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Background: Primary Atopic Disorders (PAD) represent a recently recognized subset

mutations leading to dysregulated type 2 immune responses, excessive mast cell ac-

. including eczema, asthma, food allergies, and eosinophilic gastrointestinal disorders,
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are often associated with other signs of immune dysfunction.

Methods: Recognizing the need for standardized diagnostic and management guide-
lines for PAD, a Delphi-based expert consensus was developed within the Immunology

Committee of the Italian Society of Pediatric Allergy and Immunology (SIAIP). After

a systematic review of the literature and the development of the clinical statements,
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45 specialists from multiple pediatric subspecialties reached an agreement on key
aspects of PAD classification, diagnosis, and treatment.

Results: The consensus focuses on some red flags that could aid clinicians in sus-
pecting PAD. The document also proposes a diagnostic work-up to differentiate mo-
nogenic PAD from polygenic allergic conditions. It also emphasizes the importance
of molecular pathway analysis to direct precision treatments, including biological
drugs. Given the complexity of the field and the potential overlap between PAD and
other IEl, the consensus recommends a multidisciplinary approach to diagnosis and
treatment. The document establishes a framework for early recognition of PAD, in-
tegrating emerging genetic insights into clinical practice and promoting personalized
therapeutic strategies.

Conclusions: The present work is the first structured consensus to standardize PAD
diagnosis and management among pediatric subspecialists, aiming to improve patient

outcomes through early intervention and tailored therapies.

KEYWORDS

1 | INTRODUCTION

Inborn errors of immunity (IEl) are a heterogeneous expanding
group of monogenic disorders with a broad spectrum of clinical
manifestations ranging from recurrent infections to lymphoprolif-
eration and malignancy.! Increasing evidence suggests that immune
dysregulation, including severe atopy, may be a distinctive clinical
feature associated with several IEL.>"* In 2018, Lyons and Milner
coined the term Primary Atopic Disorder (PAD) to define heritable
genetic traits, presenting with dysregulated type 2 allergic effector
responses, in some cases independent of IgE sensitization. These
genetic disorders encompass a wide range of clinical manifestations
as a consequence of abnormal mast cell activation, chronic T-helper
type 2 (Th2) and eosinophil-mediated allergic inflammation, and ex-
uberant immunoglobulin E (IgE) production.’

Common atopic clinical features of PAD include eczema, aller-
gic rhinitis, asthma, eosinophilic gastrointestinal disorders (EGID),
and food allergy (FA), frequently associated with very high levels of
IgE and eosinophils in blood and tissue hypereosinophilia. Different
and more complex atopic phenotypes are continuously being de-
scribed,®” and some authors estimate that PAD covers more than
48 monogenic disorders.® The main pathogenic pathways involve
cytokine signaling, T cell receptor (TCR) signaling, actin cytoskele-
ton breakdown, tolerance failure, intrinsic mast cell functions, and
skin barrier perturbation.” Nowadays, elucidating the pathogenetic
mechanisms of severe monogenic allergy is crucial for guiding a pre-
cision medicine approach and providing insights into treating more
common allergic conditions of potential multifactorial origin.

Recently, to help clinicians in distinguishing monogenic PAD

IlO

from polygenic disorders, Castagnoli et al.*~ grouped PAD accord-

ing to the dominating pattern of clinical symptoms as follows: (1)

early diagnosis, genetics, immune dysregulation, inborn errors of immunity, primary atopic
disorders, severe atopic diseases, targeted treatment

Key message

Primary Atopic Disorders (PAD) are a recently recognized
group of inborn errors of immunity (IEI) characterized by
severe allergic manifestations, frequently associated with
immune dysregulation and hyper IgE/severe eosinophilia,
often presenting early in life but potentially extending
into adulthood. Due to their heterogeneous and overlap-
ping features with common atopic diseases, PAD diagnosis
is often delayed. This consensus provides a standardized
work-up and a core set of clinical and laboratory red flags
to differentiate PAD from polygenic multifactorial aller-
gic conditions. Understanding the molecular mechanisms
underlying PAD is crucial. This document highlights how
genetic testing and pathway analysis guide targeted thera-
peutic interventions.

hyper-IgkE syndromes (HIES); (2) Omenn syndrome (OS); (3) Wiskott-
Aldrich syndrome (WAS) and WAS-like conditions; (4) immune
dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX)
and IPEX-like conditions; (5) Caspase recruitment domain (CARD)
proteins - B-cell CLL/lymphoma 10 (BCL10) - MALT1 paracaspase
(MALT1) (CBM) - opathies; (6) miscellaneous IEl with predominant
allergic manifestations. Moreover, a distinct subgroup of PAD is
represented by mast cell hyperreactivity syndromes, prototypically
represented by mastocytosis, due to somatic or germline gain-of-
function KIT mutations.

However, it is now clear that overlapping clinical features are
common among PAD, making it difficult for clinicians to distinguish
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among different entities relying only on clinical grounds. Also, com-
mon atopic disorders may share variant alleles with less penetrance
in the same genes causing PAD.M* Furthermore, environmental
factors, including diet, infections, and the commensal microbiota,
have been hypothesized as possible exogenous factors conditioning
clinical phenotype and possibly the age of presentation of PAD.*?

There is a compelling need among pediatric subspecialty clini-
cians with different perspectives on the same disease to harmonize
as much as possible the correct management of these rare diseases,
frequently presenting with common but difficult-to-treat type 2
symptoms. In situations where no gold standard or formal consensus
exists, peer opinions can serve as a recognized approach to advance
scientific knowledge based on clinical experience and authoritative
viewpoints and support clinical decisions.'

Pursuing this goal, the Immunology Committee of the lItalian
Society of Pediatric Allergy and Immunology (SIAIP) aimed to de-
velop an evidence-based expert opinion consensus statement using
a Delphi approach to manage patients with PAD. This consensus was
developed by 45 experts in the field of IEl and included pediatric im-
munologists, allergologists, pulmonologists, dermatologists, gastro-
enterologists, and geneticists involved in the management of PAD at
tertiary referral centers across Italy.

The Delphi method is a recognized formal technique to build
consensus in various fields. This process entails individual expert
consultation through questionnaires and collecting anonymous
feedback through interaction.'>*¢ The Delphi is an iterative mul-
tistage process that combines opinions into group consensus. The
Delphi technique facilitates consensus building and promotes a pro-
cess of cognitive reflection. Participants can revise their judgments
based on emerging insights or previously overlooked information
through iterative rounds and structured feedback. Therefore, the
Delphi method allows participants to reconsider their assessments
considering new information.'® This process is particularly advanta-
geous in addressing complex topics, such as PAD, where multidisci-
plinary knowledge and evolving perspectives must be integrated to
refine diagnostic criteria and management approaches.'’

2 | MATERIALS AND METHODS

We adhered to the ACCORD (ACcurate COnsensus Reporting
Document) guidelines for reporting the methodology and results of
the present consensus.'®

The work, which was conducted from January 2024 to December
2024, involved 45 ltalian experts with relevant clinical experience
in managing patients with PAD operating in pediatric hospitals and

outpatient clinics.

2.1 | Exploratory Phase

In 2024, the SIAIP Immunology Committee identified the need
to integrate current evidence on managing PAD among pediatric
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subspecialties. The Italian Pediatric Expert Task Force on Primary
Atopic Disorders (F.C.,I.T., M.S,, L.P., V.M., C.C,, R.B.,R.C.) was nomi-
nated. This Task Force identified a group of physicians involved in
PAD care who constituted the panelist board. Experts were pediatric
immunologists, allergologists, gastroenterologists, pulmonologists,
dermatologists, and geneticists, working in academic institutions or
hospital settings with at least 5years of clinical experience.

The following criteria were chosen for expert panel selection:
clinical experience in the field of PAD; working in hospitals and ac-
ademic institutions throughout the Italian territory; playing an ac-
tive role in national or international task forces as a part of qualified
pediatric scientific societies [Italian Society of Pediatric Allergy and
Immunology (SIAIP), Italian Primary Immune Deficiency Network
(IPINet), Italian Society of Infantile Respiratory Diseases (SIMRI),
Italian Society of Pediatric Dermatology (SIDERP), Italian Society
of Pediatric Gastroenterology, Hepatology and Nutrition (SIGENP),
Italian Society of Pediatrics (SIP), Italian Society for Pediatric
Research (SIRP)].

Before starting the consensus exercise, all panelists were asked
to disclose any conflicts of interest. The coordinator (F.C.), reworkers
(L.T., R.C.), and research methodology consultant (E.C.) determined
that the lack of conflicts of interest among all the panelists ade-
quately mitigated the potential risk of bias.

The Delphi methodology was used to reach a consensus
(Figure 1). Therefore, a 4-tier approach was adopted: (1) literature
searching, selection of relevant articles, and sharing among panelists
belonging to the advisory board; (2) identifying areas of intervention
from the advisory board and developing a core of statements; (3)
evaluation and voting for statements among all panelist members
(2 rounds of voting); (4) final approval of the document from all

panelists.

2.2 | Analytical Phase

A literature search was performed in May 2024 on:

1. PubMed database using the following keywords:

a. ((Inborn errors of immunity) OR (primary immodef*)) AND
((atopy OR atopic dermatitis) OR (atopy OR food allergy) OR
(atopy OR asthma) OR (atopy OR eosinophilic gastrointestinal
disorders)).

b. ((((((atopic  dermatitisfMeSH Terms]) OR
zema[MeSH Terms])) OR (severe eczema[MeSH Terms]))
OR (asthma[MeSH Terms])) OR (severe asthma[MeSH
Terms])) OR (food allergy[MeSH Terms])) OR (eosinophilic
gastrointestinal disease[MeSH Terms])) OR (eosinophilic

(atopic ec-

esophagitisifMeSH Terms])) OR (atopic phenotypes[MeSH
Terms])) AND ((((CCCCCCCCC(((((((inborn errors of immunity[MeSH
Terms]) OR (IEI[MeSH Terms])) OR (primary immunode-
ficiencies[MeSH Terms])) OR (PID[MeSH Terms])) OR
(primary atopic disorders[MeSH Terms])) OR (Hyper-IgE
syndromes[MeSH Terms])) OR (HIES[MeSH Terms])) OR
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BOARD IDENTIFICATION
METHODOLOGY AGREEMENT
PANEL SELECTION

Literature analysis
Questionnaire to the board
First questionnaire construction

Evaluation phase I
First round Delphi
Data elaboration
Statement reformulation with cut-off < 75% or in case relevant comments emerged during the first round Delphi*

Evaluation phase 11
Second round Delphi
Data elaboration

RESULTS DISSEMINATION

FIGURE 1 Delphi method flow chart. *These relevant comments were discussed during a face-to-face meeting among the advisory board
and the statements were reformulated according to the agreement in this meeting.

(STAT3 deficiency[MeSH Terms])) OR (Job syndrome[MeSH
Terms])) OR (DOCKS8 deficiency[MeSH Terms])) OR (Comel-
Netherton syndrome[MeSH Terms])) OR (Omenn syn-
drome[MeSH Terms])) OR (Wiskott-Aldrich syndrome[MeSH
Terms]))) OR (Immunodysregulation, polyendocrinopathy, en-
teropathy, X-linked[MeSH Terms])) OR (IPEX[MeSH Terms]))
OR (CBM-opathies[MeSH Terms])) OR (NEMO deficien-
cy[MeSH Terms])) OR (JAK1 gain of function[MeSH Terms]))
OR (STAT5b gain of function[MeSH Terms])) OR (STAT6 gain
of function[MeSH Terms])).
2. Embase database using the following keywords:

a. (“inborn errors of immunity”/exp. OR “inborn errors of immu-
nity” OR (inborn AND errors AND of AND (“immunity”/exp.
OR immunity)) OR (primary AND immunodef*)) AND (“atopic
dermatitis”"/exp. OR “atopic dermatitis” OR (atopic AND (“der-
matitis”/exp. OR dermatitis)) OR “food allergy”/exp. OR “food
allergy” OR ((“food”/exp. OR food) AND (“allergy”/exp. OR al-
lergy)) OR “asthma”/exp. OR asthma OR “atopy”/exp. OR atopy
OR “eosinophilic gastrointestinal disorders”/exp. OR “eosino-
philic gastrointestinal disorders” OR (eosinophilic AND gastro-
intestinal AND (“disorders”/exp. OR disorders)))

The search included observational studies (prospective or retro-
spective cohorts, case-control or cross-sectional studies), system-
atic reviews and meta-analyses, case reports/series, and guidelines
published between 2014 and 2024. Publications in languages other
than English, letters, and editorials were not included. One hundred

thirty-six articles were considered relevant for analysis (Figure 2).

Furthermore, seven additional studies were identified through “cita-

tion searching” in the relevant sources.

23 | hté

Delphi approac
Based on a literature search, a questionnaire was prepared by the
Italian Pediatric Expert Task Force on Primary Atopic Disorders
(F.C.,I.T., M.S,,L.P,, V.M., C.C., R.B., R.C.) who identified 11 areas of
interest and elaborated 24 statements (Table 1). The questionnaires
were administered to the experts via a web platform that guaran-
teed anonymity and the exclusion for the data manager to associate
the single questionnaire with the compiler. Literature supporting
the questionnaire was shared when needed and made available to
all panelists through common free-access web-based box tools.
Panelists were asked to score each statement on the following
scale: 1, strong disagreement; 2, fair disagreement; 3, no opinion;
4, fair agreement; 5, strong agreement. For the analysis of the re-
sults, responses were categorized as negative (score 1-2), neutral
(score 3), and positive (score 4-5). For each statement, the average
score and the percentage of voters who gave positive responses
were considered, and the cut-off level for consensus was set at 85%
agreement (considering neutral and positive scores: 3-4-5). After
the first round, the board evaluated the responses to identify areas
of divergence and acquire further information to improve the survey.
Modified statements were then developed and submitted until a sat-

isfactory agreement was achieved.
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databases (n = 555): screening:
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Records removed before

Duplicate records removed

Records identified from:
Citation searching (n = 7)

}

Records screened

(n=425) | (n=289)
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¢

Reports sought for retrieval
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Studies included in the analysis

Reports not retrieved Reports sought for retrieval Reports not retrieved
il > =
n=7) n=0)
Reports assessed for eligibility Reports excluded
(n=7) > (n=0)

(n=143)

FIGURE 2 Literature search strategy flow diagram.

3 | RESULTS

A panel of 45 experts distributed all over the country was asked to
fill out the questionnaire (Table 1). The results of the first and second
rounds are presented in Table 1. After the first round, a high level of
consensus for all the statements, with average scores ranging from
3.9 to 4.9 and agreement ranging from 78% to 100%, was observed.
The five questions that did not reach the predetermined consensus

level were modified and discussed again in the second round.

3.1 | Definition of Primary Atopic Disorders (PAD)
Statement #1. PAD refer to a group of rare human monogenic IEI
with severe allergic or atopic effector-related symptoms as a sub-
stantial feature. Abnormal allergic immune responses could be di-
rected to various environmental triggers, regardless of sensitization,
leading to complex and heterogeneous phenotypes. Infectious and
non-infectious immunodeficiency features (e.g, recurrent, severe
and/or atypical infections, autoimmunity, inflammation, lymphopro-
liferation, malignancies) may be variably associated.

Comment: Increasing evidence suggests that allergic immune dys-
regulation may be more widespread in IEls than previously reported.’?
The study of monogenic causes of IEls has led to significant advances
in our understanding of immune system function, unveiling that some
IEls have comorbid phenotypes associated with type 2 or allergic ef-
fector responses as part of the clinical spectrum of disease. In these

monogenic disorders, allergic phenotypes can occur independently,

and they may not even present with overt immunodeficiency, increas-

ing the heterogeneity of the clinical spectrum.?10:20-23

3.2 | Pathophysiology
Statement #2. PAD encompass a group of genetic disorders result-
ing in pathologic mast cell activation and degranulation, persistent
allergic inflammation mediated by T-helper (Th) 2 cells and eosino-
phils, as well as exaggerated immunoglobulin (Ig) E production.

Comment: Several genes involved in |Els (including many disease-
causing genes resulting in combined immune deficiencies (CIDs),
defects in intrinsic and innate immunity, and diseases of immune dys-
regulation?®) have been identified as related to the development of
atopy. Moreover, several underlying identified pathways specifically
promoting allergic phenotypes in PAD have been identified involving
adaptive immune cells (i.e., impaired TCR signaling and cytoskeletal
remodeling, T cell repertoire restriction, altered cytokine signaling,
tolerance failure, and metabolic disturbance), mast cells (i.e., altered
mast cell activation), and epidermal keratinocytes (i.e., skin barrier dys-
function).>?2>2° When performed, comprehensive cytokine profiling
in patients with PAD reveals unique and distinctive expression pat-
terns of various inflammatory cytokines when compared to patients
with AD. This indicates disease-specific disruptions in multiple cellular
processes and pathways, which lead to increased susceptibility to in-
fections, immune tolerance breakdown, and aIIergies.27

Statement #3. Knowledge of the affected pathway may be use-
ful to identify potential target therapies.
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TABLE 1 Summary of the results of the two Delphi consultations (first and second round).

First round statement Mean

General definition

1. PAD refer to a group of rare human monogenic 4.7
IEl with severe allergic or atopic effector-
related symptoms as a substantial feature.
Abnormal allergic immune responses could
be directed to various environmental triggers,
regardless of sensitization leading to complex
and heterogeneous phenotypes. Infectious and
non-infectious immunodeficiency features (e.g,
recurrent, severe, and/or atypical infections,
autoimmunity, inflammation, lymphoproliferation,
malignancies) may be variably associated.

Pathogenesis

2. PAD encompass a group of genetic disorders 4.5
resulting in pathologic mast cell activation and
degranulation, persistent allergic inflammation
mediated by T-helper (Th) 2 cells and eosinophils,
as well as exaggerated immunoglobulin (Ig) E
production.

3. Knowledge of the affected pathway may be 4.9
useful to identify potential target therapies.

Classification

4. PAD may be classified, according to pathogenetic 4.5
mechanisms in:

e Skin barrier dysfunction;

e Altered cytokine signaling;

e Impaired T cell receptor signaling and/or
cytoskeletal remodeling;

e Metabolic disturbance;

e Mast cell dysregulation;

e T cell repertoire restriction;

e Tolerance failure.

5. PAD can be categorized as a subgroup of Atopy- 44
Associated Inborn Errors of Immunity (AA-IEI).

General clinical features

6. Although patients suffering from PAD typically 4.6
manifest early-onset atopic disease, usually
at birth or in the first months of life (including
Omenn Syndrome, OS), and in general during
the pediatric age, PAD may also manifest until
adulthood and coexist within families, with wide
phenotypic variability.

Agreement %

100

100

100

100

97.6

97.6

Second round statement Mean

. In future classifications, 90.5

Inborn Errors of Immunity
with atopic phenotypes could
be categorized as a distinct
subgroup among Inborn Errors
of Immunity with immune
dysregulation (Table 4 of IUIS
Classification).

Agreement %

4.3
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TABLE 1 (Continued)

First round statement Mean

7. Atopic manifestations of PAD are often severe 4.7
and usually not responsive to standard therapy
(e.g., severe and recalcitrant eczema, severe
asthma, multiple food allergies, anaphylaxis,
unresponsive eosinophilic gastrointestinal
disease), with frequent need for targeted
therapies. Several associated clinical features
(congenital ichthyosis, skeletal abnormalities,
neurodevelopmental delay, diarrhea,
endocrinopathy, bleeding, and/or failure
to thrive) strengthen the suspicion of PAD.
Recurrent/severe infections (especially due to
opportunistic pathogens and Herpesviridae,
including CMV, EBV, and HHV-6) are frequent,
but may also be absent.

8. OS is one of the most severe and life-threatening 4.3
manifestations of PAD that has to be ruled
out before starting the diagnostic work-up.
OS is defined as generalized erythroderma
(skin inflammation affecting more than 90%
of the body surface), lymphadenopathy,
hepatosplenomegaly, profound eosinophilia,
chronic persistent diarrhea, failure to thrive, and
combined immune-deficiency (CID).

9. The presence of other affected family members, 4.6
including a family history of IEl and/or familial
severe atopic diathesis, and/or a family history of
consanguinity could raise the index of suspicion
for PAD. Inheritance patterns may differ among
distinct IEls with atopic phenotypes.

Laboratory evaluation

10. High levels of Th2 biomarkers and associated 4.5
immunological abnormalities are of extreme
importance in the diagnostic work-up of IEI
with severe atopic features to highlight some
indicative features of PAD. The following exams
are mandatory in ruling out PAD in children:

e Complete blood cell count with differential

(CBC);

e Serum immunoglobulin (Ig) [IgA, IgM, 1gG, IgE],
and IgG subclasses dosage;

e Extended T and B cell immunophenotype (CD3,
CD4, CD8, CD19, CD56, Treg, Th17, T follicular
cells, HLA-DR expression);

e Specific antibody levels against recall antigens
(vaccines, ABO group, others);

e Allergy testing (according to patient's medical
history): skin prick test and/or allergen-specific
IgE measurement;

e Markers of organ-specific and tissue-specific
autoimmunity (according to patient's medical
history).

Agreement %

100

85.7

100

92.8

Second round statement

. OSis a severe and life- 4.4

threatening manifestation

of PAD, typical of SCID,

that should be quickly ruled
out in a newborn or infant
with suspected PAD. OS

is defined as generalized
erythroderma with skin
inflammation affecting

more than 90% of the body
surface, lymphadenopathy,
hepatosplenomegaly,
profound eosinophilia, chronic
persistent diarrhea, failure to
thrive, and CID.

Mean

WILEY- L7

Agreement %

95.2

(Continues)
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TABLE 1 (Continued)

First round statement Mean Agreement %  Second round statement Mean Agreement %

11. In the context of severe, especially multiorgan, 4.3 88.1
allergic disease the following laboratory
abnormalities should be considered for the
suspicion of PAD:

e cytopenias (neutropenia/thrombocytopenia/

anemia);

e lymphopenia;

e increased absolute number of eosinophilic
granulocytes (severe if >5000 cells/mm?®);

e decreased mean platelet volume (MPV);

o very high levels of serum IgE (>1000kU/L, in
the first 3months of life; >2000kU/L in children
3-12months; >5000kU/L after 12 months of
age);

e one or more immunoglobulin isotype deficiency
(any combination);

e |ow specific antibody levels against protein and
polysaccharide antigens (especially after booster
vaccination if vaccine antibody response is
considered);

e |ow Th17 cell counts;

e low CD3+CD25+ regulatory T cell counts;

e very high level of sensitization against multiple
environmental allergens (often combined);

e high levels of autoimmunity markers in blood
(often precocious and atypical);

e high levels of tryptase in blood.

PAD and skin

12. Atopic dermatitis (AD) represents the typical 4.5 100
skin findings of severe atopic disorders as well
as of PAD. However, other skin features can be
present (ichthyosis erythroderma, trichorrhexis
invaginata, ectodermal dysplasia among others).

13. The following peculiar skin findings may help in 4.6 97.6
differentiating IEI with atopic phenotypes from
severe AD:

e Congenital/early onset (even neonatal)

erythroderma or neonatal eczematous rash.

e Congenital ichthyosis (early-onset generalized
rash that evolves into severe ichthyosis).

e Bamboo hair (trichorrhexis invaginata).

e Atypical localization, extension, and features of
lesions (e.g., thickened texture of the facial skin,
retro auricular fissures, and severe folliculitis of
the axillae and groin).

e Chronic mucocutaneous candidiasis (CMC).

e Cold skin abscesses.

o Warts.

e Ectodermal dysplasia.

e Severe urticarial rash, chronic urticaria, and
refractory cold urticaria, with no itching but with
pins-and-needles-like pain in affected skin areas

e Striate palmoplantar keratoderma
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TABLE 1 (Continued)

First round statement Mean Agreement %  Second round statement Mean Agreement %

PAD and respiratory system

14. PAD should be suspected in severe asthma (also 4.5 97.6
in case of low Th2 endotype), with frequent
exacerbations, treatment unresponsiveness
and/or chronic lung disease (including the
presence of bronchiectasis). In particular,
its occurrence in association with other
atypical atopic diseases and/or other features
of immune dysregulation should raise the
suspicion of PAD and should prompt an
immunologist consultation.

PAD and food allergies (FA)

15. Multiple and/or severe FA (e.g., anaphylaxis) 4.3 92.8 15. Multiple and/or severe 90.5 4.3
and/or food protein-induced enterocolitis FA, (e.g., anaphylaxis)
syndrome (FPIES), associated with other atopic including food protein-
manifestations, even severe, and/or other induced enterocolitis
features of immune dysregulation should raise syndrome (FPIES), when
the suspicion of PAD and should prompt an associated with other atopic
immunologist consultation. manifestations, especially if

severe, and/or other features
of immune dysregulation
and/or increased
susceptibility to infections
should raise the suspicion of
PAD and should prompt an
immunologist consultation.

PAD and eosinophilic gastrointestinal disorders (EGID)

16. EGID associated with severe eosinophilia 4.4 97.6
(>5000 cells/mm?®) and multiorgan involvement
with/without atopic diathesis should be
considered as a potential manifestation of PAD.
EGIDs are clinically heterogeneous diseases
that are more commonly found in patients with
different IEI.

Warning signs

17. Warning signs for PAD include: 4.4 90.5

e Severe atopic manifestations (especially when
multiple) with very early onset (at birth or in the
first months of life) and unresponsiveness to
standard treatment.

e Recurrent and severe infections due to atypical
pathogens (e.g., herpes viruses, HPV, fungi).

e Short stature and/or failure to thrive.

e Lymphoproliferation and/or malignancies.

e Poli-autoimmunity.

e Severe diarrhea (even with eosinophilic
infiltration) and or enteropathy.

e Poli-endocrinopathy (with particular regard to
early-onset, eventually neonatal, TIDM).

e Vascular and connective tissue abnormalities.

e Positive family history for IEls/consanguinity.

e Hematological conditions (e.g., purpura,
cytopenia).

e Very high levels of total IgE (>1000kU/L, in the
first 3months of life; >2000kU/L in children
3-12months; >5000kU/L after 12months of age)

e Increased absolute number of eosinophils in
blood (>5000 cells/mm?).

(Continues)
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TABLE 1 (Continued)

First round statement

18. The combination of severe atopic
manifestations (especially when multiple)
with two or more of the following clinical and
laboratory findings increases the possibility of a
PAD:

e Very early onset (<3months).

e Multiple atopic diseases.

e Recurrent and severe infections due to atypical

pathogens (e.g., herpes viruses, HPV, fungi).

e Short stature and / or failure to thrive.

e Lymphoproliferation and/or malignancies.

e Poli-autoimmunity.

e Severe persistent diarrhea (particularly when
associated with gut eosinophilic infiltration) and/
or enteropathy.

e Poli-endocrinopathy (with particular regard to
early-onset [possibly neonatal], T1D).

e Vascular and connective tissue abnormalities.

e Positive family history for IEls/consanguinity.

e Very high levels of total IgE (>1000kU/L, in the
first 3months of life; >2000kU/L in children
3-12months; >5000kU/L after 12 months of
age).

e Increased absolute number of eosinophils in
blood (>5000 cells/mm?).

e Cytopenia along one or more lineages.

19. The combination of severe atopic
manifestations (especially when multiple),
including urticaria, angioedema and
anaphylaxis, with one or more of the following
laboratory findings increases the possibility of a
PAD:

e Very high levels of total IgE (any age)

>10,000kU/L.

e |Increased absolute number of eosinophils in

blood (any age) >10,000 cells/mm?®.

e Basal high levels of tryptase and/or histamine in

blood.

20. Normal levels of total IgE do not rule out a
diagnosis of PAD.

Genetics

21. Identification of warning signs for PAD should
prompt an immunologic consultation, prior
to genetic testing. Moreover, the indication
and type of genetic testing should be given
as a joint geneticist and clinical immunologist
evaluation [expert opinion].

Mean

4.5

4.2

44

4.6

Agreement %

95.2

80.9

100

95.2

Second round statement

19.

The combination of severe 4.4
atopic manifestations
(especially when multiple),
including urticaria,
angioedema and anaphylaxis,
with one or more of the
following laboratory
findings, once a malignant
hematological disorder has
been excluded, increases the
possibility of a PAD:

Very high levels of total IgE
(any age) >10,000kU/L
increased absolute number of
eosinophils in blood (any age)
>10,000 cells/mm®

basal high levels of tryptase
and /or histamine in blood.
However, lower values of these
biomarkers may be commonly
found in IEl associated with
atopy and do not rule out a
PAD.

Mean

Agreement %

929
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First round statement Mean Agreement %  Second round statement Mean Agreement %
22. Good clinical response to specific target 3.9 78.6 22. Clinical response to specific 4.2 88.1
immunomodulatory therapies may support target disease modifying
the hypothesis of a monogenic rather than therapies is expected once
multifactorial nature of the defect. genetic diagnosis has been
established and pathogenetic
mechanisms elucidated.
[expert opinion].
23. As for other IEl, novel disease-causing genes 4.7 100
are continuously identified for PAD. For these
reasons, an initial negative result does not
rule out PAD diagnosis and patients should be
periodically re-evaluated according to the most
recent knowledge.
24. Functional tests should be used to confirm 4.5 95.2

PAD diagnosis and evaluate the pathogenic
role of variants of uncertain significance (VUS)
eventually detected. Functional tests could also
drive a therapeutic approach while waiting for
the genetic analysis results.

Comment: Genetic characterization or identifying the specific al-
tered molecular pathway may be helpful for diagnostic, therapeutic,
and prognostic purposes.?> Although for some PAD, hematopoietic
stem cell transplantation (HSCT) or gene therapy still represents
the only curative drug option, others can be appropriately managed
with novel or repurposed therapeutics that precisely target the de-
fective molecular pathways, improving patient outcomes.1?28-31
Understanding the molecular basis of these diseases allows the de-
velopment of targeted therapies that can reverse atopic inflamma-

tion and restore immune balance in affected patients.?®32-%¢

3.3 | Classification

Statement #4. PAD may be classified, according to pathogenetic
mechanisms in:

e Skin barrier dysfunction;

o Altered cytokine signaling;

e Impaired T cell receptor signaling and/or cytoskeletal remodeling;
e Metabolic disturbance;

e Mast cell dysregulation;

o T cell repertoire restriction;

e Tolerance failure.

Comment: Due to their heterogeneity, a clinically based classifi-
cation has been proposed grouping PAD into six clinical phenotypes.
In addition, many experts agree that PAD could also be classified
according to the underlying pathogenic mechanism with significant
implications for targeted therapies.>%2>3%7

Statement #5. In future classifications, Inborn Errors of Immunity
with atopic phenotypes could be categorized as a distinct subgroup

among Inborn Errors of Immunity with immune dysregulation

[Table 4 of International Union of Immunological Societies (IUIS)
Classification].

Comment: Due to their predominant manifestations of severe
difficult-to-treat type 2 symptoms, it is conceivable that PAD in the
near future could be included as distinct entities among “Diseases
of Immune Dysregulation” (Table 4) of the IUIS classification. 3840
The rationale for this new categorization is the perspective that
new disorders are identified among this expanding group of IEls,
most of which are presently included as “hyper-IgE syndromes” or
“other defects” in Table 2 in the IUIS classification. Further, some
new (e.g., STAT6 GOF mutations) and old (e.g., CDSN and DSG1
gene mutations) clinical entities, which collectively can be included
among Lyons and Milner's definition of PAD, are not included in the
IUIS classification. Another reason is that some PAD (e.g., STAT5b
GOF, KIT, and ADGRE2 gene mutations) could have a prominent
clinical and laboratory feature of hypereosinophilia or aberrant
mast cell activation, which do not fit with the definition of “hyper-
IgE syndromes” in the IUIS classification. However, the panelists
agree that the attempt to group within a unique clinical entity may
not be representative of all phenotypes of PAD and that overlap-
ping features exist with other categories of IEI.

3.4 | General clinical features
Statement #6. Although patients suffering from PAD typically mani-
fest early-onset atopic disease, usually at birth or in the first months
of life (including Omenn Syndrome, OS), and in general during the
pediatric age, PAD may also manifest until adulthood and coexist
within families, with wide phenotypic variability.

Comment: Most PAD occur early, typically at birth or within
the first few months of life, often with severe and multiple atopic
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diseases, in most cases associated with other clinical signs of im-
mune dysfunction, such as abnormal susceptibility to infections
or autoimmunity.41 Severe combined immunodeficiencies (SCID),
leaky SCID, and OS were among the first known IEls presenting with
early-onset atopic/Th2-mediated manifestations.?*> Many individu-
als may receive a diagnosis during adulthood due to the progression
of symptoms or the late onset of their condition. Therefore, clini-
cians should consider PAD in both adult and pediatric patients. It is
important to note that PAD is not limited to infants, as adults do not
represent a negligible part of patients.'42#> Plausible explanations
include gene-specific mutations and gene-environment (e.g., micro-
biome, infection, diet, and stress) interactions that likely contribute
to variable penetrance and expressivity (type, severity, and age of
onset of symptoms) of the disease.*¢

Statement #7. Atopic manifestations of PAD are often severe and
usually not responsive to standard therapy (e.g., severe and recal-
citrant eczema, severe asthma, multiple food allergies, anaphylaxis,
unresponsive eosinophilic gastrointestinal disease), with a frequent
need for targeted therapies. Several associated clinical features
(congenital ichthyosis, skeletal abnormalities, neurodevelopmental
delay, diarrhea, endocrinopathy, bleeding, and/or failure to thrive)
strengthen the suspicion of PAD. Recurrent/severe infections (es-
pecially due to opportunistic pathogens and Herpesviridae, including
CMV, EBV, and HHV-6) are frequent, but may also be absent.

Comment: In some IEls, allergic symptoms can be the most
prominent clinical features. These symptoms may include eczema,
allergic rhinitis, asthma/reactive airway disease, and food allergies.
Notably, the allergic triad characterized by increased IgE levels, eo-
sinophilia, and eczema is common among various IEls, which could
delay diagnosis. To date, many complex atopic phenotypes have
been described.’® Overall, a high grade of severity, even with resis-
tance to standard therapy and/or a combination of different atopic
manifestations, has been observed. Moreover, other associated
clinical features, “atypical atopic manifestations,” and/or recurrent
peculiar, atypical/opportunistic infections should raise the suspicion
of a monogenic origin of the atopic disorders.2>4~%7

Statement #8. OS is a severe and life-threatening manifestation
of PAD, typical of SCID, that should be quickly ruled out in a newborn
or infant with suspected PAD. OS is defined as generalized erythro-
derma with skin inflammation affecting more than 90% of the body
surface, lymphadenopathy, hepatosplenomegaly, profound eosino-
philia, chronic persistent diarrhea, failure to thrive, and CID.

Comment: Different genetic alterations that significantly reduce
without abrogating T cell development and result in an oligoclonal
expansion of CD4+ T cells with a consequent exaggerated inflamma-
tory condition typically cause OS. The inflammation is believed to be
triggered by clonally expanded T cells, predominantly of the Th2 type,
that secrete several cytokines that promote autoimmune and allergic
inflammation. Atopic manifestations of OS usually present immedi-
ately after birth with generalized erythroderma (skin inflammation af-
fecting more than 90% of the body surface) or eczematous rash. Early

recognition is crucial. Some patients present with some but not all of

these signs; thus, differential diagnosis can be challenging. Infections,
inborn errors of metabolism, ichthyoses, inflammatory skin disorders,
and drug hypersensitivity reactions must be ruled out to allow for
early HSCT, which is the only curative treatment for this otherwise
fatal disease. In OS, skin inflammation progressively worsens, leading
to significant barrier damage and increasing the risk of life-threatening
bacterial and fungal infections in an immunocompromised host.*®

Statement #9. The presence of other affected family members,
including a family history of IEl and/or familial severe atopic diathe-
sis, and/or a family history of consanguinity could raise the index of
suspicion for PAD. Inheritance patterns may differ among distinct IEI
with atopic phenotypes.

Comment: Accurate collection of familial history may help clini-
cians to suspect PAD, prioritize relevant investigations, and consider

early genetic testing.s’51

3.5 | Laboratory evaluation
Statement #10. High levels of Th2 biomarkers and associated immu-
nological abnormalities are of extreme importance in the diagnostic
work-up of IEl with severe atopic features to highlight some indica-
tive features of PAD.

The following exams are mandatory in ruling out PAD in children:

e Complete blood cell count with differential (CBC);

e Serumimmunoglobulin(Ig) [IgA, IgM, IgG, IgE], and IgG subclasses
dosage;

e Extended T and B cell immunophenotype (CD3, CD4, CD8, CD19,
CD56, Treg, Th17, T follicular cells, HLA-DR expression);

e Specific antibody levels against recall antigens (vaccines, ABO
group, others);

o Allergy testing (according to patient's medical history): skin prick
test and/or allergen-specific IgE measurement;

e Markers of organ-specific and tissue-specific autoimmunity (ac-
cording to patient's medical history).

Comment: Very few papers suggest which diagnostic tests may
be useful to rule out PAD and which are not.}>'*52 This statement
focuses on first- and second-level investigations in PAD to exploit
laboratory signs of immune dysregulation and severe atopy and
minimize the probability of underdiagnosis or misdiagnosis. Severe
atopy represents the clinical hallmark of PAD, and high Th2 bio-
markers and related immune abnormalities are often correlated with
severe clinical presentations. Given the overlap of clinical features
between PAD and severe atopic diseases, a rational approach is
needed to identify other signs of immune dysregulation, which may
help differentiate isolated atopy and atopy associated with PAD or
other 1EI.>*** Combining these tests could allow for a comprehen-
sive immune function evaluation, correlating clinical symptoms (e.g.,
recurrent infections, severe atopy) with immunological findings for

early intervention and management.
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Statement #11. In the context of severe, especially multiorgan,
allergic disease, the following laboratory abnormalities should be

considered for the suspicion of PAD:

e cytopenias (neutropenia/thrombocytopenia/anemia);

e |lymphopenia;

e increased absolute number of eosinophilic granulocytes (severe if
>5000 cells/mm?);

e decreased mean platelet volume (MPV);

e very high levels of serum IgE (>1000kU/L, in the first 3months
of life; >2000kU/L in children 3-12months; >5000kU/L after
12 months of age);

e One or more immunoglobulin isotype deficiency (any
combination);

e Low specific antibody levels against protein and polysaccharide
antigens (especially after booster vaccination if vaccine antibody
response is considered);

e Low Th17 cell counts;

e Low CD3+CD25+ regulatory T cell counts;

e Very high level of sensitization against multiple environmental al-
lergens (often combined);

e High levels of autoimmunity markers in blood (often precocious
and atypical);

e High levels of tryptase in blood.

Comment: Integrating clinical presentation—namely severe mul-
tiorgan allergic disease—with specific laboratory findings improves
early detection of PAD. For example, low Th17 may help differen-
tiate HIES due to STAT3 dominant-negative loss-of-function muta-
tions from severe atopic dermatitis (AD).44>>3¢

Cytopenias may indicate bone marrow dysfunction or auto-
immune destruction, which can be found in many forms of PAD
(e.g., PGM3 deficiency, WAS, WIP deficiency, ARPC1B deficiency,
NOCARH, IPEX, STAT1 GOF). Lymphopenia suggests a T-cell produc-
tion or survival defect, often seen in CID (e.g.,, DOCKS8 deficiency,
WAS, and WAS-like syndromes).>”>® Eosinophilia, usually associated
with exaggerated Th2-driven organ inflammation, is common in both
allergic diseases and many IEls with atopic phenotypes.’’ However,
hypereosinophilia (i.e., eosinophil counts above 5000 cells/mm?)
combined with multiorgan dysfunction is uncommon in severe aller-
gic diseases. A low MPV (possibly <6fL) may suggest megakaryocyte
dysfunction, which can be observed in certain PAD (e.g., WAS and
WAS-like conditions).*4°° Abnormally elevated IgE levels, associated
with somatic signs and/or other symptoms of immune dysfunction,
especially in early infancy, indicate specific forms of PAD.4461-64
Likewise, an inability to produce adequate specific antibodies could
orient toward some specific subtypes of PAD.1%%%% |n particular,
antibody responses should be assessed according to the specific
national vaccination schedule and the patient's clinical history. IgG
levels against at least three protein antigens (e.g., tetanus and diph-
theria toxoids, hepatitis B virus, rubella, mumps, measles) and one
polysaccharide antigen (e.g., pneumococcal capsular antigen) should
be evaluated. If detected antibody levels are below the normal range,
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antibody testing should be repeated 4 weeks after administration of
a booster dose. Reduced levels of CD3+CD25+ cells (natural regula-
tory T cells) suggest impaired immune regulation, often leading to au-
toimmunity and chronic inflammation. They may suggest IPEX or an
IPEX-like condition in patients with severe atopic dermatitis or other
atopic diseases with or without autoimmunity.®”%® High sensitization
to multiple allergens indicates an overactive Th2-driven immune
response, which can be present in most but not all PAD. However,
despite very high IgE levels, some of these conditions may not show
any IgE sensitization to environmental allergens or relevant allergic
symptoms.?223:53:5469 Hiah |evels of tryptase associated with signs
and symptoms of exaggerated and/or abnormal mast-cell activation
may be the prominent feature of some PAD.>*° Finally, early, atypical
and/or multisystem/systemic autoimmunity in combination with se-
vere allergic symptoms and elevation of some autoimmunity markers
(e.g., organ-specific auto-antibodies) is a common feature of many
PAD, reflecting immune dysregulation and loss of tolerance.'%¢370
These findings suggest immune dysfunction beyond isolated atopy,
thus warranting further investigations to rule out PAD. Recognizing
these markers ensures timely intervention, avoiding complications

and long-term organ damage.

3.6 | PAD and skin

Statement #12. Atopic dermatitis (AD) represents the typical skin
findings of severe atopic disorders as well as of PAD. However, other
skin features can be present (ichthyosis, erythroderma, trichorrhexis
invaginata, ectodermal dysplasia among others).

Comment: Focusing on the skin as an affected key organ in PAD
requires the consideration that there is a consistent clinical overlap
between severe AD and PAD. AD represents a cardinal hallmark of
atopy and atopic-related disorders. It is common in severe atopic dis-
orders, characterized by chronic inflammation, impaired skin barrier
function, and a Th2-skewed immune response. In PAD, AD-like pre-
sentations often co-occur with recurrent infections, autoimmunity, or
other features indicating an underlying immune defect.”*”? Additional
and broader skin manifestations may suggest specific underlying con-
ditions among PAD. Ichthyosis erythroderma, defined as a generalized
scaly and inflamed skin condition, and/or trichorrhexis invaginata (hair
shaft defect) could be indicative of severe immune dysregulation or
syndromic IEls, such as Comel-Netherton syndrome.”® Furthermore,
ectodermal dysplasia, defined as structural abnormalities of the skin
and its appendages (hair, nails, teeth), is commonly seen in certain syn-
dromic IEls, such as HIES or ectodermal dysplasia-immunodeficiency
syndromes [e.g., IKBKG (NEMO) deficiency].”

Statement #13. The following peculiar skin findings may help in
differentiating IEl with atopic phenotypes from severe AD:

e Congenital/early onset (even neonatal) erythroderma or neonatal
eczematous rash.

e Congenital ichthyosis (early-onset generalized rash that evolves
into severe ichthyosis).
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e Bamboo hair (trichorrhexis invaginata).

e Atypical localization, extension, and features of lesions (e.g.,
thickened texture of the facial skin, retro auricular fissures, and
severe folliculitis of the axillae and groin).

e Chronic mucocutaneous candidiasis (CMC).

e Cold skin abscesses.

e Warts.

e Ectodermal dysplasia.

e Severe urticarial rash, chronic urticaria, and refractory cold ur-
ticaria, with no itching but with pins-and-needles-like pain in af-
fected skin areas

e Striate palmoplantar keratoderma

Comment: Medical history and distinctive clinical features are
crucial to differentiating severe AD from eczematous lesions caused
by IEl. The statement provides a list of skin markers that can help to
distinguish PAD from severe AD. The rationale is grounded on clinical
clues of immune dysfunction rather than mere atopy.”>”¢ Skin findings
such as erythroderma, appearing since birth, the first weeks of life, or
early infancy, suggest a SCID or syndromic IEl (e.g., OS and Comel-
Netherton syndrome) rather than typical AD, which usually develops
later. Generalized scaling and inflammation that evolve into severe ich-
thyosis do not suggest AD but rather indicate syndromic IEl like Comel-
Netherton syndrome or disorders with immune dysregulation.!””
Bamboo hair (trichorrhexis invaginata) represents a diagnostic marker
for Comel-Netherton syndrome, associated with immune dysregula-
tion and atopic-like phenotypes.“’78 Also, ectodermal dysplasia (struc-
tural defects in skin, hair, teeth, and nails) indicates syndromic |El rather
than classic AD. AD typically affects flexural areas (e.g., elbows, knees),
but thickened facial skin, retro auricular fissures, and folliculitis in non-
classical areas (axillae, groin) would rather suggest IEl (e.g., HIES).”%80
CMC (chronic/persistent fungal infections affecting the skin, mucous
membranes, and/or nails) indicates defects in Th17-mediated immu-
nity, often seen in combined 1E1.°*®1"8% Moreover, recurrent cold skin
abscesses (non-inflammatory, non-painful) are classic in HIES due to
STAT3 loss of function mutations, while warts and other recurrent or
disseminated cutaneous viral infections (e.g. molluscum contagiosum,
herpesvirus infections) are common in CID.738%88 | the case of se-
vere urticarial rash and chronic urticaria, the presence of pain instead
of itching (pins-and-needles sensation) and chronic cold urticaria unre-
sponsive to conventional therapy may point to immune dysregulation,
as seen in autoinflammatory syndromes. Finally, striate palmoplantar
keratoderma (thickened, striped keratin deposits on palms and soles)
is rare in AD but occurs in some syndromic IEl, reflecting skin barrier

defects and immune abnormalities.®”%?

3.7 | PAD and respiratory symptoms

Statement #14. PAD should be suspected in severe asthma (also in
case of low Th2 endotype), with frequent exacerbations, treatment
unresponsiveness, and/or chronic lung disease (including the pres-
ence of bronchiectasis). In particular, its occurrence in association
with other atypical atopic diseases and/or other features of immune

dysregulation should raise the suspicion of PAD and should prompt
an immunologist consultation.

Comment: Severe and even treatment-resistant asthma, particu-
larly when in association with features of immune dysregulation, may
raise suspicion of PAD. While asthma is a common respiratory condi-
tion, its severity, persistence, and treatment resistance may indicate an
underlying immune dysfunction. PAD-related asthma often involves
structural lung damage due to recurrent infections or chronic inflam-
mation.”®~?2 Severe asthma with a low Th2 inflammatory signature is
unusual, but it may suggest immune dysregulation rather than classical
allergic asthma, prompting further investigation for PAD. Moreover,
recurrent asthma flare-ups in PAD may result from undiagnosed infec-
tions due to impaired immune defense against microbes.”®?! Recurrent
respiratory infections in PAD often lead to chronic lung damage, in-
cluding bronchiectasis and pneumatoceles, which are uncommon
in typical asthma.*??° Poor response to conventional asthma thera-
pies may suggest an underlying condition. The association of asthma
with other atypical atopic features (e.g., severe eczema, severe food
allergies) and/or signs of immune dysregulation (e.g., autoimmunity,
recurrent infections) strengthens the suspicion of PAD.3*7%%* These
additional findings highlight a systemic immune dysfunction rather
than an isolated respiratory disease. Identifying these signs ensures
timely referral, diagnosis, and intervention, reducing morbidity associ-
ated with delayed recognition of an underlying IELI.

3.8 | PAD and food allergy (FA)

Statement #15. Multiple and/or severe FA (e.g., anaphylaxis) includ-
ing food protein-induced enterocolitis syndrome (FPIES), when as-
sociated with other atopic manifestations, especially if severe, and/
or other features of immune dysregulation and/or increased suscep-
tibility to infections should raise the suspicion of PAD and should
prompt an immunologist consultation.

Comment: The statement aims to increase clinicians' surveillance
when encountering patients with a combination of severe or multi-
ple FA and signs of immune dysregulation. FA, especially severe ones
like anaphylaxis or other conditions like FPIES, suggests an atypical
immune response. The presence of multiple FA when they co-occur
with other immune-mediated manifestations [e.g., increased sus-
ceptibility to infections (recurrent or severe infections), other auto-
immune or inflammatory conditions] increases the likelihood of an

underlying immune disease.?>7375-%?

It potentially implies a broader
immune dysregulation defect rather than isolated hypersensitivity,
pointing toward systemic immune abnormalities rather than isolated

allergic conditions.?%100-102

3.9 | PAD and eosinophilic gastrointestinal
disorders (EGID)

Statement #16. EGID associated with severe eosinophilia (>5000
cells/mm?®) and multiorgan involvement with/without atopic diath-
esis should be considered as a potential manifestation of PAD. EGID
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is clinically heterogeneous diseases that are more commonly found
in patients with different IEI.

Comment: EGID are clinically heterogeneous, presenting with
manifestations ranging from mild gastrointestinal symptoms to se-
vere, debilitating disease with systemic involvement. The variabil-
ity of the clinical presentation underscores the need for thorough
evaluation against uncovered underlying conditions, such as some
PAD [HIES (STAT3-DN-HIES, DOCKS8 deficiency, Comel-Netherton
Syndrome), ERBIN deficiency, JAK1 AD GOF, STAT5b GOF, and STAT6
GOF], especially when the disease is severe, atypical, or associated
with other atopic conditions (e.g., asthma, eczema, FA).#70.93:103-108
Multiorgan involvement in the presence of eosinophilia suggests sys-
temic immune dysregulation rather than an isolated allergic or gas-
trointestinal issue. The above-mentioned level of eosinophilia should

raise the suspicion of a more profound immune defect.1%10¢

3.10 | Warning signs

Statement #17. Warning signs for PAD include:

e Severe atopic manifestations (especially when multiple) with very
early onset (at birth or in the first months of life) and unrespon-
siveness to standard treatment.

e Recurrent and severe infections due to atypical pathogens (e.g.,
herpes viruses, HPV, fungi).

e Short stature and/or failure to thrive.

e Lymphoproliferation and/or malignancies.

e Poli-autoimmunity.

e Severe diarrhea (even with eosinophilic infiltration) and/or
enteropathy.

e Poli-endocrinopathy [with particular regard to early-onset, even-
tually neonatal, type 1 Diabetes Mellitus (T1DM)].

e Vascular and connective tissue abnormalities.

e Positive family history for IEI/consanguinity.

e Hematological conditions (e.g., purpura, cytopenia).

e Very high levels of total IgE (>1000kU/L, in the first 3months
of life; >2000kU/L in children 3-12months; >5000kU/L after
12 months of age).

e Increased absolute number of eosinophils in blood (>5000 cells/

mm°).

Comment: The onset of PAD with severe atopic manifestations
may precede the diagnosis by decades.?* Timely identification
through functional and genetic assays is crucial for optimal man-
agement and personalized therapy.zs’41 Early diagnosis and prompt
referral to specialized centers may improve outcomes and can posi-
tively influence the life expectancy of patients.*? Identifying specific
clinical or laboratory findings and developing algorithms that indicate
which patients with severe allergies should undergo genetic testing
for IEl is crucial.?® Early-onset, atypical, and/or recalcitrant atopic
disease, often in conjunction with immunodeficiency and/or autoim-
munity, should raise the suspicion of an IEL1®? Recurrent and severe
infections, particularly with unusual pathogens (e.g., fungi, herpes
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viruses, HPV), suggest compromised immune function.86110-112 gt

stature and/or failure to thrive reflect chronic iliness, malabsorption
(e.g., due to enteropathy), or persistent inflammation stemming from
an immune system abnormality.'1%11214 Chronic immune activation
in severe atopic conditions can predispose to abnormal lymphocyte
proliferation or malignancies due to prolonged inflammation and im-
mune dysregulation.'*%1!511 Autoimmune phenomena can coexist
with severe atopic disorders, highlighting a broader dysfunction of
immune regulation that affects both hypersensitivity and tolerance
mechanisms. Chronic or severe gastrointestinal symptoms may re-
sult from immune-mediated inflammation, including eosinophilic in-
filtration, or infections due to weakened mucosal immunity. 317118
Early-onset autoimmune diabetes and other endocrine dysfunctions
(poli-endocrinopathy) may indicate systemic autoimmunity, com-
monly seen in IELS71197121 Certain IEls, such as HIES, present with
connective tissue or vascular abnormalities and/or dysmorphic fea-
tures 114122123 A family history of inherited immune dysregulation or
severe atopic disorders suggests a genetic predisposition to IEI.1%*
Familial cases or consanguinity increase the likelihood of inherited
immune deficiencies.

Cytopenia or abnormal bleeding patterns often indicate auto-
immune or hematological conditions associated with an IEILYY High
levels of total IgE and eosinophilia, particularly in young children,
are hallmarks of certain PAD, such as HIES syndromes and immune
signaling defects.25-127

Statement #18. The combination of severe atopic manifestations
(especially when multiple) with two or more of the following clinical

and laboratory findings increases the possibility of a PAD:

e Very early onset (<3months).

e Recurrent and severe infections due to atypical pathogens (e.g.,
herpes viruses, HPV, fungi).

e Short stature and/or failure to thrive.

e Lymphoproliferation and/or malignancies.

e Poli-autoimmunity.

e Severe diarrhea (even with eosinophilic infiltration) and/or
enteropathy.

e Poli-endocrinopathy (with particular regard to early-onset, even-
tually neonatal TIDM).

e Vascular and connective tissue abnormalities.

e Positive family history for IEI/consanguinity.

e Very high levels of total IgE (>1000kU/L, in the first 3 months of
life; >2000 in children 3-12months; >5000kUL after 12 months
of age).

e Increased absolute number of eosinophils in blood (>5000 cells/
mm°).

e Cytopenia along one or more lineages.

Comment: The combination of severe atopic manifestations and
the listed clinical and laboratory findings may help recognize immune
dysregulation and systemic features characteristic of PAD. PAD in-
volvessevereatopicconditionsthatoftencoexistwithbroaderimmune
dysfunctions, including autoimmunity, infections, and hematological
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or systemic abnormalities.>8-10:254195.96115116120.121,128 Tha combi-
nation of these features increases the likelihood of a PAD diagnosis,
reflecting systemic immune dysregulation beyond isolated atopic
diseases. The combination of severe atopy with these systemic and
laboratory findings demonstrates a continuum of immune dysregula-
tion beyond typical allergic conditions. Recognizing this combination
allows for the early diagnosis of PAD, enabling timely interventions
to prevent complications.

Statement #19. The combination of severe atopic manifestations
(especially when multiple), including urticaria, angioedema, and ana-
phylaxis, with one or more of the following laboratory findings, once
a malignant hematological disorder has been excluded, increases the
possibility of a PAD:

e Very high levels of total IgE (any age) >10,000kU/L.

e Increased absolute number of eosinophils in blood (any age)
>10,000 cells/mm?®.

e Basal high levels of tryptase and/or histamine in blood.

However, lower values of these biomarkers may be commonly
found in IEl associated with atopy and do not rule out a PAD.

Comment: Combining the above-listed clinical features and spe-
cific laboratory markers may help identify PAD. Markedly elevated
total IgE and severe eosinophilia are uncommon in isolated allergic
conditions and may indicate a more significant immune dysregula-
tion. Elevated basal tryptase or histamine levels may reflect mast cell
hyperactivation and dysregulation, occurring in some PAD.>?198990
However, conditions like eosinophilic leukemia can also present with
similar laboratory findings. Hence, it is critical to rule these out be-
fore attributing the findings to PAD. Lower biomarker levels than the
proposed cut-off do not rule out PAD but might require additional
context or diagnostic testing to confirm the diagnosis.

Statement #20. Normal levels of total IgE do not rule out a diag-
nosis of PAD.

Comment: PAD is a heterogeneous condition with many different
immune pathways involved. Cases of PAD with severe hypereosino-
philia without significant elevation of IgE have been reported.!0812?
Although the serum IgE levels are frequently elevated, there are
cases of PAD (even among HIES) with only mildly elevated IgE or
within the normal range, depending on the underlying genetic de-
fect and phenotype. Total IgE level is influenced by multiple factors,
including genetics, environmental factors, and the presence of co-
existing conditions.%%>?8 Thus, it is not universally elevated in all
cases of PAD. While elevated total IgE can be a clue in the diagnosis
of some PAD, it is not a definitive or necessary marker. Clinicians
must consider normal IgE levels in the context of other clinical and
laboratory findings, avoiding over-reliance on this single parameter
in diagnosing PAD.108127

3.11 | Genetics

Statement #21. Identification of warning signs for PAD should
prompt an immunologic consultation prior to genetic testing.

Moreover, the indication and type of genetic testing should be given
as a joint geneticist and clinical immunologist evaluation [expert
opinion].

Comment: Even in the next-generation and whole exome se-
quencing era, clinical suspicion and immunologist consultation
should drive the subsequent diagnostic work-up, usually requiring
functional testing and genetic analysis. This may be crucial in this
expanding group of IEIl, where a few cases of some newly discovered
diseases have been described, and the same genes may be involved
both in common type 2 disease and in true immunodeficiencies
with an atopic phenotype.!? Therefore, an immunologist should al-
ways give a final diagnosis with the joint consultation of a clinical
geneticist.

Statement #22. Clinical response to specific target disease mod-
ifying therapies is expected once genetic diagnosis has been estab-
lished and pathogenetic mechanisms elucidated [expert opinion].

Comment: Monogenic atopic disorders represent an emblematic
example of precision medicine, in which the knowledge of patho-
genic mechanisms offers several targeted therapeutic options. On
the other hand, good clinical response to a specific targeted therapy
supports the involvement of the mechanism, but it does not differ-
entiate between the monogenic rather than the multifactorial nature
of the disease, as it may also be obtained in non-monogenic atopic
disorders,32:3436.107.117,118,130-143

Statement #23. As for other IEI, novel disease-causing genes are
continuously identified for PAD. For these reasons, an initial nega-
tive result does not rule out PAD diagnosis, and patients should be
periodically re-evaluated according to the most recent knowledge.

Comment: In cases where a strong suspicion of PAD exists,
re-evaluation by an immunologist and geneticist might pave the
way to a definite diagnosis as the clinical phenotype may vary
over time. Many reports exist of patients with a long delay before
diagnosis,8:3%51:55.93144-150

Statement #24. Functional tests should be used to confirm PAD
diagnosis and evaluate the pathogenic role of variants of uncertain
significance (VUS) eventually detected. Functional tests could also
drive a therapeutic approach while waiting for the genetic analysis
results.

Comment: Genetic analyses may identify VUS in genes involved
in innate and adaptive immune responses linked to atopic pathways,
but their significance is not always straightforward. Functional tests
bridge the gap between clinical data and genetic results. They are
essential to confirm PAD diagnosis, understand the clinical impact of
VUS, and guide treatment decisions while awaiting genetic results.
This integrated approach ensures accurate diagnosis and timely

intervention.>>?3145151.152

4 | DISCUSSION

Lyons and Milner first coined the definition of PAD in their seminal
paper published in 2018 to collect a heterogeneous group of inborn
immune disorders with a broad clinical spectrum characterized by
extremely skewed T2 immune response and/or abnormal mast-cell
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activation.® Most affected individuals present with long-lasting disa-
bling diseases, starting early in life, requiring multiple hospitalizations
or outpatient evaluations by different specialty clinics before diagno-
sis. Quality of life is often poor because of difficult-to-treat symp-
toms with multiorgan involvement, and growth and development
are often compromised. However, in the era of precision medicine,
new targeted therapies have dramatically changed the clinical course
of patients affected by some forms of PAD. Therefore, increased
awareness and timely diagnosis of this expanding group of newly dis-
covered diseases is desirable. So far, many excellent reviews focus-
ing on PAD have been published by different groups of researchers,
but diverse approaches by different specialists presumably still exist
when facing the same disease.”'112252641 e attempted to stand-
ardize the approach to such a multifaceted group of disorders by dif-
ferent experts involved in managing organ-specific symptoms typical
of PAD. This was done by prioritizing the identification of potential
red flags and the development of a shared management, specifically
focusing on the diagnostic work-up.

In the present consensus, a Delphi approach was applied to dis-
cuss a core set of 24 statements to systematize clinicians' approach

to these disorders. An optimal level of agreement >80% after the

WlLEY 17 of 23

first round was obtained for all but one (statement 22) statement.
However, given the complexity of the topic and the need to reach
a degree of agreement as great as possible among different spe-
cialists to fully harmonize the management of PAD, a higher-than-
usual level of agreement was sought and set at >85%. Further,
comments by panelists about two statements (statements 5, 15),
even when passing the arbitrary threshold of >85% of agreement,
were judged as “relevant” by the advisory board and allowed to be
voted on the second round. Overall, five statements (statements 5,
8, 15, 19, 22) were voted on again after panelist comments, reach-
ing the requested threshold of agreement. Unexpectedly, after the
second round, a decrease in the level of agreement was registered
in one statement (statement 5, passing from 97.62% to 90.5% level
of agreement). However, the chosen threshold of agreement was
reached, whilst the other (statement 15) remained substantially un-
changed. The former result could probably be explained by the diffi-
culty some immunologists have in accepting the collection of such a
kaleidoscope of IEl, overlapping with many other immune dysregula-
tion disorders, under a unique “umbrella” entity. An example of this
heterogeneity is represented by the inclusion of mast cell activation

disorders among PAD. In this context, systemic mastocytosis is most

. Hematologist
WARNING SIGNS
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WARNING SIGNS

@

Gastroenterologist Pneumologist and Dermatologist
WARNING SIGNS || Allergologist WARNING SIGNS
- Severe chronic WARNING SIGNS || - Severe/recalcitrant atopic
diarrhea Severe asthma dermatitis
Malabsorption, Bronchiectasis - Eritrodermal ichtyosis
enteropathy Pneumatoceles || - Trichorrexis invaginata
- EGID Multiple food - Ectodermal dysplasia
allergies - Chronic mucocutaneous
- Recurrent candidiasis
anaphylaxis - Skin cold abscesses
- FPIES - Warts

- Recurrent mast
cell activation
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- Severe urticarial rash,
chronic refractory
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urticaria-angioedema
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keratoderma
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—

- Recurrent and severe infections, especially when caused by atypical pathogens

- Poli-autoimmunity
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FIGURE 3 Proposal for a multidisciplinary approach for suspected Primary Atopic Disorders. EGID, eosinophilic gastrointestinal disease;
FPIES, food protein-induced enterocolitis syndrome.
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often a clonal disorder driven by somatic activating mutations in the
KIT gene. However, its genetic background is complex, and many
experts consider that somatic KIT gain-of-function mutations alone
do not fully account for the variability in the clinical phenotype of
the disease. Indeed, additional germline variants in KIT and in genes
encoding for cytokines or their receptors (e.g., IL13, IL6, IL6R, IL31,
IL4R), as well as increased copy numbers of the TPSAB1 gene encod-
ing for a-tryptase, have been increasingly recognized as associated
with systemic mastocytosis in adults.?>®

This consensus presents some limitations. One limitation is the
overrepresentation of immunologists among the panelists. All the
components of the Italian Pediatric Expert Task Force on Primary
Atopic Disorders (F.C., L.T., M.S,, L.P, V.M, C.C., R.B., R.C.) were
members of the SIAIP, thus reflecting mainly an allergists' and im-
munologists' perspective on PAD. However, in our country, most
patients affected with PAD are managed primarily in pediatric
immunology or allergy outpatient clinics. Moreover, geneticists
and qualified members of other Italian pediatric societies were in-
cluded among the panelists, and they fruitfully contributed to the
discussion of each statement. Given the tremendous heterogeneity
in the phenotype of PAD, the recent discovery of some diseases,
and the difficulty in extrapolating a set of clinical and laboratory
findings sensitive and specific enough to establish a core of “red
flags” (“one-fits-all”), another limitation is that some statements
were based on simple expert opinions. Finally, the proposed shared
management is limited to the diagnostic work-up and only one
statement (statement 22) refers to the therapeutic approach. This
reflects the challenges of defining a standardized treatment strat-
egy for conditions characterized by marked clinical and molecular
heterogeneity. As for the therapeutic options available for PAD, we
have recently provided a comprehensive summary of the current
literature in Taietti et al.*>*

On the other hand, the major strength of the document was that,
as far as we know, it is the first published document that aims to es-
tablish a shared perspective among pediatric subspecialists in caring
for patients affected by PAD. Figure 3 shows a proposal for a multi-
disciplinary pediatric approach.

In conclusion, PAD represent a group of IEl being continuously
updated, requiring a standardized approach from pediatricians and
all specialists involved in the care of these conditions. Appropriate
PAD knowledge among clinicians, including multifaceted clinical
symptoms and the proper work-up and therapeutic approach, will
pave the way for a timely diagnosis before deteriorating organ dys-

function is established.

AUTHOR CONTRIBUTIONS

Fabio Cardinale: Conceptualization; investigation; validation; writing
- review and editing; project administration; visualization; supervi-
sion; writing - original draft. Ivan Taietti: Writing - original draft;
methodology; investigation; writing - review and editing; data cu-
ration. Mayla Sgrulletti: Writing - original draft; writing - review
and editing. Lucia Pacillo: Writing - original draft; writing - re-
view and editing. Viviana Moschese: Writing - review and editing;

supervision. Caterina Cancrini: Writing - review and editing; super-
vision. Raffaele Badolato: Writing - review and editing; supervision.
Michele Miraglia del Giudice: Project administration; supervision.
Gian Luigi Marseglia: Project administration; supervision. Elena
Chiappini: Methodology; writing - review and editing; supervision.
Riccardo Castagnoli: Writing - original draft; writing - review and
editing; investigation; data curation; supervision; conceptualization;

validation; project administration.

FUNDING INFORMATION
Nothing to declare.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

PEER REVIEW

The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1111/pai.
70225.

ORCID

Fabio Cardinale "= https://orcid.org/0000-0002-6774-6152
https://orcid.org/0000-0002-0372-523X
https://orcid.org/0000-0002-7493-5226
https://orcid.org/0000-0001-7650-0632
https://orcid.org/0000-0003-3662-0159
https://orcid.org/0000-0002-1476-4752

https://orcid.org/0000-0003-0029-9383

Ivan Taietti
Mayla Sgrulletti

Viviana Moschese
Gian Luigi Marseglia
Elena Chiappini
Riccardo Castagnoli

REFERENCES

1. Tangye SG, Al-Herz W, Bousfiha A, et al. Human inborn errors of
immunity: 2022 update on the classification from the International
Union of Immunological Societies Expert Committee. J Clin
Immunol. 2022;42(7):1473-1507.

2. Notarangelo LD, Bacchetta R, Casanova JL, Su HC. Human in-
born errors of immunity: an expanding universe. Sci Immunol.
2020;5(49):eabb1662.

3. Delmonte OM, Castagnoli R, Calzoni E, et al. Inborn errors of im-
munity with immune dysregulation: from bench to bedside. Front
Pediatr. 2019;7:353.

4. Giardino G, Romano R, Lougaris V, et al. Imnmune tolerance break-
down in inborn errors of immunity: paving the way to novel thera-
peutic approaches. Clin Immunol. 2023;251:109302.

5. Lyons JJ, Milner JD. Primary atopic disorders. J Exp Med.
2018;215(4):1009-1022.

6. Ozcan E, Notarangelo LD, Geha RS. Primary immune defi-
ciencies with aberrant IgE production. Annu Rev Immunol.
2008;122(6):1054-1062.

7. Sokol K, Milner JD. The overlap between allergy and immunodefi-
ciency. Curr Opin Pediatr. 2018;30(6):848-854.

8. Vaseghi-Shanjani M, Yousefi P, Sharma M, et al. Transcription fac-
tor defects in inborn errors of immunity with atopy. Front Allergy.
2023;4:1237852.

9. Milner JD. Primary atopic disorders. Annu Rev Immunol.
2020;38:785-808.

10. Castagnoli R, Lougaris V, Giardino G, et al. Inborn errors of immu-
nity with atopic phenotypes: a practical guide for allergists. World
Allergy Organ J. 2021;14(2):100513.


https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.70225
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.70225
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.70225
https://orcid.org/0000-0002-6774-6152
https://orcid.org/0000-0002-6774-6152
https://orcid.org/0000-0002-0372-523X
https://orcid.org/0000-0002-0372-523X
https://orcid.org/0000-0002-7493-5226
https://orcid.org/0000-0002-7493-5226
https://orcid.org/0000-0001-7650-0632
https://orcid.org/0000-0001-7650-0632
https://orcid.org/0000-0003-3662-0159
https://orcid.org/0000-0003-3662-0159
https://orcid.org/0000-0002-1476-4752
https://orcid.org/0000-0002-1476-4752
https://orcid.org/0000-0003-0029-9383
https://orcid.org/0000-0003-0029-9383

CARDINALE ET AL.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Stadler PC, Renner ED, Milner J, Wollenberg A. Inborn error of
immunity or atopic dermatitis: when to be concerned and how to
investigate. J Allergy Clin Immunol Pract. 2021;9(4):1501-1507.
Vaseghi-Shanjani M, Smith KL, Sara RJ, et al. Inborn errors of
immunity manifesting as atopic disorders. J Allergy Clin Immunol.
2021;148(5):1130-1139.

Horesh ME, Martin-Fernandez M, Gruber C, et al. Individuals
with JAK1 variants are affected by syndromic features encom-
passing autoimmunity, atopy, colitis, and dermatitis. J Exp Med.
2024;221(6):e20232387.

Guttman-Yassky E, Irvine AD, Brunner PM, et al. The role of Janus
kinase signaling in the pathology of atopic dermatitis. J Allergy Clin
Immunol. 2023;152(6):1394-1404.

Murphy MK, Black NA, Lamping DL, et al. Consensus development
methods, and their use in clinical guideline development. Health
Technol Assess. 1998:2(3):1-88.

Hasson F, Keeney S, McKenna H. Research guidelines for the
Delphi survey technique. J Adv Nurs. 2000;32(4):1008-1015.
Diamond IR, Grant RC, Feldman BM, et al. Defining consensus: a
systematic review recommends methodologic criteria for report-
ing of Delphi studies. J Clin Epidemiol. 2014,67(4):401-409.
Gattrell WT, Logullo P, van Zuuren EJ, et al. ACCORD (ACcurate
COnsensus reporting document): a reporting guideline for consen-
sus methods in biomedicine developed via a modified Delphi. PLoS
Med. 2024;21(1):e1004326.

Smith KL, Dai D, Modi BP, et al. Inborn errors of immunity asso-
ciated with type 2 inflammation in the USIDNET registry. Front
Immunol. 2022;13:831279.

Goudouris ES. Immunodeficiencies: non-infectious manifesta-
tions. J Pediatr. 2020;97(Suppl 1):524-S33.

Mauracher AA, Gujer E, Bachmann LM, Gusewell S, Pachlopnik
Schmid J. Patterns of immune dysregulation in primary immu-
nodeficiencies: a systematic review. J Allergy Clin Immunol Pract.
2021;9(2):792-802.e10.

Garib V, Ben-Ali M, Kundi M, et al. Profound differences in IgE
and 1gG recognition of micro-arrayed allergens in hyper-IgE syn-
dromes. Allergy. 2022;77(6):1761-1771.

Lexmond WS, Goettel JA, Sallis BF, et al. Spontaneous food allergy
in was-/- mice occurs independent of FceRI-mediated mast cell
activation. Allergy. 2017;72(12):1916-1924.

de Wit J, Dalm VA, Totté JE, et al. Atopic manifestations are
underestimated clinical features in various primary immuno-
deficiency disease phenotypes. J Investig Allergol Clin Immunol.
2023;33(3):200-208.

James AE, Abdalgani M, Khoury P, Freeman AF, Milner JD. TH2-
driven manifestations of inborn errors of immunity. J Allergy Clin
Immunol. 2024;154(2):245-254.

Ma CS. T-helper-2 cells and atopic disease: lessons learnt from in-
born errors of immunity. Curr Opin Immunol. 2023;81:102298.
Jacob M, Bin Khalaf D, Alhissi S, et al. Quantitative profiling of cy-
tokines and chemokines in DOCK8-deficient and atopic dermatitis
patients. Allergy. 2019;74(2):370-379.

Happel CS, Stone KD, Freeman AF, et al. Food allergies can per-
sist after myeloablative hematopoietic stem cell transplantation
in dedicator of cytokinesis 8-deficient patients. J Allergy Clin
Immunol. 2016;137(6):1895-1898.e5.

Pillay BA, Fusaro M, Gray PE, et al. Somatic reversion of patho-
genic DOCKS8 variants alters lymphocyte differentiation and
function to effectively cure DOCK8 deficiency. J Clin Invest.
2021;131(3):e142434.

Labrosse R, Chu JI, Armant MA, et al. Outcomes of hematopoi-
etic stem cell gene therapy for Wiskott-Aldrich syndrome. Blood.
2023;142(15):1281-1296.

Al Shekaili L, Sheikh F, Al Gazlan S, et al. Novel mutation in DOCKS8-
HIES with severe phenotype and successful transplantation. Clin
Immunol. 2017;178:39-44.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

WlLEY 19 of 23

Baris S, Benamar M, Chen Q, et al. Severe allergic dysregulation
due to a gain of function mutation in the transcription factor
STATé. J Allergy Clin Immunol. 2023;152(1):182-194.€7.

Biggs CM, Cordeiro-Santanach A, Prykhozhij SV, et al. Human
JAK1 gain of function causes dysregulated myelopoeisis and se-
vere allergic inflammation. JCI Insight. 2022;7(24):e150849.
Fayand A, Hentgen V, Posseme C, et al. Successful treatment of
JAK1-associated inflammatory disease. J Allergy Clin Immunol.
2023;152(4):972-983.

Vaseghi-Shanjani M, Snow AL, Margolis DJ, et al. Atopy as immune
dysregulation: offender genes and targets. J Allergy Clin Immunol
Pract. 2022;10(7):1737-1756.

Giancotta C, Colantoni N, Pacillo L, et al. Tailored treatments in
inborn errors of immunity associated with atopy (IEls-A) with skin
involvement. Front Pediatr. 2023;11:1129249.

Nelson RW, Geha RS, McDonald DR. Inborn errors of the immune
system associated with atopy. Front Immunol. 2022;27(13):860821.
Bousfiha A, Moundir A, Tangye SG, et al. The 2022 update of IUIS
phenotypical classification for human inborn errors of immunity. J
Clin Immunol. 2022;42(7):1508-1520.

Aykut A, Durmaz A, Karaca N, et al. Primary immune regu-
latory disorders (PIRD): expanding the mutation spectrum in
Turkey and identification of sixteen novel variants. Immunol Res.
2024,72(4):714-726.

Campbell E, Shaker MS, Williams KW. Clinical updates in inborn
errors of immunity: a focus on the noninfectious clinical manifes-
tations. Curr Opin Pediatr. 2024;36(2):228-236.

Sams L, Wijetilleka S, Ponsford M, Gennery A, Jolles S. Atopic
manifestations of inborn errors of immunity. Curr Opin Allergy Clin
Immunol. 2023;23(6):478-490.

Carrabba M, Dellepiane RM, Cortesi M, et al. Long term longitudi-
nal follow-up of an AD-HIES cohort: the impact of early diagnosis
and enrollment to IPINet centers on the natural history of Job's
syndrome. Allergy Asthma Clin Immunol. 2023;19(1):32.

Urdinez L, Erra L, Palma AM, et al. Expanding spectrum, intrafa-
milial diversity, and therapeutic challenges from 15 patients with
heterozygous CARD11-associated diseases: a single center expe-
rience. Front Immunol. 2022;13:1020927.

Zamani R, Zoghi S, Shahkarami S, et al. Novel CARMIL2
(RLTPR) mutation presenting with hyper-IgE and eosino-
philia: a case report. Endocr Metab Immune Disord Drug Targets.
2024;24(5):596-605.

Wang Z, Zhang Y, Li G, et al. Dedicator of cytokinesis 8 deficiency
and hyperimmunoglobulin E syndrome: a case report. Medicine
(Baltimore). 2022;101(5):e28807.

Sacco KA, Milner JD. Gene-environment interactions in primary
atopic disorders. Curr Opin Immunol. 2019;60:148-155.

El-Sayed ZA, EI-Ghoneimy DH, Ortega-Martell JA, et al. Allergic
manifestations of inborn errors of immunity and their impact
on the diagnosis: a worldwide study. World Allergy Organ J.
2022;15(6):100657.

Alyasin S, Esmaeilzadeh H, Ebrahimi N, et al. Phenotyping and
long-term follow up of patients with hyper IgE syndrome. Allergol
Immunopathol (Madr). 2019;47(2):152-158.

Gocmen R, Acar NP, Cagdas D, Kurne A. Progressive multifocal
leukoencephalopathy in a patient with lymphoma and presump-
tive hyper IgE syndrome. J Neurovirol. 2017;23(4):632-636.

Villa A, Notarangelo LD, Roifman CM. Omenn syndrome: inflam-
mation in leaky severe combined immunodeficiency. J Allergy Clin
Immunol. 2008;122(6):1082-1086.

Chan KW, Wong CY, Leung D, et al. Targeted gene sanger sequenc-
ing should remain the first-tier genetic test for children suspected
to have the five common X-linked inborn errors of immunity. Front
Immunol. 2022;13:883446.

STAT6 Gain-of-Function International Consortium. STATé
gain-of-function international consortium. Human germline



20 of 23
295 | \WILEY

53.
54.
55.
56.

57.

58.
59.
60.
61.
62.
63.
64.

65.

66.

67.

68.

69.

70.
71.

72.

CARDINALE €T AL.

gain-of-function in STAT6: from severe allergic disease to lym-
phoma and beyond. Trends Immunol. 2024;45(2):138-153.

Boos AC, Hagl B, Schlesinger A, et al. Atopic dermatitis, STAT3-
and DOCKS8-hyper-IgE syndromes differ in IgE-based sensitization
pattern. Allergy. 2014;69(7):943-953.

Mécsai G, Gaspar K, Dajnoki Z, et al. Investigation of skin barrier
functions and allergic sensitization in patients with hyper-IgE syn-
drome. J Clin Immunol. 2015;35(7):681-688.

Yaakoubi R, Mekki N, Ben-Mustapha I, et al. Diagnostic challenge
in a series of eleven patients with hyper IgE syndromes. Front
Immunol. 2023;13:1057679.

Tangye SG, Puel A. The Th17/IL-17 Axis and host de-
fense against fungal infections. J Allergy Clin Immunol Pract.
2023;11(6):1624-1634.

Garcia-Garcia A, Buendia Arellano M, Deya-Martinez A, et al.
Novel PGM3 compound heterozygous variants with IgE-related
dermatitis, lymphopenia, without syndromic features. Pediatr
Allergy Immunol. 2021;32(3):566-575.

Beccaria A, Grossi A, Fioredda F, et al. Bone marrow failure
in patients carrying variants on CARD11 gene. HemaSphere.
2022;6:1344-1346.

Olbrich P, Ortiz Aljaro P, Freeman AF. Eosinophilia associ-
ated with immune deficiency. J Allergy Clin Immunol Pract.
2022;10(5):1140-1153.

Cavannaugh C, Ochs HD, Buchbinder D. Diagnosis and clinical
management of Wiskott-Aldrich syndrome: current and emerging
techniques. Expert Rev Clin Immunol. 2022;18(6):609-623.

Tay TR, Bosco J, Aumann H, O'Hehir R, Hew M. Elevated total
serum immunoglobulin E (>10001U/mL): implications? Intern Med
J.2016;46(7):846-849.

Khan YW, Williams KW. Inborn errors of immunity associated
with elevated immunoglobulin E. Ann Allergy Asthma Immunol.
2022;129(5):552-561.

Ponsford MJ, Klocperk A, Pulvirenti F, et al. Hyper-IgE in the
allergy clinic—when is it primary immunodeficiency? Allergy.
2018;73(11):2122-2136.

Pomerantz JL, Milner JD, Snow AL. Elevated IgE from attenuated
CARD11 signaling: lessons from atopic mice and humans. Curr
Opin Immunol. 2022;79:102255.

Broides A, Mandola AB, Levy J, et al. The clinical and labora-
tory spectrum of dedicator of cytokinesis 8 immunodeficiency
syndrome in patients with a unique mutation. Immunol Res.
2017;65(3):651-657.

Gernez Y, Freeman AF, Holland SM, et al. Autosomal domi-
nant hyper-IgE syndrome in the USIDNET registry. J Allergy Clin
Immunol Pract. 2018;6(3):996-1001.

Wobma H, Janssen E. Expanding IPEX: inborn errors of regulatory
T cells. Rheum Dis Clin N Am. 2023;49(4):825-840.

Baxter SK, Walsh T, Casadei S, et al. Molecular diagnosis of
childhood immune dysregulation, polyendocrinopathy, and en-
teropathy, and implications for clinical management. J Allergy Clin
Immunol. 2022;149(1):327-339.

Ng C, Hon KL, Kung JS, Pong N, Leung TF, Wong C. Hyper IgE
in childhood eczema and risk of asthma in Chinese children.
Molecules. 2016;21(6):753.

Fallahi M, Jamee M, Enayat J, et al. Novel PGM3 mutation in two
siblings with combined immunodeficiency and childhood bullous
pemphigoid: a case report and review of the literature. Allergy
Asthma Clin Immunol. 2022;18(1):111.

Aghamohammadi A, Moghaddam ZG, Abolhassani H, et al.
Investigation of underlying primary immunodeficiencies in pa-
tients with severe atopic dermatitis. Allergol Inmunopathol (Madr).
2014;42(4):336-341.

Pichard DC, Freeman AF, Cowen EW. Primary immunodeficiency
update: part |. Syndromes associated with eczematous dermatitis.
J Am Acad Dermatol. 2015;73(3):355-364. quiz 365-6.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Weins AB, Kerzel S, Schnopp C. Severe atopic dermatitis in early
infancy: characteristics, challenges and new perspectives in clini-
cal practice. J Dtsch Dermatol Ges. 2024;22(3):350-355.

D'Assante R, Fusco A, Palamaro L, et al. Unraveling the link be-
tween ectodermal disorders and primary immunodeficiencies. Int
Rev Immunol. 2016;35(1):25-38.

Colvin A, Youssef S, Noh H, et al. Inborn errors of immunity con-
tribute to the burden of skin disease and create opportunities
for improving the practice of dermatology. J Invest Dermatol.
2024;144(2):307-315.e1.

Cinicola BL, Corrente S, Castagnoli R, et al. Primary atopic disor-
ders and chronic skin disease. Pediatr Allergy Immunol. 2022;33
Suppl 27(Suppl 27):65-68.

Stuvel K, Heeringa JJ, Dalm VASH, et al. Comel-Netherton syn-
drome: a local skin barrier defect in the absence of an underlying
systemic immunodeficiency. Allergy. 2020;75(7):1710-1720.
Moosbrugger-Martinz V, Hackl H, Gruber R, et al. Initial evidence
of distinguishable bacterial and fungal dysbiosis in the skin of
patients with atopic dermatitis or Netherton syndrome. J Invest
Dermatol. 2021;141(1):114-123.

Schimke LF, Sawalle-Belohradsky J, Roesler J, et al. Diagnostic ap-
proach to the hyper-IgE syndromes: immunologic and clinical key
findings to differentiate hyper-IgE syndromes from atopic derma-
titis. J Allergy Clin Immunol. 2010;126(3):611-617.e1.

Kasap N, Kara A, Celik V, et al. Atypical localization of eczema dis-
criminates DOCKS8 or STAT3 deficiencies from atopic dermatitis. J
Clin Immunol. 2023;43(8):1882-1890.

Lehman H, Gordon C. The skin as a window into primary immune
deficiency diseases: atopic dermatitis and chronic mucocutaneous
candidiasis. J Allergy Clin Immunol Pract. 2019;7(3):788-798.
Pichard DC, Freeman AF, Cowen EW. Primary immunodeficiency
update: part Il. Syndromes associated with mucocutaneous can-
didiasis and noninfectious cutaneous manifestations. J Am Acad
Dermatol. 2015;73(3):367-382.

Green L, Dolen WK. Chronic candidiasis in children. Curr Allergy
Asthma Rep. 2017;17(5):31.

Becker KL, Résler B, Wang X, et al. Th2 and Th9 responses in pa-
tients with chronic mucocutaneous candidiasis and hyper-IgE syn-
drome. Clin Exp Allergy. 2016;46(12):1564-1574.

Olbrich P, Vinh DC. Inborn errors of immunity causing pediatric
susceptibility to fungal diseases. J Fungi (Basel). 2023;9(2):149.
Baronio M, Gazzurelli L, Rezzola S, et al. CARD11 dominant nega-
tive mutation leads to altered human natural killer cell homeosta-
sis. Immunobiology. 2023;228(3):152381.

Sharifinejad N, Azizi G, Rasouli SE, et al. Autoimmune versus non-
autoimmune cutaneous features in monogenic patients with in-
born errors of immunity. Biology (Basel). 2023;12(5):644.
Lépez-Quintero W, Cleves D, Gomez-Vasco JD, et al. Skin manifes-
tations in pediatric patients with primary immunodeficiency dis-
eases (PIDs) in a tertiary care hospital in Colombia. World Allergy
Organ J. 2021;14(3):100527.

Lyons JJ, Farkas H, Germenis AE, Rijavec M, Smith TD, Valent P.
Genetic variants leading to urticaria and angioedema and associated
biomarkers. J Allergy Clin Inmunol Pract. 2023;11(8):2286-2301.
Mohammadi F, Yadegar A, Mardani M, Ayati A, Abolhassani H, Rezaei
N. Organ-based clues for diagnosis of inborn errors of immunity: a
practical guide for clinicians. Immun Inflamm Dis. 2023;11(4):e833.
Gutierrez MJ, Nino G, Sun D, et al. The lung in inborn errors of im-
munity: from clinical disease patterns to molecular pathogenesis. J
Allergy Clin Immunol. 2022;150(6):1314-1324.

Christou EAA, Giardino G, Stefanaki E, Ladomenou F. Asthma:
an undermined state of immunodeficiency. Int Rev Immunol.
2019;38(2):70-78.

Sharma M, Leung D, Momenilandi M, et al. Human germline het-
erozygous gain-of-function STATé variants cause severe allergic
disease. J Exp Med. 2023;220(5):e20221755.



CARDINALE ET AL.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Tamari M, Del Bel KL, Ver Heul AM, et al. Sensory neurons pro-
mote immune homeostasis in the lung. Cell. 2024;187(1):44-61.
el7.

Martinez OZ, Fregoso-Zuiiga AE, Requena CR, et al. Description
of a novel pathogenic variant in the ARPC1B and a severe allergy
in two infants. Iran J Allergy Asthma Immunol. 2024;23(1):122-126.
doi:10.18502/ijaai.v23i1.14960

Papadatou |, Marinakis N, Botsa E, et al. Case report: a novel syn-
onymous ARPC1B gene mutation causes a syndrome of combined
immunodeficiency, asthma, and allergy with significant intrafamil-
ial clinical heterogeneity. Front Immunol. 2021;12:634313.
Liquidano-Perez E, Maza-Ramos G, Perez Arias BA, et al. Clinical,
immunological, and genetic description of a Mexican cohort
of patients with DOCKS8 deficiency. Pediatr Allergy Immunol.
2024;35(2):e14073.

Zhang Q, Boisson B, Béziat V, Puel A, Casanova JL. Human
hyper-IgE  syndrome: singular or plural? Mamm Genome.
2018;29(7-8):603-617.

Hannula-Jouppi K, Laasanen SL, Heikkila H, et al. IgE aller-
gen component-based profiling and atopic manifestations in
patients with Netherton syndrome. J Allergy Clin Immunol.
2014;134(4):985-988.

Prodinger C, Yerlett N, MacDonald C, et al. Prevalence of and risk
factors for nutritional deficiency and food allergy in a cohort of
21 patients with Netherton syndrome. Pediatr Allergy Immunol.
2023;34(1):e13914.

Tuano KS, Orange JS, Sullivan K, Cunningham-Rundles C, Bonilla
FA, Davis CM. Food allergy in patients with primary immunode-
ficiency diseases: prevalence within the US Immunodeficiency
Network (USIDNET). J Allergy Clin Immunol. 2015;135(1):273-275.
Demirdag Y, Bahna S. The role of genetics in food allergy. Expert
Rev Clin Immunol. 2022;18(4):401-411.

Arora M, Bagi P, Strongin A, et al. Gastrointestinal manifesta-
tions of STAT3-deficient hyper-IgE syndrome. J Clin Immunol.
2017;37(7):695-700.

Paluel-Marmont C, Bellon N, Barbet P, et al. Eosinophilic esoph-
agitis and colonic mucosal eosinophilia in Netherton syndrome. J
Allergy Clin Immunol. 2017;139(6):2003-2005.e1.

Tran P, Gober L, Garabedian EK, et al. Eosinophilic gastrointestinal
disorders in patients with inborn errors of immunity: data from the
USIDNET registry. Front Immunol. 2022;13:987895.

Constantine GM, Khoury P. Overlap of eosinophilic esophagi-
tis with inborn errors of immunity and immune dysregulation. J
Allergy Clin Immunol. 2024;153(6):1529-1532.

Votto M, Naso M, Brambilla I, et al. Eosinophilic gastrointestinal
diseases in inborn errors of immunity. J Clin Med. 2023;12(2):514.
Del Bel KL, Ragotte RJ, Saferali A, et al. JAK1 gain-of-function causes
an autosomal dominant immune dysregulatory and hypereosino-
philic syndrome. J Allergy Clin Immunol. 2017;139(6):2016-2020.e5.
Cagdas D, Ayasun R, Gulseren D, Sanal O, Tezcan I. Cutaneous
findings in inborn errors of immunity: an Immunologist's perspec-
tive. J Allergy Clin Immunol Pract. 2023;11(10):3030-3039.

Hagl B, Heinz V, Schlesinger A, et al. Key findings to expedite the
diagnosis of hyper-IgE syndromes in infants and young children.
Pediatr Allergy Immunol. 2016;27(2):177-184.

Thangaraj A, Tyagi R, Suri D, Gupta S. Infections in disorders of
immune regulation. Pathogens. 2024;13(3):259.

Lu HY, Biggs CM, Blanchard-Rohner G, Fung SY, Sharma M, Turvey
SE. Germline CBM-opathies: from immunodeficiency to atopy. J
Allergy Clin Immunol. 2019;143(5):1661-1673.

Lyons JJ, Milner JD. The clinical and mechanistic intersection of
primary atopic disorders and inborn errors of growth and metabo-
lism. Immunol Rev. 2019;287(1):135-144.

Sirufo MM, Suppa M, Ginaldi L, de Martinis M. Does allergy break
bones? Osteoporosis and its connection to allergy. Int J Mol Sci.
2020;21(3):712.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

WlLEY 210f 23

Tavakol M, Delavari S, Salami F, et al. Diversity of malignancies in
patients with different types of inborn errors of immunity. Allergy
Asthma Clin Immunol. 2022;18(1):106.

Pietzsch L, Kérholz J, Boschann F, et al. Hyper-IgE and carcinoma
in CADINS disease. Front Immunol. 2022;13:878989.

Lu CW, Lee WI, Chung WH. Dupilumab for STAT3-hyper-IgE
syndrome with refractory intestinal complication. Pediatrics.
2021;148(3):€2021050351.

Gracia-Darder |, Pons De Ves J, Reyero Cortina M, et al. Patient
with atopic dermatitis, hyper IgE syndrome and ulcerative colitis,
treated successfully with dupilumab during pregnancy. Dermatol
Ther. 2022;35(2):e15237.

Costagliola G, Peroni DG, Consolini R. Beyond infections: new
warning signs for inborn errors of immunity in children. Front
Pediatr. 2022;10:855445.

Bayrak Durmaz MS, Unutmaz DG, Erkoc M, et al. Endocrinopathy
in primary immunodeficiency patients: a single center retrospec-
tive study. Asthma Allergy Immunol. 2024;22(1):67-74.

Mancuso G, Bechi Genzano C, Fierabracci A, Fousteri G. Type 1 dia-
betes and inborn errors of immunity: complete strangers or 2 sides
of the same coin? J Allergy Clin Immunol. 2023;151(6):1429-1447.
Meixner |, Hagl B, Kroner CI, et al. Retained primary teeth in
STAT3 hyper-IgE syndrome: early intervention in childhood is es-
sential. Orphanet J Rare Dis. 2020;15(1):244.

Chen YH, Spencer S, Laurence A, Thaventhiran JED, Uhlig HH.
Inborn errors of IL-6 family cytokine responses. Curr Opin Immunol.
2021;72:135-145.

Kasap N, Celik V, Isik S, et al. A set of clinical and laboratory mark-
ers differentiates hyper-IgE syndrome from severe atopic dermati-
tis. Clin Immunol. 2021;223:108645.

Criado PR, Miot HA, lanhez M. Eosinophilia and elevated IgE serum
levels: a red flag: when your diagnosis is not a common atopic ec-
zema or common allergy. Inflamm Res. 2023;72(3):541-551.

Gracci S, Novelli T, D'Elios S, Bernardini R, Peroni D. Hyper IgE
Syndromes. Curr Pediatr Rev. 2024;20(3):253-264.

Scala E, Condorelli AG, Scala A, et al. IgE sensitization profile in
patients with Netherton syndrome. Int Arch Allergy Immunol.
2022;183:1291-1296.

Ghaini M, Jamee M, Mahdaviani SA, et al. The prevalence of atopic
manifestations in 313 Iranian patients with inborn errors of immu-
nity. Int Arch Allergy Immunol. 2021;182(11):1122-1126.

Ma CA, Xi L, Cauff B, et al. Somatic STAT5b gain-of-function mu-
tations in early onset nonclonal eosinophilia, urticaria, dermatitis,
and diarrhea. Blood. 2017;129(5):650-653.

Sogkas G, Hirsch S, Jablonka A, Witte T, Schmidt RE, Atschekzei
F. Dupilumab to treat severe atopic dermatitis in autosomal domi-
nant hyper-Igk syndrome. Clin Immunol. 2020;215:108452.

Lévy R, Béziat V, Barbieux C, et al. Efficacy of dupilumab for con-
trolling severe atopic dermatitis in a patient with hyper-IgE syn-
drome. J Clin Immunol. 2020;40(2):418-420.

Dixit C, Thatayatikom A, Pappa H, et al. Treatment of severe
atopic dermatitis and eosinophilic esophagitis with dupilumab in a
14-year-old boy with autosomal dominant hyper-IgE syndrome. J
Allergy Clin Immunol Pract. 2021;9(11):4167-4169.

Ollech A, Mashiah J, Lev A, et al. Treatment options for
DOCKS8 deficiency-related severe dermatitis. J Dermatol.
2021;48(9):1386-1393.

Murase C, Takeichi T, Taki T, et al. Successful dupilumab treat-
ment for ichthyotic and atopic features of Netherton syndrome. J
Dermatol Sci. 2021;102(2):126-129.

Chavarria-Smith J, Chiu CPC, Jackman JK, et al. Dual antibody in-
hibition of KLK5 and KLK7 for Netherton syndrome and atopic
dermatitis. Sci Transl Med. 2022;14(675):eabp9159.

Nihal A, Comstock JR, Holland KE, Singh AM, Seroogy CM, Arkin
LM. Clearance of atypical cutaneous manifestations of hyper-IgE
syndrome with dupilumab. Pediatr Dermatol. 2022;39(6):940-942.


https://doi.org//10.18502/ijaai.v23i1.14960

22 of 23
298 | \WILEY

137.

138.

139.

140.

141.
142.

143.
144.

145,
146.
147.
148.
149.

150.

151.
152.

153.

154.

CARDINALE €T AL.

Alzahrani F, Miller HK, Sacco K, Dupuy E. Severe eczema in
Wiskott-Aldrich syndrome-related disorder successfully treated
with dupilumab. Pediatr Dermatol. 2024;41(1):143-144.

Cicek F, Cekic S, Kilic SS. Infliximab therapy in an infant with
Netherton syndrome. Pediatr Dermatol. 2021;38(3):714-716.
Ozkaya E, Glinay MB, Babuna Kobaner G, Keskinkaya Z, Gokalp
MO. Long-term dupilumab therapy in Netherton syndrome with
severe atopic manifestations: case report and review of the litera-
ture. Australas J Dermatol. 2023;64(2):272-277.

Fischer M, Olbrich P, Hadjadj J, et al. JAK inhibitor treatment for
inborn errors of JAK/STAT signaling: an ESID/EBMT-IEWP retro-
spective study. J Allergy Clin Inmunol. 2024;153(1):275-286.e18.
Shamriz O, Rubin L, Simon AJ, et al. Dominant-negative sig-
nal transducer and activator of transcription (STAT)3 variants
in adult patients: a single center experience. Front Immunol.
2022;13:1044933.

Gualdi G, Lougaris V, Amerio P, Petruzzellis A, Parodi A, Burlando
M. Prurigo-like atopic dermatitis in a child with CARD11-associated
severe combined immunodeficiency successfully treated with
dupilumab. Pediatr Dermatol. 2024;41(1):158-159.

Hadjadj J, Frémond ML, Neven B. Emerging place of JAK inhibi-
tors in the treatment of inborn errors of immunity. Front Immunol.
2021;12:717388.

Minakawa S, Tanaka H, Kaneko T, et al. Hyper-IgE syndrome
with a novel mutation of the STAT3 gene. Clin Exp Dermatol.
2016;41(6):687-689.

Chinn IK, Chan AY, Chen K, et al. Diagnostic interpretation of
genetic studies in patients with primary immunodeficiency dis-
eases: a working group report of the primary immunodeficiency
diseases Committee of the American Academy of allergy, Asthma
& Immunology. J Allergy Clin Immunol. 2020;145(1):46-69.

Jiang J, Zhou J, Wei M, et al. Clinical and molecular characteristics
of Wiskott-Aldrich syndrome in five unrelated Chinese families.
Scand J Immunol. 2022;95(1):e13115.

Moltrasio C, Romagnuolo M, Riva D, et al. Netherton syndrome
caused by heterozygous frameshift mutation combined with
homozygous ¢.1258A>G polymorphism in SPINK5 gene. Genes
(Basel). 2023;14(5):1080.

Ochfeld E, Grayer D, Sharma R, Schneiderman J, Giordano L,
Makhija M. A novel mutation in WAS gene causing a phenotypic
presentation of Wiskott-Aldrich syndrome: a case report. J Pediatr
Hematol Oncol. 2021;43(2):e234-e236.

Branch A, Modi B, Bahrani B, et al. Diverse clinical features
and diagnostic delay in monogenic inborn errors of immu-
nity: a call for access to genetic testing. Pediatr Allergy Immunol.
2021;32(8):1796-1803.

Tangye SG, Gray PE, Pillay BA, et al. Hyper-IgE syndrome due to
an elusive novel intronic homozygous variant in DOCKS. J Clin
Immunol. 2022;42(1):119-129.

Arlabosse T, Materna M, Riccio O, et al. New dominant-negative
IL6ST variants expand the immunological and clinical Spectrum
of GP130-dependent hyper-IgE syndrome. J Clin Immunol.
2023;43(7):1566-1580.

Liu X, Chan VSF, Smith KGC, et al. Recapitulating primary im-
munodeficiencies with expanded potential stem cells: proof
of concept with STAT1 gain of function. J Allergy Clin Immunol.
2024,153(4):1125-1139.

Nedoszytko B, Arock M, Lyons JJ, et al. Clinical impact of inher-
ited and acquired genetic variants in Mastocytosis. Int J Mol Sci.
2021;22(1):411. doi:10.3390/ijms22010411

Taietti |, Catamerod F, Lodi L, Giovannini M, Castagnoli R. Inborn
errors of immunity with atopic phenotypes in the allergy and im-
munology clinic: a practical review. Curr Opin Allergy Clin Immunol.
2025;25(2):105-114. doi:10.1097/AC1.0O000000000001059

How to cite this article: Cardinale F, Taietti |, Sgrulletti M, et al.
Italian pediatric experts' consensus statement on diagnosis
and management of primary atopic disorders. Pediatr Allergy
Immunol. 2025;36:€70225. doi:10.1111/pai.70225

Appendix 1

Primary Atopic Disorders Working Group

Primary Atopic Disorders Working Group: Salvatore Barberi
(Pediatric Unit, Rho and Garbagnate Milanese Hospital, ASST-
Rhodense, Milan, ltaly), Anna Belloni Fortina (Regional Center
of Pediatric Dermatology and Genodermatoses, Department
of Woman's and Child's Health SDB, University of Padua, Italy),
Roberto Berni Canani (Department of Translational Medical Science,
University of Naples “Federico II”, Naples, ltaly), Paolo Bottau
(Pediatric and Neonatology Unit, Imola Hospital, Imola, Italy), Carlo
Caffarelli (Department of Medicine and Surgery, Clinica Pediatrica,
Azienda Ospedaliero Universitaria, University of Parma, Parma,
Italy), Mauro Calvani (Operative Unit of Pediatrics, S. Camillo-
Forlanini Hospital, Rome, Italy), Antonella Cianferoni (Allergy and
Immunology Division, Perelman School of Medicine, The Children's
Hospital of Philadelphia, University of Pennsylvania, Philadelphia,
Pennsylvania, USA), Francesco Cinetto (Rare Diseases Referral
Center, Internal Medicine 1, Department of Medicine (DIMED),
AULSS2 Marca Trevigiana, Ca' Foncello Hospital, University of
Padova, Padova, ltaly), Bianca Laura Cinicola (Department of
Maternal, Infantile and Urological Sciences, Sapienza University
of Rome, Rome, Italy), Emilia Cirillo (Department of Translational
Medical Sciences, Pediatric Section, Federico Il University, Naples,
Italy), Francesca Conti (Pediatric Unit, IRCCS Azienda Ospedaliero-
Universitaria di Bologna, Bologna, Italy; Department of Medical
and Surgical Sciences, Alma Mater Studiorum, University of
Bologna, Bologna, Italy), Laura Dotta (Pediatrics Clinic and Institute
for Molecular Medicine A. Nocivelli, Department of Clinical and
Experimental Sciences, University of Brescia and ASST-Spedali Civili
of Brescia, Brescia, Italy), Marzia Duse (Department of Maternal,
Infantile and Urological Sciences, Sapienza University of Rome,
Rome, ltaly), Silvia Federici (Division of Rheumatology, Bambino
Gesu Children's Hospital, IRCCS, Rome, Italy), Alessandro Fiocchi
(Allergy Unit, Bambino Gesu Children's Hospital, IRCCS, Rome,
Italy), Elena Galli (UOS Immuno-Allergologia Pediatrica, Ospedale
S. Pietro Fatebenefratelli, Rome, Italy), Silvia Giliani (‘A. Nocivelli’
Institute for Molecular Medicine, Department of Molecular and
Translational Medicine, University of Brescia, Brescia, Italy), Giuliana
Giardino (Department of Translational Medical Sciences, Pediatric
Section, Federico Il University, Naples, ltaly), Cristiana Indolfi
(Department of Woman, Child and of General and Specialized
Surgery, University of Campania “Luigi Vanvitelli”, Naples, ltaly),

Lucia Leonardi (Department of Maternal, Infantile and Urological


https://doi.org//10.3390/ijms22010411
https://doi.org//10.1097/ACI.0000000000001059
https://doi.org/10.1111/pai.70225

CARDINALE ET AL.

WILEY 23 0f 23

Sciences, Sapienza University of Rome, Rome, ltaly), Amelia Licari
(Pediatric Unit, Department of Clinical, Surgical, Diagnostic, and
Pediatric Sciences, University of Pavia; Pediatric Clinic, Fondazione
IRCCS Policlinico San Matteo, Pavia, ltaly), Vassilios Lougaris
(Pediatrics Clinic and Institute for Molecular Medicine A. Nocivelli,
Department of Clinical and Experimental Sciences, University
of Brescia and ASST-Spedali Civili of Brescia, Brescia, Italy), Sara
Manti (Pediatric Unit, Department of Human Pathology in Adult
and Developmental Age “Gaetano Barresi”, University of Messina,
Messina, Italy), Alberto Martelli (Italian Society of Pediatric Allergy
and Immunology (SIAIP), Italy), Domenico Minasi (Pediatric Unit
of Ospedali Riuniti Presidium, Grande Ospedale Metropolitano
Bianchi Melacrino Morelli, Reggio Calabria, Italy), Elio Novembre
(Department of Health Sciences, University of Florence, Florence,
Italy), Riccardo Papa (UOC Rheumatology and Autoinflammatory

Diseases, IRCCS Istituto Giannina Gaslini, Genova, ltaly), Claudio
Pignata (Department of Translational Medical Sciences, Pediatric
Section, Federico Il University, Naples, Italy), Federica Pulvirenti
(Centre for Primary Immune Deficiencies, Azienda Ospedaliera
Universitaria Policlinico Umberto |, Rome, Italy), Maria Sangerardi
(Department of Pediatric Emergency Medicine, Policlinico -
“Giovanni XXIII" Pediatric Hospital of Bari, University of Bari, Italy),
Annarosa Soresina (Pediatrics Clinic and Institute for Molecular
Medicine A. Nocivelli, Department of Clinical and Experimental
Sciences, University of Brescia and ASST-Spedali Civili of Brescia,
Brescia, Italy), Mariangela Tosca (Allergy Unit IRCCS Istituto G.
Gaslini Genoa, ltaly), Alberto Giovanni Ugazio (Institute of Child
and Adolescent Health, Bambino Gesu Children's Hospital, IRCCS,
Rome, Italy), Anna Maria Zicari (Department of Maternal, Infantile

and Urological Sciences, Sapienza University of Rome, Rome, Italy).



	Italian pediatric experts' consensus statement on diagnosis and management of primary atopic disorders
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Exploratory Phase
	2.2  |  Analytical Phase
	2.3  |  Delphi approach16

	3  |  RESULTS
	3.1  |  Definition of Primary Atopic Disorders (PAD)
	3.2  |  Pathophysiology
	3.3  |  Classification
	3.4  |  General clinical features
	3.5  |  Laboratory evaluation
	3.6  |  PAD and skin
	3.7  |  PAD and respiratory symptoms
	3.8  |  PAD and food allergy (FA)
	3.9  |  PAD and eosinophilic gastrointestinal disorders (EGID)
	3.10  |  Warning signs
	3.11  |  Genetics

	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	ORCID
	REFERENCES
	 Appendix 1


