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INTRODUCTION

Recent approaches to patients with allergic diseases include the 
application of single or multiple biomarkers such as eosinophils 
and IgE in disease phenotype and endotype analysis to determine 
disease prognosis and identify patients eligible for treatment.1,2 
Eosinophils have served as a histologic hallmark of many diseases, 
especially infections and systemic and allergic conditions. In other 
circumstances, eosinophils may also serve as surrogate markers of 
disease activity as in asthma (AS), atopic dermatitis (AD), allergic 
rhinitis (AR), and allergic conjunctivitis (AC).3 Eosinophil predomi-
nance characterizes many diseases, but the true impact of these 
cells on the human condition is not certain. Some studies have 
suggested that peripheral blood eosinophil levels or peripheral lev-
els of unique eosinophil-specific markers correlate with allergic 
disease severity, such as AS, AR, and AD.4-6

Many investigators have used total eosinophil count (TEC) and 
total serum immunoglobulin E (IgE) for evaluating allergic dis-
ease.7,8 Sixty to 90% of AS and 20 to 70% of AD have been proven 
to be IgE mediated.9 Previous studies have attempted to predict 
disease activity and treatment response in allergic diseases through 
TEC, total or specific IgE.10,11 However, it is still not clear whether 
these biomarkers show distinct differences or correlations depend-
ing on pediatric allergic diseases. In this study we examined the 
differences in TEC in allergic diseases and whether it differed ac-
cording to sensitization. We also investigated if there was any as-
sociation between TEC and total IgE.

MATERIALS AND METHODS

We reviewed the medical records of 551 patients who visited the 
Uijeongbu St. Mary’s Hospital, allergy clinic of the pediatric de-
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partment from January 1, 2009 to December 31, 2012 for allergic 
diseases. We included patients who had documentation of clinical 
criteria sufficient for the diagnosis of AD, AR, AS, or urticaria (UC). 
This study was approved by the Institutional Review Board at The 
Catholic University of Korea (IRB No. XC20WIDI0144).

1. Clinical diagnostic criteria

AR was diagnosed based on individual symptoms and nasal ex-
amination findings that fulfilled the criteria for AR, including mu-
cosal edema, pale/bluish discoloration, and watery discharge.12 
AD diagnosis was based on the age-appropriate clinical criteria for 
allergic eczema in childhood.13 For AS, the diagnosis was based on 
recurrent wheezing or cough without a cold in the preceding 12 
months with evidence of bronchial hyperresponsiveness upon 
methacholine challenge (PC20 [provocative concentration of metha-
choline causing a 20% fall in forced expiratory volume in 1 second] 

≤8 mg/mL) or at least 12% reversibility of forced expiratory vol-
ume in 1 second after inhalation of a short-acting bronchodilator.14 
With younger children (under 5 years of age) or when such evidence 
was not readily available: the diagnosis was based on a history of 3 
or more episodes of at least 2 of the following – persistent daytime 
or nighttime cough, physician-diagnosed non-febrile wheezing, 
recurrent episodes of shortness of breath or exercise-induced short-
ness of breath and cough. UC was limited to acute cases lasting for 
less than 6 weeks and was defined as a disease characterized by the 
development of wheals (hives), angioedema, or both.15 These data 
were obtained from the patient’s clinical records, clinic interviews, 
and medical examination results.

2. Peripheral blood analysis

The number of peripheral blood eosinophils was counted with 
blood samples containing ethylenediaminetetraacetic acid using 
an automated hematology analyzer (XE2100 D; Sysmex Co., Kobe, 
Japan). Serum total IgE level was measured using ImmunoCAP 
(Thermofisher AB, Uppsala, Sweden) according to the manufac-
turer’s instructions.

3. Measurement of specific IgE

Specific IgE levels were measured using the ImmunoCAP (Ther-
mofisher AB). A specific IgE test was performed with 6 allergens 
common in Korea: Dermatophagoides pteronyssinus, Dermatopha-
goides farinae, egg whites, cow milk, German cockroach, and Al-
ternaria alternata. Sensitization was defined as 0.35 KU/L or high-

er specific IgE to one or more allergens.

4. Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 
ver. 20.0 (IBM Co., Armonk, NY, USA). All continuous variables 
are expressed as mean±standard deviation, and numbers (n) with 
percentages are expressed for categorical variables. Normally dis-
tributed variables were analyzed with analysis of variance and for 
those that were not normally distributed, the Kruskal-Wallis and 
Mann-Whitney U 2-tailed tests were used for analysis. The chi-
square test was used to examine differences between categorical 
variables between groups. Statistical significance was defined at 
P<0.05 in a 2-tailed test.

RESULTS

1. Subject Characteristics

The subject characteristics of the study are shown in Table 1. The 
study population included 551 patients and the median age was  
4 years (interquartile range, 1.0–8.0 years). Three hundred twen-
ty-seven (59.3%) were male. There were 235 cases of AD, 179 cases 
of AS, 112 cases of AR, and 82 cases of UC. In the study group,  
548 (99.5%) completed TEC, 463 (84.0%) completed total IgE, and 
471 (85.5%) completed specific IgE by ImmunoCAP test. Regard-
ing sensitization, 106 were nonsensitized, 206 were sensitized to 
inhalant allergens, 109 were sensitized to food allergens, and 49 

Table 1. Subject characteristics (N= 551)

Characteristic Value 

Male sex 327 (59.3)
Age (yr), median (IQR)  4 (1.0–8.0)
Allergic disease

Atopic dermatitis 235 (42.6)
Asthma 179 (32.5)
Allergic rhinitis 112 (20.3)
Urticaria 82 (14.9)

Sensitization
None 106 (22.5)
Inhalant 206 (43.7)
Food 109 (23.1)
Inhalant and food 49 (10.4)

Total eosinophil count (cells/μL) 427.4± 386.8
Total IgE (IU/mL) 364.3± 659.3

Values are presented as number (%) or mean± standard deviation unless otherwise 
indicated.
IQR, interquartile range; IgE, immunoglobulin E; IU, international unit. 
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were sensitized to both food and inhalant allergens.

2. Eosinophil

TEC was significantly higher in the AD and AR groups com-
pared with the UC group (Fig. 1). According to the sensitization 
pattern, TEC was significantly higher in those sensitized to both 
inhalant and food allergens than those nonsensitized (Fig. 2).

3. Total IgE

The level of total IgE according to allergic diseases was not sig-
nificantly different (Table 2). According to the sensitization pattern, 
the level of total IgE was significantly higher in those sensitized to 
both inhalant and food allergens than nonsensitized group and 
food-sensitized group. The level of total IgE was also significantly 

higher in those sensitized to inhalant allergens than nonsensitized 
and those sensitized to food allergens (Fig. 3).

DISCUSSION

This study investigated the difference of TEC in allergic diseases 
and sensitization and compared it with total IgE. TEC was signifi-
cantly higher in AD and AR than UC, but there was no significant 
difference in the level of total IgE according to allergic diseases. 
Regarding pattern of sensitization, TEC was significantly higher 
in those sensitized to both food and inhalant allergens than those 
nonsensitized. The level of total IgE was significantly higher in 
those sensitized to both inhalant and food allergens than the non-
sensitized group and food-sensitized group. The level of total IgE 
was also significantly higher in those sensitized to inhalant aller-
gens than nonsensitized and those sensitized to food allergens.

Eosinophils are involved in host defense, immune and adaptive 
responses, tissue damage, and airway remodeling.16 Eosinophils 
play an important role in defense against infections and are a key 
element in allergic diseases. It is strongly associated with disorders 
involving mucosal surfaces, particularly AS and AR, which exhib-
it a significant correlation with the number as well as activation 
status of tissue infiltrating eosinophils.17 Eosinophils may also serve 
as surrogate markers of disease activity in AS, AD, AR, and AC.3 
There is some evidence that allergic multimorbidity and severity 

Table 2. Total IgE according to allergic disease

AD (n= 179) AS (n= 162) AR (n= 105) UC (n= 73) P-value

Total IgE (IU/mL) 387.3± 842.7 422.4± 512.9 447.3± 632.8 183.3± 661.3 0.041*

IgE, immunoglobulin E; AD, atopic dermatitis; AS, asthma; AR, allergic rhinitis; UC, urticaria.
*There was no statistically significant difference after Bonferroni test.

Fig. 1. Total eosinophil count in allergic disease. AD, atopic dermatitis; AS, 
asthma; AR, allergic rhinitis; UC, urticaria. *P< 0.05.
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Fig. 2. Eosinophil count according to pattern of sensitization. *P< 0.05.
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Fig. 3. Level of total IgE according to sensitization pattern. IgE, immunoglobulin 
E. *P< 0.05.
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are associated with increased markers of type 2 inflammation, 
such as blood eosinophils and markers of eosinophil activation, 
such as eosinophil cationic protein (ECP) and eosinophil-derived 
neurotoxin (EDN).18 Serum ECP and EDN levels were significant-
ly higher in atopic AS than in nontopic AS or control group, and 
higher in moderate to severe group than in mild AS. Eosinophil 
predominance characterizes such allergic diseases, but the true 
impact of these cells in human conditions is not certain. Previous 
studies have found that the presence of inflammatory cells includ-
ing eosinophils in the airways did not diagnose AS, but their mea-
surement was especially useful for the clinical assessment of bron-
chitis, guiding treatment with corticosteroids and long-term thera-
py of AS.19 Another study reported that blood eosinophil counts and 
derived ratios could accurately predict eosinophilic AS in patients 
with persistent uncontrolled AS despite treatment.20

Eosinophils have been suggested to be implicated in urticarial 
disease.21 In our study, we found that TEC was significantly higher 
in AD and AR in comparison with UC, but such differences were 
not observed with AS. The potential role of eosinophils in the in-
flammatory process of UC is supported by their association with 
urticarial skin lesions in individuals with eosinophilic disorders 
such as hypereosinophilic syndrome.22 Some previous studies have 
described a definite rise in eosinophil counts during the acute phase 
of UC.23 In contrast, eosinopenia has been reported to be associated 
with higher disease activity in chronic spontaneous UC patients.24 
These conflicting results demonstrate the complex role of eosino-
phils in urticarial disease. There are few reports, and little is known 
about the impact of eosinophilic UC on the ongoing disease course, 
especially in children. Further study will be needed to understand 
the differential role of eosinophils in the expression of allergic dis-
eases.

Previous animal studies have suggested that eosinophils were 
unlikely to participate in allergen sensitization, including antigen 
priming of T cells25 or the development of significant humoral re-
sponses.26 Other studies showed that in allergen provocation mod-
els, the loss of eosinophils specifically during the respective aller-
gen sensitization phases had no effects on the subsequent develop-
ment of Th2 immune responses and inflammatory metrics (in-
cluding the development of robust airway eosinophilia) following 
allergen challenge.27 This was different from our study in which we 
found that TEC was significantly higher in those sensitized to both 
food and inhalant allergens than those nonsensitized. Further study 
to determine the role of eosinophils in sensitization in humans and 

whether it differs from animal models seems worthy.
The level of total IgE in human serum depends on several fac-

tors, such as genetic predisposition, sex, race, environmental fac-
tors, and type of disease (allergy, parasitic infection, or immune 
deficiency).28 Association with total IgE and allergic disease has 
been discrepant: previous studies suggested that a high concentra-
tion of IgE was correlated with AD and AS.29,30 However, a differ-
ent study reported no significant association with total IgE and al-
lergic disease based on questionnaires.31 Likewise, we found no 
significant difference in the level of total IgE according to allergic 
disease.

Only a few studies have examined the relationship between total 
IgE concentrations and the development of sensitization to differ-
ent types of allergens. One of the studies reported that allergen-
specific IgE sensitization occurs in relation to total IgE concentra-
tion.32 This was supported by our study, in which we found that 
the level of total IgE was significantly higher in those sensitized to 
both inhalant and food allergens than nonsensitized group and 
food-sensitized group. In addition, we found that the level of total 
IgE was different according to the pattern of sensitization. Further 
study will be needed to elucidate the role of total IgE in the pattern 
of sensitization.

One limitation of the study was that the subjects were selected 
from a tertiary hospital located in the northern part of South Korea. 
Therefore, our data may not represent the characteristics of the 
Korean population. Secondly, although the subjects were limited 
to less than 18 years of age, the age at enrollment varied largely. 
Lastly, this retrospective study was based on only limited data, in-
cluding sensitization analysis of 2 inhalant allergens: cockroach 
and Alternaria, excluding house dust mites. More extensive stud-
ies are needed, including analysis of various groups of inhalant al-
lergens, along with biomarkers, age and severity of allergic disease.

In conclusion, eosinophils appear to play a differential role in 
the expression of different types of allergic diseases. The level of 
total IgE seems to play a significant role in sensitization. Further 
study will be needed to elucidate the role of eosinophils and total 
IgE in allergic diseases.

REFERENCES

1. Breiteneder H, Peng YQ, Agache I, Diamant Z, Eiwegger T, Fokkens WJ, 
et al. Biomarkers for diagnosis and prediction of therapy responses in al-
lergic diseases and asthma. Allergy 2020;75:3039-68.

2. Basu MN, Mortz CG, Jensen TK, Barington T, Lambertsen KL, Halken S. 



Lee HJ, et al.  •  Eosinophil and IgE in allergy and sensitizationAllergy Asthma Respir Dis

30   https://doi.org/10.4168/aard.2024.12.1.26

Biomarkers in asthma in the context of atopic dermatitis in young chil-
dren. Pediatr Allergy Immunol 2022;33:e13823.

3. O’Sullivan JA, Bochner BS. Eosinophils and eosinophil-associated dis-
eases: an update. J Allergy Clin Immunol 2018;141:505-17.

4. Robinson DS, Assoufi B, Durham SR, Kay AB. Eosinophil cationic pro-
tein (ECP) and eosinophil protein X (EPX) concentrations in serum and 
bronchial lavage fluid in asthma. Effect of prednisolone treatment. Clin 
Exp Allergy 1995;25:1118-27.

5. Stelmach I, Majak P, Grzelewski T, Jerzynska J, Jurałowicz D, Stelmach W, 
et al. The ECP/Eo count ratio in children with asthma. J Asthma 2004;41: 
539-46.

6. Kolkhir P, Akdis CA, Akdis M, Bachert C, Bieber T, Canonica GW, et al. 
Type 2 chronic inflammatory diseases: targets, therapies and unmet needs. 
Nat Rev Drug Discov 2023;22:743-67.

7. Tu YL, Chang SW, Tsai HJ, Chen LC, Lee WI, Hua MC, et al. Total serum 
IgE in a population-based study of Asian children in Taiwan: reference 
value and significance in the diagnosis of allergy. PLoS One 2013;8:e80996.

8. Benson VS, Hartl S, Barnes N, Galwey N, Van Dyke MK, Kwon N. Blood 
eosinophil counts in the general population and airways disease: a com-
prehensive review and meta-analysis. Eur Respir J 2022;59:2004590.

9. Halken S. Prevention of allergic disease in childhood: clinical and epide-
miological aspects of primary and secondary allergy prevention. Pediatr 
Allergy Immunol 2004;15 Suppl 16:4-5, 9-32.

10. Koh HS, Lee KS, Han DH, Rha YH, Choi SH. Relationship between serum 
total IgE, specific IgE, and peripheral blood eosinophil count according 
to specific allergic diseases. Allergy Asthma Respir Dis 2013;1:123-8.

11. Li Y, Wu R, Tian Y, Bao T, Tian Z. The correlation of serum eosinophil 
cationic protein level with eosinophil count, and total IgE level in Korean 
adult allergic rhinitis patients. Asian Pac J Allergy Immunol 2016;34:33-7.

12. Small P, Keith PK, Kim H. Allergic rhinitis. Allergy Asthma Clin Immu-
nol 2018;14(Suppl 2):51.

13. Muraro A, Dreborg S, Halken S, Høst A, Niggemann B, Aalberse R, et al. 
Dietary prevention of allergic diseases in infants and small children. Part 
II. Evaluation of methods in allergy prevention studies and sensitization 
markers. Definitions and diagnostic criteria of allergic diseases. Pediatr 
Allergy Immunol 2004;15:196-205.

14. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, 
et al. Guidelines for methacholine and exercise challenge testing-1999. 
This official statement of the American Thoracic Society was adopted by 
the ATS Board of Directors, July 1999. Am J Respir Crit Care Med 2000; 
161:309-29.

15. Zuberbier T, Abdul Latiff AH, Abuzakouk M, Aquilina S, Asero R, Baker 
D, et al. The international EAACI/GA²LEN/EuroGuiDerm/APAAACI 
guideline for the definition, classification, diagnosis, and management of 
urticaria. Allergy 2022;77:734-66.

16. Sastre B, Rodrigo-Muñoz JM, Garcia-Sanchez DA, Cañas JA, Del Pozo V. 
Eosinophils: old players in a new game. J Investig Allergol Clin Immunol 
2018;28:289-304.

17. Kita H, Bochner BS. Biology of eosinophils. Middleton’s Allergy Princi-
ples and Practice 2013;8:265-79.

18. Nair P, Hargreave FE. Measuring bronchitis in airway diseases: clinical 
implementation and application: airway hyperresponsiveness in asthma: 
its measurement and clinical significance. Chest 2010;138(2 Suppl):38S-
43S.

19. Kim KW, Lee KE, Kim ES, Song TW, Sohn MH, Kim KE. Serum eosino-
phil-derived neurotoxin (EDN) in diagnosis and evaluation of severity 
and bronchial hyperresponsiveness in childhood asthma. Lung 2007;185: 
97-103.

20. Zhang XY, Simpson JL, Powell H, Yang IA, Upham JW, Reynolds PN, et 
al. Full blood count parameters for the detection of asthma inflammatory 
phenotypes. Clin Exp Allergy 2014;44:1137-45.

21. Chang KL, Yang YH, Yu HH, Lee JH, Wang LC, Chiang BL. Analysis of 
serum total IgE, specific IgE and eosinophils in children with acute and 
chronic urticaria. J Microbiol Immunol Infect 2013;46:53-8.

22. Takebuchi Y, Minatogawa A, Naito Y, Sano C, Ohta R. Acute exacerba-
tion of hypereosinophilic syndrome complicated with dermatitis, enteri-
tis, and myositis: a case report. Cureus 2023;15:e34090.

23. Baldwa VS, Goyal RK, Singh J, Varandani N, Chopra YM. Blood hista-
mine levels and eosinophil, basophil counts in urticaria. Ann Allergy 
1975;34:351-5.

24. Kolkhir P, Church MK, Altrichter S, Skov PS, Hawro T, Frischbutter S, et 
al. Eosinopenia, in chronic spontaneous urticaria, is associated with high 
disease activity, autoimmunity, and poor response to treatment. J Allergy 
Clin Immunol Pract 2020;8:318-25.e5.

25. Olbrich CL, Bivas-Benita M, Xenakis JJ, Maldonado S, Cornwell E, Fink J, 
et al. Remote allergen exposure elicits eosinophil infiltration into allergen 
nonexposed mucosal organs and primes for allergic inflammation. Mu-
cosal Immunol 2020;13:777-87.

26. Guthier HE, Zimmermann N. Targeting eosinophils in mouse models of 
asthma. Methods Mol Biol 2022;2506:211-22.

27. Kool M, Soullié T, van Nimwegen M, Willart MA, Muskens F, Jung S, et 
al. Alum adjuvant boosts adaptive immunity by inducing uric acid and 
activating inflammatory dendritic cells. J Exp Med 2008;205:869-82.

28. Daniluk U, Alifier M, Kaczmarski M, Stasiak-Barmuta A, Lebensztejn D. 
Longitudinal observation of children with enhanced total serum IgE. 
Ann Allergy Asthma Immunol 2015;114:404-10.e4.

29. Wu G, Hu H, Zhang T, Zhang XD, Sun B. Profiles of sensitization and 
comorbidity in asthma patients with markedly increased serum total IgE 
(>1000kU/L). Allergy Asthma Proc 2022;43:124-32.

30. Hu Y, Liu S, Liu P, Mu Z, Zhang J. Clinical relevance of eosinophils, baso-
phils, serum total IgE level, allergen-specific IgE, and clinical features in 
atopic dermatitis. J Clin Lab Anal 2020;34:e23214.

31. Kim EJ, Kwon JW, Lim YM, Yoon D, Seo JH, Chang WS, et al. Assess-
ment of total/specific IgE levels against 7 inhalant allergens in children 
aged 3 to 6 years in Seoul, Korea. Allergy Asthma Immunol Res 2013;5: 
162-9.

32. Kim JH, Chang JH, Choi HS, Kim HJ, Kang JW. The association between 
serum lead and total immunoglobulin E levels according to allergic sen-
sitization. Am J Rhinol Allergy 2016;30:e48-52.


