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1. Frühkindliches Wheezing: was gibt’s neues zur Diagnose 
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Frey U. SWM 2001; 131:400 
Lambrecht BN. Nature Immunology 2015;  16, 45–56 

Preschool wheeze: structure or asthmatic inflammation? 

Structure: 
Traction exerted on the airway wall by 
the elastic components of the 
surrounding alveoli 

Inflammation: 
TH2 cell driven eosinophilic inflammation 
and innate lymphoid cell driven non-atopic 
inflammation 

Savenije OW. J Allergy Clin Immunol 2011; online first 

In PIAMA, 3789 children returned at least 2 questionnaires, and
2810 (74.2%) had complete reports of wheeze. Children with
complete data were less likely to wheeze during childhood, to
have had asthma by 8 years, or to have a mother with asthma
and/or atopy compared with children with incomplete data.
When comparing complete data of both cohorts, children of
PIAMA had less frequent wheeze during childhood, asthma by
8 years, and mothers with asthma and/or atopy than children of
ALSPAC.

Wheezing phenotypes in ALSPAC
Fig 1 shows trajectories of wheezing from the 6-class model

fitted to ALSPAC data extended to include wheeze at 91 months
(7½ years). The trajectories and the prevalence of wheezing phe-
notypes were similar to those reported previously.28 There was
evidence of improved fit of a 7-class model: in this model, the ad-
ditional phenotype appeared to represent transient intermediate
wheezing with a peak prevalence of 48% at age 54months, result-
ing from splitting the prolonged early wheezing phenotype. For
simplicity and comparability with previous work,28 we restrict at-
tention here to the 6-class model.

Wheezing phenotypes in PIAMA
The model with best fit to PIAMA data in the first 96 months

(8 years) of life was a 5-class model. Fig 2 shows trajectories of
wheezing from the 5 wheezing phenotypes. The never/infrequent,
persistent, and late-onset phenotypes had similar trajectories in
PIAMA and ALSPAC. The transient early wheezing phenotype
identified in PIAMA data seems to represent a combination of
the prolonged early and transient early phenotypes identified in
ALSPAC. In PIAMA, transient early wheeze was characterized
by approximately 69% prevalence of wheezing at 12 months
and a declining prevalence thereafter to a low prevalence of 5%
and 7% at 84 and 96 months, respectively. The intermediate-
onset phenotype in PIAMA had lower, and declining, prevalence
of wheeze compared with that in ALSPAC, with the prevalence

73% by age 60 months and 37% by age 96 months in PIAMA,
compared with 99% by age 54 months and 77% by age 91 months
in ALSPAC. Measures of model fit for different latent class

TABLE I. Description of the study population with 8 observations (complete data) of wheeze from birth to age 8 years and those with 2

to 7 observations in the ALSPAC study and in the PIAMA study

Characteristic

ALSPAC study PIAMA study

Children with
8 observations

N 5 5760 (49.1%)

Children with
2-7 observations
N 5 5980 (50.9%)

Children with
8 observations

N 5 2810 (74.2%)

Children with
2-7 observations
N 5 979 (25.8%)

Total n (%) Total n (%) Total n (%) Total n (%)

Male sex 5760 2968 (52) 5980 3094 (52) 2810 1447 (52) 979 514 (53)
Maternal history of asthma 5648 612 (11) 5437 670 (12) 2806 176 (6) 976 106 (11)
Maternal history of atopy 5629 2541 (45) 5413 2287 (42) 2810 750 (27) 979 391 (40)
Asthma ever at 91/96 mo* 5716 1149 (20) 2360 495 (21) 2800 262 (9) 455 67 (15)
Prevalence of wheeze

6/12 mo! 5760 1364 (24) 5194 1496 (29) 2810 681 (24) 842 272 (32)
18/24 mo! 5760 1513 (26) 5084 1468 (29) 2810 495 (18) 893 201 (23)
30/36 mo! 5760 1209 (21) 4180 1033 (25) 2810 433 (15) 850 166 (20)
42/48 mo! 5760 959 (17) 4211 797 (19) 2810 325 (12) 726 109 (15)
54/60 mo! 5760 1021 (18) 3630 752 (21) 2810 271 (10) 669 80 (12)
69/72 mo! 5760 849 (15) 2835 479 (17) 2810 213 (8) 649 63 (10)
81/84 mo! 5760 772 (13) 2635 355 (14) 2810 157 (6) 539 7 (39)
91/96 mo! 5760 639 (11) 2375 230 (10) 2810 179 (6) 441 8 (36)

*Parental report of asthma ever diagnosed by a doctor at the age of 91 months in the ALSPAC study and at the age of 96 months in the PIAMA study.
!Time at which wheeze is reported in ALSPAC/PIAMA.

FIG 1. Estimated prevalence of wheeze at each time point from birth to age
8 years for each wheezing phenotype in ALSPAC free 6-class model (N 5
5760).

FIG 2. Estimated prevalence of wheeze at each time point from birth to age
8 years for each wheezing phenotype in PIAMA optimal 5-class model (N5
2810).
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The “simplistic experts” view 
Episodic viral wheeze vs multiple trigger wheeze 
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The view into the future: asthma prediction 
“Crystal balls or muddy waters?” Fouzas S and Brand P, Paed Respir Rev 2013;14:46 

Pescatore AM. J Allergy Clin Immunol 2014;133:111-8. 

The view into the future: asthma prediction 
The “simple asthma prediction tool” 

Leicester respiratory cohort study; 1226 Children with respiratory symptoms 

Pescatore AM. J Allergy Clin Immunol 2014;133:111-8. 
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Diagnostisches Mosaik 

Major Kriterien 
Elterliches Asthma 
Atopische Dermatitis 
Aeroallergen Sensibilisierung 

Minor Kriterien 
Wheezing ohne Erkältung 
Eosinophile >4% 
Milch/Ei/Erdnuss Sensibilisierung 

Moeller A. 
*Guilbert TW. J Allergy Clin Immunol 2004;114:1282-7 

Häufigkeit und Schweregrad der obstruktiven Episoden 

Zeichen der bronchialen Hyperreagibilität 

Atopie (Modifizierter Asthma-predictive Index)* 

Nachweis der variablen Atemwegsobstruktion 

Nachweis der Atemwegsentzündung  

Therapieversuch 

Assoziation zu Virusinfekten 
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In PIAMA, 3789 children returned at least 2 questionnaires, and
2810 (74.2%) had complete reports of wheeze. Children with
complete data were less likely to wheeze during childhood, to
have had asthma by 8 years, or to have a mother with asthma
and/or atopy compared with children with incomplete data.
When comparing complete data of both cohorts, children of
PIAMA had less frequent wheeze during childhood, asthma by
8 years, and mothers with asthma and/or atopy than children of
ALSPAC.

Wheezing phenotypes in ALSPAC
Fig 1 shows trajectories of wheezing from the 6-class model
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evidence of improved fit of a 7-class model: in this model, the ad-
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wheezing with a peak prevalence of 48% at age 54months, result-
ing from splitting the prolonged early wheezing phenotype. For
simplicity and comparability with previous work,28 we restrict at-
tention here to the 6-class model.

Wheezing phenotypes in PIAMA
The model with best fit to PIAMA data in the first 96 months

(8 years) of life was a 5-class model. Fig 2 shows trajectories of
wheezing from the 5 wheezing phenotypes. The never/infrequent,
persistent, and late-onset phenotypes had similar trajectories in
PIAMA and ALSPAC. The transient early wheezing phenotype
identified in PIAMA data seems to represent a combination of
the prolonged early and transient early phenotypes identified in
ALSPAC. In PIAMA, transient early wheeze was characterized
by approximately 69% prevalence of wheezing at 12 months
and a declining prevalence thereafter to a low prevalence of 5%
and 7% at 84 and 96 months, respectively. The intermediate-
onset phenotype in PIAMA had lower, and declining, prevalence
of wheeze compared with that in ALSPAC, with the prevalence

73% by age 60 months and 37% by age 96 months in PIAMA,
compared with 99% by age 54 months and 77% by age 91 months
in ALSPAC. Measures of model fit for different latent class
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to 7 observations in the ALSPAC study and in the PIAMA study
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81/84 mo! 5760 772 (13) 2635 355 (14) 2810 157 (6) 539 7 (39)
91/96 mo! 5760 639 (11) 2375 230 (10) 2810 179 (6) 441 8 (36)

*Parental report of asthma ever diagnosed by a doctor at the age of 91 months in the ALSPAC study and at the age of 96 months in the PIAMA study.
!Time at which wheeze is reported in ALSPAC/PIAMA.

FIG 1. Estimated prevalence of wheeze at each time point from birth to age
8 years for each wheezing phenotype in ALSPAC free 6-class model (N 5
5760).

FIG 2. Estimated prevalence of wheeze at each time point from birth to age
8 years for each wheezing phenotype in PIAMA optimal 5-class model (N5
2810).

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

SAVENIJE ET AL 3

1 

2.46 

14.87 

325.75 

84.6 

307.93 

0 50 100 150 200 250 300 350 

Never/infrequent 

Transient early 

Prolonged early 

Intermediate 

Late 

Persistent 

odds-ratio Odd-ratio for physician diagnosed asthma at 7.5 yrs 

Henderson J. Thorax 2008; 63:974 

The “complex epidemiological” view 
Wheeze phenotypes useful for asthma prediction? 
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TABLE E6. Sensitivity, specificity, and area under the receiver

operating characteristic (AUCROC) curve for LCI, Scond, and sRaw

when multiple-trigger wheeze is the outcome variable among

wheezers

Parameter Sensitivity Specificity AUCROC (SE) P value

LCI 39% 95% 0.752 (0.07) .003
Scond 68% 96% 0.825 (0.06) <.0005
sRaw 26% 96% 0.629 (0.08) .123

Sensitivity and specificity defined by cutoffs of greater than 1.96 z scores for LCI
(7.42), Scond (0.045), and sRaw (1.44 kPa/s). An AUCROC (SE) of 1.0 represents perfect
discrimination, and an area of 0.5 represents no discrimination. The P value tests the
null hypothesis that AUCROC is equal to 0.5. Note that Scond was significantly more
sensitive than LCI and sRaw at discriminating multiple-trigger from episodic (viral)
wheezers.
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(OR, 13.6; 95% CI, 3.4, 54.0) (Table 1). Year 3 RV wheezing
illnesses were associated with a dramatically increased risk of
Year 6 asthma (OR, 31.7; 95% CI, 10.6, 94.9). Among children
with one to two wheezing illnesses, RV wheezing was associated
with significantly greater asthma risk than non-RV wheezing
(89% [16/18] vs. 55% [16/29], P 5 0.02). All children who
wheezed three or more times in Year 3 wheezed at least once
with RV.

When wheezing history during the entire first 3 years of life
was considered, wheezing with RSV alone was associated with
an increased risk of asthma at age 6 years compared with
children who did not wheeze with RV or RSV (OR, 2.6; 95%
CI, 1.0, 6.3) (Figure 2). Wheezing with RV, regardless of RSV
wheezing history, was associated with a substantially increased
risk of asthma at age 6 years compared with children who did
not wheeze with either RV or RSV (RV only: OR, 9.8; 95% CI,
4.3, 22.0; and RV and RSV: OR. 10.0; 95% CI. 4.5, 22.2) (Figure
2) Furthermore, wheezing with RV alone or in addition to RSV
was associated with significantly greater asthma risk compared
with wheezing with RSV alone (RV only: OR, 3.8; 95% CI, 1.4,
10.4; and RV and RSV: OR, 3.9; 95% CI, 1.5, 10.5).

We next compared rates of asthma for children who wheezed
during the first 3 years of life with RV with those who wheezed
with any other viruses (including RSV). Rates of Year 6 asthma
were 9% for nonwheezing children and 31% for children who
wheezed only with viruses other than RV (OR, 4.2; 95% CI, 1.8,
9.9). Wheezing with RV, either alone or in addition to other
viruses, was associated with a significantly greater asthma risk
(58%) compared with children who did not wheeze (OR, 13.1;
95% CI, 6.3, 27). Asthma risk was similar for children who

wheezed only with RV (53%) and children who wheezed with
RV and other viruses (60%) (P 5 0.57).

There were no differences between rates of infection as
determined by viral recovery from nasal lavage samples per-
formed during scheduled clinic visits during Year 1 for children
with and without asthma at age 6 years (asthma, 1.2 6 1.1, and

Figure 1. Viral etiology of wheezing illnesses in the first 3 years of life in
children with and without asthma at age 6 years. Frequency of
rhinovirus (RV) wheezing illnesses during the first 3 years of life
increased in children with asthma (n 5 73) and decreased in children
without asthma (n 5 186) at age 6 years. AdV 5 adenovirus; CV 5
coronaviruses (OC143, NL63, and 0229); EnV 5 enteroviruses; Flu 5
influenza types A and B; MPV 5 metapneumoviruses; PIV 5 para-
influenza virus types 1–4; RSV 5 respiratory syncytial virus.

TABLE 1. RHINOVIRUS AND RESPIRATORY SYNCYTIAL VIRUS
WHEEZING ILLNESSES IN YEARS 1, 2, AND 3, AND RISK OF
ASTHMA AT AGE 6 YEARS

Wheezing
Illness n

Asthma
Age 6

Years (n)

Asthma
Age 6

Years (%) OR 95% CI
P

Value

First year of life
RSV No 211 55 26 1.0

Yes 48 18 38 1.7 (0.9, 3.3) 0.11
RV No 214 52 24 1.0

Yes 45 21 47 2.7 (1.4, 5.3) 0.003
RV and
RSV

Neither 192 46 24 1.0
RSV only 22 6 27 1.2 (0.4, 3.2) 0.73
RV only 19 9 47 2.9 (1.1, 7.5) 0.03
Both 26 12 46 2.7 (1.2, 6.3) 0.02

Second year of life
RSV No 231 61 26 1.0

Yes 28 12 43 2.1 (0.9, 4.7) 0.07
RV No 222 49 22 1.0

Yes 37 24 65 6.5 (3.1, 13.7) ,0.0001
RV and
RSV

Neither 203 44 22 1.0
RSV only 19 5 26 1.3 (0.4, 3.8) 0.64
RV only 28 17 61 5.6 (2.4, 12.8) ,0.0001
Both 9 7 78 12.6 (2.5, 63.1) 0.002

Third year of life
RSV No 242 60 25 1.0

Yes 17 13 76 9.9 (3.1, 31.4) 0.0001
RV No 225 43 19 1.0

Yes 34 30 88 31.7 (10.6, 94.9) ,0.0001
RV and
RSV

Neither 214 35 16 1.0
RSV only 11 8 73 13.6 (3.4, 54.0) 0.0002
RV only 28 25 89 42.6 (12.2, 148.9) ,0.0001
Both 6 5 83 25.6 (2.9, 225.6) 0.004

Definition of abbreviations: CI 5 confidence interval; OR 5 odds ratio; RSV 5
respiratory syncytial virus; RV 5 rhinovirus.

Figure 2. Risk of asthma at age 6 years in children who wheezed
during the first 3 years of life with rhinovirus (RV), respiratory syncytial
virus (RSV), or both (*P , 0.05 vs. Neither; 1P , 0.05 vs. RSV only).
OR 5 odds ratio.

Jackson, Gangnon, Evans, et al.: Rhinovirus and Childhood Asthma 669
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C22, C26, C39), 5 (C9), 6 (A101) or 7 (A78) infants (for details 
see Fig., Supplemental Digital Content 1, http://links.lww.com/
INF/C142). The infective period lasted between 1 and 5 positive 
samples based on our weekly sampling. The seasonal prevalence of 
the 3 HRV species was not different. In total, we detected 55 HRV-
positive samples during spring (March–May), 68 during summer, 
74 during fall and 31 during winter months.

Association of HRV Prevalence and Respiratory 
Symptoms

In total, half of HRV-positive episodes were accompanied by 
respiratory symptoms, with slight differences among species: 53% 
of HRV-A [95% confidence interval (CI) = 42–63%], 42% of HRV-B 
(CI = 25–61) and 51% of HRV-C (CI = 40–61) positive episodes were 
symptomatic (Fig., Supplemental Digital Content 1, http://links.lww.
com/INF/C142). Wheezing was reported 11 times in the context of 
HRV detection with the types A40, A56, A101, C1, C9, C28 and C40. 
The 3 most frequently detected types (A78, A16, B6) were sympto-
matic in 53%, 75% and 75% of the HRV-positive samples, respectively. 
Overall, the association between HRV types and respiratory symptoms 
was highly heterogeneous without any recognizable pattern.

DISCUSSION
During the first year of life of 20 unselected infants, we found 

74 different HRV types of all 3 HRV species. We found HRV-A and 
HRV-C almost equally often and fewer HRV-B. Despite differences in 
study design and sampling procedure this distribution is similar to those 
found by others.5,8 Others have studied the presence of HRV in nasal 
lavages during scheduled and unscheduled sick visits from otherwise 

healthy infants of a high-risk birth cohort study5 or the presence of 
rhinoviruses in nose–throat swabs of healthy children <5 years with 
symptoms of an acute respiratory illness.8 We are thus confident that 
our results are also representative of other populations of this age group.

The lower detection frequency of HRV-B is either because 
of lower prevalence (32 HRV-B types identified vs. 80 HRV-A and 
54 HRV-C) or its different virus characteristics. Nakagome et al9 
recently showed that HRV-B types isolated from clinical samples 
have lower replication rates in differentiated primary epithelial 
cells compared with HRV-A and HRV-C types.

Each infant in our study had at least 9 HRV-positive samples 
and 4 different HRV types identified during her or his first year of 
life. In total, we found 74 different HRV types  showing a high vari-
ability and dynamic pattern of HRV. The lack of a clear association 
between specific HRV types and respiratory symptoms might relate 
to this high variability and/or other factors influencing respiratory 
symptoms (eg, concomitant pathogens, such as bacteria or other 
respiratory viruses, or individual immune responses).

The strengths of our study are an unbiased selection of the 
infants and the weekly sampling, including assessment of respira-
tory symptoms. Mothers were recruited before birth and infants 
were not selected based on health problems or respiratory symp-
toms giving a completely unbiased view on HRV presence in early 
infancy. Despite the large sample size of 831 samples and because 
of the high number of different HRV types, no pattern for associa-
tion of HRV types with respiratory symptoms was detected. Thus 
even larger studies seem to be necessary to draw firm conclusions 
on respiratory symptoms induced by particular HRV types.

We confirm data from other studies5,10 showing that the HRV 
population in the human airway is highly dynamic and rapidly 

FIGURE 1. Presence of HRV in nasal swabs during the first year of life of 20 children. Arrows stand for sampling start; full 
upright lines indicate presence of respiratory symptoms, and half upright lines indicate that no symptoms were present in that 
particular week; squares show infection with HRV-A, circles infection with HRV-B, hexagons infection with HRV-C and rhombus 
infections with enterovirus 68. × shows infection with an untypable HRV type; stars indicate reported wheezing; f stands for 
female and m for male infants.
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Are Biomarkers of help to predict asthma? 
Total and specific IgE 
 

- Early, severe and persistent 
sensitization to common aero-
allergens are independent risk 
factors for childhood asthma1 

- Sensitization associated with 
wheezing-phenotypes2 

- Sensitization to perennial 
allergens at 3 years associated 
with loss of lung function at 
school age, aggravated by 
persistent exposure3 
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The course of lung function from age 7 to 13 diff ered 
signifi cantly between atopic and non-atopic wheezers. 
The impairment in all indices was seen among the atopic 
but not the non-atopic wheezers (eg, MEF50 age 7 years: 

86·6 [SD 21·7] vs 100·7 [21·5], p=0·0016; fi gure 1). The 
impairment in lung function was still signifi cant after 
bronchodilator administration, though on a lower level 
(fi gure 2). No eff ect of atopy on lung function was seen 
for non-wheezing children (data not shown).

We then investigated whether the occurrence of 
symptoms diff ered between the atopic and non-atopic 
wheezing phenotype up to and beyond school age. The 
frequency of wheezing episodes from birth up to the age 
of 5 years was equivalent for children with atopic and 
non-atopic wheeze, respectively (fi gure 3). Early onset of 
wheeze and repeated episodes of wheeze before age 
3 years were also not signifi cantly diff erent between 
groups (webtable 1). In turn, non-atopic wheezers 
showed higher rates of recurrent lower respiratory tract 
illnesses early in life compared with atopic wheezers 
(n=37 [62·7%] vs 40 [42·5%], p=0·0152). At school age, 
the severity of asthma symptoms was higher among the 
atopic group as assessed by the frequency of wheezing 
episodes in the last year (≥4 episodes 22 [23·7%] vs 5 
[8·9%], p=0·0238), the rate of exercise-induced 
symptoms (30 [32·3%] vs 8 [14·3%], p=0·0148) and the 
proportion of children with airway hyper-responsiveness 
(36 [57·1%] vs 9 [19·6%], p<0·0001) compared with non-
atopic wheezers. 

†

* *

*
*‡

7 10 13 7 10 13 7 10 13

Age (years) Age (years) Age (years)

M
E

F
7

5
 (

in
 %

 p
re

d
ic

te
d

)
F

V
C

 (
in

 %
 p

re
d

ic
te

d
)

M
E

F
5

0
 (

in
 %

 p
re

d
ic

te
d

)

M
E

F
2

5
 (

in
 %

 p
re

d
ic

te
d

)

F
E

V
1
 (

in
 %

 p
re

d
ic

te
d

)

F
E

V
1
 (

in
 %

 F
V

C
)

0

95

100

105

110

115

120

125

130

135

0

85

90

95

100

105

110

115

120

125

7 10 13
0

95

100

105

110

115

120

125

130

135

7 10 13
0

95

100

105

110

115

120

125

130

135

7 10 13

0

85

90

95

100

105

110

115

120

125

0

85

90

95

100

105

110

115

120

125

No wheeze at school age Non-atopic wheeze at school age Atopic wheeze at school age

Figure 2: Post-bronchodilator lung function at ages 10 and 13 years, stratifi ed for wheezing at school age (5–7 years)
Of the 793 children with no wheeze at school age, 487 and 438 had measurements of post-bronchodilator lung function at ages 10 and 13 years, respectively; of the 
59 children with non-atopic wheeze, 37 and 32 had such measurements at ages 10 and 13 years, respectively; of the 94 children with atopic wheeze, 63 and 53 had 
such measurements at ages 10 and 13 years, respectively. Error bars are SE.*p<0·05/†p<0·01 for diff erence between atopic wheeze and no wheeze; ‡p<0·05 for 
diff erence between atopic wheeze and non-atopic wheeze.
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Figure 3: Prevalence of current wheeze from birth to age 13 years in children with any wheezing episode at 
school age (5–7 years), stratifi ed for atopy at school age
Of the 178 children with wheeze at school age, 153 had measurements of IgE at school age.
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The course of lung function from age 7 to 13 diff ered 
signifi cantly between atopic and non-atopic wheezers. 
The impairment in all indices was seen among the atopic 
but not the non-atopic wheezers (eg, MEF50 age 7 years: 

86·6 [SD 21·7] vs 100·7 [21·5], p=0·0016; fi gure 1). The 
impairment in lung function was still signifi cant after 
bronchodilator administration, though on a lower level 
(fi gure 2). No eff ect of atopy on lung function was seen 
for non-wheezing children (data not shown).

We then investigated whether the occurrence of 
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frequency of wheezing episodes from birth up to the age 
of 5 years was equivalent for children with atopic and 
non-atopic wheeze, respectively (fi gure 3). Early onset of 
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groups (webtable 1). In turn, non-atopic wheezers 
showed higher rates of recurrent lower respiratory tract 
illnesses early in life compared with atopic wheezers 
(n=37 [62·7%] vs 40 [42·5%], p=0·0152). At school age, 
the severity of asthma symptoms was higher among the 
atopic group as assessed by the frequency of wheezing 
episodes in the last year (≥4 episodes 22 [23·7%] vs 5 
[8·9%], p=0·0238), the rate of exercise-induced 
symptoms (30 [32·3%] vs 8 [14·3%], p=0·0148) and the 
proportion of children with airway hyper-responsiveness 
(36 [57·1%] vs 9 [19·6%], p<0·0001) compared with non-
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Are Biomarkers of help to predict asthma? 
Total and specific IgE 
 
– Manchester Asthma and Allergy 

Study (MAAS); n= 1028; Isle of 
Wight birth cohort study; n=1226 

– Machine learning approach to 
independently cluster children into 
different classes of atopic 
sensitization  

 
0   few or no positive atopy tests 
1  sensitivity to grass pollens and late-onset sensitivity 

to peanut 
2  sensitivity to mite 
3  sensitivity to mite and grass pollens, late-onset 

sensitivity to pets 
4  sensitivity to a wide variety of allergens, including 

mite, pollens, cat and dog  

tization classes of the two cohorts in terms of patterns of
atopic response and association with clinical outcomes sug-
gest that they are indicative of the existence of multiple true
atopy phenotypes. Our results validate the findings of our
previous study (10), showing that very similar classes can be
identified in an independent population, in which data had
been collected to adulthood. The data within MAAS also
suggest that these atopy clusters change little over time
(Tables S1 and S7, Figure S2). Importantly, of the four clas-
ses of children showing evidence of allergic sensitization, one
(Class 4) was associated with a much higher risk of asthma
during childhood. Children in this class had materially
poorer lung function, more reactive airways and much higher
risk of acute exacerbation of asthma resulting in hospital
admission. This class comprises only approximately one-third
of children who would be considered atopic by conventional
criteria. This supports our hypothesis that the clinical expres-

sion of asthma does not merely depend on the presence of
specific IgE antibodies, but rather on patterns of IgE
responses over time.
The sensitization classes in the two cohorts are qualita-

tively very similar, despite the fact that they were derived
independently from cohorts with participants assessed at dif-
ferent ages and by a different panel of allergens. For exam-
ple, the MAAS data extend from 1 to 11 years (compared
with 4–18 years for the IoW cohort) and include both skin
tests and IgE (compared with only skin tests in IoW). The
similarities between Class 2 (sensitization to mite) and Class
4 (early sensitization to multiple allergens) in two cohorts are
striking. Classes 1 and 3 are also similar in general, although
they differ somewhat in sensitization to grass pollen. We
speculate that clustering more data at multiple time points in
each cohort might lead to an even better correspondence.
The prevalence of positive skin tests and of asthma in our
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Are Biomarkers of help to predict asthma? 
Total and specific IgE  
 

– 198 Children with positive family 
history for atopy 

–  Identification of biomarkers at 2 yrs 
predictive for persistent atopy and 
wheeze at 5 yrs 

– Blood 0.5,1,2,3,4,5 years 

– Sensitization to HDM at 2yrs 
associated with sensitization at 5yrs 

– HDM IgE titers at 2yrs predictive for 
wheeze at 5yrs 

– HDM specific cytokine responses  

 

association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).
We additionally expanded these analyses to include assessment

of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.
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association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).
We additionally expanded these analyses to include assessment

of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.
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association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).

We additionally expanded these analyses to include assessment
of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.
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Abbreviations used
ARI: Acute respiratory illness

HDM: House dust mite
IL-4R: IL-4 receptor

OR: Odds ratio
SLRI: Severe lower respiratory tract illness

Parents kept a daily symptom diary and recorded the presence of symptoms
of acute respiratory illness (ARI), such as runny/blocked nose, cough, and
wheeze, as well as the presence of fever (temperature >388C). If their child had
any of these symptoms, the study center was contacted within 24 hours,
triggering a visit from the study doctor, who assessed the child; follow-up
telephone calls were made to the family every 2 weeks until the ARI was
resolved. The study doctor used information collected from the telephone
contacts and the diary cards to classify ARI episodes (see the Methods section
in this article’s Online Repository at www.jacionline.org), and data relating to
severe episodes before age 2 years are used below to develop early predictors
of susceptibility to persistent wheeze.

Antibody assays
Antibodies were measured using ImmunoCAP (Phadia AB, Uppsala,

Sweden), comprising total IgE and specific IgE and IgG4 levels to house dust
mite (HDM) and a broad panel of additional allergens (see theMethods section
in this article’s Online Repository).

In vitro culture of PBMCs and cytokine
measurement

Standard methodology was used, as detailed previously (see the Methods
section in this article’s Online Repository).11,12

Statistical analyses
Univariate analyses of group differences in antibody and cytokine mRNA

expression used the Mann-Whitney U test. Spearman correlation was used to
examine the relationship between HDM-IgE titers at 5 years and HDM-stim-
ulated cytokine responses. After adjustment of measurements less than assay
detection limits (see the Methods section in this article’s Online Repository),
continuous variables were log10 transformed for use in regression analyses.
Cases missing data for variables were excluded from relevant regression anal-
yses. This was never more than a few subjects, and therefore no techniques for
replacing missing data, such as imputation, were used. The cutoff level of sig-
nificance used for regression analyses was aP value of less than .05. Prediction
and cross-sectional analysis of HDM-IgE titers were performed by using step-
wise linear regression, whereas wheezing phenotype at 5 years was assessed
with forward-step logistic regression. All analyses were performed with
SPSS software for the Mac OS system (SPSS, Inc, Chicago, Ill).

RESULTS
Postnatal development of IgE responses in atopic
and nonatopic children

Fig 1 shows the age-related increase in the frequency of sensi-
tization to inhalant allergens in the study cohort. Forty-six percent
of the cohort were sensitized to 1 or more aeroallergens by age 5
years, and 26% were sensitized to food allergens (overall popula-
tion figures for this age range are 40% and 22%, respectively).
The dominant inhalant allergen affecting this population is
HDM, and the frequency of sensitization increased progressively
over the observation period, reaching 37% at outcome age.
Fig E1 (available in this article’s Online Repository at www.

jacionline.org) tracks total IgE titers over the first 5 years of life

in individual children. Total IgE levels increased progressively
after birth and did so more rapidly in children sensitized by
age 5 years relative to nonsensitized children (see Fig E1, A),
and the trajectory of this increase in total IgE levels in individual
subjects was generally regular within each group (see Fig E1, B).
This contrasts with the pattern seen for specific IgE responses to
the inhalant allergens, as exemplified by HDM. Among the group
who were sensitized to HDM at age 5 years (Fig 2, right), beyond
the first birthday, specific IgE titers in sera of individual children
almost invariably maintained their upward trajectories, suggest-
ing the progressive consolidation of underlying immune
responses that were primed during infancy.11 In contrast,
HDM-specific IgE titers among children who remained below
the sensitization threshold (Fig 2, left) fluctuated cyclically
within the low range throughout the observation period. A similar
cyclical pattern was seen in IgE titers against the other inhalant
allergens and also those to food allergens, including peanut
(data not shown).

Prediction of sensitization at age 5 years based on
specific IgE levels at earlier ages

The cyclical nature of early IgE responses to inhalant allergens
questions the usefulness of suchmeasures as prognostic indices in
relation to assessment of risk for persistent sensitization in
preschool children. We next addressed this issue in more detail,
focusing on responses to the dominant aeroallergen HDM. Fig 3
shows the proportion of children who were sensitized to HDM at
age 5 years in relation to their individual peak HDM-specific IgE
titers attained by age 2 years. Thus 93.3% of childrenwho reached
a titer of 0.35 kU/L or greater remained at or above this sensitiza-
tion threshold at age 5 years; if this analysis was extended to in-
clude their IgE titers over the first 3 years, then this figure for
percentage persistence remained high at 86.4% (not shown). If
the cutoff was decreased to 0.20 kU/L up to age 2 years (Fig 3),
the figure became 86.1%.

Using the 2-year data, a cutoff HDM-IgE titer of 0.35 kU/L to
designate high risk for sensitization at 5 years had a positive
predictive value of 93.3% and a negative predictive value of
75.2%; at the lower cutoff of 0.20 kU/L, these values were 86.1%
and 74.1%, respectively.

HDM-specific TH memory responses
We next focused on T-cell responses to HDM. We have

previously reported on HDM-specific cytokine responses in these
children during infancy and demonstrated clear increases inHDM-
induced IL-4, IL-5, IL-9, IL-13, and also IFN-g production in

FIG 1. Rates of sensitization to inhalant allergens. Data shown are percent-
age of the cohort at each age who were sensitized, as defined by relevant
allergen-specific IgE titers of 0.35 kU/L or greater.
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association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).

We additionally expanded these analyses to include assessment
of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.

J ALLERGY CLIN IMMUNOL

VOLUME 125, NUMBER 3

HOLT ET AL 655

Holt PG. J Allergy Clin Immunol 2010;125:653-9  

Are Biomarkers of help to predict asthma? 
Total and specific IgE  
 

– 198 Children with positive family 
history for atopy 

–  Identification of biomarkers at 2 yrs 
predictive for persistent atopy and 
wheeze at 5 yrs 

– Blood 0.5,1,2,3,4,5 years 

– Sensitization to HDM at 2yrs 
associated with sensitization at 5yrs 

– HDM IgE titers at 2yrs predictive for 
wheeze at 5yrs 

– HDM specific cytokine responses  

 

association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).

We additionally expanded these analyses to include assessment
of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.
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association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).

We additionally expanded these analyses to include assessment
of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.
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association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).

We additionally expanded these analyses to include assessment
of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.
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Abbreviations used
ARI: Acute respiratory illness

HDM: House dust mite
IL-4R: IL-4 receptor

OR: Odds ratio
SLRI: Severe lower respiratory tract illness

Parents kept a daily symptom diary and recorded the presence of symptoms
of acute respiratory illness (ARI), such as runny/blocked nose, cough, and
wheeze, as well as the presence of fever (temperature >388C). If their child had
any of these symptoms, the study center was contacted within 24 hours,
triggering a visit from the study doctor, who assessed the child; follow-up
telephone calls were made to the family every 2 weeks until the ARI was
resolved. The study doctor used information collected from the telephone
contacts and the diary cards to classify ARI episodes (see the Methods section
in this article’s Online Repository at www.jacionline.org), and data relating to
severe episodes before age 2 years are used below to develop early predictors
of susceptibility to persistent wheeze.

Antibody assays
Antibodies were measured using ImmunoCAP (Phadia AB, Uppsala,

Sweden), comprising total IgE and specific IgE and IgG4 levels to house dust
mite (HDM) and a broad panel of additional allergens (see theMethods section
in this article’s Online Repository).

In vitro culture of PBMCs and cytokine
measurement

Standard methodology was used, as detailed previously (see the Methods
section in this article’s Online Repository).11,12

Statistical analyses
Univariate analyses of group differences in antibody and cytokine mRNA

expression used the Mann-Whitney U test. Spearman correlation was used to
examine the relationship between HDM-IgE titers at 5 years and HDM-stim-
ulated cytokine responses. After adjustment of measurements less than assay
detection limits (see the Methods section in this article’s Online Repository),
continuous variables were log10 transformed for use in regression analyses.
Cases missing data for variables were excluded from relevant regression anal-
yses. This was never more than a few subjects, and therefore no techniques for
replacing missing data, such as imputation, were used. The cutoff level of sig-
nificance used for regression analyses was aP value of less than .05. Prediction
and cross-sectional analysis of HDM-IgE titers were performed by using step-
wise linear regression, whereas wheezing phenotype at 5 years was assessed
with forward-step logistic regression. All analyses were performed with
SPSS software for the Mac OS system (SPSS, Inc, Chicago, Ill).

RESULTS
Postnatal development of IgE responses in atopic
and nonatopic children

Fig 1 shows the age-related increase in the frequency of sensi-
tization to inhalant allergens in the study cohort. Forty-six percent
of the cohort were sensitized to 1 or more aeroallergens by age 5
years, and 26% were sensitized to food allergens (overall popula-
tion figures for this age range are 40% and 22%, respectively).
The dominant inhalant allergen affecting this population is
HDM, and the frequency of sensitization increased progressively
over the observation period, reaching 37% at outcome age.

Fig E1 (available in this article’s Online Repository at www.
jacionline.org) tracks total IgE titers over the first 5 years of life

in individual children. Total IgE levels increased progressively
after birth and did so more rapidly in children sensitized by
age 5 years relative to nonsensitized children (see Fig E1, A),
and the trajectory of this increase in total IgE levels in individual
subjects was generally regular within each group (see Fig E1, B).
This contrasts with the pattern seen for specific IgE responses to
the inhalant allergens, as exemplified by HDM. Among the group
who were sensitized to HDM at age 5 years (Fig 2, right), beyond
the first birthday, specific IgE titers in sera of individual children
almost invariably maintained their upward trajectories, suggest-
ing the progressive consolidation of underlying immune
responses that were primed during infancy.11 In contrast,
HDM-specific IgE titers among children who remained below
the sensitization threshold (Fig 2, left) fluctuated cyclically
within the low range throughout the observation period. A similar
cyclical pattern was seen in IgE titers against the other inhalant
allergens and also those to food allergens, including peanut
(data not shown).

Prediction of sensitization at age 5 years based on
specific IgE levels at earlier ages

The cyclical nature of early IgE responses to inhalant allergens
questions the usefulness of suchmeasures as prognostic indices in
relation to assessment of risk for persistent sensitization in
preschool children. We next addressed this issue in more detail,
focusing on responses to the dominant aeroallergen HDM. Fig 3
shows the proportion of children who were sensitized to HDM at
age 5 years in relation to their individual peak HDM-specific IgE
titers attained by age 2 years. Thus 93.3% of childrenwho reached
a titer of 0.35 kU/L or greater remained at or above this sensitiza-
tion threshold at age 5 years; if this analysis was extended to in-
clude their IgE titers over the first 3 years, then this figure for
percentage persistence remained high at 86.4% (not shown). If
the cutoff was decreased to 0.20 kU/L up to age 2 years (Fig 3),
the figure became 86.1%.

Using the 2-year data, a cutoff HDM-IgE titer of 0.35 kU/L to
designate high risk for sensitization at 5 years had a positive
predictive value of 93.3% and a negative predictive value of
75.2%; at the lower cutoff of 0.20 kU/L, these values were 86.1%
and 74.1%, respectively.

HDM-specific TH memory responses
We next focused on T-cell responses to HDM. We have

previously reported on HDM-specific cytokine responses in these
children during infancy and demonstrated clear increases inHDM-
induced IL-4, IL-5, IL-9, IL-13, and also IFN-g production in

FIG 1. Rates of sensitization to inhalant allergens. Data shown are percent-
age of the cohort at each age who were sensitized, as defined by relevant
allergen-specific IgE titers of 0.35 kU/L or greater.
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association with specific IgE, particularly from age 12 months.11

We have now followed these HDM-specific cytokine responses to
age 5 years (Fig 4); data from the birth to 2-year time points
reported earlier11 are included here for reference and restratified
as above. We focused on mRNA as opposed to protein data based
on our earlier findings11 that the more sensitive quantitative RT-
PCR methodology is better equipped to handle the low-level TH

memory responses characteristic of these early age groups and
resulting group data are less spread. Protein data for IL-5, IL-
9, IL-13, and IFN-g collected in parallel demonstrate similar
differences between the sensitized/nonsensitized groups (not
shown).

We additionally expanded these analyses to include assessment
of IL-4 receptor (IL-4R) mRNA production induced by HDM in
light of other studies demonstrating the importance of this gene in
TH2 memory responses.12 The hallmark TH2 effector cytokines
IL-4, IL-5, IL-9, and IL-13 become prominent in the HDM-spe-
cific differential expression signature of the atopic subjects
from 1 year onward, and from 3 years, this is joined by IL-4R
and also a TH1 (IFN-g) component (Fig 4). Note also that patterns
of HDM-specific cytokine expression in individual children, as
exemplified by IL-4 (see Fig E2 in this article’s Online Repository
at www.jacionline.org), fluctuate cyclically over time comparable
with that seen above for specific IgE.

Table I shows a Spearman correlation matrix showing the
strength and consistency of associations between individual
HDM-specific cytokine responses at each age and HDM sensiti-
zation at 5 years. As reported previously, at age 2 years,11 increas-
ingly strong associations are seen for the TH2 cytokines from 6
months onward and to a lesser extent for IFN-g, and this pattern
remains consistent out to age 5 years. In contrast, IL-4R expres-
sion does not show this association until age 3 years.

Cytokine responses and sensitization status:
Multivariate analyses

Initial linear regression analysis was undertaken to identify
determinants of HDM-specific IgE titers at age 5 years, integrat-
ing measures of humoral and cellular immunity from samples
collected at that age. Predictable positive associations were seen
with TH2 cytokines (notably HDM-specific IL-4 and IL-13), and
negative associations were seen with the TH1 cytokine IFN-g (see
Table E1 in this article’s Online Repository at www.jacionli
ne.org). Table II (left) uses cytokine and antibody data from the
age 2 years sample collection to predict HDM-IgE titers at 5
years. The significant variables in this model were current
HDM-specific IgE titer at the times of sampling together with
HDM-induced IL-9.

Current wheeze
The outcome of principal interest in this study was wheeze,

and at age 5 years, the prevalence of current wheeze in this cohort
was 28% (compared with 21.5% in the overall population). Data
collected at age 5 years were initially used to identify risk
variables associated with wheeze at this age by means of logistic
regression, and the HDM-specific IgE titer was positively
associated with this outcome (see Table E2 in this article’s
Online Repository at www.jacionline.org). Data from year 2
were also used to identify variables predictive of risk for wheeze
at age 5 years. By using univariate logistic regression (see Fig E3
in this article’s Online Repository at www.jacionline.org), the
risk for wheeze at age 5 years increased linearly with increasing
IgE titers at age 2 years, in particular anti-inhalant IgE. When
using a broader matrix of 2-year variables to predict wheeze at
5 years by means of multivariate logistic regression, the signifi-
cant risk variables identified were HDM-IgE and a history of
severe lower respiratory tract illness (SLRI) in the first 2 years
of life (Table II).

FIG 2. Age-related changes in IgE titers. Fluctuations in HDM-specific IgE titers in individual children who
were not (left) or were (right) sensitized at age 5 years. The dotted line indicates the 0.35 kU/L sensitization
threshold.

FIG 3. Relationship between HDM-IgE titers in individual children at 2 and 5
years. Data shown represent the percentage sensitized to HDM at 5 years
among subjects exceeding set IgE cutoffs at 2 years computed at 0.5 kU/L
intervals (line of best fit and associated R2 value computed in Excel). In the
examples shown, 86.1% of children whose HDM-IgE levels were 0.20 kU/L
or greater at 2 years were sensitized at 5 years versus 93.3% of those whose
2-year levels were 0.35 kU/L or greater.
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FIG E3. Probability of wheeze at age 5 years in relation to IgE titers at age 2
years. The population was quartiled by IgE titers, and probability of wheeze
at 5 years as a function of IgE titer at 2 years was computed by using
univariate logistic regression.
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We finally focused on the significant predictors from year 2
data in Table II, restricting the selection to those based on infor-
mation that would be available in a routine clinical setting
(ie, HDM-IgE status and infection history). Logistic regression
modeling was used to generate a probability matrix (Table III)
describing risk for wheeze at age 5 years as a function of titer
of HDM-IgE attained by the second birthday (cohort range,
0.015-97.5 kU/L IgE) and cumulative number of episodes of
SLRI experienced during the first 2 years (range, 0-10 episodes).
For example, at a log IgE titer of20.456 (0.35 kU/L), the risk for
subsequent persistent wheeze is 48.9% with 3 SLRI episodes,
increasing to 75.2% with 6 episodes. Comparable matrices were

generated by using compendium data derived by means of sum-
mation of individual titers of specific IgEs or data from the
Phadiatop test, which covers multiple IgE specificities (see Table
E3 in this article’s Online Repository at www.jacionline.org).

DISCUSSION
The available evidence indicates that resistance to sensitization

to ubiquitous environmental allergens is an active process
involving the development of various forms of immunologic
tolerance. In the gastrointestinal tract this involves generation of
‘‘oral tolerance’’ to dietary allergens, and in the respiratory tract

FIG 4. Postnatal development of HDM-specific TH memory responses. Data shown are HDM-specific cyto-
kine responses as group means6 SEs, with stratification by sensitization outcome at age 5 years. Dark bars
designate sensitized at 5 years, and light bars indicate not sensitized. *P < .05, and ***P < .001, Mann-Whit-
ney U test. CB, Cord blood.

TABLE I. Correlation between HDM-IgE level at 5 years and HDM-stimulated cytokine responses at birth and 0.5, 1, 2, 3, and 5 years

HDM-stimulated mRNA

Age (y) IL-4 IL-4R IL-5 IL-9 IL-13 IFN-g

0 0.081 (.388) ND 0.065 (.486) 20.018 (.846) 0.033 (.727) 20.043 (.647)
0.5 0.338 (.000) 20.069 (.463) 0.229 (.013) 0.155 (.097) 0.201 (.030) 0.110 (.240)
1 0.194 (.051) 0.032 (.747) 0.362 (.000) 0.366 (.000) 0.298 (.002) 0.261 (.008)
2 0.229 (.005) 0.082 (.320) 0.423 (.000) 0.411 (.000) 0.284 (.000) 0.119 (.148)
3 0.215 (.013) 0.332 (.000) 0.297 (.001) 0.413 (.000) 0.191 (.028) 0.193 (.027)
5 0.496 (.000) 0.261 (.004) 0.588 (.000) 0.481 (.000) 0.487 (.000) 0.301 (.001)

Data shown are Spearman Rho (P value).
ND, Not done.
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2. Therapie frühkindliches Asthma: back to ICS? 
 
 

29 Brand P. Eur Respir J 2008;32:1096 
SGPP-PIA 2009, Paediatrica, 2009; 20:44-51. 

Therapie: Vorschulkind 
Behandlungsplan 

Virale obstruktive Bronchitiden Frühkindliches Asthma 

„Ad hoc“ im Infekt 

-  Montelukast 4mg bei ersten 
Zeichen des Luftwegsinfekts 

-  5-7 Tage 

Präventiv 

-  Montelukast 4mg 1xtgl 

-  ((ICS tiefdosiert)) 

-  Reduktion virale Infekte ? 

„Ad hoc“ im Infekt 

-  Hochdosierte ICS           
(Stufe 4) 

-  7 Tage 

Präventiv 

-  Kleinkinder Asthma-
Stufenbehandlungsplan 

-  Adaptierte ICS, alternativ 
Montelukast 

1. Frühkindliches Wheezing: was gibt’s neues  
 

31 

Classification and pharmacological
treatment of preschool wheezing:
changes since 2008

Paul L.P. Brand1,2, Daan Caudri3, Ernst Eber4, Erol A. Gaillard5,
Luis Garcia-Marcos6, Gunilla Hedlin7, John Henderson8, Claudia E. Kuehni9,
Peter J.F.M. Merkus10, Soren Pedersen11, Arunas Valiulis12, Göran Wennergren13
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ABSTRACT Since the publication of the European Respiratory Society Task Force report in 2008,
significant new evidence has become available on the classification and management of preschool wheezing
disorders. In this report, an international consensus group reviews this new evidence and proposes some
modifications to the recommendations made in 2008. Specifically, the consensus group acknowledges that
wheeze patterns in young children vary over time and with treatment, rendering the distinction between
episodic viral wheeze and multiple-trigger wheeze unclear in many patients. Inhaled corticosteroids remain
first-line treatment for multiple-trigger wheeze, but may also be considered in patients with episodic viral
wheeze with frequent or severe episodes, or when the clinician suspects that interval symptoms are being
under reported. Any controller therapy should be viewed as a treatment trial, with scheduled close follow-
up to monitor treatment effect. The group recommends discontinuing treatment if there is no benefit and
taking favourable natural history into account when making decisions about long-term therapy. Oral
corticosteroids are not indicated in mild-to-moderate acute wheeze episodes and should be reserved for
severe exacerbations in hospitalised patients. Future research should focus on better clinical and genetic
markers, as well as biomarkers, of disease severity.
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In addition, some group members felt that parents may under-report interval symptoms in preschool
children because the symptoms during viral episodes are most troublesome, and viral episodes may persist
for weeks and recur rapidly in autumn and winter.

Indications for and choice of controller therapy
The group agreed that the two main reasons for starting any controller therapy in preschool children with
wheeze were frequent symptoms (on most days of the week, responding to b2-agonists) or frequent and
severe acute episodes. There was consensus that the current state of the evidence does not allow a clear-cut
distinction between children who will respond to inhaled corticosteroids (ICS), to montelukast or to neither
treatment. A trial performed in the 1990s in preschool children with only EVW did not show a beneficial
effect of ICS on frequency and severity of episodes [21]. A more recent systematic review of randomised
controlled trials showed that ICS are effective in reducing frequency of preschool wheeze episodes when
trials are pooled irrespective of phenotype [22]. However, because data on wheeze phenotype were lacking
in most studies, the review could neither confirm nor exclude a differential response to ICS in EVW or
MTW. Atopy did not predict the response to ICS in this meta-analysis [22]. A recent report showed that the
degree of asthma control achieved in 2–6 year old children was most strongly determined by their
adherence to ICS treatment [23]. The lack of data on the symptom pattern in this study does not allow a
firm conclusion whether this applies to both EVW and MTW. Two randomised trials compared the effect

TABLE 2 Distinction between temporal patterns of preschool wheeze and recommendations for controller therapy, as issued in
the European Respiratory Society 2008 Task Force report [8]

Phenotype Temporal pattern Proposed first choice of controller therapy

Episodic viral wheeze Wheezing during discrete time periods, often in
association with clinical evidence of a viral

cold, with absence of wheeze between episodes

Montelukast

Multiple-trigger wheeze Wheezing that shows discrete exacerbations
(as with episodic viral wheeze) but also

symptoms between episodes

Inhaled corticosteroids

TABLE 3 2013 consensus statement on classification and management of preschool wheezing disorders

Distinction of preschool wheeze phenotypes The distinction between EVW and MTW is not clear in all patients
Some children retain a consistent pattern of EVW or MTW, but symptom
patterns change over time in many patients and their airway pathology
remains unclear

Severity and frequency of episodes seem to be at least as important to
distinguish between children as the distinction between EVW and MTW

Daily controller therapy In children with MTW, ICS are the first choice for daily controller therapy
In children with EVW, daily therapy may be considered with either ICS or
montelukast if:
the attacks are severe (requiring hospital admission or systemic
corticosteroids); or

the attacks are frequent; or
the clinician suspects that interval symptoms are being under
reported

Any controller therapy should be viewed as a treatment trial, with
scheduled follow-up
Discontinue treatment if there has been no benefit
Take favourable natural history into account: taper down to lowest
effective dose, and discontinue treatment if the child has been
symptom-free for 3months on low-dose therapy

Treatment of acute episodes Oral corticosteroids are not indicated in preschool children with an
exacerbation of viral wheeze who do not need to be admitted to
hospital

Oral corticosteroids are indicated only in preschool children admitted to
hospital with very severe wheeze; even in this group, evidence to
support the use of prednisolone is not robust

EVW: episodic viral wheeze; MTW: multiple-trigger wheeze; ICS: inhaled corticosteroids.
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Daily or Intermittent Budesonide for Wheezing
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ysis, we used a negative binomial regression model 
incorporating actual follow-up time so that we 
could appropriately estimate the rate of exacerba-
tion per patient-year. Secondary analyses exam-
ined the effect of treatment on other outcomes. 

For counted outcomes, such as unscheduled health 
care visits, a similar model was applied. We used 
analysis of covariance for outcomes that were mea-
sured on a continuous scale, such as linear growth, 
and appropriate transformations were applied for 

278 Underwent randomization before end
of enrollment in July 2009

450 Children were enrolled between
August 2008 and July 2009

172 Were excluded during run-in
54 Had excessive asthma symptoms
19 Had negative asthma predictive index values
18 Were ineligible at the first visit
18 Had adherence issues
16 Had consent withdrawn
16 Had an asthma exacerbation
13 Used other asthma medications
7 Were lost to follow-up
4 Were ineligible by physician discretion
1 Had a serious adverse event
6 Had other reasons

139 Were assigned to intermittent-
regimen group

139 Were assigned to daily-regimen
group

26 Did not complete study
23 Were lost to follow-up, or

caregivers were no longer
interested, were unable
to make visits, or with-
drew consent

1 Caregiver was dissatisfied
with asthma control

1 Had physician-initiated
termination

1 Had treatment failure

39 Did not complete study
26 Were lost to follow-up, or

caregivers were no longer
interested, were unable
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drew consent

3 Caregivers were dissatis-
fied with asthma control

3 Had physician-initiated
terminations

2 Had side effects
4 Had treatment failure
1 Had another reason  

113 Completed study by August 2010 100 Completed study by August 2010
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There were no deaths. The proportions of pa-
tients with serious adverse events (including all 
hospitalizations) and nonserious adverse events 
did not differ significantly in the two study groups 
(Table S6 in the Supplementary Appendix). Four 
children in the daily-regimen group and five in 
the intermittent-regimen group were hospitalized 
for asthma exacerbations. Other reasons for hos-
pitalization were pneumonia, gastroenteritis, and 
diarrhea (one patient each) in the daily-regimen 
group and concussion, gastroenteritis, influenza, 
tonsillectomy, and motor-vehicle accident (one pa-
tient each) in the intermittent-regimen group.

Discussion

We report that a daily low-dose regimen of bu des-
onide inhalation suspension was not superior to 
an intermittent high-dose regimen, administered 

for 7 days during a predefined respiratory tract 
illness, with respect to the frequency of exacerba-
tions (the primary outcome) in preschool-age chil-
dren at risk for asthma and future exacerbations. 
In addition, there was no significant between-
group difference in respiratory symptoms (symp-
tom severity during respiratory tract illnesses, 
episode-free days, and bronchodilator use) or qual-
ity of life. These findings occurred in the context 
of similar rates of reported adherence and identi-
fication of nasal viruses in the two study groups.

The treatment of preschool-age children with 
recurrent wheezing is complex, since most of these 
children do not have persistent asthma, as defined 
by regular symptoms, and the diagnosis is diffi-
cult to confirm. U.S. guidelines8 recognize this 
complexity in regard to diagnosis and management 
and recommend daily therapy with inhaled gluco-
corticoids as the preferred option for young chil-
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Figure 2. Exacerbations of Wheezing and Respiratory Tract Illness.

P values are based on exact Wilcoxon–Mann–Whitney tests for Panels A and C and on Wald tests from a proportional-hazards regression 
model for Panels B and D. All comparisons have been adjusted for clinical center and age.
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There were no deaths. The proportions of pa-
tients with serious adverse events (including all 
hospitalizations) and nonserious adverse events 
did not differ significantly in the two study groups 
(Table S6 in the Supplementary Appendix). Four 
children in the daily-regimen group and five in 
the intermittent-regimen group were hospitalized 
for asthma exacerbations. Other reasons for hos-
pitalization were pneumonia, gastroenteritis, and 
diarrhea (one patient each) in the daily-regimen 
group and concussion, gastroenteritis, influenza, 
tonsillectomy, and motor-vehicle accident (one pa-
tient each) in the intermittent-regimen group.

Discussion

We report that a daily low-dose regimen of bu des-
onide inhalation suspension was not superior to 
an intermittent high-dose regimen, administered 

for 7 days during a predefined respiratory tract 
illness, with respect to the frequency of exacerba-
tions (the primary outcome) in preschool-age chil-
dren at risk for asthma and future exacerbations. 
In addition, there was no significant between-
group difference in respiratory symptoms (symp-
tom severity during respiratory tract illnesses, 
episode-free days, and bronchodilator use) or qual-
ity of life. These findings occurred in the context 
of similar rates of reported adherence and identi-
fication of nasal viruses in the two study groups.

The treatment of preschool-age children with 
recurrent wheezing is complex, since most of these 
children do not have persistent asthma, as defined 
by regular symptoms, and the diagnosis is diffi-
cult to confirm. U.S. guidelines8 recognize this 
complexity in regard to diagnosis and management 
and recommend daily therapy with inhaled gluco-
corticoids as the preferred option for young chil-
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There were no deaths. The proportions of pa-
tients with serious adverse events (including all 
hospitalizations) and nonserious adverse events 
did not differ significantly in the two study groups 
(Table S6 in the Supplementary Appendix). Four 
children in the daily-regimen group and five in 
the intermittent-regimen group were hospitalized 
for asthma exacerbations. Other reasons for hos-
pitalization were pneumonia, gastroenteritis, and 
diarrhea (one patient each) in the daily-regimen 
group and concussion, gastroenteritis, influenza, 
tonsillectomy, and motor-vehicle accident (one pa-
tient each) in the intermittent-regimen group.

Discussion

We report that a daily low-dose regimen of bu des-
onide inhalation suspension was not superior to 
an intermittent high-dose regimen, administered 

for 7 days during a predefined respiratory tract 
illness, with respect to the frequency of exacerba-
tions (the primary outcome) in preschool-age chil-
dren at risk for asthma and future exacerbations. 
In addition, there was no significant between-
group difference in respiratory symptoms (symp-
tom severity during respiratory tract illnesses, 
episode-free days, and bronchodilator use) or qual-
ity of life. These findings occurred in the context 
of similar rates of reported adherence and identi-
fication of nasal viruses in the two study groups.

The treatment of preschool-age children with 
recurrent wheezing is complex, since most of these 
children do not have persistent asthma, as defined 
by regular symptoms, and the diagnosis is diffi-
cult to confirm. U.S. guidelines8 recognize this 
complexity in regard to diagnosis and management 
and recommend daily therapy with inhaled gluco-
corticoids as the preferred option for young chil-
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model for Panels B and D. All comparisons have been adjusted for clinical center and age.
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There were no deaths. The proportions of pa-
tients with serious adverse events (including all 
hospitalizations) and nonserious adverse events 
did not differ significantly in the two study groups 
(Table S6 in the Supplementary Appendix). Four 
children in the daily-regimen group and five in 
the intermittent-regimen group were hospitalized 
for asthma exacerbations. Other reasons for hos-
pitalization were pneumonia, gastroenteritis, and 
diarrhea (one patient each) in the daily-regimen 
group and concussion, gastroenteritis, influenza, 
tonsillectomy, and motor-vehicle accident (one pa-
tient each) in the intermittent-regimen group.

Discussion

We report that a daily low-dose regimen of bu des-
onide inhalation suspension was not superior to 
an intermittent high-dose regimen, administered 

for 7 days during a predefined respiratory tract 
illness, with respect to the frequency of exacerba-
tions (the primary outcome) in preschool-age chil-
dren at risk for asthma and future exacerbations. 
In addition, there was no significant between-
group difference in respiratory symptoms (symp-
tom severity during respiratory tract illnesses, 
episode-free days, and bronchodilator use) or qual-
ity of life. These findings occurred in the context 
of similar rates of reported adherence and identi-
fication of nasal viruses in the two study groups.

The treatment of preschool-age children with 
recurrent wheezing is complex, since most of these 
children do not have persistent asthma, as defined 
by regular symptoms, and the diagnosis is diffi-
cult to confirm. U.S. guidelines8 recognize this 
complexity in regard to diagnosis and management 
and recommend daily therapy with inhaled gluco-
corticoids as the preferred option for young chil-
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model for Panels B and D. All comparisons have been adjusted for clinical center and age.
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dren with recurrent wheezing and risk factors 
for persistent asthma (i.e., positive values on the 
modified API),8 although this treatment does not 
alter the course of the disease after the inhaled 
glucocorticoids are discontinued.9 Guidelines of 
the Global Initiative for Asthma (GINA)23 also rec-
ommend daily controller therapy, including the use 
of inhaled glucocorticoids, for young children with 
intermittent wheezing, a history suggestive of 
asthma, and at least three wheezing episodes in 
the previous year. The guidelines caution against 
the use of daily high-dose therapy with inhaled 
glucocorticoids for prolonged periods, given the 
reported effect of such use on growth, and advise 
using the lowest dose necessary for asthma con-
trol.8 In this context, the inability to show the su-
periority of a daily low-dose regimen of bu des onide 
over an intermittent high-dose regimen may be 
important in the preparation of future guidelines.

The efficacy of daily low-dose inhaled glucocor-
ticoids, as compared with placebo, has been docu-
mented in studies ranging from 1.5 to 12 months 
and involving preschool-age children with positive 
values on the modified API,9 risk factors for asth-
ma,24-26 frequent recurrent wheezing or asthma 
symptoms,27,28 or physician-diagnosed asthma.13,29 
A recent meta-analysis30 and both the EPR-3 
national guidelines8 and GINA guidelines23 for 
infants and preschool-age children support these 
findings. In the PEAK trial, the daily low-dose in-
haled glucocorticoid that was shown to be effica-
cious was fluticasone administered in a metered-
dose inhaler, but there has been no evidence that 
efficacy differs when other inhaled glucocorticoids 
are used in clinically similar doses.8,10 In preschool-
age children who entered a trial with frequent 
symptoms, the percentage of symptom-free days 
was higher among those receiving daily inhaled 
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Figure 3. Profiles of Symptom Severity during Respiratory Tract Illness.

Day zero corresponds to the start of treatment for a respiratory tract illness. P values are for comparisons of symp-
tom levels during the first 14 days after the initiation of treatment for respiratory tract illness, with adjustment for 
baseline symptom levels (on days 13 to 7 before the initiation of treatment). Plotted values are means for the indi-
cated day. Scores range from 0 to 5, with higher scores indicating more severe symptoms.
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dren with recurrent wheezing and risk factors 
for persistent asthma (i.e., positive values on the 
modified API),8 although this treatment does not 
alter the course of the disease after the inhaled 
glucocorticoids are discontinued.9 Guidelines of 
the Global Initiative for Asthma (GINA)23 also rec-
ommend daily controller therapy, including the use 
of inhaled glucocorticoids, for young children with 
intermittent wheezing, a history suggestive of 
asthma, and at least three wheezing episodes in 
the previous year. The guidelines caution against 
the use of daily high-dose therapy with inhaled 
glucocorticoids for prolonged periods, given the 
reported effect of such use on growth, and advise 
using the lowest dose necessary for asthma con-
trol.8 In this context, the inability to show the su-
periority of a daily low-dose regimen of bu des onide 
over an intermittent high-dose regimen may be 
important in the preparation of future guidelines.

The efficacy of daily low-dose inhaled glucocor-
ticoids, as compared with placebo, has been docu-
mented in studies ranging from 1.5 to 12 months 
and involving preschool-age children with positive 
values on the modified API,9 risk factors for asth-
ma,24-26 frequent recurrent wheezing or asthma 
symptoms,27,28 or physician-diagnosed asthma.13,29 
A recent meta-analysis30 and both the EPR-3 
national guidelines8 and GINA guidelines23 for 
infants and preschool-age children support these 
findings. In the PEAK trial, the daily low-dose in-
haled glucocorticoid that was shown to be effica-
cious was fluticasone administered in a metered-
dose inhaler, but there has been no evidence that 
efficacy differs when other inhaled glucocorticoids 
are used in clinically similar doses.8,10 In preschool-
age children who entered a trial with frequent 
symptoms, the percentage of symptom-free days 
was higher among those receiving daily inhaled 
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baseline symptom levels (on days 13 to 7 before the initiation of treatment). Plotted values are means for the indi-
cated day. Scores range from 0 to 5, with higher scores indicating more severe symptoms.
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§ Eine tägliche tiefdosierte Budesonid Therapie ist bei Kindern mit 
frühkindlichem Asthma einer intermittierenden hochdosierten Gabe während 
Infekten nicht überlegen 

§ Kumulative ICS Dosis 
§  tägliche Inhalation:  149.9mg 
§  Intermitt. Inhalation:   45.7mg 

- 104mg!! 
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Preventing Exacerbations in Preschoolers With Recurrent Wheeze: A Meta-analysis
Sunitha V. Kaiser, MD, MSc, a Tram Huynh, b Leonard B. Bacharier, MD, c Jennifer L. Rosenthal, MD, 
d Leigh Anne Bakel, MD, e Patricia C. Parkin, MD, FRCPC, f Michael D. Cabana, MD, MPHa, g, h

abstractCONTEXT: Half of children experience wheezing by age 6 years, and optimal strategies for preventing severe exacerbations are not well defined.
OBJECTIVE: Synthesize the evidence of the effects of daily inhaled corticosteroids (ICS), intermittent ICS, and montelukast in preventing severe exacerbations among preschool children with recurrent wheeze.
DATA SOURCES: Medline (1946, 2/25/15), Embase (1947, 2/25/15), CENTRAL.
STUDY SELECTION: Studies were included based on design (randomized controlled trials), population (children ≤6 years with asthma or recurrent wheeze), intervention and comparison (daily ICS vs placebo, intermittent ICS vs placebo, daily ICS vs intermittent ICS, ICS vs montelukast), and outcome (exacerbations necessitating systemic steroids).
DATA EXTRACTION: Completed by 2 independent reviewers.
RESULTS: Twenty-two studies (N = 4550) were included. Fifteen studies (N = 3278) compared daily ICS with placebo and showed reduced exacerbations with daily medium-dose ICS (risk ratio [RR] 0.70; 95% confidence interval [CI], 0.61–0.79; NNT = 9). Subgroup analysis of children with persistent asthma showed reduced exacerbations with daily ICS compared with placebo (8 studies, N = 2505; RR 0.56; 95% CI, 0.46–0.70; NNT = 11) and daily ICS compared with montelukast (1 study, N = 202; RR 0.59; 95% CI, 0.38–0.92). Subgroup analysis of children with intermittent asthma or viral-triggered wheezing showed reduced exacerbations with preemptive high-dose intermittent ICS compared with placebo (5 studies, N = 422; RR 0.65; 95% CI, 0.51–0.81; NNT = 6).
LIMITATIONS: More studies are needed that directly compare these strategies.
CONCLUSIONS: There is strong evidence to support daily ICS for preventing exacerbations in preschool children with recurrent wheeze, specifically in children with persistent asthma. For preschool children with intermittent asthma or viral-triggered wheezing, there is strong evidence to support intermittent ICS for preventing exacerbations.
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with crossover design and found 
very similar results to our primary 
analysis.
Subgroup Analyses: Interm

ittent 
Asthm

a or Viral-Triggered Wheeze

Our subgroup analyses of preschool 
children with intermittent asthma or 
viral-triggered wheeze are described 
in Fig 4. There was only 1 study 
(n = 41) examining daily ICS versus 
placebo, which found no significant 
benefit (RR 1.05; 95% CI, 0.16–6.76). 
Most studies comparing intermittent ICS with placebo were focused on 

children with intermittent asthma 
or viral-triggered wheeze (5/6). 
Data from these 5 studies (N = 422) 
showed significant reduction in 
rates of severe exacerbations with 
intermittent ICS (33.9% vs 51.3%, 
respectively; RR 0.65; 95% CI, 0.51–
0.81; P = .0002; I 2 = 0%). Treatment 
of 6 children prevented 1 child 
from experiencing an exacerbation 
(NNT = 6; 95% CI, 4–12). There 
was no difference in rates of severe 
exacerbations with daily compared with intermittent ICS (1 study, n = 

278; RR 0.97; 95% CI, 0.75–1.25) 
or intermittent ICS compared with 
intermittent montelukast (1 study, 
n = 190; RR 0.82; 95% CI, 0.59–1.15).
Subgroup Analyses: Persistent Asthm

a

Our subgroup analyses of preschool 
children with persistent asthma 
are described in Fig 5. Eight studies 
comparing daily ICS with placebo 
were focused on children with 
persistent asthma (N = 2505), and 
showed a reduction in rates of 
severe exacerbations with daily 
ICS (8.7% vs 18%, respectively; RR 
0.56; 95% CI, 0.46–0.70; P < .001; 
I 2 = 0%). Treatment of 11 children 
prevented 1 child from experiencing 
an exacerbation (NNT = 11; 95% CI, 
8–15). Data from Szefler et al 34 (n = 
202) showed that daily ICS reduced 
rates of severe exacerbations 
compared with daily montelukast 
(RR 0.59; 95% CI, 0.38–0.92; P = .02). 
There were no studies of intermittent 
ICS for children with persistent 
asthma.Subgroup Analyses: Unclear or M

ixed 
Wheezing Phenotypes

Our subgroup analyses of preschool 
children with unclear or mixed 
phenotypes are described in Fig 
6. Six studies compared daily ICS 
with placebo (N = 732) and showed 
no significant difference in rates 
of severe exacerbations (30.8% vs 
40.1%, respectively; RR 0.86; 95% 
CI, 0.73–1.02; P = .08; I 2 = 42%). 
Data from Papi et al 30 showed no 
significant difference comparing 
intermittent ICS with placebo 
(RR 0.61; 95% CI, 0.19–1.91; P = .40) 
or daily ICS with intermittent ICS 
(RR 0.33; 95% CI, 0.07–1.62; P = .17).
Other Outcom

es: Sym
ptom

-Free Days 
and Linear Growth

Seven studies comparing daily 
ICS with placebo (N = 1336) 
reported on symptom-free days 
(SFDs); 7, 22, 24, 30–32, 37 however, few 
provided adequate data for meta-
analysis. Six of these studies 31 
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of daily ICS, intermittent ICS, and montelukast in preventing severe exacerbations among preschool children with recurrent wheeze. In our primary analysis, we found that both daily and intermittent ICS were effective in preventing severe exacerbations. Daily ICS reduced the risk of exacerbations by 30%, intermittent ICS reduced risk by 36%, and there were no significant differences when these strategies were compared directly. Given the varying patterns of recurrent wheezing in preschool children, we performed subgroup analyses by wheezing phenotype. In line with the 2007 National Asthma Education and Prevention Program guideline, we found strong evidence to support daily ICS for preschool children with persistent asthma. For preschool children with intermittent asthma or viral-triggered wheeze, we found strong evidence to support intermittent ICS.In our primary analysis of preschool children with recurrent wheeze, we 

found that daily ICS was effective in reducing the risk of severe wheezing exacerbations (NNT = 9), in line with a meta-analysis done in 2009.6 Daily ICS also led to an increase in SFDs. These findings are in line with studies in older children and adults that have established ICS as the most potent and consistently effective long-term control medication for asthma.5 The broad action of ICS on the inflammatory process probably accounts for their efficacy as preventive therapy.5 Overall, the growth-suppressive effects of ICS in preschool children improved over time in most children.7, 29, 35 A follow-up study by Guilbert et al41 found that children started on daily ICS at a younger age (<2 years) or lower weight (<15 kg) may experience greater effects on linear growth. A Cochrane meta-analysis found dose–response effects of ICS on growth.42 Consequently, children on ICS should have regular monitoring of growth, and health care providers should titrate ICS 

dosing to the lowest dose that is effective.Our subgroup analyses by wheezing phenotype showed that most studies of daily ICS in preschool children have focused on children with persistent asthma. For these children, we found strong evidence to support daily ICS, with data from >1600 children demonstrating 44% reduced risk of severe exacerbations (NNT = 11). In addition, most studies that reported on symptom-free days found significant improvements with daily ICS compared with placebo.22, 24, 32 We also found that daily ICS reduced risk of exacerbations more than montelukast, but these data were limited to a single study. These findings support current national and international guidelines, 5, 8, 11 which recommend daily ICS as first-line therapy for preschool children with persistent asthma.We also performed a subgroup analysis of preschool children 
11
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Meta-analyses of strategies for preventing severe exacerbations in preschoolers with persistent asthma (subgroup analysis). M-H, Mantel–Haenszel.
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with intermittent asthma or viral-triggered wheeze, because this is the most common wheezing pattern in this age group.1 Most studies evaluated intermittent ICS. We found strong evidence to support intermittent ICS, with a 35% risk reduction in severe exacerbations (NNT = 6). In these studies, children generally received high-dose ICS started at the first sign of a URTI for 7 to 10 days. The children studied had minimal wheezing between URTIs, but the majority had a history of moderate to severe wheezing exacerbations with URTI necessitating systemic steroids, emergency department visits, and hospitalizations (severe intermittent wheezing).19, 27, 33, 38 There were limited data for daily ICS in this population, with only 1 small study comparing daily ICS with placebo (N = 41) that found no difference. Zeiger et al39 directly compared daily ICS with intermittent ICS and 

found no differences; they also found that intermittent ICS led to a lower cumulative dose than daily ICS. Ducharme et al27 found slower linear growth in children treated with intermittent ICS compared with placebo. However, Bacharier et al19 (intermittent ICS versus placebo) and Zeiger et al39 (intermittent versus daily ICS) found no differences in linear growth. Overall, there is strong evidence to support the safety and efficacy of intermittent ICS for preschool children with intermittent asthma or viral-triggered wheeze, including those with severe intermittent wheezing, in line with the 2015 Global Initiative for Asthma guideline.11 We found limited data directly comparing montelukast with ICS, and a recent Cochrane meta-analysis comparing montelukast with placebo for preschool children with viral-triggered wheezing found no benefit with montelukast.43 More studies are needed that directly 

compare the efficacy of intermittent ICS, daily ICS, and montelukast for this population.Previous systematic reviews of these therapies have either not focused on preschool children or not compiled data on multiple therapeutic strategies (daily ICS, intermittent ICS, and montelukast). Our findings are in line with previous studies that combined pediatric and adult data or examined a single therapy. A 2009 meta-analysis compared daily ICS with placebo in preschool children with recurrent wheeze and found a similar reduction in wheezing exacerbations (RR 0.59; 95% CI, 0.52–0.67; P = .0001; 
I2 = 10%).6 A 2015 Cochrane meta-analysis comparing intermittent ICS with placebo found a reduction in wheezing exacerbations with intermittent ICS in a subgroup analysis of preschool children (odds ratio 0.48; 95% CI, 0.31–0.73; 

12

 FIGURE 6
Meta-analyses of strategies for preventing severe exacerbations in preschoolers with unclear or mixed wheezing phenotypes (subgroup analysis). M-H, 
Mantel–Haenszel.
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Preventing Exacerbations in Preschoolers With Recurrent Wheeze: A Meta-analysis
Sunitha V. Kaiser, MD, MSc, a Tram Huynh, b Leonard B. Bacharier, MD, c Jennifer L. Rosenthal, MD, 
d Leigh Anne Bakel, MD, e Patricia C. Parkin, MD, FRCPC, f Michael D. Cabana, MD, MPHa, g, h

abstractCONTEXT: Half of children experience wheezing by age 6 years, and optimal strategies for preventing severe exacerbations are not well defined.
OBJECTIVE: Synthesize the evidence of the effects of daily inhaled corticosteroids (ICS), intermittent ICS, and montelukast in preventing severe exacerbations among preschool children with recurrent wheeze.
DATA SOURCES: Medline (1946, 2/25/15), Embase (1947, 2/25/15), CENTRAL.
STUDY SELECTION: Studies were included based on design (randomized controlled trials), population (children ≤6 years with asthma or recurrent wheeze), intervention and comparison (daily ICS vs placebo, intermittent ICS vs placebo, daily ICS vs intermittent ICS, ICS vs montelukast), and outcome (exacerbations necessitating systemic steroids).
DATA EXTRACTION: Completed by 2 independent reviewers.
RESULTS: Twenty-two studies (N = 4550) were included. Fifteen studies (N = 3278) compared daily ICS with placebo and showed reduced exacerbations with daily medium-dose ICS (risk ratio [RR] 0.70; 95% confidence interval [CI], 0.61–0.79; NNT = 9). Subgroup analysis of children with persistent asthma showed reduced exacerbations with daily ICS compared with placebo (8 studies, N = 2505; RR 0.56; 95% CI, 0.46–0.70; NNT = 11) and daily ICS compared with montelukast (1 study, N = 202; RR 0.59; 95% CI, 0.38–0.92). Subgroup analysis of children with intermittent asthma or viral-triggered wheezing showed reduced exacerbations with preemptive high-dose intermittent ICS compared with placebo (5 studies, N = 422; RR 0.65; 95% CI, 0.51–0.81; NNT = 6).
LIMITATIONS: More studies are needed that directly compare these strategies.
CONCLUSIONS: There is strong evidence to support daily ICS for preventing exacerbations in preschool children with recurrent wheeze, specifically in children with persistent asthma. For preschool children with intermittent asthma or viral-triggered wheezing, there is strong evidence to support intermittent ICS for preventing exacerbations.
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Misdiagnosis of Asthma in Schoolchildren

C.L. Yang,1,2 E. Simons,3,4 R.G. Foty,3 P. Subbarao,1,2,4 T. To,3,4 and S.D. Dell1,2,3,4 *

Summary. Background: A correct diagnosis of asthma is the cornerstone of asthma
management. Few pediatric studies have examined the accuracy of physician-diagnosed
asthma. Objectives:We determined the accuracy of parent reported physician-diagnosed asthma
in children sampled from a community cohort. Methods: Nested case-control study that recruited
203 children, aged 9–12, from a community-based sample. Three groups were recruited: asthma
cases had a parental report of physician-diagnosed asthma, symptomatic controls had respiratory
symptoms without a diagnosis of asthma, and asymptomatic controls had no respiratory
symptoms. All participants were assessed and assigned a clinical diagnosis by one of three study
physicians, and then completed spirometry, methacholine challenge, and allergy skin testing. The
reference standard of asthma required a study physician’s clinical diagnosis of asthma and either
reversible bronchoconstriction or a positive methacholine challenge. Diagnostic accuracy,
sensitivity and specificity were calculated for parent-reported asthma diagnosis compared to
the reference standard. Results: One hundred two asthma cases, 52 controls with respiratory
symptoms but no asthma diagnosis, and 49 asymptomatic controls were assessed. Physician
agreement for the diagnosis of asthma was moderate (kappa 0.46–0.81). Compared to the
reference standard, 45% of asthma cases were overdiagnosed and 10% of symptomatic controls
were underdiagnosed. Parental report of physician-diagnosed asthma had 75% sensitivity and
92% specificity for correctly identifying asthma. Conclusions: There is significant misclassification
of childhood asthma when the diagnosis relies solely on a clinical history. This study highlights the
importance of objective testing to confirm the diagnosis of asthma. Pediatr Pulmonol.
2017;52:293–302. ! 2016 Wiley Periodicals, Inc.

Key words: asthma; pediatrics; child; diagnosis; accuracy; asthma overdiagnosis.
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INTRODUCTION

Asthma is one of the most common chronic
conditions of childhood and affects 10–15% of
children.1,2 Guidelines state that establishing a
diagnosis of asthma in adults and children over the
age of 5 years requires evidence of reversible airway
obstruction or bronchial hyperreactivity in addition
to compatible clinical symptomatology.3,4 A recent
study highlighted the importance of obtaining objective
measures to diagnose asthma, revealing that 30% of
adults in a community-based sample did not have
asthma when assessed with pulmonary function testing.5

Previous studies in children have found that asthma
was underdiagnosed and subsequently undertreated.6

This led to an increased awareness of asthma and
some speculate that the pendulum has swung the
other way such that asthma is now overdiagnosed in
children.7 Our objective was to determine the accuracy
of parental reported physician-diagnosed asthma in a
community-based sample of children compared to a
guideline based reference diagnosis (the current gold
standard).
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Statistical Analysis

The sample size was calculated using assumptions of
the binomial proportion distribution14 and an estimated
parent-reported diagnostic sensitivity of 0.85 and speci-
ficity of 0.81 as described in previous literature.15 Using a
sample size of 200, we estimated a precision of 4.9% for
sensitivity and 5.5% for specificity.
Data was analyzed using SAS version 9.3. A chi-square

test with Yates correction was used to compare differ-
ences in baseline proportions between groups and a
Student’s t-test was used to compare differences inmeans.
For comparison of multiple proportions, if the overall
chi-square test was significant a multiple comparisons test
for proportions was conducted to determine which pairs
were significantly different.16 Sensitivity, specificity
and predictive values of the parent-reported diagnosis
compared to the reference diagnosis were calculated.17

Sensitivity and specificity were adjusted for the sampling
scheme (subjects with parent-reported diagnosis and
symptomatic controls were more likely to be sampled) in
order to correct for potential verification bias according to
the method described by Begg et al.18 and assuming an
asthma prevalence of 15.5% from the original T-CHEQ
sample.8 This prevalence was also used to calculate
positive and negative predictive values. Kappa values
were calculated to measure inter-rater physician agree-
ment of clinical diagnosis.19 Ninety-five percent confi-
dence intervals were calculated for all proportions using
Gaussian approximation.
Sensitivity analyses were conducted to test the

robustness of our findings. These included: excluding
subjects that did not report asthma symptoms or
medication use in the previous year (potential of
outgrown asthma); excluding subjects taking inhaled
corticosteroids at the time of study (potential false

negative methacholine challenges due to drug effects);
changing the cut-off value for a positive methacholine
challenge from !16 to !8mg/ml.
This study was approved by the Research Ethics Board

of the Hospital for Sick Children. Written informed
parental consent and child assent was obtained for each
participant.

RESULTS

Study disposition is illustrated in Figure 1. Four
hundred thirty-four subjects were contacted: 34 were
ineligible, 75 consented but recruitment was completed
prior to their study visit, 114 did not consent and eight did
not arrive for their study visit. A total of 203 subjects
consented and participated in the study. Six subjects were
excluded from the final analysis: four were unable to do
the methacholine challenge and two took long-acting beta
agonists on the day of testing. Compared to the original
T-CHEQ sample, participants were more likely to bemale
(58% vs. 49%), be in the highest income bracket (64% vs.
40%), and less likely to be exposed to tobacco smoke
(3% vs. 12%) (Table S1).
Of the 203 participants, 102 had a parent-reported

diagnosis of asthma, 52 were symptomatic controls, and
49 were asymptomatic controls. Of the 102 children with
parent-reported asthma, 72% had wheezing or used
medication in the last year. In the past year, rates of
respiratory related hospital admission were 0%, emer-
gency room visits were 5% and systemic steroid use was
4% (Table 1). Eight percent of those with parent-reported
asthma had poor asthma control as assessed by the
Childhood-Asthma Control Test. Only 18% had previous
pulmonary function testing although 52% had previous
chest x-rays and 56% had previous skin testing for
aeroallergens (Table 1). The subjects with parent-reported

Fig. 1. Flowchart of diagnostic accuracy of parent-reported asthma diagnosis†.
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excluded from the final analysis: four were unable to do
the methacholine challenge and two took long-acting beta
agonists on the day of testing. Compared to the original
T-CHEQ sample, participants were more likely to bemale
(58% vs. 49%), be in the highest income bracket (64% vs.
40%), and less likely to be exposed to tobacco smoke
(3% vs. 12%) (Table S1).
Of the 203 participants, 102 had a parent-reported

diagnosis of asthma, 52 were symptomatic controls, and
49 were asymptomatic controls. Of the 102 children with
parent-reported asthma, 72% had wheezing or used
medication in the last year. In the past year, rates of
respiratory related hospital admission were 0%, emer-
gency room visits were 5% and systemic steroid use was
4% (Table 1). Eight percent of those with parent-reported
asthma had poor asthma control as assessed by the
Childhood-Asthma Control Test. Only 18% had previous
pulmonary function testing although 52% had previous
chest x-rays and 56% had previous skin testing for
aeroallergens (Table 1). The subjects with parent-reported

Fig. 1. Flowchart of diagnostic accuracy of parent-reported asthma diagnosis†.
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-  45% (95% CI 35–55%) rate of overdiagnosis in those with parent-
reported asthma 

-  10% (95% CI 2–18%) rate of underdiagnosis in the symptomatic 
control group.  

-  agreement between the three study physicians was 73–91% for the 
clinical diagnosis of asthma (kappa 0.46–0.81).  
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INTRODUCTION
Asthma is one of the most common chronic 
diseases in childhood and affects 5–10% 
of all children in the general population.1,2 
A study conducted in the US in an at-risk 
population showed an asthma incidence 
rate among children aged 5–11 years and 
12–17 years, respectively, of 11.1 and 4.4 
out of 1000 children per year.3 

International guidelines state that a 
combination of a suggestive medical 
history, physical examination, lung function 
tests, and additional tests will provide the 
information needed to ensure a correct 
diagnosis of asthma.2,4–6 Until the age of 
6 years, asthma is a symptom diagnosis, 
because pulmonary function tests cannot 
be performed in children under this age. 
Assessment of lung function is regarded 
as essential for the diagnosis and therefore 
advised in all asthma guidelines to ensure 
a correct diagnosis, because signs and 
symptoms alone are insufficient.7 A 
study in the US found that 75% of family 
physicians perform spirometry on children. 
Surprisingly, only 36% of them indicate 
routine use to establish an asthma 
diagnosis as recommended by national 
guidelines.8 

In the Netherlands lung function tests on 
children are not often performed because 
patients have to be referred to a hospital 
for the tests. This causes an extra barrier 
for GPs to complete a diagnosis of asthma. 
This is believed to lead to inaccuracy when 
detecting asthma in primary care in daily 

practice, leading to overdiagnosis of the 
condition. 

Previous studies have indicated that 
asthma is overdiagnosed in children. 
However, the scale of this overdiagnosis 
has not been quantified.9–11 Overdiagnosis 
gives rise to overprescription and 
incorrect use of medication, and to anxiety 
in parents and children. Therefore, the 
aim of this study was to assess whether 
the diagnosis of asthma and/or asthma 
treatment in children is preceded by the 
correct diagnostic process for asthma as 
recommended in international guidelines.

METHOD
Study population
Data were extracted from the medical files 
of children enlisted in the four academic 
primary healthcare centres in Utrecht, 
which are linked to the University Medical 
Center Utrecht. When data in the electronic 
medical files were incomplete, data were 
instead extracted from the paper medical 
records from health centres where patients 
were enlisted previously. Data on medication 
were obtained from the four pharmacies 
associated with the participating healthcare 
centres.

Patients were included who were aged 
6–18 years on 15 April 2013 and who had 
received a diagnosis of asthma or were 
treated as having asthma with chronic 
inhalation medication. The asthma 
diagnosis was considered established when 
the International Classification of Primary 
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Overdiagnosis of asthma in children 
in primary care:
a retrospective analysis

Ingrid Looijmans-van den Akker, Karen van Luijn and Theo Verheij

Research

Abstract
Background 
Asthma is one of the most common chronic 
diseases in childhood. According to guidelines, 
a diagnosis of asthma should be confirmed 
using lung function testing in children aged 
>6 years. Previous studies indicate that asthma 
in children is probably overdiagnosed. However, 
the extent has not previously been assessed.

Aim
To assess the extent and characteristics of 
confirmed and unconfirmed diagnoses of 
asthma in children who were diagnosed by 
their GP as having asthma or who were treated 
as having asthma.

Design and setting
Retrospective analysis in four academic 
primary healthcare centres in Utrecht, the 
Netherlands.

Method
Routine care registration data of children 
aged 6–18 years who received a diagnosis of 
asthma or were treated as having asthma were 
analysed.

Results
In only 16.1% (n = 105) of the children 
diagnosed with asthma was the diagnosis 
confirmed with spirometry, whereas in 23.2% 
(n = 151) the signs and symptoms did give rise 
to suspected asthma but the children should 
have undergone further lung function tests. In 
more one-half (53.5%, n = 349) of the children 
the signs and symptoms made asthma unlikely 
and thus they were most likely overdiagnosed. 
The remaining 7.2% (n = 47) were probably 
correctly classified as not having asthma. The 
main reasons for classifying asthma without 
children undergoing further lung function tests 
were dyspnoea (31.9%, n = 174), cough (26.0%, 
n = 142), and wheezing (10.4%, n = 57).

Conclusion
Overdiagnosis of childhood asthma is common 
in primary care, leading to unnecessary 
treatment, disease burden, and impact 
on quality of life. However, only in a small 
percentage of children is a diagnosis of asthma 
confirmed by lung function tests.

Keywords
asthma; children; diagnosis; guidelines; 
respiratory function tests; spirometry.
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(16.1%) had an asthma diagnosis that was 
confirmed by spirometry. 

There were 151 children (23.2%) with 
probable asthma who should undergo 
further lung function testing to meet the 
criteria for a confirmed asthma diagnosis. 
A total of 349 (53.5%) of the children were 
overdiagnosed. Five children had no 
asthma, and 344 children were unlikely to 
have asthma. The remaining 47 children 
(7.2%) probably had no asthma, and were 
correctly not given the ICPC code R96 
(Figures 1 and 2). 

Diagnostic criteria for the asthma 
diagnosis (ICPC R96)
Of the 110 children with the diagnosis 
asthma (ICPC R96) who underwent lung 

function testing to confirm (reversible) 
bronchus obstruction, the diagnosis was 
confirmed in 105 cases (19.2%). In five 
children (0.9%) further lung function testing 
showed that they did not have asthma. 
However, the diagnosis asthma (ICPC R96) 
was incorrectly maintained. 

In children who were given the diagnosis 
asthma without spirometry, a variety of 
diagnostic tests, anamnestic clues, and 
abnormalities in physical examination 
were probably the basis for receiving the 
diagnosis asthma (ICPC R96). Dyspnoea 
was the most frequent symptom (n = 174; 
31.9%), followed by cough (n = 142; 26.0%), 
and wheezing (n = 57; 10.4%). In 36 cases 
(6.6%) the child was aged <6 years when 
last seen for a respiratory tract infection 
and met the criteria for a symptom 
diagnosis. For nine children (1.6%) having 
a prolonged exhalation during auscultation 
was the main criterion that was used for the 
diagnosis asthma. Peak flow measurement 
was the basis for the diagnosis for 10 (1.8%) 
children, whereas for eight children (1.5%) 
it was an allergy test (Figure 3).

Incidence of asthma
Incidence of the diagnosis asthma 
(ICPC R96) was 5.4 per 1000 children 
aged 6–18 years. Incidence was worked 
out by calculating the number of newly 
assigned ICPC codes in 2012 for children 
aged 6–18 years compared with the total 
number of children aged 6–18 years old on 
a reference date in 2012.
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Figure 1. The number of children with and without 
ICPC code R96 (asthma) divided into the categories: 
confirmed asthma, probable asthma, unlikely asthma, 
and no asthma.

Table 1. Characteristics 
of children in study group 
(n = 652)

Parameter n (%)
Mean age, years 10.7 ± 3.2 (range 6–17)
Sex
Male 387 (59.4)
Female 265 (40.6)

Diagnosis of asthma 
(ICPC R96) 546 (83.7)
Medication use 308 (47.2)
Mean exacerbations in 
2012, n ± SD 0.2 ± 0.4
ICPC = International Classification of Primary Care. 
SD = standard deviation.
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probable asthma who should undergo 
further lung function testing to meet the 
criteria for a confirmed asthma diagnosis. 
A total of 349 (53.5%) of the children were 
overdiagnosed. Five children had no 
asthma, and 344 children were unlikely to 
have asthma. The remaining 47 children 
(7.2%) probably had no asthma, and were 
correctly not given the ICPC code R96 
(Figures 1 and 2). 

Diagnostic criteria for the asthma 
diagnosis (ICPC R96)
Of the 110 children with the diagnosis 
asthma (ICPC R96) who underwent lung 

function testing to confirm (reversible) 
bronchus obstruction, the diagnosis was 
confirmed in 105 cases (19.2%). In five 
children (0.9%) further lung function testing 
showed that they did not have asthma. 
However, the diagnosis asthma (ICPC R96) 
was incorrectly maintained. 

In children who were given the diagnosis 
asthma without spirometry, a variety of 
diagnostic tests, anamnestic clues, and 
abnormalities in physical examination 
were probably the basis for receiving the 
diagnosis asthma (ICPC R96). Dyspnoea 
was the most frequent symptom (n = 174; 
31.9%), followed by cough (n = 142; 26.0%), 
and wheezing (n = 57; 10.4%). In 36 cases 
(6.6%) the child was aged <6 years when 
last seen for a respiratory tract infection 
and met the criteria for a symptom 
diagnosis. For nine children (1.6%) having 
a prolonged exhalation during auscultation 
was the main criterion that was used for the 
diagnosis asthma. Peak flow measurement 
was the basis for the diagnosis for 10 (1.8%) 
children, whereas for eight children (1.5%) 
it was an allergy test (Figure 3).

Incidence of asthma
Incidence of the diagnosis asthma 
(ICPC R96) was 5.4 per 1000 children 
aged 6–18 years. Incidence was worked 
out by calculating the number of newly 
assigned ICPC codes in 2012 for children 
aged 6–18 years compared with the total 
number of children aged 6–18 years old on 
a reference date in 2012.

e154  British Journal of General Practice, March 2016

Figure 1. The number of children with and without 
ICPC code R96 (asthma) divided into the categories: 
confirmed asthma, probable asthma, unlikely asthma, 
and no asthma.
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of children in study group 
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Mean age, years 10.7 ± 3.2 (range 6–17)
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Male 387 (59.4)
Female 265 (40.6)

Diagnosis of asthma 
(ICPC R96) 546 (83.7)
Medication use 308 (47.2)
Mean exacerbations in 
2012, n ± SD 0.2 ± 0.4
ICPC = International Classification of Primary Care. 
SD = standard deviation.
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Figure 3. Diagnostic criteria for children’s asthma 
diagnosis (ICPC R96).
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Figure 2. Percentage breakdown of the various 
asthma diagnosis categories.
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Figure 4. Types of chronic inhalation medication used.
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Asthma Diagnose: Gold Standard? 

Anamnese 

-  Anfallsartige/nächtliche 
Atemnot und/oder Brustenge 
und/oder Husten  

-  pfeifende Atemgeräusche 
(„Giemen“) 

-  Belastunsgssymptome 

-  Intensität/Variabilität 

-  Therapie-Ansprechen 

Bronchodilator 

Bronchodilator Antwort 

pre post 

Nachweis der reversiblen Atemwegsobstruktion 
hochspezifisch 



18.01.18 

15 

Zeichen der bronchialen Hyperreagibilität 
 Obstruktion als Prädiktor für Asthma-Schweregrad 

58 

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

-  Airflow limitation was defined as a 
Z-FEV1/FVC < -1.64 

-  Air-trapping was defined as Z-FVC 
< -1.64 or a change in the FVC 
with bronchodilation of ≥10 
%predicted  
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Ein Wort zu klinischen Asthma Phänotypen 
 

-  Allergisches Asthma 

-  Nicht allergisches Asthma 

-  Asthma vom Hustentyp 

-  Anstrengungsasthma 

-  Infekt-Asthma 

-  Intrinsisches Asthma 

-  Extrinsisches Asthma 

-  Obesitas - Asthma 

-  ................ 

Asthma 

chronische Atemwegsentzündung 
bronchiale Hyperreagibilität 
variable Atemwegsobstruktion 

Suh DI. Pediatr Allergy Immunol 2011;22:101 
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Preventing Severe Asthma Exacerbations in Children
A Randomized Trial of Mite-Impermeable Bedcovers
Clare S. Murray1,2,3, Philip Foden1,2, Helen Sumner1, Elizabeth Shepley1,2,4, Adnan Custovic5, and Angela Simpson1,2

1Division of Infection, Immunity and Respiratory Medicine, Manchester Academic Health Sciences Centre, University of Manchester,
Manchester, United Kingdom; 2University Hospital of South Manchester, Manchester, United Kingdom; 3Royal Manchester Children’s
Hospital, Central Manchester University Hospitals National Health Service Foundation Trust, Manchester, United Kingdom; 4National
Institute for Health Research South Manchester Respiratory and Allergy Clinical Research Facility, University Hospital of South
Manchester, United Kingdom; and 5Department of Paediatrics, Imperial College London, London, United Kingdom

ORCID ID: 0000-0003-2733-6666 (A.S.).

Abstract

Rationale: Allergen exposure in sensitized individuals with asthma
interacts with viruses to increase the risk of asthma exacerbation.

Objectives: To evaluate the use of house dust mite–impermeable
bedding and its impact on severe asthma exacerbations in children.

Methods:We randomized mite-sensitized children with asthma
(ages 3–17 yr) after an emergency hospital attendance with an
asthma exacerbation to receive mite-impermeable (active group)
or control (placebo group) bed encasings.

Measurements andMain Results:Over a 12-month intervention
period, the occurrence of severe asthma exacerbations was
investigated. Of 434 children with asthmawho consented, 286 (mean
age, 7.7 yr; male sex, 65.8%) were mite sensitized, and 284 were
randomized (146 to the active group and 138 to the placebo group).
At 12months, significantly fewer children in the active group than in
the placebo group had attended the hospital with an exacerbation
(36 [29.3%] of 123 vs. 49 [41.5%] of 118; P = 0.047). In the

multivariable analysis, the risk of emergency hospital attendance
was 45% lower in the active group (hazard ratio, 0.55; 95% confidence
interval [CI], 0.36–0.85; P = 0.006) than in the placebo group.
The annual rate of emergency hospital attendancewith exacerbations
was 27% lower in the active group than in the placebo group, but
this did not reach significance (estimated marginal mean [95% CI],
active, 0.38 [0.26–0.56] vs. placebo, 0.52 [0.35–0.76]; P = 0.18).
No difference between the groups in the risk of prednisolone use
for exacerbation was found (hazard ratio, 0.82; 95% CI, 0.58–1.17;
P = 0.28).

Conclusions:Mite-impermeable encasings are effective in
reducing the number of mite-sensitized children with asthma
attending the hospital with asthma exacerbations but not
the number requiring oral prednisolone. This simple measure
may reduce the health care burden of asthma exacerbations in
children.

Clinical trial registered with www.isrctn.com (ISRCTN 69543196).

Keywords: asthma; exacerbations; allergens; avoidance; child
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label. If more than one child from a family
was allocated to the study, the second child
was enrolled in the same arm as the index
child to avoid potential unblinding.
Researchers fitting covers and collecting
dust samples for allergen analysis were not
involved in follow-up.

Procedures
Children had their inhaler technique
checked and corrected if necessary.
Encasings were fitted to the pillow, mattress,
and duvet of the child’s bed. Other beds
in the same room and beds in which
participants spent more than one night per
week were also encased.

Study Assessments
Baseline evaluation included questionnaires
on demographics, past medical/family
history, sleeping arrangements, pet
exposure, and medication use. Interviewers
masked to the child’s group assignment
conducted telephone interviews with the
primary caregiver at 1, 4, 8, and 12 months
to collect data on exacerbations,
unscheduled medical care, and medication
use. Quality of life (QOL) was assessed
using the Pediatric Asthma Caregiver’s
Quality of Life Questionnaire (PACQLQ)
(21), completed by parents; and the Mini
PAQLQ (22), completed by children aged
7 years and older. Asthma control was
assessed using the Asthma Control
Questionnaire (ACQ) (23), completed for
children aged 6 years or older.

Mite allergen (Der p 1) was measured
in vacuumed dust samples collected from
the child’s mattress and lounge floor prior
to fitting the encasings and at 12 months,
using an enzyme-linked immunosorbent
assay (INDOOR Biotechnologies, Cardiff,
UK) (see METHODS section in the online
supplement).

Outcome Measures
The primary outcome was the occurrence of
severe asthma exacerbations during the
12-month intervention period. We used the
American Thoracic Society/European
Respiratory Society definition of severe
exacerbations (24), including the following:

1. A hospitalization or emergency
department visit because of asthma,
requiring systemic corticosteroids
(OCSs), abbreviated to emergency
hospital attendance

2. Use of OCSs, or an increase from a
stable maintenance dose, for at least
3 days (including all OCS courses,
regardless of whether associated with an
emergency hospital attendance)

Secondary endpoints included change in
controller treatment from baseline to 12
months, as well as PACQLQ (21), Mini
PAQLQ (22), and ACQ (23) scores.
Information on compliance with and
acceptability of the intervention was recorded.

Statistical Methods

Power calculation. On the basis of data
derived from the U.K. General Practice
Research Database (now at www.cprd.com),
we estimated that children who had at least
one course of OCS in the previous 12
months had a mean exacerbation rate of
1.5/year (variance, 1.02). For 90% power to
detect a 30% reduction in exacerbation rate
during the 12-month intervention period,

Referrals n=715

Unable to contact n=51
Received after recruitment
had closed n=24

Telephone screened n=640
Declined n=104
Not eligible n=102 (20 not
physician diagnosed asthma, 30 no
recent exacerbation, 7 preterm, 15
using allergen bedding, 4 other
diagnosis, 20 language barrier, 6 too
young)

Consented n=434

HDM SPT positive n=286 (n=2
uncertainty about sleeping
arrangements, not randomized)
HDM SPT negative n=148

Randomized n=284

Active Covers
n=146

(Der p 1 n=137)

Placebo Covers
n=138

(Der p 1 n=134)
Lost to F/U n=4
Withdrawn n=4
(3 bedding
uncomfortable, 1
unknown)

Lost to F/U n=1
Withdrawn n=1
(wanted active
bedding)

1 month F/U
n=138

1 month F/U
n=136

Lost to F/U n=7
Withdrawn n=0

4 month F/U
n=129

4 month F/U
n=136

Lost to F/U n=2
Withdrawn n=0

8 month F/U
n=130

8 month F/U
n=124

Lost to F/U n=5
Withdrawn n=1
(wanted active 
bedding)

Lost to F/U n=3
Withdrawn n=2
(1 too busy, 1
bedding hadn’t
helped)

Lost to F/U n=7
Withdrawn n=0

Lost to F/U n=6
Withdrawn n=0

12 month F/U
n=123

(Der p 1 n=108)

12 month F/U
n=118

(Der p 1 n=106)

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram showing the
participants’ course during the study. Der p 1 =mite allergen; F/U = follow-up; HDM= house dust
mite; SPT = skin prick testing.
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Despite the risk of emergency hospital
attendance being reduced in the active
group, the risk of receiving OCSs was not
significantly reduced, although a trend was
seen in younger children. A few OCS
courses were administered by parents
using home rescue packs without
contemporaneous medical direction (eight
3-day courses in six children in total), some
of which may have been unnecessary.
Unfortunately, we were unable to assess
children to confirm the presence of an
exacerbation; care was provided by their
family doctor or by urgent care services as
the parents saw appropriate. It may be
that the study intervention genuinely
reduced the severity of exacerbations,
resulting in fewer hospital attendances but
not fewer courses of OCSs.

Many factors influence consulting
behaviors in parents with sick children; our
recruitment strategy may have selected
those more likely to present to the hospital.
Indeed, in our population, the majority of
exacerbations resulted in an emergency
hospital attendance (z70%). It is likely,
however, that those exacerbations requiring
an emergency hospital attendance were
more severe, and regardless of that, they are

certainly more expensive to the provider, so
we believe that the reduction seen is of
clinical importance.

To establish that the reduction in
exacerbations seen was not due to changes
in controller medication, we examined
changes in prescribed medication during
follow-up and found no difference between
the groups. All treatments were prescribed
by the participants’ usual physicians, who
were blinded to the treatment allocation
and not influenced by the study team.

Because there is no QOL score for
patients with asthma or caregivers validated
for use in children younger than 7 years
of age, we used the PACQLQ for all
participants (recognizing that this has
limitations) and the Mini PAQLQ for
children older than 7 years of age. There
were no between-group differences in QOL
(both tending to show within-group
improvements). Interestingly, despite recent
exacerbations, both groups reported good
QOL and control at baseline, leaving little
prospect of demonstrating significant
between-group differences.

Children who were in the active group
complained more about the bedding than
those using the placebo bedcovers. It is

possible that this difference in perception
led to unblinding of individuals
(i.e., believing that they must have the real
bedcovers because they are uncomfortable).
However, we believe this is unlikely to have
affected the results of the study, given the
objective nature of our outcomes. It is
important to note that compliance with the
bedcovers was not significantly different
between the groups, and adherence (.70%)
appeared to be at least as good as, if not
better than, with medications usually
prescribed for asthma (e.g., inhaled
corticosteroids, z50%) (33).

There are some other limitations to our
study. All data on exacerbations and OCS
use were reported by parents/carers and not
confirmed by their primary care physicians.
However, we gathered information from
parents on a 3-monthly basis; therefore,
recall should not be a significant issue, and
we would expect any bias to be similar
across the groups. We were unable to
measure adherence to prescribed treatment
within this study, and although it is unlikely
that one arm was more adherent than the
other, we cannot exclude this from having
occurred. Evidence derived from previous
studies suggests that viruses and allergens in
sensitized individuals act synergistically to
increase the risk of asthma exacerbation and
hospitalization. Because we have no
information on the trigger for individual
exacerbations (viral or otherwise), we were
unable to perform an analysis to identify
whether the effectiveness of the intervention
was dependent upon the trigger.

Conclusions
We found that the simple and relatively
cheap intervention of mite
allergen–impermeable bed encasings,
costing around £130/US$200, is effective in
reducing emergency hospital attendance
with severe asthma exacerbations. In the
population we studied, we estimate that
approximately eight children would need to
be treated to prevent one child having any
hospital attendance in the following year. It
is likely that there is a subgroup of children
in whom the intervention is more
beneficial, and although our subgroup
analysis would suggest this group might
represent younger, monosensitized children
in nonsmoking households, further
research is required to clarify this. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

600

550

500

450

400

350

300

250

D
er

 p
 1

 (
na

no
gr

am
s 

pe
r 

m
et

er
 s

qu
ar

ed
)

200

150

100

50

Recruitment

Interaction between time and group
p<0.001

Randomization

Active

Placebo

12 months
0

Figure 4. Mite allergen (Der p 1) levels in child’s mattress (ng/m2) at recruitment and 12 months after
intervention. Results are shown as geometric mean and 95% confidence intervals for active (mite-
impermeable) bedcovers (dashed line) and placebo bedcovers (solid line).

ORIGINAL ARTICLE

156 American Journal of Respiratory and Critical Care Medicine Volume 196 Number 2 | July 15 2017



18.01.18 

18 

3. Nützt das Encasing? 

Murray CS. Am J Respir Crit Care Med 2017;196, 2: 150–158 
asthma exacerbation, the risk of further
severe asthma exacerbations requiring
emergency hospital attendance was reduced
by 45% in those who had mite-impermeable
encasings fitted to the mattress, pillow, and
duvet. To our knowledge, this is the first
study of the effect of such an intervention on
exacerbations in children. The annual rate of
emergency hospital attendance, though 27%
lower in the active group than in the placebo
group, was not significantly reduced
(P = 0.18). There was no difference in the
proportion of children requiring courses of
oral steroids for asthma exacerbations. The
encasings were highly effective in reducing
recoverable mite allergen.

Asthma exacerbations have been
ranked highly by clinicians and parents as
important outcomes for clinical trials in
children (27). Although comparatively rare

events, severe asthma exacerbations result
in many hospital admissions, which are
particularly costly, emphasizing the
relevance of this as an outcome. Using
real data derived from the U.K. General
Practice Research Database to power the
study, we estimated that the exacerbation
rate would be 1.5/year for children
who had experienced an exacerbation
in the previous year. As previous
hospitalizations/exacerbations are among
the best predictors of future risk (3, 28),
we recruited children when attending
the hospital with an exacerbation.
However, our observed exacerbation rate
during follow-up was materially lower
(placebo group, 0.85 OCS courses/yr),
reducing our power to detect significant
differences between the groups. That
we were able to detect a statistically

significant difference between groups
for the number of children requiring
hospital attendance for asthma
exacerbations reflects the large effect
size seen.

Although the number of children who
experienced any emergency hospital
attendance with an asthma exacerbation was
significantly reduced after the active
intervention, some children continued to
have hospital attendance, and a few of them
had multiple attendances. However, the
distribution of multiple attendances did not
differ between treatment groups.

As with many treatments for asthma
(e.g., long-acting b-agonists, leukotriene
receptor antagonists), it is clear that some
individuals respond to the treatment and
others do not (29), but predicting those
who will respond is challenging. Although
our trial was not powered to carry out
subgroup analyses, we performed
exploratory analyses in an attempt to
identify the characteristics of the children
who showed the best response. This
indicated that younger children, those
sensitized only to mite, those with more
severe disease (GINA step 31), and those
not exposed to smoking had fewer
emergency hospital attendances. Similar
subgroup analyses in those requiring OCS
courses for asthma exacerbations also
suggested that younger children may be
more likely to respond to this intervention.
While recognizing that the subgroup
analysis is exploratory, we propose that
allergen avoidance may be more effective in
younger children, in whom the disease may
have been present for a shorter time. This
may be analogous to occupational asthma,
where removal of allergen exposure is
effective if done soon after the onset of
disease (30), and it may explain the
differences between our results and those of
large studies in adults (31). In addition,
younger children may spend a higher
proportion of time in bed, making this dust
reservoir a potentially larger contributor to
personal mite exposure than in older
children or adults. Recent reports regarding
adults suggested that mite exposure may be
higher during the daytime and may reflect
lifestyle as well as clothing worn (32). We
speculate that personal allergen exposure is
different in young children, who generally
wear clothes that can be hot washed and
undertake different activities. We have no
evidence that the younger children were
more compliant with the intervention.
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Figure 3. Time to first hospitalization or emergency department visit because of severe exacerbation
of asthma. The model was adjusted for age, sex, ethnic group, maintenance asthma treatment,
number of hospitalizations in the 12-month period prior to randomization, index of multiple
deprivation, and tobacco smoke exposure. The risk was 45% lower in the active group than in the
placebo group (P = 0.006).
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and Der p 1 levels were similar in both
groups (Tables 1, E1, and E2). Twelve-
month follow-up was completed for 123
(84.2%) in the active arm and 118 (85.5%)
in the placebo arm; overall, 208 children
(73.2%) reported full compliance
throughout the study (per-protocol
analysis).

Primary Outcomes

Hospitalization or emergency department
visit because of asthma requiring systemic
corticosteroids. Significantly fewer children
in the active group than in the placebo group
attended the hospital with one or more
severe asthma exacerbations (36 of 123

[29.3%] vs. 49 of 118 [41.5%]; odds ratio,
0.58; 95% CI, 0.34–0.99; P = 0.047)
(Figure 2A). Compared with the placebo
group, time to first exacerbation requiring
emergency hospital attendance was
significantly longer in the active group (P =
0.041), and the risk of emergency hospital
attendance was 45% lower in the active
group (hazard ratio [HR], 0.55; 95% CI,
0.36–0.85; P = 0.006) (Figure 3; Table E3,
multivariable model, adjusted for age, sex,
GINA step, ethnicity, deprivation score,
and tobacco smoke exposure). Although
the annual rate of emergency hospital
attendance was 27% lower in the active
group than in the placebo group, this did
not reach significance (EMM [95% CI],
active, 0.38 [0.26–0.56]; vs. placebo, 0.52
[0.35–0.76]; P = 0.18). The distribution of
the number of attendances did not differ
between the groups (P = 0.5) (Figure E2).

The per-protocol analysis is presented
in the online supplement (Figures E3–E6).
The risk of emergency hospital attendance
was 54% lower in the active group than in
the placebo group (HR, 0.46; 95% CI,
0.28–0.76; P = 0.002).

Use of oral corticosteroids for 3 days or
longer. There was no difference in the
number of children who received a course of
OCS for an asthma exacerbation (whether
associated with an unscheduled hospital or
general practitioner attendance or a home
rescue pack) between the groups (active,
48.8%; vs. placebo, 50.0%; P = 0.85)
(Figure 2B). In investigating the time to first
OCS use, we found that there was no
difference between groups in the univariable
analysis (P = 0.67) or in the multivariable
model (HR, 0.82; 95% CI, 0.58–1.17; P =
0.28). The annual rate of OCS courses
prescribed was not different between the
groups (EMM [95% CI], active, 0.77
[0.55–1.06]; vs. placebo, 0.85 [0.62–1.16];
P = 0.57). Per-protocol analysis is presented
in the online supplement (Figure E3B).

Secondary Outcomes
Mean values for PACQLQ and ACQ at each
time point are presented in Table E4.
Parents of children in both groups reported
significantly improved PACQLQ between 1
and 12 months (mean difference [95% CI],
active, 0.50 points [0.14–0.8]; P = 0.007;
placebo, 0.57 points [0.12–1.02]; P = 0.01),
with no difference between the groups.
Although significant improvement in ACQ
score over time was observed only in
children in the active group (20.56 points

[20.18, 20.93]; P = 0.004), and not in
those with placebo bedcovers (20.25 points
[20.61, 0.11]; P = 0.16), there was no
difference between the groups.

There was no difference in GINA steps
between the two groups at baseline (Tables 1
and E1). At the end of the intervention
period, GINA step had been increased in
10.7% of the active group and in 14.5% of
the placebo group (P = 0.37). Children who
had any exacerbations during follow-up
were more likely to have their GINA step
increased by the end of follow-up compared
with children who did not experience an
exacerbation (27.1% vs. 4.5%, respectively;
P, 0.001), regardless of group allocation.

Children in the active group were more
likely to complain about the encasings
(Table E5). Despite this, the number
adhering to the intervention at 12 months
was similar in both groups (101 in the active
group and 107 in the placebo group; P =
0.11). Among all those fully compliant with
the bedding, almost 90% reported that they
would continue to use the encasings after
the study.

Mite Allergen Levels
Der p 1 levels in dust from the children’s
mattresses was reduced by 84% in the active
group after the intervention, with no
change in the placebo group (P, 0.001)
(Figure 4). Der p 1 in the lounge floor was
unchanged in both groups (P = 0.48)
(Figure E7).

Post Hoc Analyses
In a multivariable Cox regression analysis
(Table E6), a reduction in risk of emergency
hospital attendance was seen for children in
the active group aged 3–10 years (HR, 0.54;
95% CI, 0.33–0.87; P = 0.01) (Figure E8), in
those sensitized only to mite (P = 0.04), in
those from homes without smokers (P =
0.02), in those on GINA treatment step 3 or
higher (P = 0.03), and in those from the
most deprived homes (P = 0.01). None of
the interaction terms were significant,
however. Also, in younger children (aged
3–10 yr), a nonsignificant reduction in risk
of OCS use was seen in those in the active
group (HR, 0.69; 95% CI, 0.46–1.04;
P = 0.08) (Figure E9).

Discussion

In our study of children with HDM allergy
who had recently experienced a severe
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Figure 2. Percentage of children who
experienced one or more severe exacerbations
during the 12-month follow-up period (for all
children who completed 12 months of follow-up;
n = 241). Results are shown for (A) one or more
hospitalizations or emergency department visits
requiring systemic corticosteroids because of an
asthma exacerbation (P = 0.047) and (B) the use
of systemic corticosteroids for at least 3 days
because of an asthma exacerbation (P = 0.85).
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BACKGROUND
Long-acting beta-agonists (LABAs) have been shown to increase the risk of asthma-
related death among adults and the risk of asthma-related hospitalization among 
children. It is unknown whether the concomitant use of inhaled glucocorticoids 
with LABAs mitigates those risks. This trial prospectively evaluated the safety of 
the LABA salmeterol, added to fluticasone propionate, in a fixed-dose combination 
in children.

METHODS
We randomly assigned, in a 1:1 ratio, children 4 to 11 years of age who required 
daily asthma medications and had a history of asthma exacerbations in the previ-
ous year to receive fluticasone propionate plus salmeterol or fluticasone alone for 
26 weeks. The primary safety end point was the first serious asthma-related event 
(death, endotracheal intubation, or hospitalization), as assessed in a time-to-event 
analysis. The statistical design specified that noninferiority would be shown if the 
upper boundary of the 95% confidence interval of the hazard ratio for the primary 
safety end point was less than 2.675. The main efficacy end point was the first 
severe asthma exacerbation that led to treatment with systemic glucocorticoids, as 
assessed in a time-to-event analysis.

RESULTS
Among the 6208 patients, 27 patients in the fluticasone–salmeterol group and 21 in 
the fluticasone-alone group had a serious asthma-related event (all were hospital-
izations); the hazard ratio with fluticasone–salmeterol versus fluticasone alone was 
1.28 (95% confidence interval [CI], 0.73 to 2.27), which showed the noninferiority 
of fluticasone–salmeterol (P = 0.006). A total of 265 patients (8.5%) in the fluticasone–
salmeterol group and 309 (10.0%) in the fluticasone-alone group had a severe 
asthma exacerbation (hazard ratio, 0.86; 95% CI, 0.73 to 1.01).

CONCLUSIONS
In this trial involving children with asthma, salmeterol in a fixed-dose combina-
tion with fluticasone was associated with the risk of a serious asthma-related event 
that was similar to the risk with fluticasone alone. (Funded by GlaxoSmithKline; 
VESTRI ClinicalTrials.gov number, NCT01462344.)
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The growth velocity was 2.712 cm per 6 months 
in the subgroup that received 100 µg of flutica-
sone and 2.657 cm per 6 months in the sub-
group that received 250 µg of fluticasone (differ-
ence, −0.055 cm per 6 months; 95% CI, −0.190 
to 0.079).

Prespecified Efficacy End Points
Primary End Point
A total of 265 patients (8.5%) in the fluticasone–
salmeterol group and 309 (10.0%) in the flutica-
sone-alone group had one or more severe asth-
ma exacerbations (Table 3). The hazard ratio in 

Figure 1. Randomization and Treatment of the Patients.

Patients may have met more than one criterion for exclusion.

6250 Underwent randomization
42 Never received trial drug

6208 Were included in the intention-
to-treat population

6759 Patients were screened, including
126 who were rescreened and

underwent randomization

635 Were excluded 
1 Had an adverse event

21 Were lost to follow-up
73 Were withdrawn by investigator

463 Did not meet entry criteria
76 Withdrew

1 Was missing

3107 Were assigned to receive fluticasone–
salmeterol

1269 Were assigned to receive 100 µg
of fluticasone and 50 µg of
salmeterol

1838 Were assigned to receive 250 µg
of fluticasone and 50 µg of
salmeterol

3101 Were assigned to receive fluticasone
alone

1267 Were assigned to receive 100 µg
1834 Were assigned to receive 250 µg

2 Were withdrawn from trial
1 Was enrolled in error

because trial had ended
1 Withdrew

2 Withdrew from trial

383 Discontinued treatment
24 Had adverse event
34 Had asthma exacerbation

5 Had lack of efficacy
7 Were lost to follow-up

68 Had protocol deviation
245 Withdrew

350 Discontinued treatment
23 Had adverse event
35 Had asthma exacerbation

6 Had lack of efficacy
7 Were lost to follow-up

53 Had protocol deviation
226 Withdrew

3099 Completed the trial
2751 Completed treatment

3105 Completed the trial
2724 Completed treatment
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Discussion

The VESTRI trial was conducted to detect whether 
there is excess risk associated with the addition 
of a LABA to maintenance inhaled glucocorti-
coids among children with asthma. The observed 
end points fell within the prespecified noninfe-
riority margin with respect to the risk of serious 
asthma-related events associated with salmeterol 
delivered in a fixed-dose combination with fluti-
casone propionate, as compared with equipotent 
doses of fluticasone alone. The safety findings 
in this trial concur with those of previous meta-
analyses that compared a fixed-dose combina-
tion of a LABA with inhaled glucocorticoids and 
with the results of the AUSTRI trial, which in-
volved 11,751 adolescents and adults and which 
was similar in design to the current trial.8,9,10

Asthma-related deaths are uncommon in chil-
dren, and no association with LABAs has been 
reported previously.8,12 No deaths or asthma-
related intubations occurred in our trial. The hos-
pitalization rate in our trial was approximately 
1.5 hospitalizations per 100 patient-years with 
each treatment, which is consistent with the in-

cidence observed by the U.S. National Surveil-
lance of Asthma among children 5 to 14 years of 
age.18 The low event rate precluded meaningful 
interpretation of differences in numbers of events 
in subgroups according to age, race, or sex. 
These safety comparisons were not powered to 
detect noninferiority and the event rates were 
numerically consistent with data in the AUSTRI 
trial, including data from adolescents.10

The entry criteria in our trial were selected 
primarily for the safety analysis. More than half 
the patients entered the study with a C-ACT 
score that showed asthma control, and there was 
no pretreatment run-in phase to establish base-
line medication requirements. Given the vari-
ability in the baseline characteristics, efficacy 
subgroups were prespecified to address differ-
ences in asthma control and previous medication 
use. We found that the number of patients who 
had a severe asthma exacerbation was 14% lower 
among children receiving fluticasone–salmeterol 
than among those receiving fluticasone alone — 
a nonsignificant difference.

Of the overall trial population, 54.9% of the 
patients were in efficacy subgroups 1 and 2 

Safety End Point
Fluticasone–Salmeterol 

(N = 3107)
Fluticasone Alone 

(N = 3101)

Composite safety end point — no. (%) 27 (0.9) 21 (0.7)

Asthma-related death 0 0

Asthma-related intubation 0 0

Asthma-related hospitalization 27 (0.9) 21 (0.7)

Total no. of asthma-related hospitalizations* 28 22

Patients hospitalized — no./total no. (%)

According to age

4–6 yr 11/1096 (1.0) 10/1114 (0.9)

7–11 yr 16/2011 (0.8) 11/1987 (0.6)

According to race

White 11/1998 (0.6) 13/2032 (0.6)

Black 6/539 (1.1) 3/511 (0.6)

Other 10/570 (1.8) 5/558 (0.9)

According to sex

Female 12/1187 (1.0) 4/1227 (0.3)

Male 15/1920 (0.8) 17/1874 (0.9)

*   One patient in each treatment group was not withdrawn from the trial after the first hospitalization and was hospital-
ized a second time.

Table 2. Composite Safety End Points and Hospitalizations, According to Age, Race, and Sex, in the Intention-to-Treat 
Population.
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Salmeterol and Fluticasone in Children with Asthma

(Table 3) and entered the trial while taking com-
bination treatment with an inhaled glucocorti-
coid and a LABA. The number of patients who 
had a severe asthma exacerbation was 25% lower 
among children who continued taking flutica-
sone–salmeterol than among those who switched 
to fluticasone alone. This finding suggests the 
need to understand better the appropriate clini-
cal variables that need to be assessed before 
patients step down from combination therapy. 
Patients in subgroup 3 had uncontrolled asthma 
at baseline and had differing baseline medica-
tions, and the addition of a LABA had no signifi-
cant effect. In subgroup 4, the number of chil-
dren who had a severe exacerbation was not 
significantly lower among children whose asthma 
was controlled with the use of low- or medium-
dose inhaled glucocorticoid monotherapy and 
who had salmeterol added than among those 
who continued glucocorticoid monotherapy; this 
finding supports present asthma guidelines that 
do not recommend adjunctive therapy for pa-
tients whose asthma is adequately controlled 
with the use of inhaled glucocorticoids.19,20

The evidence supporting the role of LABAs in 
children whose asthma is uncontrolled by low-
dose inhaled glucocorticoids is limited by the 
fact that few clinical trials involving children 
have had efficacy as a primary end point. Two 
studies that included children 4 to 11 years of 
age whose asthma was inadequately controlled by 
inhaled glucocorticoids showed an improvement in 
lung function and a resolution or abatement of 
symptoms with the addition of a LABA.21,22 An-
other study showed that the addition of salmet-
erol to fluticasone was equivalent to doubling the 
dose of fluticasone in children whose asthma was 
inadequately controlled by a moderate dose of 
inhaled glucocorticoids.23 The Best Add-on Ther-
apy Giving Effective Responses (BADGER) study, 
which compared three step-up treatment options 
in children whose asthma was poorly controlled 
by low-dose inhaled glucocorticoids, showed 
that the addition of a LABA to the inhaled glu-
cocorticoid was the best treatment option among 
the three options studied (the other options were 
increasing the dose of the inhaled glucocorticoid 
and adding a leukotriene antagonist).24

Figure 2. First Occurrence of Serious Asthma-Related Event in the Time-to-Event Analysis.

The end point was assessed in the intention-to-treat population, which included all the patients who had undergone 
randomization and received at least one dose of fluticasone–salmeterol or fluticasone alone. The inset shows the 
same data on an expanded y axis. I bars indicate standard errors.
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+ inhalative 
SABA nach 
Bedarf 

Stufe 5 

(oral steroids) 

Stufe 4 + systemische Steroide 

à Überweisung an pädiatrischen Pneumologen, 
evtl. Anti IgE 

Stufe 4 

(high dose) 

1. Wahl: vorbeugend hoch dosierte ICS 
(400-800µg/Tag) + LABA 

2. Wahl: + LTRA 

Stufe 3 

(add on) 

1. Wahl: vorbeugend niedrig dosierte ICS 
(100-200µg/Tag) + LABA 

2. Wahl: mittel oder hochdosiert ICS 

3. Wahl: niedrig dosierte ICS + LTRA 

Stufe 2 

(low dose) 

vorbeugend niedrig dosierte ICS (100-200µg/Tag) 
oder LTRA (2. Wahl) 

Stufe 1 (reliever) inhalative SABA nach Bedarf 
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Therapie: Jugendlicher 
Jugendliche sind SMART 

SMART: Symbicort Maintainance and Reliever Therapy 

Patel Lancet Respir Med 2013; 1: 32–42 
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debate about the potential mechanisms by which the 
SMART regimen reduces severe asthma exacerbations. 
Patients in both treatment groups underused their 
maintenance budesonide–formoterol, but the SMART 
group had fewer days of non-adherence, on which no 

maintenance treatment was taken. This reduction in 
non-adherence might contribute to the reduction in 
the risk of severe exacerbations, together with the 
self-titrated escalation of budesonide–formoterol in 
response to worsening asthma.25,26 In support of the 
second mechanism, the frequent use of inhaled 
corticosteroid, such as that self-administered by patients 
in the SMART group on days of high use, marked 
overuse, and extreme overuse, has substantial effi  cacy 
in the treatment of acute severe asthma.27

We studied patients at risk of severe asthma exacer-
bations,28 92% of whom had at least one severe 
exacerbation, and 39% had two or more severe 
exacerbations in the preceding year (table 1). About one 
in four patients self-administered more than 
32 actuations per day of salbutamol (or equivalent) on at 
least one occasion during the study (table 2). 
Furthermore, in patients with a high-use episode, 
roughly 90% of high-use days occurred without medical 
review within the next 48 h, despite this advice being 
documented in the provided asthma self-management 
plans (fi gure 2B; table 2). These fi ndings show the extent 
of unsupervised β-agonist overuse by patients at risk of 
severe asthma exacer bations.

In our study, β-agonist overuse was an indirect 
measure of the risk of mortality.5–8 In consideration of 
this risk, we were concerned that formoterol has greater 
intrinsic activity than does salbutamol,29 which means 
that it could result in greater maximum adverse eff ects 
associated with β-agonist overuse. This pharmacological 
property is common to both isoprenaline and fenoterol;29 
the high-dose preparations of these have been implicated 
in epi demics of asthma mortality.30,31 The reduction in 
both overuse episodes and severe exacerbations32 with 
the SMART regimen, and the previously reported 
reduction in visits to the emergency department or 
hospital admis sions,4 might indicate an accompanying 
reduced risk of mortality. However, this interpretation 
comes with the caveat that our study and the SMART 
clinical trial programme33 have insuffi  cient power to rule 
out an eff ect on asthma mortality risk, and further 
investigation of this issue is required.

Validated electronic monitors were used with extensive 
trial quality-control processes as the optimal method to 
measure actual use of medication. This method allowed 
assessment of the potential risks associated with high 
doses of inhaled corticosteroid and β agonist with both 
short-term and cumulative exposure. Our use of primary-
care clinic and hospital records has ensured reliability in 
the collection of exacerbation and safety data. The 
integrity and completeness of the dataset for both 
electronic and clinic-recorded measurements has mini-
mised the eff ect of bias due to missing data.

We acknowledge that an open-label trial design allows 
the potential for bias. However, if a double-blind trial 
design had been used, patients randomly assigned to the 
SMART regimen would have been required to use two 

Figure 4: Kaplan-Meier plots of time to fi rst severe asthma exacerbation in the SMART and standard groups
Censored data are indicated by open diamond symbols. SMART=Single combination budesonide–formoterol 
inhaler Maintenance And Reliever Therapy.
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Panel: Research in context

Systematic review
We searched PubMed using “([budesonide AND formoterol] OR SMART OR Symbicort) 
AND asthma” on Oct 15, 2012. We found two double-blind, randomised controlled trials 
in which the SMART (Single combination budesonide–formoterol inhaler Maintenance 
And Reliever Therapy) regimen was compared with the same maintenance dose of 
budesonide–formoterol and a short-acting β agonist for relief in adults with asthma.3,4 
In these trials, patients with high use of reliever medication at baseline were excluded, 
and patients were required to show signifi cant bronchodilator reversibility and they had 
diaries to record daily use of medication. The results of these studies showed the 
superiority of the SMART regimen in patients with moderate-to-severe asthma, with a 
47–48% reduction in severe exacerbations. Both trials were included in a Cochrane review 
of the SMART clinical trial programme, which confi rmed that the SMART regimen had 
greater effi  cacy at reducing severe asthma exacerbations than did the combination of 
inhaled corticosteroid plus long-acting β agonist at the same maintenance dose.24

Interpretation
The results of our study have shown that combination budesonide–formoterol inhaler 
prescribed according to the SMART regimen reduces severe exacerbations in patients at risk 
of asthma exacerbations with high use of reliever medication. This reduction in risk of severe 
exacerbations, compared with fi xed-dose budesonide–formoterol for maintenance and 
salbutamol for as-needed relief of symptoms, was associated with a reduction in β-agonist 
overuse without medical review. Through electronic monitoring of actual medication use, it 
was possible to ascertain that the greater eff ectiveness with the SMART regimen was 
associated with both a reduction in non-adherence to maintenance budesonide–formoterol, 
and the use of self-titrated escalation of budesonide–formoterol doses in response to 
worsening asthma. Although patients prescribed the SMART regimen had a greater mean 
daily inhaled corticosteroid exposure, they had a lower oral corticosteroid exposure due to 
the reduction in severe exacerbations, resulting in a similar overall systemic corticosteroid 
burden. Overall, the data suggest that the SMART regimen has a favourable risk-to-benefi t 
profi le and can be recommended for use in adults at risk of severe asthma exacerbations.
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available from 2498 (95%) of 2642 dispensed monitors 
and 2498 (98%) of 2549 returned monitors.11

The proportion of participants with at least one high-
use episode did not diff er signifi cantly in the two 
groups: 56% in the SMART group versus 45% in the 
standard group (table 2; fi gure 2A). In the sensitivity 
analysis, which was adjusted for the overuse of 
budesonide–formoterol in the standard group, the 
diff erence in the proportion of participants with at least 
one high-use episode in the two groups was not 
signifi cant: 56% in the SMART group versus 62% in the 
standard group (table 2; fi gure 2A). The SMART 
regimen was associated with signifi cantly fewer high-
use days (table 2). In the subgroup of participants who 
had at least one high-use episode, those in the SMART 
group had signifi cantly fewer days of high-use without 
medical review, although the proportion of high-use 
days that were without medical review was similar 

between the two regimens (8·5 days [93%] of 9·1 days in 
the SMART group vs 18·3 [92%] of 19·9 days in the 
standard group; table 2; fi gure 2B).

The risk of at least one marked overuse episode or at 
least one extreme overuse episode was similar between 
groups (table 2). The number of days with marked or 
extreme overuse was signifi cantly less in the SMART 
group (table 2).

Most participants had at least one episode of under use 
of budesonide–formoterol (table 2). The number of 
days with zero or one actuation was not signifi cantly 
diff erent between the two regimens. There were 
signifi cantly fewer days with zero actuation (non-
adherence) in the SMART group (table 2).

Fi gure 3 shows the distribution of the mean daily dose 
of budesonide. Participants assigned to SMART had a 
greater exposure to budesonide than did those in the 
standard group (diff erence in means 259·2 µg/day), 

Figure 2: β agonist and corticosteroid use in the SMART and standard groups
(A) Participants with at least one high-use episode of β agonist. A modifi ed defi nition of a high-use episode in the standard group was used in the sensitivity analysis 
to adjust for the use of budesonide–formoterol in excess of the four maintenance actuations per 24 h. (B) Mean number of high-use days in participants with at least 
one high-use episode and mean number of high-use days without medical review in participants with at least one high-use episode. (C) Daily dose of inhaled 
corticosteroid (budesonide, μg/day). (D) Oral corticosteriod dose during the study (mg prednisone). (E) Composite systemic corticosteriod exposure per year 
(mg prednisone equivalent per year). SMART=Single combination budesonide–formoterol inhaler Maintenance And Reliever Therapy. *For the comparison of the 
number of days of high use without medical review.
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Efficacy of budesonide/formoterol
maintenance and reliever therapy
compared with higher-dose budesonide as
step-up from low-dose inhaled
corticosteroid treatment
Christine R. Jenkins1*, Göran Eriksson2, Eric D. Bateman3, Helen K. Reddel4, Malcolm R. Sears5,
Magnus Lindberg6 and Paul M. O’Byrne5

Abstract

Background: Asthma management may involve a step up in treatment when symptoms are not well controlled.
We examined whether budesonide/formoterol maintenance and reliever therapy (MRT) is as effective as higher,
fixed-dose budesonide plus as-needed terbutaline in patients requiring step-up from Step 2 treatment (low-dose
inhaled corticosteroids), stratified by baseline reliever use.

Methods: A post-hoc analysis utilized data from three clinical trials of 6–12 months’ duration. Patients aged ≥12 years
with symptomatic asthma uncontrolled despite Step 2 treatment were included. Severe exacerbation rate, lung function
and reliever use were analysed, stratified by baseline reliever use (<1, 1–2 and >2 occasions/day).

Results: Overall, 1239 patients were included. Reductions in severe exacerbation rate with budesonide/formoterol MRT
versus fixed-dose budesonide were similar across baseline reliever use levels, and were statistically significant in patients
using 1–2 (42%, p = 0.01) and >2 (39%, p = 0.02) reliever occasions/day, but not <1 reliever occasion/day (35%, p = 0.11).
Both treatments significantly increased mean FEV1 from baseline; improvements were significantly greater for
budesonide/formoterol MRT in all reliever use groups. Reductions in reliever use from baseline were significantly greater
with budesonide/formoterol MRT versus fixed-dose budesonide in patients using 1–2 and >2 reliever occasions/day
(−0.33 and −0.74 occasions/day, respectively).

Conclusions: Treatment benefit with budesonide/formoterol MRT versus higher, fixed-dose budesonide plus short-acting
β2-agonist was found in Step 2 patients with relatively low reliever use, supporting the proposal that budesonide/
formoterol MRT may be useful when asthma is uncontrolled with low-dose inhaled corticosteroid.
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Im Vergleich zu Fix-Dosis Kombinationen 
 
-  Reduktion Exazerbationen (system. Steroide / Hosp / ER Visiten) 
-  Keine klare Evidenz bezüglich severe adverse events 
-  Durchschnittliche ICS Dosis (inkl. „Reliever-Dosen) war immer tiefer 

-  Die Flexibilität des ICS Gebrauchs mit SMART mit Erhöhung der Dosis 
nur bei Bedarf bei tiefer Dosis wenn stabil, ist effektiver als die Fix-
Dosis-Standard-Therapie 

-  Keine Studien für Kinder < 12 Jahren. 
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– Monosensibilisierung auf Aspergillus 
fumigatus 

– Schlechte Symptomkontrolle trotz 
ausgebauter Therapie (Stufe 4) 

– Arzt über Mutter „unprofessionelle Betreuung“ 

– Häufige Exacerbationen (bis 10x/Jahr) 

– Persistierende fixierte Obstruktion (FEV1 
75%) 

Fallbeispiel 
Marco 12j: Allergisches Asthma bronchiale 
 

- Schlechte Symptomkontrolle 
– Allergie auf Gräser (6), Roggen (5), 

Hausstaubmilbe (5), Hund (3) 
– Gesamt IgE 700kU/l 

– Exacerbationen in Pollenflugsaison 

– „indolent“, „unsportlich“ 

– Persistierende obstruktive Ventilationsstörung 
FEV1 79%/77%/70% 

– Symbicort 200/6 2-0-2 ohne Effekt 

– Prednison 30mg über 14 Tage, Besserung, 
aber nicht anhaltend 

 

Fallbeispiel 
Jan Nino 14j: Allergisches Asthma bronchiale 
 

– Häufige Exacerbationen: Katzenkontakt und Infekt 

– Allerg. Sensibilisierung: Katzen- und 
Hundeepithelien, Pferdehaare, Hausstaubmilben 

– Lebt auf dem Land, viele Katzen auch in der 
Schule und bei allen Verwandten 

– Exacerbationen und Anfälle bereits bei indirektem 
Katzen-Kontakt 

Ø Führt zur Isolation des Mädchens 

Ø Verleugnung der Symptome 

Ø bedrohliche Anfälle und Symptome mit BUD/
FORM bis 10x tgl 

Fallbeispiel 
Martina 9j: Persistierendes Asthma mit obstruktiver 
Ventilationsstörung  
 

84 Bush A. Lancet 2008;372:1019e21 
Chung KF. Eur Respir J 2014:43:343-373 

Problematisches schweres Asthma 
Definition 

+ 
inhalative 
SABA 
nach 
Bedarf 

Stufe 5 

(oral 
steroids) 

Stufe 4 + systemische Steroide 

à Überweisung an pädiatrischen 
Pneumologen, evtl. Anti IgE 

Stufe 4 

(high dose) 

1. Wahl: vorbeugend hoch dosierte ICS 
(400-800µg/Tag) + LABA 

2. Wahl: + LTRA 

Stufe 3 

(add on) 

1. Wahl: vorbeugend niedrig dosierte ICS 
(100-200µg/Tag) + LABA 

2. Wahl: mittel oder hochdosiert ICS 

3. Wahl: niedrig dosierte ICS + LTRA 

Stufe 2 

(low dose) 

vorbeugend niedrig dosierte ICS 
(100-200µg/Tag) oder LTRA (2. Wahl) 

Stufe 1 (reliever) inhalative SABA nach Bedarf 
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Problematisches schweres Asthma 
Definition 

Trotz regelmässiger Therapie mit ≥ 800ug Budesonide (oder 
Aequivalent) plus LABA oder Montelukast (oder Theophyllin) 
 
-  schlechte Symptomkontrolle 
-  tägliche Asthmasymptome 

-  rezidivierende schwere Asthma-Exacerbationen (≥2x OCS/Jahr) 

-  lebensbedrohlicher Asthma-Anfall („near fatal asthma attack“) 

-  persistierende obstruktive Ventilationsstörung 

-  Notwendigkeit von systemischen Steroiden (längerdauernd) 

86 

Problematisches schweres Asthma 
Typen 

a.  Kein Asthma 
–  Falsche Diagnose 

b.  Asthma „plus“ 

–  Asthma durch Ko-Morbiditäten verschlechtert / 
exazerbiert  

c.  Ungenügend behandeltes Asthma 

–  Reversible Faktoren: Adhärenz / Inhalationstechnik  

d.  Schweres Therapie-refraktäres Asthma 
–  trotz adäquater Therapie und Ausschluss reversibler 

Faktoren 

Bush A. Lancet 2010; 376: 814–25 
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Problematisches schweres Asthma 
Typen 

a.  Kein Asthma 
–  Falsche Diagnose 

b.  Asthma „plus“ 

–  Asthma durch Ko-Morbiditäten verschlechtert / 
exazerbiert  

c.  Ungenügend behandeltes Asthma 

–  Reversible Faktoren: Adhärenz / Inhalationstechnik  

d.  Schweres Therapie-refraktäres Asthma 
–  trotz adäquater Therapie und Ausschluss reversibler 

Faktoren 

Bush A. Lancet 2010; 376: 814–25 

Kein Asthma 

„difficult to treat“  Asthma 

Therapie refraktäres Asthma 

Problematisches schweres Asthma 
Vorgehen 

88 

Step 1  
Ausschluss falscher Diagnose 

Hedlin G. Pediatr Allergy Immunol 2014:25:111-121 

–  Dysfunktionelle Atmung 
–  Induzierbare laryngeale Obstruktion (ILO; VCD) 
–  Strukturelle Anomalitäten 

–  Tracheobronchomalazie, Vaskulärer Ring, 
Trachealstenose, Bronchogene Zyste, Tumor 

–  Intrabronchiale Obstruktion (Fremdkörper) 
–  Cystische Fibrose 
–  Primäre Ziliäre Dyskinesie / non-CF Bronchiektasie 
–  Bronchopulmonale Dysplasie 
–  Bronchiolitis obliterans 
–  Immundefekt 
–  Gastro-ösophagealer Reflux; Aspiration 
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Problematisches schweres Asthma 
Vorgehen 

89 

Step 1  
Ausschluss falscher Diagnose 

Step 2 
Identifikation „difficult to treat“ 

•  Lungenfunktion / BHR 
•  Anstrengungslimitation 
•  Allergiescreening 
•  Adhärenz 
•  Umgebung 
•  Komorbiditäten 

Hedlin G. Pediatr Allergy Immunol 2014:25:111-121 

–  Induzierbare laryngeale Obstruktion 
(ILO; VCD) 

–  Rhinosinusitis / Nasenpolypen 

–  Adipositas / Obesitas 

–  Gastro-ösophagealer Reflux 

–  Nahrungsmittelallergie 

–  Dekonditionierung 

–  Depression / Angststörung 

Problematisches schweres Asthma 
Vorgehen 
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Step 1  
Ausschluss falscher Diagnose 

Step 2 
Identifikation „difficult to treat“ 

Step 3 
Diagnostik: Inflammation 

Step 4 
Diagnostik: Allergie 

•  Komorbiditäten 
•  Lungenfunktion / BHR 
•  Anstrengungslimitation 
•  Allergiescreening 
•  Adhärenz 
•  Umgebung 

•  FeNO 
•  Biomarker im Blut 
•  Sputum 
•  Bronchoskopie 

•  In vitro Tests 
•  Provokationen 
•  Rekombinante Allergene 
•  Schimmelpilz Allergie 

Hedlin G. Pediatr Allergy Immunol 2014:25:111-121 
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– Diagnostik ausgebaut 
– Ko-Faktoren, Trigger und Komorbiditäten evaluiert, evtl. eliminiert 
– Adheränz und Kooperation sichergestellt 

Bush A. Lancet 2010; 376: 814–25 

Problematisches schweres Asthma 
vs Therapie refraktäres Asthma 

Therapie refraktäres Asthma 

92 

Typen des Therapie-refraktären Asthmas  
 

a.  Persistierende chronische Symptome 

b.  „Type 1 brittle asthma“: chaotische PEF-Werte an meisten 
Tagen über mehrere Monate 

c.  Rezidivierende schwere Asthma-Exacerbationen 

d.  „Type 2 brittle asthma“: plötzliche und katastrophale Asthma-
Anfälle nach scheinbar guter Asthma-Kontrolle 

e.  Persistierende Flusslimitation 

Bush A. Lancet 2010; 376: 814–25 
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Problematisches schweres Asthma 
Vorgehen 
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Step 1  
Ausschluss falscher Diagnose 

Step 2 
Identifikation „difficult to treat“ 

Step 3 
Diagnostik: Inflammation 

Step 4 
Diagnostik: Allergie 

Step 5 
Diagnostik: Steroid-Response 

•  Komorbiditäten 
•  Lungenfunktion / BHR 
•  Anstrengungslimitation 
•  Allergiescreening 
•  Adhärenz 
•  Umgebung 

•  FeNO 
•  Biomarker im Blut 
•  Sputum 
•  Bronchoskopie 

•  In vitro Tests 
•  Provokationen 
•  Rekombinante Allergene 
•  Schimmelpilz Allergie 

•  Dosis-Steigerung ICS 
•  OCS Trial 
•  i.m. Triamcinolon-Test 

Hedlin G. Pediatr Allergy Immunol 2014:25:111-121 94 

- Steroid-Trial 1-2mg Prednison/Kg/Tag für 10-14 Tage 
– Steroid-Response evaluiert mit: 

– Symptomenscore 

– FeNO 

– Lungenfunktion 

– Weitere Therapien:  
– Behandlungsplan 

– SMART Konzept 

– Anti-IgE; Omalizumab (Xolair®) 

– Spezifische Immuntherapie 

 
Bush A. Lancet 2010; 376: 814–25 

Therapie-refraktäres Asthmas  
Vorgehen 

-  Saubere Diagnostik: ist es überhaupt Asthma? 

-  Komorbiditäten 

-  „Get the basics right“: difficult to treat oder Therapie-refraktär? 

-  Stufe 5 Therapien 

95 

Konklusionen 
Schweres allergisches Asthma: was können wir tun? 
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–  Ist es wirklich Asthma? 

–  Was sagt die Lungenfunktion? 

–  Wird die Therapie durchgeführt? 

–  Ist die Inhalationstechnik korrekt? 

–  Allergenexposition minimalisiert? 

–  Rolle der viralen Infekte? 

–  Gibt es Komorbiditäten? 

–  Wie steht es mit der Tabackrauchexposition? 

–  Umweltfaktoren im Spiel? 

–  Psychosoziale Trigger? 

Bush A. Lancet 2010; 376: 814–25 

Problematisches schweres Asthma 
„get the basics right“ 


