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ABSTRACT

Background: Allergies have long been observed in Inborn Errors of Immunity (IEl) and might
even be the first presentation resulting in delayed diagnosis or misdiagnosis in some cases.
However, data on the prevalence of allergic diseases among IEl patients are limited and
contradictory.

Objective: To provide a worldwide view of allergic diseases, across a broad spectrum of IEl, and
their impact on the timely diagnosis of IEI.

Methods: This is a worldwide study, conceived by the World Allergy Organization (WAO) Inborn
Errors of Immunity Committee. A questionnaire was developed and pilot-tested and was sent via
email to collect data from 61 immunology centers known to treat pediatric and/or adult IEl patients
in 41 countries. In addition, a query was submitted to The United States Immunodeficiency
Network (USIDNET) at its website.

Results: Thirty centers in 23 countries caring for a total of 8450 IEl patients responded. The
USIDNET dataset included 2332 patients. Data from responders showed that a median (IQR) of
16.3% (10-28.8%) of patients experienced allergic diseases during the course of their IEl as fol-
lows: 3.6% (1.3-11.3%) had bronchial asthma, 3.6% (1.9-9.1%) atopic dermatitis, 3.0% (1.0-7.8%)
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allergic rhinitis, and 1.3% (0.5-3.3%) food allergy. As per the USIDNET data, the frequency of al-
lergy among IEl patients was 68.8% (bronchial asthma in 46.9%). The percentage of IEl patients
who presented initially with allergic disorders was 8% (5-25%) and diagnosis delay was reported in
7.5% (0.9-20.6%). Predominantly antibody deficiencies had the highest frequency of allergic
disease followed by combined immunodeficiency with a frequency of 40.3% (19.2-62.5%) and
20.0% (10-32%) respectively. As per the data of centers, anaphylaxis occurred in 25/8450 patients
(0.3%) whereas per USIDNET dataset, it occurred in 249/2332 (10.6%); drugs and food allergy
were the main causes in both datasets.

Conclusions: This multinational study brings to focus the relation between allergic diseases and
IEl. Major allergies do occur in IEl patients but were less frequent than the general population.
Initial presentation with allergy could adversely affect the timely diagnosis of IEl. There is a need
for policies to raise awareness and educate primary care and other referring specialties on the
association of allergic diseases with IEl. This study provides a network among centers for future
prospective studies in the field.

Keywords: Primary immunodeficiency, Asthma, Atopic dermatitis, IVIG, Omalizumab, Anaphy-

laxis, Allergic rhinitis

INTRODUCTION

Primary immunodeficiency diseases (PIDs),
recently termed human inborn errors of immunity
(IEl), typically present with an unusual tendency to
recurrent and/or severe infections.” Allergies have
long been observed in immune deficiency,? and
might even be the first clinical presentation
resulting in delayed diagnosis or misdiagnosis in
some cases. However, data on the prevalence of
allergic diseases among patients with IEl are
limited and contradictory; some reports pointed to
an overall lower prevalence of food allergy (FA)
(1.8%) and atopic dermatitis (AD) (6%) compared
to the general population® contrasting reports
from other countries such as Tunisia, in which
eczematous dermatitis was described in 21.38%
of IEI patients.* Thus, there is a need to better
define atopic features in a carefully phenotyped
cohort of patients with IEI.

AD has been reported with several of the IEls
such as hyper Ig-E syndrome (HIES), DOCK 8
deficiency, Omenn syndrome (OS), and Wiskott-
Aldrich syndrome (WAS), among others.®> The
course might be severe and recalcitrant leading
to profound skin infections and sepsis.® Selective
IgA  deficiency (SIgAD) is associated with
multiple allergies. Some prospective studies have
shown an increased risk of parentally/self-

reported FA in SIgAD.”® This holds true for
other IEls such as CD40 ligand deficiency,
primary hypogammaglobulinemia and combined
immunodeficiency (CID).2 FA is a known cause of
persistent diarrhea and failure to thrive and could
potentially be life threatening through inducing
anaphylaxis. Recurrent wheezy chest and asthma
are part of everyday pediatric practice, and in the
context of severe atopy, chest infections can
sometimes be perceived as simply secondary to
the allergic inflammation and not the result of an
IEL? In a recent study, asthma was reported in
37.5% of patients with common variable
immunodeficiency  (CVID).?  Although  both
conditions have immune basis as the main
background, both can co-exist, mimic or worsen
each other.

Awareness of |El by physicians of different spe-
cialties is suboptimal,’® and failure to recognize
that some IEls masquerade as allergic disease
may interfere with early diagnosis and treatment
and have significant bearing on the outcome.
Furthermore, failure of recognition of the allergic
nature of some of the clinical manifestations in
patients with IEl may compound their disease
course and deprive them of receiving the optimal
allergy treatment including biologics. Indeed,
several case series®* reported this association,
yet the overall picture is still unclear. Hence, we
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conducted this study to outline the global extent
and nature of allergic diseases across a broad
spectrum of IEl, their impact on the timely
diagnosis of IEl, and the modalities used for
diagnosis and treatment of allergic diseases in
these patients.

METHODS
Study design and population

This study, conceived and planned by the World
Allergy Organization (WAQ) Inborn Errors of Im-
munity Committee, sought to obtain center-level
retrospective data via a questionnaire sent by
email to immunology centers in countries all over
the world, recorded in the WAQO database and/or
registered with the European Society for Immu-
nodeficiencies, and defined as treating pediatric
and/or adult IEI patients. We obtained the contacts
of 61 IEl experts working at 61 centers in 41
countries. In addition, a query was submitted to
The United States Immunodeficiency Network
(USIDNET) at its website (https://usidnet.org), to
have a broad view of allergic diseases associating
IEl. The database was searched to determine the
responses to the questionnaire’s fields in the core
registry relevant to allergic diseases (also retro-
spective data). [The U.S. Immunodeficiency
Network (USIDNET), a program of the Immune
Deficiency Foundation (IDF), is supported by a
cooperative agreement, U24AI186837, from the
National Institute of Allergy and Infectious Diseases
(NIAID)].

The questionnaire was constructed as a form
with fields to be filled in with exact data extracted
from the centers’ registries. It was developed by 3
professors of allergy and immunology and was
pilot tested in 5 centers. Some questions were re-
phrased and a further 3 were added. The final form
was distributed to expert physicians/professors in
specialized immunology centers and the re-
sponses were compiled by the main author. The
questionnaire first covered data about the partici-
pating center whether serving pediatric age pa-
tients, adults, or both. The surveyed core data were
structured into 4 main domains that comprised in
total 27 questions: The domains were: 1) the
number of IEIl patients in the center and the fre-
quency of the different IEl groups according to the

2019 IUIS classification;" 2) the frequency of IEl
patients presenting initially with allergic diseases
and its impact on diagnosis delay of IEl; 3) the
frequency of bronchial asthma (BA), atopic
dermatitis (AD), allergic rhinitis (AR), food allergy
(FA), anaphylaxis, urticaria, and other allergies
encountered in each group of IEl (focusing on
predominantly antibody deficiency [PAD] IUIS
group lll, combined immunodeficiency [CID] IUIS
groups | & I, defective phagocytic number/
function IUIS group V, immune dysregulation IUIS
group IV, and autoinflammatory diseases IUIS
group VII); and 4) the most common IEl
associated with longstanding allergic disorder
requiring continued allergy treatment, the allergy
diagnostic tests and treatment used for allergic
IEl patients. A free space was provided at the
end to encourage reporting of an interesting
relevant case.

Questionnaire reliability

The assessment was done using Chronbach’s
alpha test to assess internal consistency.

Statistical methods

Data were collected, revised, coded and
entered to the statistical package for social science
(SPSS) version 23. Prevalence data were collected
from participating centers as frequencies and re-
ported as median with interquartile range (IQR).
Frequencies of allergic diseases among IEl groups
were compared using Kruskall-Wallis test followed
by post hoc Dunn test. Chi-square test was used to
compare 2 groups of categorical data. All p-values
were two-sided. P-values < 0.05 were considered
significant. The data of the USIDNET were analyzed
separately and were presented as frequencies.

Ethical consideration

It was determined by the WAO Inborn Errors of
Immunity Committee that the collected data re-
ported in aggregate did not require consent.

RESULTS
Questionnaire reliability

The assessment was as follows: The internal
consistency for the 4 domains was good, with
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Cronbach’s alpha coefficients (o = 0.88, 0.72, 0.87,
0.73 respectively) meeting the minimum recom-
mended threshold of a > 0.7 with the total ques-
tionnaire achieving Cronbach’s alpha coefficient of

0.89.

Characteristics of the participating centers

Responses were received from 30 centers in 23
countries spanning the 6 continents (Fig. 1). Non-
response (n = 22) despite sending 3 reminders
over 3 months was perceived as refusal to partici-
pate or failure to reach. Nine centers apologized
(reasons were: not having patients’ records in 3,
and not having the time in the rest). There were no
apparent differences between responding and
non-responding centers. Fourteen centers (46.7%)
were pediatric IEl centers, 12 (40%) managed both
pediatric and adult IEl patients and 3 (10%)
managed only adults. One center (3.3%) did not
specify the age group. The number of IEIl patients
per center upon which the responders based their
responses ranged from 20 to 1395 with a median
(IQR) number of 203.5 (42.25-490.25) and with a
total of 8450 patients. The USIDNET provided the
data of 2332 adult and pediatric patients with IEI.
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Prevalence of allergic diseases among |El patients
and their impact on timely diagnosis of IEl: Figs. 2
and 3

Data from centers showed that a median fre-
quency (IQR) of 16.3% (10-28.8%) of all patients
suffered allergic diseases. The frequency of bron-
chial asthma (BA) among IEl patients was 3.6%
(1.3-11.3%), that of atopic dermatitis (AD) was
3.6% (1.9-9.1%), that of allergic rhinitis (AR) was
3.0% (1.0-7.8%), and that of food allergy (FA) was
1.3% (0.5-3.3%). Fig. 2a. Their frequencies among
allergic IEl patients were 35%, 30%, 20%, and 5%
respectively.  Eosinophilic  esophagitis  was
reported only by 1 center in 12 patients,
constituting 0.1% of all IEI patients; all had PAD.
Other allergies, reported by few centers, were
drug allergy, reported by 5 centers with a
frequency of 3% (1.8-7.3), urticaria, reported by
3 at a frequency of 3% and allergic conjunctivitis
(AC), reported also by 3 at a median frequency
of 1%. According to the USIDNET data, 68.8% of
IEl patients had associated allergic disorders,
primarily BA in 46.9% followed by AD in 23.7%.
AR was observed in 8.2%. Fig. 2b. AC and FA
were infrequent (0.4% and 0.1% respectively).
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Fig. 1 Geographical distribution of the participating centers (including USIDNET)
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Fig. 2 The frequencies of allergies among all IEIl patients; a, results as per participating centers; b, results as per the USIDNET dataset. FA:
food allergy; AR: allergic rhinitis; BA: bronchial asthma; AD: atopic dermatitis

Forty-three percent of the centers reported in-
cidents of anaphylaxis in a total of 25/8450 IEI
patients (0.3%), ranging from 0 to 4 patients per
center, with a frequency of 0% (0-0.6%). Fig. 2a.
The causes were drugs including antibiotics in
10/25 patients (40%), IVIG in 7/25 (28%), FA in 6/
25 (24%), and fresh frozen plasma and bee sting
1 patient (4%) each. This represented 0.11%,
0.08%, 0.07%, 0.01%, and 0.01% of all IEl
patients respectively.

In the USIDNET dataset, there were 249/2332
(10.6%) |El patients who experienced 348 incidents
of anaphylactic/anaphylactoid reactions in total.
Fig. 2b. The most common trigger was drugs, seen
in 6.9%. Food was the cause in 24%,
environmental exposures in 1.0%, contrast media
in 0.3%, and IVIG in 0.3%, whereas the cause was

undetermined in the rest. It is to be noted that
16 patients (0.7%) developed anaphylaxis from
multiple causes. In the USIDNET cohort, there
were 1705 (73.1%) patients receiving IVIG, of
these, 0.8% developed IVIG-induced anaphylaxis
and 2.8% urticaria/generalized rash.

The median (IQR) percentage of IEl patients who
presented initially with allergic disorders was 8%
(5-25%). The delay in the establishment of a
definitive diagnosis of IEl caused by the initial
presentation with an allergic complaint (diagnosis
delay) was reported by 14 centers, and showed a
frequency of 7.5% (0.9-20.6%), ranging from 0 to
50% (Fig. 3). The USIDNET data showed that 732/
2332 (31.4%) of the sample had 1 or more
allergic disorders before or at diagnosis, but
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there were no data on the impact of this on the
timely diagnosis of IEI.

Type of allergic disease in relation to type of IEl

PAD ranked as the most common IEl in this
study with a frequency of 40.3% (19.2-62.5%) and
ranged between 5 and 93%, followed by CID (IUIS
groups | & IlI) which constituted 20.0% (10-32%)
and ranged between 0 and 52%. The frequency of
different IEI groups reported by the participating
centers and those of the USIDNET were displayed
in Fig. 4.

The study showed that allergic diseases were
most commonly seen in PAD and CID with a fre-
quency of 25% (15-70) and 20% (5-50), respec-
tively, and this was especially obvious in SIgAD
(53.6%) and CID with syndromic features (HIES:
43%; WAS: 38%). Meanwhile, allergy was less
frequent in patients with immune dysregulation
and congenital phagocytic defects with a fre-
quency of 14% (0-33.8%) and 9% (0-20%) respec-
tively (Fig. 5). The former group were mostly
patients with immune dysregulation,
polyendocrinopathy, enteropathy, X-linked
disease (IPEX) and the latter were those with
chronic granulomatous disease (CGD).

The frequency of PAD (60.4%) in the USIDNET
dataset was 3 times higher than combined

immunodeficiencies (19.1%). CVID was the most
common |El associated with BA affecting 59.4% of
them, whereas ataxia telangiectasia and leukocyte
adhesion deficiency had the least frequency of
asthma (0.1%). AD was most commonly reported
among WAS, HIES and CVID affecting 85%, 71%
and 17.2% of these patients respectively. FA was
reported in 3 patients: 2 with CVID and 1 with
HIES.

Comparisons among IEl groups as regards the
frequency of different allergic disorders

There were significant differences in the fre-
quencies of allergic diseases among different IEI.
BA was the main allergic disease reported in PAD
(36% (10.7-50)), whilst in CID, atopic dermatitis
prevailed; (30% (10-60)). Post hoc analysis showed
highly significant increase in the frequency of BA
and AR among PAD patients compared to other
types of IEl. AD was significantly more prevalent
among CID patients as compared to PAD patients
and those with congenital defects in phagocytic
function and/or number. FA was significantly more
frequent in patients with CID, PAD and immune
dysregulation when compared to patients with
autoinflammatory disease (Table 1). Drug allergy
was recorded in 14.8% of IEl patients and was
especially pronounced among PAD patients seen
in 11%. Multi-drug allergy manifesting as severe

IEl patients who initially
presented with allergic disease

Diagnosis lag of IEl patients due to
initial presentation with allergy

Fig. 3 The median (interquartile range) percentages of initial presentation with allergic diseases and diagnosis delay because of this

presentation. IEl: inborn errors of immunity
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cutaneous reaction was described in an ADA 2
deficiency patient (from the Tunisian cohort).

Allergy tests used

For the diagnosis of atopy in IEl patients, 76% of
the centers used serum specific IgE, 62% used
percutaneous skin testing, and 44% reported using
oral food challenge for the diagnosis of FA. It is
worth mentioning that 7% reported not using any
allergy diagnostic tests, whereas 66% reported
using more than one allergy test.

Longstanding allergic disease and allergy
treatment

Almost half of the participants (42.9%) stated
that HIES was the most common |El associated with
longstanding allergic disease among their patients
followed by SIgAD (28.6%) and WAS in 25% of the
responses. Fig. 6.

The frequency of IEl patients whose allergic
diseases necessitated long term treatment was
22.5% (10-50). Corticosteroids were used in 12.5%
(5-31.7%). Anti-lgE monoclonal antibody (omali-
zumab) was rarely used in IEl patients with a fre-
quency of 0% (0-0.4%) and ranged between 0 and

20%. USIDNET dataset showed that systemic cor-
ticosteroids were used in 84 patients (5.2%) and
omalizumab was used in 6 patients (0.4%).

Pediatric-only versus adult-and-pediatric centers

In centers serving children only (n = 14), allergic
diseases occurred at a frequency of 13.5% (10-
25%), whereas in centers serving adults only
(n = 3) the frequency was 15.0% (9.0-33.3%). We
compared pediatric-only centers to those man-
aging both pediatric and adult patients (n = 12)
and did not find significant differences regarding
the frequency of different IEl groups or the fre-
quencies of different allergic disorders except that
of FA among patients with immune dysregulation
disorders which was significantly higher among
centers serving both pediatric and adult IEIl pa-
tients (p = 0.03). The frequency of measuring
serum specific IgE for diagnosis of atopy was
significantly higher among centers caring for both
adult and pediatric |El patients (p = 0.03). Both
types of centers (pediatric-only versus those man-
aging both pediatric and adult patients) were
comparable with respect to the use of long-term
medications for allergic disorders as well as the
frequency of anaphylaxis.

Autoinflammatory 2.0
disorders 0

Complement 2.0
deficiencies 0

Defects in 2.0
innate immunity 2.8

0 10 20 30 40 50 60 70

Predominant | 40.3
antibody deficiency | 60.4

Combined | 20.0
immunodeficiencies [ 19.1
Congenital defects 10.0

of phagocytes 6.6
. @ Data from surveyed centers
Immune dysregulation 6.0
disorders 6.1 OUSIDNET data

Fig. 4 Percentages of the different groups of inborn errors of immunity
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Of the IEl patients registered in USIDNET, 1254
patients (53.8%) were <18 years and 330 patients
(14.2%) were >18 years while the ages of 748
patients (32.1%) were unavailable. The frequency
of allergic diseases among pediatric |IEl patients
was significantly higher than their adult counter-
parts, especially AD and AR. The frequency of BA
was comparable in both groups; (Table 2).

The impact of the level of development of the
participating country

Based on the economic status, the participating
countries were categorized as to having devel-
oping or developed economies according to the
annex prepared by the Economic Analysis and
Policy Division of the Department of Economic and
Social Affairs of the United Nations."" The
diagnosis lag caused by initial presentation with
allergic disease was similar in the 2 groups of
countries. Moreover, no significant differences
were noted in the percentages of centers using
allergy diagnostic tests (p > 0.05). However, the
use of anti-IgE monoclonal antibodies in manage-
ment of severe allergic diseases associated with IEI
was significantly noted in developed countries
(p = 0.01). It was noticed that CID was more
frequent among IEls in developing countries
compared to developed countries (28.5% (15-
35%) vs 10% (5.5-20%); p = 0.032).

Diseases of immune
dysregulation

Congenital defects of
phagocytes

Interesting cases reported by participants

An interesting case reported from Sudan re-
flected the negative impact of initial presentation
with eczema with delayed diagnosis of CID
and poor outcome; clues to diagnosis were un-
responsiveness to eczema treatment, sepsis, as
well as lymphopenia. Participants reported a
Mexican case of ataxia telangiectasia and
bronchiectasis who was initially misdiagnosed as
BA. An IPEX patient from Peru presented
with severe early-onset diarrhea. At first, cow's
milk allergy was suspected with high positive
serum specific IgE; however, a switch to amino
acid-based formula did not help, so further
testing was done and unveiled the underlying IEI.
Skin rash, high serum total IgE and eosinophilia
were misinterpreted as AD and resulted in
delayed diagnosis in an infant with Omenn syn-
drome in Brazil.

DISCUSSION

Allergic diseases have long been observed
among |El patients. However, studies on the prev-
alence of allergic diseases in patients with IEl are
limited.? In this first world-wide project examining
this association, we were able to provide a broad
view of the overall prevalence of allergic diseases
in IEl and to highlight the possible diagnostic lag



Predominately Combined Congenital Immune inflaﬁl::lzto
antibody deficiency immunodeficiencies | phagocytic defects | dysregulation VIS # V”ry Test P.
IUIS # 1lI IUIS #1&II IUIS #V VIS # IV Median% valuee
Median% (IQR). Median% (IQR). Median% (IQR). Median% (IQR). (IQR) °
40.3 (19.2-62.5) 20 (10-32) 10 (5-15.5) 6 (1-10) 2 (0_5’)

A. Food 0.0 (0.0-5.0) 0.8 (0.0-8.0) 0.0 (0.0-0.0) 0.0 (0.0-10.0) 0.0 (0.0-0.0) |10.598| 0.031
allergy

Median

(IQR)

B. Allergic 17.95 (5.0-40.0) 5.0 (0.0-20,0) 0.0 (0.0-11.3) 0.0 (0.0-15.0) 0.0 (0.0-0.0) | 27.854| <0.001
rhinitis

Median

(IQR)

C. 36.0 (10.7-50.0) 13.5 (0.0-20.0) 0.0 (0.0-10.0) 0.0 (0.0-17.5) 0.0 (0.0-0.0) |34.229| <0.001
Bronchial

asthma

Median

(IQR)

D. Atopic 8.0 (1.0-20.0) 30.0 (10.0-60.0) 0.0 (.00-11.1) 9.5 (0.0-50.0) - 16.517| 0.001
dermatitis
Median

(IQR)

Post hoc analysis*

Parameters

A. Food allergy 0.683 0.077 0.577 0.027 0.042 0.869 0.014 0.055 0.597 0.019
B. Allergic rhinitis 0.014 0.001 0.003 <0.001 0.230 0.555 0.002 0.637 0.061 0.014
C. Bronchial asthma 0.015 <0.001 <0.001 <0.001 0.019 0.126 <0.001 0.368 0.212 0.033
D. Atopic dermatitis 0.007 0.032 0.799 - <0.001 0.108 - 0.038 - -

Table 1. The frequencies of common allergic diseases among the studied IEI groups. * Kruskall-Wallis test followed by post hoc analysis. P values are significant if < 0.05.P1: Predominantly antibody
deficiency vs combined immunodeficienicies.P2: Predominantly antibody deficiency vs congenital defects of phagocytosis.P3: Predominantly antibody deficiency vs immune dysregulation.P4: Predominantly
antibody deficiency vs autoinflammatory disorders.P5: Combined immunodeficienicies vs congenital defects of phagocytosis.P6: Combined immunodeficienicies vs immune dysregulation disorders.P7:
Combined immunodeficienicies vs autoinflammatory disorders.P8: Congenital defects of phagocytosis vs immune dysregulation disorders.P9: Congenital defects of phagocytosis vs auto inflammatory
disorders.P10: limmune dysregulation vs auto inflammatory disorders
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Fig. 6 Responses by centers with respect to most common inborn errors of immunity with chronic allergic disease and need long-term
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of |El caused by such allergic phenotype. The study
calculated the frequency of allergic diseases
among pediatric and adult IEl patients to be 16.3%
(10-28.75%). The WAO estimate of allergy preva-
lence of the whole population by country ranged
between 10 and 40%."?

BA, AD, and AR were the most commonly
observed allergies at median frequencies of 3.6%,
3.6% and 3% of all IEI patients respectively. Based
on the findings of this multinational study, it can be
stated that major allergies were less frequent
among |El patients compared to those in the
general population which is 5-10% for BA;"®

<18 years N = 1254

N (%)

whereas for AD, it is 15-20% among children and
1-3% among adults."®'®  Furthermore, the
frequency of AR among IEI patients (3.0% (1.0-
7.8%)) is lower than the rates reported in the
general population: 10-30% in adults and up to
40% in children.'®> The overlap of clinical
manifestations of infections in IEl (bronchiectasis
and non-allergic rhinosinusitis) with allergies (BA
and allergic rhinosinusitis) could account for the
under recognition of the allergic nature of the
clinical condition. The association between allergy
and |El may represent a disruption of the complex
balance within the immune system of effector and
regulatory cells, perhaps also contributed to by

Allergic diseases 892 (71.1)
Asthma 547 (43.6)
Atopic dermatitis 367 (29.3)
Allergic rhinitis 119 (9.5)

>18 years N = 330 Chi Square (y?) P-value
N (%)

187 (56.7) 25.173 <0.001°

153 (46.4) 1.572 0.472

35(10.6) 48.035 <0.001°

11 (3.3) 13.143 <0.001°

Table 2. Variation of allergic diseases among pediatric and adult |El patients in the USIDNET dataset °Significant
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differences in microbial colonization and infection
patterns, most likely due to tolerance failure, T-cell
receptor signaling defects, failure of production of
counter regulating interferon-gamma and excess
cytokines production like IL-13 which interfere with
skin antimicrobial peptides as well as skin barrier
disruption.? The frequency of allergic disorders
among |El patients in the USIDNET cohort was
much higher (68.8%), reflecting the higher
prevalence rates in USA possibly due to
geographical or environmental factors. This
frequency was even higher than those reported
by the 2 participating centers from USA (25%
and 40%), perhaps related to variations in
assessment or documentation. Once again, BA
and AD were the most frequent allergic diseases;
BA being the highest (46.9%). The frequencies of
BA, AD and AR in the USIDNET data were far
above the corresponding median frequencies as
per the surveyed centers. An exception to that
was FA, which was lower in the USIDNET cohort.

Allergies do have different prevalence rates
among diverse countries and the overall lower
frequency of allergies we observed in IEl
compared to the general population may not hold
true for all countries. Hence, we compared the
data provided by contributing centers, country by
country, versus the reported frequency of allergy
of that country, taking into consideration the age
group of |El patients served at each center. In more
than 50% of participating countries, the IEl patients
had lower frequencies of allergic diseases,
whereas in Algeria, Egypt, Iran, Portugal, and
United States, they had frequencies comparable to
the respective general population. Data from
Lebanon, Peru, and the Czech Republic showed
higher frequencies of allergic diseases in IEl pa-
tients.’?"¢2% However, it is important to state here
that some of the reports on the prevalence of
allergic diseases are symptom-based and esti-
mated from self-reports, whereas those we are
documenting here for IEl patients are based on
physician-diagnosis.

IEI could first present with non-infectious mani-
festations including autoimmunity, lymphoprolif-
eration, malignancy and allergy. In this study, the
initial presentation of |El patients with allergic dis-
eases has been reported by the participants at a
frequency of 8% (5-25%). Consequent upon such a
presentation is the possible delayed or missed
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diagnosis of |El with negative impacts on the
morbidity and mortality of the original disease.
Delayed diagnosis of IEl because of allergic pre-
sentation was reported by 18 centers at a fre-
quency that varied widely and with a median of
7.5%. By default, the diagnosis of IEl is delayed,
and this is especially seen in CVID with a lag of as
long as 6 years in an American cohort.?" In
previous reports from European and ltalian
cohorts, the mean diagnostic delay of CVID was
7.5%% and 8.9 years®® respectively. In another
European study on CVID, the delay was
considerably shorter in patients presenting after
the age of 10 years, compared to those who
became ill at younger ages (delay 3.1 vs 7.2
years, respectively).?* An Iranian cohort of PAD
patients had a median delay of diagnosis of 34.5
months. In Iran, assessment of diagnosis delay of
PAD showed significant improvement in
recognition over the years.*®  Australian
researchers reported a significantly longer delay
in diagnosis of CVID (median: 9 vyears),
compared to X-linked agammaglobulinemia
(XLA) (median: 1 year),?® probably related to the
insidious complex presentation of CVID.*’
Comberiati et al?® reported a girl who
developed refractory chronic urticaria at the age
of 10 amidst recurrent pneumonias since the age
of 5 years; it was only until late adolescence
when she was immunologically evaluated and
found to have CVID. In a case series, 7 patients (3
months-6 years) were misdiagnosed as cow milk
allergy because of initial presentation with
eczema and/or gastrointestinal symptoms. They
were kept on replacement formula for months to
years before the diagnosis of IEl was established.??

Our study is the first to record the frequency of
diagnosis delay of IEl caused by initial presentation
with allergic disease. An interesting case reported
by participants from Sudan reflected the negative
impact of initial presentation with recalcitrant
eczema with delayed diagnosis of CID and poor
outcome. A Mexican case of ataxia telangiectasia
and bronchiectasis was initially misdiagnosed as
BA. An IPEX patient from Peru with severe early-
onset diarrhea was misdiagnosed as having cow
milk’s allergy but a switch to amino acid-based
formula did not help, and further testing unveiled
the underlying IEl. The misinterpretation of skin
rash in the presence of high serum total IgE and
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eosinophilia was the cause of delayed diagnosis in
an infant with Omenn syndrome in Brazil. A history
of recurrent, severe or unusual infections, a family
history of IEl together with other warning signs
should be sought, especially in patients with se-
vere and/or recalcitrant AD, poorly controlled BA,
or gastrointestinal manifestations of FA. This would
decrease the chances of missing the diagnosis of
IEI.

IEl comprise 406 disorders, with PAD being the
most prevalent.%*" In line with this, the study
showed that PAD was the most common IEl
registered in the participating centers with a
median frequency of 40.3%, and a frequency of
60.4% in the USIDNET cohort. More than a
quarter of allergic diseases were reported in
patients with PAD, particularly in SIgQAD followed
by CVID, whilst data of the USIDNET showed
CVID to be the one most commonly associated
with allergic disease. The reported incidence of
allergies among patients with SIgAD range from
13% to 84%,%3? considerably contributing to the
clinical manifestation of the disease.®*

BA ranked as the most frequent allergy, seen in
more than a third of PAD patients followed in the
participating centers, and in almost two-thirds of
CVID patients registered in the USIDNET. In a
study from Turkey, BA was more frequent in SIgAD
compared to other PADs.® CVID is commonly
associated with BA as presented here; and, in a
previous study, 83% of pediatric patients with
CVID were diagnosed with asthma.®* A recent
study reported that 37.5% of CVID patients had
BA for which most were prescribed a controller
medication; however, only 10% had proven IgE-
mediated allergy.?3® In contrast, a study of
pediatric |El demonstrated that BA was less
frequent among CVID patients than those with
SIGAD and IgG subclass deficiency.® 1gG3
subclass deficiency was the most common PAD
associated with atopic asthma and a higher risk
of asthma exacerbation in adults.*® It seems that
patients with PAD have a bias towards Th2-
mediated immune response as has been demon-
strated in CVID patients where increased produc-
tion of IL-4 and IL-10 were documented.®”

Data from the participating centers revealed
that 20% of all CID patients experienced allergic
diseases. AD was the most frequent particularly

among those with syndromic features (mainly HIES
and WAS). In a recent study, severe combined
immunodeficiency (SCID) came as the second IEl
to present allergic manifestations next to CID with
syndromic  features.®®* The USIDNET data
accorded with these findings. All patients with
HIES mainly DOCK-8 deficiency and WAS had
AD in the study by Ozcan and co-workers.® A
single-center study showed that atopic disease
was present in 10/18 (55.6%) of patients with early
onset ADA-SCID.*?

AD can be among the early symptoms in pa-
tients with signal transducer and activator of tran-
scription 3 loss of function mutations (STAT3-LOF),
and although a timely differentiation of HIES from
AD is difficult, it is extremely important for the early
institution of the proper treatment.*® Despite
marked IgE elevation, these patients were
relatively protected from severe allergic reactions
because of defects in mast cell degranulation
and vascular responses to histamine caused by
the STAT3 mutation itself*"*? DOCKS8 deficiency
exhibit severe atopy and high IgE but with
significant viral skin infections and neoplastic
phenotypes that overlap with WAS due to direct
interactions of DOCK8 with WASP.** Weak T cell
receptor signaling during T-cell activation cause
a skew towards default differentiation into T
helper type 2 cells (Th2 cells), partly explaining
the atopic features.** The eczema in these
patients resembles classic AD but is widespread,
primarily appearing on the face, scalp, flexures,
and diaper area with progressive lichenification.
It gets better with age.*® HSCT do not only
correct the immunodeficient state, but also result
in amelioration of atopic symptoms, decrease in
IgE and eosinophils and correction of Th1/Th2
imbalance.*®

Significantly elevated total IgE (>1000 IU/ml)
has been seen in several IEl disorders other than
STAT3-LOF HIES, DOCK8 deficiency HIES,
including autosomal recessive mutations in the
serine protease inhibitor gene Kazal-type 5
(SPINKS) resulting in Comel-Netherton syndrome,
phosphoglucomutase deficiency-PGM3 HIES as
well as in WAS ALPS, IPEX, the innate immunity
signaling pathways defects of IRAK4 and MYD88
deficiency and some SCID disorders such as
Omenn syndrome, ADA-SCID and ZAP 70 -SCID.
Discordance between the elevated total IgE, and
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allergic symptoms as well as the specific IgE has
been described not only in STAT3-HIES, but also in
ALPS and IRAK4 and MYD88 deficiency.*”*#

The association of FA with IEl was perceived as
uncommon by most participants (save those from
Sudan, Algeria and Tunis), with a frequency among
all IEI patients of 1.2% (0.5-2.8%). FA was reported
mainly in patients with HIES, IPEX and CVID. In line
with these findings, the USIDNET data revealed
that 0.1% only had FA. In a previous analysis of
USIDNET data, FA was less frequent among IEl
patients compared to the general population
(1.8% versus 2.5%).2 In another study, FA was
reported in 2.8% of 318 pediatric IEl patients
mostly with HIES and WAS.®

In view of the scanty reports, we were keen on
presenting data on anaphylaxis and its causes in
IEl. Anaphylaxis was reported by 43% of the
participating centers affecting 0.3% of the total
number of |El patients, closer to the lower limit of
the range in normal individuals. The most common
cause was drugs including antibiotics (40.0%).
Twenty-eight percent of the reactions were
induced by IVIG. Severe reactions to IVIG do occur,
however, the rarity (1 .0%)* of these events (0.8%
of IEl patients receiving IVIG as per USIDNET
dataset) must be emphasized. Anaphylaxis to
IVIG may be associated with IgG-anti-IgA anti-
bodies and often associated with prior exposure to
immunoglobulin therapy.*?*" However, a similar
reaction was reported in an IVIG naive CVID
patient with absent IgA and in the absence of
detectable IgG anti-IgA antibodies suggesting an
IgE anti-IgA antibody mechanism.>" FA was the
cause in 24% of our IEl patients with anaphylaxis.
Anaphylaxis due to nut allergy was reported in a
CID patient with ARPC1B mutation.*? Prolonged
cold contact can cause anaphylaxis in patients
with PLCy2-associated antibody deficiency and
immune dysregulation (PLAID).>* Anaphylaxis was
a more common finding in the USIDNET dataset;
10.6% experienced at least 1 incident. Foods,
drugs, IVIG, contrast media, environmental
allergen and venoms were all recorded as causes
of anaphylaxis in these patients. In a previous
USIDNET study, anaphylaxis was the most
frequent reaction (20%) reported in IEl patients
with FA®
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In this study, patients with congenital phagocytic
defects, immune dysregulation and auto-
inflammatory disorders had lower frequency of
allergic diseases (9% (0-20%), 14% (0-33.8%) and
0% (0-10%) respectively), with the least fre-
quencies, among other |Els, of asthma, AR and AD.
Ozcan et al.,® found significantly lower AR and AD
in phagocyte defects compared to PAD. IPEX
syndrome which we found constituting 44.4% of
the reported immune dysregulation disorders
had frequencies of FA and AD comparable to
those of CID and PAD. Autoimmune enteropathy
and AD were reported among the main features
of disease after 1 month of age.®*

Allergy testing was commonly used by the par-
ticipants (82.1%) to evaluate IEl patients with al-
lergies, where measurement of serum specific IgE
was the most common test used (76%) to distin-
guish IgE from non-IgE mediated allergies. Limited
allergy testing among CVID patients with history
suggestive of allergic diseases was found in a
retrospective study by Bjelac and co-workers.? It
remained unclear whether the relatively low rate
of skin testing in patients with respiratory
concerns resulted from lack of recognition of
potential for IgE-mediated disease in CVID
patients.

More than one-fifth of IEIl patients with allergic
diseases required long term treatment to control
the allergic manifestations with corticosteroids
being used in 12.5% (5.0-31.7%) of all IEl patients.
Considering their immunosuppressive action, it is
challenging having to use them in patients with
such vulnerability to infections. Omalizumab was
rarely needed by the participants except in Japan,
where it was used in 20% of allergic patients but
no data is available about the indications of its use.
The use of omalizumab in the setting of immuno-
deficiency is limited to a few case reports mainly
among HIES®? and CVID?2 with acceptable safety
profile.

Allergic diseases are known to be more com-
mon among children than adults. In this study,
allergic diseases in centers serving children only
(n = 14) occurred at a frequency of 13.5% (10-
25%). Centers serving adults only were 3 not
permitting statistical comparison. They reported
FA at a frequency much less than that reported by
pediatric centers. Analysis of the USIDNET data
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revealed that FA and AD were more common
among |El patients younger than 18 years sup-
porting a consistency in the age trends of allergy
and pointing to the possibility that the mechanisms
underlying allergic diseases are the same in IEl as
they are in allergy in general.

We speculated that the level of development of
countries could impact the timely diagnosis and
the choices of treatment of IEl presenting allergic
manifestations. This speculation proved true to
some extent. The median frequency of delayed
diagnosis of IElI brought about by the initial pre-
sentation with allergy was lower, yet statistically
insignificant, in centers in developed (3%) versus
developing countries (11%), probably due to the
overall under and delayed diagnosis of IEl, as re-
flected by the number of patients registered in
developing countries on the one hand, and the
lack of neonatal screening for IElI in most of the
countries worldwide on the other. This calls for
more efforts to raise awareness of IEl among GPs
and physicians of different specialties especially
pediatricians, allergists and dermatologists. The
use of omalizumab for allergic IEl patients was
significantly higher in developed (1%) versus
developing countries (0%), p = 0.007, obviously
related to the cost of treatment. In spite that
developed countries experience an allergy
epidemic and outrun developing countries in this
regard, their higher frequency of allergic disease
was not statistically significant among IEl patients
(20% vs 15% respectively).

This study did not inquire about the morbidities
imposed by the allergic diseases and their long
term treatment on IEl patients, or which groups of
I[El initially presented with allergies, which we
considered as limitations of the study. We were not
able to capture the natural history of allergic dis-
eases. The lack of validation is another limitation to
our work. This study was aimed to include more
countries and include data from other registries
but failed to get responses from some of the
centers contacted. However, this project provided
a baseline network among centers to implement
prospective studies in the field.

In summary, this study, provided a multina-
tional view of the association of allergic diseases
with IEl. The compiling of data of such a big
number of IEl patients is the result of cooperation

and contribution of centers from all over the
world. Allergic diseases affect 16.3% of patients
with |El especially those with PAD and CID, and
their existence at initial presentation, impacts the
timely diagnosis of IEl in a median of 7.5% of
cases. BA was the main allergic disease reported
in patients with PAD, whilst in CID, atopic
dermatitis prevailed. The study also highlighted
the gaps in management of allergic diseases in IEl
between developed and developing countries
specifically the use of biologic therapies. Further
studies are needed to address differences in the
prevalence of allergic diseases in |El among
different countries, relevant to geographical lo-
cations, and among different age groups.

CONCLUSIONS

This worldwide study, incorporating data of an
outstanding number of IEl patients, brings to
focus the relation of allergic diseases with IEI
Major allergies do occur in |El patients, yet were
less frequent compared to the general popula-
tion. The initial presentation with allergy could
adversely affect the timely diagnosis of IEl with a
possibility of jeopardizing the prognosis.
Furthermore, the frequency of allergies are rela-
tively high in some types of IEl in particular,
imposing not only difficulties in diagnosis but also
necessitating the use of long term therapies,
some of which are immunosuppressant and might
constitute a challenge to the prevention and
treatment of infections in these patients. The use
of newer allergy diagnostic testing and taking
advantage of the latest treatment modalities
would help decrease morbidities from allergic
diseases in these immunodeficient patients. There
is a strong need for policies to raise awareness
and educate primary care and other referring
specialties on the association of allergic diseases
with |El. This WAO I|EI Committee project pro-
vided a network among |El centers to implement
prospective studies in the field.
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