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R E S E A R C H  L E T T E R

Relationship between immune parameters during a severe 
exacerbation in allergic asthmatic children and asthma 
outcomes in the following year

To the Editor,
Despite improvement in asthma maintenance treatment, exacer-

bations remain important issues. They are markers of severe asthma 
but can also occur in mild asthma.1 Viruses, and mainly rhinoviruses 
(RVs), are the main triggers, and they may interact with aeroaller-
gen-specific immunoinflammatory pathways in atopic patients.2,3 
Some studies have suggested that these episodes could be related 
to an alteration of innate immune defenses and particularly a de-
fective production of type I and III interferons (IFN).4 Most of them 
were ex vivo studies, consisting of the inoculation of respiratory 
viruses on primary cultures of bronchial epithelial cells from vari-
ous asthma patients, with various ranges of ages, disease severity, 
and atopy background.5,6 In 72 school-aged children with allergic 
asthma, we previously reported an impaired antiviral and cytokine 
response in both sputum and plasma during severe exacerbation, 
mostly triggered by virus (62%), not related with an altered expres-
sion of pattern recognition receptors (PRR) on peripheral blood 
mononuclear cells (PBMCs).7 This defective antiviral response was 
more pronounced in a subgroup of patients prone to viral re-infec-
tion at steady state. These findings need to be confirmed by other 
studies further determining the characteristics of patients more 
prone to develop virus-induced severe exacerbation and disease 
progression.9 Indeed, long-term consequences are unknown, and to 
our knowledge, no study has yet assessed the relationship between 
inflammatory and antiviral response during severe exacerbations 
and future asthma outcomes.

The aim of this study was to explore this relationship in the first 
year following severe exacerbation in our previously cited cohort of 
school-aged children.7 We also compared asthma characteristics re-
corded at baseline and asthma outcomes at 1 year.

Full description of the population, methods, and immune pa-
rameters has been previously published.2,7 Briefly, school-aged 
(6-16 years) children with atopic asthma were included during severe 
exacerbation (exacerbation), defined by the need for hospitalization 
and a course of systemic corticosteroids (prednisolone, methyl-
prednisolone), then assessed 8  weeks later (steady state: absence 
of ongoing exacerbation and course of general steroids) and every 
4 to 6 months, including a visit at 1 year (1 year), according to the 
guidelines. Following the exacerbation, maintenance treatment was 
prescribed or adjusted according to the guidelines.7 Adherence and 
inhaler technique were assessed at each visit. Control was rated 

and classified into the following categories: well-controlled, partly 
controlled or uncontrolled, according to the Global Initiative for 
Asthma (GINA) guidelines and Asthma Control Tests (ACTs)/paedi-
atric ACTs (<12 years) (well-controlled asthma if score ≥20).8 During 
follow-up, severe exacerbations, defined by the need for systemic 
corticosteroids and/or hospitalization, were recorded. Lung function 
tests were performed at steady state and 1-year visits, according 
to European Respiratory Society (ERS)/American Thoracic Society 
(ATS) recommendations.

As previously described, during exacerbation (within 48  hours 
following the hospitalization and initiation of general corticoste-
roids) and at steady state, plasma samples, nasal secretions, and 
spontaneous or induced sputum were collected.7 Virus identifica-
tion was performed using a commercially available multiplex reverse 
transcription-polymerase chain reaction (RT-PCR). Levels of inter-
leukin (IL) IL-5, IL-22, C-C motif chemokine ligand (CCL) CCL5 (R&D 
Systems), IFN-γ, IL-1β, IL-6, IL-17A, IL-23, IL-29 (eBiosciences), and 
IFN-β (Elabsciences Biot.) in plasma and sputum fluids were mea-
sured by ELISA. To analyse the activation and the expression of PRR, 
Toll-like receptor 3 (TLR3), melanoma differentiation-associated 
protein 5 (MDA5), and retinoic acid-inducible gene I (RIG-I) within 
blood dendritic cells (DCs) and monocytes, PBMC were incubated 
with isotype-matched control antibodies for lymphocytes and gran-
ulocytes, DCs, and monocytes. The expression of TLR3, MDA5, and 
RIG-I (Santa-Cruz Biotechnology) was estimated after intracellular 
indirect staining and analysed by flow cytometry.

At 1-year visit, patients were classified into three groups ac-
cording to asthma outcomes: (a) good responders: no exacerbation 
during follow-up and well-controlled asthma according to GINA 
guidelines; (b) partial responders: no more than one severe exac-
erbation during follow-up and/or partly controlled asthma; (c) poor 
responders: ≥2 severe exacerbations during follow-up and/or un-
controlled asthma.

Qualitative variables were reported as the number or the per-
centage whereas continuous variables were expressed as median (in-
terquartile range [IQR]). Normality was assessed graphically and via 
the Shapiro-Wilk test. Poor responders were compared to the others 
(partial and good responders) using the chi-square test or Fisher's 
exact test for qualitative variables and using Mann-Whitney test for 
continuous variables. All statistical tests were done at the two-tailed 
α level of 0.05 using SAS software, release 9.4 (SAS Institute).
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TA B L E  1   Population characteristics according to 1-year outcomes

  Total population n = 62
Good and partial 
responders (n = 40) Poor responders (n = 22) Pa

Characteristics at baseline

Age (years) 8.7 (7.6; 11.4) 8.7 (7.6; 10.4) 9.5 (7.6; 12.6) .19

Male 44 (71.0) 29 (72.5) 15 (68.2) .72

Age at asthma diagnosis 2.0 (1.0; 5.7) 1.5 (1.0; 5.0) 2.0 (0.5; 6.0) .99

Allergic rhinitis 42 (67.7) 26 (65.0) 16 (72.7) .53

Food allergy 10 (16.1) 8 (20.0) 2 (9.1) .47

Atopic dermatitis 26 (41.9) 15 (37.5) 11 (50.0) .34

≥2 severe exacerbations in the past year 25 (40.3) 14 (35.0) 11 (50.0) .25

Maintenance treatment 29 (46.7) 15 (37.5) 14 (63.6) .048

ICS dose (fluticasone eq, µg/day) 400 (250; 500) 400 (250; 500) 500 (250;1000) .37

LABA 24/28 (85.7)b 13/15 (86.7) 11/13 (84.6)b NA

Exacerbation

Duration of hospitalization (days) 4.0 (3.0; 5.5) 4.0 (3.0; 5.0) 5.0 (3.5; 6.0) .046

Duration of oxygen therapy (days) 2.5 (1.0; 4.5) 2.5 (1.0; 4.0) 3.0 (2.0; 5.0) .35

Virus 40 (64.5) 30 (75.0) 10 (45.5) .020

Rhinovirus 33 (53.2) 26 (65.0) 7 (31.8) .012

Number of cells in sputum (n × 103/mg) 6.3 (3.4; 20.0) 5.9 (3.5; 16.9) 10.3 (2.5; 23.4) .76

Neutrophils 56.5 (39.0; 70.0) 68.0 (45.5; 71.0) 47.5 (32.5; 68.5) .25

Eosinophils 2.5 (1.0; 8.0) 2.5 (1.5; 10.0) 2.0 (1.0; 4.3) .26

Steady state

Maintenance treatment        

ICS dose (fluticasone eq, µg/day) 400 (200; 500) 250 (200; 500) 500 (250; 1000) .021

LABA 50 (80.6) 31 (77.5) 19 (86.4) .51

Asthma control (GINA)

Well-controlled 20 (32.2) 17 (42.5) 3 (13.6) .006

Partly controlled 25 (40.3) 17 (42.5) 8 (36.4)  

Uncontrolled 17 (27.4) 6 (15.0) 11 (50.0)  

ACT score 22.0 (20.0; 25.0) 23.0 (21.0; 25.0) 20.0 (17.0; 22.0) <.001

ACT score <20 14 (23.0) 4 (10.3) 10 (45.5) .002

Lung function

Pre-β2 agonist FEV1 (% of PV) 81.5 (75.0; 86.0) 83.0 (79.0; 88.0) 75.5 (72.0; 84.0) .007

Post-β2 agonist FEV1 (% of PV) 88.0 (82.0; 91.0) 89.0 (84.0; 92.0) 85.0 (78.0; 89.0) .020

FEV1/FVC pré-β2 agonist (%) 96.5 (86.0; 108.0) 100.0 (92.0; 110.0) 88.0 (79.0; 99.0) .041

FEV1/FVC post-β2 agonist (%) 109.0 (100.0; 115.0) 109.0 (102.0; 114.0) 108.5 (92.0; 119.5) .79

Virus 21 (35.6) 14 (37.8) 7 (31.8) .64

Rhinovirus 9 (42.9) 6 (46.2) 3 (37.5) 1.00

Number of cells in sputum (n × 103/mg) 4.0 (2.3; 14.6) 5.5 (2.4; 19.6) 3.0 (1.5; 6.7) .17

Neutrophils 25.8 (18.5; 56.0) 26.0 (18.5; 57.5) 25.0 (21.5; 34.0) .53

Eosinophils 1.0 (0.5; 6.5) 1.0 (0.5; 8.0) 1.0 (0.5; 5.0) .67

1-year follow-up visit

Asthma control (GINA)

Well-controlled 22 (35.5) 18 (45.0) 4 (18.2) <.001

Partially controlled 27 (43.5) 22 (55.0) 5 (22.7)  

Uncontrolled 13 (21.0) 0 13 (59.1)  

(Continues)
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  Total population n = 62
Good and partial 
responders (n = 40) Poor responders (n = 22) Pa

≥1 severe exacerbation during the year 22 (35.5) 6 (15.0) 16 (72.7) <.001

≥2 severe exacerbations during the year 11 (17.7) 0 11 (50.0) <.001

ACT score 23.0 (21.0; 25.0) 23.0 (21.0; 25.0) 21.5 (17.0; 25.0) .052

ACT score <20 9 (16.4) 1 (2.9) 8 (40.0) <.001

Lung function

Pre-β2 agonist FEV1 (% of PV) 82.0 (75.0; 85.0) 82.0 (78.0; 86.0) 77.5 (70.5; 82.0) .035

Post-β2 agonist FEV1 (% of PV) 87.0 (79.0; 90.0) 87.0 (81.0; 91.0) 85.0 (76.0; 89.0) .16

FEV1/FVC pré-β2 agonist (%) 97.0 (85.0; 110.0) 99.0 (89.0; 110.0) 92.0 (80.0; 106.0) .15

FEV1/FVC post-β2 agonist (%) 106.0 (96.0; 115.0) 107.0 (100.0; 115.0) 102.5 (94.0; 115.0) .35

Maintenance treatment

Doses of ICS (fluticasone eq µg/day) 500.0 (250.0; 500.0) 450.0 (225.0; 500.0) 750.0 (250.0; 1000.0) .026

LABA 51 (82.3) 31 (77.5) 20 (90.9) .30

Omalizumab 9 (14.5) 1 (2.5) 8 (36.4) <.001

Note: Values are reported as frequency (percentage) for qualitative variables or median (interquartile range) for continuous variables.
Abbreviations: ACT, Asthma Control Test; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; GINA, Global Initiative for Asthma; ICS, 
inhaled corticosteroids; LABA, long-acting beta-agonists; NA, not applicable.
aGood/partial responders were compared with poor responders 
b1 missing data. 
P-values < .05 were considered statistically significant and appear in bold letters

TA B L E  1   (Continued)

TA B L E  2   Comparison of immune parameters according to 1-year outcomes

 
Good and partial 
responders n = 40 Poor responders n = 22 P

Exacerbation

Levels in plasma (pg/mL) n' = 38 n' = 22  

IL-1β 2.0 (2.0; 36.0) 2.0 (1.0; 19.0) .35

IL-6 2.0 (1.0; 8.0) 10.0 (1.0; 25.0) .26

IL-5 32.0 (6.0; 92.0) 40.5 (8.0; 64.0) .59

IL-22 107.0 (29.5; 173.5) 104.0 (52.0; 161.0) .77

IFN-γ 361.5 (113.0; 679.0) 385.5 (62.0; 1211) .98

IFN-β 41.0 (23.0; 99.0) 26.5 (20.5; 75.5) .36

IL-29 639.0 (404.0; 1160) 412.0 (213.0; 954.0) .27

CCL5 1193 (623.0; 2107) 1374 (872.0; 2212) .76

Expression of PRR on mDCs (MFI) n' = 37 n' = 20  

TLR3 32.5 (17.9; 63.9) 23.7 (22.0; 61.1) .32

RIG-I 59.5 (32.2; 85.9) 63.5 (36.9; 114.0) .67

Expression of PRR on pDCs (MFI) n' = 37 n' = 20  

TLR3 36.5 (24.2; 62.1) 39.2 (21.3; 54.0) .98

RIG-I 59.5 (32.2; 85.9) 67.4 (30.9; 95.0) .50

Levels in sputum (pg/mL) n' = 28 n' = 17  

IL-1β 49.0 (12.0; 102.0) 4.0 (2.0; 145.0) .23

IL-6 20.0 (2.0; 70.0) 21.0 (1.0; 84.0) .85

IL-5 50.0 (6.0; 215.0) 12.5 (2.0; 112.0) .32

IL-22 93.0 (5.0; 271.0) 88.5 (5.0; 373.0) .92

IFN-γ 2.0 (1.0; 61.0) 7.5 (2.0; 41.0) .56

(Continues)
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This study was approved by the regional investigational review 
board (Comité de Protection des Personnes Nord Ouest, ref.: 08/07), 
and parental written informed consents were obtained.

Full characteristics of the population are reported in Table 1. 
Among the 72 patients (median age = 8.7 years [IQR, 7.6; 11.4]) in-
cluded at exacerbation, 62 (86%) were followed up and assessed at 
1-year visit. More than one severe exacerbation was reported in 22 
(36%) and more than two in 11 (18%). At 1-year visit, asthma was 
partially controlled in 27 (44%) and uncontrolled in 13 (21%); ACT 
scores were <20 in 14 (23%). Omalizumab was prescribed during the 
initial exacerbation (inclusion) for one patient who was classified as 
“partial responder” at 1-year visit. It was initiated in eight patients 
(15%) during the year of follow-up because of ≥2 severe exacerba-
tions and/or uncontrolled asthma despite high doses of maintenance 

treatment. These patients were classified accordingly as “poor re-
sponders.” Finally, 40 patients were classified as “good responders” 
(16 [26%]) or “partial responders” (24, [39%]) and 22 as “poor re-
sponders” (35%) at 1-year visit.

At baseline, allergic comorbidities were not significantly differ-
ent between poor responders and the others. In poor responders, 
maintenance treatment at inclusion was more frequently recorded 
(14 [64%] vs 15 [38%]; P = .048) and duration of initial hospitaliza-
tion was significantly higher. At exacerbation, presence of virus was 
less frequently detected in poor responders (10 [45%] vs 30 [75%]; 
P = .020); levels of sputum cells, especially eosinophil counts, were 
not significantly different between the two groups. Regarding im-
mune and inflammatory parameters, blood and sputum levels 
of IL-1β, IL-5, IL-6, IL-22, IL-29, IFN-ϒ, IFN-β, and CCL5 were not 

 
Good and partial 
responders n = 40 Poor responders n = 22 P

IFN-β 5.0 (5.0; 19.0) 5.0 (5.0; 21.2) .66

IL-29 5.0 (5.0; 40.5) 7.5 (5.0; 40.0) .82

CCL5 5.0 (5.0; 153.8) 5.0 (5.0; 131.0) .92

Steady state (8 wk post-exacerbation)

Levels in plasma (pg/mL) n' = 37 n' = 21  

IL-1β 11.0 (2.0; 88.5) 2.0 (1.0; 19.0) .19

IL-6 2.0 (2.0; 5.0) 2.0 (1.0; 2.0) .08

IL-5 36.0 (7.0; 89.0) 30.0 (15.5; 74.0) 0.95

IL-22 105.0 (17.0; 137.0) 151.5 (76.0; 228.5) .040

IFN-γ 181.0 (47.0; 801.0) 163.0 (80.0; 722.0) .91

IFN-β 53.0 (19.5; 117.5) 34.6 (9.5; 78.0) .27

IL-29 803.5 (361.0; 1204) 678.0 (343.0; 1203) .92

CCL5 1002 (660.0; 1765) 1053 (634.0; 1649) .58

Expression of PRR on mDCs (MFI) n' = 37 n' = 20  

TLR3 37.7 (19.5; 56.0) 40.5 (22.9; 57.0) .82

RIG-I 49.0 (24.0; 80.4) 63.3 (35.0; 75.1) .36

Expression of PRR on pDCs (MFI) n' = 37 n' = 20  

TLR3 40.7 (27.6; 58.0) 49.3 (25.5; 68.0) .45

RIG-I 41.7 (23.3; 70.1) 38.8 (21.2; 57.2) .69

Levels in sputum (pg/mL) n' = 16 n' = 8  

IL-1β 63.0 (2.0; 394.0) 34.0 (2.0; 206.0) .50

IL-6 2.0 (1.0; 2.0) 1.5 (0.8; 39.0) .94

IL-5 16.5 (1.0; 34.0) 36.0 (3.0; 279.0) .33

IL-22 165.0 (8.0; 553.0) 6.5 (5.0; 456.0) .34

IFN-γ 2.0 (1.5; 9.5) 2.0 (2.0; 87.5) .51

IFN-β 5.0 (5.0; 21.6) 12.6 (5.0; 24.1) .78

IL-29 74.0 (11.5; 202.0) 130.0 (10.0; 198.0) 1.00

CCL5 32.1 (5.0; 245.7) 5.0 (5.0; 216.9) .58

Note: Values are reported as median (interquartile range).
Abbreviations: CCL, C-C motif chemokine ligand; DC, dendritic cell; IFN, interferon; IL, interleukin; MFI, mean fluorescence intensity; PRR, pattern 
recognition receptors; RIG-I, retinoic acid-inducible gene I; TLR3, Toll-like receptor 3.
P-values < .05 were considered statistically significant and appear in bold letters

TA B L E  2   (Continued)
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significantly different between poor responders and the others 
(Table 2). Of note, IL-17A and IL-23 were undetectable in about 70% 
of patients. Expression of TLR3 and RIG-I on blood myeloid and plas-
macytoid DCs was similar.

At steady state, lower levels of pre-β2 forced expiratory volume 
in 1 second (FEV1) and lower levels of pre- and post-β2 FEV1/ forced 
vital capacity (FVC) were recorded in poor responders (Table 1). Cell 
numbers, eosinophil percentages in sputum, and presence of virus 
were not significantly different between the groups. Regarding in-
flammatory response, blood levels of IL-22 were significantly higher 
in poor responders (Table 2). We observed no difference in other 
plasma and sputum parameters, including expression of PRRs on DCs.

In the present work, we reported that one quarter of allergic 
asthmatic children hospitalized for a severe exacerbation pre-
sented a subsequent poor response to maintenance treatment 
during the following year, highlighting the importance of such an 
event in asthma history. These children may display the features of 
a difficult, resistant to treatment asthma, conducting in eight out 
of 22 (36%) of them to omalizumab initiation. Moreover, this sub-
group was not particularly sensitive to virus infection and the de-
velopment of exacerbation was relatively virus-independent. We 
also observed that control and lung function evaluated 8  weeks 
after an asthma exacerbation might be predictive of future asthma 
outcomes.

Poor control and history of exacerbation are known risk factors 
of future exacerbation.9 Fielding et al have recently confirmed the 
link between altered lung function and poor asthma control and risk 
of exacerbation.10 Thus, improving the identification of patients at 
risk of exacerbations remains an urgent unmet need in childhood 
asthma.11

To our knowledge, this study is the first to report on the lack of 
relationship between cytokine profiles in blood and sputum as well 
as PRR expression in blood DCs at exacerbation and asthma out-
comes in the following year. Interestingly, Jackson et al reported 
no difference in levels of Th1, Th2, and pro-inflammatory cyto-
kines in the bronchoalveolar lavages (BAL) collected during RV16-
induced exacerbations in 28 volunteer adult asthmatic patients 
classified according to asthma control, although uncontrolled pa-
tients presented higher virus loads in both nasal fluids and BAL.12 
Considering small sample size, particularly for uncontrolled pa-
tients, they could not draw mechanistic conclusions. Of note, we 
observed higher blood levels of IL-22 at steady state in poor re-
sponders. Interleukin-22 is known to promote inappropriate lung 
tissue remodelling and epithelium activation. Thus, we could hy-
pothesize that these patients might develop a more intense airway 
remodelling following exacerbation, as reported in severe asth-
matic children.13 Further studies need to describe the character-
istics of tissue remodelling in uncontrolled asthmatic children and 
might benefit from measuring other immunologic parameters, in-
cluding levels of alarmins (IL-25, IL-33, TSLP), which play a decisive 
role in the development of Th2 responses in the airway.9

There are a few limitations to our study, including small size and 
heterogeneity of the population, dosage of a limited and preselected 
panel of cytokines, assessment of adherence based on parental/
patients’ oral reports. Another bias could be the collection of sam-
ples at exacerbation after the initiation of systemic corticosteroids. 
However, this study was conducted in real-life practice and patients 
were naturally infected by viruses.

In conclusion, we did not observe any relationship between 
profile of preselected cytokines in blood and sputum at exacerba-
tion and future risk of poor asthma control and/or recurrence of 
exacerbations at 1  year in a cohort of allergic asthmatic children. 
Notably, we observed higher levels of IL-22 at steady state in poor 
responders, possibly reflecting a higher degree of airway remodel-
ling. Improving our understanding of the pathophysiological mech-
anisms leading to asthma outcomes following a severe exacerbation 
is urgently needed in order to improve treatment strategy, especially 
in severe asthmatic patients.
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