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Abstract
Purpose: We aimed to investigate allergic sensitization and associated factors in pediatric 
patients with selective immunoglobulin A deficiency (SIgAD) and to evaluate differences 
between allergic and nonallergic groups.
Methods: We analyzed 110 patients (aged 4–18 years) diagnosed with SIgAD at Çam and Sakura 
City Hospitals, Istanbul, between 2021 and 2024. Their demographic, clinical, and laboratory 
data were assessed. 
Results: Allergic sensitization was detected in 62.7% of patients. Patients with allergic sensi-
tization, family history of allergic diseases, eosinophilia, and elevated total immunoglobulin 
E (IgE) levels were significantly higher (P < 0.05). Immunglobulin M (IgM) levels were higher in 
the allergic group (P = 0.01), and they had lower neutrophil counts (P = 0.03). Allergic sensiti-
zation was lower in patients with autoimmune diseases (P = 0.03). In 60% of the patients, the 
main reason for presentation was recurrent infection.
Conclusion: Allergic sensitization with SIgAD is associated with genetic and immunologi-
cal factors. A family history of allergic disease, eosinophilia, and elevated total IgE levels 
are important markers for the development of allergy. These findings highlight the need to 
closely monitor allergies in people with SIgAD.
© 2025 Codon Publications. Published by Codon Publications.
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Introduction 

Selective IgA deficiency (SIgAD) is the most common 
primary immunodeficiency, affecting 1 in 150–3000 peo-
ple. SIgAD is typically diagnosed in individuals over the 
age of four with serum immunoglobulin A(IgA) levels 
below 7 mg/dL, while IgG and IgM remain within normal 
limits. Alternative reasons for hypogammaglobulinemia 
and T cell abnormalities are excluded, and a normal IgG 
response to vaccines is observed. SIgAD is thought to be 
caused by defects in B cells and T helper (Th) cells, and 
impairments in cytokine signalling. The genetic cause of 
SIgAD is not yet known.1–4 The condition can cause fre-
quent allergies, autoimmune diseases, infections, and a 
higher risk of cancer, but can also present asymptomati-
cally.4,5 Patients with SIgAD also have decreased secretory 
IgA levels. The reduced secretory IgA levels thus promote 
the penetration of food antigens and aeroallergens through 
the mucosal barrier, promoting the development of aller-
gies.6 In addition, a lack of secretory IgA can compromise 
the integrity of the mucosal barrier, leading to the onset 
of infection. It may play a role in the development of aller-
gies to infections.7–9 Although the diagnosis is often made 
during the investigation of complaints of frequent upper 
respiratory tract infections, some patients are also diag-
nosed during evaluations for allergies and autoimmunity. 
In 40.5% of cases, allergic symptoms manifest as the initial 
presentation.10 

This study evaluated the prevalence and features of 
allergic disease in pediatric SIgAD patients. It also investi-
gated the relationship between allergic disease and other 
comorbidities. The clinical, laboratory, and immunological 
features of allergic and nonallergic patients were com-
pared. Finally, the potential factors contributing to allergy 
development were identified.

Methods

In this study, a retrospective analysis of the electronic 
health records of children diagnosed with SIgAD at the 
Pediatric Immunology and Allergy Clinic, Istanbul Başakşehir 
Çam and Sakura City Hospital, was conducted between 
January 2021 and January 2024. The study included 
patients aged 4–18 years. A standardized questionnaire was 
administered to collect data on various factors, including 
age, gender, birth type, and environmental exposures (such 
as pet ownership, smoking, mold, and wool exposure). In 
addition, a comprehensive medical history was obtained 
for each subject, encompassing information on antibiotic 
usage, the frequency of yearly infections, and the pres-
ence of recurrent infections (including otitis, pneumonia, 
sinusitis, tonsillopharyngitis, and bronchitis). The following 
parameters were also recorded: household population size, 
family history of atopy, initial symptoms leading to diag-
nosis, nursery attendance, and the presence of comorbid 
conditions such as food allergy, atopic dermatitis, asthma, 
allergic rhinitis, drug allergy, bronchiectasis, autoimmune 
diseases, autoinflammatory diseases, and malignancy. 
Based on the criteria outlined by the European Society for 
Immunodeficiencies (ESID), SIgAD was diagnosed.11 Allergic 
rhinitis, allergic asthma, and food allergies were diagnosed 

using GINA, ARIA, and EAACI guidelines. Atopic dermati-
tis was diagnosed using the Hanifin and Rajka criteria.12–15 
Skin prick tests (SPTs) were performed using extracts from 
grass and tree pollen, Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, Alternaria, and dog and cat epi-
thelium, as well as food extracts, including egg white, egg 
yolk, cow’s milk, casein, fish, wheat, and soy. The respi-
ratory and food allergen panels were selected based on 
the most commonly encountered inhalant and food aller-
gies in the region. The panels were then adjusted accord-
ing to each patient’s reported clinical symptoms following 
allergen exposure. The tests were performed according to 
the EAACI guidelines. The positive control comprised hista-
mine hydrochloride (10 mg/mL), while the negative control 
consisted of saline. The evaluation of the wheal response 
occurred 15 min following the application of the test sub-
stance. A wheal size ≥3 mm was considered positive.16 
Laboratory data, including SPT results, eosinophil, lympho-
cyte, and neutrophil counts, serum levels of total serum 
IgE, IgG, IgA, and IgM, IgG subclass levels (IgG1, IgG2, IgG3, 
IgG4), anti-HBs levels, lymphocyte subgroups, serum-spe-
cific IgE for suspected allergens, and results of the respi-
ratory function tests, were extracted from the electronic 
medical records. 

Ethical approval for the study was granted by the Ethics 
Committee of Başakşehir Çam and Sakura City Hospital 
(File number: KAEK 2023-671). 

Statistics

The data used in this study were analyzed using SPSS 22 
software. The presentation of categorical variables was in 
the form of frequencies and percentages, while numerical 
variables were displayed as the mean ± standard deviation 
or the median (minimum–maximum). The normality of the 
data distribution was assessed via the Kolmogorov–Smirnov 
and Shapiro–Wilk tests. To analyze the data, the statistical 
analysis of categorical variables was conducted via the uti-
lization of the Chi-square test, while numerical variables 
were analyzed using either the independent t-test or the 
Mann–Whitney U test, per the distribution characteristics. 
A P-value less than 0.05 was considered to be statistically 
significant.

Results

The study comprised 110 patients diagnosed with SIgAD, 
exhibiting a male-to-female ratio of 1.55. The sample pop-
ulation comprised 67 males (60.9%) and 43 females (39.1%). 
The median age of the patients was 104 months (range: 
49–256 months). In the intrauterine period, 69% (76/110) of 
the patients were exposed to smoking, while 37% (41/110) 
were exposed to antibiotics. A family history of allergic dis-
eases was reported in 50% (55/110) of the patients, whereas 
6.3% (7/110) had a family history of immunodeficiency.

The most frequently reported initial symptom was 
recurrent infections, observed in 60% of patients (66/110). 
Antibiotic administration during the first year of life 
was reported in 77% (85/110) of the cases. Notably, 91% 
(100/110) of the patients experienced three or more 
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infections per year, while 33% (36/110) reported eight or 
more annual infections. The most prevalent infections 
were upper respiratory tract infections, affecting 70.1% of 
the patients, followed by bronchitis, which was observed in 
47.7% of the cases.

Atopic conditions were found to be highly prevalent 
within the study population, with 86.4% (95/110) of patients 
diagnosed with at least one atopic disease and 62.7% 
(69/110) exhibiting allergic sensitization. The most preva-
lent atopic condition was allergic rhinitis, affecting 69.7% 
(76/110) of the patients, followed by asthma (55%, 60/110) 
and atopic dermatitis (32.4%, 35/110). The prevalence of 
food and drug allergies was documented in 12.7 (14/110) 
and 6.9% (7/110), respectively, of the patient population. 
Additionally, elevated total IgE levels (>100 IU/mL) were 
detected in 33% (36/110) of the patients, while eosinophilia 
was observed in 10.7% (11/110). 

Autoimmune diseases were identified in 23.2% (25/110) 
of the patients, with Hashimoto’s thyroiditis being the most 
prevalent. Allergen sensitization was found to be signifi-
cantly more prevalent among patients with a family history 
of allergic diseases (P = 0.04). Similarly, elevated eosino-
phil counts (P = 0.001) and increased total IgE levels (P = 
0.001) were observed to be associated with a higher risk of 
allergen sensitization. Conversely, sensitization rates were 
found to be lower in individuals diagnosed with autoim-
mune diseases (P = 0.03) or elevated neutrophil counts (P = 
0.03). Among inhalant allergens, house dust mites were 
the most commonly identified, with D. pteronyssinus and 
D. farinae, affecting 41.8 and 38% of the patients, respec-
tively, followed by grass pollen (24%). Egg white sensitiza-
tion was the most prevalent (5.4%) among food allergens. 
Tables 1 to 3 present a comprehensive overview of the 
characteristics of the study population.

Table 1  General characteristics of patients with selective IgA deficiency.

Category Characteristic n (%)

Demographics Age (months) (Median, Min–Max) 103.81 (49–256)
Gender (male to female) 67 (60.9) to 43 (39.1)
Type of birth (Vaginal–CS) 60 (54.2) to 50 (45.8)

Environmental 
exposures

Pet exposure during pregnancy 8 (7)
History of antibiotic use during pregnancy 41 (37)
Smoking exposure during pregnancy 76 (69)
Pet exposure 21 (18.9)
Smoking exposure 64 (58.2)
Mold exposure 21 (19.1)
Wool exposure 56 (51.1)

Health history Antibiotic use in the first year 85 (77.5)
Family history of atopy 55 (50)
Family history of immunodeficiency 7 (6.3)
History of going to nursery 55 (50)
Household of 4 or more 100 (91)

Infection history 3 or more infections per year 100 (91)
8 or more infections per year 37 (33.3)

Clinical findings First finding (Frequent infections, allergy, autoimmunity, other) 66 (60) - 25 (23) - 8 (7) - 11 (10)
Allergies History of food allergy 14 (12.7)

History of atopic dermatitis 35 (32.4)
Allergic rhinitis 76 (69.7)
Asthma 60 (55)

Respiratory function Respiratory function test (Normal to mild obstruction, 
moderate/severe obstruction)

98 (89.7) to 5 (5.1) to 6 (5.1)

Other health conditions Drug allergy 7 (6.9)
Bronchiectasis 1 (1)
Autoimmune disease 25 (23.2)
Autoinflammatory disease 4 (4.3)

Recurrent infections Recurrent otitis 29 (27.1)
Recurring pneumonia 15 (14.2)
Recurring sinusitis 12 (11.2)
Recurrent tonsillopharyngitis 77 (70.1)
Recurring bronchitis 52 (47.7)

Miscellaneous Malignancy 1 (1.1)
Eosinophilia 11 (10.7)
High total IgE 36 (33)
Atopic disease 95 (86.4)
Allergic sensitization 69 (62.7)
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The findings of this study indicate that the most prev-
alent clinical manifestation that results in a diagnosis of 
SIgAD is recurrent infections. It is hypothesized that SIgAD 
plays a role in the increased susceptibility to infections 
by promoting the colonization of pathogenic bacteria and 
increasing mucosal permeability.17 However, the findings 
of this study revealed no significant difference in terms 
of infection type or frequency between allergic and non-
allergic patients. Despite the documented prevalence of 
the association between SIgAD and allergic diseases in the 
extant literature, the causal nature of this relationship 
remains uncertain.18,19 

In the presence of SIgAD, an elevated permeability of 
mucosal surfaces has been demonstrated to facilitate the 
process of allergen sensitization by increasing circulating 
antigen levels. Additionally, reduced serum monomeric 
IgA levels may contribute to immune system hyperactiva-
tion.9,20–27 In our study, a family history of atopy, elevated 
eosinophil counts, and increased total IgE levels were sig-
nificantly associated with allergen sensitization. 

The most extensively produced antibody in the body 
is IgA. This is primarily due to its extensive production 
at mucosal surfaces, including the gastrointestinal tract, 
respiratory tract, and urogenital system, as well as in 
secretions.28 IgA is a crucial component of mucosal immu-
nity, functioning by binding to pathogens, microbes, and 
various substances present on mucosal surfaces. This bind-
ing prevents the colonization and penetration of underlying 
tissues by these pathogens and microbes.29–31 Furthermore, 
it is widely recognized that allergen immunotherapy elicits 
an augmentation in allergen-specific IgG4 and IgA, which 
are regarded as indicators of immune tolerance devel-
opment.32 A multitude of clinical studies have yielded a 
robust inverse correlation between IgA levels in breast milk 
and the emergence of atopic diseases.33–37 These findings 
suggest that IgA may play an instrumental role in the etiol-
ogy of allergies. 

A history of allergic diseases was documented in 86% of 
the patient population. A family history of atopic disease 
was identified in 50% of allergic patients and was found to 
be significantly associated with allergic sensitization (P = 
0.04). A total of 58% of the patients had been exposed to 
cigarette smoke, and 90% of these patients experienced at 
least three infections per year. These findings indicate that 
genetic and environmental elements may have a substan-
tial impact on the onset of allergic diseases.

In some individuals, SIgAD may represent the first or 
only manifestation of an allergic disease. According to the 
available literature, approximately 25% of these patients 
receive a diagnosis during an allergy evaluation.9,38 In the 
cases examined, 23% of the subjects presented with an ini-
tial symptom of allergy.

The high frequency of allergic diseases in SIgAD 
patients should be considered. In this study, allergic rhi-
nitis was detected in 69.7% of the patients, asthma in 55%, 
atopic dermatitis in 32.4%, and a food allergy in 12.7%. 
Despite the variability of these rates across studies, the 
extant literature consistently reports a higher prevalence 
of allergic diseases in SIgAD patients compared to the gen-
eral population.18–20,39–56

The identification of asthma prevalence in 55% sup-
ports the hypothesis that SIgAD may contribute to 

Table 2  Allergen sensitivity distribution.

Allergen n (%)

Inhalant allergens
Dermatophagoides pteronyssinus 46 (41.8)
Dermatophagoides farinae 41 (38)

Grass pollen 26 (24)
Alternaria 14 (13)
Tree pollen 8 (7.6)
Weed pollen 7 (6.7)
Cockroach 8 (7.6)
Cat 12 (11)
Dog 11 (10)
Food allergens
Egg white 6 (5.4)
Egg yolk 4 (3.6)
Cow’s milk 4 (3.6)
Peanuts 2 (2)
Wheat 1 (1)
Soybean 1 (1)
Fish 1 (1)

The total number of patients in each age group was 
as follows: 4–5 years (n = 24), 6–11 years (n = 57), and ≥12 
years (n = 25), providing sufficient distribution for age-
based comparisons.

When patients with SIgAD were categorized by age, 
asthma was the most common allergic disease in the 4–5 
age group (64.3%), whereas allergic rhinitis was most prev-
alent in the 6–11 (80.7%) and ≥12 age groups (56%). No cases 
of drug allergy were identified in the 4–5 age group, but 
its prevalence increased with age, with 5.3% in the 6–11 
group and 12% in those aged 12 and above (P = 0.04). The 
age-related distribution of allergic diseases is detailed 
in Table  4. Additionally, the prevalence of sinusitis also 
showed a significant increase with age (P < 0.001).

Regarding allergen sensitization, D. pteronyssinus was 
the most common respiratory allergen across all age groups 
(4–5: 35.7%; 6–11: 47.4%; ≥12: 40%). Among food allergens, 
egg allergy was the most frequently observed in both the 
4–5 and 6–11 age groups (14.3 and 1.8%, respectively). 
Allergen sensitization by age is summarized in Table 5.

Discussion 

This study investigates the presence of allergic sensitiza-
tion and the associated factors in patients diagnosed with 
SIgAD. The primary objective of this study was to deter-
mine whether significant differences exist between SIgAD 
patients with and without allergic sensitization. Patients 
with allergic sensitization exhibited a significantly higher 
prevalence of a family history of allergic diseases and ele-
vated total IgE levels, increased eosinophil counts, and 
higher serum IgM levels. Conversely, these patients had 
significantly lower neutrophil counts. These findings under-
score the importance of closely monitoring individuals with 
SIgAD for potential allergic comorbidities.
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Table 3  Comparison of the characteristics of patients with selective IgA deficiency with and without allergen 
sensitization.

Variable Allergen sensitivity (n = 69) No allergen sensitivity (n = 41) P

Demographic and clinical characteristics
Age (months) 101.5 ± 42.8 107.8 ± 55.9 0.84
Birth weight (grams) 3266 ± 500 3115 ± 549 0.18
Birth week 39.5 ± 1.3 39.5 ± 1.1 0.47
Age of first finding (months) 61.4 ± 45.4 70.4 ± 58 0.67
Number of siblings 1.8 (0–5) 1.74 (0–5) 0.62
Number of people in the house 4.82 (3–8) 4.74 (3–8) 0.69
Number of infections in the last year 6 (2–12) 6 (1–12) 0.94

Hematological and immunological findings
Eosinophil count (cells/µL) 351 (0–2070) 171 (8–510) 0.001
Per cent of eosinophils (%) 4.5 ± 4.3 2.3 ± 1.5 0.001
Lymphocyte count (cells/µL) 2898 ± 1138 2958 ± 1388 0.82
Percentage of lymphocytes (%) 36 ± 11.4 34 ± 12 0.32
Neutrophil count (cells/µL) 4127 ± 1987 4980 ± 2263 0.03
Percentage of neutrophils (%) 50.7 ± 13.1 55.2 ± 13.4 0.06

Immunoglobulin and specific antibody levels
IgG (mg/dL) 1419 ± 304 1435 ± 376 0.88
IgA (mg/dL) 2 (0–6) 2 (0–6) 0.94
IgM (mg/dL) 134 ± 56 108 ± 47 0.01
Total IgE (IU/mL) 385 (0.2–4272) 72 (0.2–572) 0.001
IgG1 (mg/dL) 976 ± 169 962 ± 219 0.8
IgG2 (mg/dL) 298 ± 141 320 ± 176 0.62
IgG3 (mg/dL) 42.4 ± 19 46 ± 31 0.98
IgG4 (mg/dL) 60 (0–277) 50.4 (0–178) 0.48

T-cell and other immune cell subtypes
CD3 (%) 70 ± 6 71 ± 8 0.37
CD3 count (cells/µL) 1966 ± 822 2089 ± 832 0.4
CD4 (%) 35 ± 5.8 34.1 ± 6.5 0.57
CD4 count (cells/µL) 959 ± 454 1019 ± 408 0.19
CD8 (%) 25.4 ± 5.3 27 ± 6 0.23
CD8 count (cells/µL) 671 ± 271 766 ± 375 0.5
CD19 (%) 15 ± 5 13 ± 4 0.11
CD19 count (cells/µL) 412 ± 225 428 ± 270 0.96
CD16-56 (%) 9 ± 3.3 11 ± 7.2 0.39
CD16-56 count (cells/µL) 276 ± 161 280 ± 146 0.7

Regulatory and memory T cells
RTE (%) 67.5 ± 10.8 46 ± 13.2 0.77
RTE count (cells/µL) 459 ± 336 504 ± 238 0.08
CD45 RA (%) 73 ± 7.2 70.9 ± 8.3 0.5
CD45 RA count (cells/µL) 1169 ± 900 2240 ± 843 0.09
CD45 RO (%) 24.9 ± 7 27 ± 9.1 0.33
CD45 RO count (cells/µL) 709 ± 264 717 ± 322 0.95

Memory B cells and double T cells
CD27 IgD (–) (%) 10.7 ± 5.1 17.4 ± 8.1 0.017
CD27 IgD (–) count (cells/µL) 44 ± 33 56 ± 44 0.47
CD27 IgD (+) (%) 7.8 ± 4.6 6.6 ± 3.3 0.58
CD27 IgD (+) count (cells/µL) 35 ± 32 17 ± 7 0.17
CD27 IgD (+) (%) 71.1 ± 9.8 56 ± 11.4 0.002
CD27 IgD (+) count (cells/µL) 287 ± 180 234 ± 178 0.2
Double T (%) 3.1 ± 1.4 3.1 ± 1.4 0.93

Follow-up data
Follow-up time (months) 36 ± 33 36 ± 26

Bold P-values indicate statistically significant differences, with P < 0.05. ± represents the mean and standard deviation. 
Median (min–max) refers to the median value and the range of data (minimum to maximum).
CD: Cluster differentiation; dL: Deciliter; g: Gram, Ig: Immunoglobulin; IU: International unit; max: Maximum; mg: Miligram; 
min: Minimum; mL: Milliliter; RTE: Recent timic emigrant.
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Table 4  Prevalence of allergic diseases by age group in 
patients with selective IgA deficiency.

Age range (years)  4–5 
N:28

 6–11 
N:57

  ≥12
N:25

Asthma (%, n) 64.3 (18) 28 (16) 36 (9)
Allergic rhinitis (%, n) 60.7 (17) 80.7 (46) 56 (14)
Food allergy (%, n) 21.4 (6) 14 (8) 4 (1)
Atopic dermatitis (%, n) 25 (7) 35 (20) 24 (6)
Drug allergy (%, n) 0 5.3 (3) 12 (3)

Bold P-values indicate statistically significant 
differences, with P < 0.05.

Table 5  Allergen sensitization patterns by age group in 
patients with selective IgA deficiency.

Age range (years) 4–5 
N:28

6–11 
N:57

≥12
N:25

Dermatophagoides 
pteronyssinus (%, n)

35.7 (10) 47.4 (27) 40 (11)

Dermatophagoides farinae 
(%,n)

28.5 (8) 43.9 (25) 36 (9)

Grass pollen (%, n) 21 (6) 17.5 (10) 16 (4)
Tree pollen (%, n) 3.6 (1) 5.3 (3) 4 (1)
Weed pollen (%, n) 7.1 (2) 5.3 (3) 4 (1)
Alternaria (%, n) 17.8 (5) 14 (8) 4 (1)
Cat (%, n) 14.3 (4) 7 (4) 16 (4)
Dog (%, n) 14.3 (4) 7 (4) 0
Cockroach (%, n) 3.6 (1) 3.5 (2) 4 (1)
Milk (%, n) 3.6 (1) 3.5 (2) 0
Egg White (%, n) 14.3 (4) 1.8 (1) 0
Egg yolk (%, n) 10.7 (3) 1.8 (1) 0
Peanut (%, n) 7.1 (2) 0 0
Fish (%, n) 7.1 (2) 0 0
Wheat (%, n) 3.6 (1) 0 0
Soybean (%, n) 3.6 (1) 0 0

Bold P-values indicate statistically significant differences, 
with P < 0.05.

bronchial hyperresponsiveness and increase susceptibility 
to asthma.18,38,49–52 Similarly, the prevalence of atopic der-
matitis in 32.4% underscores the significant impact of SIgAD 
on the mucosal immune system. A study of the role of IgA 
in mucosal immunity revealed that higher levels of salivary 
IgA-specific antibodies were associated with a reduced risk 
of late-onset wheezing in infants with sensitization.57 

A decline in serum IgA concentrations may potentially 
compromise mucosal barrier integrity, thereby increasing 
permeability and, in turn, enhancing susceptibility to food 
allergies.58,59 Serum IgA and IgG antibodies protect against 
IgE-mediated systemic anaphylaxis triggered by ingested 
allergens.60,61 The present study revealed a higher rate of 
food allergies in the examined population compared to the 
general population. 

The sensitivity of SPTs is known to vary between coun-
tries. A multitude of studies have identified dust mites as 

the most prevalent allergens, with grass and olive tree pol-
len, animal dander, and cypress tree pollen following in fre-
quency.38,32,51 In our study, the most prevalent respiratory 
allergen sensitization was to Dermatophagoides, followed 
by grass pollen, Alternaria, dog and cat dander, weed and 
tree pollen, and cockroaches. Among food allergens, egg 
white was the most frequently detected sensitization. We 
believe that regional variations in allergen exposure play a 
crucial role in the sensitization patterns.

In patients with allergic sensitization, eosinophil counts 
demonstrated a statistically significant increase (P = 0.001). 
Conversely, a heightened neutrophil count was identified 
as a potential limiting factor for allergic sensitization (P = 
0.03). These findings might offer further insights into the 
role of immune cells in allergic inflammation.62–64

Serum IgM levels are known to be elevated as a com-
pensatory response to IgA deficiency. In the present study, 
increased serum IgM levels were found to be significantly 
associated with allergic sensitization (P = 0.01). This finding 
suggests that elevated IgM may contribute to the develop-
ment of allergies when it fails to provide sufficient mucosal 
protection.65,66 

The analysis revealed a significant increase in total IgE 
levels among the allergic group (P < 0.001). It is hypoth-
esized that IgE levels are generally increased in cases of 
selective IgA deficiency, potentially as a compensatory 
mechanism to address the reduced IgA levels.67 Secretory 
IgA plays a pivotal role in hindering the absorption of aller-
gens into the bloodstream.68 

In the United States and Western European countries, 
the prevalence of asthma among children aged 4–6 years 
is typically reported between 8 and 12%.69 In contrast, 
among patients aged 4–5 years with SIgAD, asthma was the 
most frequently observed allergic disease, with a mark-
edly higher prevalence of 64.3% compared to their healthy 
peers. The lifetime prevalence of physician-diagnosed 
allergic rhinitis has been reported as 11.8% in children aged 
6–12 years and 53.5% in those aged 13–14 years.70 In our 
cohort, allergic rhinitis was the most common allergic con-
dition in patients with SIgAD aged 6–11 and ≥12 years, with 
prevalences of 80.7 and 56%, respectively, substantially 
exceeding general population estimates.

Cross-sectional surveys from various countries have 
indicated that the prevalence of drug allergy in children 
ranges from 2.8 to 7.8%.71,72 In our study, we observed a 
significant age-related increase in drug allergy prevalence 
(P  = 0.04): no cases were seen in the age group of 4–5 
years, while rates were 5.3% in the 6–11 age group and 12% 
among those aged 12 years and above.

The relationship between autoimmune diseases and 
SIgAD exhibits variability across different populations, with 
reported prevalence rates ranging from 5 to 30%.7,20,39,53 In 
the present study, the prevalence of autoimmune diseases 
was 23.2%, and this was found to be inversely associated 
with allergic sensitization. Th1 and Th2 immune pathways 
maintain a well-established reciprocal balance. Given that 
the Th1 pathway is more dominant than the Th2 pathway 
in autoimmune disorders, the lower incidence of atopic 
diseases in individuals with autoimmune conditions may be 
attributed to this mechanism.73

As with other inborn errors of immunity (IEIs), the 
management of atopic diseases in patients with SIgAD can 
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present significant challenges due to the elevated risk of 
infections and the possibility of autoimmunity. In light of 
the potential for allergic inflammation to increase suscep-
tibility to respiratory tract infections, current guidelines 
emphasize the importance of treating allergies in individu-
als with IEIs, including SıgAD.74 

Early diagnosis and monitoring of allergies in patients 
with SIgAD are crucial for preventing chronic diseases and 
optimizing the quality of life. Patients with a family history 
of atopy, eosinophilia, elevated total IgE, and increased 
serum IgM levels should be closely monitored for allergic 
comorbidities. Future studies should aim to elucidate the 
pathogenic mechanisms linking IgA deficiency, allergic dis-
eases, and autoimmunity. The findings of this study may 
offer novel insights for researchers and serve as a source of 
inspiration for future investigations in this field.

Acknowledgments

We would like to extend our gratitude to the patients and 
their families, as well as to the volunteer participants.

Authors Contributions

Selami Ulaş and Serdar Al contributed equally as corre-
sponding authors. Each author has contributed to the 
study’s design and concept. Preparation of material, and 
collection and analysis of data were conducted by all 
authors. The initial manuscript was drafted by Selami Ulaş 
and Serdar Al, and all authors provided feedback on pre-
vious iterations of the document. The final version was 
checked and approved by all authors.

Conflicts of Interest

The authors declare no competing interests. 

Funding

No financial resources, grants, or other forms of support 
were provided during the preparation of this manuscript.

References

1.	 Yel L. Selective IgA deficiency. J Clin Immunol. 2010;30:10–
16. https://doi.org/10.1007/s10875-009-9357-x

2.	 Wang N, Hammarström L. IgA deficiency: What is new? Curr 
Opin Allergy Clin Immunol. 2012;12:602–8. https://doi.
org/10.1097/ACI.0b013e3283594219

3.	 Yazdani R, Azizi G, Abolhassani H, Aghamohammadi A. 
Selective IgA deficiency: Epidemiology, pathogenesis, clini-
cal phenotype, diagnosis, prognosis and management. Scand 
J Immunol. 2017;85:3–12. https://doi.org/10.1111/sji.12499

4.	 Karaca NE, Severcan EU, Bilgin BG, Azarsiz E, Akarcan S, 
Gunaydın NC, et al. Familial inheritance and screening 
of first-degree relatives in common variable immunode-
ficiency and immunoglobulin A deficiency patients.  Int J 

https://doi.org/10.1177/2058738418779458�
https://doi.org/10.1159/000135694�
https://doi.org/10.1159/000135694�
https://doi.org/10.1002/path.1877�
https://doi.org/10.1002/path.1877�
https://doi.org/10.1159/000323903�
https://doi.org/10.1159/000323903�
https://doi.org/10.1007/s10875-012-9655-6�
https://doi.org/10.1023/a:1012241117984�
https://doi.org/10.1023/a:1012241117984�
https://doi.org/10.1159/000499044�
https://doi.org/10.1159/000499044�
https://doi.org/10.1016/j.jaip.2019.02.004�
https://doi.org/10.1164/rccm.202109-2205PP�
https://doi.org/10.1016/j.jaip.2022.07.020�
https://doi.org/10.1016/j.jaip.2022.07.020�
https://doi.org/10.1111/all.16345�
https://doi.org/10.1111/all.16345�
https://doi.org/10.2340/00015555924447�
https://doi.org/10.2340/00015555924447�
https://doi.org/10.1111/j.1398�
https://doi.org/10.1016/j.jtauto.2019.100025�
https://doi.org/10.3906/sag-1605-50�
https://doi.org/10.22034/igj.2020.224572.1035�
https://doi.org/10.1007/s10875-007-9163-2�
https://doi.org/10.1007/s10875-009-9357-x�
https://doi.org/10.1097/ACI.0b013e3283594219�
https://doi.org/10.1097/ACI.0b013e3283594219�
https://doi.org/10.1111/sji.12499�


Selective IgA deficiency and allergic diseases� 85

Immunol.  2015;11:1245–54. https://doi.org/10.1586/1744666X. 
2015.1081565

40.	 Jorgensen GH, Gardulf A, Sigurdsson MI, Sigurdardottir ST, 
Thorsteinsdottir I, Gudmundsson S, et al. Clinical symptoms 
in adults with selective IgA deficiency: A case-control study. 
J Clin Immunol.  2013;33:742–7. https://doi.org/10.1007/
s10875-012-9858-x

41.	 Edwards E, Razvi S, Cunningham-Rundles C. IgA deficiency: 
Clinical correlates and responses to pneumococcal vaccine. 
Clin Immunol. 2004;111:93–7. https://doi.org/10.1016/j.clim. 
2003.12.005

42.	 Lougaris V, Sorlini A, Monfredini C, Ingrasciotta G, Caravaggio 
A, Lorenzini T, et al. Clinical and laboratory features of 184 
Italian pediatric patients affected with selective IgA defi-
ciency (SIgAD): A longitudinal single-center study.  J Clin 
Immunol.  2019;39:470–5. https://doi.org/10.1007/s10875- 
019-00647-y

43.	 Domínguez O, Giner MT, Alsina L, Martín MA, Lozano J, 
Plaza AM. Fenotipos clínicos asociados a la deficiencia selec-
tiva de IgA revisión de 330 casos y propuesta de un protocolo 
de seguimiento. An Pediatr (Barc). 2012;76:261–7. https://doi.
org/10.1016/j.anpedi.2011.11.006

44.	 44. Magen E, Masalha A, Waitman DA, Kahan N, Viner I, 
Klassov L, et al. Prevalence of dermatologic diseases among 
patients with selective immunoglobulin A deficiency. Allergy 
Asthma Proc.  2017;38:70–7. https://doi.org/10.2500/aap. 
2017.38.4018

45.	 Janzi M, Kull I, Sjöberg R, Wan J, Melén E, Bayat N, et al. 
Selective IgA deficiency in early life: Association to infec-
tions and allergic diseases during childhood. Clin Immunol. 
2009;133:78–85. https://doi.org/10.1016/j.clim.2009.05.014

46.	 Aytekin C, Tuygun N, Gokce S, Dogu F, Ikinciogullari A. 
Selective IgA deficiency: Clinical and laboratory features 
of 118 children in Turkey.  J Clin Immunol.  2012;32:961–6. 
https://doi.org/10.1007/s10875-012-9702-3

47.	 Moschese V, Chini L, Graziani S, Sgrulletti M, Gallo V, Di 
Matteo G, et al. Follow-up and outcome of symptom-
atic partial or absolute IgA deficiency in children.  Eur 
J Pediatr.  2019;178(1):51–60. https://doi.org/10.1007/
s00431-018-3248-1

48.	 Burgio GR, Duse M, Monafo V, Ascione A, Nespoli L. Selective 
IgA deficiency: Clinical and immunological evaluation of 50 
pediatric patients. Eur J Pediatr. 1980;133:101–6. https://doi.
org/10.1007/BF00441577

49.	 Živković J, Lipej M, Banić I, Bulat Lokas S, Nogalo B, Lulić 
Jurjević R, et al. Respiratory and allergic disorders in chil-
dren with severe and partial immunoglobulin A immuno-
deficiency.  Scand J Immunol.  2019;90:e12828. https://doi.
org/10.1111/sji.12828

50.	 Gualdi G, Lougaris V, Baronio M, Vitali M, Tampella G, 
Moratto D, et al. Burden of skin disease in selective IgA defi-
ciency and common variable immunodeficiency.  J Investig 
Allergol Clin Immunol. 2015;25(5):369–71. 

51.	 Papadopoulou A, Mermiri D, Taousani S, Triga M, Nicolaidou P, 
Priftis KN. Bronchial hyper-responsiveness in selective IgA 
deficiency.  Pediatr Allergy Immunol.  2005;16:495–500. 
https://doi.org/10.1111/j.1399-3038.2005.00316.x

52.	 Abolhassani H, Gharib B, Shahinpour S, Masoom SN, 
Havaei A, Mirminachi B, et al. Autoimmunity in patients 
with selective IgA deficiency.  J Investig Allergol Clin 
Immunol. 2015;25:112–9. 

53.	 Shkalim V, Monselize Y, Segal N, Zan-Bar I, Hoffer V, Garty BZ. 
Selective IgA deficiency in children in Israel. J Clin Immunol. 
2010;30:761–5. https://doi.org/10.1007/s10875-010-9438-x

54.	 Plebani A, Monafo V, Ugazio AG, Monti C, Avanzini MA, 
Massimi P, et al. Comparison of the frequency of atopic dis-
eases in children with severe and partial IgA deficiency. Int 

21.	 Breedveld A, van Egmond M. IgA and FcαRI: Pathological roles 
and therapeutic opportunities. Front Immunol. 2019;10:553. 
https://doi.org/10.3389/fimmu.2019.00553

22.	 Shirakawa T, Enomoto T, Shimazu S, Hopkin JM. The inverse 
association between tuberculin responses and atopic dis-
order. Science. 1997;275:77–9. https://doi.org/10.1126/
science.275.5296.77

23.	 Robinson DS, Larché M, Durham SR. Tregs and allergic 
disease. J Clin Investig.  2004;114:1389–97. https://doi.
org/10.1172/JCI23595

24.	 Holgate ST. Innate and adaptive immune responses in 
asthma.  Nat Med.  2012;18:673–83. https://doi.org/10.1038/
nm.2731

25.	 Mucha SM, Baroody FM. Relationships between atopy and 
bacterial infections. Curr Allergy Asthma Rep. 2003;3:232–7. 
https://doi.org/10.1007/s11882-003-0045-2

26.	 Juhn YJ. Risks for infection in patients with asthma (or other 
atopic conditions): Is asthma more than a chronic airway dis-
ease? J Allergy Clin Immunol.  2014;134:247–57. https://doi.
org/10.1016/j.jaci.2014.04.024

27.	 Custovic A, Murray C, Simpson A. Allergy and infection: 
Understanding their relationship. Allergy.  2005;60(Suppl. 
S79):10–13. https://doi.org/10.1111/j.1398-9995.2005.00851.x

28.	 Murphy K, Weaver C, Janeway’s immunobiology. 9th ed. 
London, NY: Garland Science; 2016. 425 p. 

29.	 Macpherson AJ, Yilmaz B, Limenitakis JP. IgA func-
tion in relation to the intestinal microbiota. Ann Rev 
Immunol. 2018;36:359–81. https://doi.org/10.1146/annurev- 
immunol-042617-053238

30.	 Lycke NY, Bemark M. The regulation of gut mucosal IgA 
B-cell responses: Recent developments. Mucosal Immunol. 
2017;10:1361–74. https://doi.org/10.1038/mi.2017.62

31.	 Woof JM, Russell MW. Structure and function relationships in 
IgA. Mucosal Immunol. 2011;4:590–7. https://doi.org/10.1038/
mi.2011.39

32.	 Durham SR, Shamji MH. Alerjen immunotherapy: Past, pres-
ent, and future. Nat Rev Immunol. 2023;23(5):317–28. https://
doi.org/10.1038/s41577-022-00786-1

33.	 Orivuori L, Loss G, Roduit C. Soluble immunoglobulin A in 
breast milk is inversely associated with atopic dermatitis 
at early age: The PASTURE cohort study. Clin Exp Allergy. 
2014;44:102–12. https://doi.org/10.1111/cea.12199

34.	 Savilahti E, Siltanen M, Kajosaari M. IgA antibodies, TGF-
beta1 and -beta2, and soluble CD14 in the colostrum and 
development of atopy by age 4. Pediatr Res. 2005;58:1300–5. 
https://doi.org/10.1203/01.pdr.0000183784.87452.c6

35.	 Iyengar SR, Walker WA. Immune factors in breast milk 
and the development of atopic disease. J Pediatr 
Gastroenterol Nutr.  2012;55:641–7. https://doi.org/10.1097/
MPG.0b013e3182617a9d

36.	 Boyle RJ, Ismail IH, Kivivuori S. Lactobacillus GG treatment 
during pregnancy for the prevention of eczema: A random-
ized controlled trial. Allergy.  2011;66:509–16. https://doi.
org/10.1111/j.1398-9995.2010.02507.x

37.	 Savilahti E, Tainio VM, Salmenpera L. Levels of IgA and 
cow milk antibodies in breast milk vs. the development of 
atopy in children. Low colostral IgA associated with cow 
milk allergy. Adv Exp Med Biol. 1991;310:417–25. https://doi.
org/10.1007/978-1-4615-3838-7_54

38.	 Aghamohammadi A, Cheraghi T, Gharagozlou M, Movahedi 
M, Rezaei N, Yeganeh M, et al. IgA deficiency: Correlation 
between clinical and immunological phenotypes.  J 
Clin Immunol.  2009;29:130–6. https://doi.org/10.1007/
s10875-008-9229-9

39.	 Yazdani R, Latif A, Tabassomi F, Abolhassani, H, Azizi,  G, 
Rezaei N, et al. Clinical phenotype classification for 
selective immunoglobulin A deficiency. Expert Rev Clin 

https://doi.org/10.1586/1744666X.2015.1081565�
https://doi.org/10.1586/1744666X.2015.1081565�
https://doi.org/10.1007/s10875-012-9858-x�
https://doi.org/10.1007/s10875-012-9858-x�
https://doi.org/10.1016/j.clim.2003.12.005�
https://doi.org/10.1016/j.clim.2003.12.005�
https://doi.org/10.1007/s10875-019-00647-y�
https://doi.org/10.1007/s10875-019-00647-y�
https://doi.org/10.1016/j.anpedi.2011.11.006�
https://doi.org/10.1016/j.anpedi.2011.11.006�
https://doi.org/10.2500/aap.2017.38.4018�
https://doi.org/10.2500/aap.2017.38.4018�
https://doi.org/10.1016/j.clim.2009.05.014�
https://doi.org/10.1007/s10875-012-9702-3�
https://doi.org/10.1007/s00431-018-3248-1�
https://doi.org/10.1007/s00431-018-3248-1�
https://doi.org/10.1007/BF00441577�
https://doi.org/10.1007/BF00441577�
https://doi.org/10.1111/sji.12828�
https://doi.org/10.1111/sji.12828�
https://doi.org/10.1111/j.1399-3038.2005.00316.x�
https://doi.org/10.1007/s10875-010-9438-x�
https://doi.org/10.3389/fimmu.2019.00553�
https://doi.org/10.1126/science.275.5296.77�
https://doi.org/10.1126/science.275.5296.77�
https://doi.org/10.1172/JCI23595�
https://doi.org/10.1172/JCI23595�
https://doi.org/10.1038/nm.2731�
https://doi.org/10.1038/nm.2731�
https://doi.org/10.1007/s11882-003-0045-2�
https://doi.org/10.1016/j.jaci.2014.04.024�
https://doi.org/10.1016/j.jaci.2014.04.024�
https://doi.org/10.1111/j.1398�
https://doi.org/10.1146/annurev-immunol-042617-053238�
https://doi.org/10.1146/annurev-immunol-042617-053238�
https://doi.org/10.1038/mi.2017.62�
https://doi.org/10.1038/mi.2011.39�
https://doi.org/10.1038/mi.2011.39�
https://doi.org/10.1038/s41577-022-00786-1�
https://doi.org/10.1038/s41577-022-00786-1�
https://doi.org/10.1111/cea.12199�
https://doi.org/10.1203/01.pdr.0000183784.87452.c6�
https://doi.org/10.1097/MPG.0b013e3182617a9d�
https://doi.org/10.1097/MPG.0b013e3182617a9d�
https://doi.org/10.1111/j.1398-9995.2010.02507.x
https://doi.org/10.1111/j.1398-9995.2010.02507.x
https://doi.org/10.1007/978-1-4615-3838-7_54�
https://doi.org/10.1007/978-1-4615-3838-7_54�
https://doi.org/10.1007/s10875-008-9229-9�
https://doi.org/10.1007/s10875-008-9229-9�


86	 Ulaş S et al.

during infection and inflammation.  Immunity.  2016;45:172–
84. https://doi.org/10.1016/j.immuni.2016.06.025

65.	 Brandtzaeg P,  Nilssen DE.  Mucosal aspects of primary 
B-cell deficiency and gastrointestinal infections.  Curr 
Opin Gastroenterol.  1995;11:532–40. https://doi.
org/10.1111/j.1749-6632.2002.tb04131.x

66.	 Brandtzaeg P,  Karlsson G,  Hansson G,  Petruson B, 
Björkander  J, Hanson L.  The clinical condition of IgA-
deficient patients is related to the proportion of IgD-
and IgM-producing cells in their nasal mucosa.  Clin Exp 
Immunol. 1987;67(3):626. 

67.	 Kanok JM, Steinberg P, Cassidy JT, Petty RE, Bayne NK. Serum 
IgE levels in patients with selective IgA deficiency.  Ann 
Allergy. 1978;41:22–3.

68.	 Burks AW,  Sampson HA,  Buckley RH.  Anaphylactic reac-
tions after gamma globulin administration in patients with 
hypogammaglobulinemia.  N Engl J Med.  1986;314:560–4. 
https://doi.org/10.1056/NEJM198602273140907

69.	 Pearce N, Aït-Khaled N, Beasley R, Mallol J, Keil U, Mitchell E, 
et al. Worldwide trends in the prevalence of asthma symp-
toms: Phase III of the International Study of Asthma and 
Allergies in Childhood (ISAAC). Thorax. 2007;62(9):758–66. 
https://doi.org/10.1136/thx.2006.070169

70.	 Akçay A, Tamay Z, Hocaoğlu AB, Ergin A, Güler N. Risk factors 
affecting asthma prevalence in adolescents living in Istanbul, 
Turkey. Allergol Immunopathol (Madr). 2014;42(5):449–58. 
https://doi.org/10.1016/j.aller.2013.05.005

71.	 Rebelo Gomes E, Fonseca J, Araujo L, Demoly P. Drug 
allergy claims in children: From self-reporting to confirmed 
diagnosis. Clin Exp Allergy. 2008;38(1):191–8. https://doi.
org/10.1111/j.1365-2222.2007.02870.x

72.	 Erkoçoğlu M, Kaya A, Civelek E, Ozcan C, Cakır B, Akan A, 
et al. Prevalence of confirmed immediate type drug hyper-
sensitivity reactions among school children. Pediatr Allergy 
Immunol. 2013;24(2):160–7. https://doi.org/10.1111/pai.12047

73.	 Meerwaldt R, Odink RJ, Landaeta R, Aarts F, 
Brunekreef  B, Gerritsen J, et al. A lower prevalence of 
atopy symptoms in children with type 1 diabetes mel-
litus. Clin Exp Allergy. 2002;32(2).254–5. https://doi.
org/10.1046/j.13652222.2002.01311.x

74.	 Bonilla FA, Khan DA, Ballas ZK, Chinen J, Frank MM, Hsu 
JT, et al. Practice parameter for the diagnosis and man-
agement of primary immunodeficiency.  J Allergy Clin 
Immunol.  2015;136:1186–1205.e78. https://doi.org/10.1016/j.
jaci.2015.04.049

Arch Allergy Immunol.  1987;82:485–6. https://doi.
org/10.1159/000234261

55.	 Wang W, Yao T, Zhang T, Quan M, Wang C, Zhang L, et al. 
Selective immunoglobulin A deficiency (SIgAD) primar-
ily leads to recurrent infections and autoimmune diseases: 
A retrospective study of Chinese patients in the past 40 
years. Genes Dis.  2020;7:115–21. https://doi.org/10.1016/j.
gendis.2019.10.014

56.	 De Laat PC, Weemaes CM, Gonera R, Van Munster PJ, 
Bakkeren JA, Stoelinga GB. Clinical manifestations in 
selective IgA deficiency in childhood. A follow-up report. 
Acta Paediatr.  1991;80:798–804. https://doi.org/10.1111/ 
j.1651-2227.1991.tb11952.x

57.	 Sandin A, Björkstén B, Böttcher MF, Englund E, Jenmalm MC, 
Bråbäck L. High salivary secretory IgA antibody levels are 
associated with less late-onset wheezing in IgE-sensitized 
infants.  Pediatr Allergy Immunol.  2011;22:477–81. https://
doi.org/10.1111/j.1399-3038.2010.01106.x

58.	 Aksu KAM, Asilsoy S et al. Approach to diagnosis and treat-
ment of atopic dermatitis: National Guide 2018. Asthma 
Allergy Immunol. 2018;16(2):1–95. https://doi.org/10.4274/
turkderm.87143

59.	 Serbes M, Özkan B, Can D, Meşe T, et al. Skin allergies. Izmir 
Behçet Uz Children’s Hospital Pediatrics, Ankara: Nobel 
Medicine Bookstores; 2022. pp. 514–23.

60.	 Strait RT, Mahler A, Hogan S, Khodoun M, Shibuya A, 
Finkelman FD. Ingested allergens must be absorbed sys-
temically to induce systemic anaphylaxis.  J Allergy Clin 
Immunol.  2011;127:982–989.e1. https://doi.org/10.1016/j.
jaci.2011.01.034

61.	 Szczawińska-Popłonyk A, Bręborowicz A, Ossowska L. Food 
allergy in children with hypogammaglobulinemia. Pediatr Pol. 
2012;87:444–8. https://doi.org/10.1016/j.pepo.2012.07.004

62.	 Heeb LEM,  Egholm C,  Boyman O.  Evolution and function 
of interleukin-4 receptor signaling in adaptive immunity 
and neutrophils.  Genes Immun.  2020;21:143–9. https://doi.
org/10.1038/s41435-020-0095-7

63.	 Patel DF, Peiró T, Bruno N, Vuononvirta J, Akthar S, Puttur F, 
et al.  Neutrophils restrain allergic airway inflammation by 
limiting ILC2 function and monocyte-dendritic cell antigen 
presentation. Sci Immunol. 2019;4(41):eaax7006. https://doi.
org/10.1126/sciimmunol.aax7006

64.	 Woytschak J,  Keller N,  Krieg C, Impellizzieri D, Thompson 
RW, Wynn TA, et al. Type 2 interleukin-4 receptor signaling 
in neutrophils antagonizes their expansion and migration 

https://doi.org/10.1016/j.immuni.2016.06.025�
https://doi.org/10.1111/j.1749-6632.2002.tb04131.x�
https://doi.org/10.1111/j.1749-6632.2002.tb04131.x�
https://doi.org/10.1056/NEJM198602273140907�
https://doi.org/10.1136/thx.2006.070169�
https://doi.org/10.1016/j.aller.2013.05.005�
https://doi.org/10.1111/j.1365-2222.2007.02870.x�
https://doi.org/10.1111/j.1365-2222.2007.02870.x�
https://doi.org/10.1111/pai.12047�
https://doi.org/10.1046/j.13652222.2002.01311.x�
https://doi.org/10.1046/j.13652222.2002.01311.x�
https://doi.org/10.1016/j.jaci.2015.04.049�
https://doi.org/10.1016/j.jaci.2015.04.049�
https://doi.org/10.1159/000234261�
https://doi.org/10.1159/000234261�
https://doi.org/10.1016/j.gendis.2019.10.014�
https://doi.org/10.1016/j.gendis.2019.10.014�
https://doi.org/10.1111/j.1651-2227.1991.tb11952.x�
https://doi.org/10.1111/j.1651-2227.1991.tb11952.x�
https://doi.org/10.1111/j.1399-3038.2010.01106.x�
https://doi.org/10.1111/j.1399-3038.2010.01106.x�
https://doi.org/10.4274/turkderm.87143�
https://doi.org/10.4274/turkderm.87143�
https://doi.org/10.1016/j.jaci.2011.01.034�
https://doi.org/10.1016/j.jaci.2011.01.034�
https://doi.org/10.1016/j.pepo.2012.07.004�
https://doi.org/10.1038/s41435-020-0095-7�
https://doi.org/10.1038/s41435-020-0095-7�
https://doi.org/10.1126/sciimmunol.aax7006�
https://doi.org/10.1126/sciimmunol.aax7006�

