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ABSTRACT

Objective: Allergic diseases, infections, parasitic infections, hematologic malignancies, chronic lung diseases, inflammatory diseases, 
cystic fibrosis, nephrotic syndrome and primary immunodeficiencies (PIDs) are the main disorders in the differential diagnosis of 
elevated serum IgE levels. 

The aim of this study was to evaluate the differential clinical diagnosis of patients whose serum IgE levels were found to be above 2000 
IU/ml when measured at the pediatric allergy and immunology outpatient clinics of our hospital.

Materials and Methods: This was a retrospective study of children aged between 2 months to 18 years referred to the Pediatric Allergy 
and Immunology clinics and evaluated at our hospital between October 2010 and March 2021. 

Results: In the 480 patients with serum total IgE levels exceeding 2000 IU/ml in this study, allergic diseases were observed in 313 (65.2%) 
patients, primary immunodeficiencies in 28 (5.8%), infectious diseases in 12 (2.4%), hematological diseases in 14 (2.8%), rheumatologic 
diseases in 5 (1%), and other diseases in 2 (0.4%), while 113 (23.5%) patients were undefined. 

Conclusion: This study revealed that allergic diseases were the most common cause of extremely elevated serum IgE levels, while 5.8% 
of the patients were diagnosed with primary immunodeficiencies. Our study indicates that primary immunodeficiencies, although rare, 
should be kept in mind in patients with a serum total IgE above 2000 IU/ml.
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INTRODUCTION

Immunoglobulin E (IgE) elevation is a common labora-
tory result in pediatric outpatient clinics, and it can some-
times concern families and doctors. In daily practice, some 
of the patients evaluated in allergy and immunology out-
patient clinics consists of patients with an elevated serum 
total IgE level. Although serum total IgE elevation may 
suggest the presence of an allergic disease at first glance, 
it may actually be elevated due to many different clinical 
conditions (1). Allergic diseases, infections, especially par-
asitic infections, hematologic malignancies, chronic lung 
diseases, inflammatory diseases, cystic fibrosis, nephrotic 

syndrome, and primary immunodeficiencies (PIDs) are 
considered in the differential diagnosis of elevated IgE lev-
els (1-3).

Variations in the upper limit of normal serum total IgE 
have been reported to range from 150 to 1,000 UI/ml; but 
the commonly accepted upper limit is between 150 and 
300 UI/ml (4). Since serum total IgE concentrations vary 
significantly with age, age-specific reference ranges have 
been established for both children and adults (5).

IgE elevation may be an important laboratory finding 
of the primary immunodeficiencies, and IgE may be elevat-
ed especially in five groups of PIDs: Hyper-IgE syndrome 
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(HIES), Wiskott-Aldrich syndrome; immunodysregula-
tion, polyendocrinopathy, enteropathy, X-linked (IPEX); 
Omenn syndrome; and atypical complete DiGeorge syn-
drome (6). In the literature, the frequency of primary 
immunodeficiency in patients with a serum IgE level of 
2000 IU/ml and above has been investigated in very few 
studies, and these studies evaluated small patient groups.

Allergic patients have elevated antigen-specific and 
total serum IgE levels (1,000- 10,000 IU/mL) (7). Markedly 
elevated serum total IgE levels have been rarely observed 
in allergic rhinitis, asthma, and atopic dermatitis (8). The 
serum IgE level has been found to correlate with the sever-
ity of the underlying allergic disease, especially in allergic 
rhinitis and asthma (9,10).

The aim of this study was to evaluate the differential 
clinical diagnosis of patients whose serum IgE levels were 
measured in the pediatric allergy and immunology outpa-
tient clinics of our hospital and found to be above 2000 
IU/ml. 

MATERIALS and METHODS

This was a retrospective study of children aged 2 months 
to 18 years who were referred to the Pediatric Allergy and 
Immunology Clinics and evaluated in our hospital between 
October 2010 and March 2021. Patients who had a serum 
IgE level measured above 2000 IU/ml at least once were 
involved in this study. The study protocol was approved by 
the Institutional Ethics Committee (E2-21-690).

Patients with symptoms of allergic diseases, para-
sitic infections (such as abdominal pain, diarrhea, nau-
sea, vomiting), rheumatologic diseases (arthralgia, fever, 
weight loss, fatigue, tenderness and stiffness of the joints), 
malignancies (such as weight loss, fever) and immunode-
ficiencies were evaluated with the serum total IgE level. 
IgE measurements were performed with an IMMAGE 800 
Immunochemistry System using the nephelometric meth-
od, and values were expressed as IU/ml. The method was 
consistently used in the past ten years.

Medical history and demographic information such 
as the age, gender, patient history and family history of 
chronic and allergic diseases, symptoms, and physical 
examination findings were acquired from the hospital 
records. Laboratory tests were performed at the point of 
clinical diagnosis and when necessary. Laboratory data 
was also recorded, when available.

Parameters included in the initial diagnostic workup 
for hyperimmunoglobulin E were recorded, when avail-
able, such as liver and kidney function tests, allergy test 
results such as the skin prick test and serum-specific IgE 
level, and stool/serology for parasites. For skin prick tests, 
the food and/or inhaler allergens recommended in the 
European Academy of Allergy and Clinical Immunol-
ogy according to the history were used in the test panel 
(11). Tests for evaluating the immunodeficiencies (such as 
serum immunoglobulin levels and peripheral blood lym-
phocyte subset analysis) were recorded, when available. 
Imaging tests (such as computed tomography of the chest, 
abdomen, and pelvis; electrocardiogram, echocardiogram, 
ultrasonography) were performed if needed.

The reason for using a serum IgE level of >2000 IU/ml 
was that one of the items in the HIES score is an elevated 
serum IgE level >2000 IU/ml (12).

Statistical Analysis

The results were expressed as percentile (absolute num-
bers), as mean and standard deviation, or as median and 
interquartile range (IQR), as required. Statistical Product 
and Service Solutions 22 (SPSS) (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis.

RESULTS

A total of 480 patients including 135 (28.1%) males 
were evaluated. The median age of the children for which 
serum IgE analysis was performed was 91 months (IQR: 
47.2-143 months). The clinical diagnoses of the patients 
with elevated serum IgE is shown in Figure 1. Among the 

Figure 1. Clinical diagnosis of patients with elevated serum total 
IgE.

� Allergic diseases
� Primary immunodeficiencies
� Infectious diseases
� Hematological diseases
� Rheumotalogical diseases
� Other causes
� Undefined cases
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480 patients, the most common chronic disease was asth-
ma (152 [31.7%]). The family of 57 (11.9%) of the patients 
had a history of allergic disease, and none of the patients 
had an immunodeficiency disease. At the first presenta-
tion, 135 (28.1%) had pathological findings on physical 
examination (Table I).

Allergic Diseases

An allergic disease was diagnosed in 313 of the 480 
patients (65.2%). The most common allergic disease was 
asthma. The second and third most common allergic dis-
eases were allergic rhinitis and food allergy (Table II). Skin 
prick tests were performed in 243 (50.6%) patients. Atopy 
was detected in 174 (71.6%) patients. Pollen was the most 
common aeroallergen observed at a rate of 43.6% (n:106). 
In 87 (18.1%) patients, specific IgE titers were measured, 
and inhaled allergen positivity was the most common 
detected condition.

Immunologic Diseases

Immunodeficiency was diagnosed in 28 (5.8%) 
patients. Hyper-IgE sydrome (HIES) was diagnosed in 9 
(1.9%) patients. Among these patients, DOCK8 (Dedica-
tor of and Cytokinesis 8) and STAT3 (Signal transducer 
and activator of transcription 3) mutations were detected 
in 5 (1%) and 2 (0.4%) patients, respectively. Mutation 

analyses are still pending in another two patients with 
possible HIES according to the NIH-HIES score. Other 
immunodeficiencies diagnosed with IgE elevation were 
chronic granulomatous disease (CGD) (2 [0.4%]), severe 
combined immunodeficiency (SCID) with the Omenn 
phenotype (2 [0.4%]), immune dysregulation polyen-
docrinopathy, enteropathy X-linked syndrome (IPEX) 
(2 [0.4%]), autoimmune lymphoproliferative syndrome 
(ALPS) (1 [0.2%]), common variable immune deficiency 
/CVID) (1 [0.2%]), Griscelli syndrome (1 [0.2%]), Kost-
mann syndrome (1 [0.2%]), IL-21 receptor deficiency (1 
[0.2%]), IL-17F mutation (1 [0.2%]), selective IgA defi-

Table I: Demographic and clinical characteristics of patients 
with elevated serum total IgE.

Patients with 
elevated serum total 
IgE (>2000 IU/ml))

Age (months), median (IQR) 91 (47.2-143)
Gender (female/male) 2/5
Male, n (%) 135 (28.1)
Consanguinity, n (%) 35 (7.3)
Preterm, n (%) 9 (1.9)
Cesarean section, n (%) 39 (8.1)
Having concomitant chronic disease at 
presentation, n (%) 93 (19.4)

Using medication at presentation, n (%) 113 (23.5)
Having a pathology on physical 
examination at presentation, n (%) 135 (28.1)

Atopy status
Skin prick test performed, n (%) 243 (50.6)
Having aeroallergen sensitization, n (%) 174 (71.6)

Table II: Clinical diagnosis of patients with elevated serum 
total IgE.

The primary clinical diagnosis
Allergic diseases, n (%) 313 (65.2)

Asthma 152 (31.7)
Allergic Rhinitis 88 (18.3)
Atopic Dermatitis 62 (12.9)
Food Allergy 66 (13.8)
Single food trigger 35 (7.3)
Multiple food triggers 31 (6.5)
Chronic urticaria 17 (3.5)
Anaphylaxis 10 (2.1)
Food-related anaphylaxis 7 (1.5)
Drug-related anaphylaxis 2 (0.4)
Vaccine-related anaphylaxis 1 (0.2)
Drug Allergy 7 (1.5)
Venom Allergy 3 (0.6)
Allergic Contact Dermatitis 1 (0.2)

Primary immunodeficiencies, n (%) 28 (5.8)
Infectious diseases, n (%) 12 (2.4)

Parasitic infections 6 (1.2)
Hydatid cyst 3 (0.6)
Fasciola hepatica 2 (0.4)
Blastocystis hominis 1 (0.2)
Other enfestations 10 (2.1)

Hematological diseases, n (%) 14 (2.8)
Malignancies, n (%) 10 (2)

Leukemia 5 (1)
Lymphoma 3 (0.6)
Hodgkin lymphoma 2 (0.4)
Large cell anaplastic lymphoma 1 (0.2)
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ciency (4 [0.8%]), and selective IgM deficiency (4 [0.8%]). 
The primary clinical diagnoses are presented in Table III.

Infectious Diseases

Infectious diseases were observed in 12 (2.4%) patients. 
The most common was parasitic infestation at a rate of 1.2% 
(n:6). Hydatid cyst was observed in 3 (0.6%) patients with 
2 of them detected in the lung and 1 of them in the brain. 
Blastocystis hominis and fasciola hepatica were detected in 
2 (0.4%) patients and 1 (0.2%) patient, respectively. Eosin-
ophilic folliculitis, Herpes simplex encephalitis, impetigo, 
scabies, varicella, sinusitis, cystic fibrosis activation and, 
HPV-induced epidermodysplasia verruciformis were 
observed in one patient each (0.2% each) (Table II). Stool 
tests were performed due to the suspicion of parasites in 
92 (19.2%) patients, and a positive test result was found 
only in 7 (1.5%). A total of 25 (5.2%) patients were treated 
with antiparasitic drugs that were given empirically. None 
of the serologic tests for parasites gave a positive result.

Other Diseases

Hematologic diseases were observed in 14 (2.8%) 
patients. Malignancies were detected in 10 (2%), patients. 
Acute lymphoblastic leukemia (ALL) and acute myeloid 
leukemia (AML) were detected in 4 (0.8%) patients and 1 
(0.2%) patient respectively. Hodgkin lymphoma, Langer-
hans cell histiocytosis, and large cell anaplastic lymphoma 
were detected in 2 (0.4%), 2 (0.4%) and 2 (0.2%) patients, 
respectively. Immune thrombocytopenic purpura (ITP), 
B12 deficiency, thalassemia major, and cyclic neutrope-
nia were detected in 1 (0.2%) patient each. Rheumatologic 
diseases were observed in 5 (1%) patients. Systemic lupus 
erythematosus (SLE), Crohn disease, Juvenile idiopathic 
arthritis (JIA), and autoimmune hepatitis were detected in 
2 (0.4%), 1 (0.2%), 1 (0.2%) and 1 (0.2%) patients, respec-
tively (Table II). Laboratory findings of the patients are 
shown in Table IV.

Invasive diagnostic tests were also performed as need-
ed. Pathological findings were detected in bronchoscopy 
in one (0.2%) patient and defined as narrowness at the lin-
gula. Bone marrow aspiration was performed in 3 (0.6%) 
patients and only 1 of them revealed hypereosinophilia in 
the bone marrow. Skin biopsy was performed in 2 (0.4%) 
patients and one of them reported a pathological result 
defined as eosinophilic folliculitis. Despite all the diagnos-
tic tests were performed, no diagnosis could be made in 
113 (23.5%) patients.

Table III: Clinical diagnosis of patients with a diagnosis of 
immunodeficiency with a serum IgE level above 2000 IU/ml.

Immunodeficiencies, n (%) 28 (5.8)
Hyper IgE syndrome 9 (1.9)
DOCK8 deficiency 5 (1)
STAT3 deficiency 2 (0.4)
Undefined (mutation unknown) HIES 2 (0.4)
Chronic granulomatous disease 2 (0.6)
Selective IgA deficiency 4 (0.8)
Selective IgM deficiency 2 (0.4)
Hyper IgM syndrome 1 (0.2)
Severe combined immunodeficiency 2 (0.4)
JAK3 mutation - Omenn syndrome 1 (0.2)
RAG2 mutation - Omenn syndrome 1 (0.2)
Common variable immunodeficiency 1 (0.2)
Autoimmune lymphoproliferative syndrome 1 (0.2)
Immune dysregulation, polyendocrinopathy, 
enteropathy, X-linked syndrome

2 (0.4)

Griscelli syndrome 1 (0.2)
Kostmann syndrome 1 (0.2)
IL-21 deficiency 1 (0.2)
IL-17-mutation 1 (0.2)

Table IV: Laboratory Findings of the patients.

Laboratory finding, mean
Total white blood cell count 8608
Serum hemoglobin level 12.7
Serum neutrophil level (absolute number) 4097
Serum lymphocyte level (absolute number) 3155
Serum eosinophil level (absolute number) 628
Serum eosinophil level (percent) 6.5
Serum platelet level 330.000
AST level 33.5
ALT level 23
Serum urine level 25.6
Serum creatinine level 0.52
Serum IgG level 1192
Serum IgM level 113
Serum IgA level 142.6
Total IgE level, median, IQR 2792, 2240-4196
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DISCUSSION

Among the 480 patients with serum IgE levels exceed-
ing 2000 IU/ml in our study, allergic diseases were observed 
in 313 (65.2%) patients, primary immunodeficiencies in 
28 (5.8%), infectious diseases in 12 (2.4%), hematological 
diseases in 14 (2.8%), rheumatologic diseases in 5 (1%), 
and other diseases in 2 (0.4%) patients while 113 (23.5%) 
patients were undefined (Table II). 

The most common clinical diagnosis was allergic dis-
ease, with a rate of 65.2% (n:313), and most commonly 
asthma (152 [31.7%]) in our patients. The second and 
third most commonly diagnosed allergic diseases were 
allergic rhinitis (18.3%) and atopic dermatitis (12.9%). 

High IgE is a indicator of atopy (1). Atopy is the genetic 
predilection to produce specific IgE following exposure to 
allergens. At the cellular level, atopy appears to result, in 
part, from a predisposition toward a certain response on 
the part of CD4+ T helper cells called the T helper type 
2 (Th2) response (13). Th2 cells secrete large quantities 
of interleukin-4 (IL-4) and interleukin-13 (IL-13), which 
promote the production of allergen-specific IgE by plasma 
cells (14).

According to Joshi et al., the most commonly diagnosed 
diseases were allergic diseases with a rate of 77% (n=54) 
among the 70 patients with serum IgE levels above 2000 
IU/ml followed between 1997 and 2006, and asthma was 
the most common one in pediatric patients (15). Serum 
IgE can be even higher than 2000 IU/ml in allergic dis-
eases. According to Kıykım et al, the serum IgE level was 
between 27 and 7122 IU/ml in atopic dermatitis, between 
4-3000 IU/ml in allergic asthma, and between 71-1969 IU/
ml in allergic rhinitis in their study group. It was observed 
that the cut-off values for discriminating atopic diseases 
from HIES were 2500 IU/l for IgE and 1500/mm3 for 
eosinophils with ROC curve analysis (16). Extreme serum 
IgE levels were detected in allergic rhinitis by Hyun et al. 
and Lin et al. (17,18). According to Ng et al., 133 patients 
had a serum total IgE level higher than 2000 IU/ml among 
330 pediatric atopic dermatitis patients. In these patients, 
hyper-IgE levels were observed to be associated with asth-
ma, severe eczema, and dust mite atopy (19). In another 
study, it was observed that the serum IgE level in atopic 
dermatitis patients was between 1011 and 3015 IU/ml (20). 
According to Tanaka et al., the serum IgE level in patients 
with asthma was observed to be maximum of 2891 IU/ml 

(10). Louis et al. reported a serum total IgE level of 17-7620 
IU/ml among 41 adult asthma patients (21).

Some patients with allergic diseases have non-elevated 
serum total IgE levels (22-27). However, most of the IgE 
levels higher than 2000 IU/ml in our study were observed 
to be related with allergic diseases.

Among 480 patients whose serum IgE levels were above 
2000 IU/ml, 28 (5.8%) patients were diagnosed as primary 
immunodeficiency disease. According to Ponsford et al., 
the prevalence of immunodeficiencies was observed to be 
below 1% in patients with a serum IgE level above 1000 
IU/ml in a tertiary care center (2). According to Joshi et 
al., HIES was diagnosed in 9% (n=6) of the 70 pediatric 
patients whose serum IgE levels were observed to be above 
the 2000 IU/ml in a 10-year period (15). The number of 
patients diagnosed as PID with extremely high IgE levels 
was 9 (1.9%) in our study.

Mechanisms of IgE elevation were explained with 
defective IFN-gamma and IL-10 production in PIDs, and 
reduced Treg cells, T cell oligoclonality, and increased IL-4 
production in Treg cell deficiencies. A defective Treg cell 
number or function results in autoimmunity and a TH2 
phenotype with increased IgE levels (6). Extreme elevation 
of IgE has relevance to primary immunodeficiencies (PID) 
such as SCID with Omenn phenotype and other defects 
in T-cell development. PID diseases associated with IgE 
>1000 IU/ml have been reported as follows in the litera-
ture: impaired TCR signalling and cytoskeletal remodelling 
(WAS, DOCK8 deficiency, CARD11), cytokine signalling 
defects (STAT3, Loey-Dietz syndrome, STAT5b, IRAK4, 
Myd88 deficiencies), immune dysregulation diseases 
(IPEX, FAS-FASL, caspase 8-10 defects, ALPS), congenital 
defects of phagocyte function (chronic granulomatous dis-
ease), polygenic disorders (selective IgA deficiency), bar-
rier defect (such as the Comel-Netherthon syndrome, loss 
of filaggrin, severe skin dermatitis, multiple allergies and 
metabolic wasting [SAM syndrome]) (2,6).

In our study, there were eight patients diagnosed with 
immunodeficiencies, with serum IgE elevation above 
2000 IU/ml that was detected by chance or as an impor-
tant component of the disease. These diseases are autoim-
mune lymphoproliferative syndrome (ALPS), common 
variable immune deficiency /CVID), Griselli syndrome, 
Kostmann syndrome, IL-21 receptor deficiency, and IL-
17F mutation, each detected in 1 (0.2%) patient. Selective 
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IgA deficiency and selective IgM deficiency were observed 
in 4 (0.8%) and 2 (0.4%) patients, respectively (Table II). 
In several case studies, the maximum serum IgE levels 
observed in were as high as 100.000 IU/ml in HIES, 3698 
IU/ml in IPEX patients (28), 5030 IU/ml in WAS patients 
[30], 2600 -6330 IU/ml in ALPS patients (29, 30), 5030 IU/
ml in chronic granulomatous disease (31), 35.000 IU/ml 
in Comel- Netherthon syndrome patients (32), 1040 IU/
ml in Griselli syndrome patients (33) and 2110 IU/ml in 
selective IgM deficiency patients were detected in the lit-
erature (34).

Even if immunodeficiency associated with IgE eleva-
tion is not suspected, the evaluation of unexplained IgE 
elevations by an experienced clinical immunologist may 
be important to complete the diagnostic approach. There-
fore, this group of patients should be referred to immunol-
ogy departments.

According to Lawrence, elevations in serum IgE were 
seen in both polygenic allergic diseases such as atopic der-
matitis and food allergy, and in a growing list of monogen-
ic primary immunodeficiencies (35). Among the patients 
with immunodeficiencies in our study, 8 (28.5%) patients 
had additional allergic diseases. and 5 (55.6%) diagnosed 
with OR-HIES (Dock8 deficiency) were observed to 
have concomitant food allergies. Asthma, atopic derma-
titis, food allergy with multiple-triggering, anaphylaxis, 
and drug allergy were detected in 2 (22.2%), 2 (22.2%), 3 
(33.3%), 2 (22.2%), and 1 (11.1%) patients diagnosed with 
HIES, respectively.

The necessity to investigate infectious diseases, rheu-
matological diseases, and malignancy should always be 
remembered when unexplained IgE elevation is present 
(1). Helminth allergens are potent stimulators of the IgE-
mediated immune response. High IgE response to tissue-
invading parasitic infections is accompanied by high IL-4, 
IL-5, and IL-13 levels, high peripheral blood and tissue 
eosinophil counts, as well as high mast cell counts (1). A 
study has reported that total IgE elevation was seen in 50% 
of these patients (36). In our study, 10 (2%) patients were 
diagnosed with parasitic infestations, all with hydatid cyst 
disease.

There is a group of patients where the cause of high 
IgE levels cannot be determined despite detailed investiga-
tions. It is still unknown why the serum total IgE level was 
elevated in these patients during follow-up. In a healthy 

population lacking a personal or family history of allergy, 
the influence of genetic factors (family history of allergy), 
environmental factors (degree of air pollution), age, and 
sex have been observed to influence the serum total IgE 
levels (37). Serum total IgE levels were rarely observed to 
be high in healthy children and adults (38). Further studies 
are needed.

According to Joshi et al., there were patients with no 
correlation between the serum IgE level and diagnosis of 
allergic diseases, Hyper-IgE syndromes, malignancy, and 
parasitic diseases. In 70 patients with a serum IgE level 
above 2000 IU/ml, 7 remained undiagnosed (15).

The limitation of this study was that it was retrospec-
tive; however, the strength was having the highest number 
of patients with an IgE level above 2000 IU/ml in the lit-
erature.

In conclusion, allergic diseases were found to be the 
most common cause of extremely elevated serum IgE lev-
els in this study. While 5.8% of the patients were diagnosed 
with primary immunodeficiencies, our study indicates 
that primary immunodeficiencies, although rare, should 
be considered in patients with a serum IgE above 2000 IU/
ml.
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