
4/2015

Th22 cells in autoimmunity:  
a review of current knowledge

Cross-reactivity of a new 
food ingredient, dun pea, with 
legumes, and risk of anaphylaxis 
in legume allergic children

Anomalous cutaneous 
absorption of allergens as cause 
of skin prick testing adverse 
reactions in adult patients. 
Clinical and experimental 
evidence

Can esophageal dilation  
be avoided in the treatment  
of severe esophageal stricture  
caused by eosinophilic  
esophagitis?

European Annals
of Allergy and

Clinical Immunology

Issn 1764-1489 Volume 47 n. 4/2015 – July 2015

THE OFFICIAL JOURNAL OF AAITO | ASSOCIAZIONE ITALIANA ALLERGOLOGI IMMUNOLOGI TERRITORIALI E OSPEDALIERI

THE OFFICIAL JOURNAL OF SPAIC | SOCIEDADE PORTUGUESA DE ALERGOLOGIA E IMUNOLOGIA CLINICA

EDRA SpA
Via Spadolini, 7 - 20141 Milano
Tel 02 88184 520 - Fax 02 9366 4151
eMail: clienti.codifa@lswr.it

“Chimica.Perfetta” di Alex Braga, 

vincitore del concorso artistico “L’Informatore Farmaceutico, 

un’opera d’arte” per celebrare il 75° anniversario dell’annuario.

ACQUISTA SUBITO L’EDIZIONE SPECIALE
www.edizioniedra.it - Tel. 02 88184 520

Vuoi evitare errori
su farmaci e prodotti salutistici?

L’INfORmATORE fARmACEUTICO
sicuro di non sbagliare

da 75 anni il partner quotidiano 
di clinici e farmacisti 
per l’appropriatezza della cura

13.000 confezioni     

20.000 interazioni tra farmaci 

90  forme farmaceutiche     

40 vie di somministrazione

ADV_IF_errori_2015_210x270 definitiva.indd   1 24/04/15   10.29



3/2015

The oral food desensitization in the 
Italian allergy centres

Proposal of a skin tests based 
approach for the prevention  
of recurrent hypersensitivity  
reactions to iodinated contrast media

Anaphylaxis: a one-year survey 
on Medical Emergency Service 
in Liguria (Italy)

Overcoming recurrent spontaneous 
abortions in women suffering  
from IgG subclass deficiency:  
high efficiency of low dose 
intravenous immunoglobulins 
treatment

Severe bronchiectasis  
in a patient with common  
variable immunodeficiency

Immediate-type hypersensitivity 
reaction to Mannitol as drug excipient 
(E421): a case report

Allergic contact dermatitis in child 
with odontoiatric face-mask

European Annals
of Allergy and

Clinical Immunology

Issn 1764-1489 Volume 47 n. 3/2015 – may 2015

THE OFFICIAL JOURNAL OF AAITO | ASSOCIAZIONE ITALIANA ALLERGOLOGI IMMUNOLOGI TERRITORIALI E OSPEDALIERI

THE OFFICIAL JOURNAL OF SPAIC | SOCIEDADE PORTUGUESA DE ALERGOLOGIA E IMUNOLOGIA CLINICA

SUBSCRIBE NOW! 
www.eurannallergyimm.com
• 6 print issues per year
• full access to www.eurannallergyimm.com,

featuring all current and archived issues

European Annals of Allergy and Clinical Immunology 
is a bimonthly peer-reviewed publication
• The official Journal of the “Associazione Italiana Allergologi Immunologi Territoriali

e Ospedalieri” (Italian Association of Hospital Allergists and Immunologists - AAITO)
and the “Sociedade Portuguesa de Alergologia e Imnunologia Clinica” (Portuguese Society
of Allergology and Clinical Immunology - SPAIC)

• indexed in PubMed and Scopus

• collects reviews, original works and case reports concerning etiology,
diagnosis and treatment of allergic and immunological disorders

• includes a section of information coming
from the main international health associations and authorities.

Italy SubScrIptIon 
only 60,00 Euro

InternatIonal 
SubScrIptIon 

only 85,00 Euro

To submit your paper go to http://eaaci.edmgr.com 

AbbAAITO210x270.indd   1 02/07/14   14.21



EDITORS IN CHIEF
R. Asero (Milano – Italy)

M.Morais - Almeida (Lisbon – Portugal)

HONORARY EDITOR
A. Sabbah (Angers – France)

ASSOCIATE EDITORS
S. Bonini (Roma – Italy), A. Tedeschi (Milano – Italy)

EDITORIAL BOARD
M.B. Bilò (Ancona – Italy)

F. Bonifazi (Ancona – Italy)
K. Brockow (München – Germany)

L. Cecchi (Firenze – Italy)
Á.A. Cruz (Salvador – Brasil)

L. Delgado (Oporto – Portugal)
P. Demoly (Montpellier – France)

G. D’Amato (Napoli – Italy)
M. Drouet (Angers – France)

M. Fernandez-Rivas (Madrid – Spain)
A. Fiocchi (Milano – Italy)

D. Macchia (Firenze – Italy)
F. Mastrandrea (Taranto – Italy)

M. Maurer (Berlin - Germany)
D.A. Moneret-Vautrin (Nancy – France)
M. Morais-Almeida (Lisbon – Portugal)

G. Moscato (Pavia – Italy)
C. Nunes (Portimao – Portugal)

M. Olivieri (Verona – Italy)
P. Parronchi (Firenze – Italy)

G. Passalacqua (Genova – Italy)
G. Pauli (Strasbourg – France)

A. Perino (Torino – Italy)
L.K. Poulsen (Copenaghen – Denmark)

O. Quercia (Faenza – Italy)
A. Romano (Roma – Italy)

D. Solé (Sao Paulo – Brazil)
A. Todo Bom (Coimbra – Portugal)

S. Voltolini (Genova – Italy)

SCIENTIFIC COMMITTEE
L. Antonicelli (Italy)

A. Bener (Qatar)
H. Bazin (Belgium)

J. Bellanti (USA)
C. Geller-Bernstein (Israel)

S. Bonini (Italy)
G.W. Canonica (Italy)

M. Cugno (Italy)
B. David (France)

S. Durham (UK)
R. de Marco (Italy)

G.P. Girolomoni (Italy)
R. Jarish (Austria)

S.G.O. Johansson (Sweden)
F. Levi-Shaffer (Israel)

P. Lowenstein (Denmark)
J.L. Malo (Canada)

A.G. Palma-Carlos (Portugal)
G. Scadding (UK)
G. Scadding (UK)

E. Stevens (Belgium)
R. van Ree (Amsterdam)

FOUNDER AND CORRESPONDING MEMBER
G.M. Halpern (USA)

Editors in Chief
Riccardo Asero
Mário Morais-Almeida

Publishing Director
Nicola Miglino

Publishing Editor
Chiara Scelsi
c.scelsi@lswr.it
Tel. 02 88184.257

Production Manager
Walter Castiglione
w.castiglione@lswr.it
Tel. 02 88184.222

Sales & Marketing
Ludovico Baldessin
l.baldessin@lswr.it
Tel. 02 88184.354

Traffic
Donatella Tardini
d.tardini@lswr.it
Tel. 02 88184.292

Subscription
abbonamenti@lswr.it - Tel. 02 88184.317 - Fax 02 88184.151
Italy subscription: 60 euro
World subscription: 85 euro
www.eurannallergyimm.com

Printing
ProntoStampa Srl
Via Praga, 1 - 24040 Verdellino (BG)

EDRA SpA
Via G. Spadolini, 7
20141 Milano - Italy
Tel. 0039 (0)2-88184.1
Fax 0039 (0)2-88184.301
www.edizioniedra.it

“European Annals of Allergy and Clinical Immunology” registered at Tribunale di Milano 
- n. 336 on 22.10.2014

© 2015 Associazione Italiana Allergologi Immunologi Territoriali e Ospedalieri - AAITO. 
Published by EDRA SpA.
All rights reserved.

The contents of this Journal are indexed in PubMed and SCOPUS®

European Annals
of Allergy and

Clinical Immunology
THE OFFICIAL JOURNAL OF AAITO

ASSOCIAZIONE ITALIANA ALLERGOLOGI IMMUNOLOGI TERRITORIALI E OSPEDALIERI

THE OFFICIAL JOURNAL OF SPAIC
SOCIEDADE PORTUGUESA DE ALERGOLOGIA E IMUNOLOGIA CLINICA

AAITO
Associazione Italiana Allergologi Immunologi Territoriali e Ospedalieri

Directory BoarD

President
Maria Beatrice Bilò

Designate President
Antonino Musarra

Vice Presidents
Riccardo Asero
Francesco Murzilli

Treasurer
Oliviero Quercia

Honorary President
Floriano Bonifazi

Members
Lorenzo Cecchi
Domenico Gargano
Giuseppina Manzotti
Lionello Muratore 
Susanna Voltolini 
Marcello Zambito 

c.scelsi
Barra

c.scelsi
Testo inserito
(Turkey)



106 Author Guidelines

European Annals of Allergy and Clinical Immunology will 
accept for publication suitable manuscripts dealing with the ae-
tiology, diagnosis, and treatment of allergic and immunologic 
diseases. These might include the study of methods of con-
trolling immunologic and allergic reactions, human and ani-
mal models of hypersensitivity and other aspects of basic and 
applied clinical allergy in its broadest sense.We encourage case 
reports that focus on topic(s) of extreme contemporary interest. 
Paper reporting the results of drug trials will be considered.
European Annals of Allergy and Clinical Immunology also 
publishes solicited and usolicited review articles on subjects of 
topical interest to clinical and experimental allergy.

Manuscript

We request that all manuscripts should be submitted online 
through our web-based peer review system.
Submitted contributions are accepted for publication on the ba-
sis of scientific interest and relevance, at the final discretion of 
the Editors in Chief, who will have blinded written evaluations 
from at least two anonymous reviewers. 
Once a manuscript has been accepted for publication, Authors 
will receive an electronic page proof for review and approval, 
following which the manuscript is published in the print jour-
nal and on the journal website.
Following acceptance, Authors are also requested to return both 
completed and signed Journal Publishing Agreement and Con-
flict of interest disclosure forms by e-mail to: c.scelsi@lswr.it 

Full Authors Guidelines, online Submission System link, Jour-
nal Publishing Agreement and Conflict of interest forms are 
available on Journal website: www.eurannallergyimm.com
Typed manuscripts at 30 lines per page: maximum lenght 10 
pages, around 300 lines.
Manuscripts should be typewritten (double spacing) on one side 
of the paper; on a separate sheet, should bear the title of the 
paper, name, postal and e-mail address of the Author, together 
with the name of institution where the work was done.
Generally, papers should be divided into the following parts and 
in the order indicated:
1. Summary and key words: english, limited to 15 lines.
2. Introduction: containing the reasons for doing the work.
3. Materials and methods.
4. Results: these should be given concisely; the use of tables 

and figures to illustrate the same results will only rarely be 
allowed.

5. Discussion: the presentation of results should be separated 
from a discussion of their significance.

6. References.

Units and Abbreviations

European Annals of Allergy and Clinical Immunology rec-
ognizes the adoption of the International Systems of Units (SI-
Units). Abbreviations to be put in a glossary at the foot of page 
1 on the text.

References

References should be in the order:
• the order number corresponding with that of appearance in 

the text;
• the author’s name(s), followed by initial or first name;
• the title of the work, in the original language;
• for journals: usual title abbreviations according to interna-

tional nomenclature and in the order: year, volume number, 
issue number (in parenthesis), first and last page numbers of 
the work.

For example:
Bodtger U, Linnegerg A. Remission of allergic rhinitis: An 8-year 
observational study. J Allergy Clin Immunol 2004; 114(6): 1384-8.
• for books: name of the author/editor, title, publisher/institu-

tion, town where published, year of publication, first and last 
page numbers of the work.

For example:
Paupe J, Scheinman P (Eds.). Allergologie Pédiatrique. Flam-
marion, Paris, 1988: 324-42.

Illustrations

• Figures always on separate numbered sheets and legends on 
the back in pencil

• Figures always saved on separate numbered files
• Figures, diagrams: JPG, 300 dpi minimum
• Radiographs: JPG, 300 dpi minimum

All tables, figures, radiographs, etc. must be referenced in the text.
Legends should be put on a separate sheet, saved on a separate 
file and have the same numbers as the figures.

The “pdf ” of the article will be sent to the author by e-mail.

EDRA SpA
Via Spadolini, 7
20141 Milano - Italy
Tel. 0039 (0)2-88184.1
Fax 0039 (0)2-88184.301
www.eurannallergyimm.com



Review
Th22 cells in autoimmunity: a review of current knowledge . . . . . . . . . . . . . . . . . . . . 108
G. azizi, r. yazDani, a. Mirshafiey

Original Articles
Cross-reactivity of a new food ingredient, dun pea, with legumes, and risk of anaphylaxis  
in legume allergic children . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
c. richarD, s. Jacquenet, P. serGeant, D.a. Moneret-Vautrin

Anomalous cutaneous absorption of allergens as cause of skin prick testing adverse reactions  
in adult patients. Clinical and experimental evidence   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 126
a. antico, M. arisi, G. LiMa

Case Reports
Can esophageal dilation be avoided in the treatment of severe esophageal stricture  
caused by eosinophilic esophagitis? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
D. siLVa, f. santos, s. PieDaDe, M. Morais-aLMeiDa

tAble of Contents



R E V I E W Eur Ann AllErgy Clin immunol VoL 47, n 4, 108-117, 2015

Summary
Newly identified T helper cell 22 (Th22) is a subset of CD4+ T cells with specific properties 
apart from other known CD4+ T cell subsets. Th22 is obviously discrete from Th17 and Th1 
subsets by production of interleukin (IL)-22 but not IL-17 or IFN-γ, and also with distin-
guished expression of aryl hydrocarbon receptor (AHR) as the key transcription factor. This 
T helper subset, by producing pro-inflammatory cytokines such as IL-22 and tumor necrosis 
factor-α (TNF-α), is implicated in the pathogenesis of inflammatory and autoimmune dis-
order. This review discusses the role of Th22 and its cytokine IL-22 in the immunopathogen-
esis of autoimmune disease including acute coronary syndrome, psoriasis, atopic dermatitis, 
rheumatoid arthritis, systemic lupus erythematosus, Behçet’s disease, type 1 and 2 diabetes and 
immune thrombocytopenia.
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Th22 cells in autoimmunity:  
a review of current knowledge

G. azizi1,2, r. yazDani3, a. Mirshafiey4

Introduction

Autoimmunity is the term for the immune conditions charac-
terized by a specific response of immune system to the body’s 
self-tissues. Autoimmune diseases are the third largest category 
of illness in the industrialized world, following cardiovascular 
diseases and cancers. There are more than 80 types of autoim-
mune disorders which occur when self-immune system attacks 
and destroy healthy body tissue by mistake (1). Autoimmunity 
results from a break in self-tolerance involving humoral and/or 
cell-mediated immune mechanisms. The exact cause of self-toler-
ance breakdown is unknown, however, a variety of mechanisms 
have been suggested as the means by which self-tolerance is failure 
and autoimmunity occur. One mechanism is molecular mimicry, 
where a foreign antigen shares sequence or structural similarities 
with self-antigens. In this mechanism, some microorganisms or 
drugs may trigger changes that confuse the immune system. Mo-

lecular mimicry has typically been characterized on an antibody 
or T cell level. Accordingly, in a very general sense, with respect 
to the underlying mechanism, autoimmune diseases are divided 
into humoral and cell mediated autoimmunity (2-5). Both B and 
T cells can be made tolerant, however it is more important to tol-
erate T cells than B cells because B cells cannot make antibodies 
to most antigens without the help of CD4+ T cells. There is evi-
dence that the classes and subclasses of cellular arms of immune 
system are implicated in autoimmunity. One of the main cells 
of immune system that is implicated in autoimmune diseases is 
CD4+ T helper (Th) cell. CD4+ T cells sub-divide conforming to 
the pattern of cytokines secretion (6). The naive CD4+ T cells can 
differentiate into one of several subclasses, including Th1, Th2, 
Th3, Th9, Th17, and Th22, which produce different cytokines 
and chemokines to promote a specific type of immune response 
(7). Previously, Th1 cells were thought to be the main effector T 
cells responsible for the autoimmunity and inflammation. How-
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thermore, Duhen et al. have noticed which Th22 cells expressed 
these transcription factors very low or undetectable (12). It has 
been discovered that a distinct transcription factor called the 
aryl hydrocarbon receptor (AHR) mediated development of 
Th22 cells (13).
In addition, on study showed which stimulated AHR could 
contribute to production of IL-22 by notch signaling. In other 
words, notch-associated activation of CD4+ T cells result in ele-
vation of IL-22 secretion even without induction of signal trans-
ducer and activator of transcription 3 (STAT3) (14). Indeed, 
these data indicate which Th22 cells are as a distinct lineage from 
the Th17, Th1 and Th2 subtypes (15, 16). It has been discovered 
which IL-6 and TNF-α could differentiate naive CD4+ T cells to 
Th22 cells, and on the other hand, this differentiation could be 
prevented by elevating concentrations of TGF-β (17). In addi-
tion, it has been reported which of conventional dendritic cells 
(DCs) and/or plasmacytoid DCs might lead to differentiation 
of naive CD4+ T cells to Th22 cells. By using activated conven-
tional DCs and plasmacytoid DCs, Trifari et al. have revealed 

ever, Th17 and Th22 cells are two emerging Th cell subsets that 
link the immune response to tissue inflammation and autoim-
munity (8).

Newly identified Th22

In recent years, our knowledge of CD4+ T cell differentiation 
has mainly elevated, and to date the novel subsets continue to 
be identified (9). Th22 is described by Trifari et al. in 2009 and 
identified by secretion of various cytokines such as IL-13, tumor 
necrosis factor-α (TNF-α) and the most important IL-22. On 
the other hand, Th22 cells could express chemokine receptor 
CCR4, CCR6, CCR10, and fibroblast growth factor isoforms 
(10). In addition, Th22 cells do not express IL-17, IL-23R, 
CCL20, CD161 (as Th17 markers), interferon gamma (IFN-γ) 
(as Th1 marker) and IL-4 (as Th2 marker) (11). Th22 cells 
do not express T-bet (Th1-associated transcription), GATA-3 
(Th2-associated transcription) and retinoic acid-related orphan 
receptor (ROR)γt (Th17-associated transcription) (12). Fur-

Figure 1 - The mechanisms of action of IL22.  IL-22 produced by innate and adaptive immune cells especially Th22 is beneficial to the host 
defense in many infectious diseases. Moreover, depending on the target tissue, IL-22 could also be pathogenic in autoimmune disorder due to 
its inherent pro-inflammatory properties which are further enhanced when IL-22 is secreted together with other pro-inflammatory cytokines 
in particular IL-17. AMPs; anti-microbial peptides, RA; rheumatoid arthritis, SLE; systemic lupus erythematosus, ACS; acute coronary 
syndrome, AD; atopic dermatitis, T1D; type 1 diabetes, T2D; type 2 diabetes, ITP; immune thrombocytopenia.
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in 2013 indicate that AHR expression, peripheral Th22 number 
and their effector cytokine IL-22 levels were obviously increased 
in patients with acute myocardial infarction, stable and unstable 
angina pectoris compared with patients without coronary ar-
tery disease, indicating that peripheral Th22 cells played major 
roles at the ACS (32). Interestingly, similar data was evident 
by Zhang et al., which demonstrated that the Th22, Th17 and 
Th17/Th1 cells were considerably higher in acute myocardial 
infarction and unstable angina pectoris patients than those of 
stable angina patients and healthy control (34). In an experi-
mental model Hanawa et al. reported that IL-22 could interact 
with fibroblasts, smooth muscle cells, and endothelial cells in 
the rat experimental autoimmune myocarditis (35). Moreover, 
there was a positive correlation between the frequency of Th22 
cells and IL-22 concentration in acute myocardial infarction 
and unstable angina pectoris patients (34). In a study, Xia et al. 
showed that Th22 cells played pivotal roles in coronary plaque 
rupture or plaque erosion, since IL-22 was detected in the carot-
id plaque (36). These findings confirmed increased frequencies 
of IL-22, Th22 and Th17 cells in ACS patients, which showed 
that Th22 and Th17 cells may play a potential role in plaque 
destabilization and the development of ACS (34). 

Psoriasis 

Psoriasis is a common chronic inflammatory disorder which 
is identified by red scaly skin plaques with hyperproliferative 
of keratinocytes. Epidermal hyperplasia and infiltration of in-
flammatory cells into skin lesions are major histological results 
in patients with psoriasis (37, 38). A key event in psoriasis is 
migration of immune cells from the dermis into the epidermis, 
where they induce keratinocytes proliferation (38). Although 
pathogenesis of psoriasis is unknown, however it has been iden-
tified which several immune cells including DCs, CD4+ T cell 
subsets (Th17, Th22, and Th1 cells), CD8+ T cells and neutro-
phils exist in psoriatic skin lesions and might involve in etiology 
of psoriasis disorder (38). IL-17 and IL-22 are synthesized by 
Th17, Th22, and Th1 in psoriatic skin lesions (38). It has sup-
posed that Th1 is principally correlated with the pathogenesis of 
psoriasis, but Kagami et al. suggested which Th17 cells trough 
secretion of IL-17 and IL-22 are more implicated. They also re-
ported which there was an augmentation of Th22 and Th1 cells 
in psoriatic patients, but to a lesser degree (38). Conversely, Fuji-
ta et al. suggested that the majority of IL-22-producing CD4+ T 
cells are neither Th17, Th1, and nor Th2 however; they did not 
study the majority of Th22 in psoriasis. Indeed, psoriasis skin 
lesions contain a population of T cells that co-synthesize IL-17 
and IL-22, but the majority of IL-22-producing T cells is neither 
Th17, Th1, and nor Th2, and may represent a unique subset of 
IL-22-producing helper T cells, Th22 (39). Eyerich et al. have re-
ported that although Th22 similar to Th17 are scarcely detected 

that human DCs actually induce the development of Th22 cells 
from naive CD4+T cells. Comparatively, plasmacytoid DCs by 
producing TNF-α and IL-6 are stronger than conventional DCs 
in the development of Th22 cells (10). IL-22 receptor is not ex-
pressed in cells of immune system. Thus, although IL-22 secret-
ed by Th22 does not serve the communication between immune 
cells, however IL-22 is as a Th22 cell mediator which directly 
increase the innate, nonspecific immunity on epithelial and stro-
mal cells including intestinal and respiratory epithelial cells, skin 
keratinocyte, hepatocytes, colonic subepithelial myofibroblasts, 
pancreatic acinar cells, and synovial fibroblasts derived from pa-
tients with rheumatoid arthritis(12, 18). On the one hand, Th22 
and IL-22 play vital role against several infectious diseases, on 
the other hand, it might be pathogenic because of its inherent 
pro-inflammatory features; it would further elevated when IL-22 
is produced together with other pro-inflammatory cytokines, in 
particular IL-17 (Figure 1) (19). In recent years, multiple stud-
ies have demonstrated role of Th22 in many inflammatory and 
autoimmune disorders such as psoriasis (20), atopic dermatitis 
(21), rheumatoid arthritis (22), systemic lupus erythematosus 
(23), acute coronary syndrome (24), Behcet’s disease (25), an-
kylosing spondylitis (22), type 1 and 2 diabetes (26, 27), and 
immune thrombocytopenia (28).

The role of Th22 in autoimmune disorder

Acute coronary syndrome

Acute coronary syndrome (ACS) refers to any group of symp-
toms attributed to obstruction of the coronary arteries. Recent 
evidence has indicated that atherosclerosis is a chronic inflam-
matory disease with macrophages and T cells playing a critical 
role (29). CD4+ Th cells play main roles in the inflammatory 
process of atherosclerosis and also in the onset of ACS including 
unstable angina pectoris and acute myocardial infarction (30). 
It is demonstrated that ACS occurs as a consequence of coro-
nary plaque rupture or plaque erosion, and changes in the func-
tions of CD4+T cells, especially Th cells, were found in patients 
with ACS (31). Among T cells, Th1 are recognized as having 
a pro-atherogenic role. In addition, Th17 and Th9 have been 
identified in atherosclerotic lesions. They have been linked to 
atheroma development by production of pro-inflammatory cy-
tokines present in these lesions (24). Recently, Th22 have been 
identified in the atheromatous environment, and their presence 
and function has been investigated (32). Huang et al. suggest 
that Th22 cell is a gradually proved potential biomarker for 
ACS. In a study, Oliveira et al. showed the presence of Th17, 
Th2, and Th22 in human carotid lesions and indicate that in-
teractions among them may contribute to the atheroma pro-
gression and destabilization (33). In another research, Lin et al. 
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al have reported a significant augmentation of IL-22-producing 
T-cell cells in atopic dermatitis patients compared with psoria-
sis. In this study, they have seen an extreme number of CD4+ 
and CD8+ cells which could uniquely produce IL-22. Indeed, 
these cells were responsible for almost 70% of the IL-22 secre-
tion in atopic dermatitis disease, with low frequencies of Th1, 
Th2, and Th17 T-cells that co-secrete IL-22 (46). Overall, these 
data indicate that the new subsets of IL-22 producing Th22 and 
Tc22 T cells could involve in elevated expression of IL-22 in 
chronic atopic dermatitis skin, and contribute to Th2/T22 im-
mune polarization in patients with chronic atopic dermatitis.

Rheumatoid arthritis

RA is considered as a chronic inflammatory disease that identi-
fied by the reposition and proliferation of inflammatory cells in 
the synovial (joint) space. According to RA is a chronic disease, 
inflammation of several joints leads to damage of the joint car-
tilage and ablation of bone. Pathogenesis of RA is unclear yet, 
however it is observed the activation of multiple cells such as 
T cells, B cells, macrophages, mast cells, and fibroblast-like sy-
noviocytes (FLSs) which involve in synovial inflammation and 
joint destruction (48). CD4+ T helper cells contribute to the 
development and progression of RA. Among CD4+ T helper 
cells, recognition of Th17 cells resulted in better understand-
ing of pathogenesis of RA (48). Although it recently has been 
demonstrated Th22 cells involve in the pathogenesis of RA, 
however its role in the pathophysiology of RA still has remained 
undefined. For the first time, Zhang L et al. has been identified 
which augmentation of Th22 cells could associated with Th17 
cells in RA patients. They have been demonstrated that Th22 
and Th17 cells as well as IL-22 were significantly increased in 
RA patients in comparison with osteoarthritis and healthy in-
dividuals; however it has not observed significant difference re-
garding Th1 cells and IL-17. Furthermore, this study has been 
reported a positive correlation regarding Th22 cells with IL-22 
and Th17 cells in patients with RA (49). Later, another study 
evaluated frequencies of Th22 cells, Th17 cells and Th1 cells in 
both RA patients and ankylosing spondylitis. Again, it has been 
reported elevation of Th22 cells, Th17 cells and IL-22 in pa-
tients with RA and ankylosing spondylitis in comparison with 
osteoarthritis patients and healthy individuals. Furthermore, 
consistent with previous study, it has been reported Th22 has 
a positive correlation with Th17 cells and IL-22. However, al-
though it has shown that the frequency of Th22 and Th17 cells 
were positively correlated with disease activity in RA patients, 
but this correlation has not seen in ankylosing spondylitis pa-
tients (22). Van Hamburg et al. have demonstrated elevation 
of Th17 and Th22 cell populations in patients with RA similar 
to previous studies, which were existed in RA synovial fluid. 
Moreover, they have founded that Th17 were more potent to 

in PBMCs, but Th22 cells are largely founded in T-cell popula-
tion isolated from the skin of psoriasis patients (15). Moreover, 
it has been discovered which Th22 clones derived from psoriatic 
patients are constant in vitro and demonstrate a transcriptome 
profile apparently different from Th1, Th2, and Th17 cells. 
Therefore, one supposes that genes encoding proteins includ-
ing Fibroblast growth factors (FGFs) and chemokines might 
contribute to angiogenesis and fibrosis. It has been noticed that 
when primary human keratinocytes cultured with Th22 super-
natants, it led to expression of transcriptome response profile 
which comprised genes involved in adaptive and innate immu-
nity through activation of T cell and NK promoting factors in-
cluding IL-15 and IL-7, in keratinocytes. In addition, IL-32 (as 
a TNF-α-enhancing cytokine) is produced by keratinocytes and 
result in production of TNF-α from Th22 cells, which might 
activate pro-inflammatory Th22 responses.  Then, there is a syn-
ergic dependency between the pro-inflammatory responses of 
Th22 and IL-22 and TNF-α (15, 40). Conversely, it has been 
shown an elevated wound healing in an in vitro injury model 
Th22 supernatants that exclusively related to IL-22 (15). It is 
suggested, IL-22 alone could play an important role in expres-
sion of multiple genes which contribute to tissue repairing and 
wound healing including kallikerin subgroup of serine proteases 
and serpin family of protease inhibitors (41, 42).

Atopic dermatitis

Atopic dermatitis as a chronic inflammatory skin disease iden-
tified by episodes of acute eczema alternating and cutaneous 
hyperreactivity to environmental triggers and often is seen in 
patients with personal or family history of asthma and allergic 
rhinitis (43, 44). It is considered that expansion of atopic derma-
titis belongs to disease-specific and time-dependent recruitment 
of various leukocytes could influencing resident skin cells by cy-
totoxic mechanisms (45). It is supposed in the past which Th2 
cells are responsible for atopic dermatitis diseases, but nowadays 
Th17 and Th22 cells have considered which involve in devel-
opment of atopic dermatitis disease (45, 46). Indeed, Th17 and 
Th22 cells specifically involve in dialogue with non-immune 
cells. In this case, role of Th17 and Th22 cells in multiple im-
mune –associated skin disorder including psoriasis, atopic der-
matitis, and allergic contact dermatitis are defined (45). Koga et 
al. have demonstrated an elevation of percentage of Th17 cells 
in peripheral blood of patients with atopic dermatitis which has 
correlated with severity of disease (47). In contrast, Nograles 
et al. have founded an elevation of production of IL-22 from 
T22 cells in lesional skin of patients with atopic dermatitis. 
They also have noticed a significant increase in population of 
Th1 and Th17 cells in psoriatic skin in comparison with atopic 
dermatitis, while population of Th2 and Th22 were strongly 
increased in atopic dermatitis (46). Furthermore, Nograles et 
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and regulation of autoimmunity in T1D. The inflammatory 
process in early diabetes is thought to be initiated and propa-
gated by the effect of Th1-secreted cytokines e.g. IFN-γ (55). 
It is showed that levels of IL-6 and TNF-α may be useful in the 
prediction of proliferative diabetic retinopathy, whereas high-
er IL-10 levels are related to lower risk of diabetic retinopathy 
in diabetes patients (56). Dalmas et al. showed a pronounced 
pro-inflammatory signature of adipose tissue macrophages 
in type 2 diabetic (T2D) obese patients, frequently driven by 
increased NLRP3-dependent IL-1β production. It is revealed 
that IL-22 increased IL-1β release by inducing pro-IL-1β tran-
scription via activation of C-Jun pathways in macrophages. 
These findings identified IL-1β and IL-22 as main players in 
adipose tissue inflammation, with a pathological relevance to 
obesity-induced T2D (57). However, Chenet al. found that 
the mean IL-22 serum levels were somewhat lower in diabetic 
patients than in normal controls (58). It is known that IL-22 
can up-regulate Regenerating (Reg) genes expression in islets 
and could potentially induce regeneration of β cells and inhibit 
their apoptosis. Finally, cytokines both induce and regulate in-
flammatory condition and have the potential to regenerate and 
preserve insulin-producing β cells in the islets (59). In a study 
by Xu et al. Th17 and Th22 were significantly elevated in pa-
tients with T1D compared to control donor, while there were 
no significant differences in Th1 cells. Also, Th22 cells showed a 
positive correlation with Th17 cells in these patients. However, 
there was not any correlation between IL-17 and IL-22 in sera. 
Therefore, these findings showed that Th22 may contribute to 
the pathogenesis of T1D (27). 
The systemic chronic inflammation has been postulated to 
bridge the increased risk of cardiovascular disease and T2D. In 
newest study Zhao et al. suggest that both peripheral frequen-
cies and total numbers of Th1, Th17, and Th22 cells were fur-
ther increased in diabetic patients with coronary atherosclerotic 
heart disease. Further analysis confirmed that increased pro-in-
flammatory Th cells, especially Th22, were independent risk 
factors of cardiovascular complication in diabetes. Furthermore, 
Th1 and Th22 frequency demonstrated considerable potential 
in predicting coronary atherosclerotic heart disease in diabetes 
(60). In another study Zhao et al. showed an increased Th22 
frequencies and IL-22 concentrations in obesity and T2D (26). 
Some data indicate a conceivable role of Th22 cells in diabetic 
retinopathy. Although, Chenet al. suggested that IL-22 serum 
levels were slightly lower in diabetic patients than in normal 
controls but the IL-22 level of PBMCs was clearly elevate in 
patients with proliferative diabetic retinopathy compared with 
the level in patients with non-proliferative diabetic retinopathy 
and healthy controls (58). Finally, the significant correlation of 
mentioned data implied that Th22 might play a more import-
ant role in both insulin resistance and β-cell impairment.

stimulate synovial fibroblasts (RASF) in production of IL-6, IL-
8, MMP-1 and MMP-3 compared with Th22 cells. These data 
uncover which formation of synovial inflammation by IL-17A/
Th17 cell is independent of Th22 cells and IL-22 (50). Howev-
er, Zhao et al. have founded which percentages of Th22 cells in 
RA patients correlated positively with the levels of plasma IL-22 
(51), but a positive correlation between plasma IL-22 and Th17 
cells were seen only in ankylosing spondylitis patients not in RA 
patients (22). 

Psoriatic arthritis 

Psoriatic arthritis is a joint disease characterized by both psoria-
sis and a related form of inflammatory arthritis (52). Increased 
frequencies of Th17 and Th22 cells along with their pro-inflam-
matory cytokine network, including TNF-α, IL-17, and IL-22, 
are the feature of both skin lesions (plaques) in psoriasis and 
synovium in psoriatic arthritis. However, their different distri-
bution at disease tissues, including lower frequencies of IL-22+ 
CD4+ T cells in synovial fluid compared to skin and peripheral 
blood, and lack of IL-22 expression in synovial tissue indicate 
that Th17 and Th22 cells, have a common and joint role as 
well as divergent roles in the pathogenesis of psoriasis and pso-
riatic arthritis. Benham et al. demonstrate increased frequencies 
of Th17 cells in peripheral blood of patients with psoriasis and 
psoriatic arthritis. Their findings showed that IL-17 secretion 
was remarkably elevated in both psoriasis and psoriatic arthritis, 
whilst IL-22 secretion was higher in psoriatic arthritis compared 
to psoriasis and healthy controls (53, 54). In patients with psori-
atic arthritis, Th17 cells number were elevated in synovial fluid 
compared to peripheral blood. Moreover, increased frequencies 
of IL-17+ and IL-22+ CD4+ T cells were demonstrated in pso-
riasis skin lesions. In contrast, the increased frequency of Th17 
cells was seen in psoriatic arthritis synovial fluid compared to 
peripheral blood, whereas as frequency of Th22 cell was lower. 
In conclusion, when IL-17 expression is equal in psoriatic ar-
thritis, osteoarthritis and RA synovial tissue, IL-22 expression 
was higher in RA than either osteoarthritis or psoriatic arthritis 
synovial tissue, in which IL-22 was remarkably absent (53).

Diabetes

Among autoimmune diseases, type 1 diabetes (T1D), also 
named autoimmune diabetes, have afflicted 10 million peoples 
worldwide. This disease is caused by autoimmunity-mediated 
destruction of pancreatic-cells, leading to insulin deficiency, 
hyperglycemia and complications. Many components of the 
immune system are implicated in autoimmunity leading to β 
cell destruction, including cytotoxic and helper T-cells, B-cells, 
macrophages, and DCs (55). Cytokines produced by these cells 
have also been shown to play a key role in β cell destruction 
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compared to healthy controls. Whereas, the percentage of Th17 
cells was not significantly different between ITP patients and 
control groups, and there was no statistical correlation between 
the IL-22 level and the percentage of Th17 cells in active ITP 
patients. Therefore, the elevated IL-22 level correlates to Th1 
and Th22 cells percentage, which may play a synergistic effect 
in the immunopathogenesis of ITP, while Thl7 cells may not be 
correlated with the occurrence of active ITP (66). In contrast, 
Wu et al. in their recent study showed that the proportion of pe-
ripheral blood Th1, Th17, Th22 cell subgroups and the levels of 
IFN-γ, IL-17, IL-22 in culture supernatant increased in chron-
ic ITP patients (67). In another study by Hu et al. Th22 cells 
showed a positive correlation with the levels of plasma IL-22 as 
well as Th17 and Th1 cells in ITP patients. Additionally, the 
proportion of Th22 cells was higher in autoantibody-negative 
ITP patients than in autoantibody-positive patients (68). To in-
vestigate the change of Th22 cells in the peripheral blood of the 
primary ITP patients and evaluate the significance of Th22 cells 
in ITP, Liu et al. used the peripheral blood of ITP before and af-
ter therapy, in ITP patients. The results indicate that proportion 
of Th22 cells and the levels of cytokine IL-22, IL-6, TNF-α, 
and IL-22 mRNA in patients before and after therapy were sig-
nificantly higher than those in healthy group. Briefly, in ITP 
patients, the number of Th22 cells and the levels of TNF-α and 
IL-6 increase, whereas the level of TGF-β decreases (28). In a 
clinical trial, Cao et al. evaluated the effects of dexamethasone 
on regulating IL-22 production and correcting Th1 and Th22 
polarization in ITP. In this study plasma IL-22 concentration 
and the proportion of Th1 and Th22 cells were significantly 
increased in pretherapy patients compared to healthy controls, 
whereas, high-dose dexamethasone administration reduced IL-
22 production and also corrected the imbalance between Th1 
and Th22 subsets. They concluded that IL-22 levels were posi-
tively associated with Th1 and Th22 cells in ITP patients before 
and after dexamethasone therapy (69).

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disease 
that identified by acute and chronic inflammation of several 
tissues such as skin, kidneys, joints, brain, and other organs. 
Several abnormalities in activated immune system of patients 
with SLE including secretion of autoantibodies, defective 
elimination of autoantibodies, complement and cytokine ac-
tivation, accumulation of immune-complex in tissue involve 
in tissue and organ damages. Hence, defective immune tol-
erance against self-antigens as well as extensive T cells and B 
cells activation contribute to development of SLE (70). IL-17 
and IL-22 which are mainly secreted by Th17 and Th22 cells 
respectively, could clarify progress and induction of autoim-
mune phenomena (71, 72). Zhao et al. have recognized which 

Behçet’s disease

Behçet’s disease (BD) as a recurrent systemic inflammatory dis-
ease is identified by oral and genital mucous ulcer, intraocular 
inflammation (uveitis) and skin lesions (61). It has been report-
ed which diminution of Tregs cells and increase in population 
of Th1 and Th22 cells as well as Th17/Th1 cells could involve 
in pathogenesis of BD (62). Aktas et al. have uncover which 
population of Th1 and Th22 cells have strongly elevated, and 
percentage of Treg cells have dramatically decreased in patients 
with Behçet. Moreover, they have shown which the frequency 
of recurrent oral ulcers was associated with elevation of Th22 
cells in patients with Behçet (62). IL-22 (as a major cytokine 
of Th22) is correlated with disease activity as well as presence 
of small vessel inflammation in Behçet’s disorder which could 
clarify the role of IL-22 in pathogenesis of this disease (63). It 
has been founded that uveitis is major reason of vision loss in 
BD which manifested due to recurrent ocular inflammatory at-
tacks (64). It is supposed that IL-22 producing CD4+ T cells 
trough reaction with self-antigens might involve in pathogenesis 
of uveitis (25). Cai et al. have recognized an increase in expres-
sion level of IL-22 in supernatants of stimulated PBMCs and 
CD4+T cells of BD with active uveitis compared with BD with-
out active uveitis and healthy individuals. Furthermore, they 
have identified an elevation of IL-22-producing CD4+T cells 
population in BD patients with active uveitis (63). Sugita et al. 
have confirmed above data and founded Th22 clones from ocu-
lar samples taken from BD secreted high amounts of IL-22 and 
TNF-α cytokines, but not IFN-γ and IL-17. Also, they have 
demonstrated which CD4+ T cells related to BD patients in the 
presence of IL-6 and TNF-α in vitro could differentiated into 
Th22 cells and polarized Th22 cell could secret a large amount 
of IL-22. In addition, IL-22-producing T cells in the presence of 
retinal antigens could produce high level of IL-22 in mice with 
experimental autoimmune uveitis. These data indicate which 
IL-22 and TNF-α producing Th22 cells probably involve in 
ocular immune response in BD patients (25).

Immune thrombocytopenia

Immune thrombocytopenia (ITP) is an autoimmune disorder 
characterized by low count platelet due to decreased platelet 
production as well as increased platelet destruction by autoim-
mune mechanisms in which the patient’s immune system reacts 
with a platelet of autoantigens. In ITP a shift toward B cells 
producing autoantibodies together with CD4+ T helper cells has 
been reported. Cao et al. suggested that the plasma IL-22 levels 
in ITP patients were significantly higher than that in healthy 
controls, and this elevation was correlated with Th1 and Th22 
cells in these patients (65). In addition, it is shown that the per-
centages of both Th1 and Th22 cells in ITP patients elevated as 
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peutic target for psoriatic arthritis (54). However, others believe 
that targeting IL-22 or Th22 might provide pathogenic treat-
ment because in one side it is difficult to generalize whether 
Th22 cell is protective versus pathogenic. On the other side, IL-
22 function could not entirely reflect Th22 function, since IL-
22 apart from Th22 cells is also expressed by other cells. Hence, 
targeting Th22 or IL-22 is nonselective and may affect all of 
the Th22 and IL-22 in the whole body, leading adverse side 
effects. However, it is suggested that the restricted expression of 
IL-22R1 in non-lymphoid cells could lead to a decrease of side 
effects mediated by immune responses (75). Therefore, further 
studies are required for clarifying the accurate role of Th22 and 
IL-22 in autoimmunity.
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Summary
Background. Legume allergy is the fifth food allergy in Europe. The dun pea (Pisum sativum 
sativum var. arvense), a pea belonging to the same subspecies as green pea, has been recently 
introduced as an ingredient in the human food industry. The aims of this study were to eval-
uate the cross-reactivity between dun pea and other legumes and to search for modification of 
allergenicity induced by food technologies. Methods. A series of 36 patients with legume and/
or peanut allergy was studied. They underwent skin tests to peanut and a panel of legumes 
including dun pea. Specific IgE to dun pea and cross-reactivity to peanut allergens, particular-
ly to Ara h 1, were evaluated by ELISA. Proteins and allergens of different pea extracts were 
studied by SDS-PAGE and immunoblots. Results. In France and Belgium, 7.7% of severe 
food anaphylaxis cases were due to legumes. Patients with isolated legume allergy had positive 
prick tests to dun pea, whereas patients with isolated peanut allergy had negative prick tests. 
Cross-reactivity between sIgE to peanut and dun pea was observed, and more frequently than 
expected (96%) peanut-allergic patients with legume sensitization or allergy had sIgE to Ara 
h 1. Analysis of dun pea allergens suggested that protein epitopes were presented differently in 
dun pea seeds, isolate and flour. Conclusions. This study identifies, for the first time, a risk of 
dun pea allergy in legume-allergic patients and in a subset of peanut-allergic patients.
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Cross-reactivity of a new food ingredient, dun pea, 
with legumes, and risk of anaphylaxis in legume 
allergic children

c. richarD1, s. Jacquenet1, P. serGeant2, D.a. Moneret-Vautrin3

Introduction

Legumes are a staple food in many European and Asian coun-
tries. Common edible seeds are soybean, lentil, chickpea, green 
pea, white bean, the spice fenugreek, and lupine seed flour used 
as an ingredient. Although the peanut belongs to the Legumi-
nosae family, it represented a particular case because peanut al-
lergy is more often isolate, without clinical cross-reaction with 
pre-cited legumes. Legume allergy is the fifth most prevalent 
food allergy in Spanish children (1). In France, the records from 
the Allergy Vigilance Network point for the period 2002-2012 
(table 1) to a prevalence of 6.8% out of 566 children (4th rank 
after peanut, tree nuts and milk) and 8.3% out of 684 adults 
(3rd rank after shellfish and tree nuts) (2). Sensitivity to legumes 
is frequent in Japan for soybean, in India for chick pea (3) and 
to a lesser degree in the USA (4). There is now genuine concern 

about sensitivity to legumes with the extensive use of protein 
ingredients in industrial foods. Given the public health threat 
related to GMOs, concentrates and isolates of soy proteins are 
often replaced by lupine flour. The growing incidence of ana-
phylaxis to lupine proteins, including a specific risk for pea-
nut-allergic patients, has been demonstrated (5-7). In 2006, lu-
pine and derivative products were added to the list of allergenic 
foods requiring mandatory labelling in the European Union (8). 
Consequently, food manufacturers have increasingly used an-
other source of legume protein, botanically very close to green 
pea, dun pea (Pisum sativum sativum var. arvense). It was origi-
nally cultivated for animal food. Currently, dun pea proteins are 
found in the breadcrumbs used for coating meats, in the ingre-
dients of minced steak, in specialized food for sportsmen and in 
pharmaceutical protein substitutes. In the absence of mandato-
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Group 1 included 6 patients with isolated legume allergy. In this 
group, peanut allergy was excluded because of a negative history, 
negative PT and the absence of specific IgE (sIgE) to Ara h 2, 
3, 6 and 7 (9). 
Group 2 included 30 patients with peanut allergy: (i) Subgroup 
2a: 13 patients with isolated peanut allergy and not sensitized 
to legume or with current consumption of legumes without any 
clinical reaction, (ii) Subgroup 2b: 8 patients sensitized to le-
gume (on avoidance diets for legumes, without any previous 
clinical reaction), and (iii) Subgroup 2c: 9 patients with both 
peanut and legume allergies. 

Skin testing

PTs were performed in accordance with previously published 
methodology (10). PT was considered positive if the mean wheal 
diameter was at least 2.5 mm larger than the diameter of the neg-
ative control. The positive control was codeine phosphate 9% 
(ALK-Abello, France). The timing of recording was 15 minutes.
Fresh raw legumes were tested: green pea, chickpea, lentil, soy-
bean, white bean, broad bean, and roasted peanut. Dun pea 
was tested using protein isolate, Pisane® M9 (Cosucra, Belgium) 
and lupine (Lupinus albus) as a flour (Sotexpro, France).

Pea extracts

Biological analyses were performed with dun pea seeds, dun pea 
flour (Sotexpro, France), dun pea isolate (Pisane® M9) and green 
pea. Peas were homogenized in a phosphate buffered saline, pH 
7.4 (Sigma, MO, USA) with Ultra-turrax. After centrifugation, 
the protein concentration in supernatants (= pea extracts) was 
determined by Bradford assay.

Specific IgE measurements and inhibitions

Specific IgE to peanut were measured using commercial Immuno-
CAP® (Thermo Fisher Scientific, Uppsala, Sweden). Specific IgE 
antibodies to dun pea were measured by coating 2.5 µg of bioti-
nylated dun pea isolate extract to streptavidin ImmunoCAP®. All 
sIgE measurements were performed on the ImmunoCAP100 in-
strument, following the manufacturer’s instructions (Thermo Fish-
er Scientific). Specific IgE > 0.35 kU/L were considered positive. 
Since Ara h 1 shares a 50% homology with the green pea allergen 
Pis s 1, sIgE to rAra h 1 were measured by enzyme-linked immu-
nosorbent assay (ELISA). Recombinant Ara h 1 (9) was coated to 
microplate wells (MaxiSorp®, Nunc). After blocking, the diluted 
serum 1:100 was incubated for two hours. The presence of IgE 
was revealed by addition of horseradish-peroxidase (HRP) labeled 
goat anti-human IgE (KPL, MN, USA) and substrate UltraTMB 
(Sigma). Specific IgE were extrapolated compared to a standard 
curve using purified IgE (Millipore, CA, USA) and final results 

ry labelling, dun pea is a masked ingredient under the generic 
term of vegetal protein. The ingredient used is a concentrate or 
an isolate of the protein delivering a large amount of protein. 
Moreover, the commercial advertising from the manufacturers 
of this ingredient guarantees that it is a non-allergenic food. 
Since several cases of severe anaphylaxis to dun pea have been 
registered by the French Allergy Vigilance network, the aims 
of this study were to evaluate the rate of sensitization to dun 
pea in legume-allergic patients and in peanut-allergic patients, 
and to search for modification of allergenicity induced by food 
technologies.

Table 1 - 96 cases of severe anaphylaxis to legumes registered be-
tween 2002-2012 by the French Allergy Vigilance Network (diag-
nosis established on an anaphylactic reaction (grade 2, 3 and 4) and 
further work-up showing positive prick test and specific IgE).

Legumes Children  
≤ 16 years

Adults  
> 16 years

Soybean 15 21

Lupine flour 7 34

Lentil 8 1

Green pea 3 0

Dun pea 2 0

Chickpea 1 0

Fenugreek 1 1

White bean 1 0

Broad bean 1 0

Lucerne (alfalfa) 0 1

Total / total cases of FA 39/566   6.8% 57/684   8.3%

FA: food allergy

Material and Methods

Patients

The study was approved by the local ethical committee and written 
informed consent was obtained from the parents of each subject, 
which allowed the use of the samples for research purposes (autho-
rization No. AC-2008-449 of French Ministry of Research).
Thirty-six patients were recruited. The clinical criteria of selection 
were isolated or associated clinical allergy to legumes or peanut. 
Twenty-nine patients had prick tests (PT) to a legume panel includ-
ing dun pea. The seven remaining patients were not tested because 
of current consumption of legumes without any clinical reaction.
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Buckinghamshire, UK). Two Negatives controls immunoblots 
were carried out: first one with the anti-human IgE antibody 
alone, and second with a serum of a non-allergic patient. They 
were performed for all extracts (data not shown).
Immunoblot inhibition assays were carried out using the same 
method, except that the sera were pre-incubated overnight at 
4°C with 650 µg proteins (50x excess) of dun pea or dun pea 
flour extracts.

Results

Cross-reactivity of dun pea with other legumes

Thirty-six patients were recruited to investigate clinical and biolog-
ical cross-reactivity between dun pea and other legumes. Group 1 
(isolated legume allergy) included allergy to lentil (4), dun pea (3), 
green pea (3), soybean (2), broad bean (2), lupine (1), chickpea (1) 
(table 2). PTs were positive for at least four legumes. PT to dun pea 
was positive in 6/6 cases (6.5-23 mm; mean: 12.4 mm). Specific 
IgE to dun pea were present in 5/6 sera (0.5-83 kU/L). 

were expressed in kU/L. Values were means of three wells. Specific 
IgE > 1.0 kU/L were considered positive.
For ELISA inhibition, the immuno-assay was performed as ex-
plained above except that dun pea isolate extract was coated to mi-
croplate wells, and the diluted sera pre-incubated overnight with 
peanut extract. Results are expressed as inhibition percentage.

SDS-PAGE, Immunoblot and immunoblot inhibition assays

Proteins of pea extracts (13 µg) were separated by SDS-PAGE 
and revealed by Coomassie blue staining or transferred to poly-
vinylidene difluoride (PVDF) membrane (0.45 µm, GE Health-
care, Buckinghamshire, UK) for immunoblotting. After block-
ing, membranes were incubated with patient’s serum diluted 1:5 
in TBST buffer (100 mM Tris pH 7.5, 154 mM NaCl, 0.1% 
(v/v) Tween 20) containing 5% (w/v) defatted milk (TBSTM). 
Membranes were then washed with TBST buffer and incubat-
ed with (HRP) labeled polyclonal anti-human IgE (dilution 
1:1000 in TBSTM). After washing, IgE-reactive bands were 
revealed by chemiluminescence (ECL Advance, GE Healthcare, 

Table 2 - Group 1: Patients with isolated legume allergy. 
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HH F 1 soybean AD 4 months 7.7 8 0 5.5 2 2 0 3 2.4 2 2.3
RY M 8 green pea

dun pea

LAO

Localized U, Cj

3 years (positive 
LT grade 3)
1 year (positive LT 
grade 4)

12 5 2.5 4 0 0 0 3.5 2.9 6 5.7

SK M 8 lentil U, AO, Ab P 1 year 6.5 7.5 3 3 0 0 2.5 2 0.5 7 < 1.0
HE M 18 green pea 

soybean

lentil 
chick pea 
broad bean 

U
U, LAO

U
U 
U, C

16 years
16 years (negative 
OC to 7 g)
16 years
16 years 
8 years

23 7 7 12 17 4.5 2.5 7 83.0 9 68.5

PC F 8 green pea

lentil

broad bean

AD

AD

LAO, U

7 years (positive 
OC to 60 g)
6 years (positive 
LT grade 3)
4 years (positive 
LT grade 2

12 11 6 0 1.5 2 0 8 46.8 10 30.7

BM F 6 dun pea
lentil

LAO
AO

3 years 
3 years

13.5 6 0 9 0 0 0 5.5 < 0.35 nd 4

AD: atopic dermatitis, LAO: laryngeal angioedema, U: urticaria, Cj: conjunctivitis, AO: angioedema, AbP: abdominal pain, C: cough, LT: labial 
test, OC: oral challenge
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Subgroup 2c (peanut and legume allergy) had allergy to green 
pea (4), dun pea (3), lentil (3), soybean (2) and lupine (1) (ta-
ble 4). This group had positive PTs to between one and five 
legumes. PT to dun pea was positive in 9/9 cases (2 cases at 17 
mm, mean: 8.8 mm). PTs to green pea and lentil were positive 
less often, in 2 and 4 cases, respectively. Specific IgE to dun pea 
were positive in 9/9 cases (0.8 - 68.8 kU/L).
Out of 15 cases of allergy to legumes (group 1 and subgroup 2c), 
9 had peanut allergy (subgroup 2c). Conversely, out of 30 cases 
of peanut allergy, at least 9 also had legume allergy. However, 8 
patients were on avoidance diets because of legume sensitization 
and we cannot be certain of tolerance in the event of ingestion.

Patient HE had allergy to all legumes since infancy. The recent 
episode of urticaria and angioedema was linked to dun pea. PT 
was impressive: 23 mm and sIgE were 83 kU/L. 
Subgroup 2a (isolated peanut allergy) had negative PTs to all 
legumes including dun pea in 6/6 cases (table 3). They were not 
performed in seven cases since patients ate all legumes without 
any reaction. Specific IgE to dun pea were present in only one 
case out of 13 and at a low level (0.7 kU/L).
Subgroup 2b (peanut allergy and sensitization to legumes) was 
sensitized to between one and five legumes (table 3). PT to dun 
pea was positive in 4/7 patients. Specific IgE to dun pea were 
present in 3/8 sera. 

Table 3 - Peanut-allergic subjects with isolated peanut allergy (Subgroup 2a) or with sensitization to legumes (Subgroup 2b).
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GM F 10 no 5 96.1 0.4 0 0 0 0 0 0 0 0 < 0.35  nd 35.5

MA M 5 no 10  nd 7 0 0 0 0 0 0 0 0 < 0.35  nd < 1.0

PL F 12 no 9 0.78 3.6  nd nd nd nd nd nd nd nd < 0.35  nd < 1.0

WN M 8 no 14.5 36.3 0.5  nd nd nd nd nd nd nd nd < 0.35  nd 60

2b CM M 6 yes 17.5 > 100 0.215 7 3.5 0 2 9 2 2 0 7.2 3 159

MR M 11 yes 15 > 100 nd 5 15 0 5.5 6 0 0 3 3.8 55 146

DR M 11 yes 9 90.2 0.044 + + + + 0 + - 7.5 6.0 60 59.7

BJ F 3 yes 12.5 > 100 0.065 0 0 0 0 9.5 0 0 0 < 0.35  nd 53

BA M 8 yes 12.5 73.3 0.044 0 0 0 3 0 0 0 0 < 0.35  nd 22.9

FH M 13 yes 18.5 50.6 0.5 6 2 1.5 0 2.5 2 3 0 < 0.35  nd 36.8

LE M 9 yes 11.5 34.6 0.044 nd  nd  nd nd 12 nd  nd  nd < 0.35  nd 37.2

MC F 10 yes 17 > 100 0.014 0 0 0 0 6 2 0 0 < 0.35  nd 566

S: sensitization, E: eviction, DBPCFC: double-blind placebo controlled food challenge, ED: eliciting dose
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very high: PTs were positive in the 6 patients with history of 
dun pea allergy (3 cases in group 1 and 3 cases in group 2c). It 
should be noted that in 5 green pea allergic-patients, PTs to dun 
pea were positive in all patients, though PTs to green pea were 
negative in some cases (patient PC in group 1 and patients MM, 
ML, KQ and MB in group 2c). 
Nineteen patients had positive PTs to dun pea and/or green pea. 
The wheal diameter of PTs to dun pea (9.1 ± 5.6 mm) was sig-
nificantly higher than those of green pea (4.3 ± 4.3 mm) (p = 
0.006). These observations could be related to the fact that dun 

PT to dun pea 

Overall, 23 patients were sensitized to legumes (groups 1, 2b 
and 2c). Although dun pea and green pea were both variants of 
Pisum sativum sativum, PTs to dun pea and green pea did not 
yield the same results. Hence, PT to dun pea was positive in 
19/23 cases, while PT to green pea was positive in only 11/23 
cases. The specificity of PT to dun pea could be ascertained 
since it was always negative when there was no sensitization to 
other legumes (group 2a) (table 3). Moreover, sensitivity was 

Table 4 - Peanut-allergic subjects with legume allergy (Subgroup 2c).
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DM F 8 dun pea A* 1 year 11 14.9 0.215 17 0 5 14 14 0 0 6.5 nd 25.2 3 33.4
VV M 10 dun pea U 1 year 

(positive 
OC to 

0.125 g)

9 51.8  nd 7.5 8 1.5 7.5 0 0 0 4 positive  
0.215 g

14.8 10 18.8

BM M 5 dun pea Localized 
U*

1 year 20 > 100  nd 4 0 1.5 1 9 2 0 1  nd 0.8 18 1.3

MM M 4 soybean 
green pea

U
U

2 years
2 years

4 94.4 nd 5 2 0 0 0 0 0 0  nd 1.61 41 980

ML M 8 green pea
lentil

soybean

AO, W, V 
AO, W, V
AO, W, V

1 year
1 year
1 year

8.5 > 100  nd 17 4 0 12 4 0 2 5 negative
7 g

68.8 44 415

BC F 10 lentil AO 1 year 11.5 > 100 0.215 3 0 3 2 0 0 0 2  nd 2.21 58 209
KQ M 10 green pea 

lentil
18  nd 0.027 11 0 + 0 14 8 0 0  nd 7.7 68 171

MB M 6 green pea 
chick pea

lentil

U
U

A, RC

2 years
2 years
1 year

5 > 100 0.265 6 0 0 5.5 3 0 0 0  nd 16.2 69 64

PF F 15 lupine E, AbP 1 year 
(positive 

OC to 
7.9 g)

13 > 100 nd 9 1 0 0 3 1 1 0  nd 1.66 83 940

A: asthma, *ingestion of sausage including dun pea, U: urticaria, AO: angioedema, W: wheezing, V: vomiting, RC: rhinoconjunctivitis, E: erythema, 
Ab P: abdominal pain
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in the three extracts. Proteins of 70 kDa, 50 kDa and 38 kDa 
were strongly recognized in the seed and the isolate, but weakly 
recognized in the flour. Although present in all three extracts 
(figure 1A), the 9 kDa proteins were recognized only in the 
seed extract. 
Cross-inhibitions were performed between seed and flour ex-
tracts (figure 2B). They showed that 50 kDa and 28 kDa pro-
teins of seed were better inhibited by dun pea flour extract, than 
by dun pea seed extract. Moreover, all proteins recognized by 
the IgE in flour extract were inhibited by seed and flour extracts. 
Finally, the 9kDa proteins more present in seed extract than 
in flour extract (figure 1A) were still recognized by IgE in the 
presence of inhibitor flour extract (figure 2B

2
). Taken together, 

these observations suggest that the epitopes were presented dif-
ferently in both preparations.

Figure 1 - A. Protein staining of green pea (GS), dun pea (DS), 
dun pea flour (DF) and dun pea isolate (DI) separated by SDS-
PAGE. B. Immunoblot of patient HE with dun pea (DS) and green 
pea (GS). M: marker of molecular weight.

Figure 2 - A. Immunoblot of patient HE with dun pea (DS), dun pea 
flour (DF) and dun pea isolate (DI). B. Immunoblot of patient HE 
inhibited with dun pea (B1) or inhibited with dun pea flour (B2).

pea isolate contains more proteins (90%) than green pea (6%). 
However, there was no correlation between both PTs (r2 = 0.060 
and p = 0.313), suggesting different allergenic profiles.

Dun pea-sIgE 

sIgE to dun pea were detected in 18/36 patients (50%), with 
levels ranging from 0.5-83 kU/L (median 4.9 kU/L). The con-
cordance of PT and sIgE was analyzed in 28 cases. Double pos-
itivity was observed in 17 cases and double negativity in 8 cases 
(total concordance in 89%). Specific IgE to dun pea were de-
tected in one case with negative PT (subgroup 2a, patient VE) 
and were not detected in 2 cases with positive PT (group 1, 
patient BM and subgroup 2b, patient FH). 

Cross-reactivity between peanut and dun pea 

To determine whether there was any cross-reactivity between 
dun pea and peanut, ELISA inhibition was performed. When 
patients were allergic to peanut, sensitized or allergic to legumes, 
an inhibition was observed in 9/13 cases (34%-83% inhibition) 
(table 3 and 4). These patients had sIgE to Ara h 1 in 22/23 
cases (96%). The same sIgE were detected in only 6/13 cases 
(46%) in subgroup 2a with isolated peanut allergy. In group 1 
with isolated legume allergy, sIgE to Ara h 1 were detected in 
5/6 patients (table 2). 
Specific IgE to Ara h 1 were evaluated in peanut-allergic patients 
according to their lack of sensitization to legumes (subgroup 
2a) or the presence of sensitization or allergy to legumes (sub-
group 2b and 2c). No sIgE to Ara h 1 were detected in the first 
subgroup in six out of 13 patients. Specific IgE to Ara h 1 were 
detected in all patients (17/17) with sensitization or allergy to 
legumes (p = 0.003). 

Allergenicity in different dun pea extracts

SDS-PAGE separation followed by protein staining of the dif-
ferent pea extracts (green pea, dun pea seed, dun pea flour and 
dun pea isolate) revealed complex electrophoretic patterns, in-
cluding components ranging from around 100 to 9 kDa (figure 
1A). Some proteins, 70 kDa, 50 kDa, 38 kDa, 28 kDa, 21 kDa, 
17kDa, 14 kDa and 9 kDa, were present in the four extracts. 
Interestingly, the profile of dun pea isolate was closer to green 
pea than dun pea seed. Although the electrophoretic profiles of 
dun pea seed and green pea were different (figure 1A), immu-
noblot of patient HE with both extracts (figure 1B) revealed a 
similar allergenic profile, showing that dun pea seed and green 
pea share common allergens. 
An immunoblot with dun pea seed, flour and isolate was per-
formed with serum from patient HE (figure 2A). Proteins of 28 
kDa, 17 kDa and 14 kDa were strongly recognized by the IgE 
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but not in flour and isolate (figure 2A), (iii) the absence of in-
hibition of the 9 kDa proteins of seed by flour (figure 2B

2
) 

confirmed that the 9 kDa proteins present in flour and isolate 
were no longer able to bind the sIgE, and finally (iv) seed and 
flour differentially inhibited IgE binding to 28 kDa and 50 kDa 
proteins in seed (figure 2B

2
). These observations raise the hy-

pothesis that manufacturing processes may be different for the 
two types of ingredients, thus modifying the allergenicity of na-
tive proteins.
Legumes are staple foods worldwide and attention is drawn to 
the prevalence of legume allergy. Owing to their nutritional 
properties, they are used increasingly as protein ingredients, and 
the recent introduction of dun pea flour or dun pea isolate by 
food ingredient producers has been considered a safe alternative 
to the use of soybean or lupine proteins. However, the quantity 
of dun pea proteins included in a 20% enriched steak mince is 
17 g, instead of 12 g ingested in a routine portion of green peas.
Misleading allegations claim that dun pea products are not aller-
genic. Since their presence on the labelling may be only notified 
as “vegetable proteins”, consumers, health services and regulato-
ry authorities cannot currently identify the allergic risk of dun 
pea, and widely to all peas. This study documents the in vitro 
cross-reactivity of dun pea with other legumes and peanut, and 
highlights some cases of clinical reactions to dun pea in patients 
allergic to legumes (1) or peanut (3). Further studies should 
clarify the extent of the risk of pea used as an ingredient.
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Summary
Background. Paediatric age, active eczema and high number of allergens tested in poly-sen-
sitized patients have been pinpointed as possible risk factors of systemic reactions by skin prick 
testing. As far as atopic eczema concerns, the higher penetration of the allergens into the skin 
because of the scraping or micro-injuries is an intuitive rationalization. Purpose of the present 
study is to provide documentary evidence that adverse reactions elicited by anomalous ab-
sorption of allergens can occur also in adult patients with apparently normal skin. Methods. 
Report of some exemplifying clinical and experimental observations. Measuring the inoculum 
volume into impaired skin and its variability in relation to the variation of the chemical-phys-
ical characteristic of the solutions used for the tests by means of a method of direct assay based 
on the use of a gamma-camera. Results. Localized impairments of the skin permeability can 
cause a significant increase in inoculum volume by prick-test. Critical amounts of allergens 
can be introduced into the skin because of the possibility of direct absorption, also without 
pricking, of allergy diagnostic solutions. The greater water content of the solutions used for 
prick-testing can significantly increase the inoculum volume. Conclusions. This study adds 
clinical and experimental evidences that localized impairments of permeability can occur 
in adult patients with apparently normal skin. Special precautions should be taken when a 
change of the drops’ normal shape and cohesion is seen, because allergy prick-testing in such 
areas is potentially associated with increased risk of large local or systemic reactions. 
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Anomalous cutaneous absorption of allergens as 
cause of skin prick testing adverse reactions in adult 
patients. Clinical and experimental evidence
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Introduction

Skin prick test is currently the technique more widely used to 
diagnose allergic sensitization to common allergens. The fast 
and painless execution and the high number of allergens tested 
in the same session are some of the unquestionable advantages 
of the method. Considering the smallest amounts of allergen 
injected into the skin (1), the prick test must be considered on 
the whole a safe diagnostic procedure. If not altogether absent, 
the risk of systemic adverse reaction is very low. 
Some large clinical-epidemiological studies have suggested 
that the overall risk of inducing anaphylactic reactions by 
skin prick testing with common allergens is about 0.02% 
(2,3). The progress on extracts standardization and diagnos-

tic methods has further reduced the rate of reactions with 
commercial extracts to less than 0.002% (4), being latex or 
fresh foods more likely to cause adverse events (5-8). Paedi-
atric age, active eczema and high number of allergens tested 
in poly-sensitized patients have been pinpointed as possible 
risk factors (9,10).
Systemic reactions are usually mild to moderate in severity and 
can be easily controlled by recommended therapy (11). No fa-
talities have been reported in the last decades. 
Unusual conditions of hyperactivity, an overload of allergens by 
non-standardized or much more concentrated extracts, or a lot 
of positive reactions can be seen as a possible explication of some 
cases of systemic reactions. 
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two years, of perennial rhino-conjunctivitis and asthma. She 
reported a personal history of atopic dermatitis recovered at 
school-age and a vague story of food allergy. At the same time, 
together with the respiratory symptoms, frequent occurrence of 
widespread pruritus and of recurrent, fleeting episodes of der-
matitis of flexural surfaces of the joints, mainly in winter, were 
started. No active skin lesions were present at the time. 
Performing skin tests we noted a fast spread out of the aller-
gen drops put down, and their near complete disappearance, 
adsorbed by the skin. Actually, the forearm skin was very dry, 
lackluster with a fine scaling by gentle rubbing and accentuat-
ed skin markings in the areas of elbow and wrist folders. Skin 
test procedure was stopped. To verify the effective penetration 
into the skin, a drop of the positive control (histamine 10 mg/
mL in 50% glycerol-saline solution) was put down on the wrist 
without pricking. The drop spread out and was adsorbed by the 
skin, with provocation of a large flare and a number of wheals of 
different size (figure 1). 

Figure 1 - Positive cutaneous response to a drop of histamine con-
trol put down on the wrist without pricking. Wheals of different size 
are the result of percutaneous absorption of the solution which was 
spread out on the skin. 

Case report 2

Similar case concerning a 32-year old bricklayer with perennial 
rhinitis and mild asthma. The patient had never suffered from 
atopic dermatitis or other cutaneous diseases and skin appeared 
to be normal. Prick-tests were normally carried out. However, 
soon after skin pricking a slow spreading and adsorption of 
some allergen drops near to elbow, including house-dust mites 
extract, was noted. Drops were immediately wiped by blotting 
paper. Nevertheless a strong reaction, with a very large flare and 
a lot of wheals of different size involving skin areas of other 

As far as eczema concerns, the higher penetration of the aller-
gens into the skin because of the scraping or micro-injuries is an 
intuitive rationalization. However, a clear demonstration of this 
probable mechanism does not exist.
Aim of the present work is to report clinical and experimental evi-
dences that an anomalous absorption of a critical amount of aller-
gens, potential cause of systemic reaction, can occur also in adult 
patients with apparently normal skin. What’s more, we studied 
the effect on inoculum volume of the variation of the chemi-
cal-physical characteristic of the solutions used for the prick-test. 

Methods

We report some explanatory clinical observations taken out 
from our files to prove with documentary evidence that, in some 
adult patients with impairments of skin permeability, there is 
the possibility of significant increase of allergens load by absorp-
tion and penetration through the skin of diagnostic solutions 
also without doing prick/puncture tests. 
The amount of allergen extract which could penetrate into the 
skin by a prick test altered by simultaneous absorption of the 
solution used for testing, has been assessed by means of a meth-
od of direct assay based on the use of a gamma-camera. In short, 
a 50% glycerol-saline solution routinely used as diluent in aller-
gy work was labelled with 99m Tc-pertechnetate (Tc99m). The 
inoculum volume was calculated with precision measuring the 
activity of the solution penetrated into the skin by means of a 
gamma-camera. This assay method and its overall reliability in 
terms of sensitivity, precision and accuracy, and the results of 
the assay of the inoculum volume by prick testing have been 
extensively reported elsewhere in literature (1,12).
The possible variations of the size of inoculum volume in relation 
to the variations of the chemical-physical characteristic of the solu-
tion used for the tests have been studied with the same technique. 
For this aim, some series of prick test were carried out in 15 health 
subjects (average age 43 ± 8; 13 female) by means of two glycer-
ol-saline solutions respectively at the concentration of 10 and 50%. 
Four rows of prick test were carried out on the volar side of the fore-
arms of each subject (i.e. two rows of 4 prick test for each forearm, 
the one with 50% and the other with 10% solution, alternating 
the radial and ulnar side) for a total of 16 tests per person. The data 
series have been compared by Wilcoxon matched-pairs test.
All patients gave their written informed consent and the study 
with radioisotopes was then approved by Local Ethical Com-
mittee (Del. N. 665, 16.04.96).

Results 

Case report 1

This clinical observation concerns a 23-year-old female patient, 
who had referred to our service because of the onset, for about 
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Since an IgE-mediated reaction was really improbable, prick 
tests were quickly performed and the test solution summarily 
dried by blotting paper. No immediate-type positive cutaneous 
responses were seen. At the end, as usual, the skin was wiped 
with a cotton wad wetted of disinfectant solution. 
The next morning the patient came to our service because of the 
occurrence of delayed skin reaction which involved not only the 
points where the prick-tests were performed, but the entire area 
of contact where the liquid had been spread and dripped, and 
clearly absorbed by the skin (figure 3).

Figure 3 - Delayed skin reactions to prick-tests with ampicillin 
and amoxicillin (see text). The shape and the extensive size of the 
patches reflect the skin areas where the solution drops were put 
down, spread out and formed rivulets, and where the antibiotics 
had been absorbed.

Case report 4

A 19-year-old boy had been sent to our service for persistent 
rhinitis on progressive worsening with secondary asthma. The 
respiratory symptoms started at age of 12 about and during the 
babyhood he suffered from a mild, short lasting form of atopic 
dermatitis. Also in this case we noted that the drop of extract 
went slowly losing its spherical form, spread and partially pene-
trated into the skin. Skin testing was stopped. The forearm skin 
was dry but no other alterations were seen. 
Two drops of the histamine control were put down. Skin prick 
test was carried out through one of them. Both gave a positive 
skin response, but the one pricked provoked a strong reaction 
with a flare of unusual breadth (figure 4).

prick tests, was triggered, making a reliable interpretation of 
skin test results impossible (figure 2). At a later stage, specific 
sIgE dosing resulted positive only to mites. 

Figure 2 - Spreading and absorption of an allergen soon after skin 
pricking. A very large flare and a number of wheals of different 
size involving skin areas of several other prick tests make a reliable 
interpretation of results impossible. 

Case report 3

A 43-year old woman, housewife, addressed to our allergy unit 
for an episode occurred about two months before, of a severe, 
delayed generalized skin reaction, presumably a maculopapular 
rash, resulted from the intake of some capsules of amoxicillin. 
She was not suffering from atopic diseases, but reported intol-
erance to the costume jewellery and an episode of mild hand 
eczema in the past.
The patient was skin tested according to ENDA/EAACI guide-
lines (13). In particular, skin prick tests with ampicillin and 
amoxicillin were performed at the concentrations of 0.2, 2, 10 
and 20 mg/mL.
Also, in this case we noted that the drops put down did not 
maintain their spherical shape but spread and formed rivulets 
on the forearm surface. The skin looked apparently normal. 
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a wide range of variability, for one case over seven hundred per-
cent (range 85-765%).

Table 1 - Average inoculum volume (πL) by prick test carried out 
with 50% and 10% glycerol saline solution in 15 healthy subjects. 
In 11 of them, the inoculum size results significantly greater with 
solution at higher water content (10% solution) compared to more 
concentrated one (50% solution). 

Patients Count 
50% 

Solution 
Count

10% 
Solution 

P

N N (πL) N  (πL)  

1 8 20626 8 32281 NS

2 8 27660 8 76370 < 0.001

3 8 2704 8 6976 NS

4 8 1447 8 6835 < 0.01

5 8 11298 8 17672 NS

6 8 10193 8 13275 < 0.01

7 8 2115 8 3916 < 0.05

8 8 4950 8 14370 < 0.001

9 8 8345 8 7054 NS

10 8 37355 8 72447 < 0.001

11 8 30510 8 102850 < 0.05

12 8 4290 8 72300 < 0.0000

13 8 3064 8 7200 < 0.05

14 8 49861 8 141770 < 0.0000

15 8 26140 8 226310 < 0.0000

Figure 4 - Positive cutaneous responses to two drops of histamine 
control. The one above is the result of percutaneous absorption with-
out pricking. The one below is the response to a prick-test, which 
provoked a strong reaction with a flare of unusual breadth. 

Case report 5

To assess the size of inoculum volume, series of prick tests had 
been performed on the forearm volar aspects of a number of 
healthy volunteers with a 50% glycerol-saline solution, routine-
ly used as diluent in allergy work, labelled with Tc99m (1,12). 
As for the clinical cases previously reported, in one subject out 
of them (a healthy 64-year-old woman, with apparently nor-
mal forearm skin), we observed the spreading and the partial 
adsorption of one drop of the solution. In this way we had the 
opportunity to calculate the size of the volume which could 
penetrate into the skin in an example of prick test modified by 
the simultaneous absorption of the solution into the skin area 
surrounding the pricked point, and to match it with the average 
volume of inoculum of the prick test carried out on normal skin 
areas of the same subject. 
In this example, the volume of solution penetrated into the skin 
(0.232 µL) was about 19 folds greater than the average volume of 
inoculum (0.012 µL) by prick testing in healthy skin (figure 5).

Variability by solutions’ water content 

The use of a solution at higher water content (glycerol-saline 
solution 10%) produced a significant increase in the size of in-
oculum volume as compared to one with lower water content 
(glycerol-saline solution 50% routinely used as diluent in allergy 
work) in more than seventy percent of the cases (11/15 = 73%). 
For the remaining cases not significant variations have been ob-
served (table 1). The data show great differences between the 
different subjects. The average increase of the inoculum size has 
been of about two hundred percent (median = 184), but within 

Figure 5 - Monitor image of a series of prick tests performed on 
the forearm with glycerol-saline solution labelled with Tc99m and 
acquired by gamma-camera. The dimensions of one inoculum, 
compared to other ones, appear very outsized. The enlarged image 
shows the spread of solution and at least three different sources of 
penetration into the skin. 
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As a consequence of alterations and reduction of its lipid film, in 
atopic dermatitis and other xerotic skin condition, the normal 
hydrophobicity of the skin surface is frequently lost. In the case, 
water and fluid drops put down on the skin cannot maintain 
their form, but spread out. As in clinical cases reported, this oc-
currence should be considered a warning of significant damage 
of the skin with impaired permeability barrier function, allow-
ing for a fast substances penetration (15).
Occasionally, spreading and dripping of extract drops put on 
the skin can be seen also in some patients with no structural 
change or impaired function of epidermis. Soaps, synthetic de-
tergent or bath foam, but also some cleansing and moisturizing 
cream used for cleanliness and body care can deplete or damage 
the lipid film. In this cases, water drops can spread out and form 
rivulet. If the damage is only limited to the superficial external 
lipid film, there is no significant water adsorption. 
That is because skin barrier-barrier function is mainly (although 
not exclusively) fulfilled by underlying corneus stratus (the so 
called “brick and mortar” structure), and the damage of the cor-
neus stratum is a necessary condition for the impairment or loss 
of skin barrier-function. Barrier creams (topical formulations 
used to place a physical barrier between the skin and external 
noxae) could provide a protective film, replacing the function 
of the natural outside hydrolipidic film which covers the skin. 
However, prick-puncture tests produce a micro-lesion by which 
the liquid is introduced into the skin diffusing through the epi-
dermis. For this reason, just restoring the function of the exter-
nal lipid film is not enough to prevent an abnormal penetration 
and spreading of the allergen solutions. 
However, housekeeping products, soap with high content of 
free alkali and/or harsh chemicals in cosmetics can go deep into 
the skin dissolving the lipids of underlying epidermal layers, 
impairing skin barrier and increasing permeability (17). This is 
probably the case of the housewife we reported (case 3). Here 
we must stress the point that, if the patient had had an IgE-me-
diated sensitization, in all probability, skin prick testing would 
challenge a severe anaphylactic reaction. 
The normal skin acts as a two-way barrier to prevent the inward 
or outward passage of water and electrolytes. Studies on drugs 
delivery by transdermal patch demonstrate that the penetration 
of substances through the skin surface depends upon different 
factors, which include skin conditions (e.g. injured or abraded 
skin surfaces, hydration, etc.), age, physical and chemical char-
acteristics of considered substances and time of application. The 
absorption through the skin acts by a slow process of passive dif-
fusion through the corneum layer. Defects in epidermal perme-
ability barrier, by skin diseases or injuries enhance and accelerate 
the diffusion processes (18).
Clinical cases reported demonstrate that the absorption of the 
glycerol-saline solution normally used for skin prick tests can be 

Discussion

We hypothesize that an impairment, more or less localized and 
maybe transient of skin barrier-function could provide a reason-
able and exhaustive explication of observed phenomena.
The most obvious function of the skin is to protect the body 
against the environmental noxae. 
The epidermal permeability barrier, which controls the transcuta-
neous movement of water and electrolytes, is probably the most 
important protective function of the skin. Most part of this barrier 
function resides in the stratum corneum, composed by many layers 
of anucleate corneocytes embedded in an intercellular lipid matrix. 
A second level of defense is formed by the tight junctions of the 
keratinocytes, and by the lamellar bodies of the stratum granulo-
sum resulting in the formation of an impermeable, lipid-containing 
membrane. The permeability barrier is largely represented by the 
epidermis. When the epidermis is disrupted, the underlying dermis 
is almost completely permeable. It is important to remark that even 
minimal injuries predispose to more penetration of fluids or other 
materials applied topically on the skin surface (14).
The surface of the skin is sheltered by a lipid film, composed 
of both sebum and the lipids of the epidermal cells (15). This 
film acts as a hydrophobic, low wettability surface. For this rea-
son a fluid put on the skin will tend to minimize contact with 
the surface and will form a compact liquid droplet. On healthy 
skin water drops maintain their spherical shape, will not roll 
off and not fall even if the forearm is tilted. Because in normal 
conditions (at least for not lengthened applications), there is 
not significant absorption of the aqueous liquid or other sub-
stances put on the skin, pricking through the drop is necessary 
to produce a micro-lesion by which a tiny amount of solution is 
introduced into the skin. 
The homeostasis of the epidermal permeability barrier is finely 
and actively regulated. Impairment or loss of barrier-function 
are primary pathophysiologic factors in a number of skin dis-
eases, including atopic dermatitis, ichthyosis and many other 
xerotic skin conditions (14).
Abnormalities in lipid processing metabolism and genomic 
defects concur to the skin barrier abnormalities in atopic der-
matitis (14,16). Filaggrin gene mutations and ineffective ke-
ratinocyte differentiation, decreased levels of ceramides and 
pyrrolidone carboxylic acid result in abnormal keratinization of 
skin, abnormal lipid organization and deficiency of the natural 
moisturizing factors. Alterations in sebum secretion and chem-
ical composition of skin surface lipid are a common feature in 
atopic dermatitis and several inflammatory chronic skin diseases 
(15). Because of these structural and functional changes, per-
meability barrier function is impaired displaying both increased 
trans-epidermal water loss and lowered water-binding capacity. 
Atopic skin proves very dry and more vulnerable to the penetra-
tion of exogenous substances. 
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IL, Nicklas RA, Ed. The diagnosis and management of anaphy-
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method. Ann Allergy Asthma Immunol. 2000;85:140-4.
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storing therapies in atopic dermatitis: current approaches and fu-
ture perspectives. Dermatol Res Pract. 2012;2012:923134. doi: 
10.1155/2012/923134

17. Wolf R, Parish LC. Effect of soap and detergents on epidermal bar-
rier function. Clin Dermatol. 2012;30(3):297-300. doi: 10.1016/j.
clindermatol.2011.08.021.

18. Schaefer H, Redelmeier TE. Factors affecting dermal absorption in 
vivo. In: Skin Barrier: principles of percutaneous absorption. Basel, 
Karger, 1996;74-8.

really fast. Moreover, puncture-prick tests carried out on dry, in-
jured skin seems to enhance considerably the fluid penetration 
and diffusion. As a matter of fact, the prick-test in the reported 
cases provoked skin reactions of unusual breadth (cases 2 and 
4). In a similar situation (case 5), we have demonstrated that the 
volume of solution penetrated into the skin was by far higher 
than the mean size of inoculum in normal skin. The monitor 
image visually explains the spread of the solution into the skin 
and the scale of the phenomenon (figure 5).
Water is an effective penetration enhancer. Results of our study 
show that an aqueous solution produced a significant increase in 
the size of inoculum volume, as compared to one with low water 
content. In clinical practice, it means that when prick tests were 
carried out using extemporary, aqueous extracts or food with 
high water content (like milk or some fruits), also on healthy 
skin an amount of allergens much higher than expected can 
be introduced into the skin. In conditions of pathologic skin 
with altered permeability, critical amount of allergens, sufficient 
to induce systemic reactions in a sensitized patient, could be 
reached with a single prick test.
In conclusion, we have added clinical and experimental evidence 
that prick-testing in patients with atopic dermatitis and other 
skin diseases or conditions with impaired permeability of the 
skin is a risk procedure. Areas of normal skin should be carefully 
chosen to prevent large, scattered local reactions for which test 
results could be very difficult to interpret, and suitable precau-
tions should be taken to avoid risk of systemic allergic reactions. 
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Summary
Eosinophilic esophagitis (EoE) is an inflammatory immune-mediated disease with predomi-
nant eosinophilic inflammation characterized by the presence of esophageal dysfunction symp-
toms. Treatment delay can be associated with disease complications, like esophageal strictures, 
that can justify the use of invasive procedures which are not deprived of side effects. We present 
a case report of a 14 year old child with severe esophageal stricture secondary to EoE, that was 
treated with topical and systemic corticosteroid before any invasive procedure was considered. 
After 26 weeks of medical treatment, significant improvement of esophageal dysfunction oc-
curred with histological remission and stricture resolution. In patients with severe esophageal 
strictures secondary to EoE, the need for esophageal dilation procedures should be considered 
only after anti-inflammatory treatment.
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Can esophageal dilation be avoided in the treatment 
of severe esophageal stricture caused by eosinophilic 
esophagitis?

D. siLVa1,2, f. santos3 , s. PieDaDe1, M. Morais-aLMeiDa1

Introduction

In the last decade, eosinophilic esophagitis (EoE) has been 
increasingly recognized in clinical practice (1,2). This is an 
inflammatory immune-mediated condition, with an eosino-
philic-predominant inflammatory infiltration, characterized 
by esophageal dysfunction symptoms (2,3). EoE is also con-
sidered an antigen driven disease (4). Food allergens play an 
important role in pathogenesis of the disease, but aeroaller-
gens have also been implicated as co-factors contributing to 
the development of EoE (5). Since 2007, two consensuses 
have been performed concerning its diagnosis and treatment 
(2,6), and recently an evidenced based approach was used 
to assess the strength of these recommendations (3). This 

chronic disease, presenting with persistent and relapsing 
symptoms (2), differs in clinical presentation accordingly to 
age. Diagnosis is challenging particularly in children, which 
can lead to a diagnostic delay that reached up to 6 years in 
some cohorts (7). In a recently published large retrospective, 
cohort of patients with eosinophilic esophagitis, the likeli-
hood of a fibrostenotic disease, defined by the presence of 
esophageal rings, narrowing or strictures, doubled for every 
10 years in age increase (8). This is probably dependent on 
the persistent inflammatory nature of the disease followed by 
the appearance of fibrosis, if no anti-inflammatory measures 
are initiated (7). The main treatment of EoE are corticoste-
roid, as well as dietary intervention indicated in some pa-



133Can esophageal dilation be avoided in the treatment of severe esophageal stricture caused by eosinophilic esophagitis?

grass and plantago pollen, dog epithelium and Alternaria 
spp. (aeroallergen skin prick test panel included Dermato-
phagoides pteronyssinus, Dermatophagoides farinae, Lepido-
glyphus destructor, Blomia tropicalis, grass pollen mixture, 
Chenopodium, Olea europaea, dog and cat epithelium, Salso-
la, Parietaria judaica, Plantago, Artemisia vulgaris, cypress, 
platanus and Alternaria spp.; Bial-Aristegui (Bilbao, Spain)). 
Food sensitization was studied through skin prick tests (al-
lergen extracts provided by Bial-Aristegui (Bilbao, Spain); ≥ 
3mm wheal size was regarded as positive) and serum specific 
IgE (sIgE) including milk, egg, soy, cereals, fish, seafood, 
nuts and seeds (UniCAP®, Thermo Fisher Scientific, Uppsa-
la, Sweden). The patient showed sensitization to sesame and 
sunflower seed through skin testing and specific IgE (sesame 
2.07 kU/L; sunflower 1.10 kU/L). Specific IgE were posi-
tive to milk (1.35 kU/L) and milk proteins (α-lactalbumin 
1.23 kU/L; β-lactoglobulin 1.23 kU/L; casein 0.55 kU/L), 
cereals (wheat 2.36 kU/L; corn 0.50kU/L; rye 1.86kU/L; 
barley 2.49 kU/L and oatmeal 2.03 kU/L), nuts (almond 
0.57 kU/L; walnut 0.53 kU/L) peanut 1.85 kU/L and mol-
lusks (squid 1.54 kU/L; snail 1.11 kU/L). The patient start-
ed treatment with a course of oral corticosteroids (prednis-
olone) during 1 month, associated with topical fluticasone 
(1000 µg/day), montelukast (10 mg/day). Esomeprazol (40 
mg/day) previously started after the first endoscopy was 
kept. An allergy testing-directed elimination diet to sesame 
and sunflower seeds was also recommended. Six weeks after 
treatment, reassessment showed clinical improvement. En-
doscopy, performed after a 2-month course of proton pump 
inhibitors treatment, still maintained circular ring pattern 
with few longitudinal furrowing and white exudates plaques 
but the stricture was now traversed by the ultra-slim video-
gastroscope (figure 1.b). Biopsies were performed on the 
upper, medial and distal esophagus, stomach and duodenum 
(2 fragments obtained from each location). Histopatholo-
gy showed, in all the esophageal segments, infiltration by 
eosinophils (> 25 eos/HPF) and microabscesses. Treatment 
with topical corticosteroid, montelukast and proton pump 
inhibitor was kept for more 20 weeks. Eviction diet contin-
ued to be recommended, but was not strictly followed by 
the patient. After 26 weeks of treatment, food impaction or 
dysphagia symptoms ceased and in the upper digestive en-
doscopy no esophageal narrowing or stricture was observed, 
esophageal mucosa was normal and an 8.8 mm diameter 
videogastroscope progressed easily (figure 1.c). Histopa-
thology analysis of the esophagus found rare eosinophils in 
the mucosa, both in the proximal and distal thirds. Topical 
corticosteroid was maintained and clinical and histological 
remission was kept after one year of clinical and endoscopic 
follow-up.

tients, namely an elemental diet, an allergy testing-directed 
elimination diet or an empirical six-food elimination diet 
(3,9,10). Furthermore, acid suppression by proton pump in-
hibitors is a concomitant approach, not only useful for diag-
nostic purposes but also to reduce symptoms (3,11). Esoph-
ageal dilation can also be used to provide immediate relief 
of dysphagia caused by strictures (3,11,12). However, it is 
an emergency treatment not deprived of side effects, namely 
esophageal mucosal tears, hemorrhage, perforation and hos-
pitalization due to chest pain after the procedure (2,11,13). 
We present a case report addressing the medical management 
as first line treatment of a severe esophageal stricture in an 
adolescent with eosinophilic esophagitis. 

Case Report

The patient, a 14 year old male, with personal history of 
mild persistent allergic rhinitis previously diagnosed by an 
allergist, had a history of sensitization to house dust mites, 
grass and plantago pollen, dog epithelium and Alternaria spp. 
Rhinitis symptoms were treated with oral anti-histamines as 
rescue medication. The patient started dysphagia complaints 
in the last two years, especially for solid food, reporting one 
episode of esophageal food impaction with need of medical 
care in 2011. These complaints were not exacerbated during 
pollen season and did not correlate with rhinitis symptoms 
exacerbations. On March 2013 the patient reached medical 
care because of an increase of frequency (2 to 3 times/week) 
and severity of the dysphagia in the previous month, some-
times followed by vomits. Neither weight nor appetite loss 
was reported. During anamnesis the patient didn’t report re-
lation of symptoms with a specific food. The patient had a 
family history of food allergy (his sister had severe persistent 
milk allergy).
Upper gastrointestinal endoscopy revealed in the proximal 
esophagus a circular ring appearance with few linear fur-
rowing and scattered white plaques. A proximal stricture 
was present at 25 cm from the upper incisor teeth, and 
passage with an ultra-slim videogastroscope (5.9 mm) was 
impossible due to lumen narrowing and esophageal muco-
sa retraction (figure 1.a). Biopsies were performed at the 
esophagus proximal third and four fragments were obtained 
that showed a dense eosinophilic infiltrate (≥ 50 eosinophils 
(eos)/high power field (HPF)) and multiple microabscess-
es. Barium contrast radiography identified a well defined 
and regular narrowing of all esophagus with a significant 
decrease of the caliber in the upper third (figure 2). The 
allergy diagnostic work-up revealed an elevated peripheral 
blood eosinophilia (1210/mm3), elevated serum total IgE 
(957.0 UI/ml). Sensitization to aeroallergens was evaluated 
by skin prick tests, which were positive to house dust mites, 
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Figure 2 - Barium esophagogram showing limited esophageal dis-
tensability with smooth tapering and concentric regular and well 
defined narrowing in the upper third of the esophagus. a. Upright 
left posterior oblique view; b. Anteroposterior view. 

Discussion

In this case report a severe esophageal stricture due to eosino-
philic esophagitis was completely resolved in 26 weeks with only 
medical treatment, avoiding mechanical dilation procedures 
and their inherent risks.
The prominent esophageal eosinophilia that characterizes EoE 
leads to tissue remodeling, namely subepithelial fibrosis and 
fibrovascular changes, which predisposes to the formation of 
esophageal rings and strictures and increases tissue frailty (13). 
Esophageal dilation allows a mechanical immediate relief of 
symptoms but has no effect on the underlying esophageal eo-
sinophilic inflammation, therefore stricture recurrence can oc-
cur (2,10,12). Moreover this procedure is not deprived of risks 
(13-15). When accessing the rate of complications of a series of 
293 dilation sessions, 9% had deep mucosal tears and 1% risk 
of perforation (16).  Furthermore, in a cohort study, 74% of 
the questioned patients reported retrosternal pain after the pro-
cedure (12). A proximal location in the esophagus and dilation 
of small-diameter strictures were reported to be associated with 
higher risk of complications (16). Additionally, when esopha-
geal dilation was used in an initial therapeutic approach in a 
cost analysis model it was found to be more costly than topi-
cal corticosteroids (17). The use of steroid therapy as first-line 
treatment before esophageal dilation can be an option, though 
no consensus exists regarding how long medical therapy should 
be performed before resorting to esophageal dilation and there 
is lack of evidence ascertaining which esophageal strictures 
will reverse with only pharmacological and/or dietary therapy 

Figure 1 - Endoscopic evaluation of esophageal stricture evolution.
a. First endoscopy: proximal esophagus, presenting scattered white 
plaques, a stricture unsurpassable by an ultra-slim videogastroscope 
(5.9 mm); b. Six weeks treatment follow-up endoscopy: proximal 
esophagus, circular ring aspect with fewer white exudates plaques, 
stricture was now overpassed by ultra-slim videogastroscope (5.9 
mm); c. Follow-up endoscopy after 26 weeks of treatment: proximal 
esophagus with normal mucosa, without esophageal narrowing, 
performed with a videogastroscope (8.8 mm).
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Conclusion

In patients with esophageal strictures secondary to eosinophilic 
esophagitis the need for esophageal dilation procedures could 
be avoided, even in severe strictures, if systemic and topical 
anti-inflammatory treatment is first implemented. Prospective 
studies are needed to compare these interventions, considering 
patient-reported outcomes, complications and long-term follow 
up to monitor disease relapses. 
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