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Allergen sensitization trajectories in children with respiratory and allergic
diseases
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Purpose: There is a lack of a report about the trajectories of allergen sensitization, although it is important to understand the change
of allergen sensitization to manage allergic disease. This study aimed to analyze the change and trajectories of allergen sensitization
in children with respiratory and allergic diseases.

Methods: From 2006 to 2020, children with respiratory and allergic diseases or screened for allergic sensitization were evaluated. We
visualized the alterations and the trajectories of allergen sensitization using stacked area graphs, box plots, and Sankey diagrams.
Results: A total of 2,804 subjects were included, and allergic rhino-conjunctivitis was diagnosed in 1,931 children (68.9%). The mean
age for the first test was 4.1 years, and that for the second test was 6.5 years. Children sensitized to class 1 food allergen before age 5
showed sensitizations more for other allergens and at a younger age after age 5 than children who were not. The atopic tendency
continued once it had been obtained before the early school age in the persistence or the new development of sensitization.
Conclusion: Allergen sensitization has changed over time and has shown different patterns according to age. Its trajectory has taken
a wide variety of courses in children with respiratory and allergic diseases until the early school age. These changes reflect the aller-
gic diseases and socio-environmental characteristics of children and adolescents. (Allergy Asthma Respir Dis 2023;11:34-42)
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Table 1. Demographics (N=2,804)

Demographic Value
Male sex 1,720(61.3)
Diagnosis
Asthma 1,098 (39.2)
Asthma-like disorder* 1,702 (60.8)
Allergic rhinoconjunctivitis 1,931(68.9)
Atopic dermatitis 829(29.6)
Urticaria or skin rash 453(16.2)
Food allergy 172(6.1)
Age of tests (yr)
1sttest (n=2,804) 41+36
2nd test (n=2804) 65+42
3rd test (n=828) 73+37
dth test (n=281) 87+38
5th test (n=85) 94+35
6th test (n=20) 9.1+31
Tthtest(n=7) 11.4+39

Values are presented as number (%) or mean + standard deviation.
*Asthma like disorder include chronic cough, allergic bronchitis, chronic bronchitis
and bronchiolitis.
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Table 2. Comparison of sensitization of each comparable allergens in children who was sensitized with versus without class 1 food allergen and nut before age 5

Children sensitized with vs. without class 1 food allergen sensitization before age 5

Varable Presence of new sensitization after age 5 Age of new sensitization after age 5
: : Pvalue : : Pvalue

Comparable allergens With ¢FA, n" (%) Without cFA, n' (%) With cFA (yr) Without cFA (yr)
Pollen (n=994)* 27/154(17.5) 67/840 (8.0) <0.001 64+16 74+25 0.041
Mold (n=1,022)* 12/171(7.0) 28/851(3.3) <0.001 73+21 71+11 0.636
Der p/Der f/Cockroach (n=820)* 41/104(39.4) 186/716 (26.0) <0.001 68+19 6.6+12 0.273
Cat/Dog (n=961)* 17/145(11.7) 49/816 (6.0) <0.001 76+20 6.8+17 0177
Nut (n=987)* 8/140(5.7) 7/847(0.8) <0.001 69+16 64+13 0.527
Fruit & vegetable (n=985)* 26/143(18.2) 55/842 (6.5) <0.001 71+24 6.0+1.1 0.011

Children sensitized with vs. without nut before age 5

Presence of new sensitization after age 5 Age of new sensitization after age 5
: : P-value : : Pvalue

Comparable allergens With nut, n' (%) Without nut, n' (%) With nut (yr) Without nut (yr)
Pollen (n=994)* 8/31(25.8) 86/963 (8.9) <0.001 74+24 71+23 0.722
Mold (n=1,022)* 4/38(10.5) 36/984 (3.7) 0811 70+08 73+19 0.775
Der p/Der f/Cockroach (n=820)* 10/17 (58.8) 217/803 (27.0) <0.001 6.9+20 6.8+1.7 0.851
Cat/Dog (n=961)* 5/35(14.3) 61/926(10.7) 0.001 84+23 73+19 0.228
Class 1 food allergen (n=855)* 3/8(37.5) 91/847(10.7) <0.001 6.7+29 6.6+19 0972
Fruit & vegetable (n=985)* 7/27(25.9) 74/958 (7.7) <0.001 63+14 6.8+22 0570

Values are presented as mean + standard deviation unless otherwise indicated.

cFA, class 1 food allergen; Der p, Dermatophagoides pteronyssinus, Der f, Dermatophagoides farina.
n* represents the total number of children who were not sensitized to each comparable allergen before 5. n' represents the number of children who became to be sensitized

newly to each comparable allergen after 5.

749, 0|5 A2 gl 1ol
27 B|L5Hh(Table 2). 54 o}
ofl AL A1FaH7h sk R0l 725 Bhotol ] 18] b Fhol
of 3l 54 ol o] chit ahlo] gl Hl o] B 49tk 54 o
Holl A1 4|} 4lo] 2t Fhotol iz 54 o] Fel TR, 7t
ol ool & o ZtEIglck

Aol 2kl 490k 1% ghe
E'_

S vl Aol of g HHEx

4. HEo|| ME Y27 S ZEe HIH
FrotBAl vlRh), SHH7IGA o, 841 TR, 3H71(8A) ©f
AL 194 B, 3719 Sl Aol A 5 HALE Al8sE 7952) 3
obE e AT 27 Y A2k A4S Fig. 40l 7HAIesk
o G 2717 ollA] B 520 HR) 79-= Fig. 4141 “none”
OS2 F7sk3r AHkA 0= A 7ol A vl vhefet (e
7} o, ’\OVU\—i Al71ols A= 7) B AEollA Bk
AP S & ATk
Fropziel ?:Rié EOW Gt et 1o 2 27] ol A
Lk RLQ" H] &2 50%%L, Fg 7ol A2k EO]X] gt st

& o), Al 7oA TheFeh AA et ke A, sh 7| ek Sk

710 LAl 27] 1ol 113 A7E 97 H W 5L it
A0 2 HISEHA| e o, A4 Al Aekofads 2 dFellA

Q2] 7ol g A9 HlmA 2 u&E A HrHE =

Supplementary Fig. 1).
Fig. 4Boj|A] U At A2 AlEstste] 7HAstalS:

ul, ] FAF U] 02 PAEE H 9 G913, 3] of

T AEA Bl R 7 TR A F el A
=&l EolT
o #
TE57|1GH 2R 7 dopadel ] ATl mef &
d27] Bl 1re] 9deh wskE Bola, e Ao R Al of
] AL ARE] Aol wet |27 Flef F57F ubA L

1
yol AIElglrk 54 of el Aol 7t
2 291 73, o] o] A& 3 4lel o B, & ofl Lolo] 7]
91k 0P Aol 4 kel 7] 5 7k o] B ¢S
A BeiAJR 3k 7o) Alzke] Albel 2hke] %5} 1 S3ol

_u
(

e

MEA F7HEEA 1A

sE7Il=lag S 71 Aopdagol A el 4
SLoLt, o] 3] 245

https://doi.org/10.4168/aard.2023.11.1.34 39



AARD Allergy Asthma Respir Dis

e “—...______ —

Food|

Infants and toddlers
Aged 0-3 years

P S
—_ 4 Food & Indoor & Outdoor.

a——
—

B
= Food & Indoor

Infants and toddlers
Aged 0-3 years

Preschoolers
Aged 3-8 years

Preschoolers
Aged 3-8 years

JoSW,etal. < Allergen sensitization trajectories in children

Food & Inhalant.”

Schoolers
Aged 8-19 years Q

/ Food & Indoor, & Outdoor."
e
———

Food & Indoor.”

Schoolers
Aged 8-19 years e

Fig. 4. Allergen sensitization trajectories in children with respiratory and allergic diseases, classified with food and inhalant allergen (A), food, indoor and outdoor in-

halant allergen (B).

of obi=1] AJgFo] glofA|i= - 719] glglck 7ol oF 8]
A7), Qieo] Z7Herol wet A7 o2 o] st
971 WOk, 1 ol 8 ) A7) o n) AR SIS IgE
53171 oF 10474 Z7FIEb7E o) 1 4317} bRtk o)
A7) RS TS 1,2 SHA71) sHH IgE 441
2710} 3l Thapet ko] WIS} loluby] o = Azt
E5t sl A SR ol ks A7) AlBE=710) %

40 https://doi.org/10.4168/aard.2023.11.1.34

o 7ol A] B S0l 4] AL 217} A A7 o], A1
aflo] 7hapo] 7t Felarele) 27HE Mol Alvlol] tl
o]7| Sfef gt ]e} 587 Agto] gl AolellA] Bhx
TR A4 0.2 ed|27) 99l 3ol Watslel, k) %

1
s
[
N
oo
e
flo
JQL‘
o
N
1

B 2|40

re

AU o] ofsl ol A9 gelo] 1 o] gtElE Zl



o QTSN ul et ATS BH1%H 4 Gl o] ¢lpo]
£ B 91247 o] Z718lebL 154] o) A
HEA Ao Hlgo] st ol2e o) thE i
oflA] 272 74afo] 2.2 8t o] Alasko] ol 2 AR
7Rieke Bek ke btk o] o)A ele] up
£ 7 R4S ) P4 AN 5% gl Axjshs n)&
7] white] ol A5 Auel T ARAL BAS
9131, 5 7|5 walel 9l k2 7o) F7kstel & ¢ ol 2
Uolel 7o) 57} ao] Uiehty] uhel 4 olek Fig. 3914 4
& 3R S Mol S Ao whek sk ), 3%
ofl & sl

1

1=]
L

4y o ¢

17o] 20094 ¥t 20104 0|50 Zhdh= A
O 2L SQIgh 4 Qlrk,
Tl shala7Io] iAol Alakelo] 3}27] Bt AaEel A

£20 8 7ok 212 SISk oL 2ob) BRI 4
o

o Ao ofdo| it 2 35 s 4ol 717] Al2kstod
2%

78k, olel B7rolq Bolo] 1eBelo] ZHHEL FH5 AL

2ol & 4= ek LE27) - AR e e ol mlElR

o=
of kel =gk oh et At % 33
ER s
AJ7)0] B Aol Ao] Qe 2] G FAR o] B A
FEoA ol At o] B vlsh M F1ska glom,
oL ofe] AT FoIA B 1E 2B FHE F1el
Al Zstet 3 4 GIER? o] AL BT Bt 715 W] o)
3R 7k QIR 0 R Woln el 2] WA whg
Rllo] e 2715 TRl Hol elut ophe] Bare] 2
7he AP I

AELE2719] 7 Al gt - @abo] Ri=A] 94 =
S FEshe A2 ofd7] o] FATe 2 Ao S oS
SHIL AF-& AlRFSk= Zhe A gsiof @k tht, ofdl wolof] 4
ol A== A o150l the FUFEel o Wol, o ofdl
Lpololl RS & <= AL, o7k o] AFEolA dusE L
AR T ER, ofg] wolof A&l 2he Hole 4

B
i1
i)
rlr
>
N
N
i
2
™
B
T
k1

st o] o] et 1 Wt

Allergy Asthma Respir Dis AARD

o] iz A5 E 2 E 3] FAPH 0.2 BAsle] v o] 417
= 8 b S S 2k A RS AR et o] 8
A W2 Apolsto] FE3t 40| ofelgla, Thole] ArtE 3
Sl 7kt B A7} Qlo], 38719 27 agol 4 o
o] Tt} 22 WA} EI9S 4 Qe gk Helo] s 2
TARO.2 7S 2 R0l a1, S 2714} of3te] 7]5o0] akekA) o)

% 3l

o3

2] 0|2 HAIa] QAL Brhula A 2 A2kt

o] A AR A E A0 2 Hststel Hrhs Ea]
whE o, YA 712 o] § 7 A Lk Hukel Zolo]
ohet mAlslol A4 2101 B71 o] Rold At 4ol glo] Aty
o] ol 4= glek. 1ot el 2] At AR Whe ATt
ELEEELES RAERE RS L Rt B ERE
7h2] 2sotol A o] o] witsz kel 2] A oS3t W7k
&% lch=) 2jo)7 glek

AEH0 2, folPad A7) F 2717 P27 ol
SgaPA olukar wskshe, 1 ofsi kel 2] 99l 7iae] 5
o] SABE & 4= gick o] We|=7) Fpe] ek soby

249 e 27]2gkol A Koz of=u] FYxlojut AlFde =]

0!

E

Supplementary Tables 1-77} Fig. 1> 2-2}9](http:/www.aard.
or.kr/src/sm/aard-11-34-s002; http://www.aard.or.kr/src/sm/aard-

11:34-5003.pd0) & H4810] 2 4 9l

ZA2| 2(ACKNOWLEDGMENTS)

o] @A710) 2}z 4=2Jef WAl A|etm kst solatst
SAIOlA] A3 717 WA AL S

REFERENCES

—

. Brown P. Atopy: marching with allergies. Nature 2011;479:S14-5.

2. Halken S. Early sensitisation and development of allergic airway disease -
risk factors and predictors. Paediatr Respir Rev 2003;4:128-34.

. Roberts G, Ollert M, Aalberse R, Austin M, Custovic A, DunnGalvin A,
et al. A new framework for the interpretation of IgE sensitization tests.
Allergy 2016;71:1540-51.

4. Carroll WD, Lenney W, Child E, Strange RC, Jones PW, Whyte MK, et al.
Asthma severity and atopy: how clear is the relationship? Arch Dis Child
2006;91:405-9.

. Kuehr J, Frischer T, Meinert R, Barth R, Schraub S, Urbanek R, et al. Sen-

o

wul

https://doi.org/10.4168/aard.2023.11.1.34 41



AARD Allergy Asthma Respir Dis

10.

11

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

sitization to mite allergens is a risk factor for early and late onset of asth-
ma and for persistence of asthmatic signs in children. J Allergy Clin Im-
munol 1995;95:655-62.

. Zheng T, Yu ], Oh MH, Zhu Z. The atopic march: progression from atop-

ic dermatitis to allergic rhinitis and asthma. Allergy Asthma Immunol
Res 2011;3:67-73.

. Bantz SK, Zhu Z, Zheng T. The atopic march: progression from atopic

dermatitis to allergic rhinitis and asthma. J Clin Cell Immunol 2014;5:
202.

. Jung JH, Kim GE, Park M, Kim SY, Kim M]J, Lee Y], et al. Changes in al-

lergen sensitization in children with allergic diseases in the 1980 to 2019.
Allergy Asthma Respir Dis 2021;9:208-15.

. Kulig M, Bergmann R, Klettke U, Wahn V, Tacke U, Wahn U. Natural course

of sensitization to food and inhalant allergens during the first 6 years of
life. ] Allergy Clin Immunol 1999;103:1173-9.

Branum AM, Lukacs SL. Food allergy among children in the United States.
Pediatrics 2009;124:1549-55.

. Nwaru BI, Hickstein L, Panesar SS, Muraro A, Werfel T, Cardona V, et al.

The epidemiology of food allergy in Europe: a systematic review and me-
ta-analysis. Allergy 2014;69:62-75.

Stoltz DJ, Jackson DJ, Evans MD, Gangnon RE, Tisler CJ, Gern JE, et al.
Specific patterns of allergic sensitization in early childhood and asthma
& rhinitis risk. Clin Exp Allergy 2013;43:233-41.

Simpson A, Tan VY, Winn J, Svensén M, Bishop CM, Heckerman DE, et
al. Beyond atopy: multiple patterns of sensitization in relation to asthma
in a birth cohort study. Am J Respir Crit Care Med 2010;181:1200-6.

. Valenta R, Hochwallner H, Linhart B, Pahr S. Food allergies: the basics.

Gastroenterology 2015;148:1120-31.e4.

Bisgaard H, Norgaard S, Sevelsted A, Chawes BL, Stokholm J, Mortensen
EL, et al. Asthma-like symptoms in young children increase the risk of
COPD. J Allergy Clin Immunol 2021;147:569-76.€9.

Hogan AD, Bernstein JA. GINA updated 2019: landmark changes recom-
mended for asthma management. Ann Allergy Asthma Immunol 2020;
124:311-3.

Brozek JL, Bousquet ], Agache I, Agarwal A, Bachert C, Bosnic-Anticev-
ich S, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-
2016 revision. ] Allergy Clin Immunol 2017;140:950-8.

Andersen RM, Thyssen JP, Maibach HI. Qualitative vs. quantitative atop-
ic dermatitis criteria - in historical and present perspectives. ] Eur Acad
Dermatol Venereol 2016;30:604-18.

Greiwe ], Bernstein JA. Approach to the patient with hives. Med Clin
North Am 2020;104:15-24.

Eigenmann PA, Akdis C, Bousquet ], Grattan CE, Hoffmann-Sommer-
gruber K, Jutel M. Food and drug allergy, and anaphylaxis in EAACI jour-
nals (2018). Pediatr Allergy Immunol 2019;30:785-94.

Lindberg RE, Arroyave C. Levels of IgE in serum from normal children

42 https://doi.org/10.4168/aard.2023.11.1.34

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

JoSW, etal. = Allergen sensitization trajectories in children

and allergic children as measured by an enzyme immunoassay. ] Allergy
Clin Immunol 1986;78:614-8.

Wong CY, Yeh KW, Huang JL, Su KW, Tsai MH, Hua MC, et al. Longitu-
dinal analysis of total serum IgE levels with allergen sensitization and atopic
diseases in early childhood. Sci Rep 2020;10:21278.

Bunne J, Moberg H, Hedman L, Andersson M, Bjerg A, Lundbiéck B, et
al. Increase in allergic sensitization in schoolchildren: two cohorts com-
pared 10 years apart. ] Allergy Clin Immunol Pract 2017;5:457-63.e1.
Nissen SP, Kjaer HE, Host A, Nielsen J, Halken S. The natural course of
sensitization and allergic diseases from childhood to adulthood. Pediatr
Allergy Immunol 2013;24:549-55.

Savage J, Sicherer S, Wood R. The natural history of food allergy. J Aller-
gy Clin Immunol Pract 2016;4:196-203; quiz 204.

Boulet LP, Turcotte H, Laprise C, Lavertu C, Bédard PM, Lavoie A, et al.
Comparative degree and type of sensitization to common indoor and
outdoor allergens in subjects with allergic rhinitis and/or asthma. Clin
Exp Allergy 1997;27:52-9.

Rénmark E, Warm K, Bjerg A, Backman H, Hedman L, Lundbéck B.
High incidence and persistence of airborne allergen sensitization up to
age 19 years. Allergy 2017;72:723-30.

Wahn U, Lau S, Bergmann R, Kulig M, Forster ], Bergmann K, et al. In-
door allergen exposure is a risk factor for sensitization during the first
three years of life. ] Allergy Clin Immunol 1997;99:763-9.

Gabrio T, Weidner U. Occurrence and hygienic/allergological relevance
of mould from point of view of the environmental medicine. Allergol Se-
lect 2018;2:10-6.

Pawankar R, Canonica G, Holgate S, Lockey R, Blaiss M. World Allergy
Organization (WAO) white book on allergy. Milwaukee (WI): World Al-
lergy Organization, 2011.

Park HJ, Lim HS, Park KH, Lee JH, Park JW, Hong CS. Changes in aller-
gen sensitization over the last 30 years in Korea respiratory allergic pa-
tients: a single-center. Allergy Asthma Immunol Res 2014;6:434-43.
Nickel R, Kulig M, Forster ], Bergmann R, Bauer CP, Lau S, et al. Sensiti-
zation to hen's egg at the age of twelve months is predictive for allergic
sensitization to common indoor and outdoor allergens at the age of three
years. ] Allergy Clin Immunol 1997;99:613-7.

Sherrill D, Stein R, Kurzius-Spencer M, Martinez E On early sensitization
to allergens and development of respiratory symptoms. Clin Exp Allergy
1999;29:905-11.

Kulig M, Bergmann R, Niggemann B, Burow G, Wahn U. Prediction of
sensitization to inhalant allergens in childhood: evaluating family history,
atopic dermatitis and sensitization to food allergens. The MAS Study Group.
Multicentre Allergy Study. Clin Exp Allergy 1998;28:1397-403.

Min TK, Pyun BY, Kim HH, Park YM, Jang GC, Kim HY, et al. Epidemi-
ology of food allergy in Korean children. Allergy Asthma Respir Dis 2018;
6:4-13.



