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ABSTRACT
Objectives To characterise the quality of life, healthcare 

use and costs associated with early antibiotic treatment of 

influenza- like illness (ILI) in ‘at- risk’ children.

Design Economic analysis of a two- arm double- blind 

parallel group pragmatic randomised controlled trial.

Setting Children were recruited from community- based 

healthcare settings, including general practices, walk- in 

centres and hospital ambulatory care.

Participants Children with risk factors for influenza- 

related complications, including respiratory, cardiac and 

neurological conditions, who presented within the first 

5 days of an ILI.

Interventions Co- amoxiclav 400/57 suspension or 

placebo.

Outcome measures This economic analysis focused 

on quality of life measured by the EQ- 5D- Y, symptoms 

assessed by the Canadian Acute Respiratory Infection and 

Flu Scale (CARIFS), healthcare use and costs including 

medication, hospital visits and admissions, general 

practitioner and nurse contacts. Outcomes were assessed 

for up to 28 days post randomisation.

Results Information on resource use, EQ- 5D- Y (day 

28) and CARIFS (day 7) was available for 265 (98%), 

72 (27%) and 123 (45%) out of 271 participants, 

respectively. Average costs in the co- amoxiclav group 

were £25 lower (95% CI −£113 to £65), but this 

difference was not statistically significant (p=0.566). The 

difference in EQ- 5D- Y scores between groups was also 

not statistically significant (−0.014 (95% CI −0.124 to 

0.096), p=0.798). However, day 7 CARIFS scores were 

3.5 points lower in the co- amoxiclav arm (95% CI −6.9 to 

−0.1, p=0.044).

Conclusions Our findings did not show evidence that 

early co- amoxiclav treatment improves quality of life or 

reduces healthcare use and costs in ‘at- risk’ children with 

ILI, but may reduce symptom severity though confirmation 

from further research would be important. Reliable data 

collection from children’s parents/carers was challenging, 

and resulted in high levels of missing data, which is 

common in pragmatic trials involving children with acute 

respiratory tract infections.

Trial registration number ISRCTN70714783; EudraCT 

2013- 002822- 21.

BACKGROUND

The clinical results of the ‘Early use of Anti-
biotics for at Risk CHildren with InfluEnza- 
like illness’ (ARCHIE) trial were recently 
published.1 This randomised controlled trial 
(RCT) aimed to assess uncertainty in the 
treatment of influenza- like illness (ILI) in 
‘at- risk’ children, that is, children with pre- 
existing conditions such as asthma, diabetes 
mellitus and cerebral palsy.

Strengths and limitations of this study

 ► This study aimed to describe quality of life, health-

care use and costs in children with influenza- like 

illness (ILI) and known risk factors for complications.

 ► The study used pragmatic inclusion criteria, recruit-

ing children with ILI, which reflects current clinical 

practice but cannot reliably distinguish between in-

fluenza infection and ILI due to other infections.

 ► Subgroup analyses examined differential costs 

between children with and without laboratory- 

confirmed influenza.

 ► Reviews of medical records provided robust infor-

mation on healthcare use with negligible levels of 

missing data.

 ► Given the nature of the participant group, proxy- 

reported completion of instruments and question-

naires was required to inform the quality of life, 

healthcare use and costs, however, this was subject 

to high levels of missing data, making a formal cost- 

effectiveness analysis impossible to undertake.
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The RCT compared early treatment with oral co- amox-
iclav against placebo, and used proportion of children 
reconsulting due to clinical deterioration within 28 days 
of randomisation as the primary outcome measure.

Full details of the trial are published elsewhere.1 2 The 
primary intention- to- treat analysis did not show a statis-
tically significant difference between the co- amoxiclav 
and placebo groups, as measured by the proportion of 
children reconsulting due to clinical deterioration within 
28 days. A reconsultation rate of 24.8% was observed in 
the co- amoxiclav arm, and 21.2% in the placebo arm 
(adjusted risk ratio 1.16 (95% CI 0.75 to 1.80). An explor-
atory analysis in the subgroup with laboratory- confirmed 
influenza showed that a lower proportion of children in 
the co- amoxiclav group reconsulted due to clinical dete-
rioration, although this subgroup did not have sufficient 
power to demonstrate whether this difference was statis-
tically significant.

The trial also investigated health- related quality of life 
(HRQoL), healthcare use and cost associated with the 
early co- amoxiclav use in ‘at- risk’ children. This research 
is important due to the absence of QoL and healthcare 
use data associated with early antibiotic use associated 
with influenza or ILI in this important patient popula-
tion. Our literature review for our pre- trial modelling 
work demonstrated a lack of observational data in these 
‘at- risk’ children, and we were unable to identify any clin-
ical trials in this paediatric cohort.3–5 Previous UK based 
cost- effectiveness models of antivirals for treatment of 
influenza in children used adult utility values based on 
derived values from adults treated with oseltamivir.6 7 An 
alternative source of child- specific proxy EQ- 5D data was 
from a trial of corticosteroids for otitis media.8

METHODS

Design and planned analyses for the ARCHIE trial, 
including the health economic analysis, are described 
in the published protocol.2 Specific analyses of the QoL, 
healthcare use and cost data are described below. Data 
were collected for a UK- based National Health Service 
(NHS) perspective, with additional data collected to 
provide a wider societal perspective. The time horizon of 
this study is 28 days.

Study population

The ARCHIE trial recruited 271 children at increased 
risk of influenza- related clinical deterioration or compli-
cations. Recruited children were between the ages of 
6 months to 12 years and within the first 5 days of an ILI. 
In the remit of this pragmatic trial, ILI was defined as the 
presence of both cough and fever, whereby fever could 
either be child- reported, parent- reported or tempera-
ture >37.8°C (axillary or tympanic temperature measure-
ment). ‘At- risk’ was based on healthcare professionals’ 
clinical judgement and included children with pre- 
existing conditions such as asthma, diabetes mellitus and 
cerebral palsy. Children were ineligible if they had known 

contraindications to co- amoxiclav, required immediate 
antibiotics based on clinical judgement, required imme-
diate hospital admission for an influenza- related compli-
cation (clinical judgement), or had been observed on a 
hospital ward or ambulatory care unit for longer than 24 
hours. Full details of all inclusion and exclusion criteria 
are given in the trial protocol.9

Participants were recruited from general practices, 
walk- in centres and hospitals in the UK with a view to 
making healthcare decisions in the NHS and other 
healthcare settings.

The planned sample size for the trial was 650, based on 
an absolute risk reduction in reconsultations due to clin-
ical deterioration of 14% (reduction from 40% to 26%), 
using 90% power, a two- sided 5% significance level, an 
inflation factor of 1.041, and up to 25% loss to follow- up. 
The full sample size was not reached, and recruitment 
was closed after 271 children had been randomised.

Children were randomised 1:1 to either co- amoxiclav 
400/57 (amoxicillin 400 mg as trihydrate and clavulanic 
acid 57 mg as potassium salt/5 mL when reconstituted 
with water) or a matching placebo, to be taken orally 
twice daily for 5 days. Co- amoxiclav was used due to its 
susceptibility in treating lower respiratory tract bacterial 
isolates associated with influenza in primary care,10 and 
is stockpiled by the UK government for use in influenza 
pandemics; a matching placebo was chosen to obtain 
unbiased results for treatment effects.1

Quality of life

QoL was measured using the EuroQoL 5- Dimension 
3- Level (EQ- 5D 3- L) youth version (EQ- 5D- Y), which was 
confirmed in pre- trial focus groups as most applicable in 
this patient population, compared with other question-
naires (ie, Child Health Utility- 9D).11 The EQ- 5D- Y was 
collected at baseline, days 4, 7, 14 and 28. For all chil-
dren, parents or carers (ie, proxies) completed the data 
on the children’s behalf. Data were also collected from 
the participants directly, where appropriate. No restric-
tions on which children should complete the EQ- 5D- Y 
themselves were included in the protocol. This was due to 
some of the participants having complex needs and there-
fore being unable to complete questionnaires regardless 
of their age. Equally, severe illness may have prevented 
some children who would usually be able to complete the 
data from doing so at some trial follow- up time points. 
Whether or not children were asked to complete ques-
tionnaires was left to their proxy’s discretion.

The EQ- 5D- Y consists of five questions covering 
mobility, self- care, usual activities, pain/ discomfort, and 
anxiety/ depression. Each question has three response 
levels; ‘no’, ‘some’, ‘a lot’. As the scoring for the youth- 
version had not been published at the time of the analysis 
of this study,11 12 the responses to the five questions were 
converted into utilities using the EQ- 5D- 3L algorithm for 
the UK value set,13–15 ranging from −0.594 to 1, where 1 
indicates perfect health.

L
ib

ra
ry

. P
ro

te
c
te

d
 b

y
 c

o
p
y
rig

h
t.

 o
n

 M
a

y
 6

, 2
0
2

2
 a

t R
o

y
a
l H

a
lla

m
s
h
ire

 H
o
s
p

ita
l H

e
a
lth

 S
c
ie

n
c
e

s
h
ttp

://b
m

jo
p
e
n
.b

m
j.c

o
m

/
B

M
J
 O

p
e

n
: firs

t p
u

b
lis

h
e

d
 a

s
 1

0
.1

1
3

6
/b

m
jo

p
e

n
-2

0
2

1
-0

4
9

3
7

3
 o

n
 1

5
 A

p
ril 2

0
2
2
. D

o
w

n
lo

a
d
e
d
 fro

m
 



3Rombach I, et al. BMJ Open 2022;12:e049373. doi:10.1136/bmjopen-2021-049373

Open access

The health state utilities calculated from the responses 
to EQ- 5D- Y were used to estimate mean quality- adjusted 
life years (QALYs) rated on behalf of the child and by the 
child for both trial arms at 28 days. This was done using 
an area under the curve approach, whereby utilities were 
assumed to change linearly between each follow- up time 
point, weighted by the time periods the questionnaires 
were administered, that is, days 0 (baseline), 4, 7, 14 and 
28. QALYs were generated only for participants who had 
EQ- 5D- Y data available at baseline and all follow- up time 
points to 28 days.

Canadian Acute Respiratory Infection and Flu Scale

The Canadian Acute Respiratory Infection and Flu Scale 
(CARIFS)16 consists of 18 questions covering 3 domains, 
that is, symptoms, function and parental impact. The 
questions have 4- point ordinal scale, from no problems 
to major problems, scored 0 to 3. A total score ranging 
from 0 (best possible health) to 54 (worst possible health) 
is calculated by adding up all 18 items. Missing data in 
the three questions about headache, sore throat, muscle 
aches or pains were handled by mean imputation, in line 
with the scoring instructions.16 The CARIFS was collected 
at baseline and 1 week.

Healthcare use

Proxy- reported healthcare use was collected in the study 
diaries with regards to medication use, hospital visits and 
admissions, general practitioner (GP) and nurse contacts. 
Information on the number of days children were unable 
to attend school or nursery, and subsequent changes to 
childcare requirements were also collected. These data 
were collected in weekly diaries on days 7, 14, 21 and 
28, requiring recall of healthcare resource use over the 
previous week.

A medical notes review was conducted to obtain clin-
ical data for the primary outcome (reconsultation due 
to clinical deterioration), medication prescriptions and/
or further investigations, and hospitalisations or deaths 
within 28 days of randomisation. The number of recon-
sultations, antibiotics and other drugs given, chest X- rays 
and other investigations performed were included in this 
review and were used in the estimation of healthcare use.

For the purposes of this analysis, only reconsultations 
due to clinical deterioration considered as related to the 
initial illness episode for which the child was randomised 
were included, in line with the primary endpoint of the 
trial. Reconsultations had to take place within 28 days 
from randomisation and in relation to worsening symp-
toms, new symptoms or complications for which the child 
required medication, investigation or referral to hospital.

Referrals to hospital or emergency departments for 
acute admission were recorded from the medical notes 
review including information on hospital inpatient admis-
sions, medications and investigations undertaken.

The study’s clinical lead reviewed all hospital admis-
sions, and distinguished between those considered to be 
related to the illness episode the child was randomised 

for, and those not related. They also reviewed all medi-
cation recorded. Medications deemed unrelated to the 
illness for which the child was recruited into the trial were 
identified and excluded from this analysis.

Information on healthcare use was restricted to the 
information obtained via the medical notes review. Infor-
mation from the carer- completed diaries was consid-
ered insufficient for inclusion in this analysis (details 
on data availability for the self- reported questionnaires 
are provided in the results section for information). 
Serious adverse events as reported by the recruiting sites 
were reviewed to ensure all relevant healthcare use was 
captured through the medical notes review.

Unit costs

Costs were for the UK NHS perspective.
Participating children were recruited from GP prac-

tices and hospital- based ambulatory assessment units. 
Unit costs for GP practice visits or reconsultations with 
a GP were obtained from the Personal Social Services 
Research Unit (PSSRU) Unit Costs of Health and Social 
Care compendium for 2017/2018.17 Unit costs for all 
other health service contacts were derived from the 
NHS National Schedule of Reference Costs 2017–2018,18 
including reconsultations for participants recruited in 
paediatric ambulatory assessment units, which were 
costed as a visit to a paediatric ambulatory assessment 
unit.

Investigations, including blood tests, nasal aspirate 
and throat swabs were costed based on information on 
Directly Accessed Pathology Services in the NHS National 
Schedule of Reference Costs 2017–2018.18 Costs of urine 
tests were based on information published by Fenwick et 
al.19

Antibiotics and other prescription drug costs were 
based on the British National Formulary (BNF for chil-
dren) and UK tariff costs,20 assuming the minimum value 
reported. Where possible, unit costs were applied based 
on the dose reported, or a median dose if no dose was 
reported; cost for inhalers and eye/nose drops were 
based on the minimum unit sold.

Information on the unit costs included in this trial is 
presented in online supplemental file 1.

Due to the 28- day time horizon, no discounting was 
used.

Analysis

Within-trial analysis

Summaries were generated on an as randomised basis, 
with participants analysed within their randomised groups 
regardless of compliance with their allocated interven-
tions. All available data were used, only participants 
whose parents or carers withdrew consent for extraction 
of data from their children’s medical record, or where 
access to medical notes was not possible for other reasons 
were excluded from the summaries. No imputations were 
performed for missing data.
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Data availability was summarised for the EQ- 5D- Y 
(completed by the child, and on their behalf (proxy)), 
CARIFS, availability of daily activity and childcare ques-
tionnaire, and availability of health service contact 
(proxy- reported).

EQ- 5D- Y, QALYs and CARIFS data were summarised 
descriptively by data collection time point. Healthcare use 
was summarised using number of events and frequencies 
to indicate how often participants had used each service. 
Mean number of contacts with different health services 
were also calculated. Costs incurred for the different 
health service contacts were calculated by applying the 
unit costs, described in online supplemental file 1. Infor-
mation on the number of days children were unable 
to attend school or nursery, and subsequent changes 
to childcare requirements reported during each of the 
follow- up weeks were also summarised.

Differences between trial arms were estimated using 
linear regression models, adjusted for the minimisation 
factors; age (used as continuous variable) and seasonal 
influenza vaccination status. Clustering by the recruiting 
site (ie, the GP practices or hospital ambulatory units at 
which participants were randomised) was accounted for 
using the ‘cluster’ option in Stata’s ‘regress’ command 
and robust standard errors were generated.

Additional analyses and sensitivity analyses

Subgroup analyses explored if treatment effects varied 
depending on whether the children’s illness at baseline 
was laboratory- confirmed to be influenza, by adding 
an interaction term between treatment allocation and 
laboratory- confirmed influenza at baseline to the above 
described analysis model. Subgroup analyses were 
performed for the total costs incurred over the trial 
follow- up period, and separately for the costs incurred 
through medication use, and the costs related to recon-
sultations, hospital admissions and referrals. Results from 
this investigation were presented as forest plots. As this 
analysis was exploratory, no p values were displayed.

Sensitivity analysis examined the effect of including 
costs associated with hospitalisations unrelated to the 
illness episode for which the child was recruited to 
ARCHIE.

Extrapolation of findings to national scale

The costs were extrapolated to estimate the impact of 
either intervention on a national scale. The number of 
children within the relevant age category in the UK were 
estimated from information for 2018 from the Office for 
National Statistics.21 The number of GP consultations 
during 2018/2019 was estimated from the ‘Surveillance 
of influenza and other respiratory viruses in the UK’.22 
Finally, the proportions of children who consult with GPs 
for ILI who correspond to the ARCHIE trial population 
were estimated from the current literature.9

From these figures, the total number of ‘at- risk’ chil-
dren likely to consult a GP with ILI was estimated for the 
UK. This figure was combined with the estimations of 

cost differences between the co- amoxiclav and placebo 
groups, to estimate the likely monetary impact of the 
co- amoxiclav intervention on a national scale.

Patient and public involvement

The research team conducted consultations with parents 
of ‘at- risk’ children and young people from the National 
Institute for Health Research Generation R Young Person’s 
Advisory Group to inform the design and conduct of the 
ARCHIE programme. The ARCHIE Programme Steering 
Committee also included a patient representative.

RESULTS

Data availability

In total, 271 children were randomised into the trial, 136 
to co- amoxiclav, 135 to placebo. Details of the study popu-
lation characteristics are provided in table 1. Six children 
were excluded. Of these, five children were withdrawn 
from the trial and all follow- up, and medical notes of one 
child could not be accessed. As such, 265 children were 
included in the analysis (133 randomised to co- amoxiclav, 
132 to placebo). All 265 children received their allocated 
intervention, and there were no cross- overs between the 
treatment arms. Data on healthcare resource use based 
on note reviews were available for all 265 children.

Proxy- completed EQ- 5D- Y data were available for 75% 
(204/271) of children at baseline, and 27% (72/271) 
at 28 days. Self- completed EQ- 5D- Y data were available 
for 23% (61/271) at baseline, and 10% (27/271) at 28 
days. CARIFS data were completed for 72% (196/271) 
of children at baseline and 45% (123/271) at day 7. 
Proxy- reported data for daily activity and childcare ques-
tionnaire, and the health service contact questions were 
available for 54% (146/271) at baseline, and less than 
35% at 28 days respectively (92/271 daily activity and 
childcare questionnaires and 87/271 healthcare use ques-
tionnaires were received). Table 2 shows this information 
by treatment arm, and for all follow- up points. Additional 
information on data availability, including by age group, 
and EQ- 5D- Y missing data pattern over time are available 
in online supplemental file 2.

QoL and healthcare use

Data for the EQ- 5D- Y, QALYs and CARIFS are shown in 
table 3. There were no statistically significant differences 
between the treatment arms for the EQ- 5D- Y and QALYs. 
The EQ- 5D VAS completed on behalf of the children was 
statistically significantly higher, indicating higher QoL, in 
the co- amoxiclav arm at 7 days postrandomisation only. 
The CARIFS score was significantly lower in the co- amoxi-
clav arm, indicating lower severity of respiratory symptoms 
in those children. Reponses to the individual EQ- 5D- Y 
and CARIFS items, for the whole cohort and split by age 
group, are presented in online supplemental file 3.

Details of healthcare use for related reconsultations due 
to clinical deterioration, and hospital admissions related 
to the illness episode for which the child was randomised 
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into ARCHIE are shown in table 4. Overall, 23% of chil-
dren (61/265) had at least one reconsultation due to 
clinical deterioration, and hospital admissions related to 
the illness episode for which the child was randomised 
into ARCHIE were reported for 5% of children (12/265). 
Additional information on all hospital admissions and 
average healthcare use, as typically presented in cost- 
effectiveness analyses, are shown in online supplemental 
file 4. Resource use was similar between the treatment 
arms.

Costs per participant associated with related recon-
sultations and hospital admissions are shown in table 5. 
Average total costs over 28- day follow- up period were esti-
mated as £82 (SD 481) in the co- amoxiclav arm, and £117 
(SD 540) in the placebo arm. The medians and IQRs of 
zero for most costing items reflect the fact that 75% of 
the participants did not use the relevant resources and 
hence did not incur corresponding costs. There were no 
statistically significant differences in total costs, or any 
of the cost- components, between the treatment groups. 
Hospital stays appear to be the main cost drivers.

Information on the number of days children were 
unable to attend school or nursery, and subsequent 
changes to childcare requirements are summarised in 
online supplemental file 5. There were no statistically 
significant differences between the groups.

Subgroup analysis

Figure 1 shows the difference in costs between the treat-
ment arms by whether or not influenza was confirmed 

through nasal swabs taken at baseline. Two hundred and 
sixty- two children for whom the results of nasal swabs 
were available are included in these summaries. Of these, 
21 participants in the co- amoxiclav group (15%), and 16 
participants in the placebo group (12%) had laboratory- 
confirmed influenza. There was a trend towards lower 
costs in the co- amoxiclav arm for children with laboratory- 
confirmed influenza, though these differences were not 
statistically significant.

Extrapolation of findings to national scale

According to the Office for National Statistics, in mid- 
2018,21 there were approximately 9.7 million children 
aged 6 months to 12 years in the UK. Information from 
the ‘Surveillance of influenza and other respiratory 
viruses in the UK’ indicates that maximum weekly rates 
of GP consultations for ILI in 2018/2019 were around 21 
per 100 000 for children aged <1 years, 25 per 100 000 for 
children aged 1–4 years and 19 per 100 000 for children 
aged 5–14.22

We assume approximately 21 per 100 000 GP consul-
tations were for influenza- like symptoms over an 8 week 
period in children. Weekly GP consultations for the 
remaining 44 weeks of the year were assumed to be 5 per 
100 000.

Finally, Lee et al
9 estimate that 15.3% of children with 

influenza like symptoms suffer from at least one of the 
underlying conditions that were used to classify children 
as ‘at- risk’, and hence eligible for the ARCHIE trial.

Table 1 Characteristics of the study population

Co- amoxiclav (N=136) Placebo (N=135) Total (N=271)

Age in months* 40.8 (19.4, 85.6) 36.4 (20.9, 70.8) 39.3 (20.2, 78.2)

Female† 53 (39%) 55 (41%) 108 (40%)

At least one acute consultation in the 12 month period 

before entering the study†

123 (90%) 119 (88%) 242 (89%)

Antibiotics prescribed in preceding 3 months† 33 (23%) 25 (19%) 58 (21%)

‘At- risk’ category (not mutually exclusive)†

  Respiratory 99 (73%) 99 (73%) 198 (73%)

  Neurological 6 (4%) 9 (7%) 15 (6%)

  Cardiac 12 (9%) 4 (3%) 16 (6%)

  Renal 3 (2%) 0 (0%) 3 (1%)

  Immunodeficiency 1 (1%) 0 (0%) 1 (0%)

  Genetic 9 (7%) 9 (7%) 18 (7%)

  Metabolic 1 (1%) 5 (4%) 6 (2%)

  Premature birth 13 (10%) 15 (11%) 28 (10%)

  Previous recurrent or serious respiratory problems 6 (4%) 8 (6%) 14 (5%)

  Other (allergies, Hx astro astana) 3 (2%) 3 (2%) 6 (2%)

Duration of illness (days)* 2.7 (1.2) 2.7 (1.2) 2.7 (1.2)

Denominators are given for variables with missing data.

*Median (IQR) or mean (SD).

†Frequency (%).
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Table 2 Overview of availability for self- reported data

Co- amoxiclav (N=136) Placebo (N=135) Total (N=271)

Availability of EQ- 5D- Y index completed on behalf of child

  Day 0 96 (71%) 108 (80%) 204 (75%)

  Day 4 52 (38%) 52 (39%) 104 (38%)

  Day 7 52 (38%) 54 (40%) 106 (39%)

  Day 14 44 (32%) 46 (34%) 90 (33%)

  Day 28 41 (30%) 31 (23%) 72 (27%)

Availability of EQ- 5D VAS completed on behalf child

  Day 0 120 (88%) 129 (96%) 249 (92%)

  Day 4 77 (57%) 76 (56%) 153 (56%)

  Day 7 78 (57%) 73 (54%) 151 (56%)

  Day 14 61 (45%) 57 (42%) 118 (44%)

  Day 28 53 (39%) 40 (30%) 93 (34%)

Availability of EQ- 5D- Y index completed by child

  Day 0 32 (24%) 29 (21%) 61 (23%)

  Day 4 16 (12%) 13 (10%) 29 (11%)

  Day 7 17 (13%) 11 (8%) 28 (10%)

  Day 14 17 (13%) 10 (7%) 27 (10%)

  Day 28 17 (13%) 10 (7%) 27 (10%)

Availability of EQ- 5D VAS completed by child

  Day 0 28 (21%) 25 (19%) 53 (20%)

  Day 4 19 (14%) 13 (10%) 32 (12%)

  Day 7 19 (14%) 11 (8%) 30 (11%)

  Day 14 20 (15%) 10 (7%) 30 (11%)

  Day 28 18 (13%) 11 (8%) 29 (11%)

Availability of CARIFS

  Day 0 99 (73%) 97 (72%) 196 (72%)

  Day 7 66 (49%) 57 (42%) 123 (45%)

Availability of CARIFS VAS

  Day 0 133 (98%) 135 (100%) 268 (99%)

  Day 7 76 (56%) 74 (55%) 150 (55%)

Availability of daily activity and childcare questionnaire

  Day 7 75 (55%) 71 (53%) 146 (54%)

  Day 14 61 (45%) 57 (42%) 118 (44%)

  Day 21 54 (40%) 46 (34%) 100 (37%)

  Day 28 53 (39%) 39 (29%) 92 (34%)

Availability of healthcare use questionnaire

  Day 7 76 (56%) 70 (52%) 146 (54%)

  Day 14 56 (41%) 52 (39%) 108 (40%)

  Day 21 51 (38%) 45 (33%) 96 (35%)

  Day 21 51 (38%) 45 (33%) 96 (35%)

  Day 28 49 (36%) 38 (28%) 87 (32%)

EQ- 5D- Y and CARIFS were included as ‘available’ if all relevant questions were completed; the daily activities and childcare 

questionnaire, and the health service contact questionnaire were considered ‘available’ if at least one question had been answered, 

including indicating that the daily activities and childcare questions were not applicable.

CARIFS, Canadian Acute Respiratory Infection and Flu Scale; EQ- 5D, EuroQoL 5- Dimension; EQ- 5D- Y, EuroQoL 5- Dimension 3- Level 

youth version; VAS, Visual Analogue Scale.
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This means that UK- wide, there were around 37 821 
GP consultations for influenza like symptoms, 15.3% 
(5787) of which would have been expected to occur in 
the ‘at- risk’ groups included in the ARCHIE study. Using 
the estimated cost difference between the treatment 
arms of −£25 (95% CI −£113 to £62), the potential cost 
saving of early co- amoxiclav treatment compared with not 

providing early antibiotics is estimated as £−144 675 (95% 
CI £−358 794 to £653 931).

DISCUSSION

In this study, we have summarised the HRQoL, health-
care use and costs associated with treating ‘at- risk’ chil-
dren with ILI with co- amoxiclav versus placebo.

Table 3 EQ- 5D- Y, quality adjusted life scores and CARIF outcomes

Co- amoxiclav Placebo Difference

N Mean (SD) N Mean (SD) Total N Difference (95% CI)*

EQ- 5D- Y proxy, completed on behalf of child

  Day 0 96 0.591 (0.342) 108 0.568 (0.386)

  Day 4 52 0.630 (0.349) 52 0.690 (0.318) 104 −0.057 (95% CI −0.198 to 0.085), p=0.425

  Day 7 52 0.788 (0.360) 54 0.762 (0.343) 106 0.037 (95% CI −0.102 to 0.176), p=0.596

  Day 14 44 0.841 (0.338) 46 0.923 (0.157) 90 −0.086 (95% CI −0.200 to 0.028), p=0.135

  Day 28 41 0.905 (0.246) 31 0.923 (0.169) 72 −0.014 (95% CI −0.124 to 0.096), p=0.798

EQ- 5D VAS completed on behalf of child

  Day 0 120 60 (17) 129 58 (19)   

  Day 4 77 72 (18) 76 68 (20) 153 4.1 (95% CI −1.5 to 9.7), p=0.146

  Day 7 78 83 (18) 73 76 (22) 151 7.9 (95% CI 1.3 to 14.4), p=0.019

  Day 14 61 87 (19) 57 90 (13) 118 −3.7 (95% CI −8.7 to 1.3), p=0.139

  Day 28 53 89 (17) 40 86 (21) 93 4.1 (95% CI −5.0 to 13.3), p=0.368

EQ-5D- Y completed by child

  Day 0 32 0.469 (0.388) 29 0.531 (0.363)

  Day 4 16 0.626 (0.386) 13 0.717 (0.227) 29 −0.107 (95% CI −0.372 to 0.157), p=0.408

  Day 7 17 0.815 (0.386) 11 0.805 (0.180) 28 −0.034 (95% CI −0.336 to 0.269), p=0.819

  Day 14 17 0.957 (0.086) 10 0.918 (0.144) 27 0.028 (95% CI −0.073 to 0.130), p=0.565

  Day 28 17 0.986 (0.039) 10 0.941 (0.124) 27 0.035 (95% CI −0.039 to 0.109), p=0.330

EQ- 5D VAS completed by child

  Day 0 28 54 (22) 25 55 (21)   

  Day 4 19 62 (22) 13 59 (21) 32 4.2 (95% CI −11.2 to 19.7), p=0.577

  Day 7 19 73 (21) 11 73 (25) 30 −0.7 (95% CI −24.9 to 23.4), p=0.952

  Day 14 20 84 (19) 10 83 (26) 30 1.4 (95% CI −19.8 to 22.6), p=0.893

  Day 28 18 88 (21) 11 84 (25) 29 3.0 (95% CI −9.2 to 15.2), p=0.612

QALYs—rated on behalf 

of child

29 0.061 (0.022) 25 0.065 (0.011) 54 −0.003 (95% CI −0.012 to 0.007), p=0.573

QALYs—rated by child 9 0.069 (0.004) 4 0.065 (0.007) 13 0.003 (95% CI −0.004 to 0.009), p=0.357

  CARIFS   

  Day 0 99 22 (10) 97 23 (11)   

  Day 7 66 8 (8) 57 12 (11) 123 −3.5 (95% CI −6.9 to 0.1), p=0.044

CARIFS VAS   

  Day 0 133 4.64 (1.90) 135 4.78 (1.92)   

  Day 7 76 1.91 (1.97) 74 2.53 (2.45) 150 −0.63 (95% CI −1.38 to 0.11), p=0.096

EQ- 5D- Y utilities: range −0.594 to 1, where 1 indicates perfect health.

EQ- 5D VAS: range 0–100, where higher values indicate better health.

QALYs were calculated only for children with data available at all relevant time points.

CARIFS: range 0–54 points, with lower scores indicating fewer respiratory illness and influenza symptoms.

CARIFS VAS: range 0 –10, with higher scores indicating worse health states.

*Differences have been adjusted for the stratification factors age (used as continuous variable) and seasonal influence vaccination status. Clustering 

by centre has been accounted for using the ‘cluster’ option in Stata’s ‘regress’ command and robust standard errors were generated.

CARIFS, Canadian Acute Respiratory Infection and Flu Scale; EQ- 5D- Y, EuroQoL 5- Dimension 3- Level youth version; QALYs, quality- adjusted life- 

years; VAS, Visual Analogue Scale.
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Table 4 Details of healthcare use for related reconsultations due to clinical deterioration and hospital admissions related to 

the illness episode for which the child was randomised into ARCHIE over the 28- day follow- up period

Co- amoxiclav 

(N=133)

Placebo 

(N=132) Total (N=265)

Related reconsultations

No of participants with at least one related reconsultation due to clinical deterioration 33 (25%) 28 (21%) 61 (23%)

No of related reconsultations due to clinical deterioration

  0 100 (75%) 104 (79%) 204 (77%)

  1 30 (23%) 25 (19%) 55 (21%)

  2 3 (2%) 3 (2%) 6 (2%)

No of participants with at least one related reconsultation due to clinical deterioration in a 

primary care or equivalent ambulatory care setting (excluding hospital admissions)*

28 (21%) 23 (17%) 51 (19%)

Related reconsultation due to clinical deterioration in a primary care or equivalent 

ambulatory care setting (excluding hospital admissions)*

  0 105 (79%) 109 (83%) 214 (81%)

  1 25 (19%) 21 (16%) 46 (17%)

  2 3 (2%) 2 (2%) 5 (2%)

No of antibiotics received at related reconsultation*

  0 120 (90%) 119 (90%) 239 (90%)

  1 13 (10%) 13 (10%) 26 (10%)

No of other drugs received at related reconsultation*

  0 126 (95%) 127 (96%) 253 (95%)

  1 6 (5%) 1 (1%) 7 (3%)

  2 1 (1%) 1 (1%) 2 (1%)

  3 0 (0%) 3 (2%) 3 (1%)

No of chest X- rays at related reconsultation*

  0 129 (97%) 131 (99%) 260 (98%)

  1 4 (3%) 1 (1%) 5 (2%)

No of other interventions at related reconsultation*‡†

  0 131 (98%) 132 (100%) 263 (99%)

  1 2 (2%) 0 (0%) 2 (1%)

Related hospital admissions

No of hospital admissions

  0 128 (96%) 125 (95%) 253 (95%)

  1 5 (4%) 7 (5%) 12 (5%)

Total nights in hospital

  0 128 (96%) 125 (95%) 253 (95%)

  1 3 (2%) 1 (1%) 4 (2%)

  2 1 (1%) 4 (3%) 5 (2%)

  3 0 (0%) 1 (1%) 1 (0%)

  7 1 (1%) 1 (1%) 2 (1%)

No of antibiotics received during hospital admission

  0 131 (98%) 126 (95%) 257 (97%)

  1 2 (2%) 6 (5%) 8 (3%)

No of other drugs received during hospital admission

  0 129 (97%) 126 (95%) 255 (96%)

  1 1 (1%) 0 (0%) 1 (0%)

  2 2 (2%) 2 (2%) 4 (2%)

  3 1 (1%) 4 (3%) 5 (2%)

No of X- rays during hospital admission

Continued
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Our findings, which present within- trial comparisons of 
costs and outcomes separately, are an important addition 
to the literature, due to the paucity of observational data 
and no previous clinical trials performed in this cohort 
of ‘at- risk’ children. Recruitment from both primary and 
other ambulatory care settings with wide geographical 
coverage and a very pragmatic definition of ILI ensured 
that our study population was highly representative of ‘at- 
risk’ children with ILI. High data availability rates for NHS 
costs as obtained via the medical notes review are also a 
strength of this study. Due to the low completion rate of 
the EQ- 5D- Y, we did not perform a full cost- effectiveness 
analysis. Data on school/nursery attendance and child-
care arrangements were also subject to low completion 
rates, and prevented a more robust assessment from a 
societal perspective.

The low response rates for the EQ- 5D- Y and CARIFS 
data demonstrates the difficulties in assessing HRQoL in 
this patient population. Low questionnaire return rates 
are a common limitation of paediatric trials; for example, 
return rates at 14 days from two trials in respiratory tract 
infections were reported as 41%.23 In our study, there 
was anecdotal evidence of parents and carers struggling 
to complete the questionnaires, especially the EQ- 5D- Y 
questions on walking, usual activities and dressing, if the 
items were not appropriate to the expected capabilities 
of their children, either because of their age, especially 
for very young children, or their underlying condition or 
disability. This was reflected in the lower proxy comple-
tion rates of the EQ- 5D- Y for children below the age 
of 2 years, compared with those aged 2 years and over, 
and the fact that the VAS scales of the EQ- 5D- Y and the 
CARIFS had higher completion rates than the Likert- style 
questions of the questionnaires, as shown in the online 
supplemental material. Generally, there is a need for 

validated questionnaires that can be completed easily in 
this patient population.

The EQ- 5D- Y was expected to be completed by proxy, 
that is, by the children’s parents or carers on their 
behalf, and/or by the children themselves, as appro-
priate. There appeared to be some overlap between 
the answers provided on the proxy and self- completed 
EQ- 5D- Y questionnaires, particularly for very young chil-
dren. It is possible that some parents or carers completed 
the questionnaires supposed to be filled in by the chil-
dren. All EQ- 5D- Y data were analysed as received, without 
exclusions.

The proxy- completed EQ- 5D- Y values were not statis-
tically significantly different between the two groups at 
any of the time points, although there was an improve-
ment in HRQOL as indicated by the EQ- 5D- Y scores over 
time (day 0–28) for both trial arms. There was a trend 
towards lower EQ- 5D- Y values, indicating worse QoL, in 
the co- amoxiclav arm on days 4, 14 and 28. The CARIFS 
score in the co- amoxiclav arm at 7 days was significantly 
lower than the score in the placebo arm, indicating less 
severe symptoms. This might suggest that the CARIFS 
score is more sensitive to subtle disease specific changes 
in children’s health than the EQ- 5D- Y. Interestingly, the 
EQ- 5D VAS also showed a statistically significant benefit 
of co- amoxiclav at 7 days, and the EQ- 5D- Y values were 
higher (not statistically significant) in the co- amoxiclav 
arm at 7 days compared with the placebo arm, indicating 
higher HRQOL. Studies of common cold or non- specific 
respiratory tract infections in general paediatric popu-
lations suggest that symptoms in 50% of children had 
improved by day seven to eight, and for 80% by day 14.24 
It may, therefore, be that any differences between groups 
will be more apparent at a stage in the illness where more 
children are likely to still be symptomatic than later on, 

Co- amoxiclav 

(N=133)

Placebo 

(N=132) Total (N=265)

  0 132 (99%) 130 (98%) 262 (99%)

  1 1 (1%) 2 (2%) 3 (1%)

No of blood tests during hospital admission

  0 133 (100%) 130 (98%) 263 (99%)

  1 0 (0%) 2 (2%) 2 (1%)

No of emergency department visits‡

  0 129 (97%) 128 (97%) 257 (97%)

  1 4 (3%) 4 (3%) 8 (3%)

The summaries encompass the entire 28- day follow- up period, and may refer to more than one reconsultation episode.

The trial did not report any admissions to intensive care units.

*These summaries only include reconsultations that were not reported elsewhere in the form of hospital or emergency department admissions.

†Other interventions included blood and/or urine samples.

‡Participants who were reported to have been referred to the hospital team/ emergency department for acute admission during a reconsultation for 

clinical deterioration for the same illness episode for which the child was randomised, but for whom no hospital admission is recorded at this date, 

were classed as having visited emergency department. Hospital admission episodes for at least one night were collected during the medical notes 

review.

ARCHIE, Antibiotics for at Risk CHildren with InfluEnza- like illness.

Table 4 Continued
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Table 5 Overview of costs per participant for reconsultations and hospital admissions related to index influenza- like illness episode*

Co- amoxiclav: Cost in £ (N=133) Placebo: Cost in £ (N=132)

Difference† in cost in £ (95% CI)

N=265

Items Mean (SD) Median IQR Range Mean (SD) Median IQR Range Mean difference (95% CI) P value

Intervention 5 (1) 4 4–6 4–6 0 (0) 0 0–0 0–0 5 (95% CI 4 to 5) <0.001

Reconsultations 16 (46) 0 0–0 0–201 16 (54) 0 0–0 0–402 1 (95% CI −9 to 10) 0.910

Antibiotics at reconsultation 0 (1) 0 0–0 0–10 0 (1) 0 0–0 0–5 0 (95% CI 0 to 0) 0.920

Other drugs at reconsultation 0 (2) 0 0–0 0–13 1 (4) 0 0–0 0–34 0 (95% CI −1 to 1) 0.593

X- rays at reconsultation 7 (40) 0 0–0 0–231 2 (20) 0 0–0 0–231 5 (95% CI −2 to 13) 0.178

Other interventions at reconsultation 0 (0) 0 0–0 0–4 0 (0) 0 0–0 0–0 0 (95% CI 0 to 0) 0.210

Hospital stay 59 (421) 0 0–0 0–4564 94 (484) 0 0–0 0–4564 −34 (95% CI −118 to 51) 0.432

Antibiotics during hospital stay 0 (2) 0 0–0 0–21 0 (0) 0 0–0 0–3 0 (95% CI 0 to 1) 0.247

Other drugs during hospital stay 0 (1) 0 0–0 0–13 1 (3) 0 0–0 0–34 0 (95% CI −1 to 0) 0.283

X- rays in hospital 2 (20) 0 0–0 0–231 4 (28) 0 0–0 0–231 −2 (95% CI −8 to 5) 0.596

Other interventions in hospital 0 (0) 0 0–0 0–0 0 (0) 0 0–0 0–1 0 (95% CI 0 to 0) 0.168

Emergency department 5 (1) 0 0–0 0–160 5 (28) 0 0–0 0–160 0 (95% CI −6 to 6) 0.983

Total cost 94 (480) 4 4–6 4–5258 122 (539) 0 0–0 0–5177 −25 (95% CI −113 to 62) 0.566

Total primary care costs 8 (29) 0 0–0 0–300 4 (12) 0 0–0 0–63 3 (95% CI −2 to 8) 0.215

Total secondary care costs 82 (481) 0 0–0 0–5254 117 (540) 0 0–0 0–5177 −33 (95% CI −120 to 54) 0.453

Reconsultations and related costs were attributed to primary care costs for children who had been recruited in a GP setting, and to secondary care costs for children who had been recruited 

in a paediatric ambulatory assessment unit. The primary and secondary care costs shown relate to the trial follow- up period, and do not include the trial intervention.

*Related to the illness episode for which the child was randomised into ARCHIE over the 28- day follow- up period.

†Differences have been adjusted for the minimisation factors age (used as continuous variable) and seasonal influenza vaccination status. Clustering by centre has been accounted for using 

the ‘cluster’ option in Stata’s ‘regress’ command and robust standard errors were generated.

ARCHIE, Antibiotics for at Risk CHildren with InfluEnza- like illness; GP, general practitioner.
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11Rombach I, et al. BMJ Open 2022;12:e049373. doi:10.1136/bmjopen-2021-049373

Open access

when the majority will have resolved due to the natural 
course of the illness. Both questionnaires were subject 
to high levels of missing data, and should be interpreted 
cautiously. The high rates of missing data and anecdotal 
evidence of parents’ and carers’ difficulties of completing 
the questionnaires demonstrate a need for additional 
validated tools to reliably measure QoL in this patient 
population. The EQ- 5D- Y, EQ- 5D- VAS and CARIFS 
were secondary endpoints of the ARCHIE trial, and the 
EQ- 5D- Y was measured at several follow- up time points. 
As such, the limited number of statistically significant p 
values might be false positives due to multiple testing and 
should be interpreted carefully.

Overall, only 5% of children were admitted to hospital 
for reasons related to the illness episode for which the 
child was randomised into ARCHIE over the 28- day 
follow- up period. Admissions were often only for one 
or two nights. Three per cent of participants reported 
one emergency department visit each. Fewer than 25% 
of all randomised children had a reconsultation. This 
was lower than the anticipated 40% reconsultation rate 
based on published data available at the time the study 
was designed,2 but still significantly higher than the 4% 
observed in a primary care cohort of children with acute 
respiratory tract infection who did not have known risk 
factors for complications from influenza or ILI.25 As such, 
the use of primary and secondary care facilities during 

the trial follow- up for reasons related to the initial illness 
episode for which the child was randomised into ARCHIE 
was generally low and the limited related hospital admis-
sions were the main cost drivers for the average cost per 
randomised child. In the co- amoxiclav arm, costs related 
to hospital admissions and emergency department visits 
accounted for 70% of total costs; in the placebo arm, this 
was 85%.

Fourteen per cent of the study population had 
laboratory- confirmed influenza. We conducted a prespec-
ified subgroup analysis in participants with laboratory- 
confirmed influenza because previous data suggesting 
a possible clinical benefit from early antibiotic use 
are reported in trials which recruited patients with 
confirmed influenza26 or ILI presenting during an influ-
enza epidemic,27 when a high proportion of ILI cases are 
likely to be due to influenza. This subgroup analysis indi-
cated that there was a trend that the early co- amoxiclav 
treatment may be more cost saving in participants with 
laboratory- confirmed influenza, although this subgroup 
does not have sufficient statistical power to draw defin-
itive conclusions. Also, this trial assessed the benefit of 
treating at- risk children as early as possible after the onset 
of ILI. While there is a possibility that treatment may be 
more beneficial in those with laboratory- confirmed influ-
enza, evaluating the nasal swabs takes time, and may make 
it impossible to treat these children early. Nasal swabs 

Figure 1 Forest plot for differences in costs by laboratory- confirmed influenza (in £). *Subgroup effects were obtained by 

adding an interaction term between treatment allocation and laboratory- confirmed influenza and have been adjusted for the 

stratification factors age (used as continuous variable) and seasonal influenza vaccination status. Clustering by centre has been 

accounted for using the ‘cluster’ option in Stata’s ‘regress’ command and robust standard errors were generated.
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were costed at £8 per child, and all children presenting 
with ILI would need to be tested. This outweighs the 
costs of co- amoxiclav, which was costed at £4.13 for chil-
dren below 7 year of age, and at £5.79 children above 7 
years of age. As such, there is no advantage in terms of 
costs to confirm influenza prior to commencing of treat-
ment outside influenza pandemic periods. Based on the 
findings of the subgroup analysis, early co- amoxiclav 
treatment without prior nasal swab testing may be cost- 
effective during periods of high influenza activity, such as 
influenza pandemics. However, further trials conducted 
during such periods would be needed to confirm this.

In line with the study protocol, we aimed to extrapolate 
the results of the study to a national level. With regards 
to the ARCHIE trial, this extrapolation has a number 
of limitations. First, the difference in costs between the 
co- amoxiclav and placebo was not statistically significant. 
Therefore, it is unclear if extrapolation to a national level 
would result in a cost saving or increase in spending. 
Finally, influenza is an infectious disease, and rates of 
infections vary greatly between epidemics. Our current 
extrapolation uses GP consultations for ILI in 2018/2019. 
However, it is unclear how many children may be affected 
in upcoming influenza seasons. This is particularly 
important as the rates of influenza were low during the 
recruitment period of ARCHIE,28–31 but more children 
may be affected in coming years. Our extrapolations were 
based on recent data, but may have to be revised in the 
light of SARS- CoV- 2, and its impact on influenza and ILI 
in future influenza seasons.

Neither the findings of this economic evaluation 
nor the findings of our main trial1 support early use of 
co- amoxiclav in ‘at- risk’ children who present with ILI in 
primary or ambulatory care.1 With increasing concerns 
about growing antimicrobial resistance,32 33 preserving 
antibiotic effectiveness by avoiding routine early co- amox-
iclav in this group is therefore important. The findings of 
a longitudinal study nested within the ARCHIE trial will 
report data on long- term bacterial carriage and antibiotic 
resistance in the co- amoxiclav versus placebo arms in a 
separate paper. These findings may help inform estima-
tions relating to the potential implications of antibiotic 
resistance on the results reported in this economic evalu-
ation. However, incorporating the potential cost of anti-
microbial resistance to the health system and society into 
economic evaluations is challenging.32 34 35

CONCLUSIONS

Our findings did not show evidence that early treat-
ment with co- amoxiclav in ‘at- risk’ children with ILI 
improves QoL, reduces healthcare use or leads to cost 
savings over 28 days. However, there was a suggestion 
that early co- amoxiclav treatment might be associated 
with decreased symptom severity at day 7, though confir-
mation from additional research would be important. 
Collection of proxy- reported data was challenging in this 
patient population. Suitable validated QoL instruments 

are therefore needed to support more robust evaluations 
in this group.
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