High oral corticosteroid use during acute attacks of preschool wheeze irrespective of clinical phenotype
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Abstract:
Objective: This study aims to evaluate the burden of oral corticosteroid (OCS) use and any relationship to clinical phenotype in preschool children presenting with acute wheeze attacks.
Methods: Single centre prospective study in which children with recurrent, severe preschool wheeze (PSW) who were referred to a tertiary respiratory centre, had symptom questionnaire, point-of-care blood eosinophil count (BEC) and aeroallergen sensitisation tests, undertaken on the same day as their outpatient clinic appointment. 
Results: 100 children with PSW (median age 3.5 years; interquartile range (IQR) 2.8-4.9 years; 51% male) were recruited. Clinical atopy, based on parental reporting, was present in 42%, while objective sensitisation, confirmed by testing, was observed in 35%. Median lifetime OCS courses per child was 10 (IQR 6-18), and 5 (IQR 3-7) during the preceding 12 months. Regardless of which definition of atopy was used, atopic children had higher BEC when well, compared to non-atopic children: using clinical atopy classification, median BEC was 0.65 vs 0.3×10⁹/L, (p=0.003) and using objective atopy, median BEC was 0.7 vs 0.3 ×10⁹/L, (p<0.0001). There was no difference in the use of OCS in the acute setting between higher and lower BEC, between clinical or objective atopy, or a combination of these, either over the child’s lifetime or during the previous 12 months. 
Conclusion: Children with severe, recurrent PSW are being treated with large numbers of OCS courses despite the lack of evidence of significant efficacy. There is an urgent need for trials which include phenotyping of acute attacks to guide OCS treatment. 

Key messages 
· What is already known on this topic – OCS have been extensively used to treat acute asthma attacks in older children and adults. However, this practice has been extrapolated to the preschool population, where the cause of their wheeze is thought to be more heterogeneous, and the ‘one-size-fits-all’ approach is likely to be doing more harm than good.
· What this study adds – This study reports for the first time the extent of OCS use in acute PSW, which is a treatment burden that should not be underestimated. The use of OCS in a previous acute attack, often leads to the prescription of another course for subsequent attacks, apparently without even taking atopic history into account. 
· How this study might affect research, practice or policy – The aim of this study is to highlight the indiscriminate use of OCS in children with PSW, despite the lack of evidence of clinical efficacy of this approach. Children with PSW are not a homogenous group, and there is an urgent need for a randomised controlled trial to determine whether phenotype-driven treatment of acute wheeze gives equivalent results with equal safety compared with standard therapy.

Introduction
Systemic corticosteroids are the bedrock of treatment for asthma attacks in school age children (>6 years) and adults. However, at least in adults, it is becoming increasingly clear that only some attacks are eosinophilic, whereas others are non-eosinophilic and driven by infection1, 2. Furthermore, there is a differential response to oral corticosteroids (OCS), whereby those with a raised blood eosinophil count (BEC) and/or raised fractional exhaled nitric oxide (FeNO) demonstrate a better response to prednisolone than those without these TH2 high inflammatory markers3, 4. Indeed, in one study, only those adults with both elevated BEC and FeNO increased their first second forced expiratory volume (FEV1) when treated acutely with OCS. These data suggest that we need to phenotype acute attacks rather than apply a “one-size-fits-all” approach to treatment.

Much less is known about the heterogeneity or otherwise of acute wheeze attacks in preschool children (<6 years). However, only a minority have evidence of TH2 inflammation, at least between acute attacks5, which suggests there may also be heterogeneity in acute preschool wheeze (PSW)6. A recent meta-analysis suggested a beneficial effect of prednisolone in acute PSW7, encouraging widespread use of prednisolone in this context (personal communication). We sought to determine the burden of OCS use in 100 children with recurrent PSW referred to the Royal Brompton Hospital’s tertiary respiratory clinic.  We hypothesised that prescription of OCS in acute PSW is independent of atopy status or eosinophilia during stable disease. 

Methods 
Study design:
A single-centre prospective study was undertaken at the Royal Brompton Hospital from January 2024- Aug 2025. Point-of-care blood eosinophil test, skin prick testing or specific IgE for aeroallergen sensitisation, and symptom questionnaire were undertaken on the same day as the child’s outpatient clinic appointment, with informed parental consent. This study was granted approval by the Black Country Research Ethics Committee (REC number 23/WM/0237).

Participants:
Children aged between 1- 5 years, referred to the Royal Brompton Hospital with a diagnosis of recurrent PSW, who had either had (i) one hospital admission plus at least one other attack that needed an unscheduled healthcare visit and/or hospital admission or (ii) at least one admission requiring  intravenous bronchodilator or intensive care admission therapy for acute wheeze during the previous year8. Those with a diagnosis of an alternative chronic lung disease such as cystic fibrosis or bronchiectasis were excluded. A questionnaire which included demographics including age, sex, ethnicity, weight, height, body mass index (BMI), gestational age at birth as well as current prescribed medications was administered. Symptom control was assessed using the Test for Respiratory and Asthma Control (TRACK) score9, 10. Lifetime OCS prescriptions were obtained from parental reports, whereas the number of unscheduled healthcare visits for acute wheeze and courses of OCS and/or antibiotics prescribed during the preceding 12 months were collected from both electronic patient records and parental reports.  One course of OCS was defined as 3 days of oral prednisolone or one dose of oral dexamethasone, prescribed for acute wheeze. 

Following the usual method used in the emergency setting to determine if a child is atopic, clinical atopy was defined (prior to testing) as parental reporting of eczema, allergic rhinitis or known allergies. Objective atopy was defined as evidence of allergen sensitisation confirmed with a positive skin prick test (>3mm raised wheal in response to allergen) or raised specific IgE (standard cut-off point > 0.35 kU/l) in blood. Six common aeroallergens (house dust mite, cat, dog, grass pollen, tree pollen and aspergillus) were used as a standard panel for skin prick testing and, in some children who had clinically indicated blood tests, specific IgE was quantified. If parents reported food allergies, these were added to the skin prick or specific IgE panel, if clinically indicated. Parents were asked to confirm that their child has not had an anaphylactic reaction within 4 weeks of skin prick testing and no-use of antihistamines- 48 hours prior for short acting antihistamines and 5 days prior for long-acting antihistamines.

Point-of-care blood eosinophils:
Finger-prick blood sampling method was used to obtain capillary blood for the point-of-care (POC) white cell differential test. Sampling was done when the child was well and at least 2 weeks after the last course of OCS. The results for each test comprised total and differential white cell count, which included blood eosinophil counts (BEC) and % cell count. The finger-prick was performed using a Sarstedt neonatal safety lancet, and MicroCuvette (HemoCue®) as the capillary blood sample collector. The blood sample was analysed using the externally and independently validated HemoCue® WBC Diff Systems device11-13. 

Statistical analysis
Sample size was opportunistic. Data were analysed using Graphpad Prism v10. P<0.05 was accepted as statistically significant. Comparisons between two groups were undertaken using the nonparametric Mann Whitney U test and multiple group comparisons were carried out using one-way Kruskal-Wallis ANOVA. Associations between continuous variables were analysed using the Spearman’s correlation coefficient. 

Results
One hundred preschool children (median age 3.5; [interquartile range (IQR) 2.8-4.9] years), 51/100 (51%) male, referred with a diagnosis of recurrent PSW were recruited, and the demographics are summarised in Supplementary Table 1. All had a POC BEC, and either skin prick or specific IgE test (if not done during the previous 6 months) performed on the day of recruitment.  42/100 (42%) children were classified as clinically atopic, with either eczema, allergic rhinitis and/or parental reporting of allergies, prior to objective testing in clinic. Post testing, 35/100 (35%) were classified as objectively atopic, with confirmed evidence of allergen sensitisation. 11/100 (11%) only had aeroallergen sensitisation and 14/100 (14%) only had raised IgE or a positive skin prick test to one or more food allergens, and 10/100 (10%) were positive for both. Of 31 children who had a diagnosis of eczema, 18/31 (58.1%) showed objective evidence of allergen sensitisation and 13/31 (41.9%) children did not. 

The median number of OCS courses per child over their lifetime was 10 (IQR 6-18 courses) (Figure 1A), and the median OCS prescribed over the previous 12 months was 5 (IQR 3-7 courses) (Figure 1B).                        
                         
[bookmark: OLE_LINK1]Median BEC in this cohort was 0.4x109/L. Clinically atopic children (based on parental reporting) with PSW had significantly higher blood eosinophils (median 0.65 x 109/L, [IQR 0.2x-0.9x109/L], n=42) than non-atopic children (median 0.3x109/L, [IQR 0.1- 0.7x109/L], n=58, p=0.003). Similarly, children defined as objectively atopic had significantly higher BEC (median 0.7 x 109/L, [IQR 0.4 -0.7x109/L], n=35) than non-atopic children (median 0.3x109/L, [IQR 0.1- 0.3x109/L], n=65, p<0.0001).  Children with atopy (using either clinical or objective atopy classification) as a group had significantly higher BEC (median 0.65 x 109/L, [IQR 0.23x-1.00x109/L], n=48) than children with no atopy  (median 0.30x109/L, [IQR 0.10- 0.60x109/L], n=52, p=0.014) (Supplementary Table 2).  

[bookmark: OLE_LINK2]There was no relationship between the number of courses of OCS prescribed in the 37/100 children with BEC of <0.3 x 109/L and the 63/100 with BEC of ≥ 0.3 x 109/L, at least measured when the children were clinically well. (Figures 2 A & B). There was no significant difference between the two groups in either the median number of lifetime OCS prescriptions or OCS prescribed during the previous 12 months for an acute attack of PSW (Figures 2 C & D).  Other BEC thresholds were explored, and similarly, there was no significant difference seen between the two groups, using the current accepted and established threshold of 0.3 x 109/L, or higher cut-offs.   There was also no relationship between TRACK score and BEC.
                                                                         
There was no significant difference in the prescription of OCS for an acute wheeze attack in atopic vs non-atopic children, regardless of whether clinical or objective classifications were used, either over the child’s lifetime or during the preceding 12 months (Figure 3).                                                      
                                                  
Finally, using objective testing only, there was no significant difference in either the lifetime OCS prescription or during the previous 12 months, when comparing children who had confirmed atopy with high BEC, atopy with low BEC, non-atopy with high BEC and non-atopy with low BEC (Figure 4). 

Discussion
Here we report that children with severe, recurrent PSW have a high OCS treatment burden, irrespective of their clinically reported atopy, objective atopic status and/or blood eosinophil count. Indeed, those with no clinical history of atopy, and those without objective evidence of eosinophilia or evidence of sensitisation when well, received just as many lifetime OCS courses for acute wheeze as atopic, eosinophilic children, suggesting that this treatment is currently being used indiscriminately in acute attacks, despite the likelihood that it will be ineffective in the first two groups14-16. There is no national guideline at present specifying need for OCS prescription during an acute PSW attack due to the lack of strong evidence, and acute treatment is mostly at the discretion of the local clinician. Decision making is often guided by severity of presentation and presence of atopic disease. 

An earlier meta-analysis showed that use of OCS did not have any impact on unscheduled healthcare visits or hospital admissions for PSW acute attacks 17. A more recent meta-analysis recommended that OCS should be considered in children with PSW who present acutely with moderate-to-severe symptoms as well as those with a previous wheeze attack, as these children showed a significant improvement in wheeze severity score (WSS) at 4 hours, and reduced length of hospitalisation by 3.9 hours, which is an outcome that is deemed important by parents 7, 18-20. However, even this meta-analysis concluded that there was no difference in other parameters such as the WSS at 12 hours, the need for another unscheduled healthcare visit (either to the GP or emergency department) for the same episode, the rate of re-hospitalisation, or the time to full recovery7. There was more benefit from OCS in those diagnosed with “asthma”, although this was not defined. Finally, although parents thought the reduced length of hospitalisation was important for an isolated attack, it is unclear whether they would still be comfortable if their child was prescribed the sort of prednisolone burden as is reported here.

Symptoms are a notoriously poor guide to pathology and cannot be used as a criterion to determine underlying disease phenotype 21. It is important to realise that previous wheeze attacks can only identify children who are either not currently on the right treatment, have poor treatment adherence or are treatment unresponsive and consequently have poor symptom control. Children with recurrent PSW are a heterogenous group, at least when they are assessed when well, in between acute episodes. This may account for the lack of conclusive evidence for the efficacy of OCS in the acute setting, as clinical trials usually classify all children presenting with a wheeze attack as a single group 22. A randomised, double-blind clinical trial - The Individualized Therapy for Asthma in Toddlers (INFANT) study has shown that only about 25% of preschool children show evidence of type-2 hyperresponsiveness (characterised by blood eosinophilia and evidence of aeroallergen sensitisation). In a post-hoc analysis, these were the children who showed the best responses to maintenance ICS5. In another study of lower airway sampling of children with recurrent severe wheeze who underwent bronchoscopy, fewer than 25% of preschool children with severe wheeze were atopic23. The other 75% were non-atopic, with neutrophilic airway inflammation and underlying bacterial and/or viral infection being found in up to 50% of severe wheezers23. 

There are challenges with the threshold used for normal BEC in children. Frequently, decisions such as the level of BEC at which is it reasonable to prescribe biologics, have been based on extrapolations from adult studies. In healthy children aged 6-10 years, normal ranges lie between 0.03-0.8 x 109/L in females and 0.03-0.6 x 109/L in males24. A small study looked at the longitudinal blood patterns in preschool children and demonstrated that children who go on to develop school aged asthma have higher median BEC at preschool age and BEC of ≥ 0.3x 109/L as a reasonable upper limit of normal in this age group25. BEC reduces with age, and reaches a new lower baseline during teenage years, which then remains unchanged into adulthood24. BEC can be influenced by other atopic diseases e.g. eczema, as well as helminth infections, and can also be raised by environmental exposures e.g. smoking24. It is therefore not specific to airway inflammation. 

The current BEC threshold of ≥0.3 x 109/L when well, has been used in many PSW studies, including the INFANT trial, as evidence of eosinophilia in this age group and to help guide prescription of maintenance inhaled steroids. The utility of BEC as a predictor for future PSW attack has been demonstrated in several studies and BEC of ≥0.3x 109/L in these children when well, has still been shown to have the best predictive value for a subsequent wheeze attack 11, 26-28. However, a better understanding of what happens to BEC in this age group during acute attacks is required 5, 29. Holden et al. demonstrated no significant difference in BEC between preschool children presenting with an acute wheeze attack and healthy controls. However, BEC in PSW was significantly higher when well, than during exacerbations in the 20 paired samples obtained30. Understanding how BEC and airway eosinophilia correlate also requires further investigation. One study has shown a correlation between raised BEC and lower airway eosinophilia in preschool children31, and this correlation was not seen in children with school aged asthma 32. 

We do not have data phenotyping acute attacks of PSW, but it is not unreasonable to hypothesise that, as with adults, there are phenotypic differences in preschool acute wheeze23. What is very clear from the data presented here is that attacks are being treated with OCS irrespective of evidence of TH2 inflammation. It could be argued that it is impractical to phenotype children with acute PSW in a busy emergency department. However, BEC is a point of care test requiring no more than a finger prick sample and it would be acceptable to refer a preschool child who has been sufficiently unwell to attend the ED for subsequent skin prick testing, via their GP. Point of care BEC can be successfully carried out in preschool children in the outpatient setting, with very good acceptance by parents and children, excellent feasibility and demonstrating good concordance to the gold-standard laboratory venous full blood count, allowing results to be obtained within minutes, to facilitate acute decision-making regarding systemic corticosteroids11, 33. 

Although OCS are well tolerated and may to some extent reduce the time the child spends in the emergency department or hospital admission, which are both important, it remains crucial to balance this against the deleterious effects of high numbers of courses of OCS at such a young age34, especially considering that these are difficult to quantify in this age group. This has been demonstrated by a meta-analysis of 85 studies of the use of systemic corticosteroids in respiratory conditions in preschool children, which showed that due to the varying doses and preparations used, they were unable to accurately quantify the effect of cumulative use of OCS in young children 35.  

The strength of the present study is that the preschool children with previous wheeze attacks had their phenotype characterised when well in between acute episodes, using simple bedside tests and objective biomarkers. However, its main limitation is that it is a single centre study carried out at a tertiary referral centre that receives referrals for children with difficult to control, frequent and severe PSW, who may therefore represent a skewed phenotype which may not be generalisable. We also acknowledge that atopy status and aeroallergen sensitisation can evolve at this age, and the classification limitation without FeNO measurements. Although offline FeNO measurements can be carried out in preschool children, we have yet to establish a cut-off that reflects airway eosinophilia, as this differs from traditional online FeNO measurements carried out in older children, which require breathing manoeuvres which are challenging for  preschool children to perform33. Other limitations of the study include POC BEC was taken at a single time point, and screening for parasite infection was not done.

Conclusion
In conclusion, we have shown that children with severe, recurrent preschool wheeze are being treated with large numbers of OCS courses despite limited evidence of efficacy from a recent meta-analysis. To remedy this situation there is an urgent need for trials which include phenotyping of acute attacks to guide OCS treatment, as has already been done in adults1. 
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