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Abstract: Background: Allergy is a clinical condition that reflects a deviated function of the immune
system. The purpose of this study was to evaluate serum allergen-specific IgE (sIgE) along with clini-
cal manifestations of allergy in patients with diagnosed primary immunodeficiency (PID). Methods:
72 patients, aged 1-17 years, diagnosed with PID and hospitalized between July 2020 and February
2021 were included in the study. Blood samples were obtained by venipuncture. sIgE (30 allergens),
blood eosinophil count, as well as total IgE and IgG were measured and assessed in relation to a
detailed medical examination. Results: Serum sIgE was detected in the blood of 50% of the patients
in the study group, which significantly correlated (p < 0.0001) with clinical symptoms of allergy.
During the period of the study, 61.1% of the patients showed symptoms of allergy, with 77.27% of
them having tested positive for sIgE. The total IgE level was elevated in 18.06% of the patients and
correlated with clinical symptoms of allergy (p = 0.004). An elevated total IgE level was not observed
in children receiving immunoglobulin replacement therapy. Conclusion: The study showed that
serum sIgE and total IgE together might be a plausible diagnostic tool for PID patients. However, for
patients receiving immunoglobulin replacement therapy, the assessment of total IgE is not useful.

Keywords: allergy; inborn errors of immunity; immunoglobulin E (IgE); primary immunodeficiency
(PID); specific IgE (sIgE)

1. Introduction

Inborn errors of immunity (IEI) are a heterogeneous group of inherited diseases asso-
ciated with genetic susceptibility, often stemming from a single-gene mutation. In the past,
their prevalence was estimated at approximately 1:10,000-1:50,000. Due to novel diagnostic
procedures, new nosologic units have been described and classified as primary immunode-
ficiencies (PID). The description of clinical phenotypes is being continuously updated [1,2].
Currently, the prevalence of IEI is estimated at 1:1000-1:5000 [3]. More than 400 diseases
have been classified as PID. In most cases, they result from a single-gene mutation causing
impaired development and function of the immune system. Regardless of their exact
prevalence, PIDs are regarded as an unprecedented model, connecting defined monogenic
defects with clinical manifestations of incorrect immune regulation. Immune dysregulation
is a term used to characterize an array of autoimmune and inflammatory conditions [4]. In
practice, IEI are associated with increased susceptibility to infection (especially severe, atyp-
ical, and/or recurrent infections), autoimmunity, allergy, and malignancy [3,5]. Immune
dysregulation seems to be as important as susceptibility to infection in defining inborn
errors of immunity nowadays. The International Union of Immunodeficiency Societies
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(IUIS) regularly provides an overview of IEIL In current IUIS classification, there are 10
IEI categories according to their underlying molecular defect, and one of them is called
‘diseases of immune dysregulation’. Within these IUIS classifications, each disorder is only
listed once; therefore, these overviews do not feature phenotypic overlaps. However, it has
been shown that other patients classified as having B-cell, T-cell, or innate immune system
deficiencies are also at risk of autoimmune or inflammatory conditions [6].

Allergy develops due to a deviated function of the immune system. The occurrence
of allergy in the context of PID has always been a compelling issue. Several PIDs are
frequently associated with allergies. Moreover, common allergic reactions (eczema, al-
lergic rhinitis, asthma, and food allergies) are exaggerated immune responses that may
be manifestations of an underlying PID [7]. Appreciation of allergy as a manifestation
of immune dysregulation should also stimulate the involvement of allergy specialists [8].
The misdiagnosis of PID as allergy has been described and may be complicated by the
comorbidity of allergic diseases [8].

Atopic dermatitis (AD), in association with an elevated level of total IgE, constitutes a
clinical feature of the hyper-IgE syndrome, Omenn syndrome, and Netherton syndrome. In
the Wiskott—-Aldrich syndrome (WAS), features of eczema are indistinguishable from those
of atopic eczema. Selective IgA deficiency (sIgAD) often coexists with asthma, allergic
rhinitis (AR), AD, and food allergy (FA) [9,10]. Allergic diseases, including food and drug
allergies, are also present in other types of PID [11].

Studies on the prevalence of allergy in several PID disorders have shown mixed
results. The reported differences might be due to differences in methodological approaches,
as well as to ethnic and geographical diversity [12,13]. Thus, data on the prevalence of
FA in patients with PID are very limited. The purpose of this study was to evaluate the
prevalence of clinical manifestations of allergy and serum allergic-specific IgE (sIgE) in
patients with PID.

2. Materials and Methods

The study was consented by the Bioethical Commission of the Wroclaw Medical
University. Patients included in the study were previously diagnosed with PID (according
to IUIS criteria and classification and ICD-10) and hospitalized in the Clinical Immunology
and Pediatric Ward of the J. Gromkowski Provincial Hospital in Wroclaw from July 2020 to
February 2021. All parents/legal guardians and patients over 16 years signed an informed
consent before inclusion in the study.

The study group included 72 subjects (n = 46 boys, n = 26 girls) aged 1-17 years
(median age = 7; mean age = 7.7). The baseline characteristics of the patients are presented
in Table S1. Patients with predominantly antibody deficiencies (PAD; n = 51; 70.83%)
constituted most of the study group, followed by patients with combined immunodefi-
ciencies associated with syndromic features (1 = 11; 15.28%). In addition, the study group
was divided into two groups depending on the treatment received: a group of patients
received permanent immunoglobulin (Ig) substitution therapy (n = 19; 26.39%), and a
group did not receive Ig substitution therapy (n = 53; 73.61%) at the time of the study.
The group of patients receiving Ig replacement therapy (IRT) included patients with X-
linked agammaglobulinemia (1 = 1), common variable immunodeficiency (CVID; n = 3),
IgG subclass deficiency (n = 1), four patients with other hypogammaglobulinemias such
as IgG deficiency (n = 3) and IgG subclass plus IgM deficiency (1 = 1), one patient with
Kabuki syndrome plus IgG subclass deficiency, one patient with PRKDC mutation with
IgG subclass deficiency, two patients with severe combined immunodeficiency (SCID; one
of them was enrolled before hematopoietic stem cell transplantation (HSCT), and the other
was enrolled four years after HSCT), three patients with Nijmegen breakage syndrome
(NBS), three patients with ataxia—telangiectasia (A-T). Doses of Ig were individualized and
were within 0.2-0.8 g/kg (Table S2). In all cases, substitution therapy had started before
the initiation of the current study. Patients with hyper-IgE syndrome, Omenn syndrome,
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Netherton syndrome, WAS, which are associated with an elevated level of IgE, were not
included in the study because they were not represented in our database.

During the study, a detailed medical history of the patients was collected, in par-
ticular: (1) a documented diagnosis of allergic disease performed by a trained aller-
gist/pulmonologist, (2) family history of allergic diseases, (3) recurrent respiratory tract
infections, (4) skin eczema, (5) medications taken, especially antihistamine drugs, (6) weight
and/or height deficiency, (7) place of residence (village, town, city).

The following parameters were assessed by venous blood analysis: (1) concentration
of sIgE against 18 food allergens: egg white, egg yolk, cow’s milk, alpha-lactalbumin, beta-
lactoglobulin, casein, bovine serum albumin (BSA), codfish, flour mix, rice, soybean, peanut,
hazelnut, carrot, potato, apple, cacao, chicken; (2) concentration of sIgE against 11 inhalant
allergens: 6 grass mix, birch pollen, mugwort pollen, Dermatophagoides pteronyssinus, Der-
matophagoides farinae, cat epithelia, horse epithelia, dog epithelia, Cladosporium herbarum,
Aspergillus fumigatus, Alternaria alternata; (3) IgG concentration; (4) blood eosinophilia;
(5) total IgE level.

Clinical symptoms were assessed by a questionnaire including questions on inhalant
allergy: sneezing, rhinorrhea, nose/eyes itching, need to rub nose/eyes, watery eyes,
nasal obstruction, with or without facial itching, nasal congestion, reduced sense of smell,
trouble breathing with mouth closed. Symptoms of IgE-mediated food allergy (like pruri-
tus, flushing, urticaria, angioedema, conjunctival injection, lacrimation, periorbital edema,
oropharyngeal symptoms, allergy symptoms from the respiratory tract, gastrointestinal
symptoms like nausea/vomiting, abdominal cramping, bloating, diarrhea, signs of anaphy-
laxis) were assessed separately. Assessment of asthma and atopic dermatitis was mainly
based on specialists” consultations obtained from medical documentation.

sIgE were measured by quantitative enzyme immunoassay—the Polycheck © test
(Biocheck GmbH, Miinster, Germany), according to the manufacturer’s instructions. The
threshold for a positive result for sIgE, which was indicative of sensitization, was >0.35 kUa/L.
Subjects with at least one positive sIgE were considered to be sensitized. IgG and total IgE
concentrations were measured by immunoturbidimetry. The total IgG and IgE reference
ranges depended on the age of the individual. Elevated total IgE was defined as total IgE
concentration above the age-related reference ranges.

Statistical analysis of the data was conducted using the spreadsheet of Microsoft
Office Excel (Microsoft Corp., Washington, DC, USA) and Statistica v.13—for qualitative
data—Pearson’s chi-squared. The significance level was accepted as o = 0,05. A p-value
less than 0.05 was considered statistically significant.

3. Results
3.1. Allergen-Specific IgQE

slgE > 0.35 kUa/L were detected in the sera of 50.0% (1 = 36) of the PID patients
(n =72), which correlated (p < 0.0001) with the presence of clinical symptoms of inhalant
and/or food allergy (Table S3). During the period of the study, 61.11% (n = 44) of the
children with PID reported subjective symptoms of allergy, and in this group, 77.27%
(n = 34) tested positive for sIgE. In most cases, there was a correlation between reported
symptoms and positive sIgE. In 17 patients, the correlation was more evident, notably if
there were symptoms of inhalant allergy (n = 12).

sIgE concentrations in the majority of allergic patients (n = 20; 27.78% of PID patients)
ranged from 0.35 to 3.5 kU/L, while in 22.22% (1 = 16) of the patients, sIgE concentration
was >3.5 kU/L (Table 1 and Table S4). sIgE against only one allergen was observed in
22.22% (n = 16) of the PID patients, while in 18.06% (n = 13), sIgE against three and more
allergens were observed. In most cases, sIgE were against food allergens (1 = 18; 25%),
whereas in 9 children (12.5%), they were only against inhalant allergens, and in other
9 children (12.5%) they were against both inhalant and food allergens.
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Table 1. Characteristics of patients with sIgE concentration > 3.5 kU/L.
. Correlation
Patient 'Prev10}15 Reported Allergy sIgE between sIgE Eosinophil . .
No Age Gender PID Type Dlag‘nom‘s of Symptoms [KU/L] Total IgE [TU/mL] and Allergy Count [10*/uL] Antihistamines
Allergic Disease
Symptoms
Nasal obstruction 6 Grass mix =2.9
Sneezing D. pteronyssinus > 100
IgM, IgG subclass Nose/eyes itching D. farinae > 100
! 8 M deficiency A, AR, FA Trouble breathing with Cat=33.0 58710.5-393] Yes 177 Yes
mouth closed Dog = 0.89
Recurrent bronchitis A. alternata =12
D. pteronyssinus = 13.0
- Rhinorrhea D. farinae = 65.0 .
2 14 M IgM deficiency AR, FA Diarrhea Cat = 0.81 207 [1.9-170] Possible 0.12 No
BSA =05
Nose/eyes itching Horse = 0.53
3 13 M IgA deficiency AD Eczema Cow’s milk = 2.0 34,2 [1.9-170] Possible 0.17 No
Pruritus BSA =38.0
D. pteronyssinus > 100
IgM and IgG D. farinae > 100
4 7 M subclass No Sneezing Cat=1.2 328 [0.5-393] Yes 3.75 No
deficiency Dog =22
Horse = 0.45
6 Grass mix > 100
Birch pollen > 100
Mugwort pollen = 0.86
D. pteronyssinus = 4.5
D. farinae = 48
Cat=0.27
Dog =74
Ecze.ma C. herbarum =1.9
Pruritus
IgG subclass Sneezin, A. alternata = 5.0
5 6 F gl su A, AD, FA 8 Egg white = 0.94 823.5 [0.5-393] Yes 0.32 Yes
deficiency Nose/eyes itching P
. . Cow’s milk = 0.94
Trouble breathing with .
mouth closed Casein = 0.36
Flour Mix 0.46
Rice = 0.86
Peanut = 54.0
Hazelnut = 0.91
Carrot = 0.77
Potato = 1.8

Apple =0.99
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Table 1. Cont.

] Previous Correlation ) )
Palsznt Age Gender PID Type Diag.nosi‘s of Re};(‘;:rfgtg;:rgy [li{lgl}li] Total IgE [IU/mL] baertl‘évielrllesrlggyE Cf:riﬁ(l)g;;:}u Antihistamines
Allergic Disease S
ymptoms
6 Grass mix > 100
Birch pollen = 3.5
Mugwort pollen = 0.81
Sneezing D. pteronyssinus = 1.3
o D. farinae = 11
IgG subclass Nose/eyes itching Cat=4.1
6 12 F defici AR Watery eyes Doo = O 6 466 [1.9-170] Yes 0.17 Yes
ehdency Need to rub eyes/nose 08 ="
y _
Nasal obstruction A alternata = 1.2
Flour Mix = 0.43
Rice = 0.48
Carrot = 0.50
Sneezing
Nose/eyes itching
Watery eyes .
Need to rub eyes/nose b. ;geronyssznusi 50100
7 6 M IgA deficiency A, AR Nasal obstruction '{ggzmjzs 699 [0.5-393] Yes 0.35 Yes
Nasal congestion Cow’s milk : 0.44
Rhinorrhea ’
Abdominal cramping
Recurrent bronchitis
Sneezing
Nose/eyes itchin .
8 4 F I%G subclass A Wate};y eyes & Birch pollen =1.3 38.4[0.4-351] Yes 0.72 Yes
eficiency Need Cat=15
eed to rub eyes/nose
Recurrent bronchitis
Sneezing
Nose/eyes itching
IgA and IgG Watery eyes .
9 6 F subclass AD, AR, FA Need to rub eyes/nose lgiﬁ;assoﬁlel;( B ? 07 [59%] Yes 0.12 Yes
deficiency Rhinorrhea P o
Nasal obstruction
Eczema
IgG subclass 6 Grass mix > 100
10 10 F defici AR Rhinorrhea Birch pollen = 0.63 227 [<200] Yes 0.22 No
eficiency

Mugwort pollen = 0.64
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Table 1. Cont.
Previous Correlation
Patient . . Reported Allergy sIgE between sIgE Eosinophil s .
No Age PID Type Dlag.nom‘s of Symptoms [KU/L] Total IgE [IU/mL] and Allergy Count [10*/uL] Antihistamines
Allergic Disease
Symptoms
6 Grass mix > 100
Eczema Birch pollen = 0.50
11 16 IgM deficiency AD, AR Rhi Mugwort pollen = 0.51 1157 [1.5-100] Possible 0.17 Yes
inorrhea S v
Cow’s milk = 0.54
BSA =49
Eczema 6 Grass mix = 4.1
PRKDC mutation, Nasal congestion Birch pollen = 0.36
12 9 IgG subclass AD, AR, FA Cough Mugwort pollen = 0.88 131 [0.5-393] Yes 0.23 Yes
deficiency Sneezing Cat=0.96
Nose/eyes itching Dog = 0.63
Eczema Dog = 0.37
Complement Pruritus Horse = 0.36
13 3 L AD Excoriatio ) 10.5 [<60] Possible 0.2 No
deficiency . BSA =99
Rhinorrhea S e
Cow’s milk = 0.73
Cough
Phagocyte S il
14 2 number/function U Urticaria Cow’s milk =077 17.3 [<60] Possible 0.22 No
L BSA =7.0
deficiency
. . 6 Grass mix = 4.0
15 7 C:Snglgﬁi;al AR NOSIZ}/‘L“‘Z;}i‘fC;m Horse = 0.72 47.3 [0.5-393] Yes 0.27 Yes
P Y & A. alternata = 9.4
6 Grass mix = 2.7
Birch pollen = 0.36
Mugwort pollen = 0.58
D. pteronyssinus = 0.81
D. farinae = 0.94
Lymphocyte T Urticaria Cow’s milk = 0.52 . .
16 10 deficiency U Flushing BSA = 4.4 908 [1.9-170] Possible 0.19 Yes
Flour Mix = 0.37
Rice = 0.44
Carrot = 0.39
Potato = 0.93
Apple =1.00

Abbreviations: A—asthma; AC—allergic conjunctivitis; AD—atopic dermatitis; AR—allergic rhinitis; BSA—bovine serum albumin; F—female; FA—food allergy; Ig—immunoglobulin;
M—male; No—number; PID—primary immunodeficiencies; PRKDC—Protein Kinase, DNA-Activated, Catalytic Subunit; U—urticaria.
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The presence of sIgE (>0.35 kU /L) against BSA in 33.33% (n = 24) of patients with PID
was an interesting finding. In most of these cases (1 = 20; 83.33%), it correlated with clinical
symptoms of milk allergy at the time of the study or in the past. sIgE against BSA showed
low values (<0.7 kU/L; n = 12). A higher concentration of sIgE against BSA was observed in
patients without Ig replacement therapy than in patients receiving Ig substitution therapy,
and the difference between these two groups was statistically significant (p = 0.03; Figure 1).

35}

= N N w
(6} o ($)] o

sIgE against BSA [KU/L]

-
o

——

' o Median
IRT (-) IRT (+) [125%-75%
Immunoglobulin replacement therapy (IRT) IMin-Max

Figure 1. Concentration of sIgE against BSA (bovine serum albumin) in PID patients during im-
munoglobulin replacement therapy (IRT+) and not receiving IRT (IRT—) (p = 0.03).

Twenty-one (29.17%) patients showed chronic or recurrent skin eczema, and the
majority of them (n = 16) had a significantly increased sIgE level (p = 0.003).

There was no significant correlation between the prevalence of recurrent respiratory
tract infections and the serum sIgE level (p = 0.55).

The levels of sIgE against inhalant allergens correlated with an elevated total IgE
(p = 0.0002). However, no correlation with blood eosinophilia (p = 0.85), recurrent respira-
tory tract infections (p = 0.23), family history of allergic diseases (p = 0.99) was observed.
There was no significant difference between males and females (p = 0.39).

The levels of sIgE against food allergens did not correlate with eosinophilia (p = 0.31),
total IgE (p = 0.14), weight deficiency (p = 0.87), height deficiency (p = 0.65), positive
family history of allergy (p = 0.53). There was no effect of the treatment with antihistamine
medications (p = 0.54).

Although 72.22% (n = 26) of the patients with increased sIgE were males, the difference
between the sexes was not significant (p = 0.14). In addition, there was no significant
difference between different groups of PID (Table 2).
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Table 2. Prevalence of sensitization to food allergens, skin eczema, clinical symptoms of allergy,
elevated total IgE and sIgE levels in the recruited patients with PID.

TYFe_Og ZP)ID ical Sensitization to Food Allergens

"= Clinical Symptoms sIgE > 0.35 kUa/L Elevated Total IgE (sIgE > 0.35 kUa/L) + Clinical Skin Eczema
Selected Of( Allzﬁy (n =36) (n=13) Symptoms (n=21)
Parameter "= (n=23)

SCID (1 = 2) 1= 0 (0.00%) 1 =1 (50.00%) 1 =0 (0.00%) 1 =0 (0.00%) 1 =0 (0.00%)
Ataxia-telangiectasia (1 = 4) 1 =3 (75.00%) 1 =3 (75.00%) 1 =0 (0.00%) 1 = 2 (50.00%) =1 (25.00%)
Nijmegen syndrome (1 = 3) n=1(33.33%) n=1(33.33%) n =0 (0.00%) n =1(33.33%) n=1(33.33%)
DiGeorge syndrome (1 = 2) n =1 (50.00%) n =1 (50.00%) n =0 (0.00%) n =1 (50.00%) n =0 (0.00%)

Kabulasfl‘?mme 1 =0 (0.00%) 1 =0 (0.00%) 1 =0 (0.00%) 1 =0 (0.00%) 1 =0 (0.00%)
: _ _ o _ o _ o _ o n=1
PRKDC mutation (n = 1) n =1 (100.00%) n =1 (100.00%) n =0 (0.00%) n =0 (0.00%) (100.00%)
(I;re:dglr;inantly Ab deficiency 1 =31 (60.78%) 1 = 24 (47.06%) 1 =12 (23.53%) 1 =15 (29.41%) (3”12715)
CVID (n =3) n =2 (66.67%) n =2 (66.67%) n =0 (0.00%) n =2 (66.67%) n =1 (33.33%)
X-linked agammaglobulinemia _ o _ o _ o _ o n=1
n=1) 1 =1 (100.00%) 1 =1 (100.00%) 1 =0 (0.00%) n =1 (100.00%) (100.00%)
E’f‘f;(})‘)ypo'gammagl"bulmemm s 1 =12 (60.00%) 1 =10 (50.00%) 1 = 4 (20.00%) 1 = 4 (20.00%) 1= 6 (30.00%)
IgG subclass deficiency (n = 20) n =12 (60.00%) n =7 (35.00%) n =6 (30.00%) n =5 (25.00%) n =7 (35.00%)
selective IgA deficiency (n =7) n =4 (57.14%) n =4 (57.14%) n =2 (28.57%) n =3 (42.86%) n=1(14.29%)
Congenital defects of phagocyte _ _ _ _ _
romber, function ot both 11 2 3) 1 =2 (66.67%) n=1(33.33%) 1 =0 (0.00%) n=1(33.33%) 1 =0 (0.00%)
Complement deficiency (n = 2) n =2 (100.00%) n =2 (100.00%) n =0 (0.00%) n =2 (100.00%) n =1 (50.00%)
Others (n = 3) n =3 (100.00%) n =2 (66.67%) n=1(33.33%) n=1(33.33%) n=1(33.33%)

Abbreviations: Ab—antibody; CVID—common variable immunodeficiency; n—number of cases; sigE—allergen-
specific immunoglobulin class E; PID—primary immunodeficiencies; PRKDC—Protein Kinase, DNA-Activated,
Catalytic Subunit; SCID—severe combined immunodeficiency; X-linked—gene is located in the X chromosome.

An increased sIgE level was observed in 47.17% (25/53) of patients not receiving IRT
and in 57.89% (11/19) of patients undergoing IRT, but the difference between these two
groups was not statistically significant (p = 0.42).

A statistically significant difference (p = 0.047) was observed with regard to rural or
urban residence (Figure 2): 25% of patients living in the countryside had increased sIgE.
Increased sIgE was found in the serum of 57.14% of children living in an urban area, while
26.79% of children from urban environments showed an sIgE level > 3.5 kU/L, and none
of the individuals from the countryside had sIgE levels > 3.5 kU/L (p = 0.047; Figure 2B).

3.2. Total IgE Level

The total IgE level was normal in the majority (69.44%, n = 25) of the 36 children with
increased (>0.35 kU/L) sIgE. On the other hand, 84.62% (1 = 11) of the 13 patients (18.06%
of all 72 recruited patients) with an elevated total IgE level had increased sIgE concentration
as well. There was a statistically significant correlation between sIgE and total IgE levels
(p = 0.014). Furthermore, an elevated level of total IgE correlated with clinical symptoms of
allergy in this particular group (p = 0.004; Table S3) but did not correlate with skin eczema
(p=0.31).

There was a statistically significant difference (p = 0.04) between PID patients treated
with Ig and PID patients who were not undergoing Ig therapy (Figure 3). While the total
IgE level was elevated in 24.53% (n = 13) of patients not receiving IRT, such deviation was
not observed in those patients (1 = 0) who were undergoing IRT.
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msIgE>035kU/L  msIgE < 0.35 kU/L

=
&
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=
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VILLAGE TOWN & CITY
mslgE >3 5kU/L msIgE<3.5kU/L
g
o
=
£
VILLAGE TOWN & CITY

Figure 2. (A). sIgE level depending on the living place (p = 0.047). (B). Prevalence of allergen-specific
IgE concentration > 3.5 kU/L depending on the living place (village vs. town and city; p = 0.047).
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mnormal total IgE level  melevated total IgE level

PERCENT

IMMUNOGLOBULIN REPLACEMENT WITHOUT IMMUNOGLOBULIN THERAPY
THERAPY

Figure 3. Total IgE level in relation to immunoglobulin replacement therapy (p = 0.04).

3.3. Blood Eosinophilia

Increased counts of eosinophils were observed in the blood of 15.28% (1 = 11) of the
72 patients included in the study. Eosinophilia was slightly more often observed in females
(n =5;19.23% of all females) than in males (n = 6; 13.04% of all males), but the difference
was not statistically significant (p = 0.48). The counts of eosinophils did not correlate with
sIgE presence (p = 0.74), clinical symptoms of allergy (Tables S3 and S5; p = 0.62), skin
eczema (p = 0.85), recurrent respiratory tract infections (p = 0.29), or total IgE level (p = 0.66).

3.4. Clinical Manifestations

Of the 72 patients included in the study, 18.06% were previously diagnosed by a
trained allergist/pulmonologist with asthma, 20.84% with AR, 23.61% with FA, and 25%
with AD; urticaria occurred in 2.78% of the patients, AC in 1.39%, and drug-induced
anaphylaxis in 1.39% (Table S5). Previous diagnoses were obtained from the patients’
medical records.

4. Discussion

IgE plays a key role in the pathogenesis of allergic diseases, especially in mast
cell/basophil activation, as well as in antigen/allergen presentation. The level of total
IgE was considered in early studies as a marker to identify allergic subjects, but it became
evident that total IgE levels cannot confirm an allergy status in a patient [14,15].

Performing serological diagnostics in patients with PID presents some challenges.
For example, in patients with a common variable immunodeficiency (CVID), who show
extremely low levels of IgE, traditional methods of sIgE measurement may provide false-
negative results. In such conditions, sensitization should be confirmed using other methods,
for example, bronchial provocation tests with allergens, etc. [16]. In a study conducted
by Lawrence et al., an undetectable IgE level appeared in 75.6% (95% CI, 65.6-85.7%)
of patients with CVID, and allergen sIgE was not detectable in 96.5% of patients with
CVID [17]. Three patients with CVID participated in our study, and sIgE (but not total IgE)
correlated with clinical symptoms of allergy (Table 2). However, it is worth adding that the
sIgE level was between 0.35 and 0.70 kU /L in these patients, and the correlation was not
confirmed by an oral food challenge.

According to some studies, the cut-off level of 0.35 kUa/L for allergen-specific IgE
might be insufficient to predict clinical reactivity [18-22]. For example, in the study by
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Garcia-Ara et al., it was shown that different cut-off points for specific IgE levels for milk
and casein, which indicated clinical reactivity, were found at different ages. The specific IgE
levels that were predictors of clinical reactivity (positive predictive value > 90%), grew as
the age of the infants increased: 1.5, 6, and 14 kUA /L for milk for patients in the age ranges
of 13-18 and 19-24 months and in the third year, respectively [18]. However, it is worth
noticing that this study was not conducted among children with PID. The application of the
predictive values of a diagnostic test changes with the disease prevalence, and consequently,
these values are not valid for populations with a different prevalence [18]. In our study, an
sIgE concentration between 0.35 kU/L and 3.5 kU/L was detected among 27.78% (n = 20)
of the patients with PID, while 22.22% (n = 16) of the study group had an sIgE level
above 3.5 kU/L. Nevertheless, we are aware that the utility of, especially, food-specific
IgE concentrations in predicting symptomatic food allergies in the context of IEI patients
may be questionable, and further studies including, e.g., oral food challenges are needed.
Defining the cut-off values for specific IgE among patients with immunodeficiency would
be helpful in clinical practice.

Allergy tests, both skin testing and in vitro sIgE tests, must always be interpreted in
the context of the patient’s specific clinical history, because a “positive” test does not always
entail clinical allergy [23-25]. The definitive diagnosis of an IgE-mediated allergy requires
the detection of specific IgE and knowledge of the history of allergy on exposure to that
allergen [15]. It is not uncommon to find allergen-specific IgE in the serum of people who
do not report allergic symptoms [26].

The likelihood that a positive sIgE test result will correlate with clinical symptoms
is influenced by the degree of positivity, the type of allergen, and the patient’s clinical
history. Venom- and food-specific IgE have been reported in up to 25% and 60% of the
general population, respectively [26-28]. In food-allergic subjects, the test sensitivity can be
improved by using higher cutoffs, which, however, are food-specific. The predictive values
also vary with age. Younger children and infants show symptoms while presenting lower
sIgE levels compared with older children [18]. Patients with higher sIgE levels are more
likely to develop symptoms upon exposure to an allergen than patients with lower sIgE
levels. However, strongly positive tests do not necessarily predict the severity of allergic
symptoms (anaphylaxis) [29]. Regrettably, the threshold levels have not been determined
for most allergens.

An elevated level IgE is often associated with a number of PIDs, such as hyper IgE
syndrome, WAS, Netherton syndrome, IPEX syndrome, Omenn syndrome [30]. One
phenotype of complete DiGeorge syndrome has oligoclonal T cell expansion with elevated
IgE levels. The pathophysiological role of increased IgE in these disorders is unclear.
However, patients with these disorders were not included in this study. Children with
hypogammaglobulinemia (n = 20) involving one or more main classes of immunoglobulins
as well as patients with IgG subclass deficiency (n = 20) constituted the majority of the
study group. The prevalence of sIgE and clinical symptoms of allergy varied between
the types of PID (Table 2), affecting 50% (sIgE presence) and 61.11% (self-reported allergy
symptoms) of the patients in the study group, respectively.

In the USIDNET study, the prevalence of FA as well as AD in PID patients from
the USA was found to be lower than in the general population (FA, 2.5%; AD, 10.7%).
However, the authors indicated that FA was more commonly reported in patients with
specific PIDs, compared to what would be expected in the general population, i.e., in the
presence of combined immunodeficiencies (33.3%), sIgAD (25%), CD40 ligand deficiency
(7.7%), primary hypogammaglobulinemia (7.1%), hyper IgE syndrome (6.3%) [11]. AD was
most commonly reported in patients with a deficiency of the nuclear factor kB essential
modulator (62.5%), WAS (41.5%), combined immunodeficiency (33.3%), selective IgM
deficiency (33.3%), and hyper IgE syndrome (25%) [11].

Although the problem of the coexistence of allergy and PID diseases has been a sub-
ject of investigation in a number of studies, the results are largely inconsistent. While
in an Iranian study involving patients with sIgAD, atopic eczema was observed in 52%
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of the patients [12], in Brazil, it affected only 2.38% of the patients [31], and in a study
conducted in Sweden, a statistically significant correlation between AD and sIgAD was
not observed [13]. In a study conducted by Dadkhah et al., 20% of Iranian patients with
hypogammaglobulinemia additionally suffered from asthma, 22% of patients were diag-
nosed with AR, and 9% with AD [32]. A study from Kuwait confirmed that 19% of PID
patients suffered from AD [33]. A 2020 study conducted in a Polish city in patients with
Ab deficiencies revealed that the total level of IgE was elevated in 21% of the patients, and
sIgE against inhalant allergens was found in 21% of the patients. The most common clinical
manifestations included asthma (66.7% patients), AD (22.8%), and AR (12.3%) [34]. In our
study, a comparable, elevated total IgE level (23.53%; Table 2) was observed in patients with
PAD. The presence of sIgE was much more common (47.06%) in our patients with PAD, but
it is worth mentioning that in our study, we used a larger test kit with more allergens, and
different laboratory methods were applied in both studies ImmunoCAP vs. Polycheck).

In the group of patients with PID, differences with regard to the place of residence
and an increased prevalence of allergy in patients residing in urban areas were observed,
which mirrors the results of epidemiological studies involving the general population [35].
This is definitely an interesting observation, and more studies concerning the impact of
environmental factors on the prevalence of serum sIgE and the progress of allergy in this
particular group of patients are needed.

The fact that the values of the total IgE level were normal in PID patients undergoing
IRT is an interesting observation that is confirmed by some other studies [36,37]. Durandy
etal. treated a cohort of children with recurrent infections with low doses of Ig and observed
that in several allergic patients from this group, in whom serum IgE concentrations were
high, the serum levels of IgE were normalized after 3 to 4 months of Ig therapy [38]. A
study conducted by Jee et al. in patients with AD and an elevated total IgE concentration
demonstrated that intravenous immune globulin (IVIg) therapy (2 g/kg/month) had an
impact on IgE levels: the levels declined during IVIg treatment but returned to their initial
values 6 months after treatment [37]. Noh et al. investigated 41 children given a single
dose of IVIg and observed that in 40% of the subjects there was a significant improvement
associated with a decrease in serum IgE [39]. This effect may be associated with the
immunomodulatory effect of IVIg or stem from a downregulation of the factors driving
IgE production [39,40]. The impact of substitutional doses of immunoglobulins on total
IgE and specific IgE in PID patients in a long-time perspective requires further research
and should involve a larger study group. However, it is worth noticing that few patients
in the Ig replacement therapy group (e.g., with X-linked agammaglobulinemia, CVID)
might have a deficiency of other antibody classes, including IgE; however, there were
also patients with other conditions, such as IgG subclass deficiency /Nijmegen breakage
syndrome/ataxia—telangiectasia, in that group (IRT+).

Another point to be addressed regards patients with reported symptoms of allergy
without positive (>0.35 kU /L) sIgE (n = 10). Two patients from that group were receiving Ig
replacement therapy at a stable dose during the entire study, two had an sIgE concentration
between 0.15 kU/L and 0.35 kU /L against cat dander, and another two against birch pollen
with airway allergic symptoms. The possibility of non-IgE-mediated mechanisms remains
to be investigated.

The main limitations of this study was the use of a single method for confirming
patients’ sensitization, without provocation tests and assessment of asthma phenotypes.
These issues will be addressed in follow-up studies.

In IEI, an abnormally functioning immune system often does not protect the organism
from infections and permits abnormal and excessive hypersensitivity reactions. The de-
velopment of allergies in IEI is caused by the disruption of the complex balance between
effector and regulatory cells in the immune system [6]. The potential mechanisms leading to
such dysregulation include failure of central thymic tolerance, imbalance between effector
and regulatory T-cell functions, failure in the production of counter-regulating interferon-
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gamma (IFN-y) [6,41]. Possible differences in microbial colonization and infection patterns
are additional factors of interest.

5. Conclusions

This study revealed that the prevalence of allergic diseases and atopy in the pediatric
population with IEI is high. PID patients should be carefully monitored with regard to
their risk of allergy. The study showed that serum sIgE and total IgE together might be a
plausible diagnostic tool for these patients. However, for patients with IRT, the assessment
of total IgE is not useful in the context of allergy. Further, more detailed studies including
patients with increased levels of sIgE are needed.
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A asthma

Ab antibody(ies)

AC allergic conjunctivitis

AD atopic dermatitis

AR allergic rhinitis

A-T ataxia—telangiectasia

BSA bovine serum albumin

CVID common variable immunodeficiency

FA food allergy
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HSCT hematopoietic stem cell transplantation
ICD-10 International Statistical Classification of Diseases and Related Health Problems
IEI inborn errors of immunity
IFN-y interferon-gamma
IgE/G/A/M immunoglobulin(s) class E/G/A/M
IPEX syndrome  immunodysregulation, polyendocrinopathy, enteropathy X-linked syndrome
IRT immunoglobulin replacement therapy
IUIS International Union of Immunodeficiency Societies
n number
NBS Nijmegen breakage syndrome
NHANES The National Health and Nutrition Examination Survey
PAD predominantly antibody deficiencies
PID primary immunodeficiency
PRKDC Protein Kinase, DNA-Activated, Catalytic Subunit
sIgE allergen-specific immunoglobulin class E
sIlgAD selective IgA deficiency
SCID severe combined immunodeficiency
SPT skin prick test
U urticaria
USIDNET US Immunodeficiency Network
WAS Wiskott—Aldrich syndrome
X-linked gene is located in the X chromosome
References
1.  Bucciol, G.; Moens, L.; Bosch, B.; Bossuyt, X.; Casanova, J.L.; Puel, A.; Meyts, I. Lessons learned from the study of human inborn

10.

11.

12.

13.

14.

errors of innate immunity. J. Allergy Clin. Immunol. 2019, 143, 507-527. [CrossRef] [PubMed]

Meyts, I.; Bosch, B.; Bolze, A.; Boisson, B.; Itan, Y.; Belkadi, A.; Pedergnana, V.; Moens, L.; Picard, C.; Cobat, A.; et al. Exome and
genome sequencing for inborn errors of immunity. J. Allergy Clin. Immunol. 2016, 138, 957-969. [CrossRef] [PubMed]

Tangye, S.G.; Al-Herz, W.; Bousfiha, A.; Chatila, T.; Cunningham-Rundles, C.; Etzioni, A.; Franco, ].L.; Holland, S.M.; Klein, C,;
Morio, T.; et al. Human Inborn Errors of Immunity: 2019 Update on the Classification from the International Union of
Immunological Societies Expert Committee. J. Clin. Immunol. 2020, 40, 24-64. [CrossRef]

Mauracher, A.A.; Gujer, E.; Bachmann, L.M.; Giisewell, S.; Schmid, J.P. Patterns of Immune Dysregulation in Primary Immunode-
ficiencies: A Systematic Review. J. Allergy Clin. Immunol. Pract. 2021, 9, 792-802.e10. [CrossRef] [PubMed]
Lewandowicz-Uszyniska, A.; Pasternak, G.; Swierkot, J.; Bogunia-Kubik, K. Primary Immunodeficiencies: Diseases of Children
and Adults—A Review. Adv. Exp. Med. Biol. 2021, 1289, 37-54. [CrossRef] [PubMed]

Sokol, K.; Milner, ].D. The overlap between allergy and immunodeficiency. Curr. Opin. Pediatr. 2018, 30, 848-854. [CrossRef]
[PubMed]

Chan, S.K.; Gelfand, E.W. Primary Immunodeficiency Masquerading as Allergic Disease. Immunol. Allergy Clin. N. Am. 2015, 35,
767-778. [CrossRef]

Ponsford, M.].; Klocperk, A.; Pulvirenti, F; Dalm, V.A.S.H.; Milota, T.; Cinetto, F.; Chovancova, Z.; Rial, M.].; Sediva, A,;
Litzman, J.; et al. Hyper-IgE in the allergy clinic—When is it primary immunodeficiency? Allergy 2018, 73, 2122-2136. [CrossRef]
Lougaris, V.; Sorlini, A.; Monfredini, C.; Ingrasciotta, G.; Caravaggio, A.; Lorenzini, T.; Baronio, M.; Cattalini, M.; Meini, A.;
Ruggeri, L.; et al. Clinical and Laboratory Features of 184 Italian Pediatric Patients Affected with Selective IgA Deficiency (SIgAD):
A Longitudinal Single-Center Study. J. Clin. Immunol. 2019, 39, 470-475. [CrossRef]

Urm, S.H.; Yun, H.D,; Fenta, Y.A.; Yoo, K.H.; Abraham, R.S.; Hagan, J.; Juhn, Y.J. Asthma and risk of selective IgA deficiency or
common variable immunodeficiency: A population-based case-control study. Mayo Clin. Proc. 2013, 88, 813-821. [CrossRef]
Tuano, K.S.; Orange, ].S.; Sullivan, K.; Cunningham-Rundles, C.; Bonilla, FA.; Davis, C.M. Food allergy in patients with primary
immunodeficiency diseases: Prevalence within the US Immunodeficiency Network (USIDNET). J. Allergy Clin. Immunol. 2015,
135, 273-275. [CrossRef] [PubMed]

Aghamohammadi, A.; Cheraghi, T.; Gharagozlou, M.; Movahedi, M.; Rezaei, N.; Yeganeh, M.; Parvaneh, N.; Abolhassani, H.;
Pourpak, Z.; Moin, M. IgA deficiency: Correlation between clinical and immunological phenotypes. J. Clin. Immunol. 2009, 29,
130-136. [CrossRef] [PubMed]

Janzi, M.; Kull, L; Sjoberg, R.; Wan, J.; Melén, E.; Bayat, N.; Ostblom, E.; Pan-Hammarstrom, Q.; Nilsson, P.; Hammarstrom, L.
Selective IgA deficiency in early life: Association to infections and allergic diseases during childhood. Clin. Immunol. 2009, 133,
78-85. [CrossRef] [PubMed]

Wittig, H.J.; Belloit, ].; De Fillippi, I.; Royal, G. Age-related serum immunoglobulin E levels in healthy subjects and in patients
with allergic disease. J. Allergy Clin. Immunol. 1980, 66, 305-313. [CrossRef]


http://doi.org/10.1016/j.jaci.2018.07.013
http://www.ncbi.nlm.nih.gov/pubmed/30075154
http://doi.org/10.1016/j.jaci.2016.08.003
http://www.ncbi.nlm.nih.gov/pubmed/27720020
http://doi.org/10.1007/s10875-019-00737-x
http://doi.org/10.1016/j.jaip.2020.10.057
http://www.ncbi.nlm.nih.gov/pubmed/33186766
http://doi.org/10.1007/5584_2020_556
http://www.ncbi.nlm.nih.gov/pubmed/32803731
http://doi.org/10.1097/MOP.0000000000000697
http://www.ncbi.nlm.nih.gov/pubmed/30407976
http://doi.org/10.1016/j.iac.2015.07.008
http://doi.org/10.1111/all.13578
http://doi.org/10.1007/s10875-019-00647-y
http://doi.org/10.1016/j.mayocp.2013.05.021
http://doi.org/10.1016/j.jaci.2014.09.024
http://www.ncbi.nlm.nih.gov/pubmed/25441296
http://doi.org/10.1007/s10875-008-9229-9
http://www.ncbi.nlm.nih.gov/pubmed/18683032
http://doi.org/10.1016/j.clim.2009.05.014
http://www.ncbi.nlm.nih.gov/pubmed/19541543
http://doi.org/10.1016/0091-6749(80)90026-3

Children 2022, 9, 466 15 of 15

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

Ansotegui, L.].; Melioli, G.; Canonica, G.W.; Caraballo, L; Villa, E.; Ebisawa, M.; Passalacqua, G.; Savi, E.; Ebo, D.; Gémez, RM,;
et al. IgE allergy diagnostics and other relevant tests in allergy, a World Allergy Organization position paper. World Allergy
Organ. J. 2020, 13, 100080. [CrossRef]

Agondi, R.C.; Barros, M.T.; Rizzo, L.V.; Kalil, ].; Giavina-Bianchi, P. Allergic asthma in patients with common variable immunode-
ficiency. Allergy 2010, 65, 510-515. [CrossRef]

Lawrence, M.G.; Palacios-Kibler, T.V.; Workman, L.J.; Schuyler, A.].; Steinke, ] W.; Payne, S.C.; McGowan, E.C.; Patrie, ].; Fuleihan,
R.L.; Sullivan, K.E.; et al. Low Serum IgE Is a Sensitive and Specific Marker for Common Variable Immunodeficiency (CVID).
J. Clin. Immunol. 2018, 38, 225-233. [CrossRef]

Garcia-Ara, M.C.; Boyano-Martinez, M.T.; Diaz-Pena, ].M.; Martin-Mufioz, M.E; Martin-Esteban, M. Cow’s milk-specific
immunoglobulin E levels as predictors of clinical reactivity in the follow-up of the cow’s milk allergy infants. Clin. Exp. Allergy
2004, 34, 866-870. [CrossRef]

Sampson, H.A. Utility of food-specific IgE concentrations in predicting symptomatic food allergy. J. Allergy Clin. Immunol. 2001,
107, 891-896. [CrossRef]

Graham, F; Caubet, ].C.; Ramadan, S.; Spoerl, D.; Eigenmann, P.A. Specific IgE Decision Point Cutoffs in Children with
IgE-Mediated Wheat Allergy and a Review of the Literature. Int. Arch. Allergy Immunol. 2020, 181, 296-300. [CrossRef]

Perry, T.T.; Matsui, E.C.; Kay Conover-Walker, M.; Wood, R.A. The relationship of allergen-specific IgE levels and oral food
challenge outcome. J. Allergy Clin. Immunol. 2004, 114, 144-149. [CrossRef] [PubMed]

Hong, S.D.; Ryu, G.; Seo, M.Y,; Jeong, J.I.; Kim, H.Y.; Chung, S.-K.; Dhong, H.-J. Optimal cutoff values of allergen-specific
immunoglobulin E to house dust mites and animal dander based on skin-prick test results: Analysis in 16,209 patients with
allergic rhinitis. Am. J. Rhinol. Allergy 2018, 32, 23-26. [CrossRef] [PubMed]

Fleischer, D.M.; Bock, S.A.; Spears, G.C.; Wilson, C.G.; Miyazawa, N.K.; Gleason, M.C.; Gyorkos, E.A.; Murphy, ].R.; Atkins, D,;
Leung, D.Y.M. Oral food challenges in children with a diagnosis of food allergy. J. Pediatr. 2011, 158, 578-583.e1. [CrossRef]
NIAID-Sponsored Expert Panel; Boyce, J.A.; Assa’ad, A.; Burks, A.W.; Jones, S.M.; Sampson, H.A.; Wood, R.A.; Plaut, M;
Cooper, S.F,; Fenton, M.].; et al. Guidelines for the diagnosis and management of food allergy in the United States: Report of the
NIAID-sponsored expert panel. J. Allergy Clin. Immunol. 2010, 126 (Suppl. 6), S1-S58. [CrossRef] [PubMed]

Sicherer, S.H.; Allen, K.; Lack, G.; Taylor, S.L.; Donovan, S.M.; Oria, M. Critical Issues in Food Allergy: A National Academies
Consensus Report. Pediatrics 2017, 140, e20170194. [CrossRef] [PubMed]

Golden, D.B.; Marsh, D.G.; Freidhoff, L.R.; Kwiterovich, K.A.; Addison, B.; Kagey-Sobotka, A.; Lichtenstein, L.M. Natural history
of Hymenoptera venom sensitivity in adults. J. Allergy Clin. Immunol. 1997, 100 Pt 1, 760-766. [CrossRef]

Stevenson, M.D.; Sellins, S.; Grube, E.; Schroer, K.; Gupta, J.; Wang, N.; Hershey, G.K.K. Aeroallergen sensitization in healthy
children: Racial and socioeconomic correlates. J. Pediatr. 2007, 151, 187-191. [CrossRef]

Pereira, B.; Venter, C.; Grundy, J.; Clayton, C.B.; Arshad, S.H.; Dean, T. Prevalence of sensitization to food allergens, reported
adverse reaction to foods, food avoidance, and food hypersensitivity among teenagers. . Allergy Clin. Immunol. 2005, 116,
884-892. [CrossRef]

Simons, FE.; Frew, A ].; Ansotegui, L.].; Bochner, B.S.; Golden, D.B.K,; Finkelman, ED.; Leung, D.Y.M.; Lotvall, ].; Marone, G.;
Metcalfe, D.D.; et al. Risk assessment in anaphylaxis: Current and future approaches. J. Allergy Clin. Immunol. 2007, 120 (Suppl. 1),
52-524. [CrossRef]

Mogensen, T.H. Primary Immunodeficiencies with Elevated IgE. Int. Rev. Immunol. 2016, 35, 39-56. [CrossRef]

Jacob, C.M,; Pastorino, A.C.; Fahl, K.; Carneiro-Sampaio, M.; Monteiro, R.C. Autoimmunity in IgA deficiency: Revisiting the role
of IgA as a silent housekeeper. J. Clin. Immunol. 2008, 28 (Suppl. 1), S56-S61. [CrossRef] [PubMed]

Dadkhah, M.; Aghamohammadi, A.; Movahedi, M.; Gharagozlou, M. Atopic Manifestations: Dermatitis, Allergic Rhinitis and
Asthma in Patients With Hypogammaglobulinemia. Iran. ]. Pediatr. 2015, 25, €2786. [CrossRef] [PubMed]

Al-Herz, W.; Nanda, A. Skin manifestations in primary immunodeficient children. Pediatr. Dermatol. 2011, 28, 494-501. [CrossRef]
Pawlowska, J.; Sobociniska, A.; Katuzinska-Parzyszek, I.; Jerzyniska, J.; Brzozowska, A. Allergic Manifestation in Paediatric
Patients with Primary Immunodeficiency Diseases. JMS 2020, 89, e442. [CrossRef]

Lipiec, A.; Sybilski, A.; Komorowski, J.; Furmanczyk, K.; Namystowski, A.; Zielifiski, W.; Raciborski, F.; Bialoszewski, A.Z.;
Samoliniski, B. Sensitisation to airborne allergens as a risk factor for allergic rhinitis and asthma in the Polish population. Postepy
Dermatol. Alergol. 2020, 37, 751-759. [CrossRef]

Sigman, K.; Ghibu, F.; Sommerville, W.; Toledano, B.].; Bastein, Y.; Cameron, L.; Hamid, Q.A.; Mazer, B. Intravenous immunoglob-
ulin inhibits IgE production in human B lymphocytes. . Allergy Clin. Immunol. 1998, 102, 421-427. [CrossRef]

Jee, S.J.; Kim, ].H.; Baek, H.S.; Lee, H.B.; Oh, ].W. Long-term Efficacy of Intravenous Immunoglobulin Therapy for Moderate to
Severe Childhood Atopic Dermatitis. Allergy Asthma Immunol. Res. 2011, 3, 89-95. [CrossRef]

Durandy, A.; Fischer, A.; Griscelli, C. Dysfunctions of pokeweed mitogen stimulated T and B lymphocyte responses induced by
gammaglobulin therapy. J. Clin. Investig. 1981, 67, 867-877. [CrossRef]

Noh, G.; Lee, K.Y. Intravenous immune globulin (IVIG) therapy in steroid-resistant atopic dermatitis. J. Korean Med. Sci. 1999, 14,
63-68. [CrossRef]

Turner, PJ.; Kakakios, A.; Wong, L.C.; Wong, M.; Campbell, D.E. Intravenous immunoglobulin to treat severe atopic dermatitis in
children: A case series. Pediatr. Dermatol. 2012, 29, 177-181. [CrossRef]

Lyons, J.J.; Milner, ].D. Primary atopic disorders. |. Exp. Med. 2018, 215, 1009-1022. [CrossRef] [PubMed]


http://doi.org/10.1016/j.waojou.2019.100080
http://doi.org/10.1111/j.1398-9995.2009.02211.x
http://doi.org/10.1007/s10875-018-0476-0
http://doi.org/10.1111/j.1365-2222.2004.01976.x
http://doi.org/10.1067/mai.2001.114708
http://doi.org/10.1159/000505728
http://doi.org/10.1016/j.jaci.2004.04.009
http://www.ncbi.nlm.nih.gov/pubmed/15241358
http://doi.org/10.2500/ajra.2018.32.4483
http://www.ncbi.nlm.nih.gov/pubmed/29336285
http://doi.org/10.1016/j.jpeds.2010.09.027
http://doi.org/10.1016/j.jaci.2010.10.008
http://www.ncbi.nlm.nih.gov/pubmed/21134576
http://doi.org/10.1542/peds.2017-0194
http://www.ncbi.nlm.nih.gov/pubmed/28739655
http://doi.org/10.1016/S0091-6749(97)70270-7
http://doi.org/10.1016/j.jpeds.2007.03.001
http://doi.org/10.1016/j.jaci.2005.05.047
http://doi.org/10.1016/j.jaci.2007.05.001
http://doi.org/10.3109/08830185.2015.1027820
http://doi.org/10.1007/s10875-007-9163-2
http://www.ncbi.nlm.nih.gov/pubmed/18202833
http://doi.org/10.5812/ijp.2786
http://www.ncbi.nlm.nih.gov/pubmed/26495093
http://doi.org/10.1111/j.1525-1470.2011.01409.x
http://doi.org/10.20883/medical.e442
http://doi.org/10.5114/ada.2019.84231
http://doi.org/10.1016/S0091-6749(98)70130-7
http://doi.org/10.4168/aair.2011.3.2.89
http://doi.org/10.1172/JCI110104
http://doi.org/10.3346/jkms.1999.14.1.63
http://doi.org/10.1111/j.1525-1470.2011.01654.x
http://doi.org/10.1084/jem.20172306
http://www.ncbi.nlm.nih.gov/pubmed/29549114

	Introduction 
	Materials and Methods 
	Results 
	Allergen-Specific IgE 
	Total IgE Level 
	Blood Eosinophilia 
	Clinical Manifestations 

	Discussion 
	Conclusions 
	References

