoimmune bullous diseases (AIBDs).1-7 Previously
reported cases of orf-induced AIBDs have all been character-
ized as subepidermal blistering disorders. Hereby, all but 1 pa-
tient showed mucocutaneous lesions with predominant skin
involvement.1,3 The specific target antigen has so far re-
mained elusive in most patients with orf-induced AIBDs.

Methods

Direct immunofluorescence (IF) of perilesional biopsies and
indirect IF microscopy on normal human skin split with a 1-mo-
lar sodium chloride solution (1 M NaCl) were performed as de-
scribed previously.8 Indirect IF was performed using skin lack-
ing laminin 332 or type VII collagen (Col7) derived from patients
with junctional and dystrophic epidermolysis bullosa defi-
cient of laminin 332 and Col7, respectively.5,9 For the detec-
tion of serum anti–laminin 332 reactivity, a recently devel-
oped indirect IF test based on the recombinant expression of
laminin 332 (Euroimmun)10 and immunoblotting with extra-

IMPORTANCE Ecthyma contagiosum, or orf, is a viral zoonotic infection caused by Poxviridae.
Although human orf infection is considered to follow a self-limited course, various
immunological reactions may be triggered, including immunobullous diseases. In the majority
of the latter cases, the antigenic target remained enigmatic.

OBJECTIVE To characterize the predominant autoantigen in orf-induced immunobullous
disease and further describe this clinical entity.

DESIGN, SETTING, AND PARTICIPANTS This multicenter case series sought to provide detailed
clinical, histopathological and immunological characteristics of a patient with orf-induced
pemphigoid. Based on this index patient, serological analyses were conducted of 4 additional
patients with previously reported orf-induced immunobullous disease. Immunoblotting with
extracellular matrix and a recently established indirect immunofluorescence assay for
detection of serum anti–laminin 332 IgG were performed.

EXPOSURES The disease course and clinical characteristics of orf-induced immunobullous
disease were observed.

MAIN OUTCOMES AND MEASURES Orf-induced immunobullous disease is primarily
characterized by anti–laminin 332 autoantibodies, predominant skin involvement, and a
self-limiting course. The study provides further details on epidemiological, clinical,
immunopathological, diagnostic, and therapeutic aspects of orf-induced immunobullous
disease.

RESULTS In all 5 patients, IgG1 and/or IgG3 autoantibodies against laminin 332 were identified.
The α3, β3, and γ2 chains were recognized in 2, 4, and 1 patient(s), respectively.

CONCLUSIONS AND RELEVANCE In this case series, laminin 332, a well-known target antigen in
mucous membrane pemphigoid, was a major autoantigen in orf-induced immunobullous
disease, even though predominant mucosal lesions were lacking in this autoimmune
blistering disease. Orf-induced anti–laminin 332 pemphigoid is proposed as distinct clinical
entity.

JAMA Dermatol. doi:10.1001/jamadermatol.2022.0290
Published online March 30, 2022.

Supplemental content

Author Affiliations: Department of
Dermatology, University of Lübeck,
Lübeck, Germany (Yilmaz, Schmidt);
Lübeck Institute of Experimental
Dermatology (LIED), University of
Lübeck, Lübeck, Germany (Goletz,
Schmidt); Department of
Dermatology, University of
Groningen, Groningen, the
Netherlands (Pas); Department of
Dermatology, Erasmus MC,
Rotterdam, the Netherlands (van den
Bos); Department of Dermatology,
Oregon Health & Science University,
Portland (Blauvelt); Aurora
Diagnostics, GPA Laboratories,
Greensboro, North Carolina (White);
Dermatology Department, AP-HP,
St-Louis Hospital, University of Paris,
Paris, France (Bouaziz, Zuelgaray);
Autoimmune Bullous Diseases
Research Center, Razi Hospital,
Tehran University of Medical
Sciences, Tehran, Iran
(Daneshpazhooh); Department of
Dermatology, UT Southwestern
Medical Center in Dallas, Dallas, Texas
(Yancey); Department of
Dermatology, University of
Würzburg, Würzburg, Germany
(Goebeler).

Corresponding Author: Enno
Schmidt, MD, PhD, Lübeck Institute
of Experimental Dermatology (LIED),
University of Lübeck, Ratzeburger
Allee 160, 23538 Lübeck, Germany
(enno.schmidt@uksh.de).

Research

JAMA Dermatology | Brief Report

jamadermatology.com (Reprinted) JAMA Dermatology Published online March 30, 2022 E1

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Rijksuniversiteit Groningen User  on 05/13/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2022.0290?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2022.0290
https://jamanetwork.com/journals/der/fullarticle/10.1001/jamadermatol.2022.0290?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2022.0290
mailto:enno.schmidt@uksh.de
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2022.0290


cellular matrix of cultured human keratinocytes were used
(eMethods in the Supplement). Reactivity against the p200 pro-
tein and Col7 was analyzed by immunoblotting (eMethods in
the Supplement).

Because all analyses were performed as part of an exten-
sive routine diagnostic workup, ethical approval was not re-
quired by University of Lübeck. The study was conducted in
accordance with the principles of the Declaration of Helsinki.

Results
Index Case
A patient in their late 30s presented with a 1-week history of
tense blisters predilected to the trunk and extremities and
mucosal erosions on the soft palate and lower lip. On the
left index finger, a solitary, firm, violaceous nodule was pre-
sent (Figure 1A and B). This lesion reportedly arose about 6
weeks prior to presentation, shortly after bottle-feeding a
lamb with typical orf lesions. Polymerase chain reaction
analysis of the inciting lesion yielded parapoxvirus DNA.
Lesional histopathology of a blister showed a subepidermal
splitting and a lymphocytic infiltrate in the upper dermis
with admixed eosinophils (Figure 1C). Direct IF microscopy
of a biopsy in close vicinity of a blister demonstrated linear
depositions of IgG, complement C3, and, to a lesser extent,
IgA along the basement membrane zone (Figure 1D). Upon
splitting with 1 M NaCl, C3 labeled the dermal side of the
artificial blister (data not shown). Concordantly, indirect IF
microscopy on salt-split human skin revealed IgG deposits
at the blister floor (Figure 1E). Based on these findings, the
provisional diagnosis of orf-induced AIBD was made with
Col7, laminin 332, and p200 protein as putative target anti-
gens. Immunoblotting with human dermis, the recombinant
NC1 domain of Col7, and extracellular matrix of cultured
human keratinocytes was unreactive for IgG4 autoantibod-
ies. Treatment with oral prednisone (0.5 mg/kg tapering)
and dapsone (1.0 mg/kg/d) combined with topical clobeta-
sol propionate, 0.05%, ointment led to complete remission
within 2 weeks. Two months after therapy initiation, no cir-
culating autoantibodies were detectable by indirect IF on
human salt-split skin.

Reactivity Against Laminin 332
By indirect IF with skin deficient for laminin 332 or Col7, se-
rum of the index patient (case 1) showed circulating IgG against
Col7-deficient but not laminin 332-deficient skin (Figure 2).
When the serum was subjected to indirect IF with recombi-
nant laminin 332, IgG1 and IgG3 reactivity against the het-
erotrimer and the β3 chain was detected (Figure 1F; eFigure 1
in the Supplement). This reactivity was also seen by immu-
noblotting with extracellular matrix of cultured human kera-
tinocytes (eFigure 2 in the Supplement; Table).

Subsequently, available serum samples of 5 additional
patients with orf-triggered AIBD that had been reported in
the literature before (cases 2-5, case 124-7) were reassayed by
indirect IF using the Biochip mosaic (Euroimmun) and, in
part, immunoblotting with extracellular matrix of cultured

human keratinocytes. All serum samples except case 12
revealed IgG autoantibodies against laminin 332 (Table;
eFigures 3-6 in the Supplement).7

Discussion
Although human orf is a self-limiting condition, it has been
recently associated with AIBD1,3-7 (Table; eTable in the
Supplement). In most cases, the AIBD commenced 2 to 4
weeks after the emergence of the orf lesion. The median age
of individuals with orf-induced AIBD was 46.4 years. In 8 of
the 13 cases (62%) known to be described so far, mucosal
lesions were present, while predominant mucosal involve-
ment has only been reported in 1 (Table; eTable in the
Supplement). The latter patient was consequently diag-
nosed with orf-induced mucous membrane pemphigoid
(MMP).3,11 All patients with mucosal involvement presented
with oral lesions followed by involvement of nostrils (3 of 13
[23%]) and conjunctivae (2 of 13 [15%]). To date, the target
antigen in orf-triggered AIBD has remained unknown in all
but 3 cases, which included reactivity against Col7 (cases 5
and 12)6,7 and against laminin 332 (case 4).5

Here, we describe in detail a patient with orf-induced
anti–laminin 332 (bullous) pemphigoid and detected serum
anti–laminin 332 reactivity in another 4 previously reported
patients with orf-induced AIBD. Our findings of circulating
anti–laminin 332 IgG in these patients by a recently estab-
lished indirect IF test10 was corroborated by (1) the lack of
serum reactivity with laminin 332-deficient skin, (2) detec-
tion of laminin 332–specific IgG also by immunoblotting
with extracellular extract of cultured keratinocytes, and (3)
laminin 332 reactivity in the only previously reported orf-
induced AIBD with anti–laminin 332 antibodies (case 4). In
case 5, low levels of serum autoantibodies against Col7 have
originally been reported,6 which were undetectable in the
present study. We hypothesize that in case 5, laminin 332
was the predominant target antigen, and low levels of anti-
Col7 antibodies had become undetectable during storage or
transport. Concomitant autoantibodies against laminin 332

Key Points
Question What is the predominant autoantigen in orf-induced
immunobullous disease?

Findings In this case series of 5 patients, autoantibodies in
orf-induced immunobullous disease were mainly directed against
laminin 332. Orf-induced anti–laminin 332 pemphigoid was
characterized by (1) predominant skin involvement with tense
blisters and erythema, (2) relatively young age compared with
bullous pemphigoid and mucous membrane pemphigoid, (3)
limited disease course, and (4) IgG1 and IgG3 as predominant
autoantibody subclasses.

Meaning Orf-induced anti–laminin 332 pemphigoid can be
regarded as a clinically and immunologically distinct entity; the
present study highlights the importance of testing for serum
anti–laminin 332 IgG in all patients with suspected orf-induced
immunobullous disease.
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Figure 2. Indirect Immunofluorescence of Orf-Induced Anti–Laminin 332 (Bullous) Pemphigoid of the Index Patient (Case 1)

NHSA COL7 KOB LAM332 KOC

IgG IgG IgG

Linear deposition of IgG at the dermal-epidermal junction on normal human skin (NHS) (A) and type VII collagen-deficient knockout skin (COL7 KO) (B). In contrast,
no serum IgG antibodies are seen with laminin-332 knockout skin (LAM332 KO) (C).

Figure 1. Orf-Induced Anti–Laminin 332 (Bullous) Pemphigoid of the Index Patient (Case 1)

Clinical image of trunk and digitA Clinical image of lower lipB

Lesional histopathology of blisterC Direct IF of perilesional skin biopsyD

Indirect IF on salt-split skinE Indirect IF with recombinant laminin 332F

A, Tense blisters and vesicles on the
trunk. On the dorsum of the left
second digit, a solitary crusted nodule
is seen, representing the original orf
lesion. B, A small vesicle on the inner
side of the lower lip. C,
Histopathology (hematoxylin-eosin)
of an abdominal lesional skin biopsy
reveals subepidermal splitting and a
dense inflammatory infiltrate at the
dermal-epidermal junction (DEJ)
predominant of neutrophils forming
microabscesses as well as eosinophils
and lymphocytes. D, Direct
immunofluorescence (IF) microscopy
of perilesional skin with linear
deposition of IgG along the DEJ in an
n-serrated pattern. E, Indirect IF on
normal salt-split skin with IgG
deposits along the dermal side of the
artificial split. F, IgG1 against
recombinant laminin 332 using the
Biochip mosaic.
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and Col7 have been previously reported in AIBD and may be
attributed to intermolecular epitope spreading.12 In the only
other known case of orf-induced AIBD with Col7-specific
antibodies (case 12),7 we were unable to detect anti–laminin
332 reactivity. Thus, this patient can be classified as having
orf-induced epidermolysis bullosa acquisita.

Laminin 332 has been described as target antigen in 10%
to 25% of patients with MMP.13 Two main differences be-
tween anti–laminin 332 reactivity in MMP and orf-induced (bul-
lous) pemphigoid can be recognized. Mucosal involvement in
anti–laminin 332 MMP, by definition, predominates over skin
lesions.11 By contrast, in orf-induced (bullous) pemphigoid, mu-
cosal lesions are present in about 62% of patients but do not
predominate, except in 1 case of orf-induced MMP in which
the target antigen remained elusive (case 13, eTable in the
Supplement).3 The anti–laminin 332 IgG subclass is the sec-
ond main difference between anti–laminin 332 MMP and orf-
induced (bullous) pemphigoid. In latter patients, IgG1 and IgG3
comprise the main autoantibody IgG subclasses, whereas IgG4
autoantibodies can nearly always be detected in anti–laminin

332 MMP.10,14 This is in line with the fact that viral infections
generally lead to IgG1 and IgG3 subclasses which, in contrast
to IgG4, are potent complement activators. Compared with the
shorter half-life of IgG3, IgG4 is usually formed after repeated
or long-term antigen exposure.15 The observed difference in
the autoantibody subclasses could be a possible explanation
for the predominant skin involvement in orf-induced AIBD.

Limitations
Limitations of the study include its retrospective design and
the low number of cases.

Conclusions
In this case series, autoantibodies in orf-induced immunobul-
lous disease were predominantly directed against laminin 332,
which highlights the importance of testing for serum anti–
laminin 332 IgG1 and IgG3 in all patients with this disease (eDis-
cussion in the Supplement).
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Table. Clinical and Immunological Features of the Index Patient and 4 Previously Reported Cases of Orf-Induced Pemphigoid

Patient
No./sex/age

Interval
between
orf and
blister
formation,
wk Direct IF BMZ

Indirect IF on
salt-split skin

Clinical featuresa Laminin 332 Biochip IB extracellular matrix

ReferenceSkin
Mucous
membranes IgG1 IgG3 IgG1 IgG3

1/30s 5 C3, IgG, IgA
(n-serrated)

IgG, C3 dermal
side

++ + α3β3γ2+ α3β3γ2+ β3+ β3+ Index patient

Oral β3+ β3+ α3 (Weak)

2/M/31 4 C3, IgG IgG, dermal
side

++ + α3β3γ2+ α3β3γ2+ γ2+ α3+ White et al,4

2008
Oral, ocular β3+

3/F/48 2 C3, IgG IgG, dermal
side

++ + α3β3γ2+ α3β3γ2+ NP β3+ White et al,4

2008
Oral

4/F/52b Several IgG, C3, IgA
(n-serrated)

IgG, dermal
side

++ + α3β3γ2+ α3β3γ2+ NP β3+ van den Bos et al,5

2012
Oral

5/M/41c 4 IgG, C3 IgG, dermal
side

++ + α3β3γ2+ α3β3γ2+ NP Negative Zuelgaray et al,6

2018
Oral, nasal

Abbreviations: BMZ, basement membrane zone; F, female; IB, immunoblot; IF,
immunofluorescence; M, male; NP, not performed.
a The plus symbol indicates the presence of cutaneous and/or mucosal lesions;

++ indicates predominant involvement of the skin compared with the mucous
membranes.

b Reactivity against laminin 332 has previously been described in this case.
c Previously described as orf-induced epidermolysis bullosa acquisita; in the

current study, no anti–type VII collagen reactivity was present by
enzyme-linked immunosorbent assay (Euroimmun) and IB with dermal extract
(data not shown).
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