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METHODS: 

Trial Design and Participants 

A single centre, randomised, single-blind controlled trial comparing management of 

preschool wheeze determined by blood eosinophils or airway infection (intervention) to 

routine clinical care (control). Aeroallergen sensitisation was not included as a biomarker 

to determine management since the focus was to determine the role of blood eosinophils 

as a biomarker in this age group. The primary outcome was UHCV at 4 months. 

Randomisation was seasonal, between September and April each year for 3 consecutive 

seasons from 2015-2018. 

Inclusion criteria: 

 Age 1-5 years  

 Doctor diagnosed wheeze and confirmed using a validated video questionnaire13. 

 Moderate to severe wheeze - defined as requiring at least 2 admissions and/or 2 

short courses of oral steroids for an acute wheeze attack in the last 12 months with 

at least one admission and/or course of oral steroids in the last 6 months (Fig 1).  

Exclusion criteria: 

 Known cardiac disease 

 Other chronic respiratory condition (physician diagnosed) 

 Unsafe swallow 

 Prematurity <34 weeks 

 Positive pressure ventilation in the newborn period 

 Family not contactable by telephone (weekly telephone follow-up was part of the 

protocol). 

Wheezers were categorised according to European Respiratory Society criteria as having 

MTW or EVW3 at recruitment from parental symptom reports. Patients were recruited and 

randomised at The Royal Brompton Hospital, London, additional subjects were identified 

from 4 other paediatric clinics within the region, used as patient identification sites. Ethical 

approval was obtained from London-Hampstead National Research Ethics Committee 

(15/LO/0050). All patients’ legal guardians gave written informed consent to participate.  

 

Baseline research visit 
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A baseline research visit was undertaken prior to randomisation at least 2 weeks after the 

most recent wheeze attack (needing admission or oral steroids).  

i) Symptom questionnaires and clinical assessment 

Carers completed a clinical questionnaire which included details about symptom pattern to 

define clinical phenotype, EVW or MTW. Symptom control was assessed using the Test 

for Respiratory and Asthma Control in Kids (TRACK)14 and quality of life assessed using 

the Pediatric Asthma Caregiver’s Quality of Life Questionnaire (PACQLQ)15. Details about 

pregnancy, gestation, delivery, family demographics, past medical history including co-

morbidities and atopy, and current and previous medication use were collected (see online 

supplement for full questionnaire). An independent clinician assessed the child on the day 

of the visit and made a clinical management plan based on the history and examination. 

Only the research nurse was told the plan, which would be used if the children were 

randomised to the control arm. 

ii) Assessment of atopy 

Blood was collected for total IgE and specific IgE to aeroallergens (house dust mite, grass 

pollen, tree pollen, cat, dog, Aspergillus fumigatus) and food allergens (milk, egg, peanut). 

Atopy was defined as ≥1 positive specific IgE (≥0.35kU/L) to any allergen tested.  

iii) Airway infection 

An oropharyngeal swab was taken and sent for bacterial culture. Sputum induction was 

performed using 3.5% hypertonic saline as previously described16 and processed for 

bacterial culture and viral PCR (FTD Respiratory pathogens 21 multiplex kit; Fast Track 

Diagnostics Ltd, Malta).  

iv) Exhaled nitric oxide (FeNO) 

Exhaled nitric oxide was measured using the offline technique with a chemiluminescence 

analyser (Niox Mino, Aerocrine AB, Sweden)17. 

v) Cigarette and e-cigarette exposure 

Urine was analysed for cotinine levels to assess exposure to nicotine.  

Randomisation and Intervention 

Children underwent seasonal randomisation between September and April each year. For 

those in the intervention group, treatment was determined by blood eosinophils, or 

bacterial infection from oropharyngeal swab/induced sputum (Fig 1). Based on our 

previous data comparing blood and broncho-alveolar lavage eosinophils16, children with 

blood eosinophils ≥3% were prescribed beclomethasone dipropionate 200mcg twice daily 

to be taken via a metered dose inhaler and spacer for 4 months. Children with blood 

eosinophils <3% who were already prescribed regular ICS were asked to stop them for 4 
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months. Children with a positive bacterial culture result from oropharyngeal swab or 

sputum, but no blood eosinophilia, were treated with a 4 week course of antibiotics 

targeted to the organism identified. If these children were prescribed regular ICS, they 

were also stopped for 4 months. Children with both eosinophilia and bacterial infection 

were prescribed ICS for 4 months, and no antibiotics. The use of bronchodilators for acute 

symptoms, and previously prescribed leukotriene receptor antagonists continued during 

the intervention period in both study arms. All children were asked to stop prescribed ICS 

for 2 weeks prior to attending for the baseline visit when bloods and sputum samples were 

taken (Fig 1). In the control arm, children were treated as directed by their named 

paediatrician when they were assessed at the baseline visit. 

Parents/carers were not aware of their treatment group. All patients underwent similar 

investigations and were contacted 3-5 days after the research visit with treatment 

instructions. Throughout the 4-month follow-up, adherence to ICS was monitored by 

Smartinhaler® (Adherium Ltd, Auckland, New Zealand), a validated electronic device 

logging the date and time of each ICS actuation, in all children.  

 

Monitoring and Follow up 

All children were followed during the 4 month study period with one telephone contact 

every week to ask about attacks, any UHCV, the nature of these visits and to remind them 

to take the treatment. All parents/carers were sent an automated text message once daily 

asking if their child had symptoms in the last 24 hours, to which they responded yes/no. A 

follow-up visit was undertaken at the end of 4 months when TRACK and PACQLQ 

questionnaires were repeated.  

 

Sample size calculation and analysis plan 

A proof-of-concept study was undertaken to help define sample size and guide design for 

a future larger trial. Based on available published data, it was apparent that approximately 

five healthcare attendances occurred per child per year18. In the current study, we aimed 

to reduce the proportion of healthcare contacts by at least one-third per year. To achieve 

this with 80% power, and accepting statistical significance at the 5% level, we required a 

minimum of 36 evaluable patients with moderate wheeze per group. Evaluable patients 

were those from whom at least a blood sample to assess inflammation and an 

oropharyngeal swab to determine infection could be obtained prior to randomisation. 

Results are given as median (range) for scalable variables and proportions for the rest. 

Analysis used SPSS V27 (IBM Ltd. UK). Comparisons between groups or unmatched 
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comparisons within groups used the Mann Whitney U test or Chi squared tests. Matched 

comparisons used the Wilcoxon test. Detailed analysis of time to an unscheduled 

healthcare visit used Cox regression forward conditional testing (see online supplement). 

Questionnaire administered for each participant 
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Is your child atopic?                                                                    yes                      no 

 Medications 
 

 

Pre school respiratory disease: LCI and FENO 

Background 

Name    

 

 
 
 

 
Hospital number    

 

Referring Consultant (circle):  AB / CH / HLT / IBL / JD / LF / MRO / SC / SS / other 
 

DOB Date of assessment 
 
 

Age (decimal years) Sex (circle) male / female 
 
 

Ethnicity (circle)    Caucasian / Asian / Black / Chinese / Mixed Caucasian and Asian / Mixed Caucasian and Black / Other 
 

Diagnosis (tick all that apply) 

Pre school wheeze……………………………. 

Recurrent chest infections…………………… 

Persistent  cough……………………………… 

 
 

Upper airway problem / noisy breathing….... 

Bronchiectasis………………………………… 

Other     

Symptoms 

What is your child’s main symptom? (circle) wheeze / cough / other (specify)    
 

Which of the video clips, if any, represents your child’s symptoms? 0 1 2 3 4 

 
Wheeze 

Has your child ever wheezed? yes  no  If no go to next section 

How many episodes of wheeze has he / she ever had? 1 2 3 >3 

How many episodes in the past 6 months? 1 2 3 >3 

Has he / she ever been completely wheeze free? yes  no 

Does he / she only wheeze with colds? yes no 
 

Does he /she wheeze apart from colds? yes no 

If yes: 

Does the wheeze increase with a cold? yes no 
 

Does he / she wheeze most days? yes no 

Has he / she ever been completely wheeze free? yes no 

Has he / she ever been admitted to hospital with wheeze? yes no number of admissions 
 

Allergies 
 

Does your child have eczema (Dr diagnosed)? 

Does he / she have any treatment for this? 

If yes: what treatment? (circle) 

 
 

yes no 
 

yes no N/ A 

moisturiser / steroid cream / both 

yes no 
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Medication 

Name 

(circle) 
Ever 

prescribed 
Currently 

prescribed 
Current dose 

and frequency 
Age when 

started 

 
Reliever medication 

 

Salbutamol / 
terbutaline 

 
Yes / No 

 
Yes / No 

  

 
Inhaled steroid 1 

Budesonide / 
fluticasone / 
beclomethasone 

 
Yes / No 

 
Yes / No 

  

 
Inhaled steroid 2 

Budesonide / 
fluticasone / 
beclomethasone 

 
Yes / No 

 
Yes / No 

  

 

Long-acting beta 
agonist 

 

Salmeterol   
Yes / No 

 
Yes / No 

  

 

Leukotriene receptor 
antagonist 

 
Montelukast 

 
Yes / No 

 
Yes / No 

  

 
Combination inhaler 

 
Seretide 

 
Yes / No 

 
Yes / No 

  

 

 
Oral steroids 

 

 
Prednisolone 

 

 
Yes/ No 

Number of 
courses 

Date of last 
course 

 

  

 
Antibiotics 

 
Name 

 

Number of 
courses 

 

   

   

   

 

 
Does he / she respond to the reliever inhaler? 

 
yes 

 
no 

 
N /A 

 
Does he / she respond to the steroid inhaler? 

 
yes 

 
no 

 
N /A 

Does he / she respond to oral steroids? yes no N/A 

Inhaler technique (circle): satisfactory / unsatisfactory 

Details: 

 

 

 

Other medication 

Name Dose and frequency Age when started 
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Birth and Early Life History 

 

 Gestational age:  
  

 

 

      Smoking status (mother): 
 

Smoking status (father): 

 

 

 

                                            weeks 

 
 
never smoked / ex-smoker / current smoker / smoked during pregnancy 
 

never smoked / ex-smoker / current smoker / smoked during pregnancy



 

Current household smoking (circle all that apply): mother / father / both / other household member / none 
 

Urinary cotinine: 
 

 

Other relevant past medical history: 

 

 

Assessments 
 

 

Height                                  Centile                                                Weight                                 Centile 
 

Viral infection in past 2 weeks:                                                                                                    yes / no / possibly 
 

High dose systemic CS in past 2 weeks:                                                                                   yes / no 
 

Visit to GP because of respiratory symptoms in past 2 weeks:                                      yes / no 

Hospital attendance / admission because of respiratory symptoms in past 2 weeks:      yes / no 

Fever in the past 2 weeks:                                                                                                          yes / no 

High dose systemic CS in past 2 months:                                                                                  yes / no 
 

Visit to GP because of respiratory symptoms in past 2 months: yes / no 

Hospital attendance / admission because of respiratory symptoms in past 2 months: yes / no 

 

 

 

Exhaled Nitric Oxide 
 

FENO measured:                  yes / unable to do / not attempted 
 

FENO, ppb 1 2 3 Mean 

     
 

 

 

 



 

 

Paediatric Asthma Caregivers Quality of Life Questionnaire: PACQLQ (© E Juniper) 

 

This questionnaire is designed to find out how you have been during the last week. We want to know the ways in 
which your child’s asthma has interfered with your normal activities and how this has made you feel. Please 
answer each question by placing a tick in the appropriate box. 

 

 1 2 3 4 5 6 7 

 
During the past week, how often: 

 
All of the 

time 

 
Most of 
the time 

 
Quite 
often 

 
Some of 
the time 

 
Once in a 

while 

 
Hardly any 
of the time 

 
None of 
the time 

 
1 

Did you feel helpless or frightened when 
your child experienced cough, wheeze or 
breathlessness? 

       

 
2 

Did your family need to change plans 
because of your child’s asthma? 

       

 
3 

Did you feel frustrated or stressed 
because your child was irritable due to 
asthma? 

       

 
4 

Did your child’s asthma interfere with 
your job or work around the house? 

       

 
5 

Did you feel upset because of your 
child’s cough, wheeze or 
breathlessness? 

       

 
6 

Did you have sleepless nights because 
of your child’s asthma? 

       

 
7 

Were you bothered because your child’s 
asthma interfered with family 
relationships? 

       

 
8 

Were you awakened during the night 
because of your child’s asthma? 

       

 
9 

Did you feel sad that your child has 
asthma? 

       

 

During the past week how worried or 
concerned were you: 

Extremely 
worried / 

concerned 

Very 
worried / 

concerned 

Fairly 
worried / 

concerned 

Somewhat 
worried / 

concerned 

A little 
worried / 

concerned 

Hardly 
worried/ 

concerned 

Not 
worried / 

concerned 
 

10 
About your child’s performance of normal 
daily activities? 

       

 
11 

About your child’s asthma medications 
and side effects? 

       

 
12 

About being over-protective of your 
child? 

       

 
13 

About your child being able to lead a 
normal life? 

       

 

PACQLQ: 

 

Emotional function: (1+3+5+7+9+10+11+12+13)/9 

Activity limitation: (2+4+6+8)/4 

Total score: (total emotional +total activity)/13 
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TRACK Test for Respiratory and Asthma Control in Kids 1 

For kids under 5 years of age 2 

How to take TRACK 3 

Step 1: Make a check mark in the box below each of your selected answers. 4 

Step 2: Write the number of your answer in the score box provided to the right of each question. 5 

Step 3: Add up the numbers in the individual score boxes to obtain your child`s total score. 6 

Step 4: Take the test to your child`s healthcare provider to talk about your child`s total TRACK score. 7 

                                                                                                                                                                            8 

 1 During the past 4 weeks, how often was your child bothered by breathing problems, such as wheezing, 9 
coughing, or shortness of breath?                                                                           10 

Not at all        Once or twice        Once every week        2 or 3 times a week       4 or more times a week         11 

                                                                       12 

  20                          15                                 10                                         5                                   0                                                          13 

2 During the past 4 weeks, how often did your child`s breathing problems (wheezing, coughing, shortness 14 
of breath) wake him or her up at night? 15 

Not at all        Once or twice        Once every week        2 or 3 times a week       4 or more times a week         16 

                                                                                                    17 

  20                          15                                 10                                         5                                   0                                                          18 

3 During the past 4 weeks, to what extent did your child`s breathing problems, such as wheezing, coughing, 19 
or shortness of breath, interfere with his or her ability to play, go to school, or engage in usual activities 20 
that a child should be doing at his or her age? 21 

Not at all            Slightly                      Moderately                        Quite a lot                    Extremely         22 

                                                                                                                                                               23 

     20                          15                                 10                                         5                                   0          24 

4 During the past 3 months, how often did you need to treat your child`s breathing problems (wheezing, 25 
coughing, shortness of breath) with quick relief medications ( salbutamol, Ventolin)? 26 

Not at all        Once or twice        Once every week        2 or 3 times a week       4 or more times a week        27 

                                                                                                                                                                                      28 

  20                          15                                 10                                         5                                   0 29 
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5 During the past 12 months, how often did your child need to take oral corticosteroids (prednisone, 30 
prednisolone) for breathing problems not controlled by other medications? 31 

Never                  Once                          Twice                                  3 times                  4 or more times       32 

                                                                                                                                                                                                                                                                                 33 

   20                          15                                 10                                         5                                   0 34 

Total  35 

 36 

 37 

 38 

 39 

 40 

 41 

 42 

 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 
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RESULTS: 59 

Patient Demographics 60 

The number of children approached and eligible and those that agreed to take part are 61 

shown in Figure 2. The total number of children randomised over 3 seasons was 60, 30 62 

children in each group. Demographic characteristics are summarised in Table 1. The 63 

median number of acute admissions ever per child at baseline was 5 (range 0-30). Not all 64 

children had previously been hospitalised since inclusion criteria were admissions and/or 65 

courses of oral corticosteroids. 36/60 (60%) children had >3 wheeze attacks in the 66 

previous 6 months. 51/60 (85%), had been prescribed maintenance ICS at baseline, while 67 

only 21/60 (35%) had a clinical wheeze phenotype of MTW.  68 

 69 

Blood eosinophils, atopy and clinical wheeze phenotype at baseline (Table 1) 70 

At baseline median blood eosinophils for all children was 0.5 (range 0-2.3)x109/L and 71 

27/60 (45%) children were atopic. Atopic children had significantly higher blood 72 

eosinophils than non-atopic children (Non-atopic 0.3 (0 to 1.1)x109/L vs Atopic 0.7 (0.91 to 73 

2.3)x109/L, p=0.005). Total IgE in atopic children vs non-atopic children was median 235 74 

(18 to 6160)IU/ml vs 16 (0.2 to 511)IU/ml, p<0.001. Blood eosinophils were similar in EVW 75 

(median 0.5 [range 0 to 2.3]x109/L, or 6% [0 to 21%]), and in MTW (median 0.4 [range 0.1 76 

to 1.7]x109/L or 5% [1 to 13%], p=0.8. 19/39 (49%) children with EVW and 8/21 (38%) 77 

children with MTW were atopic. 78 

 79 

Blood eosinophils, clinical wheeze phenotype and prescription of ICS in control vs 80 

intervention groups 81 

21/30 (70%) children in control group and 20/30 (67%) in the intervention group were 82 

prescribed ICS. 10/18 (56%) children with EVW, and 11/12 (92%) with MTW were 83 

prescribed ICS in the control group. Blood eosinophils were similar in the children who 84 

were or were not prescribed ICS in the control group (prescribed ICS 0.55 (range 0.2 to 85 

1.7) x109/L vs not prescribed ICS 0.30 (range 0.20 to 0.90) x109/L, p=0.07). In the 86 

intervention group, 17/21 (81%) with EVW and 3/9 (33%) with MTW were prescribed ICS. 87 

We did not use atopy to decide management, but the number of atopic children in the 88 

intervention group that were prescribed ICS was 12/30 (40%) and the number of atopic 89 

children prescribed ICS in the control group was 10/30 (33%), p=0.8. 90 

 91 

 92 
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Infection in sputum or oropharyngeal swab at baseline 93 

All children had an oropharyngeal swab at baseline, 8/60 had a positive bacterial culture. 94 

Induced sputum was performed in 17/60 children, a sample was obtained from 13/17. The 95 

main reason sputum was not performed was parental refusal. 6/13 had a positive sputum 96 

culture, and all those had negative oropharyngeal swabs. The bacteria cultured from 97 

positive sputum and oropharyngeal swabs from 14 children are listed in Supp Table 1. 98 

Four children with a positive sputum were in the intervention group. 1 patient with high 99 

blood eosinophils (7%) and a positive sputum was prescribed ICS. 100 

Primary outcome – impact on unscheduled healthcare visits  101 

A similar number of children in the control group (15/30) and in the intervention group 102 

(16/30) had an UHCV (p=0.8), 31 subjects in total. 12/31 had a single UHCV, 13 had 2, 4 103 

had 3 visits and 2 had 4. Of children that had an UHCV, 19/31 (61%) were atopic, 22/29 104 

(76%) had a raised eosinophil count, 19/31 (61%) were prescribed ICS and 18/31 (58%) 105 

were EVW. None of the above were significantly different from those without a UHCV. At 106 

the UHCVs, 14 courses of oral steroids were prescribed in 9 subjects in the control group 107 

and 13 courses in 10 subjects in the intervention group (p=0.7). Scoring for severity of 108 

UHCV (admission>emergency room visit>primary care visit) showed no differences. For 109 

those 31 destined to have an UHCV, the time to first UHCV was 47 (range 0 to 103) days 110 

in the control group and 38 (range 1 to 109) days in the intervention group (p=0.6) with no 111 

effect of atopy status, ICS use, whether EVW or MTW or eosinophil count. UHCV were 112 

compared in children that met INFANT trial11 criteria (atopic AND blood eosinophils 113 

>0.3x109/L) and were prescribed ICS vs the rest of the children. Number of UHCV was 114 

similar in atopic children with elevated blood eosinophils prescribed ICS and the remainder 115 

of the children prescribed ICS (Supp Tables 2&3). Table 2 shows the relationships 116 

between clinical phenotype, blood eosinophils, atopic status, prescription of ICS and 117 

UHVC, regardless of randomisation group. There were no differences in UHCV or 118 

prospectively recorded symptoms by text message when assessed by any of these 119 

biomarkers. 120 

Secondary outcomes 121 

Secondary outcomes, including symptom score (TRACK), PACQLQ, FeNO were similar in 122 

control and intervention groups at 4 months (Table 3). The number of parents/carers that 123 

responded to daily text messages asking about symptoms was 29/30 (97%) in the control 124 

group and 28/30 (93%) in the intervention group. Of those that responded, the median 125 

number of days with symptoms was 13 (range 0 to 65) in the control group and 12 (range 126 
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0 to 56) in the intervention group. An electronic monitoring device (EMD) to assess 127 

adherence to prescribed ICS was given to all children regardless of experimental group. 128 

Only 20/60 children returned the EMD at 4 months, 10 in each group. Median adherence 129 

to ICS over the 4 months was similar in both control and intervention groups, control: 67% 130 

(range 0 to 87%), intervention: 65% (range 0 to 91%) (Table 3). 131 

 132 

 133 

 134 

 135 

 136 

 137 

 138 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 
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Supp Table 1. Bacterial organisms cultured from induced sputum and oropharyngeal swabs from 153 

14/60 children  154 

Subject number Organisms cultured 
1 Moraxella catarrhalis 
2 Staphylococcus aureus 
3 Beta-haemolytic strep, Staphylococcus aureus 
4 Pseudomonas aeruginosa 
5 Staphylococcus aureus 
6 Pseudomonas aeruginosa 
7 Staphylococcus aureus 
8 Staphylococcus aureus 
9 Pseudomonas aeruginosa 
10 Staphylococcus aureus 
11 Staph aureus, Haemophilus influenzae 
12 Moraxella catarrhalis 
13 Haemophilus influenzae 
14 Haemophilus influenzae 
 155 

 156 

 157 

 158 

Supp Table 2. Relationship between blood eosinophils, atopic status, and UHCV in all children  159 

UHCV Non-atopic and blood 
eosinophils 
<0.3x109/ml 

Atopic and blood 
eosinophils 
>0.3x109/ml 

Total 

No 15 14 29 

Yes 21 10 31 

Total 36 24 60 

    

No significant difference in number of UHCV in atopic children with high blood eosinophils compared to 160 

non-atopic with normal blood eosinophils. UHCV: unscheduled healthcare visit. 161 

 162 

 163 



18 
 

Supp Table 3. Relationship between blood eosinophils, atopic status, and UHCV ONLY in children 164 

prescribed ICS  165 

UHCV Non-atopic and blood 
eosinophils 
<0.3x109/ml 

Atopic and blood 
eosinophils 
>0.3x109/ml 

Total 

No 11 10 21 

Yes 11 9 20 

Total 22 19 41 

 166 

 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 
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