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Editorial

Doengas ndo transmissiveis, fatores de risco e desencadeantes de agudizagdes ou, também, favorecedores
de expressdo de doenga cronica. E a infe¢ao a ocupar um lugar central no desencadear de exacerbagoes, de
consumo de recursos de saude e na orientagdo de terapéuticas.

Na pagina 12, a Asma e a falta de associagdo com fatores socio-econémicos num Pais do Norte da Europa.
Seriam estes resultados reprodutiveis em outros?

Na pagina 7, as intervengdes terapéuticas e custos associados ao consumo de recursos hospitalares. Uma
tendéncia que ird modelar as interven¢des médicas do futuro de forma explicita?

O capitulo das infe¢des respiratorias exprime um potencial presente e futuro de reconhecimento de cargas
virais, expressdes moleculares. Sera que este conhecimento se ira refletir, num futuro préximo, no aparecimento
de terapéuticas farmacoldgicas e intervengdes de outra natureza para a profilaxia e tratamento das infe¢oes
respiratdrias, que sao das maiores responsaveis por doenga aguda na atualidade? Talvez o futuro seja agora...

Na pagina 34, de novo a nossa colega, Dr Sanja Stanojevic, a refletir sobre resultados de espirometria como
outcomes de monitorizagio e intervencao e assim nao é indiferente, na crianca, a determinagao da variabilidade
longitudinal dos resultados para apreciagao de agravamento ou melhoria. A refletir na pratica clinica.

E finalmente a diada, jovens e tabaco, aqui com um estudo que chama a ateng¢ao para a existéncia de anuncios
subtis na outra industria, a cinematografica, que como sabemos tem uma influéncia na modelagéo dos gostos
e costumes. A ler no artigo da pagina 39.

Para terminar, na pagina 46, a discussdo sobre a duragao de terapéutica antibidtica na bronquite bacteriana
prolongada. Esta situagdo clinica, com descri¢ao recente, tera porventura implica¢des a longo prazo,
nomeadamente na prevaléncia de bronquiectasias. Seis semanas de antibidtico e ndo 2.... Seguramente um
desafio para a adesdo a terapéutica

Sao inmeras as razdes para ler atentamente e com detalhe esta publicacao.
Desejamos boas leituras, e que possamos reencontra-nos em breve.

Teresa Bandeira
Ex-Presidente da Sociedade Portuguesa de Pneumologia Pediatrica e do Sono (S3PS) 2017-2019

Sociedade Portuguesa de Pediatria
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Artigo original

A oxigenoterapia de alto fluxo de primeira linha na
bronquiolite nao implica uma reducao de custos para o

servico de saude

Vijay S Gc,"? Donna Franklin,>#*57 Jennifer A Whitty,? Stuart R Dalziel,3° Franz E Babl,%'®""" Luregn J
Schlapbach,**>'2 John F Fraser, > Simon Craig,®'*™ Jocelyn Neutze,'® Ed Oakley,>1%"2 Andreas Schibler®#>#

RESUMO

Contexto A bronquiolite constitui a principal causa de
internamento hospitalar infantil. A oxigenoterapia de
alto fluxo tem surgido como um novo tratamento. No
entanto, a relacdo custo-eficacia da sua utilizacdo como
terapéutica de primeira linha é desconhecida.
Objetivo Comparar o custo de fornecimento de tera-
pia de alto fluxo enquanto terapia de primeira linha e
a terapéutica de resgate apds insuficiéncia de oxigénio
padrdo no tratamento da bronquiolite.

Métodos Uma avaliacdo econdmica de um ensaio do
ponto de vista dos servicos de saude, utilizando dados de
um ensaio aleatorizado, controlado e multicéntrico para
criancas com hipoxémia (<12 meses) admitidas em hos-
pital com bronquiolite na Australia e na Nova Zelandia.
Os custos de intervencdo, a duracdo da hospitalizacdo e
cuidados intensivos e os custos associados foram compa-
rados em criangas que receberam tratamento de primeira
linha com terapéutica de alto fluxo (alto fluxo precoce,
n=739) ou em criancas que receberam oxigénio padrao
e resgate opcional de alto fluxo (resgate de alto fluxo,
n=733). Os custos foram aplicados com base em fontes
de custos australianas, sendo reportados em ddlares aus-
tralianos de 2016-2017 (AU$).

Resultados O custo incremental para evitar uma insufi-
ciéncia de tratamento foi de AU$ 1778 (95% de intervalo
credivel (Icr) 207 a 7096). O custo médio do tratamento
da bronquiolite, incluindo custos de intervengdo e custos
associados a duracdo da estadia, foi de mais AU$420
(95% lcr - 176 a 1002) por crianca no grupo de alto
fluxo inicial em comparagdo com o grupo de alto fluxo
de resgate. Verificou-se uma probabilidade de 8% (95%
Icr - 7,5 a 8,6) de a terapéutica precoce de alto fluxo
de oxigénio ser mais vantajosa em termos econémicos.
Conclusées E pouco provavel que a utilizacio de oxi-
génio de alto fluxo como terapéutica inicial para insu-
ficiéncia respiratoria em criancas com bronquiolite seja
economicamente vantajosa para o sistema de salde, em
comparagdo com a oxigenoterapia de padréo.

INTRODUCTION

Bronchiolitis is one of the most common illnes-
ses affecting infants, with 2%-3% of all children
requiring hospital admissions during their first
year of life, and globally represents a major cause of
infant morbidity and mortality."* In high-income
countries, approximately one in eight infants hos-
pitalised with bronchiolitis requires admission to
an intensive care unit (ICU).* In the USA, bron-
chiolitis accounts for 21% of hospital admissions
for infants, with an estimated annual hospitali-
sation cost of US$1.7 billion.’ ¢ In Australia and
New Zealand, there has been an increase in ICU
admissions. Between 2002 and 2014, 28% of non-
-elective paediatric ICU admissions were due to
bronchiolitis, and the annual cost of bronchiolitis
admission requiring intensive care increased by
US$30 million over the past decade.*

What is already known on this topic?

»The use of high-flow oxygen therapy has
increased in infants with bronchiolitis to
provide humidified oxygen.

» Little is known about the costs and cos-
teffectiveness of high-flow as initial the-
rapy compared with standard oxygen
therapy in infants with bronchiolitis.

What this study adds?

»The analysis used data from the PARIS
trial in bronchiolitis and provides a
comprehensive analysis of costs related
to bronchiolitis management in infants.

»High-flow oxygen therapy as initial the-
rapy for respiratory failure in infants
with bronchiolitis is unlikely to be cost
saving to the health system compared
with standard oxygen with the option of
rescue high-flow.

Hospital management of infants with bron-
chiolitis focuses on maintenance of hydration
and respiratory support* with a trend towards
reduced intubation and ventilation, and increa-
sed use of non-invasive ventilation.” High-flow is
a rapidly emerging therapy providing non-inva-
sive respiratory support both within and outside
ICU. It delivers heated and humidified air blen-
ded with oxygen via the nasal passages, providing
positive pressure, reducing the infant’s work of
breathing and providing dead space washout of
CO, in the upper airway.’

Over the last decade, high-flow has gai-
ned popularity in clinical practice, particularly
in Europe, North America and Australasia.’®
Observational and randomised trials of high-
-flow compared with standard oxygen therapy
indicated a good safety profile."”"! While initial
non-experimental studies suggested a reduction
in ICU admission rates," this finding was not
replicated in two recent randomised controlled
trials (RCTs) which reported no difference in
ICU admission or hospital length of stay." 12

In the absence of evidence suggesting supe-
rior long-term clinical or patient-relevant outco-
mes associated with high-flow in bronchiolitis,
its implementation in clinical practice should be
guided by its comparative efficiency in managing
an acute bronchiolitis episode. Little is known
about the costs and cost-effectiveness of high-
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Table 1 Unit costs used to value resource use measured in the
main trial analysis

Unit cost
Resource item Unit (AUS) Source
High-flow capital equipment Item 2795.00  Manufacturer
(AIRVO?2 system)
Consumables for high-flow therapy
Paediatric circuit Item 55.50 Manufacturer
Paediatric nasal cannula (Optiflow)  Item 25.00 Manufacturer
Oxygen tubing Item 7.50 Manufacturer
Wiggle pads Item 3.00 Manufacturer
Consumables for standard oxygen
therapy
Paediatric nasal cannula Item 2.64 Manufacturer
Bronchiolitis treatment
Bronchiolitis treatment and LoS ~ Episode of care  Varies National Efficient Price

(AR-DRG code Determination'

E70A)*
Retrieval and transfer costs
Road transfer in Queensland (fixed) Retrieval 832 Queensland Health
Ambulance
Nurse time (grade 6.4) Hour 61.64 Queensland Health'
Medical practitioner time (L8) Hour 80.94 Queensland Health'

*AR-DRG is Australian Refined Diagnosis Related Group; Code E70A is Bronchiolitis with Complications.
Price determination varies dependent on the length of stay (disaggregated by hospital and intensive care
unit), indigenous status and remoteness of the patient.

LoS, length of stay.

-flow compared with standard oxygen in infants with bronchio-
litis.

We recently published the findings of the Paediatric Acute
Respiratory Intervention (PARIS) trial, which compared initial
high-flow oxygen therapy to initial standard oxygen with the
option to use rescue high-flow in infants with bronchiolitis." *
The present paper reports a pre-planned economic evaluation
based on data collected alongside the PARIS trial, which aims
to compare the cost of providing of these therapies for infants
with bronchiolitis.

METHODS

Participants and trial design

PARIS was an open-label, non-blinded multicentre RCT in
hypoxemic infants with bronchiolitis, less than 12 months of
age, admitted to hospital.'* ** In total, 1472 infants were ran-
domly allocated (1:1 ratio) a treatment; either high-flow as ini-
tial therapy (early high-flow group) or standard oxygen with

Infants underwent
randcenication (n=1638)

Coraent declined or uable to
cbtain [n=166)

T

i }

Infants assigned 1o

Infants assigned 16 recenoe
recehve earky high-flow standand corygen tharapy
therapy (n=733) {n=733)

| l

Indgerits reguiting

Infants requiring
escalation of care escalation of care
in=ET] {n=167}

1 — N i '

Drectly Recehred rescue bigh Directly Received rescue high-
edcaluted 1o Picews theeragy and na abealatid 13 Flora thesrapy and
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Figure 1  Flow diagram of the randomisation trial from enrolment
until hospital discharge.

the option to escalate to high-flow (rescue high-flow group). In
the early high-flow group, infants received heated and humidi-
fied nasal high-flow delivered by the Optiflow system (Fisher
and Paykel Healthcare, New Zealand; n=739) at a rate of 2L/
kg/min. Infants started on standard oxygen received oxygen
via nasal cannula up to 2L/min (n=733). Escalation to rescue
high-flow was permitted when infants failed standard oxygen.
The study took place in emergency departments and general
paediatric wards in 17 hospitals in Australia and New Zealand
between October 2013 and August 2016. Ethics approval was
granted by the Children Health Services Queensland Human
Research Ethics Committee (HREC/13/QRCH/93). The trial
was registered prospectively on the Australian New Zealand
Clinical Trials Registry (ACTRN12613000388718).

The primary outcome of the clinical trial was the propor-
tion of infants in each group with treatment failure. Treatment
failure of either standard oxygen or high-flow therapy arm is
defined as meeting three out of four specified failure criteria
requiring escalation of treatment or high level of care such as
high acuity or intensive care.” Secondary outcomes included the
intubation rates and length of hospital stay. The trial reported an
11% decrease (95% CI —15% to —7%) in the escalation of care
due to treatment failure when high-flow was used early during
admission compared with standard oxygen, but no significant
difference was observed in some of the secondary outcomes."!

Estimating resource use and costs

The resources costed included resources used to deliver high-
flow, the treatment of bronchiolitis for the hospital length
of stay (disaggregated by ICU and ward stay) and retrieval
and transport events observed in the trial. Costs were mea-
sured from the healthcare service perspective in 2016-2017
Australian Dollars (AU$). Given the short time horizon, costs
were not discounted.

Intervention costs

The intervention resources included capital equipment and
consumables (online supplementary table 1). Quantities of
consumables used were multiplied by unit costs (table 1), sum-
med to generate a total consumables cost and divided by the
number of infants who received high-flow to generate a wei-
ghted cost per infant. The capital equipment cost per infant
was estimated based on an assumed 5-year equipment lifespan
with a machine utilisation rate of 80%. An 80% utilisation rate
was assumed based on the rate adopted in a previous econo-
mic study.' We performed sensitivity analyses around this
assumption by varying utilisation rate and equipment lifespan.
Infants in standard oxygen were costed for one paediatric nasal
cannula.

We assumed no difference in the time taken to establish an
infant onto either early high-flow or standard oxygen, and the
ward:nursing ratio for both arms remained the same throu-
ghout the trial (1:4). Nasogastric tube (NGT) usage and enteral
nutrition was not captured, and it was anticipated that there
was minimal cost difference between the two groups due to
NGTs being a low-cost item.

Bronchiolitis treatment costs
Infants who remained on high-flow or standard oxygen in
the ward were costed for their length of stay (until the point
of hospital discharge) based on assumed Australian Refined
Diagnosis Related Group (AR-DRG) prices for Bronchiolitis
with Complications (E70A; table 1)."* Patient postcodes were
used to adjust for remoteness area boundaries.'®

Infants who received standard oxygen and escalated to
highflow but remained in the ward were costed for high-flow
in addition to the cost per general bed-day. Infants who were
escalated to ICU were costed for the amount of time in ICU.
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Table 2 Key resource (hospital length of stay) measured in the trial'!

Item of resource use Early high-flow group
Total HLoS in days (n=739)
Mean (SD) 3.12(2.43)
Median (IQR) 2.50 (1.71-3.90)
HLoS for those who failed treatment and received escalation  (n=87)
of care (days)
Mean (SD) 5.82(2.77)
Median (IQR) 5.37 (3.71-7.31)
HLoS for those who did not require escalation of care (days)  (n=652)
Mean (SD) 2.76 (2.14)
Median (IQR) 2.23 (1.60-3.37)
HLoS for those who failed treatment and transferred to ICU  (n=87)
(days)
Mean (SD) 5.82(2.77)
Median (IQR) 537 (3.71-7.31)
ICU length of stay (days) (n=87)
Mean (SD) 2.63(1.70)
Median (IQR) 2.22 (1.50-3.54)
Duration of high-flow therapy (days)t (n=728)
Mean (SD) 1.85 (1.70)
Median (IQR) 1.38 (0.74-2.40)

*Student’s t-test of independent samples was used.

Standard oxygenzrescue high-flow group Mean difference (95%Cl)*x

(n=733)
2.94(2.73)

2.20 (1.48-3.55)
(n=167)

0.18 (—0.09 to 0.44)

4.95 (4.13)

4.0 (2.69-5.81)
(n=566)
2.35(1.75)

1.88 (1.36-2.81)
(n=65)

0.87 (~0.09 to 1.85)

0.41(0.18 to 0.63; p<0.001)

6.19(5.30)
4.66 (3.06-6.88)

(n=65)
2.72(2.31)
2.02(1.34-2.98)
(n=162)

2.26 (2.09)

1.62 (1.04-2.70)

—0.36 (=1.67 t0 0.95)

—0.09 (-0.74 t0 0.55)

0.41(=0.71to -0.11; p=0.008)

tData on the duration of high-flow therapy were missing for 3 patients in the standard oxygen group and 11 in the high-flow group.
HLoS, total hospital length of stay—ie, in general ward and intensive care unit (ICU); IQR, interquartile range; SD, standard deviation.

Retrieval and transport costs

Interhospital transport for infants with bronchiolitis is com-
monly used in the sites participating in the study.”” Transport
costs were included for infants requiring transfer to a higher
level of care. All transfers were by road. Considering most
retrievals occurred in South East Queensland, Queensland
Health wage rates were used to cost the time taken to retrieve
each infant."8 "

Within-trial economic analysis

We undertook a cost-minimisation analysis from the healthcare
provider perspective using data from the PARIS trial to compare
the cost of providing initial high-flow to that of standard oxygen
including the option for rescue high-flow, as detailed in the trial
protocol.”® The analysis estimated the costs for the bronchiolitis
episode of care until the point of discharge home. This assumes
an equivalent clinical outcome at the point of discharge. To
establish within-trial cost-effectiveness, we assessed the direct
hospitalisation-related costs in infants with bronchiolitis and
calculated the incremental cost based on the primary outcome,
that is, to avoid a treatment failure.

We used guidelines for performing economic evaluation
alongside clinical trials.?” For the base case analysis, Australian
unit costs were applied to all resources used regardless of the
trial site. Subgroup analyses were conducted to examine the
differential mean cost for pre-specified infant subgroups; born
prematurely (<37 weeks’ gestation), previous hospital admis-
sion for respiratory disease, congenital heart defect, age group
(<3, 3-6, >6 months) and infants presenting to hospitals with/
without an on-site ICU.?

We used non-parametric bootstrapping (10000 replica-
tions) to estimate uncertainty using 95% credible intervals
(Crls) around the point estimates and the probability that early
highflow was cost saving compared with standard oxygen with
rescue high-flow.

Sensitivity analyses

We performed sensitivity analyses for the different healthcare
systems, in which we computed costs for the two New Zealand
(NZ) study sites using price weights based on NZ’s case-mix
framework for publicly funded hospitals for 2016-2017 (online
supplementary table 2).?! Costs (NZ$) were then converted to

Australian dollars (AU$0.95=NZ$1 based on average exchange
rates in 2016-2017).22 There were no hospital transfers in the
NZ. We explored the impact of assumptions made related to
high-flow equipment by varying the equipment utilisation rates
between 10% to 100% (base case 80%) and the lifespan between
2 and 10 years (base case 5 years).

RESULTS

Resource use

Of the 1472 infants enrolled, 739 were randomised to early high-
-flow with 87 of these receiving escalation of care (all to ICU;
figure 1). A further 733 infants were randomised to initially
receive standard oxygen, with 167 of these receiving escalation
of care, 165 of whom received rescue high-flow as part of the
escalation. Baseline demographic and physiological characte-
ristics of the infants were similar between study groups.!' There
was no significant difference in total hospital stay between groups
across the whole trial cohort or in infants who failed their ini-
tial treatment and received escalated care (table 2).!! However,
in infants who did not require escalation of care, those receiving
early high-flow had a longer hospital stay (0.41 days) than those
on standard oxygen (p<0.001). No significant difference in length
of stay in ICU between groups was shown for infants admitted to
ICU as part of the escalation of care (table 2). Standard oxygen
group who received rescue high-flow were treated with high-flow
for amean of 0.41 (95% CI 0.11 to 0.71, p=0.008) days longer than
those who received early high-flow.

Within-trial economic analyses
Initial intervention costs were higher for the early high-flow
(AU$139.21 per infant) than for initial standard oxygen prior
to escalation (AU$2.64 per infant; table 3). The mean cost of
oxygen therapy overall was higher per infant for early highflow
(AU$139.21+11.73) compared with standard oxygen with the
option of rescue high-flow (AU$33.79+58.54; p<0.001). Thirty-
five infants required a transfer from regional hospitals to ter-
tiary centres. Mean retrieval time was 5.46+1.55hours in early
high-flow (20 infants) and 5.21+1.0hours in standard oxygen
with rescue high-flow group (15 infants, p=0.59).

The incremental cost to avoid one treatment failure amounted
to AU$1778 (95% CrI 207 to 7096). This relates to total per person
cost of each intervention arm from enrolment to discharge for res-
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Table 3 Comparison of costs and effects per infant between
highflow and standard oxygen therapy (AU$)

Early high-flow
group (n=739)

Standard oxygenzrescue
high-flow group (n=733)
A. Initial intervention cost per infant
Capital cost of high-flow equipment, 3.53 (3.23)
mean (SD)
Consumables, mean (SD) 136.61 (0.00) 2.64
(A) Total intervention cost per infant  139.21 (11.73) 2.64
(capital+consumables), mean (SD)
B. Costs for rescue high-flow therapy (n=165)
Capital (high-flow equipment) for
those receiving rescue high-flow,
mean (SD)

432(3.97)

Consumables for those receiving 136.61 (0.00)
rescue highflow, mean (SD)
(B) Total costs associated with
rescue high-flow therapy, mean (SD)
C. Costs associated with length of stay for bronchiolitis episodes of care, mean (SD)
Cost of hospital length of stay-non- 5552 (1593) 5596 (1970)
ICU stay, mean (SD)
Cost of ICU stay for those with an
ICU stay, mean (SD, n)
(C) Total costs associated with
bronchiolitis episode of care, mean (SD)

D. Hospital transfer and retrieval cost, 2442 (221, n=20)
mean (SD, n)

141.01(19.30)

13415 (8679, n=87) 13889 (11 823, n=65)

7131 (5469) 6827 (5701)

2406 (142, n=15)

E. Total cost per infant (A+B+C+D)
Mean (SD) 7314 (5586)
Median (IQR) 5568 (5567-5572)
Differential mean cost (95% Crl)* 420 (=176 to 1002)

F. Total cost up to treatment failure or until discharge if responder

Mean (SD) 5681 (1575) 5492 (584)

Median (IQR) 5568 (5567-5572) 5431 (5431-5569)

Differential mean cost (95% Crl)* 189 (67 to 311)

G. Effectiveness

Treatment failure rate 0.118 (0.094 t0 0.141) 0.228 (0.197 to 0.258)

Differential treatment effect (95% crl)* -0.118 (-0.072 to -0.148)

H. Cost-effectiveness ratio, ie, mean 1778 (207 to 7096)

incremental cost per treatment failure

avoided, F/G (95% Crl)

6893 (5809)
5431 (5431-5569)

The incremental cost per treatment failure avoided in the table is close to but not exactly equal to the
difference in cost divided by the difference in effectiveness, due to the bootstrapping method employed
and rounding error.

*95% non-parametric credible interval based on 10 000 bootstrap replications.

ICU, intensive care unit; IQR, interquartile range; SD, standard deviation.

ponders and from enrolment to escalation of care for nonrespon-
ders. Overall, the early high-flow group cost a mean of AU$420
(95% CrI —176 to 1002) more per infant. There was an 8% (95%
CrI 7.5% to 8.6%) likelihood of early high-flow being less costly
than standard oxygen with rescue high-flow. The absolute mean
cost differed across subgroups defined by infant age, prematurity,
history of a congenital heart defect and level of the hospital but
not by the previous admission for respiratory disease (table 4).
No significant differences in mean cost per infant between study
groups within any one subgroup were evident.

Sensitivity analysis

The mean costs for both early high-flow and standard oxygen
with rescue high-flow were slightly lower when NZ sites were
costed using NZ prices (online supplementary table 3). The
mean differential costs were similar (AU$435; 95% CrI —110 to
967). As the capital costs associated with the high-flow machine
were low (AU$3.53 per infant assuming an 80% utilisation rate)
compared with overall costs, changes in high-flow machine utili-
sation rates had minimal impact on the differential cost between
the groups (online supplementary table 4).

DISCUSSION
This economic analysis used data from the PARIS trial and
found higher costs per infant treated with high-flow compared

Table 4 Variation in mean total costs (AU$) per infant treated by
subgroups

Standard
Early high-flow oxygenzrescue Mean cost difference
Subgroup group high-flow group (95% Crl)*

Prematurity <37 weeks

Yes 8233 (n=137) 7519 (n=128) 714 (-1025 to 2278)

No 7104 (n=602) 6761 (n=605) 343 (=267 t0 951)
Age group

<3 months 8285 (n=211) 8196 (n=186) 89 (-1438 to 1570)

>3 to 6 months 7172 (n=187) 6395 (n=170) 777 (=75 to 1669)

>6 months 6790 (n=341) 6475 (n=377) 315 (=415 to 1008)
Hospital levels

On-site ICU 7578 (n=469) 7089 (n=486) 489 (=271 to 1208)

No on-site ICU 6854 (n=270) 6508 (n=247) 345 (-638 to 1253)

Previous hospital admission for respiratory disease

Yes 7558 (n=187) 6792 (n=225) 766 (—467 to 1953)
No 7231 (n=552) 6938 (n=508) 293 (=394 to 949)
Congenital heart defect
Yes 9538 (n=8) 10 394 (n=16) —855 (—9816 to 8066)
No 7289 (n=731) 6815 (n=717) 474 (-86 to 1040)

*95% non-parametric credible interval based on 10 000 bootstrap replications.
ICU, intensive care unit.

with the standard oxygen with rescue high-flow; this difference
did not reach statistical significance at conventional 5% levels.
Nevertheless, early high-flow provided as first-line therapy for
hypoxic infants with bronchiolitis had a very low likelihood (8%)
of being a lower-cost therapy. The subgroup analyses showed that
costs for the management of bronchiolitis in infants differ slightly
across patients, but early high-flow was not proven to be cost
saving for any subgroup. Moreover, relaxing assumptions made
around the use of country-specific costs or the utilisation rate of
the high-flow equipment did not substantially impact findings.

The costs associated with length of hospital stay dominated
the overall cost per infant. Previous cost estimates in larger bron-
chiolitis cohorts were based on summary data from large health-
care databases.*® We used individual patient-level data to estimate
the cost of bronchiolitis. Since total hospital length of stay was
similar between the groups in the PARIS trial, it is not surpri-
sing that this evaluation was unable to show that the additional
intervention costs of high-flow, though small, would be offset by
any savings associated with the reduced escalation rate that was
reported by the PARIS trial in the early high-flow group (com-
pared with standard oxygen). Likewise, the mean length of ICU
stay for those who failed initial treatment (high-flow or standard
oxygen) was similar between the groups. There may be benefits
for patients and their families associated with high-flow that has
not been considered in this analysis. The patient and family expe-
rience with high-flow is an important area for future research.

A recent trial? found that high-flow was cost saving compa-
red with standard oxygen in bronchiolitis. However, the study
recruited infants aged up to 24 months in contrast to 12 months
in this study, and the analysis assumed similar hospitalisation
costs (emergency department, ward and ICU) per patient. Our
analysis included a much larger sample of sicker patients from 17
sites in two countries, and we include other costs such as retrie-
vals. In a further study, Heikkild* used data from a retrospective
case—control study to estimate the cost-effectiveness of high-flow
in infants with bronchiolitis, compared with standard oxygen.
Using a decision model, the authors found that high-flow was
cost saving. This was contributed by lower ICU admission rates
and consequential costs in the high-flow group. However, these
lower rates of ICU admission have not been found in the two
RCTs conducted to date.*!!

Strengths and limitations
Our study investigated costs to the point of hospital discharge
and assumed no difference in long-term outcomes irrespective of
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the treatment received. As bronchiolitis is a self-limiting illness
without long-term sequelae, we consider this approach reaso-
nable. Our analysis did not consider family or community costs
associated with the illness. Retrieval costs were comparatively low
as transfer did not require any rotary or fixed-wing retrievals.
Likewise, the analysis assumed similar medical and nursing care
per patient ratios.

The primary outcome of the clinical trial was defined as an
escalation of therapy, whereas the cost-minimisation analysis
encompassed the entire stay in the hospital, including the crosso-
ver from standard oxygen to high-flow. The clinical trial" reported
high-flow to be associated with a lower escalation rate compared
with initial standard oxygen. We did not collect data on patient-re-
ported outcomes, and we cannot comment on whether the quality
of life or satisfaction may be perceived to be better with high-flow
or standard oxygen. Long-term outcome data in infants with
bronchiolitis is only available in patients who received mechanical
ventilation and impaired neurodevelopment in these infants was
related to the sedation used during paediatric ICU.*

The PARIS trial on which this analysis is based was large,
recruiting over 1400 infants; and yet the findings related to costs
are inconclusive. A study with a sufficient sample size to be powe-
red to show a difference in costs at conventional significance
levels is likely to be prohibitively expensive to run. It shows that
the costs associated with high-flow constitute a small proportion
of the overall costs of hospitalisation for bronchiolitis.

Implications for practice

It is unlikely that early high-flow represents value for money
compared with standard oxygen with rescue high-flow when it
is used as a first-line treatment for infants admitted to hospital
with bronchiolitis. Higher costs for the high-flow stem to a lesser
extent from equipment costs, but more from a longer length of
stay in the hospital, particularly for those who did not require
escalation of care.

CONCLUSIONS

Routine implementation of early high-flow as first-line therapy for
the management of bronchiolitis in infants under 12 months can-
not be recommended from a healthcare cost perspective. Future
studies should investigate if provision of high-flow to selected
patient groups at higher risk of requiring intensive care would be
cost-effective as second-line therapy.
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ARTIGO ORIGINAL INVESTIGACAO

Asma e mortalidade por todas as causas em criancas
e jovens adultos: um estudo de base populacional

Emma Caffrey Osvald,"? Hannah Bower,? Cecilia Lundholm,? Henrik Larsson,* Bronwyn K Brew,?

Catarina Almqvist'?

RESUMO

Contexto Estudos sugerem um aumento da mortali-
dade por todas as causas entre adultos com asma. O
nosso objetivo foi estudar a relacdo entre a asma em
criangas e adultos jovens e a mortalidade por todas as
causas e investigar as diferengas na taxa de mortali-
dade pelo facto de também apresentar uma doenca
limitadora de vida (LLC, do inglés life-limiting condi-
tion) ou por estatuto socioeconémico (ESE) parental.
Métodos No presente estudo baseado em registos
estdo incluidos 2 775 430 individuos nascidos na
Suécia entre janeiro de 1986 e dezembro de 2012.
Identificdmos casos de asma utilizando o National
Patient Register (NPR) e o Prescribed Drug Register.
Os individuos com LLC foram identificados utilizando
o NPR. Os ESE parentais a nascenca (rendimentos
e educacdo) foram retirados de Statistics Sweden.
Estimdmos a associacdo entre asma e mortalidade
por todas as causas utilizando um modelo de riscos
proporcionais de Cox. A modificacdo do efeito por LLC
ou ESE parental foi estudada utilizando termos de inte-
raccdo no modelo ajustado.

Resultados A taxa de risco ajustada (adjHR) para mor-
talidade por todas as causas em casos de asma versus
casos de ndo asma foi de 1,46 (95% IC 1,332 1,62).A
taxa mais elevada parecia ser para os sujeitos entre 5
e 15 anos de idade. Nas pessoas com asma e sem LLC,
a adjHR manteve-se elevada com 1,33 (95% IC 1,18 a
1,50), mas diferiu (p=0,002) das pessoas com asma e
LLC, com uma adjHR de 1,87 (95% IC 1,57 a 2,22). Os
ESE parentais ndo alteraram a associagdo (rendimento,
p=0,55; educacdo, p=0,83).

Conclusao Este estudo demonstra que a asma estd
associada a um aumento da mortalidade em criancas e
jovens adultos, independentemente de LLC ou do ESE
parental. E necessaria mais investigacdo para analisar
05 possiveis mecanismos para esta associacao.

INTRODUCTION

All-cause mortality and asthma-specific mortality
in children and young adults have reduced in the
past decades in Europe and other high-income
countries globally.'* In Sweden, both child morta-
lity and asthma-specific mortality are low.>* As in
other Northern European countries, the leading
causes of death in Sweden in childhood and ado-
lescence are road injuries, congenital birth defects
and neoplasms.'* Morbidity among children and
young adults in Western Europe is increasingly
dominated by non-communicable disease, where
asthma is a significant contributor.”

The worldwide reduction in asthma-spe-
cific mortality is attributed to widespread use
of inhaled corticosteroids (ICS) after its intro-
duction in the 1980s.>¢ Only 37 deaths from
asthma in Sweden were reported for persons
aged 1-34 years from 1994 to 2003.* A study on
asthma-specific mortality using data from WHO

What is the key question?

»Is asthma associated with increased all-
cause mortality rate in children and
young adults and does it differ for those
with or without life-limiting conditions or
by parental socioeconomic status at birth?

What is the bottom line?

» The results suggest that asthma increa-
ses all-cause mortality also in children
and young adults, and while having a
life-limiting condition appears to be an
important effect modifier for the associa-
tion between asthma and all-cause morta-
lity, parental socioeconomic status did not
alter the association.

Why read on?

»To our knowledge, this is the largest popu-
lation study of children and young adults
on this topic, and this study contributes to
the further understanding of the association
between asthma and all-cause mortality.

Mortality Database showed that age-standardi-
sed mortality in Sweden for persons aged 5-34
years in Sweden has continued to fall.®

Although asthma-specific mortality has redu-
ced, there are studies which suggest that having
asthma increases the risk of all-cause mortality
in adults.”® A cohort study in Finland found that
persons over 30 years of age with asthma were at
higher risk of all-cause mortality.” Furthermore it
has been shown that adults with asthma are more
likely to die from chronic conditions than indi-
viduals without asthma.® Results from a recent
cohort study from Scotland demonstrate there
is also an increased all-cause mortality among
children with asthma.” However, the relationship
between asthma and all-cause mortality in chil-
dren and young adults is not as extensively stu-
died and is clearly not fully understood.

Asthma is a chronic condition characterised
by symptoms such as wheezing and coughing.'
The prevalence among Swedish children is around
10%."" Asthma is known to be comorbid with disea-
ses such as allergic rhinitis, attention deficit hype-
ractivity disorder and obesity,'**>"** and it has also
been shown that persons with asthma more com-
monly have other chronic conditions than those
without asthma."® Chronic conditions also com-
prise life-limiting conditions, defined as conditions
‘without a reasonable hope of cure’*® Studies from
the UK show a rising prevalence of children and
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young adults with a life-limiting condition, and chronic conditions
are increasingly found among children who die.'s"

It is well established that disadvantaged socioeconomic
status (SES) is associated with an increase in childhood mor-
tality."® Income, education and occupation are often used as
measures of SES.* Low SES and factors related to low SES have
been shown to increase all-cause mortality in young children,
older age groups and asthma-specific mortality.*” In Sweden,
deaths due to asthma have been linked with poor compliance
with asthma treatment and substance misuse, both of which are
associated with disadvantaged SES.* Low parental SES has also
been implicated in the development of asthma in childhood, an
increased prevalence of severe asthma and a decreased amount
of dispensed controller medication.'*-*!

It is of interest to healthcare providers and policy makers to
understand the relationship between asthma, all-cause mortality, life-
-limiting conditions and parental SES. Hence, the aim of this study
was to investigate the association between asthma and allcause mor-
tality in children and young adults aged 1-25 years and explore if this
effect was different for those with or without life-limiting conditions
or by parental SES at birth. The hypothesis was that asthma increases
all-cause mortality in children and young adults and that a life-limi-
ting condition and parental SES alter this effect.

METHODS

Study design and population

This was a register-based cohort study of individuals born in
Sweden. Information was gathered from four registers held by
the Swedish National Board of Health and Welfare: the Medical
Birth Register (MBR), the National Patient Register (NPR),
the Prescribed Drug Register (PDR) and the Swedish Cause of
Death Register. Information from four registers held by Statistics
Sweden was also used. These were the Multi-Generation
Register (MGR), the Total Population Register (TPR), the
Income and Taxation register (IOT), and the Longitudinal
Integration Database for Health Insurance and Labour Market
Studies (LISA by Swedish acronym). All data from the study
individuals and their parents were linked using the personal
identification number, a unique identifier held by every person
residing in Sweden (online supplemental figure S1).

The study population consists of all individuals born in
Sweden between 1 January 1986 and 30 December 2012 (n=2
795 154) identified from the MBR (which reports 99% of all bir-
ths since 1973).22 Those who died (n=10 757, 0.4%) or emigra-
ted (n=8967, 0.3%) during their first year of life were excluded,
resulting in a cohort of 2 775 430 study individuals. Mothers and
fathers were linked to the study individuals through the MGR.

Exposure

Asthma cases were identified using data from two registers, the
NPR and the PDR, and we based on doctors’ diagnosed asthma
and/or on dispensed asthma medications from a doctor’s prescrip-
tion according to a previously published validation study.'* Asthma
was defined up to 1 July 2005 using the NPR only, which covers
all inpatient hospital care from 1987 and 75% of outpatient visits
from 2001. From 1 July 2005 asthma was defined by an algorithm
used in a previous validation study, using the NPR as well as the
PDR, which covers all prescribed drugs dispensed at pharmacies in
Sweden." * From the NPR, asthma cases and incidence dates were
defined as the first hospital admission or outpatient visit, with a
primary or secondary diagnosis of asthma identified using the cor-
responding code from the International Classification of Diseases
(ICD). For ICD-9 code 493 was used and for ICD-10 codes J45 and
J46 were used. From the PDR, an asthma case was identified by
the dispensed asthma medications, ICS, -agonists, combination
products or leukotriene receptor antagonists, using the following
corresponding ATC codes (Anatomic Therapeutic Chemical clas-
sification codes): RO3BA, RO3AC, R03AK and R03DC, respecti-

vely. A record of at least two dispensed prescriptions of asthma
medications was required to be identified as an asthma case using
the PDR. Although it could lead to underestimation of the asso-
ciation, in order to avoid immortal time bias the incident date was
determined by the date of the second dispensed prescription. In
instances where an individual had an incident date recorded in
both the NPR and the PDR, the earliest date was used.

Outcome

The cohort was linked to the Swedish Cause of Death Register, a
register with a high level of completeness and where all deaths from
1961 are recorded.” Data collected included the date of death and
cause of death. The outcome, all-cause mortality, was defined as
any cause of death which occurred between the study individuals
1st and 25th birthday. The cause of death was identfied by the cor-
responding ICD code and was used for descriptive purposes only.

Covariates
The covariates were chosen using a directed acyclic graph
(online supplemental figure S2).** From the MBR we obtained
data relating to the study individuals’ characteristics: sex, pre-
maturity, if they were born small for gestational age (SGA) and
calendar year of birth. From the NPR we identified those with
a life-limiting condition, using the ICD-10 code and the cor-
responding ICD-9 code, based on the definition used by Fraser
et al'® (online supplemental table S1), which includes neurolo-
gical conditions, congenital and chromosomal abnormalities.
The earliest date of diagnosis was used in instances where an
individual had more than one life-limiting condition.
Covariates relating to family characteristics, maternal age at
delivery, smoking during first pregnancy trimester and mater-
nal country of birth were retrieved from the MBR and the TPR.
Data on parental SES (income and education) were obtained
using the IOT register and the LISA database. Both LISA and IOT
are updated annually and these registers record data on individu-
als 16 years or older living in Sweden. The IOT register contains
information regarding income only; it was established in 1968.
In 1990 LISA was established and IOT was integrated into this
database, which also contains information on education.”
Parental income was defined as the highest parental dispo-
sable income in the year before the birth of the study individual,
divided into quintiles. Parental education was defined as the
highest attained education between each parent in the year of the
birth of the study individual. Parental education data for study
individuals born before the LISA database started (1986-1989)
were defined according to data from LISA in 1990. Parental edu-
cation was categorised as compulsory school (<9 years), high
school (10-12 years) or college/further education (>12 years).

Statistical analysis

The study individuals were followed from their first birthday
until end of follow-up, which was defined as their 25th birthday,
date of death, emigration date or 31 December 2013, whichever
occurred first. Crude mortality rates per 100 000 person years
with 95% CI by asthma exposure were first calculated, assuming
a Poisson distribution.

The Cox proportional hazards model was then used to esti-
mate HR with 95%CI, comparing all-cause mortality in those
with and without asthma. Asthma was treated as time-varying
exposure in all analyses, whereby an individual contributed
towards ‘no asthma’ time-at-risk before being identified as an
asthma case and towards ‘asthma’ time-at-risk if and from the
time they were identified as an asthma case. Attained age was
the underlying timescale used for survival analyses.

Both an unadjusted model and a model adjusted for cova-
riates were fitted. These covariates were sex, prematurity, SGA,
life-limiting condition, calendar year of birth, maternal age at
delivery, maternal smoking during pregnancy, maternal birth
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country and parental SES at birth. Life-limiting condition was
modelled as a time-varying variable.

We estimated the time-varying effects (HRs) of the exposure in
a smooth way by fitting flexible parametric models, with restricted
cubic splines (5 df) to model the log baseline cumulative hazard
function and 3 df to model the interaction between age and the expo-
sure variable, where asthma and life-limiting conditions were time-
-varying variables, and the model was adjusted for all the covariates.”

Effect modification by life-limiting conditions or parental SES
was tested, using Wald test, by introducing an interaction term in
the adjusted Cox proportional hazard model between asthma and
(1) life-limiting conditions and (2) parental SES at birth.

From 2001 outpatient specialist visits are also available in the
NPR. Hence data available from this year are thought to be more
complete and could decrease the chance of misclassification bias
of the asthma variable. In order to study the effect of this, a sub-
group analysis was conducted on those born from 2000. They
were studied by similar methods until 31 December 2013.

All statistical analyses were conducted using STATA V.15.1.

RESULTS
In total 261 322 asthma cases were identified, resulting in a
cumulative incidence of asthma of 9.4%. Table 1 shows the cha-
racteristics of the study cohort and their family. The mean age of
asthma onset was 8.1 years (95%CI 8.0 to 8.1). Asthma cases were
more likely to be male, born premature or have been exposed
to maternal smoking in pregnancy. Of those with asthma, 6480
individuals (cumulative incidence 2.5%) had a lifelimiting condi-
tion, and of those without asthma 28 798 individuals (cumulative
incidence 1.1%) had a life-limiting condition.

Data on parental SES were available for 95.2% of the cohort.
Of those with asthma, 17.9% of parents were in the lowest income
quintile compared with those without asthma, where 19.4% of
parents were in the lowest quintile. The distribution of paren-
tal education for the asthma group showed 5.9% had only com-
pulsory schooling compared with the non-asthma group, where
6.4% had only compulsory schooling. Patterns of missing data of
the variables prematurity, SGA and maternal smoking in preg-
nancy were studied across the parental SES variables. We found
no increase in missing data among these groups; therefore, this
should not cause bias in the analysis (data not supplied).

Outcome data

The mean follow-up time was 13.7 years (7.8 SD).There were 6592
individuals who died between 1 and 25 years of age, which is 0.2%
of the cohort. The crude mortality rate was 18.1 (95% CI 17.6 to
18.5) per 100 000 person years. The unadjusted allcause mortality
rate for asthma cases was 32.1 (95% CI 29.5 to 34.9) per 100 000
person years, which was greater than for nonasthma cases at 17.4
(95% CI 17.0 to 17.8) per 100 000 person years (table 2).

Among those who died, 548 (8.3%) individuals had asthma
and 970 (14.7%) individuals had a life-limiting condition. In total
there were only 10 deaths where asthma was the leading cause
of death (0.15% of all deaths). Of the study individuals who died
during follow-up, 24.8% had parents in the lowest income quintile
at birth compared with those who did not die during follow-up,
where 19.2% had parents in the lowest income quintile at birth.
The distribution of parental education at birth among those who
died showed that 10.3% of the individuals had parents with only
compulsory schooling, compared with those study individuals who
did not die during follow-up, where 6.4% had parents with only
compulsory schooling (table 3 and online supplemental table S2).

Main results

From the Cox proportional hazard model, the resulting HR for
all-cause mortality was 1.68 (95% CI 1.54 to 1.83) by comparing
those with asthma with those without asthma. Adjusting for covaria-
tes altered the HR to 1.46 (95% CI 1.33 to 1.62). The HR for all-cause

Table 1 Background characteristics related to asthmain a
Swedish cohort of 2 775 430 individuals

Characteristic No asthma Asthma
n (%) 2514108 (90.6) 261322 (9.4)
Study individuals’ characteristics
Sex
Male 1277 846 (50.9) 147 383 (56.4)
Female 1236 255 (49.2) 113 939 (43.6)
Prematurity
Yes (<37 weeks) 144 043 (5.7) 22243 (8.5)
No (>37 weeks) 2382811(94.3) 239079 (91.5)
Small for gestational age
Yes 56 886 (2.2) 7145 (2.7)
No 2382811(94.8) 245 453 (94.0)
Missing 74411 (3.0) 8724 (3.3)
Life-limiting condition
Yes 28798 (1.1) 6480 (2.5)

No
Family characteristics
Maternal age at delivery, years

2485310 (98.9) 254 842 (97.5)

<20 52249 (2.1) 5444 (2.1)
>20 to <25 420197 (16.7) 45615(17.4)
2510 <30 840 276 (33.4) 90611 (34.6)
>30to <35 779 249 (31.0) 79 073 (30.3)
>35 to <40 349137 (13.8) 33960 (13.0)
>40 71630 (2.9) 6486 (2.5)
Missing 1370 (0.1) 133(0.1)
Maternal smoking during pregnancy
Yes 356 193 (14.2) 39347 (15.1)
No 2016 479 (80.2) 206 644 (79.1)
Missing 141 436 (5.6) 15331 (5.8)
Maternal country of birth
Sweden 2066 737 (82.2) 225 482 (86.3)
Denmark, Norway, Finland, Iceland 69 516 (2.8) 6600 (2.5)
Other 374597 (14.9) 29214 (11.2)
Missing 3258 (0.1) 26 (<0.1)
Parental income
Lowest 486 986 (19.4) 46 634 (17.9)
Lower middle 481091 (19.1) 51179 (19.6)
Middle 480 864 (19.1) 51918 (19.9)
Upper middle 480520 (19.1) 51276 (19.6)
Highest 483183 (19.2) 48 684 (18.6)
Missing 101 464 (4.0) 11631 (4.5)
Parental education
Compulsory school 161801 (6.4) 15364 (5.9)
High school 1132088 (45.1) 125 046 (47.8)
College or further education 1101778 (43.8) 108 189 (41.4)
Missing 118 441 (4.7) 12723 (4.9)

The table compares those who received a diagnosis of asthma during follow-up with those who did not
receive a diagnosis of asthma during follow-up.

mortality varied by age as estimated from the adjusted flexible para-
metric survival model allowing for a timevarying effect. The largest
HR was seen for deaths between 5 and 15 years of age (figure 1).

In persons with asthma and with and without a life-limiting
condition, the adjusted hazard rate (adjHR) for all-cause morta-
lity differed (p=0.002), demonstrating a significant interaction.
Those with asthma and a life-limiting condition had an adjHR
of 1.87 (95% CI 1.57 to 2.22), whereas in those with asthma and
without a life-limiting condition the all-cause mortality rate
remained increased but was lower in those with a life-limiting
condition, with an adjHR 0f 1.33 (95% CI 1.18 to 1.50). There was
no significant interaction for measures of parental SES (income,
p=0.55; education, p=0.83). The adjHRs are further depicted in
figure 2 (see also online supplemental table S3), which compares
the HR within each parental socioeconomic group.

Subgroup analysis

The subgroup analysis of 1 312 844 individuals born from 2000
included 121 959 asthma cases (cumulative incidence of 9.2%).
The adjusted Cox regression model showed an HR of 1.79 (95%
CI 1.39 to 2.08).
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Table 2 Number of deaths and mortality rates by asthma exposure in a Swedish cohort of 2 775 430 individuals

All No asthma Asthma
n 6592 6044 548
Person years at risk 364.2 347.7 17.1
Mean follow-up time, years 13.7 13.7 14.6
Crude mortality rate (per 100 000 person years) (95% Cl) 18.1(17.6 t0 18.5) 17.4(17.0t0 17.8) 32.1(29.51t034.9)

DISCUSSION

This population-based cohort study of 2 775 430 individuals
supports the hypothesis that the all-cause mortality rate in chil-
dren and young adults is higher in those with asthma compa-
red with those without asthma. We expand these findings by
showing that having a life-limiting condition altered the rate
between the asthma and non-asthma groups, whereas paren-
tal SES at birth did not. Few studies have investigated the rela-
tionship between asthma and all-cause mortality in younger
people. To our knowledge, this is the largest population study
of children and young adults on this topic, and this study adds
to our understanding of the research field.

Studies on adult populations have demonstrated that asthma
increases all-cause mortality,”® and our study further demons-
trates that this association is seen in children and young adults.
The recent study from Fleming et al’ has shown an increased
all-cause mortality in children with asthma and our subgroup
analysis of children aged 1-14 years old shows a similar HR to
this study. Furthermore we have demonstrated that the hazard
rate for the association between asthma and all-cause mortality
changes with age, with the highest rate ratio in children aged
5-15 years old. This observation has previously not been repor-
ted and warrants further exploration.

Asthma is known to be comorbid with other chronic condi-
tions, including life-limiting conditions."”*” Our results, perhaps
unsurprisingly, suggest that for children and young adults with
a life-limiting condition the association between asthma and
all-cause mortality is higher than for those without a life-limi-
ting condition; however, what is more interesting to note is that
the association between asthma and all-cause mortality remains
even for those not identified as having a life-limiting condition.
Studies investigating adults with asthma have shown an increa-
sed all-cause mortality among adults with other underlying
disease,” and others propose that airflow limitation (FEV ) is an
important component contributing to mortality.?** Perhaps the
relationship between asthma and all-cause mortality is related
to increased susceptibility to factors associated with asthma
comorbidities, other chronic disease and/or reduced lung
function, which could be explored in future research. There
is overwhelming evidence that SES in childhood impacts not
only health outcomes and mortality in childhood but also adul-
thood.?' *2 Evidence of this can be seen in this study, as study
individuals who died had a higher proportion of parents from
the lowest socioeconomic groups at birth (lowest income quin-
tile and compulsory schooling only) compared with those who
survived. Studies in adults with asthma have demonstrated an
increased risk of both all-cause mortality and asthma-specific
mortality among those from the lowest SES group compared
with the highest SES group.® Although we could not demons-
trate a significant difference in the association of asthma and
all-cause mortality between parental SES groups, parental SES
is an important confounder in the relationship between asthma
and all-cause mortality."®

The Swedish healthcare system is often cited as a system
with an established healthcare structure of community and hos-
pital services with the linkage of several patient medical record
sources. This creates the right environment for the management
of persons with chronic conditions.”'® Healthcare in Sweden is
universal, access to emergency care is uniform, and prescrip-
tions for medications during the study period were subsidised.

Despite this, the results of this study demonstrate an increased
mortality rate among children and young adults with asthma,
supporting the argument for the integrated management of
chronic conditions in children and young adults and in parti-
cular in the treatment of asthma.

Strengths and limitations

A strength of this study is the large population base, which mini-
mises selection bias and increases generalisability. The variables
retrieved from the NPR and the Swedish Cause of Death Register
have been shown to have a high positive predictive value, and
similarly data pertaining to parental SES at birth were derived
from registers which have been validated.” >

There are some limitations. First, the study population included
only individuals born in Sweden. Although this creates a selection
bias, as it does not include individuals who immigrate to Sweden,
it minimises misclassification bias with regard to the asthma varia-
ble and data pertaining to the pregnancy, perinatal outcomes and
parental SES, which are not available for persons who are not born in
Sweden. Second, the asthma variable was created largely from hospi-
tal data and hence we may have found more serious asthma cases and
missed milder cases. In order to overcome this bias and capture more
individuals with asthma who are managed in primary care, we have
used data from the Swedish PDR, which started in 2005.

Asthma cases were defined in accordance with a validation
study which found a high positive predictive value for asthma
defined using both the NPR and/or the PDR." Furthermore the
subgroup analysis of those born from 2000 indicates that potential
bias from a misclassification of the asthma variable probably has
limited impact on the findings, as we demonstrate that the increa-
sed all-cause mortality persists for those with asthma. Third, we
did not have access in the NPR to all the life-limiting conditions
defined by Fraser et al,'® which might result in a misclassification
bias and might affect our estimates in our adjusted model. Finally,
we had access to data on maternal smoking during pregnancy but
no other information on exposure to tobacco smoke or individual
smoking habits. Smoking has been demonstrated as a significant
factor which increases all-cause mortality in adults with asthma
and differs within socioeconomic groups.” In 2007, 14% of the
Swedish population smoked and around 7% of the population
reported daily environmental smoke exposure.** Therefore, the
bias from not having smoking data may be minimal; however, we
cannot rule smoke exposure out altogether.

Future research on asthma and all-cause mortality in chil-
dren and young adults should further explore the effect of
smoking and smoke exposure on this association.

CONCLUSION AND IMPLICATIONS

To our knowledge this is the first study specifically examining
the relationship between asthma and all-cause mortality in chil-
dren and young adults. While this study shows that asthma is
associated with an increased rate of death in children and young
adults, the asthma-specific mortality is still relatively low. The
HR comparing the mortality rate in the asthma and non-as-
thma groups was increased by also having a lifelimiting condi-
tion, whereas parental SES at birth did not alter the association
between asthma and all-cause mortality. The study provides
further evidence that those with asthma have an increased all-
-cause mortality, which has important clinical implications and
strengthens the argument for continued research in this field.
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Table 3 Characteristics comparing individuals who died or
survived the follow-up period

Characteristic No asthma Asthma
n (%) 6592 2768838
Study individuals’ characteristics
Asthma
Yes 548 (8.3) 260 774 (9.4)
No 6044 (91.7) 2508 064 (90.6)
Sex
Male 4079 (61.9) 1421150 (51.3)
Female 2513 (38.1) 1347 681 (48.7)
Prematurity
Yes (<37 weeks) 715 (10.9) 165571 (6.0)
No (>37 weeks) 5877 (89.1) 2603 267 (94.0)
Small for gestational age
Yes 381(6.2) 63650 (2.3)
No 5966 (91.0) 2622298 (94.7)
Missing 258 (3.8) 82890 (3.0)
Life-limiting condition
Yes 970 (14.7) 34308 (1.2)
No 5622 (85.3) 2734530 (98.8)
Family characteristics
Maternal age at delivery, years
<20 253 (3.8) 57 440 (2.0)
=20 to <25 1539 (23.4) 464 273 (16.8)
=25 to <30 2235(33.9) 928 652 (33.5)
=30 to <35 1674 (25.4) 856 648 (30.9)
=35 to <40 711(10.8) 382386 (13.8)
>40 179 (2.7) 77 937 (2.8)
Missing 1(<0.1) 1502 (<0.1)
Maternal smoking during pregnancy
Yes 1669 (25.3) 393871(14.2)
No 4456 (67.6) 2218667 (80.1)
Missing 467 (7.1) 156 300 (5.6)
Maternal country of birth
Sweden 5517 (83.7) 2 286 702 (82.6)
Denmark, Norway, Finland, Iceland 294 (4.5) 75822 (2.7)
Other 780 (11.8) 403 031 (14.6)
Missing 1(<0.1) 3283(0.12)
Parental income
Lowest 1637 (24.8) 531983 (19.2)
Lower middle 1294 (19.6) 530976 (19.2)
Middle 1218 (18.4) 531564 (19.2)
Upper middle 1122 (17.0) 530674 (19.2)
Highest 1093 (16.6) 530 774 (19.2)
Missing 228 (3.6) 112 867 (4.08)
Parental education
Compulsory school 680 (10.3) 176 485 (6.4)
High school 3659 (55.5) 1253 475 (45.3)
College or further education 1987 (30.1) 1207 980 (43.6)
Missing 266 (4.1) 130 898 (4.7)
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O primeiro biolégico a inibir a sinalizacao da IL-4 e IL-13

AAsmaé heterogénea

PARA DOENTES (> 12 ANOS) COM ASMA GRAVE E INFLAMACAO DO TIPO 2

EQSelgE+ gy DUPIXENT»»

Induzida por Alergemos =

! 0 CAMINHO
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Dupixent é indicado em adultos e adolescentes com idade igual ou superior a 12 anos como tratamento
complementar de manutencdo para asma grave com inflamacdo tipo 2 caraterizada por eosin6filos elevados no
sangue e/ou FeNO aumentada, que sdo inadequadamente controlados apesar das doses elevadas de corticosteroides
inalados associada a outro medicamento para tratamento de manutencdo.

Referéncias: RCM Dupixent, GINA 2020
EOS - Eosinofilos; FeNO - Fragao de éxido nitrico exalado;
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SANOFI GENZYME «g REGENERON (dupilumab)

INFORMACOES ESSENCIAIS COMPATIVEIS COM RESUMO DAS CARACTERISTICAS DO MEDICAMENTO

"Wiste medicamento estd sujeto a monitorizagao adicional.stoird permitira épida dentifcagd de nova informaco de sequranca. Pede-se aos profissionais de said fiquem quaisquer suspeitas de reages adversas. Para saber como notificar eagdes adversas, ver secgdo 4.8. do RCM completo. Nome do medicamento Dupixent 300 mg solugdo injetével em seringa pré-chei; Dupivent 300 mg solugdo njetvel
em caneta pré-cheia; Dupixent 200 mg solugda injetdvel em seringa pré-cheia; Dupixent 200 mg Solugdo injetével em caneta pré-cheia. Composigao Qualitativa e Quantitativa Dupixent 300 mg Solugdo injetével em seringa pré-cheia ou caneta pré-cheia. Cada seringa pré-cheia ou caneta pré-cheia de utilizagdo tnica contém 300 mg de dupilumab em 2 ml de soluggo (150 mg-ml). Dupilumab 200 mg soluggo
injetavel em seringa pré-cheia ou caneta pré-cheia. Cada seringa pré-cheia de utiizaggo tnica contém 200 mg de dupilumabem 1,14 ml de soluggo (175 mgsml). Dupilumab é ! I totalmente h orecetor alfa da nterleucina (1L)-4 que inibe a sinalizagdo I1-4/1L-13, produzido em células de ovrio de hamster chinés (CHO) por tecnologia de ADN recombinante. Lista completa de excipientes,

ver seccd 6.1. do RCM completo. Forma Farmacéutica Solugao injetavel (injetdvel). Solugdo estétil transparente a ligeiramente opalescente, incolor a amarelo pélido, isenta de particulas visves, com um pH aproximado de 5,9. Indicagdes terapéuticas Dupixent 200 mg e 300 mg: Dermatite atépica Adultos e adolescentes Dupixent é indicado para o tratamento de dermatite atdpica moderada a grave em adultos e
adolescentes com idade igual ou superior a 12 anos que sao candidatos a terapéutica sistémica. Criangas dos 6 aos 11 anos de idade Dupixent é indicado para o tratamento de dermeatite atdpica grave em criangas dos 6 aos 11 anos de idade que séo candidatos a terapéutica sistémica. Asma Dupivent € indicado em adultos e adolescentes com wdadenqualousupenora12anoswmotratamentocomp\ememardemanuten@o
para asma grave com mﬂamagaonpoZtaralemzada poreusmuﬁ\us elevados no sangue efou fragdo exa\ada de dvido nitrco (FeNO) aumentada, ver secgao 5.1 do RCM completo, que sao inadequadamente controlados apesar das doses elevadas de corticosteroides ialados associados a outro medicamento para tratamento de manutengao Dup\xemiUO m | Rinossinusite crénica com polipose nasal (RSWNP Dup\xeme
indicad terapia (] intranasais para o tratamento de adultos com CRSWNP grave, para quem a terapia com corticostercides sistémicos eou cirurgia nao formece controlo adequado da doenca. Posologia e modo de administragao O tratamento deve ser iniciado por profissionais de satide com experiéncia no diagndstico e tratamento de condicdes para os

indicado (ver secgdo 4.1 do RCM completo). Pe Ig ermameamgr AdutoxA dose re(omendada dedupl\umabpara doentes adultos € uma dose inicial de 600 mg (duas injegdes de 300 mg), sequida por 300 mg administrados em semanas altemadas sob a forma de injegdo subcutanea. Adolescentes (12 aos 17 anos de idade) A dose recomendada de dupilumab para doentes adolescentes dos 1 2aos 7anosde
idade estd especificada naTabela 1. Tabela 1: dos 12a0s 17 idad dermatite atdpica. Peso Corporal do Doente: menos de60 kg Dose \mua\ 400 mg| (duasin Je(goes de 200 mg). Doses Subsequeﬂtex (em SEnaes ahemadas) 200 . 60 kg ou mais: Dose Inicial: 600 mg (duas injeccbes
de 300ma). Doses Subsequentes (em semanasa\ ternadas): 300 mg. (rmn;ﬂsdoséaos 11 anos de idade A d fada de dupilumab dos6.a0s 11.anos de idade estd especiicada na Tabela 2. Tabela 2: Dose de dupil 6aos11 6pica. Peso Corporal do Doente: de 15kg a menos de
60 kg: Dose Inicial: 300 mg (uma injecdo de 300 mg) no Dia 1, sequida de 300 mg no Dia 15. Doses Subsequentes: 300 mg a (ada 4xemanas (Q4W) * comegando 4 semanas apds a dose do Dia 15. 60 kg ou mais: Dose Inicial: 600 mg (duas \HJ(’(@E& de300mg). Doses Subsequentes: 300 mg emsemanasaltemadis (Q2W). *A dose pode ser aumentada para 200 mg Q2W em doentes com peso corporal de 15kg a
menos de 60 kg com base na avaliagao do médico. Dupilumab pode ser utilizado com ou sem corticosteroides tapicos. Poderdo ser utilizados inibidores da calcineurina tGpicos, mas devem ser reservados apenas para as dreas probleméticas, tais como a face, 0 pescogo e as dreas intertriginosas e genitais. Deve ter-se em consideragdo a interrupao do tratamento em doentes que ndo tenham apresentado resposta apds 16
semanas de tratamento para a dematite atGpica. Alguns doentes com resposta parcial nicial podem subsequentemente melhorar com a continuagdo do tratamento além das 16 semanas. Se for necesséria  interrupgdo do tratamento com dupilumab, os doentes podem ser tratados novamente com sucesso. Asma A dose recomendada de dupilumab para adultos e adolescentes (idade igual ou superior a 12 anos) &« Em
doentes com asma grave e terapéutica oral costerdides ou daentes com asma grave e dermatite atdpica comdrbida de moderada a grave ou em adultos com risossinusite cronica com polipose nasal comdrbida grave, uma dose inicial de 600 ma (duas injeccdes de 300 ma), seguida de 300 mg administradas em semanas altemadas sob a forma de injeccdo Subcuténea « Para todos os outros doentes, uma dose inicial
de 400 mg (duas injecgdes de 200 mg), sequida de 200 mg administradas em semanas altemadas sob a forma de injecgdo subcuténea. Os doentes tratados concomitantemente com corticosterGides orais, podem reduzir a sua dose de esterGides, uma vez que tenha ocorrido uma melhoria clinica com o dup\\umab (ver seccdo 5.1 do RCM completo). A redugdo dos esterdides deve ser realizada gradualmente (ver seccio 44
dn R(M completo). Dupilumab destina-se a tratamento de Iongo prazo. Deve ser (ons\derada anecessidade de lerap\a (ommuada pelo menos numa bave anual, tonfarme determinado pela avahagao médica do nivel de contralo da asma do doente. Dupivent 300 mg : moxsmusrle cdnica com polipose nasal (CRSWAP) A dose recomendada de dupilumab para doentes adultos € uma dose inicial de 300 mg seguida de 300

fas em semanas alternadas. 0 dupilumab destina-se a ratamento de longo prazo. Deve ser consid to em doentes quenao apresentem respos: 24semanasdetratamemoparaaCRSWNPA\gunsdoemeswmw | inicial podem melhorar tinuad ‘mda524semanas Doseexgue(/d Casoumadoseseaesqueuda administrar
adose\ogoquepusswe\ Emsequid, retomaradosagemahoramar(adahab\tua\ Pogu/agaﬂexgeuﬂ/ s Idosos (>65 anos). Naoeretumendadoqualqueramslepnw\ugl(oparaoxdoemendows(venetgaoSZdoR(M(ump\em)/ promisso renal N3o € necessério qualquer ajuste posoldgico nos "'s(ommxuﬁ(len(\arena\‘.y derada. Fsta dos sobre doentes com insuficiéncia
renal grave (ver seccdo 5.2 do RCM completo). (¢ stao disponiies dados sobre doentes com insuficiéncia hepdtica (ver secao 5.2 do RCM completo). Peso corporal Dupivent 200 mg: Néo rporal em doentes com idadeigual ou superiora 12 anos ou em adul j (verwc@oiZdoR(Mcomp\eIo) Dupixent 300 mg: Nao € reco-

mendado qualquer ajuste posoldgico para o peso corporal em doentes com asma com idade igual ou superior a 12 anos ou em adultos com dematite atGpica ou CRSWNP (ver secgio 5.2 do RCOM completo). Em doentes dosT Zanos 20517 an0s e dade comdermetfe atdpica, a dose recomendada em semanas alteradas é de 200 mg (< 60kg) ou 300mg (= 60 kg). Em doentes dos 6 aos 11 anos de idade com dermatite
atpica, s doses re(omendadas sdode 300 mg Q4W com a possibilidade de aumentar para 200 mg QW (de 15k a < 60kg) e 300 mg Q2W (= 60 kg). Doentes pedidtricos Dupivent 300 mq : A sequranca e eficécia de dupilumab em criangas com dermatite atGpica com menos de 6 anos de idade no foram estabelecids. A sequranca e eficécia de dupilumab em criangas com peso corporal < 15 kg ndo foram estabelecidas
(ver secdo 5.2 do RCM completo). Nao existem dados disponiveis. Dupixent 200 mg: A sequranga e eficécia de dupilumab em criangas com dermatite atdpica com menos de 12 anos de idade nao foram estabelecidas. A seguranga e eficécia de dupilumab em criangas com peso corporal < 15 kg ndo foram estabelecidas (ver secgo 5.2). Nao existem dados disponiveis. A sequranca e eficécia de dupilumab em criangas com
asma grave com menos de 12 anos de idade nao foram estabelecidas (ver secgéo 5.2 do RCM completo). Nao exsten dados disponives. Dupivent 300mg: (RSWNP nao ocorre em criangas Aseguranga eeﬁ(a(la e aiangs om (RSwNP(nm idade inferior a 18 anos ndo foram estabelecidas (ver secgdo 5.2 doRCM: (omp\etn) Ndo ex\stem dados disponiveis. Modo de administracdo Via subcutdnea: A caneta pré-cheia de du-
pilumab ndo se destina a ser utiizada em criangas com menas de 12 anas de idade. Para criangas dos 6 aos 11 anos de idade com dematite atdpica, a seringa pré-cheia de dupilumab é a apresentaga 30. Dupilumab é adf do porinjegdo subcutdneanac b dreade 5 cm avolta do umbigo. Se for outra pessoa a administrar a injegao, também
pode ser utilizada a regido superior do brago. Dupixent 200 mg: Para a dose inicial de 400 mg, administrar duas injegGes de 200 mg consecutivamente em locais de injeggo diferentes. Dupixent 300 mg: Paea dose mma\ de 600 mg, administrar duas injegBes de 300 mg de Dupixent consecutivamente em locais de injecao d\feremes Recomenda-se que vé a\lemando 0 \U(a\ deinjegdo. Dupilumab ndo deve ser injetado em
pe\esenswe\ 0toque, Iexmnada ou quelenha equwmoves ou atamzes Ox doentes podem autoinjetar dupilumab ou o prestador de cuidados do doente pode administrar dupilumab, caso o seu profissional de saide determine que tal é aprapriado. Deve ser proporcionada formagao adequada aos doentes efou aos prestadores de cuidados sobre a preparagao e a administraco de dupilumab antes de utilizar de a(ardo oma

seccao Instruges de uilzag Iilidade & substancia ativa ou a qualuer um dos excipientes mencionados na secao 6.1 do RCM completo. Efeitos indesejaveis D ermameampma»\duhoscomdermameatop\ta Resumo do perfl de sequranga As reages adversas mais frequentes foram reagGes no local de injego, conjuntivite, blefarite € herpes oral. Foram notificados
€@s0s muito raros de rea(goesdedoengadnwm/rea(gnesdoupodoengadasorono programa de desenvolvimento da dermatite atdpica (ver seccao 4.4 do RCM completo). Em estudos de monoterapia em adultos, a proporcéo de doentes qu tamento devido a acontecimentos adversos foide 1,9% no grupo de placebo, de 1.9% no grupo de dupilumab 300 mg Q2We de 1,5% no grupo de dupilumab

300 mg QW. No estudo com CST concomitantes em adultos, a proporcdo de doentes que descontinuaram o tratamento devido a acontecimentos adversos foi de 7,6% no grupo de placebo + CST, de 1,8% no grupo de dupilumab 300 mg 02W+ (STede2%%no grupo de dupl\umab 300 mg QW + CST. Lista tabelada de reagdes adversas A sequranga de dupilumab foi avaliada em quatro estudos aleatorizados, com dupla
ocultagdo, controlados por placebo e num estudo de intervalo de dose em doentes com dermatite atdpica moderada a grave. Nestes 5 estuds, 1.689 participantes foram tratados com injecdes subcutdneas de dupilumab, com ou sem corticosteroides tdpicos (CST) concomitantes. No total, foram tratados 305 doentes com dupilumab durante, pelo menos, 1 ano. Listadas na Tabela 3 estao as reagGes adversas observadas em
estudos clinicos na dermatite atdpica efou aposommo da (amer(\ahzagao apresemadas pordazse de ustema de orqaosefrequema utilizando as sequintes categorias: muito frequentes (> 1/10) frequentes (> 1/100, < 1/10); pouco frequentes (> 1/1 000 < 1/ 00); raras (> 1/10.000, < 1/1 000) muwlo 1o (< 110.000). Dentro de cada qrupodeﬁequenua 0s efeitos indesejdvels sao apresemados por ordem
decrescente de gravidade. Tabela 3 Lists p WedDRA Infegies e nfestaies Frequéndia Frequentes Reag: onjuntite,Herpes oral; Doengas do sangue Ifitio Frequendia Frequente  Desconhecido Reagio adversa Doenga doso-
Tofreagdes do ipo doenga dosoro, Rea@oanaﬁ\ama‘* Angioedema®; Doengas dosi (i énci mwente doad efaleias Afegdes oculares F énci frequentes Reagao ad it a\erg\ca Prurido ocular, Blefarite Afegde e dosteidos o requéncia Desconhecido Reagdo ad A"u‘ml"Pmurbaguexgem/xfa/rem(oesna/om/deadmm/srm(aa
Frequéndia Muito frequentes Reagao adversa Reagdes no local de injegdo. Adolescentes com dermatite atdpica (12 aos 1 7anos de idade) Foi avaliada a sequranga do dupilumab num estudo e 250 doentes dos 1220517 anosdedade com demte atdpica moderada a grave (AD-1526). 0 perfil de sequranca do dupilumab nestes doentes que foram acompanhados até a semana 16, foi semelhante ao perfil de
sequranga dos estudos em adultos com dermatite atdpica. Doentes peditricos com dermatite atdpica (6 aos 11 anos de idade). Foi avaliada a sequranca de dupilumab num estudo de 367 doentes dos 6 aos 11 anos de idade com dermatite atdpica grave (AD-1652). O perfil de sequranga do dupilumab + CST nesses doentes até & Semana 16 foi semelhante ao perfil de sequranca de estudos em adultos e adolescentes com
dermatite atdpica. O perfil de sequranca a longo prazo do dupilumab observado em criangas e adolescentes foi consistente com o observado em adultos com dermatite atdpica. Asma Restumo do perfil de sequranga A reagdo adversa mais frequente foi eritema no local de injeccdo. Foram notificados casos muito raros de: reagaoanaﬁlact\(a o programa de desenvolvimento da asma (ver seccio 44 do RCM tomp\eto] Nos
estudos DRI12544 QUEST, aproporcdo de doentes que descontinuaram o tratamento devido  reagdes adversas foi e 43% no grupo placebo, 3,2% do grupo dupilumab 200 mg QW e 6,1% do grupo dupilumab 300 mg QW Lista tabelada de reagdes adversas Um total de 2.888 doentes adultos e adolescentes com derada  grave foram avaliados em 3 estudos aleatorizados, controlados por placebo, multicé
de 24252 semanas de duracdo (DRI12544, QUEST e VENTURE). Destes, 2.678 tinham histdriade 1 uumamexa[e(bagoexgraves noano anterior ao recrutamento, apesar da utlizagdo regular de corticosterdides inalados de dose médlia a alta, mais um controlador adicional (DRI12544 e QUEST). Foram recrutados um total de 210 doentes com asma, dependentes de corticosterdides orais, areeberdoses elevadasdecortcsterices
inalatcrios e com mais dois controlos adicionais (VENTURE). O perfil de sequranca de dupilumab no estudo de seguranga de longo prazo de 96 semanas (TRAVERSE) foi consistente com o perfl de seguranga observado nos estudos principais da asma até as 52 semanas de tratamento. Listadas na Tabela 4 estdo as reages adversas observadas em estudos clinicos na asma, efou apds o incio da comercializagao apresentadas
pDIdESSedESISlEmEdE Grgdos e frequéndia, unhzandoassegumtes afegoras muito frequemes (> 1510); frequentes (> 14100, < 1/10); pouco frequentes (> 1/1.000, < 1/100); aras (> 1/10.000, < 1/1 000) muito raras (< 1/10.000). Demm de cada grupo de frequénda s efeitos indesejaveis sdo apresentados por ordem decrescente de gravidade. Tabela 4: Lista de reacgdes adversas na asma: Classe de
MedDRA Doengas do Muito raras, Desconhecido Reagao adversa Reacdo anafidtica, Angioedema® Afe;oesmuxu Josqueleticas e dos tecide éncia Desconhecido Reagao adversa Artralgia™ Perturbiagdes gerais e alteragdes no local de administragdo Frequéncia Muito requentes, Frequentes, Frequentes, Frequentes Reagao adversa Eritema
nolocal de njecgao, Edema no local da injecgdo, Dor nolocal da injecgdo, Prurido no local da injegao. *Nofificados em pds-comercializagao Dupivent 300 mg : Rinossinusite cronica com polipose nasal (CRSWHP. Remmadagerﬁ desequranga. As reagoes advemsma\sﬁequent&sfomm eritema no local da injego e edema no local da injegdo. No grupo de seguranga, a proporgao de doentes que descontinuaram o tratamento
devido a reagdes adversas foi de 2,0% no grupo Q2\Wde dupilumab 300 mg e 4,6% no grupo placebo. Lista tabelada de reagdes adversas Um total de 722 doentes adultos com CRSWNP foram avaliados em 2 ensaios randomizados, controlados por placeb ntricos, com duragdo de 24 a 52 semanas (SINUS-24 e SINUS-52). 0 grupo de sequranca consistia em dados das primeiras 24 semanas de tratamento. Listadas
naTabela § esto as reagdes adversas observadas nos estudos dlinicos de CRSWNP efou apds o inicio da comercializagdo, apresentadas por classe de sistema de drgaos e frequéna, utlizando as seguintes categorias: muito frequentes (= 1/10); requentes (> 1/100, < 1/10) pouco frequentes (= 1/1.000, < 1/100); raras (> 110,000, < 1/1.000); muito raras (< 1/10.000). Dentro de cada grupo de frequéndia, os efeitos
indesejaveis sdo apresentados por ordem decrescente de gravidade. Tabela 5. Lista de reagdes adversas nos estudos dinicos de CRSWNP: Classe de sistemas de drgaos MedDRA infogies ¢ infestagies Frequéncia Frequente Reagao adversa Conjuntivite Doengas do sangue e do sistema linféico Frequéncia Frequente Reagao adversa Eosinafilia Doengas do sistema imunitdrio Frequéncia
Desconhecido Reagao adversa Reacdo anafildtica™, Angioedema™ Afegdes musulosquelticas e dos tecidos conjuntivos Frequéndia Desconhecido Reagao adversa Artralgia™ Perturbagdes gerais e alteragdes no local de administragdo Frequéncia Frequente Reagao adversa Reagies no local de injecdo, Inchago no local da injecdo *Notificados em pas-comercializagdo. Dupivent 200 mg e 300 mg : Descricdo de
reages adversas selecionadas nas indicages de dermaite atdpica, asma e CRSWAP Hpersensibilidade Foram comunicados casos de reagdo anafilica, angioedema e de doenga do sorofreagdes do tipo doenga do soro apds a administragdo de dupilumab (ver seccdo 44 do RCM completo). Conjuntivite e eventos relacionados. Conjuntivite ocorreu mais fequentemente em doentes com dematite atdpica que receberam
dupilumab. A maioria dos doentes com conjuntivite recuperou ou estava a recuperar durante o periodo de tratamento. Nos doentes com asma, a frequéncia de conjuntivite foi baixa e semelhante entre o dupilumab e o placebo. Dupivent 300 mg: Nos doentes com CRSWNP,a frequéncia de conjuntivie fof superior no dupilumab do que no placebo, embora menor do que a observada nos doentes com dermatite atdpica (ver
secqdo 44 do RCM completo). Eczema herpético Foi comunicado eczema herpético em < 1% dos grupos de dupilumab e em < 1% do grupo de placebo nos estudos de monoterapia com dermatite atdpica de 16 semanas. No estudo de dupilumab -+ CST de 52 semanas, foi comunicado eczema herpético em 0,2% do grupo de dupilumab + CST e em 1,9% do grupo de placebo + CST.Easinafiia Os doentes tratados com
dupilumab tiveram um aumento méclio inicial maior do que o valor basal na contagem de eosindfilos em comparacdo com os doentes tratados com placebo. A contagem de eosindfilos diminuiu para perto dos niveis basais durante o tratamento do estudo e voltou aos valores basais durante 0 estudo de extensdo aberto de seguranca da asma (TRAVERSE). Foi notificado tratamento emergente para eosinofilia (> 5,000
células/md) em <2% dos doentes tratados com dupilumab e < 0,5% nos doentes tratados com placebo. Infeies Nos estudos dinicos de dermatite atGpica em monaterapia de 16 semanas, foram comunicadas infeces graves em 1,0% dos doentes tratados com placebo e em 0,5% dos doentes tratados com dupilumab. No estudo CHRONOS de dermatite atdpica de 52 semanas, foram reportadas infegdes graves em 0,6%
dos doentes tratados com placebo e em 0,2% dos doentes tratados com dupilumab. Dupixent 300 mg: Nao se observou aumento na incidéncia geral de infecges com dupilumab em comparacdo com placebo no grupo de seguranga dos estudos clnicas de CRSWNP.No estuda SINUS-52 de 52 semanas, foram notificadas infecgdes graves em 1,3% dos doentes tratados com dupilumab e em 1,3% dos doentes tratados com
placebo. munogen/mfﬂde Comotodas as protemas terapéuticas, existe um potendial para imunogenicidade com dupilumab. As respostas de Anticorpos Antiféacos (AAF) nao foram, de forma geral, associads a um impacto na exposicao, na sequranga ou na eficécia de dupilumab. Dupixent 200 mg : Aproximadamente 6 % dos doentes com dermatite atdpica ou asma que receberam dupilumab 300 mg Q2W durante 52

semanasu nvolveram AAF ao dupl 2% exibiram respostas persistentes de AAF e aproi 2% anticorpo: izantes. Foram observados resultados semelhantes em doentes pedidtricos (6 aos 11 anos de idade) com dermatite atdpica que receberam dupilumab 200 mg Q2W ou 300 mg Q4W durante 16 semanas. Dupixent 300 mg: Aproximadamente 5% dos doentes
com dermatite atGpica, asma ou CRSWNP que receberam dupilumab 300 mg Q2W durante 52 AAF 30 dupilumab; d % exibiram respostasperswstemesdeAAFP %6 anticorpos neutral Foram observados resultados semelhantes em doentes pedidtricos (6 aos 11 anos de idade) com dermatite atdpica que receberam dupilumab 200 mg Q2W
0u300 mg Q4W durante 16 semanas. Aproximadamente 1 6%dosdoemesado\e&(emestomdermamealop\(aquere(eberamdupﬂumab300mgou200mgQZWdurame1659manasu nvolveram anticarpos ao dupil “; ‘ 3% exibiram respostasperswstemesdeAAFeapmxmadamemeS%apre&emaramammorposneulrahzames Apmxwmadameme9%dosdoemesmmasmaquereteberam
dupllumabZOOmgOZWduranleSermanax nticorpos 49 persstentes de AAF e 4% apresentaram neutralzante: daidade ou populagdo, aprox a4 9% dos doentes nos grupos p para anticorpos 2% istente de AAF eapro-

1% anticorpor [ Menosde 1 %dosdoemesquereceberamdup\\umabemreg\mededosagensaprovadasapresemaramresposlasdeAAFcomt\tu\a@oelevadaassoaadasaexposw@oeeﬁ(acwareduzwdas Além disso, houveumdoemecomdoengadowmeummmreagaodonpodoengadosoro(<0 %) associadas  titulagdes elevadas de AAF (ver seccio 4.4 do RCM completo).

Populacgo pedidtrica Nos ensaios clinicos de dermatite atdpica e asma, o perfl de sequrana observado em criangas com dermatite atdpica dos 6 aos 11 anos de idade e em adolescentes dos 12 aos 17 anos de idade fof semelhante ao abservado nos adultos. Foi avaliada a sequranga a longo prazo de dupilumab em 89 doentes adolescentes que foram inscritos num estudo de extensgo aberto na asma moderada a grave
(TRAVERSE). Neste estudo, os doentes foram acompanhados durante 96 semanas. O perfil de sequranca de dupilumab no TRAVERSE foi consistente com o perfil e sequranga observado nos estudos principais da asma até s 52 semanas de tratamento. Notificacdo de suspeitas de reagpes adversas A notificagao de suspeitas de reagdes adversas apds  autorizagdo do medicamento é importante, uma vez que permite uma
monitorizagdo continua da relagéo beneficio-isco do medicamento. Pede-se aos profisionais de sadde que nofifiquem quaisquer suspeitas de reagdes adversas diretamente ao INFARMED, : Sitio da internet: http./fwwwinfarmed. pt/webinfarmed/submissaoram (preferencialmente) ou atraves dos sequintes contactos: Diregdo de Gestao do Risco de Medicamentos, Parque da Satide de Lisboa, Av. rasil 3, 1749-004
Lisboa, Tel: +351 21798 73 73. Linha do Medicamento: 800222444 (gratuita)E-mail: farmacovigilanda@infarmed.pt Data da revisao do texto: novembro de 2020. Medicamento Sueito a Receita Médica restrita. Para mais informagdes contactar o representante local do Titular da Autorizagdo de Introdugdo no Mercado
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0 que os doentes consideram mais importante na
escolha do tratamento para asma ligeira a moderada?

Resultados de uma experiéncia de escolha discreta
Christina Baggott,' Paul Hansen,? Robert J Hancox,** Jo Katherine Hardy," Jenny Sparks," Mark
Holliday," Mark Weatherall,> Richard Beasley,"® Helen K Reddel,” James Fingleton, " on behalf of
the PRACTICAL discrete choice experiment study team

RESUMO

Contexto Recentemente, foi introduzido um regime de preven-
¢ao e alivio combinado (conforme necessario) como alternativa ao
tratamento de prevencao didria convencional para a asma ligeira.
Numa anélise de subgrupo do estudo PRACTICAL, um ensaio
pragmatico, aleatorizado e controlado de terapia de alivio com
budesonida-formoterol, versus terapéutica de alivio de manuten-
¢ao com budesonida-terbutalina em adultos com asma ligeira,
reportamos recentemente que cerca de dois tercos preferiram
uma terapéutica combinada de prevencao e de alivio conforme
necessario. O objetivo deste estudo foi determinar a importan-
cia relativa dos atributos associados a estas duas terapéuticas
da asma neste subgrupo de participantes que indicaram o seu
tratamento preferido no estudo PRACTICAL.

Métodos Na consulta final do estudo, um subgrupo de parti-
cipantes indicou o seu tratamento preferido e completou uma
experiéncia de escolha discreta utilizando o método “ Potentially
All Pairwise RanKings of all possible Alternatives” e o software
1000minds. Os atributos de tratamento e os seus niveis foram
selecionados a partir de resultados de estudo mensuraveis e
incluiram: regime de tratamento, falta de ar, dose de estercides e
probabilidade de ocorréncia de crises de asma.

Resultados O conjunto de dados da analise final incluiu 288
participantes, 64% dos quais preferiram uma combinacdo de tra-
tamento de prevencao e alivio conforme necessario. Entre os atri-
butos, a “auséncia de falta de ar" esteve no topo da classificacdo
e 0 "risco mais baixo de crise de asma” ficou na segunda posicdo.
Contudo, a importancia relativa dos outros dois atributos variou
em fungdo da terapéutica preferida: o regime de tratamento rece-
beu uma classificagdo mais elevada pelos participantes que prefe-
riam o tratamento “conforme necessario” versus os participantes
que preferiam o tratamento de manutencéo.

Conclusdes O conhecimento das preferéncias dos doentes pelos
atributos do tratamento, em conjunto com as caracteristicas do
regime terapéutico, pode ser utilizado na tomada de decisao par-
tilhada relativamente a escolha do tratamento para doentes com
asma ligeira a moderada.

Numero de registo do ensaio ACTRN12616000377437.

INTRODUCTION

Symptom-driven inhaled corticosteroid (ICS)- formote-
rol represents a new paradigm in the treatment of mild
asthma. This regimen has been shown to be safe and effi-
cacious in four randomised controlled trials (RCTs)* and
was included in the 2019 update of the Global Initiative
for Asthma (GINA) strategy framework®® as the preferred
option at step 1 and as an alternative to low-dose mainte-
nance ICS at step 2.

We have previously reported the results of a sur-
vey of patients with mild-moderate asthma who were
completing an RCT comparing budesonide-formoterol
reliever versus maintenance budesonide plus terbutaline
reliever,* asking them to choose between combination
preventer and reliever therapy as-needed or twice-daily
preventer with reliever as needed. About two-thirds of

What is the key question?

» What are the most important features
or ‘attributes’ of asthma treatments to
patients when choosing between a new
combination symptom-driven inhaled
corticosteroid-reliever regimen and a
conventional maintenance inhaled corti-
costeroid regimen with separate as-nee-
ded short-acting beta -agonist?

What is the bottom line?

»In this discrete choice experiment, the
most important attribute of asthma treat-
ment was the amount of shortness of
breath, whereas the relative importance
of other attributes varied depending on
whether the patient preferred symptom-
-driven or maintenance-inhaled corticos-
teroids.

Why read on?

» Knowledge of patient preferences for
asthma treatment together with regimen
characteristics may aid clinical decision-
making.

patients overall stated that they preferred a combination
preventer and reliever as needed.” However, the stren-
gth of patient preferences and the tradeoffs they might
be willing to make to obtain this therapy are not known.
Such knowledge of patient preferences could be incorpo-
rated into shared decision making by patients and their
doctors.

Discrete choice experiments (DCEs),* a methodology
from the social sciences for identifying participants’ sta-
ted preferences, are increasingly used to quantify patient
preferences with respect to the relative importance of
the factors underpinning demand for various health ser-
vices.” DCEs involve participants repeatedly choosing
between alternative hypothetical configurations of the
service under consideration in terms of its key features
or ‘attributes’ Participants’ choices are analysed to esti-
mate preference weights (often referred to as ‘part-worth
utilities’ in the DCE literature) that represent the relative
importance to participants of the services attributes.”

The objective of this study was to conduct a DCE to
determine the relative strength of patient preferences for
different aspects of asthma treatment, in the context of
their preferred treatment regimen: symptom-driven ICS-
formoterol or maintenance ICS plus short-acting beta, -a-
gonist (SABA) as needed, in a subgroup of patients with
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mild-moderate asthma completing the PRACTICAL study, a real-world
RCT of these two treatments.*

METHODS

Description of the PRACTICAL study

The PRACTICAL study was a 52-week open-label parallel group, multicentre,
phase III RCT undertaken across New Zealand. The methods and results are
reported elsewhere.*"! Adults with mild-moderate asthma who were taking
SABA for symptom relief either with or without low-to-medium dose ICS
were eligible for inclusion. Use of additional controller medications, such as
montelukast, was an exclusion criterion; full inclusion and exclusion crite-
ria for the PRACTICAL study are provided in online supplementary table
S1. Participants were randomised 1:1 to either: budesonide-formoterol
Turbuhaler (Symbicort), 200/6 pg, one inhalation as needed for symptom
relief; or budesonide Turbuhaler (Pulmicort), 200 g, one inhalation two times
a day with terbutaline Turbuhaler (Bricanyl), 250 pig, two inhalations as needed
for symptom relief.

Participants

The DCE was conducted with a subset of participants from the PRACTICAL
study. Participants who were due their final visit on or after 26 March 2018 at
6 of the 15 sites were eligible. Participants who had withdrawn from the study
prior to this date but would have otherwise been eligible were contacted and
asked if they would be willing to complete the DCE. Sample size was dictated
by the number of potentially eligible participants (n=407).

Stated preference for treatment option

At the final study visit, consenting patients completed a survey on a com-
puter at the study site, with an investigator present in the same room in case
of technical issues. At the start of the survey, participants were shown a des-
cription of the two randomised treatments in the PRACTICAL study (online
supplementary figure S1), and a sheet explaining how to complete the DCE
and the rationale for doing it (online supplementary figure S2). Investigators
were instructed not to assist participants and to refer them to the explanation
sheets if they had any questions. The survey content and results have been
reported previously.” The final question of the survey asked participants to
state which of the two treatment plans they preferred. This choice determined
which of two configurations of the DCE the participant completed: the ‘as-nee-
ded-preference DCE’ or the ‘maintenance-preference DCE’ Participants com-
pleted the DCE immediately after the survey, on the same computer.

Selection of attributes and levels

The attributes included in the DCE, and the levels for each attribute (table 1),
represented key features of the two treatment options. They were specified
based on a review of the literature, expert consensus and in consultation with
participants who had completed the PRACTICAL study before the DCE eli-
gibility date. Eleven participants who had completed the PRACTICAL study
attended one of three focus groups to explore the most important features of
asthma and its management, with particular focus on factors that had been
measured within the PRACTICAL study and how these could be transla-
ted into attributes and levels that would be meaningful to participants. The

same 11 participants pilot tested the DCE to check understanding, relevance
of selected attributed and levels and time taken to complete the DCE, with
particular care taken to check their agreement with the inherent ranking of
attribute levels. Cognitive debriefing was used to enhance feedback. Based on
this feedback, iterative changes to the wording of the DCE were made during
the pilot phase to improve understanding. None of the pilot participants found
the DCE to be difficult to understand or unduly burdensome.

Wording was refined during pilot testing, and understanding was che-
cked. Further details are given in the online supplementary.

Discrete choice experiment

The DCE was based on the PAPRIKA method'?—an acronym for Potentially
All Pairwise RanKings of all possible Alternatives—as implemented by
1000minds software (www.1000minds.com). This method and software have
been used in a wide range of health applications.”*™"”

All DCE methodologies involve the participants being asked to choose
between two or more hypothetical options which are defined by different com-
binations of the attributes’ levels included in the DCE. In the present context,
the PAPRIKA method" involved each participant being asked a series of ‘tra-
deoff questions, where each question invited them to choose their preferred
asthma treatment from a pair of hypothetical treatments defined on just two
attributes at a time. Each choice required the participant to confront a tradeoff
between the two attributes included for the pair of treatments, where the two
other attributes were assumed to be the same for both treatments. An example
of a tradeoff question appears in figure 1.

Such questions (always involving a trade off between the attributes, two
at a time) are repeated with different pairs of hypothetical treatments. Each
time the participant answers a question—that is, ranked a pair of treatments
(including potentially ranking them equally)—all other pairs of treatments
that could be pairwise ranked by applying the logical property of ‘transitivity’
are identified and eliminated by the software. For example, as an illustration of
transitivity, ifa person prefers treatment X to treatment Y and Y to Z, then—by
transitivity—X is also preferred to Z (and so is not asked about by the soft-
ware).

Also, each time a person answers a question, the method adapts the selec-
tion of the next question based on all of their preceding answers (always one
whose answer was not implied by earlier answers); thus, PAPRIKA is a type
of adaptive DCE. This adaptivity combined with the above-mentioned elimi-
nation procedure based on transitivity minimises the number of questions
the participant is asked while ensuring they have pairwise ranked all possible
treatments defined on two attributes at a time, either explicitly or implicitly
(by transitivity).

Finally, from the participant’s explicit pairwise rankings (ie, answers to the
tradeoff questions), the software uses linear programming techniques to derive
weights (‘part-worth utilities’) for the levels on each attribute.”

The values for the highest levels across the four attributes sum to 1, so
each of these values represents the attribute’s relative weight overall. The
lowest level of each attribute gets a value of zero. The values assigned to the
middle level of an attribute represents the combined effect of the level's mid-
dle position on the particular attribute as well as the attribute’s relative weight
(as above). This representation of weights is equivalent to the more traditio-

Table 1 Attributes and levels

Attribute

Type of asthma treatment
as needed

A combined preventer and reliever inhaler, taken as needed

Participant's stated ranking of levels, in as-needed preference DCE Participant’s stated ranking of levels, in maintenance preference DCE

A preventer inhaler taken twice a day every day, with a reliever inhaler taken A combined preventer and reliever inhaler, taken as needed

A preventer inhaler taken twice a day every day, with a reliever inhaler taken

as needed
Attribute Inherent ranking of levels, in as-needed-preference DCE Inherent ranking of levels, in maintenance-preference DCE
The dose of your steroid inhaler Medium Medium
Low Low
Very low Very low

Likelihood of a flare-up in your asthma
severe enough that you need to see a
doctor

20 out of 100 people in a year (20%)
10 out of 100 people in a year (10%)
5 out of 100 people in a year (5%)

A moderate amount or more
Alittle
Not at all

In an average week you will be short of
breath because of asthma

20 out of 100 people in a year (20%)
10 out of 100 people in a year (10%)
5 out of 100 people in a year (5%)

A moderate amount or more
Alittle
Not at all

Each attribute’s levels are presented within the table in increasing order of preference (ie, the lowest ranked level is listed first).

DCE, discrete choice experiment.
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Figure 1  Example of a tradeoff question from the 1000minds software.

nal approach where normalised attribute weights and single-attribute value
scores are used; we used nonnormalised representation because it simplifies
the presentation of results. Further details on the PAPRIKA method—in
particular, the method by which the weights were derived are provided in
the online supplementary appendix.

PAPRIKAS application of the transitivity property requires that each
attribute’s levels have an inherent ranking in terms of people’s preferen-
ces,'? that is, a ranking that would be universally accepted. For example,
with respect to the attribute ‘likelihood of a flare up;, a 5% risk would be
assumed to be universally preferred (higher ranked) relative to a 10% risk.
In contrast, the two levels for the attribute ‘treatment regimen’ (ie, the two
randomised treatments in the PRACTICAL study) do not have an inherent
ranking because each person’s ranking would depend on which therapy
they preferred. Therefore, it was necessary to implement two separate
DCEs, identical except that the ranking of the two levels for the ‘treatment
regimen’ attribute were reversed. After each participant had indicated their
preferred therapy, they were presented with the appropriate DCE for them.
For participants who had stated they preferred the as-needed therapy this
regimen was ranked above the maintenance regimen in their DCE, and
vice versa.

The final specification for each DCE attributes and levels is presented
in table 1.

Data quality checks

The consistency of each participant’s choices was tested by repeating two pre-
viously answered tradeoff questions at the end of the DCE. The time each
participant took to answer each question was also recorded by the 1000minds
software. Participants who answered both repeated questions inconsistently
and/or answered their questions implausibly quickly (less than 4 seconds per
question) were excluded from the final analysis.

Data analysis

Preference weights were calculated for each participant and were also averaged
across all participants. Continuous variables are described by mean and SD or
median and IQR. Categorical variables are described by counts and propor-
tions as percentages.

RESULTS

Participants

Participant flow is shown in online supplementary figure S3. Of the 407
eligible patients, 306 recorded their preferred treatment and 296 (73%)
started a DCE. Eight participants’ DCEs were excluded: one because it
was incomplete, and seven because the participant answered both repeated
questions inconsistently. No participant answered their questions implau-
sibly quickly. This gave a total of 288 DCEs in the final dataset. Overall, 185
participants (64%) preferred a combined preventer and reliever inhaler as
needed and so completed the as-needed-preference DCE; 103 participants
(36%) preferred a preventer inhaler taken two times a day every day, with
a reliever inhaler taken as needed, and so completed the maintenance-
-preference DCE.

Participant characteristics are reported in table 2. As previously repor-
ted,” study randomised treatment differed between the two groups, with
participants more likely to express a preference for the randomised treat-
ment they took during the study, particularly for those randomised to
budesonide—formoterol as needed.

DCE results
For the DCEs, the median number of tradeoff questions answered by each
participant was 13, with a mean time of 18.6 s per answer.

Mean preference weights for the attributes and levels and attribute
ranking for the two DCEs are reported in table 3. For both DCEs, the highest
ranking was given to ‘shortness of breath in an average week’ (‘not at all’), with
aweight 0f 0.33 (0.12) in the as-needed-preference DCE and 0.34 (0.12) in the
maintenance-preference DCE. The second highest rank in both DCEs was for
the lowest ‘likelihood of an asthma flare-up, that is, 5 out of 100 people (5%)
having a flare-up in a year.

For the as-needed-preference DCE, this ‘likelihood of asthma flare up’ had
a similar mean weight as an as-needed ‘treatment regimen’: 0.25 (0.09) and
0.24(0.11) respectively. ‘Dose of steroid’ was the lowest ranked attribute, with a
weight of 0.17 (0.11) for ‘very low’ dose. For the maintenance-preference DCE,
the level of 5 out of 100 people for ‘likelihood of asthma flare up’ was ranked
second, with a weight of 0.30 (0.12). ‘Very low’ dose of steroid was ranked third
and the maintenance ‘treatment regimen’ ranked fourth; however, they had
similar weights: 0.19 (0.10) and 0.18 (0.12), respectively. For both DCEs, there
was evidence of variability in preferences for each attribute as indicated by the
SD. Mean preference weights within each DCE were similar irrespective of
randomised treatment (online supplementary tables S4 and S5).

DISCUSSION

In patients with mild-moderate asthma completing a pragmatic open-label
study of two treatments, this study has shown for an average week being short
of breath ‘not at all’ had the greatest influence on patient preferences for an
asthma treatment, out of the treatment attributes and levels included in a
DCE. However, the influence on patient preferences for levels of the other
three attributes included in our DCEs differed depending on whether par-
ticipants, prior to starting the DCE, stated that they preferred a combined
preventer and reliever inhaler taken as needed, or a preventer inhaler taken
two times a day every day with a reliever inhaler taken as needed. Though
a lower likelihood of an asthma flare-up was ranked second in both DCEs,
for those who preferred combined treatment taken as needed, this regimen
and a lower likelihood of an asthma flare-up had similar preference weights,
indicating that they were of similar importance. A very low ‘dose of steroid’
was the lowest ranked attribute, indicating that it was the least important. In
contrast, for participants who preferred maintenance treatment two times a
day, this regimen and very low ‘dose of steroid’ were of similar weight and the
least important attributes.

For both DCEs, the mean preference weights were similar irres-
pective of the patients’ randomised treatment group (the treat-
ment group that they were randomised to, not necessarily the one that they
preferred), suggesting that strength of preference for the attribute levels asso-
ciated with a particular regimen was not determined by prior experience of
that regimen during the RCT (online supplementary tables S4 and S5). This
finding contrasts with the preference for the specific regimen, which we have
previously reported was strongly determined by the randomised treatments
received by the participants”: 90% of patients randomised to budesonide-
formoterol preferred as-needed treatment, and 60% of those randomised to
maintenance budesonide-preferred maintenance treatment.

Our results are consistent with other DCEs completed by patients with
asthma using different DCE methods, which found attributes that represent
more shortness of breath or higher symptom frequency are the most impor-
tant attributes.'  Similar to other DCE studies,”' reduced risk of asthma
exacerbations and flare-ups were also important, ranking second in this popu-
lation with mild-moderate asthma. Other DCEs report conflicting results
with respect to the importance of ICS dose.””* No previous DCEs included
an as-needed asthma regimen as an attribute, but previous studies found that
patients prefer regimens with fewer inhalers?-** or that are convenient to use
and have a lower dosing frequency.?’

Patient preferences for different attributes of asthma treatment may
help determine which regimen is most suitable for them. The PRACTICAL
study” reported no difference between the treatment regimens in asthma
symptoms as assessed by the group mean Asthma Control Questionnaire-5.
However, the Symbicort Given as-needed in Mild Asthma (SYGMA) 1 and
2"? and Novel Symbicort Turbuhaler Asthma Reliever Therapy (START)?
studies reported a slightly higher level of asthma symptoms with as-needed
budesonide—formoterol compared with maintenance budesonide. Although
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Table 2 Participant characteristics by their preferred treatment
therapy*, which determined which of the two discrete choice
experiments (DCEs) they completed

Preferred therapy, chosen before the DCE

As-needed combination Twice-daily maintenance

preventer and reliever, treatment,
Characteristic n=185 n=103
Randomised treatment
Budesonide—formoterol, n (%) 125 (68) 14 (14)
Maintenance budesonide, n (%) 60 (32) 89 (86)
Baseline variables
Age (year) 44.2 (15.3) 47.6 (17.8)
Female sex, n (%) 104 (56) 59 (57)
Ethnicity, n (%)
Asian 8 (4) 8(8)
NZ European 145 (78) 88 (85)
Maori 18(10) 3(3)
Other 3(2) 2(2)
Pacific 11(6) 2(2)
Smoking status, n (%)
Current smokers 11(6) 1(1)
Ex-smokers 47 (25) 29 (28)
Never smokers 127 (69) 73(71)
Pack years (among ever smokers) 5.5 (4.7) n=58 5.2 (5.4) n=30
Age at diagnosis (year) 19.1(18.4) 24.1(20.9)
Self-reported ICS use in 12 weeks 122 (66) 79 (77)

prior to randomisation, n. (%)t

Self-reported ICS adherence (%) 54.3 (36.7) n=122 61.7 (33.5) n=79

Self-reported ICS use ever, n (%) 158 (85) 90 (87)
End-of-study variables
Final visit ACQ-5% 0.82 (0.70) 0.64 (0.69)
Final visit on treatment FEV, % 89.9 (15.0) 88.7 (15.6)
of predicted value§
Final visit median Fe, ., ppb (IQR) 22 (15-38) 23 (15-40)
Participants experiencing =1 25 (14) 19(18)
exacerbation or severe exacerbation
during the study, n (%)
Number of severe exacerbations
during the study, n (%)
0 160 (86) 84 (82)
1 18 (10) 17.(17)
2 6(3) 2(2)
3 1(1) 0
Early withdrawal, n (%) 8 (4) 11(11)

Values are expressed as means (SD), unless otherwise stated.

*Participants were asked ‘Which of the following asthma treatment plans would you prefer?” with

the options of either ‘A preventer inhaler taken twice a day every day, with a reliever inhaler taken as

needed’ or ‘A combined preventer and reliever inhaler taken as needed’. Depending on their answer they

were directed to the as-needed-preference DCE or the maintenance-preference DCE.

tPatient-reported adherence to inhaled corticosteroid (ICS) in the 4 weeks prior to enrolment (%

prescribed dose).

#The Asthma Control Questionnaire-5 (ACQ-5) consists of five questions that assess asthma symptoms

in the previous week, each of which is scored on a 7-point scale that ranges from 0 (no impairment) to

6 (maximum impairment), and averaged, in which a 0.5-unit change represents the minimal clinically

important difference.

§Participants received no instruction to withhold their bronchodilator before measurement of FEV, .

ppb, parts per billion; SABA, short-acting beta,-agonist.
in all three studies, this was well below the minimal clinically important
difference. Though either regimen may be suitable for a patient who wishes
to avoid breathlessness, the results of these four studies considered together
suggest that maintenance budesonide may be more appropriate for patients
who have a strong preference to avoid symptoms. The lower rate of severe
exacerbations with as-needed budesonide—formoterol compared with main-
tenance budesonide in the PRACTICAL and Novel START studies’*and
similar rates between the two regimens in the SYGMA studies' > suggests
that as-needed budesonide-formoterol may be more appropriate for those at
risk of exacerbations, or who are concerned about exacerbations. Exposure
to ICS was significantly lower in the as-needed budesonide-formoterol
group in all four studies. Therefore, as-needed budesonide-formoterol may
be more appropriate for patients who wish to limit their exposure to ICS.
Understanding patient preferences and priorities for asthma treatment is
important when discussing management options with patients, particularly
as as-needed budesonide-formoterol enters clinical practice.

As with any DCE, hypothetical bias and different interpretations of the
attributes and levels between participants may have affected the results.** We
attempted to mitigate this risk by only including attributes and levels that were
realistic and relatable. Shortness of breath was the only symptom included
in the DCE, whereas asthma also causes wheeze, cough and night waking.
During pilot testing, the attribute ‘dose of steroid’ and its associted levels were
interpreted as reflecting different levels of exposure to ICS, rather than specific
levels of risk of side effects. Prior to completing the DCE, participants were
aware of both treatment regimens—from personal experience in the case of
their own randomised treatment, and from information provided at the start
of the PRACTICAL study and at the last visit for the other treatment. To limit
cognitive burden and the number of questions in the DCE, we opted to include
only four attributes which were considered to be the important influencers of
choice, but other attributes such as side effects or asthma-related healthcare
costs'” may also be relevant. However, for both DCEs, the levels of all four
attributes influenced participants’ choices.

Other potential limitations include the fact that participants were asked
to choose between hypothetical asthma treatments defined on levels of just
two attributes at a time. Therefore, participants were not making each choice
based on the full set of four attributes, and so our results may be susceptible
to bias as participants may have been choosing based on assumptions about
the other two attributes.””* However, the use of partial profiles can help miti-
gate effects of attribute dominance and reduces the complexity of choices for
the participant.”” In addition, the maintenance regimen offered in the DCE-
specified twice-daily treatment, as studied in PRACTICAL; however, several
ICS formulations are approved for once-daily use, and specifying twice-daily
treatment for the regimen attribute may have biased preferences towards the
as-needed regimen. Reading ability was not specifically evaluated, but prior to
starting the DCE, participants had already completed the consent form and
the preferences survey, as well as questionnaires at each visit of the RCT itself.

As the categorical attribute of regimen preference did not have an inherent
ranking (ie, that was universally accepted), we developed two almost identical
DCEs in order to use the PAPRIKA method and obtain preference weights
for each individual participant. As this study was conducted in participants
completing an RCT; the sample may not be representative of the general mild-
moderate asthma population, who would be eligible for as-needed treatment,
but may have different preferences and priorities. Previous population-based
studies conducted in patients with asthma have found patients prefer regimens
thatare less intrusive® and to increase their reliever inhalers over their preven-
ter inhalers even in response to worsening asthma symptoms.”

A DCE was not completed by 112 eligible participants (28%). On review
of their characteristics (online supplementary table S6), there was a higher
early withdrawal rate and their preferences may be different from those who
completed a DCE. There were 19 participants who withdrew early and com-
pleted a DCE. Of these, those who completed the maintenancepreference
DCE had a higher preference weight for the lowest likelihood of an asthma
flare-up, whereas those who completed the as-needed-preference DCE had
a higher weight for dose of steroid compared with the whole group (online
supplementary table S7).

This study is the first to investigate patient preferences for two specific
asthma therapies using DCE methodology. Previous DCEs have explored
patient preferences for attributes of asthma treatment,****! but this is the
first DCE to have compared a regular versus an as-needed preventer therapy.
This is highly relevant as symptom-driven ICS formoterol is a new treatment
which was included in the 2019 GINA update at steps 1 and 2, and has been
approved by regulators in multiple countries. Understanding patient prefe-
rences and priorities for their asthma treatment is important when discussing
management options with patients. Previous qualitative studies have shown
that patients can have a strong attachment to their SABA reliever inhalers,”
which may have implications when switching to a new reliever medication.
However, in a survey of patient preferences for, and experiences of, as-needed
budesonide-formoterol also conducted in this subgroup of participants,” we
found that 92% of those who were randomised to as-needed budesonide-for-
moterol were confident in using it as a reliever inhaler by the end of the study.
This finding suggests that after an opportunity to try low-dose budesonide-
formoterol as reliever therapy, most patients will find it an acceptable strategy.
However, we cannot assume that the results of this analysis, conducted among
clinical trial participants, are generalisable to the wider population of people
with asthma. The priority now is to explore attitudes and barriers to budeso-
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Table 3 Mean preference weights and ranking for the attributes
and levels in each discrete choice experiment (DCE)

Mean weight Attribute
Attribute Level (sb) rank
As-needed-preference DCE, n=185

Treatment regimen A preventer inhaler taken two times 0
a day every day, with a reliever
inhaler taken as needed

A combined preventer and reliever ~ 0.24 (0.11) 3

inhaler, taken as needed

Dose of steroid Medium 0
Low 0.10 (0.08)
Very low 0.17 (0.11) 4

Likelihood of asthma 20 out of 100 people in a year (20%) 0
flare-up severe enough to 10 out of 100 people in a year (10%) 0.14 (0.07)

need to see your 5 out of 100 people in a year (5%)  0.25(0.09) 2
doctor
Shortness of breath A moderate amount or more 0
in an average week A little 0.20 (0.09)
Not at all 0.33(0.12) 1

Maintenance-preference DCE, n=103
Treatment regimen A combined preventer and reliever 0
inhaler, taken as needed
A preventer inhaler taken twice a day 0.18 (0.12) 4
every day, with a reliever inhaler
taken as needed

Dose of steroid Medium 0
Low 0.11(0.08)
Very low 0.19(0.100 3

Likelihood of asthma
flare-up severe enough
to need to see your

20 out of 100 people in a year (20%) 0
10 out of 100 people in a year (10%) 0.16 (0.08)
5 out of 100 people in a year (5%) 0.30(0.12) 2

doctor
Shortness of breath A moderate amount or more 0
in an average week A little 0.19(0.09)
Not at all 0.34(0.12) 1

Bold values represent the relative weights of the attributes overall (ie, these bold values sum to 1, subject
to rounding).

nide-formoterol reliever therapy in the general asthma population and the
perspective of prescribers to this new approach to reliever therapy.

Strengths of our study include that we have incorporated investigation of
patient preferences for attributes of asthma regmens into an RCT. This study
was independent of the pharmaceutical industry and was independently fun-
ded. That we asked participants to state their preference for one of the two
regimens prior to commencing the DCE means that preference weights for
attribute levels are directly related to their preferred treatment regimen.

In conclusion, we investigated the relative importance to patients of dif-
ferent levels of four attributes of symptom-driven combination preventer and
reliever or of maintenance preventer with symptom-driven reliever regimens,
and related those preferences back to data measured in an RCT. Our results
suggest that no shortness of breath and low likelihood of asthma flare-up were
the two most important attributes. However, the patient’s preferred regimen
influenced their preference for likelihood of a flare-up, steroid dose and treat-
ment regimen. Knowledge of patient preferences for treatment attributes toge-
ther with knowledge of regimen characteristics could be used in discussion
with patients to determine the most appropriate regimen for them, based on
their preferences for regimen, shortness of breath, likelihood of an asthma
flare-up and steroid dose.

Twitter James Fingleton @jamesfingleton
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1) Woodcock A et al. Lancet 2017; 390:2247-2255. 2) Bateman ED et al. Thorax 2014; 69:312-319. 3) GINA. Global strategy for asthma management and prevention, 2019. Available at: https://ginasthma.org/gina-reports,
(Acedido: margo 2020). 4) Vestbol et al. Lancet 2016;387:1817-1826. 1CS: Corticoesteroide inalado; LABA: Agonista B2 de longa duragdo.

INFORMAGOES ESSENCIAIS COMPATIVEIS COM 0 RCM « NOME DO MEDICAMENTO Revinty Ellipta COMPOSICAO QUALITATIVA E QUANTITATIVA Revinty Ellipta 92/22 meg: Cada inalago disponibiliza uma dose
administrada de 92 mcg de furoato de fluticasona e 22 mcg de vilanterol (como trifenatato). Isto corresponde a um recipiente unidose de 100 mcg de furoato de fluticasona e 25 mcg de vilanterol (como trifenatato).
Revinty Ellipta 184/22 mcg: Cada inalagdo disponibiliza uma dose administrada de 184 mcg de furoato de fluticasona e 22 mcg de vilanterol (como trifenatato). Isto corresponde a um recipiente unidose de 200 mcg de
furoato de fluticasona e 25 mcg de vilanterol (como trifenatato). FORMA FARMACEUTICA P6 para inalaco em recipiente unidose INDICAGOES TERAPEUTICAS Asma: Revinty Ellipta 92/22 mcg e 184/22 mcg est4
indicado para o tratamento regular da asma em adultos e adolescentes comidade >12 anos em que a utilizagdo de um medicamento contendo uma associagdo (agonista beta2 de acdo prolongada e corticosteroides para
inalagdo) é adequada: doentes que ndo estdo adequadamente controlados com corticosteroides para inalagdo e com agonistas beta2 de curta duragéo de acao ‘conforme o necessaria’; doentes que estdo ja adequada-
mente controlados com corticosteroide para inalaggo e agonista beta2 de longa duracao de agdo. DPOC: Revinty Ellipta 92/22 mcg est4 indicado para o tratamento sintomatico de adultos com DPOC com um FEV1
previsivel normal <70% (apds o broncodilatador) com antecedentes de exacerbac&o apesar da terapéutica regular com um broncodilatador. POSOLOGIA E MODO DE ADMINISTRAGAQ Asma (92/22 mcg e184/22 mcg)
Adultos e adolescentes >12 anos Deve considerar-se uma dose inicial de uma inalaggo de 92/22 mcg uma vez por dia para adultos e adolescentes >12 anos que requeiram uma dose media de corticosteroides para inalagao
em associagdo com um agonista beta2 de agdo prolongada. Se os doentes ndo estiverem corretamente controlados com 92/22 mcg, a dose pode ser aumentada para 184/22 mcg. Os doentes devem ser regularmente
reavaliados. A dose deve ser titulada para a dose mais baixa com a qual é mantido um controlo efetivo dos sintomas. Revinty Ellipta 184/22 mcg deve ser considerado para adultos e adolescentes >12 anos que requeiram
uma dose mais elevada de corticosteroides para inalagdo em associacdo com um agonista beta2 de agao prolongada. Os doentes normalmente verificam uma melhoria na fung&o pulmonar 15 minutos ap6s a inalacao. E
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RESUMO

Contexto As diferencas no impacto clinico entre espécies
e tipos de rinovirus (RV) em adultos ndo estdo bem defini-
das. O objetivo deste estudo foi determinar a epidemiologia
e 0 impacto clinico das diferentes espécies de RV.
Métodos Realizamos um estudo prospetivo sobre infe-
¢bes por RV em adultos com tosse aguda/infecdo do trato
respiratorio inferior (ITRI) e controlos assintométicos. Foram
recrutados individuos de 16 redes de cuidados primarios
localizadas em 11 paises europeus entre 2007 e 2010. A
detecdo e genotipagem de RV foi realizada por meio de
ensaios de reaccao em cadeia da polimerase com trans-
criptase reversa em tempo real e convencional, sequidos
de andlise de sequéncia. Os dados clinicos foram obtidos
a partir de registos médicos e didrios dos sintomas dos
doentes.

Resultados Foram detetados RV em 566 (19%) de 3016
adultos sintomaticos, 102 (4%) a partir das suas 2539 amos-
tras de seguimento e 67 (4%) de 1677 controlos assinto-
maticos. A genotipagem foi bem sucedida em 538 (95%)
individuos sintométicos, 86 (84%) infecGes de seguimento
e 62 (93%) controlos. O RV-A foi a espécie predominante,
associada a um risco acrescido de ITRI em comparacéo com
0 RV-B (risco relativo (RR), 4,5; 95% IC 2,5 a 7,9; p<0,001)
e RV-C (RR 2,2; 95% IC 1,2 a 3,9; p=0,010). Em sujeitos
sintomaticos, as cargas de RV-A foram superiores as de RV-B
(p=0,015). As pontuacdes dos sintomas e a duracdo foram
semelhantes entre as espécies. Mais doentes infetados com
RV-A sentiram um mau estar generalizado em comparacdo
com RV-C (p=0-023). Dos 140 tipos de RV identificados,
cinco foram tipos novos, sendo que as infecdes sintométicas
foram associadas a mltiplos tipos.

Interpretacdo Em adultos, o RV-A é significativamente
detetado com maior frequéncia em casos com tosse aguda/
[TRI do que o RV-C, enquanto a infecdo por RV-B é frequen-
temente encontrada em doentes assintomaticos.

INTRODUCTION

Rhinoviruses (RVs) are the most prevalent respira-
tory pathogens in humans, accounting for appro-
ximately 20%-50% of respiratory tract infections
(RTTs) annually.'* Infection with RV can lead to a
wide spectrum of clinical manifestations ranging
from asymptomatic to severe lower respiratory
illness.?*¢ RV is also recognised as a major cause
of exacerbations of chronic obstructive pulmo-
nary disease (COPD), asthma and cystic fibrosis.”®
Coinfections with other viral or bacterial pathogens
have been frequently reported, potentially increa-
sing clinical severity.”°'® Over 160 RV types have
been identified and classified into three genetically
distinct species (RV-A, RV-B and RV-C) within the
genus Enterovirus of the family Picornaviridae."
RV-A has been the most frequently detected RV
species, followed by RV-C and RV-B, respectively.**
Although the clinical significance of RV species
and types remains poorly defined, RV-C has been
predominantly linked to asthma exacerbations

What is the key question?

» What is the epidemiology and clinical
impact of the different rhinovirus (RV)
species.

What is the bottom line?

»RV-A was significantly more often detec-
ted in adults with acute lower respiratory
tract infections than RV-C, while RV-B
infection was often found in asymptoma-
tic patients.

Why read on?

» The epidemiology and clinical impact of
RVs is poorly understood and this is the
most comprehensive assessment of RV
speciesspecific clinical outcomes in adults
with symptoms of lower respiratory tract
infection visiting their general practitioner.

and more serious respiratory illness in young chil-
dren.'”'* More recently similar clinical presenta-
tions across species have been reported.!>-'*
Despite the high morbidity and disease burden
of RV infections, there are currently no effective
and safe antiviral treatments, and efforts to deve-
lop an effective vaccine have been hampered by the
substantial antigenic diversity between RV types
and species. A more practical approach could be the
development of vaccines targeting more prevalent
or pathogenic RV types although the feasibility of
this depends on whether particular RV species or
types are associated with more frequent or severe
respiratory illness. Previous studies have been limi-
ted by the absence of asymptomatic controls and
incomplete microbiological investigation, and were
focused mainly on hospitalised young children.
The aim of this study was to determine the epi-
demiology and clinical impact of the different RV
species through a, communitybased comparative
evaluation of disease severity among adult sub-
jects infected with different RV species and types.
Additionally, the multicentre approach provides insi-
ght in geographical differences in RV epidemiology.

METHODS

Study design and subjects

Respiratory samples were obtained from subjects
aged 18 years and older enrolled as part of the geno-
mics to combat resistance against antibiotics com-
munity-acquired lower respiratory tract infections
(LRTIs) in Europe (GRACE) European Network of
Excellence (www.grace-Irti.org) focusing on impro-
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ving the management of community-acquired LRTIs. Sixteen pri-
mary care networks from 11 European countries including: Belgium
(Antwerp and Ghent); France (Nice), Germany (Rotenberg), Italy
(Milan), the Netherlands (Utrecht), Poland (Bialystok, Lodz
and Szczecin), Slovakia (Bratislava), Slovenia (Jesenice), Spain
(Barcelona and Matard), Sweden (Jonkoping) and UK (Cardiff and
Southampton) participated in prospective recruitment of patients
presenting with acute cough and signs of an acute LRTI over the
period October 2007-June 2010. Cases were patients presenting at
the general practitioner (GP) with an acute or worsened cough (<28
days duration) as the main symptom, or any clinical presentation
considered by the GP to be caused by LRTI and consulting for the
first time for this illness episode. Exclusion criteria were pregnancy,
breast feeding and any condition associated with severe impaired
immune status. Asymptomatic controls were subjects who consulted
their GP for complaints other than respiratory, who had no symp-
toms and signs of a RTT and had not used antibiotics or antivirals
in the previous 2 weeks. Case and controls were recruited from the
same GP centre, within 14 days of each other and with a maximum
5-year age difference.

Nasopharyngeal swab (NPS) and sputum (if available) samples
were collected from case (V1) and control (C1) patients during
their first visit to the GP, for which standardisation was obtained by
training of staff. Follow-up NPS samples were obtained from case
patients at the second visit (V2) to the GP after approximately 28
days. Medical ethics committees in participating countries approved
the study and all participants provided written informed consent.

The original study was designed to evaluate the aetiology of
LRTIs in GP settings, as described by Ieven et al, this study is a
post hoc analysis.”

Data collection

Clinical data, including medical history, comorbidities and their
management/treatment, and days the patient felt unwell were recor-
ded by the GP on a case report form (CRF) at the first consultation.
The presence or absence of cough, sputum production, shortness of
breath, wheeze, coryza, fever, chest pain, muscle aching, headache,
disturbed sleep, feeling generally unwell, interference with normal
activities, confusion/disorientation and diarrhoea, were documen-
ted. If present, the severity of each symptom was rated on a 4-point
scale ranging from ‘no problem=1"to ‘severe problem=4’. Following
the first GP consultation, patients were requested to complete a
daily symptom diary for the duration of illness (to a maximum of
28 days). The presence and severity of the above symptoms (except
diarrhoea) were rated on a 7-point scale ranging from ‘normal/ not
affected=0’ to ‘as bad as it could be=6"

Clinical assessment

The disease severity of RV infections was evaluated by comparing
the following clinical characteristics: (1) initial symptom score, (2)
duration of illness, (3) maximal symptom score and (4) duration of
higher symptom score. The ‘initial symptom score’ was estimated
as the mean severity score of at least 12 of the 14 symptoms evalua-
ted by the GP during the first visit of the patient. The ‘duration of
illness, ‘maximal symptom score’ and ‘duration of higher symp-
tom score’ were estimated based on the presence and severity of
13 symptoms excluding diarrhoea, recorded in the patient’s daily
symptom diary as described previously. The duration of illness was
defined as the total sum of days a patient felt unwell before the first
GP visit and the number of days the patient experienced any of the
13 symptoms over the 28 days follow-up period. The duration of
higher symptom score was the number of days a patient had a mean
daily symptom score of two or more based on the 7-point scale.”
The occurrence and severity of each symptom recorded during the
first visit to the GP were also compared between RV species.

Laboratory investigation

The overall results of the laboratory diagnostics were previously des-
cribed by Ieven et al.” In short, total nucleic acids were extracted at the
University Hospital Antwerp, and examined for RV by real-time PCR
(RT-PCR) at the Leiden University Medical Center. Cycle quantifica-
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tion (Cq) values, which had been normalised using a fixed baseline
fluorescence threshold, were used as an indicative measure of viral
load. Bacterial and fungal infections were detected in NPS or/and
sputum samples by conventional culture and/or molecular methods.?

RV typing

RV genotyping was conducted by amplification and sequencing
of partial VP3/VP1, VP4/VP2 or/and 5 - untranslated region (5’-
UTR) viral genome fragments as described previously.* Basic local
alignment search tool with nucleotide database (BLASTn) analyses
were conducted for initial species identification and then confirmed
by phylogenetic analysis. RV sequences were compared with pro-
totype strains and assigned to types based on phylogenetic analysis
and pairwise p distances (see online supplementary appendix). RV
sequences from this study have been deposited in GenBank under
the accession numbers KP736530-KP737279 and KR045604.

Statistical analysis

Continuous variables were summarised as medians with IQR ranges
or means with 95% CI and for categorical variables, the frequencies
in each category were calculated. Demographic and clinical charac-
teristics were compared across RV species within RV-positive symp-
tomatic and asymptomatic adults by using risk ratio and/or X* tests
for categorical variables and the non-parametric Kruskal-Wallis test,
Mann-Whitney U test or independent t-test or one-way analysis of
variance when appropriate for continuous variables. Correction for
possible confounders (age, sex, geographical location, sample season
and sample year) was performed using multivariable linear or logistic
regression for continuous or binary outcome measures, respectively.
The statistical analyses were conducted in the IBM SPSS Statistics
software V.25 for Windows (IBM). A two sided p<0-05 was conside-
red statistically significant.

RESULTS

RV detection and species distribution

In this study, 3070 (99%) (median age 50, (IQR 36-63 years); male/
female ratio 1:1-5) of 3104 recruited adults with acute cough/LRTI
and 1677 asymptomatic controls (median age 50, (IQR 35-62 years);
male/female ratio 1:1.5) were included. Thirty-four patients with no
available NPS material or CRF were excluded (figure 1). NPS samples
were obtained from 3016 symptomatic patients during the first visit
(V1) to the GP and a follow-up (V2) sample was collected from 2485
(82%) of these patients.” For 54 symptomatic patients, only a follow-
-up NPS was available for testing, resulting in a total of 2539 V2 NPS
specimens. Of the asymptomatic controls 1677 samples were tested.
Of the 3104 symptomatic patients 1844 (60%) tested positive for a
respiratory pathogen, of which 350 (11%) a bacterial pathogen only,
1190 (39%) a respiratory virus and 304 (10%) a double infection. Of
the 1677 asymptomatic controls, 205 (12%) had an respiratory virus
as previously reported by Ieven et al.”®

RV was detected in 766 out of 7232 samples (11%) and
genotyping was successful for 717 (94%) of these samples.
Enteroviruses, including 13 EV-D68, 10EV-C104, 5EV-C105,
2EV-C117 types and 1EV-C (non-typeable), were identified
due to cross-reactivity in our diagnostic RV assay. These 31
EV-positive samples were excluded from further analysis. Forty-
nine (6%) RV-positive samples with lower viral loads inferred
from quantification cycle (Cq) values could not be genotyped
due to amplification failure in the genotyping PCR (median Cq
values of 29 vs 36 in the diagnostic RT-PCR assay for genotyped
and not-genotyped samples, respectively; p<0.001).

RV was detected in 566 (19%) V1 and 102 (4%) V2 samples
from case patients (of which 21 were positive in both the V1 and
V2 samples) and in 67 (4%) C1 samples from asymptomatic control
patients.”? Of the 735 RV infection episodes, 182 (25%) were coinfec-
tions, of which 68 (9%) with another virus, 103 (14%) with a bacterial
coinfection and 11 (2%) had an RV infection with at least two other
pathogens. Commensals and Candida species were not considered
causative pathogens and were excluded from the analysis.

Symptomatic (V1 positive) RV-positive patients tended to be
older than asymptomatic patients (median 47 years, (IQR 33-60
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Figure 1 Rhinovirus prevalence and species distribution among (A) adults enrolled with acute cough/ LRTI and asymptomatic (B) controls. CRF, case report form;
LRTI, lower respiratory tract infection; NPS, nasopharyngeal swab; RV, rhinovirus. tProlonged rhinovirus shedding was identified in 6 patients.

years) vs median 38 years (IQR 27-58 years); p=0-058, respecti-
vely), see table 1. No significant differences were found in sex, loca-
tion and sample season and year between RV-positive symptomatic
and asymptomatic adults. Of 563 of the 566V 1 patients underlying
conditions were stated: 238 (42%) had an underlying condition,
including 122 (51%) with respiratory comorbidities or history of
hospitalisation for respiratory illness. Mixed infections within the
RV-positive adults (V1) were associated with symptomatic disease
more often (29% vs 7% in the asymptomatic patients, RR 4.9 (95%
CI2.0to 11.8)p<0.001, adjusted for age, sex, geographical location,
sample season, sample year and viral load). Mixed infections were
not included in further analyses. The RV-viral load was lower in
the RV-positive asymptomatic controls (mean Cq value 31 vs 28
in patients, p<0.001, adjusted for age, sex, geographical location,
sample season, sample year and mixed infections).

Virus genotyping to RV species level was successful in 538
(95%) V1, 86 (84%) V2 RV-positive samples from symptomatic
patients and in 62 (93%) C1 control subjects. The number and pro-
portion of RV species among symptomatic, follow-up and asymp-
tomatic infections are shown in figure 1. Prolonged RV shedding in
symptomatic patients (V1) was identified in six patients as previou-
sly described.*® RV reinfection with another RV type was identified
in 11 symptomatic (V1) patients.

Clinical manifestations

Complete clinical record forms and symptom diaries were availa-
ble for 563 (99-5%) and 383 (67,7%) RV-positive symptomatic V1
patients, respectively. Age and sex characteristics of symptomatic
and asymptomatic subjects, infection outcome, viral loads inferred

from Cq values and duration and severity of disease were compared
across RV species (table 2). The age and sex distribution was similar
across RV-species in the symptomatic

and control groups. In 538 RV-infected symptomatic patients
the proportion of RV-A infections was 68% vs 12% for RV-B and
20% for RV-C infections. In contrast, in the 62 asymptomatic infec-
tions the proportions were similar: RV-A: 37%, RV-B: 34% and
RV-C: 29% (figure 1). For single infections RV-A was 4.5 and 2.2
times more often associated with a LRTT outcome than

RV-B (p<0-001) and RV-C (p=0-010), respectively, and RV-C
more often than RV-B (RR 2.1, p=0.015). The results were simi-
lar for RV coinfected cases. In symptomatic patients with a RV
monoinfection RV-A viral loads (mean Cq=27) were significantly
higher than RV-B viral loads (mean Cq=30, p=0.015). The duration,
overall disease severity, and maximum daily symptom score were
similar between RV species. The severity of the individual symptoms
was also compared across RV species (table 3). Significant differen-
ces were observed only for ‘feeling generally unwell’ In particular
RV-A infected patients generally felt worse than those with RV-C
(p=0.023). No other significant differences were observed between
RV-A and RV-B, or RV-C and RV-B infected patients.

RV prevalence and species distribution according to site and
year of detection

The number of tested NPS samples, RV detection rate and species
distribution among the 16 sites in Europe over the 3 years study
period are presented in figure 2. The majority of subjects were
recruited in the months October to April and years were defined
from July until June of the following year. No patients were recrui-
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Table 1 Demographics of symptomatic (V1) vs asymptomatic (C1)
RV-positive patients

Total RV +V1 RV +C1
n=633 n=566 n=67 P value

Male (%) 263 (42) 229 (40) 34 (51) 0.106
Age (median, IQR) 47 (32-60) 47 (33-60) 38(27-58) 0.058
Ethical background (%) 563

Caucasian 540 (96)

African 8(1)

Asian 10(2)

Other 5(1)
Study site (%) 0.281

Antwerp BE 95 (15) 85 (15) 10 (15)

Barcelona SP 66 (10) 64 (11) 2(3)

Bialystok PL 28 (4) 24 (4) 4(6)

Bratislava SL 30(5) 29 (5) 1(1)

Cardiff GB 64 (10) 57 (10) 7(10)

Ghent BE 25 (4) 20 (4) 5(7)

Jesenice SVN 10 (2) 10 (2) 0(0)

Jonkoping SW 8(1) 7(1) 1(1)

Lodz PL 52 (8) 47 (8) 5(7)

Matard SP 79(12) 68(12) 11(16)

Milan IT 7(3) 173) 0(0)

Nice FR 3(0.5) 3(1) 0(0)

Rotenberg DU 27 (4) 25 (4) 2(3)

Southampton GB 43 (7) 39(7) 4 (6)

Szczecin PL 27 (4) 22 (4) 5(7)

Utrecht NL 59 (9) 49 (9) 10 (15)
Sample season and year (%) 632 565 67 0.918*

Autumn 07 37 (6) 34 (6) 3(4)

Winter 07/08 49 (8) 43 (8) 6(9)

Spring 08 73(12) 67 (12) 6(9)

Summer 08 4(1) 4(1) 0(0)

Autumn 08 118 (19) 106 (19) 12 (18)

Winter 08/09 64 (10) 55 (10) 9(13)

Spring 09 44.(7) 40 (7) 4(6)

Summer 09 4(1) 4(1) 0 (0)

Autumn 09 131(37) 118 (21) 13(19)

Winter 09/10 77(12) 69 (12) 8(12)

Spring 10 31(5) 25 (4) 6(9)
Underlying condition (%) 238/563 (42)

Asthma 67/563 (12)

COPD 41/563 (7)

Other respiratory comorbidities 7/563 (1)

History of hospitalisation for respiratory illnes 24/563 (4)
Cardiac disease 47/563 (8)
Diabetes 35/562 (6)
Allergic diseases 105/563 (23)

*Overall sample season and year, symptomatic (V1) vs asymptomatic (C1).
COPD, chronic obstructive pulmonary disease; RV, rhinovirus.

ted from Nice, Bialystock, Szczecin, Bratislava and Jesenice during
2007/2008 and only 9 samples from six patients were available from
Milan for 2009/2010. RV accounted for 1% up to 21% of respiratory
infections per site during a particular year, when excluding Milan
during 2009/2010, because of the low number of included cases.

RV type identification

Of the 686 sequenced RV, 654 (95%) were characterised by partial
VP3/VP1 or/and VP4/VP2 sequencing and 32 (5%) based only on
the 5°-UTR (see online supplementary appendix). The latter were
assigned only to species taxa level, because of limited phylogenetic
discrimination in the 5’-UTR region. Four VP4/ VP2 sequences
were classified only to species level based on BLASTn results due to
poor sequence quality. A total of 650 RV sequences were assigned
to 73 RV-A, 25 RV-B and 42 RV-C types representing 91%, 78% and
76%,11 respectively, of the currently established types within each
species (figure 3). Five new RV types were identified and assigned
by the Picornaviridae study group as RV-A type A109, RV-B types
B105 and B106 and RV-C types C52 and C53.

Infecao respiratoria

DISCUSSION
In our study, RV was detected in 19% of adults with acute cough/
LRTI and in 4% of follow-up samples as well as samples from
asymptomatic controls. The overall annual prevalence ranged from
1% to 21% between and within communities. These data indicate
that the burden of RV associated illness varies subtantially within
and between communities in different years. Several other studies
have reported rates of RV infection from 7% to 33% in inpatient
and outpatient adults with acute LRTT or influenza-like illness,'#?*-*
and in 8% or less of asymptomatic adults.’*'°2°
RV species were identified with a different frequency among
symptomatic and control subjects. With 68% prevalence RV-A
strains were significantly more common in RV infected sympto-
matic patients than RV-B (12%) or RV-C (20%) strains. In con-
trast, the prevalence of RV-A (37%), RV-B (34%) and RV-C (29%)
was more or less similar in asymptomatic infections, suggesting a
more pathogenic role of RV-A infections. Also, RV-A was 4.5 and
2.2 times more often associated with LRTI than RV-B and RV-C
(p<0.010), and RV-C 2.1 times more often than RV-B (p=0.015).
Our findings indicate that in adults, the prevalence of
RV-Aassociated LRTT is considerably higher than that of RV-B and
RV-C, while RV-B infections are more often asymptomatic. The lat-
ter observation is further supported by the fact that RV-B has been
detected infrequently in children and adults hospitalised for severe
respiratory illness.”* '7#=*! Furthermore RV-B symptomatic infections
had significantly lower viral loads than RV-A symptomatic infec-
tions, suggesting lower pathogenicity of RV-B viruses. Lower viral
loads of RV-B relative to RV-A and RV-C in respiratory specimens
have previously been reported for adults with pneumonia® and viral
load has been reported as indicator for severity of RV infections.’
These findings are in agreement with the in vitro study that demons-
trated that RV-B types replicate less efficiently and induce lower
cytokines and/or chemokine levels than RV-A or RV-C infections.”
Our results on RV species distribution (RV-A>RVC>RVB)
among adults with LRTI are consistent with those from a study con-
ducted in Seoul among adults with pneumonia.”? Other studies in
symptomatic patients found a lower prevalence of RV-C than RV-B
infections.** These differences in the relative proportions of RV
species in comparison to our findings could be due to differences in
the study populations (eg, upper respiratory tract infection (URTT)
instead of LRTI) and annual variations in species distribution. We
observed no significant differences between RV species in the dura-
tion of illness, maximum symptom scores, overall disease severity
and severity of individual common cold symptoms. However, RV-A
infected patients subjectively felt in general worse than those infected
with RV-C. Our results suggest that RV-A infections have a more
debilitating impact on the general health as compared with RV-B
and RV-C infections. In children several studies demonstrated an
association between RV-C and more serious respiratory illness." 2>
In adult patients RV-C infection has been reported to cause more
frequent acute RTT and appeared more severe as compared with chil-
dren.?? Other studies in adults observed no differences in disease
severity between RV species,'® '° %323 though one study found a
higher disease severity associated with RV-A in upper respiratory
symptoms.* However, these studies are limited due to the short sur-
veillance periods, lack of asymptomatic controls and small sample
size. It must be noted that the patients included in this study had
per definition acute cough/LRT]I, thus differences in disease seve-
rity between RV species in patients with milder symptoms cannot
be excluded. RV-A was the most prevalent species in the majority
of study locations, followed by RV-C, while RV-B occurrence varied
considerably between and within certain communities. Substantial
antigenic variation within RV-A could lead to more frequent reinfec-
tions in the community and to a higher overall prevalence.
Interestingly, not all RV species were identified in the separate
locations during the study period. Genotyping of the RV samples
lead to the discovery of 5 novel RV types and revealed a remarka-
bly high diversity of RVs represented by 73 RV-A, 25 RV-B and
42 RV-C types. Asymptomatic infections were associated with a
variety of RV types, the majority of which were also identified in
symptomatic cases.
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Table 2 Age and sex distribution, infection outcome and disease severity according to rhinovirus species

Characteristics* RV-A RV-B RV-C RR (95%Cl) P value
Age/sex -V1 infections
No of cases 366 66 106
Median (IQR) years 47 (33-60) 43 (30-61) 50 (33-62) 0.571
No (%) of male 155 (42) 22(33) 43 (41) 0.389
Age/sex -C1 infections
No of cases 23 21 18
Median (IQR) years 37 (25-53) 36 (28-51) 50 (30-61) 0.472
No (%) of male 13 (57) 9(43) 10 (56) 0.613
Symptomatic (V1) vs asymptomatic 366 (94)/23 (6) 66 (76)/21 (24) 106 (85)/18 (15) RV-Avs RV-B: RR 4.6 (2.7 10 8.0)  RV-A vs RV-B (<0.001)t
(C1) infections
No (%) of V1/C1 cases RV-AvsRV-C: RR 2.4 (1.4t0 4.3)  RV-A vs RV-C (0.003)t

RV-C vs RV-B: RR 1.9 (1.1t0 3.4)  RV-Cvs RV-B (0.026)t
Symptomatic (V1) vs asymptomatic 261 (92)/22 (8) 43 (70)/18 (32) 80 (82)/17 (18) RV-Avs RV-B: RR 4.5 (2.5t07.9)  RV-Avs RV-B (<0.001)t
(C1) single infections
No (%) of V1/C1 cases RV-Avs RV-C: RR 2.2 (1.2t03.9)  RV-Avs RV-C (0.010)t

RV-Cvs RV-B: RR 2.1 (1.1t03.7)  RV-Cvs RV-B (0.015)t
Cq values- V1 single infections 27 (27 to 28) 30(28to 31) 27 (26 to 29) 0.053 RV-A vs RV-B (0.015)t
Mean (95% Cl) RV-A vs RV-C (0.780)t

RV-C vs RV-B (0.068)t
Cq values- C1 single infections 31(29 10 33) 32 (3010 33) 31(291032) 0.8381 RV-A vs RV-B (0.922)1
Mean (95% Cl) RV-A vs RV-C (0.576)1
RV-C vs RV-B (0.642)t

Initial symptom scoret 0.6971 RV-A vs RV-B (0.426)1
No of cases 260 43 80 RV-A vs RV-C (0.666)1
Median (IQR) 1.6 (1.1-2.0) 1.4 (0.9-2.1) 1.4 (1.1-1.9) RV-C vs RV-B (0.684)t
Duration of illness 0.9871 RV-A vs RV-B (0.893)1
No of cases 200 31 62 RV-A vs RV-C (0.948)t
Median (IQR) days 21(14-31) 20 (13-31) 19 (13-32) RV-C vs RV-B (0.870)1
Maximal daily symptom score§ 0.4261 RV-A vs RV-B (0.216)1
No of cases 200 31 62 RV-A vs RV-C (0.519)
Median (IQR) 23(1.6-3.1) 2.0(1.3-3.1) 2.2 (1.5-3.0) RV-C vs RV-B (0.499)t
Duration of higher symptom score 0.9421 RV-A vs RV-B (0.985)t
No of cases 158 23 48 RV-A vs RV-C (0.740)t
Median (IQR) days 4(3-7) 4(2-7) 3(2-6) RV-C vs RV-B (0.842)t

*Characteristics related to disease severity and duration of illness were evaluated only for patients with rhinovirus single infections who had complete case report forms or/and symptom diaries.
tCorrected for age, sex, sample season and sample year.

tInitial symptom score scale: 1=no problem, 2=mild problem, 3=moderate problem, 4=severe problem.

§Maximal daily symptom score scale: 0=no problem/not affected, 1=very little problem, 2=slight problem, 3=moderately bad, 4=bad, 5=very bad, 6=as bad as it could be.

Cq, cycle of quantification; RR, relative risk; RV, rhinovirus
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Figure 2 Rhinovirus (RV) detection rate and species distribution according to site and year of detection. Total numbers of tested samples per location and year of
isolation are presented under the corresponding country panel; ‘NS’ designates that no samples were available. Plot lines represent the proportion (%) of RV infections
(right side y-axis) and bar graphs represent the number of RV-A (red), RV-B (blue) and RV-C (green) infections (left side y-axis).Country abbreviations: BEL (Belgium),
FRA (France), DEU (Germany), ITA (Italy),NLD (Netherland), POL (Poland), SVK (Slovakia), SVN (Slovenia), ESP (Spain),SWE (Sweden), GBR (United Kingdom).
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Table 3 Frequency and severity of symptoms in adults with rhinovirus associated acute cough/LRTI

No (%) of events (absent-mild/moderate-severe)*

RV-A RV-B
Characteristics n=261 n=43
Cough 1(0.4)/260 (99.6) 1(2)/42 (98)
Phlegm 131 (50)/130 (50) 22 (51)/21 (49)

Shortness of breath 171 (66)/90 (34) 27 (63)/16 (37)

Wheeze 199 (76)/62 (24) 32(74)11(26)
Running nose 109 (42)/152 (58) 21 (49)/22 (51)
Fever 226 (87)/35(13) 38(88)/5(12)

Chest pain 205 (79)/56 (21) 32 (74)11 (26)
Muscle aching 189 (72)/72 (28) 32 (74)/11 (26)

Headache 181 (69)/80 (31) 25 (58)/18 (42)
Disturbed sleep 141 (54)/120 (46) 25 (58)/18 (42)
Diarrhoea 256 (98)/5 (2) 41(95)/2 (5)
Confusion/ disorientation 257 (98)/4 (2) 43 (100)/0
Interference with normal activities 156 (60)/105 (40) 23(53)/20 (47)
Feeling generally unwell 118 (45)/143 (55) 22 (51)/21(49)

*The presence and severity of symptoms were evaluated only for patients with rhinovirus single infections.
tCorrected for age, sex, sample season and sample year.
LRTI, lower respiratory tract infection; RV, thinovirus.

Although comprehensive, this study has some limitations. Due
to the heterogeneity of the RV genomes, our RV diagnostic and
genotyping assays might have varied in efficacy of amplification,
and therefore, be suboptimal for some genotypes. In particular,
RV-C infections might be somewhat underrepresented, since a
limited number of RV-C complete genome sequences were avai-
lable at the time our diagnostic assay was developed. In addition,
due to the nature of this study, only associations can be found,
and no causality can be proven. With the current study design,
an association can be made between RV type and disease severity.
However, the population studied, is patients visiting their GP that
in general will be older and have more comorbidities as compared
with the general population. Nevertheless, these are the patients
consulting their GP, and therefore, this study is very representative
for clinical practice.

Although limited, some CRF’s were missing and not all RV
positive samples could be typed. Because these numbers are limited
alink between the missing data and disease severity is not expected
and this probably will not result in a bias. Finally, the clinical status
of cases with RV-positive follow-up samples could not be clearly
defined, since symptom manifestations were not recorded by the
GP at the time of the second visit.

This is a very comprehensive study, in which RV typing has
been performed in symptomatic (LRTI) and asymptomatic adult

RV-C
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49 (61)/31 (39)

GP patients in 11 countries. RV typing is not part of standard
diagnostic care and our results do not provide an indication for
an added value in relation to disease severity. This may change in
the future if subtype differences in efficacy are observed following
antiviral treatment or vaccination.

In conclusion, LRTI in adults were mainly associated with
RV-A, identified in a significantly higher proportion of symptoma-
tic than asymptomatic subjects as compared with RV-B and RV-C.
Furthermore RV-A symptomatic infections were associated with
significantly higher viral loads than RV-B symptomatic infections,
suggesting lower pathogenicity of RV-B.
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Figure 3 Frequencies of rhinovirus types identified in symptomatic case and asymptomatic control adults.
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Infecao respiratoria

Carga viral no tracto respiratorio superior em indi-
viduos assintomaticos e doentes ligeiramente sin-
tomaticos com infecao por SARS-CoV-2

Sang Hyun Ra," Joon Seo Lim,? Gwang-un Kim,? Min Jae Kim," Jiwon Jung,' Sung-Han Kim'

RESUMO

Contexto Individuos assintomaticos com infecao por
SARS-CoV-2 possuem cargas virais vidveis e tém sido asso-
ciados a varios casos de transmissdo. No entanto, faltam
dados sobre as cargas virais nestes individuos. Avalidmos
as cargas virais em individuos assintomdticos com infecao
por SARS-CoV-2 em comparagdo com as de doentes sinto-
maticos com COVID-19.

Métodos Os participantes do estudo foram recrutados
numa instalagao comunitaria concebida para o isolamento
de doentes com COVID-19 ligeira na Coreia do Sul. A pre-
senca de sintomas foi avaliada por meio de um inquérito
baseado em questionario. As cargas virais no trato respi-
ratério superior foram medidas por transcricdo reversa em
tempo real - PCR (RT- PCR) visando os genes E, RdRp e N
do SARS- CoV-2, com um valor de limiar de ciclo (Ct) de 40
para determinar a positividade.

Resultados Em 213 doentes com infecdo por SARS-
CoV-2, 41 (19%) permaneceram assintomaticos devido
potencial exposicdo através de confirmacao laboratorial
e admissdo; destes, 39 (95%) foram submetidos a testes
RT- PCR de seguimento apds uma mediana de 13 dias. Em
172 doentes sintomaticos, 144 (84%) foram submetidos
a testes RT-PCR de seguimento. Vinte e um (54%) indi-
viduos assintomaticos e 92 (64%) doentes sintomaticos
testaram positivo para SARS- CoV-2 durante o seguimento.
Individuos assintomaticos e doentes sintomaticos néo
apresentaram quaisquer diferencas significativas nos valo-
res Ct médios dos genes E (31,15 vs 31,43; p>0,99), RdRp
(32,26 vs 32,93; p=0,92) e N (33,05 vs 33,28; p>0,99).
Conclusdo Aproximadamente um quinto dos individuos
sem sintomas graves encontravam-se assintomaticos e as
suas cargas virais foram comparaveis as dos doentes sinto-
méticos. Uma grande proporcéo de doentes com sintomas
ligeiros de COVID-19 ou de individuos assintomaticos com
SARS- CoV-2 apresentaram resultados positivos persisten-
tes de RT-PCR no seguimento.

INTRODUCTION

The presence of asymptomatic individuals with
positive reverse transcription-PCR (RT-PCR)
results for SARS-CoV-2 has been noted even in
the early reports of the COVID-19 outbreak.'*
Moreover, several case reports have suggested that
the transmission of SARS-CoV-2 from asympto-
matic individuals is possible."* However, owing
to the rapid spread of COVID-19 and the resul-
ting shortage in PCR testing capabilities, asymp-
tomatic individuals with SARS-CoV-2 infection
are likely to go unnoticed by healthcare workers.
Therefore, asymptomatic individuals have not
been systematically evaluated in terms of their
viral load and infectivity, and thus, the extent
of their possible contribution to the community
spread of COVID-19 is unknown.

In South Korea, a large cluster of COVID-19
cases was identified in Daegu City; this cluster
was soon revealed to be related to a single reli-
gious group.* Thereafter, Korean epidemiologic

What is the key question?

» Do asymptomatic individuals with SARS-
CoV-2 infection have the potential to sig-
nificantly contribute to the community
spread of COVID-19?

What is the bottom line?

»In a series of 213 patients with COVID-
19 without severe symptoms, 19% were
asymptomatic from potential exposure to
laboratory confirmation and admission.
Asymptomatic individuals had compara-
ble loads of SARS-CoV-2 genes to symp-
tomatic patients.

Why read on?

» Asymptomatic individuals were frequent
among those infected with SARS-CoV-2,
but harboured a comparable viral load com-
pared with that of symptomatic patients and
may thus act as a meaningful driving force
for the community spread of COVID-19.

teams thoroughly traced the close contacts of this
religious group and discovered more than 3000
cases of COVID-19 with a wide range of symp-
tom severity, from none to severe. Those without
severe symptoms were admitted to dedicated
care facilities for isolation and monitoring. As
a result of this unique situation, we were able to
assess many asymptomatic individuals who were
otherwise unlikely to be identified as cases of
COVID-19.

Here, we assessed the viral load in the upper
respiratory tract of asymptomatic individuals
infected with SARS-CoV-2 using the cycle
threshold (Ct) values of RT-PCR targeting SARS-
CoV-2 genes and compared the results with those
from patients with mild symptoms of COVID-19.

METHODS

Study participants

We recruited study participants from a com-
munity care facility designated for patients
with COVID-19 without severe symptoms. The
admission criteria were as follows: COVID-19
national early warning score <4; without high-
-risk profiles such as age 265 years, chronic
illness, current smoker and those requiring
supplemental oxygen due to low oxygen satu-
ration <90%. This facility is located approxi-
mately 50 miles from Daegu City and housed
a total of 260 patients at the time of this study.
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In March 2020, we conducted a survey on the patients to
gather information on any COVID-19 symptom as well as
age, sex and underlying disease. Asymptomatic individuals
were defined as those who did not report any of the following
symptoms: fever (>37.5°C), chills, myalgia, fatigue, rhinor-
rhea, nasal congestion, hyposmia, hypogeusia, sore throat,
dyspnoea, cough, sputum production, haemoptysis, heada-
che, dizziness, anorexia, nausea, vomiting, abdominal pain
and diarrhoea. Patients participated in this study by filling
out the survey, and written informed consent was obtained
from each patient. Missing data were obtained with telephone
interviews by trained physicians. This study was approved by
the institutional review board of Asan Medical Center.

Sample acquisition

All sample acquisitions for follow-up RT-PCR at the care centre
were carried out by experienced physicians donning the complete
personal protective equipment. According to the Center for Disease
Control guidelines® for obtaining clinical specimens for confirming
COVID-19, we obtained swab samples from both the nasopharynx
and oropharynx and combined them in a single tube to maximise
the sensitivity of the RT-PCR test and minimise the use of resour-
ces. The nasopharyngeal samples were obtained according to a pre-
viously reported method,6 in which swabs were inserted through
the nostril to a distance equivalent to the outer opening of the ear
canal and gently rubbed for several seconds to absorb the secretions.
For oropharyngeal samples, the tonsillar pillars were swabbed. The
nasopharynx and oropharynx were swabbed once each with separate
swabs, placed in a single tube containing 300 pL of viral transport
medium and transported to a reference laboratory under cold con-
ditions for subsequent RNA extraction and RT-PCR testing

RT-PCR for SARS-CoV-2 genes

Viral RNA from the upper respiratory tract swab samples was
extracted using the MagNA Pure 96 System (Roche Diagnostics,
Mannheim, Germany), according to the manufacturer’s instruc-
tions. The resulting samples were tested for the E, RdRp and N
genes of SARS-CoV-2 with real-time RT-PCR using theAllplex
2019-nCoV Assay kit (Seegene)” with CFX96 Real-Time PCR
Detection System (Bio-Rad, Hercules, California, USA) under
the following condition: 20 min at 50°C for reverse transcription
and 15 min at 95°C for denaturation as the initial step, followed
by 45 cycles of 15 s each at 94°C and 30 s at 58°C. A Ct value of
<40 was used as the cut-off for determining positivity, according
to the manufacturer’s instructions.

Statistical analysis

Categorical variables were compared using the Fisher’s exact test
or * test as appropriate, and continuous variables were compare-
dusing the Mann-Whitney U test or Student’s t-test as appropriate.
All tests of significance were two-tailed, and p values <0.05 were
considered statistically significant. Continuous variables are repre-
sented as median values with IQR for non-normally distributed
variables and as mean+SD values for normally distributed varia-
bles. All statistical analyses were carried out in IBM SPSS Statistics
for Windows, V.23.0 (IBM Corp., Armonk, New York, USA).

RESULTS

Of the 260 patients with COVID-19, 213 (82%) participated in this
study. During the observation period, 41 (19%; 95% CI 15% to 25%)
individuals remained asymptomatic, of whom 39 (95%)underwent
follow-up RT-PCR testing at the care facility. Of the 172 (81%; 95%
CI 75% to 86%) patients with mild symptoms of COVID-19, 144
(94%) underwent follow-up RT-PCR testing. Thus, a total of 183
patients (asymptomatic, n=39; symptomatic, n=144) with follow-
-up RT-PCR results were included in the analysis.

The baseline clinical characteristics of asymptomatic indivi-
duals and symptomatic patients are shown in table 1. On follow-
-up RT-PCR testing, 21 (54%) asymptomatic individuals and 92
(64%) symptomatic patients tested positive for SARS-CoV-2 genes

Table 1 Characteristics of asymptomatic individuals with
SARSCoV-2 infection and symptomatic patients with COVID-19*

Asymptomatic
individuals (n=39)

Symptomatic

patients (n=144) P value

Age, median (IQR), y 25.0 (21.5-34.0) 26.5 (22.0-46.0) 0.22
Male sex, n (%) 22 (56) 62 (43) 0.14
Underlying diseases, n (%) 3(8) 26 (18) 0.12
Hypertension 0 5
Asthma 0 4
Liver disease 0 2
COPD 0 1
Solid cancer 0 1
Rheumatologic disease 1 0
Other 2t 13%
Interval from the first swab for 6.0 (4.5-7.0) 6.0 (4.0-9.0) 0.84
diagnosis to the start of isolation,
median (IQR), days
Interval from initial confirmation 12 (9-14) 13 (11-15) 0.06
to follow-up RT-PCR testing,
median (IQR), days
Interval from symptom onset to NA 26+6 NA
follow-up RT-PCR testing, median
(IQR), days
Positive result on follow-up RTPCR 21 (54) 92 (64) 0.25
testing, n (%)
Ct values, mean+SD
E gene 31.15+2.72 31.43+2.80 >0.99
RdRp gene 32.26+2.86 32.93+2.87 0.92
N gene 33.05+2.52 33.28+2.48 >0.99

*Categorical variables were compared using the Fisher's exact test or [12 test, as appropriate, and continuous
variables were compared using the Mann-Whitney U test or Student’s t-test.

All tests of significance were two-tailed.

tIncludes thyroid disease (n=1) and allergic rhinitis (n=1).

tIncludes allergic rhinitis (n=8), hyperlipidaemia (n=2), thyroid disease (n=2) and nephrotic syndrome (n=1).
Ct, cycle threshold; NA, not available; RT-PCR, reverse transcription-PCR

(p=0.25). The mean Ct values of the SARS-CoV-2 genes in asymp-
tomatic individuals and symptomatic patients were as follows: E
gene, 31.15 versus 31.43 (p>0.99); RdRp gene, 32.26 versus 32.93
(p=0.92) and N gene, 33.05 versus 33.28 (p>0.99) (table 1).

DISCUSSION
A recent study on 72 314 Chinese patients reported that the pro-
portion of asymptomatic individuals with SARS-CoV-2 was appro-
ximately 1%.8 However, this study was based on patients from the
Hubei Province, where the sudden shortage of healthcare resources
is presumed to have led to a selection bias towards the exclusion
of asymptomatic individuals and patients with mild symptoms.
Therefore, the actual prevalence of asymptomatic cases of COVID-
19 is most likely higher than 1%. Accordingly, we found that 19% of
patients with COVID-19 had remained asymptomatic from poten-
tial exposure to laboratory confirmation and facility admission.
In our study, 54% of asymptomatic individuals and 64%
of patients with mild symptoms showed positive results in the
follow-up PCR testing conducted at a median of 13 days from
diagnosis. Similarly, Xiao et al reported that in 301 patients with
mildto-moderate symptoms of COVID-19, the median dura-
tion from symptom onset to an effective negative SARS-CoV-2
result was 20 days.” A recent Chinese study also reported that
the median duration of viral shedding assessed by SARS-CoV-2
RT-PCR was 21 days in patients with mild COVID-19.10 These
results suggest that patients with COVID-19 may experience a
more protracted course than that initially hypothesised. However,
our results should be interpreted with caution because positive
RT-PCR results do not necessarily indicate the presence of viable
virus, for which cell culture is needed for confirmation. Indeed,
recent studies have shown that viable virus was isolated within 10
days from the symptom onset." * Therefore, further studies are
needed to determine whether the prolonged duration of positive
RT-PCR results in asymptomatic individuals with SARS-CoV-2
infection or mildly symptomatic patients with COVID-19 can be
translated into a continuous need for precaution and quarantine.
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Previous studies have shown that viable SARS-CoV-2 was iso-
lated from asymptomatic individuals and that a certain number of
cases are likely to have been transmitted from asymptomatic indi-
viduals."”""* Indeed, we found that asymptomatic individuals had
RT-PCR Ct values for SARS-CoV-2 genes comparable with those of
patients with mild symptoms of COVID-19. Considering that most
asymptomatic individuals with COVID-19 are likely to go unnoti-
ced by healthcare workers and continue to reside within commu-
nities, such individuals may act as an essential driving force for the
community spread of COVID-19 and the ongoing pandemic state.
Our data thus support the general public use of face masks as well as
broadening the scope of SARS-CoV-2 testing to include asympto-
matic persons in certain high-risk settings until such time as further
data become available regarding the duration and transmissibility of
viable virus shedding from asymptomatic individuals with SARS-
CoV-2 infection to support these recommendations.

This study is limited in that the study population largely com-
prised those in their 20s and 30s, a characteristic that is likely linked
to the demographic of the Shincheonji religious group. Therefore,
the prevalence of asymptomatic individuals and their viral load
may be different in other age groups. Moreover, there is a possibi-
lity of recall bias concerning the self-reports of symptoms; never-
theless, as the study participants were highly cooperative and well
educated on the gravity of the current pandemic, we believe that
such bias is not likely to have significantly affected our main results.
Additionally, we could not obtain the results of the initial RT-PCR
tests of the patients because each of them underwent RT-PCR
tests at separate triages. Finally, the duration from the initial con-
firmation to follow-up RT-PCR testing for symptomatic patients
was slightly longer than that for asymptomatic individuals; such
a discrepancy occurred because the guideline of the community
care facility recommended conducting follow-up RT-PCRs for
patients after symptom resolution and at least 7 days after diagno-
sis. However, this bias is not likely to have substantially affected our
main findings on the Ct values in the follow-up RT-PCR testing.

In conclusion, we report that as many as one-fifth of individuals
with SARS-CoV-2 infection without severe symptoms were asymp-
tomatic and the viral load in their nasopharynx was comparable to
that in patients with mild symptoms. In addition, a large proportion

of mildly symptomatic patients or asymptomatic individuals showed
persistent positive upper respiratory RT-PCR results at follow-up.
Asymptomatic individuals with SARS-CoV-2 infection may contri-
bute to the ongoing community spread of COVID-19, but further
studies with cell culture are needed to evaluate the transmissibility of
COVID-19 from asymptomatic individuals to inform a recommen-
dation on universal personal protective equipment.
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Limites de reprodutibilidade pediatrica para o volume
expiratorio forcado em 1 segundo

Sanja Stanojevic,'? Nicole Filipow,' Felix Ratjen'?

RESUMO

Contexto Os padrdes atuais de reprodutibilidade de
espirometria foram derivados utilizando um pequeno
conjunto de dados de adultos e poderdo nao ser ideais
para a interpretacdo de medicdes repetidas da funcao
pulmonar infantil.

Objetivo Definir limites de reprodutibilidade para a
variacdo do volume expiratdrio forcado em 1 sequndo
(FEV.) que representem a variabilidade normal de um
individuo entre consultas em criancas saudaveis e ava-
liar estes limites como uma ferramenta para monitorizar
criancas com fibrose quistica (FQ).

Métodos Foram utilizadas medicGes repetidas de FEV,
(3 meses a 5 anos de intervalo) de criancas saudaveis do
repositorio de dados da Global Lung Function Initiative
para obter uma pontuacdo de variacdo condicional. Foram
utilizados espirometria e os dados clinicos de uma base de
dados dlinicos de FQ para verificar a utilidade na pratica
clinica.

Resultados Derivou-se uma pontuacdo da variacao de
reprodutibilidade a partir de 47938 medicdes de FEV,
em 7885 criancas saudaveis entre 0s 6 e 0s 18 anos. O
algoritmo simples, que é condicionado pela medicdo ini-
cial, também contabiliza a idade e o intervalo de tempo
entre as medicdes. Os limites da pontuacédo da variacdo
de reprodutibilidade foram muito mais estreitos do que
os cut-off atualmente utilizados. Mais especificamente,
as variaces, consideradas como melhorias utilizando
tanto uma variacdo relativa de 12% como de 10% em
relacdo ao inicio do estudo, séo demasiado amplas para
criancas. Em casos de FQ, verificou-se um acordo geral
entre as diferentes abordagens, com a vantagem dis-
tinta de que a pontuacao da variacdo ndo foi enviesada
pela regressao a média.

Conclusdes Comparativamente as atuais abordagens
ainterpretacdo de medicGes repetidas da funcdo pulmo-
nar, a pontuacao da variacdo proposta revelou-se menos
enviesada e proporciona uma alternativa simples para
reduzir os erros de interpretacdo.

INTRODUCTION
Forced expiratory volume in 1s (FEV ), measured
by spirometry, is an important predictor of respi-
ratory morbidity and mortality.'* Consequently,
FEV is the primary biological measure used to
assess the lung function status of individuals with
respiratory diseases." An improvement in FEV is
also frequently used as an endpoint to assess the
efficacy of interventional treatments.>”
Monitoring changes in lung function over
time is important to evaluate disease progression
and to monitor response to interventions. Current
guidelines suggest a relative change in FEV of
greater than 12% from baseline and a 200mL
absolute change in FEV as a clinically meaning-
ful change.* This recommendation traced back to
a 1981 review describing a significant deteriora-
tion from normal as a reduction greater than 1.65
times the coefficient of variation (CV) of repea-
ted FEV, measurements in a healthy population.®
This commonly used cut-off corresponds to 90%

What is the key question?
» What is a meaningful change in forced expi-
ratory volume in 1's (FEV)) in children?

What is the bottom line?

» Current reproducibility limits for FEV,
were derived from adult data and can lead
to misinterpretation of results in children.
We derive a change score for FEV, based
on a large dataset of healthy children that
can be used to more accurately interpret
serial FEV, measurements.

Why read on?

» Measurement of lung function is integral
to the management of children with respi-
ratory conditions. A less biased and more
accurate approach to defining a meaning-
ful change can help to guide treatment and
management decisions.

limits of reproducibility and a 10% false positive
rate. In the 1976 study cited by the review, the CV
was derived from weekly measurements of FEV,
in 20 adult subjects (10 nonsmokers, 10 smokers)’;
no children were included.

More recently, Kirkby et al define FEV, annual
reproducibility in nearly 1000 healthy 9-year-
-old children as an absolute change within +1.3
z-scores.'” It is not clear whether these limits
apply across the paediatric age range or for inter-
vals shorter or longer than lyear. Previous studies
in children have found the correlation between
repeated measurements to decrease as the interval
between measurements increase.' 1 Further these
limits have yet to be implemented in clinical use.

In clinical care of patients with cystic fibrosis
(CF), a change greater than 10% from baseline is
often used as a threshold for a meaningful change
and worsening of FEV of 10% or more is com-
monly used as part of definitions of a pulmonary
exacerbation (PEx)."* Whether a patient returns to
90% of baseline FEV | after treatment with antibio-
tic therapy is also typically defined as the threshold
for treatment success. As lung function measure-
ments are integral to monitor and manage respi-
ratory conditions in children, there is a need to
develop reproducibility standards based on large
and representative samples of healthy children to
improve the interpretation of visit to visit chan-
ges. The objectives of this study were to (1) define
individualreproducibility limit for FEV change
that represents the normal within-subject varia-
bility of measurements in health and (2) evaluate
whether these reproducibility limits can be used
to effectively monitor lung function changes in
children with CE
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METHODS

Data sources

Anonymised longitudinal spirometry measurements from healthy
Caucasian children and adolescents (<18) were obtained from the
Global Lung Function Initiative (GLI) data repository (www.lung
function.org). Spirometry in each dataset was performed accor-
ding to contemporaneous standards. Subjects with at least two spi-
rometry measurements, made at least 1day apart were included.
Measurements with missing anthropometric data (eg, height, sex)
and implausible height measurements (eg, serial height measure-
ments that decreased by more than 5cm) were excluded.

Spirometry and clinical data from all paediatric patients (age
range 3.8-17.9 years) captured within the Toronto CF database
between 2009 and 2017 were obtained (n=282). Exclusions were
the same as described in the healthy data and included the remo-
val of visits less than 180 days prior to lung transplant. Treatment
with intravenous antibiotics for respiratory indications was con-
sidered a physician defined PEx. Stable visits were defined as any
clinical encounter that did not overlap with active treatment with
either oral or intravenous antibiotics. A physician defined PEx
was called an oPEx if treated with oral antibiotics or (iPEx) if trea-
ted with intravenous antibiotics, with the following restrictions:
(1) minimum of 7 days of treatment, (2) maximum of 4 months
of treatment for iPEx or 28 days for oPEx, (3) Minimum of 21
days between antibiotic courses (iPEx) to be considered indepen-
dent events and (4) minimum of 1day between oral and IV anti-
biotics to be considered separate events, otherwise the event was
denoted an iPEx. The effects of antibiotic treatment were summa-
rised as the change in FEV | from the start of antibiotic treatment
(=7 days to 4 days) to the end of treatment (-7 to +7 days). PEx
events treated with oral antibiotics were not considered as too
few of these events had complete spirometry measurements at
the start and end of treatment.

Participants (or parents/guardians) in each of the studies that
contributed data provided informed consent for their data to be
collected for the primary study. Permission from the study inves-
tigators was obtained to use these anonymised data sources for
secondary analyses.

Interpretation of spirometry

ATS/ERS reproducibility: The average CV of repeated FEV, mea-
surements was calculated as the SD of all FEV, measurements
(% predicted) in an individual divided by the mean of all mea-
surements in the individual to replicate the approach used by
McCarthy et al.® Per cent predicted was used instead of litres since
FEV  increase as children grow, and therefore, the calculations are
not equivalent in children. z-scores: FEV | z-scores (zFEV ) for
each visit were calculated using the GLI reference equations.'* A
zFEV | indicates how many SD a measurement is from the pre-
dicted value. The absolute difference in zFEV was calculated
as (zFEV, current - zFEV | initial). Relative change in FEV : A
relative change in FEV, was defined as (initial FEV, - current
FEV )/initial FEV . Since FEV | (measured in litres) increases as
children grow, relative change was calculated from the per cent
predicted values which standardise measurements for height, age
and sex. Per cent predicted was derived using the GLI reference
equations.™

Change score

We developed a change score for lung function measurements
based on the method originally proposed for the interpretation
of serial anthropometric measurements in children.'

zFEV tf—(r-xrzFEV )
V1-r2

The change score summarises the range of values that can be
expected between two repeated measurements in healthy indivi-

Change Score =

duals, given the initial measurement. FEV | values measured in
litres were converted to z-scores to adjust for the expected chan-
ges in lung function with normal growth and development. Once
standardised we can assume that the change between repeated
lung function measurements is constant, or that the difference
between two measurements should be normally distributed
around zero. Furthermore, repeated measurements in the same
person will be correlated (r), such that the first measurement can
inform the second; however, the correlation is not perfect (r # 1).
In the case of lung function measurements, previous studies have
shown that correlation between two measurements in the same
individual is lower the longer the time interval between measu-
rements.' "> The variability of measurements between individuals
also depends on age,' therefore, the variability of measurements
within an individual may also vary with age.

To estimate the correlation between repeated measurements
(r), which is necessary to calculate a change score, we develo-
ped a linear equation using the Pearson correlation coefficient
estimated from all pairwise measurements in the same indivi-
dual. Estimates were obtained using bootstrapping to account
for the extra uncertainty. Sensitivity analyses included removal
of obvious outliers, removal of the first test occasion, limiting the
observation to the first two test occasions or using integer ages.

The change score can be interpreted as a deterioration (nega-
tive change score) or improvement (positive change score). The
further away the change score is from zero the less likely it is
within the normal reproducibility limits. A change score within
£1.96 is within the limits of normal and has an inherent 5% false
positive rate. A change score within +1.65 would have a 10% false
positive rate.

RESULTS

A total of 50 265 FEV, measurements from 9307 healthy indivi-
duals (5-18 years of age; 61% were less than 12 years) were obtai-
ned (figure 1). Less than 5% (n=2327) of measurements were
excluded, the majority were (n=1404) were excluded because
there was only a single lung function measurement available.
The remaining 7885 subjects (table 1) had 47 938 FEV  measu-
rements. On average each subject had six measurements (range:
2-13), with an average time interval between repeated measure-
ments of 0.9 years (range: 1.2 monthsto 11 years). In total there
were 156723 paired measurements (eg, a subject with 4 FEV,
measurements would contribute six visit pairs with varying age
at first visit and time intervals between visits).

ATS/ERS reproducibility: The average CV between repeated
FEV, measurements in the same individual was 5.2%, which
results in a reproducibility range (1.65*CV) of+8.6%and the-
refore lower than the currently recommended 12% relative
change. z-scores: The average zFEV | (ie, how far each obser-
vation was from the distribution of healthy individuals in the
GLI reference population)15 of the first measurement was 0.12
(SD=1.0), indicating good overall fit with the GLI population.
The change in zZFEV between measurements (zFEV | current -
ZFEV, ), was —0.02,95% limits of agreement —-0.8; 1.2 (range
-4.7 10 6.5).

There was also a correlation observed between the first
(zFEV ) and difference between two measurements (figure
2). A healthy individual with a higher initial value is more
likely to have a lower measurement at the second visit, whereas
someone with a lower initial value is more likely to have a higher
value. Relative change in FEV : A total of 89% of the healthy
observations had a relative change from initial visit within+10%;
however, children with lower initial values were more likely to
have a change greater than 10% than children with values in the
normal range, and children with higher FEV, % predicted values
were more likely to have a drop greater than 10% (figure 3).
Change score: The correlation between repeated FEV, measures
in the same subject decreased with time (figure 4A).
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Figure 1 Flow diagram of study participants. CF, cystic fibrosis; FEV,, forced expiratory volume in 1's; PEx, pulmonary exacerbation.

Measurements made closer together in time were more corre-
lated than those made further apart in time. Repeated measu-
rements in young children were less correlated than repeated
measurements in older children (figure 4B). In a multivariable
regression analysis, both time and age were independently asso-
ciated with the correlation between two measurements (r=0.642
(95% CI 0.62 to 0.66) —0.04 t years (95%CI —0.041 to —0.033)
+0.020a years (95%CI 0.018; 0.021)); where t is the time interval
between measurements in years, and a is the initial age in years.
The observed age and time-dependent correlation was consis-
tent across multiple sensitivity analyses (online supplementary
table S1 and online supplement figure S2).

The change score in the healthy individuals was normally
distributed with a mean of —0.12 (SD 0.97), 96% of the change
scores fell within +1.96 change scores (online supplementary
figure S1). The change score was independent of the initial FEV|
value (figure 5A).

Application in Cystic Fibrosis

A total of 282 subjects with CF in the Toronto CF database
had 7191 FEV, measurements. On average each subject had
25 measurements (range: 2-106), with an average time inter-

val between repeated measurements of 2.2 months (range: 0.03
months to 5.8 years).

To illustrate how the change score could be used in practice
we will consider a 6year old patient with CF who has an impro-
vement in FEV from 79% (-1.64 zFEV ) to 92% predicted
(-0.66 zZFEV ) between two annual visits (r=0.686). This cor-
responds to 16% relative increase, and a conditional z-score for
change of 0.64, which is well within the limits of normal variabi-
lity. In contrast a 14-year-old male patient (170cm) with a lung
function drop from 90.6% (-0.78 zFEV ) to 80.6% predicted
(-1.60 zZFEV ) at 3 months (r=0.907), has a corresponding 11%
relative drop and a conditional change score of —2.12, which is
outside the limits of normal variability. The same drop in lung
function at a 4-year interval (r=0.769) corresponds to a condi-
tional change (Zc=-1.56) within the limits of normal variability.

Of the 7191 clinic visits (282 subjects) in the Toronto CF
Database, 5850 were identified as stable. Each patient had an
average of 17 stable clinical encounters (range: 2 to 93). The ave-
rage length of time between all repeated stable measurements
was 2.4 years (range 0.9 days to 8.9 years). Overall 75% of the
visit-tovisit changes in FEV, between two stable visits (not trea-
ted with either oral or IV antibiotics) were within+1.96 change

Table 1 Demographics of symptomatic (V1) vs asymptomatic (C1)

Healthy (n=7885) CF (n=282)

Mean (SD) Range Mean (SD) Range
Age at first measurement (years) 8.5(1.9) 5.0-17.1 10.6 (3.1) 3.8-17.7
Height at first measurement (cm) 131.3(12.4) 102.0-188.0 137.0(23.3) 99.0-184.0
Height-for-age centile at first measurement (%) 54.0 (28.4) 0.02-100.0 32.9(27.5) 0.05-96.3
No of FEV, measurements 47938 7191
No of FEV, measurements/subject 6.1(3.0) 2.0-13.0 25.5(20.9) 2.0-106.0
Time between successive measurements (years) 0.9(0.7) 0.1-11.0 0.18(0.17) 0.003-5.7
Time between first and last measurement (years) 46((3.2) 0.2-12.0 4.5(2.9) 0.04-8.9

Female Male (%) Female (%) Male (%)
Sex (individuals) n (%) 3746 (47.5) 4139 (52.5) 147 (52.1) 135 (47.9)

CF, gystic fibrosis; FEV , forced expiratory volume in 1.
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Figure 2 The change in FEV, between repeated measurements was strongly
correlated with the initial measurement. There is a regression to the mean
observed between repeated measurements. FEV,, forced expiratory volume
in 1s; zFEV,, FEV, z-score.

scores. The change score between stable visits was also constant
across initial FEV values (figure 6).

There were 228 PEx events (87 subjects) treated with IV
antibiotics in the Toronto CF database with spirometry mea-
surements at the start (-7 days to 4 days) and end of antibiotic
therapy (-7 to +7 days). The average treatment duration was
16 days (range: 2.0-91.0 days). Of these events, 35% showed
changes greater than a 10% relative change in % predicted FEV|
and a change score greater than 1.96 units. An additional 37%
did not show improvements with either a 10% relative change
in FEV, % predicted nor the change score. Nearly one quarter
(52/228) of visits had an improvement greater than 10% that
were within 1.96 change scores.

DISCUSSION

Limits of reproducibility for FEV, were derived from a large
dataset of healthy children to provide a standardised approach
to interpretation of repeated lung function measurements.
Currently used reproducibility limits for FEV | (eg, 12% relative
change from baseline) are too wide for children and may miss
important changes in lung function. In addition, fixed cut-offs
(eg, 12% relative change or 10% relative change) of reproduci-
bility are biased by the magnitude of the initial measurements
such that children with lung function at the extremes of the
range will have changes in lung function misinterpreted. The
proposed change score is a simple algorithm that only requires
knowledge of the two measured values converted to z-scores
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Figure 3 Waterfall plots of the relative change in FEV, % predicted in (A)
healthy subjects and (B) children with CF averaged across groups of initial
FEV,. Between-visit change in FEV, was calculated from all within-patient
pairwise measurements of individuals. FEV., forced expiratory volume in 1 s.
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Figure 4 Correlations of repeated zFEV, measurements against A)

time between measurements and (B) age at the first measurement for
1015 pairs of correlations. FEV,, forced expiratory volume in 1 s z-scores.

and the age of the subject at each visit. This information is rea-
dily available in pulmonary function test reports and the algo-
rithm can easily be incorporated into trend reports.

Given the clinical need to track lung function over time
for patients with respiratory diseases, a robust and unbiased
measure to determine what constitutes meaningful changes is
imperative. The use a relative change in FEV per cent predic-
ted is the widespread standard, however, we observed that this
measure is biased to extreme (high and low) FEV values in
both healthy children and children with CE. Consistent with
previous literature, baseline lung function in both health and
disease influences how much lung function declines with symp-
toms, and the magnitude of treatment response.'?'* This is par-
ticularly important for FEV, measurements in young children
with CF, where lung function is both higher (often within the
normal range) and more variable. These data also suggest that
an improvement in FEV, of more than 10% from the start of
antibiotic therapy may overestimate treatment response, as the
observed changes were often within the reproducibility limits
of FEV, defined by the change score. Together with the obser-
vation that healthy children with lower lung function are more
likely to have improvements in lung function at the subsequent
visit, the improvements seen following treatment after a drop
in lung function may in part be explained by regression to the
mean, and thus overestimate treatment response.

The decreasing correlation between repeated measurements
in the same individual also has implications for how baseline
lung function is defined, and therefore, whether there is a sig-
nificant deterioration. People with CF are typically seen in clinic
every 3 months, or during acute episodes of worsening. Lung
function measurements from a stable visit within 3 months will
be more closely correlated with the lung function measurement
during the acute episode than a baseline measurement from 6
or 12 months before the episode. In some cases, the interval
between stable visits may be much longer and the use of fixed
cut-offs may impact the interpretation of visit to visit changes.
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Figure 5 In healthy individuals, relationship between initial FEV, and (A)
change score (linear mixed-effects regression 4.15-0.09%initial FEV,) and (B)
per cent predicted (linear mixed-effects regression 50.12—1.02*initial FEV.).
The change score is less influenced by initial value than relative change in
FEV, per cent predicted. Regression coefficients centred at 50. FEV, forced
expiratory volume in 1 s.
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dicted (linear mixed-effects regression 45.38-1.35initial FEV.). The change
score is less influenced by initial value than relative change in FEV, per cent
predicted. Regression coefficients centred at 50. CF, cystic fibrosis; FEV,, forced
expiratory volume in 1 s.

Another consideration is that the change score is a statistically
derived cut-off that represents a false positive rate of 5%. The
specific cut-point can be modified based on the patient group to
identify the optimal trade-off between sensitivity and specificity
for the specific context and pretest probability.

In children, the 12% ATS/ERS reproducibility limits are
much wider than the limits calculated from this large dataset
of repeated measurements in children.* Further, the ATS/ERS
limits and the change score are not directly comparable since
the ATS/ERS limit of a 12% where the false positive rate is 10%
and therefore not directly comparable to the 5% proposed by
using 1.96 change scores. Recalculate the limits to be equiva-
lent resulting in limits of reproducibility that are 10.2%, and
still overestimate the range and not resolve the regression to
the mean observed. Our results are consistent with previously
reported reproducibility limits in children defined for 9-year-
-old children measured at a 1-year interval (range 9-16 mon-
ths).? The change score has the distinct advantage of spanning
a much wider age range and time intervals and is conditional
on the initial measurement.

There are several limitations to our approach that warrant
discussion. First, the lack of repeated measurements in adults
limits the use of the conditional change score to children only.
We were unable to identify any longitudinal lung function data
in adults with measurements made within intervals of less than
1 year. Furthermore, we were limited to data for FEV , which
can be misleading in children if flow limitation is not achieved.
The median FEV /FVCratio in healthy children is above 0.8515
highlighting that most healthy children can expire nearly their
total lung volume in approximately 1s. Longitudinal data for
FEV . isneeded to provide appropriate limits of reproducibility
for children that cannot reach flow limitation.'” Alternatively,
we need to identify more sensitive outcomes to measure lung
function in children. Although the algorithm was developed
using a large collection of healthy data in children, these dat sets
are not contemporaneous, such that they require validation in
external datasets to confirm generalisability to current popula-
tion characteristics, equipment and quality control methods. It
is challenging to demonstrate that the conditional change score
is superior to established limits of reproducibility as there is no
clear gold standard. Use of a physician decision, such as whe-

ther or not to treat pulmonary symptoms with antibiotics, as a
benchmark may be biased by indication and therefore not an
ideal comparison. It will be necessary to prospectively evalua-
ted whether tracking of lung function using this approach will
result in long term improvements in outcomes. We used the
GLI reference equations to calculate z-scores in order to account
for the changes associated with lung growth during childhood.
The simple algorithm can be applied to z-scores calculated from
other reference equations. Ultimately reference equations deri-
ved from longitudinal data, where individual trajectories can be
identified would be ideal; however, the practical and logistical
considerations are not trivial.

DISCUSSION

The conditional change score for FEV may help to facilitate
interpretation of repeated lung function measurements in
children to identify measurements that are outside the mea-
surement variability observed in health. Once validated the
relatively simple algorithm can be easily implemented into com-
mercial software to facilitate monitoring of disease progression
and to evaluate treatment response.
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ARTIGO ORIGINAL INVESTIGACAO

Tabaco e branding nos filmes mais populares no Reino Unido

de 2009 a 2017

Alexander Barker," Jo Cranwell, lona Fitzpatrick,? Kathy Whittamore, Khaldoon Alfayad,’ Amira

Haridy, Rachael Murray," John Britton'

RESUMO

Contexto A exposicdo a contelido relacionado com tabaco
em filmes é uma causa do consumo de tabaco por jovens.
Num estudo anterior, referimos que o contetido relacionado
com tabaco ocorreu em 70% de filmes populares de bilheteira
no Reino Unido entre 1989 e 2008. Apresentamos agora uma
analise do conteddo relacionado com tabaco numa amostra
dos filmes de grande sucesso de bilheteira no Reino Unido
entre 2009 e 2017 e da exposicdo da populacdo decorrente
da exposicao do espetador aos filmes de 2017.

Métodos A ocorréncia de intervalos de tabaco (uso real do
tabaco, uso implicito, existéncia de parafernélia para fumar
ou branding) foi medida por uma codificacéo de intervalos
de 5 minutos nos 15 filmes com maior sucesso comercial no
Reino Unido, em cada ano entre 2009 e 2017. Foi utilizado
um inquérito de representagao nacional para estimar a expo-
sicdo da populacdo aos 15 filmes de maior sucesso no Reino
Unido de 2017.

Resultados Codificdmos 3248 intervalos a partir de 135 fil-
mes. O conteldo relacionado com tabaco apareceu em 245
intervalos (8%, 95% IC 7% a 9%) em 56 (41%, 95% IC 33%
a 49%) filmes. O contetdo relacionado com tabaco surgiu
em filmes de todas as classificacdes etérias BBFC e 36 (64%,
95% IC 51% a 77%) dos filmes contendo imagens de tabaco
foram classificados como adequados para visualizacdo por
menores de 15 anos de idade. Embora com menor prevaléncia
relativamente ao nosso estudo anterior, ndo se observaram
evidéncias de declinio secular do conteddo relacionado com
tabaco durante este periodo de estudo. Os 15 principais filmes
de 2017 produziram aproximadamente 21,6 (95% Cl 21,06-
22,14) milhdes de impressoes de tabaco a jovens entre os
10-18 anos de idade no Reino Unido.

Conclusdes O contetido relacionado com tabaco continua a
surgir em filmes de bilheteira no Reino Unido e é amplamente
visto pelos jovens, representando um dos principais motores
do consumo de tabaco.

INTRODUCTION
Smoking is the largest avoidable cause of death and
disability in rich countries, killing half of all lifelong
smokers' and in 2018 causing an estimated 95 600
deaths and more than half a million hospital admis-
sions in the UK. Since most smokers in the UK begin
regular smoking before reaching the age of 18 years,’
identifying and preventing causes of smoking uptake
in these young people remain a public health priority.
Exposure to tobacco imagery in film is a recog-
nised cause of smoking uptake,*® and a metaanaly-
sis of prospective cohort studies has estimated that
children exposed to high levels of smoking imagery
in film are more than 40% more likely to become
smokers than those with little or no exposure.” This
exposure would be preventable through the age-clas-
sification systems that most countries apply to films
if smoking and other tobacco imagery were conside-
red harmful by regulators. In the UK, for example,
age classification ratings are provided by the British
Board of Film Classification (BBFC), whose mission
includes protecting the public, and especially chil-
dren, from content which might cause harm.® The
BBFC provide guidance to families to help them
make informed decisions about what films are suita-
ble for children. However, the BBFC does not appear
to consider smoking to be harmful. In relation to
smoking, BBFC guidelines state only that if smoking
features to a significant extent in works which appeal
to children, this will be indicated in information pro-

What is the key question?
»Is tobacco content still prevalent in UK
box office films?

What is the bottom line?

» Tobacco content continues to appear in
UK box office films and is widely seen by
young people, representing a major driver
of smoking uptake.

Why read on?

» We present a content analysis of the annual
top 15 grossing films at the UK box office
between the years 2009 and 2017.

vided alongside the age classification and that, despite
evidence that the effect of smoking is independent of
film character type (‘good guy or bad guy’), classifi-
cation decisions only take into account promotion or
glamorisation of smoking.’

We have previously reported that 70% of 300 top-
-grossing UK cinema films in the years 1989-2008 inclu-
ded tobacco content and that 56% of those containing
tobacco were rated as suitable for viewing by children
aged under 15 years." To determine whether tobacco
imagery continues to be prevalent in contemporary UK
box office films, we now report an analysis of tobacco
content in the top-grossing box office films distribu-
ted in the UK between 2009 and 2017 and estimate the
population reach of this tobacco imagery in terms of UK
audience impressions (the estimated number of times
tobacco content was seen by an audience) to see how
much of this content is being seen by young audience.

METHODS

Tobacco content in the 15 annual top grossing box office
films in the UK for the years 2009-2017, identified from
the British Film Industry Statistical Year Books," was
measured semiquantitatively using the 5 min interval
coding method described previously.”? Coding for each
film began at the start of each film and continued until
the end of the credits. In each interval, tobacco content
was recorded in each of the following categories.

Actual tobacco use: actual observed use of tobacco
onscreen by any character, coded as cigarette, cigar,
pipe or other (such as water pipe or chewing tobacco).

Implied tobacco use: any implied tobacco use without
any actual use onscreen (eg, holding a cigarette without
actual smoking or a comment about going for a cigarette),
coded as verbal or non-verbal.

Tobacco paraphernalia: the presence of tobacco or
tobaccorelated materials, coded by the type of appea-
rance (including cigarette or other tobacco pack, mat-
ches, lig DISCUSSION hter, ashtray, no smoking or
smoking area signs).

Brand appearance: The presence of clear and
unambiguous tobacco branding, including cigarette or
other tobacco packs, secondary advertising (advertise-
ments appearing within other programmes) and bran-
ded merchandising.

Any tobacco content: Any of the aforementioned.
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Figure 1 Trends in mean tobacco intervals per hour of film, 2009-2017.

For coding purposes, multiple instances of the same category in the
same 5 min interval were considered to be single event, while instances
that ran into consecutive 5 min periods were coded as separate events.
Instances in different categories in the same interval were recorded as
different events. Approximately 10% of all films were double coded and
any discrepancies were discussed between coders and amended accor-
dingly. Information on the age rating of each film was gained from the
BBFC; information on the production of each film was gained from the
Internet Movie Database.

To estimate exposure to a sample of films included in our content
analysis, we included questions on viewing the 15 annual top grossing
box office films in the UK for the year 2017 in a national survey of young
people carried out by YouGov PLC. In accordance with YouGov prac-
tice, people aged 10-18 years were recruited by direct email invitations
to a random sample of panellists from a database of individuals who
had consented to be contacted. Consenting respondents then followed
a link to an online survey where they were asked to indicate which of
the 15 films they had seen. We then combined our estimates of tobacco
imagery content in the films seen with UK mid-year population esti-
mates for 201813 to estimate gross and per capita impressions, using
previously reported methods."* Dividing gross impressions by popula-
tion mid-year estimates provided per capita impressions, the estimated
number of tobacco impressions delivered to each person.

Coding data were entered directly on a Microsoft Excel (Version
16) spreadsheet as the films were watched and analysed using basic des-
criptive procedures and regression analysis in the Statistical Package for
the Social Sciences (IBM SPSS V.24). Spearman’s correlation was used to
assess the relationship between the amount of tobacco intervals per hour
of film over time. P values of <0.05 were deemed statistically significant.

RESULTS

The 135 films analysed totalled 265.2 hours (15 912 min) of film time,
with a mean of 117.87 (SD 22.10) min/film, and a range from 82 min
(Secret Life of Pets) to 174 min (The Wolf of Wall Street). The BBFC U,
PG, 12/12A, 15 and 18 categories contained 17%, 16%, 50%, 14% and
2% of films, respectively. The majority of films analysed (59%, 95% CI
51% to 67%, 79/135) were produced solely in the USA. UK producers
were involved in 25% (34/135) of films and were solely responsible for
3% (95% CI 1% to 5%, 4/135) of films. Other countries were involved
in creating 17% (95% CI 11% to 23%, 23/135) of films. Only one film
(Taken 2) had no UK or US production involvement.

There were 3248 5 min intervals in the films, with a mean of 24 per
film, range 17-35. Tobacco content occurred in 245 intervals (8% of
the total, 95% CI 7% to 9%) across 56 (41%, 95% CI 33% to 49%) films.
The respective proportions of films containing any tobacco intervals
in each of the BBFC age categories are shown in table 1.

Tobacco intervals occurred in 40% (95% CI 32% to 48%, 53/132)
of all films rated suitable for watching by people aged under 18 years
by the BBFC, as did 87% (95% CI 83% to 91% 214/245) of all tobacco
intervals. Nearly two-thirds (64%, 95% CI 51% to 77%) of films con-
taining tobacco imagery were classified as suitable for viewing by peo-
ple aged under 15 years. Tobacco imagery occurred in 39% (95% CI
31% to 47%, 50/129) of films produced with some US involvement,
and in all six (100%, 95% CI 100% to 100%) of those produced with
no US involvement (p=0.004, Fisher’s exact test).

The average number of intervals containing the different cate-
gories of tobacco content per hour of film varied from year to year,
though not to a statistically significant extent and with no obvious
trend. However, the mean number of tobacco intervals per hour of
film has been particularly low since 2015 (figure 1).

Actual tobacco use occurred in 50% of all tobacco intervals (95%
CI44% to 56%, 123/245), in 24% of films (95% CI 17% to 31%, 32/135)
and in a majority of cases (72 intervals, 59%, 95% CI 53% to 65%)
involved cigarette smoking. Almost all (31/32) films featuring actual
tobacco use were in BBFC 15 and lower categories, and more than half
(56%, 95% CI 38% to 73%, 18/32) were rated suitable for audiences
age 12 or lower. There was no clear trend in the frequency of tobacco
intervals, or of intervals including tobacco use, per hour of film within
BBFC age-classification categories, though there was no tobacco use in
any U-rated film (figure 2). Tobacco use was much more common in
films produced solely in the UK (occurring in 23 of 85 intervals, 28%,
95% CI 18% to 38%) than those produced in the US (49/1850 inter-
vals, 3%, 95% CI 2% to 4%, p<0.001). Implied tobacco use occurred in
92 intervals (3%, 95% CI 2% to 4%, 92/3248) in 29 films (21%, 95% CI
14% to 28%, 29/135), typically in the form of non-verbal cues (83%,
95% CI 75% to 91%, 72/92). Tobacco paraphernalia occurred in 46
films (34%, 95% CI 26% to 42%, of all films) and in 4% of all intervals
(95% CI 3% to 5%, 135/3248), typically in the form of ashtrays (alone
or with other paraphernalia; 44% of paraphernalia intervals (95% CI
35% to 52%, 59/135), cigarette or other tobacco packs (12%,95% CI
7% to 17%, 16/135), lighters (18%, 95% CI 17%-31%, 24/135) or mat-
ches (7%, 95% CI 3% to 11%, 10/135).

Tobacco branding, typically on tobacco packs, was present in seven
intervals in six films. Five of these films were US productions, and one
solely UK. Marlboro was the only brand to appear in more than one film,
with Marlboro Gold appearing in two intervals in Slumdog Millionaire
and Marlboro in a single interval in The Amazing Spiderman. More
than one brand occurred in a single interval in Men in Black 3 (Lucky
Strike, Embassy). A fictional brand (Old Toby) appeared in one interval
in The Hobbit and multiple fictional brands (Wellesley, Emperor and
Carolina Menthol) in one interval in IT (table 2).

Trends over time

When the data from the current study were compared with the data
from the previous study, the mean number of tobacco intervals per
year are negatively correlated (r(27)=-0.789, p<0.01) (figure 3).

UK population exposure

Our YouGov Omnibus survey obtained data on which of the 15 2017
films sampled, four of which included tobacco content, had been seen
by a nationally representative sample of 935 young people aged 10-18
years. The film with the most content, I'T, was rated 15 and was seen
by 26% (95% CI 23% to 28%) of young people aged 10-18 years in the
UK. Using UK population estimates,15 we estimate that the four films
delivered 21.6 (95% CI 21.06 to 22.14) million tobacco impressions to
young people aged 10-18 years (table 3).

DISCUSSION
This study demonstrates that tobacco content, including tobacco
smoking, continues to occur frequently in the most popular UK films;
that this content is included in films in almost all age classification
groups and that a majority of films containing smoking are classified
by the BBFC as suitable for viewing by people aged under 15 years; and
that tobacco imagery is significantly more likely to occur in films pro-
duced by UK companies. Although the proportion of films containing
tobacco, at 40%, is much lower than the 70% we reported in an earlier
analysis of films popular between 1989 and 2008,"° the proportion of
films containing tobacco classified as suitable for viewing by people
aged under 15 years was unchanged. Thus, while film makers may have
reduced the amount of smoking imagery they include in films over the
past decade, BBFC classification policy remains consistently passive in
relation to this content,9 with classification decisions only taking into
account promotion or glamorisation of smoking. Since there is strong
causal evidence that exposure to tobacco imagery in films increases
smoking uptake in adolescents,” the BBFC thus continues to fail to meet
its mission of protecting children from harmful content.®

Our study was limited by available coding resources to the top
15 most popular films each year, but these are likely to reflect the
prominent pattern of tobacco exposure in films seen in UK cine-
mas each year since they typically represent around 50% or more of
total annual box office takings.'® To code content in films, we used a
method which has been widely used across a variety of audiovisual
media'? ' and used double coding to ensure consistency between
coders. Due to the lack of precise viewing figures, a nationally repre-
sentative YouGov Omnibus survey was used to estimate the number of
tobacco impressions delivered to a sample of the UK population. Our
population exposure estimate included films from a single year, 2017;
therefore, the UK population exposure to tobacco content in UK box
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Table 1 Proportion of films in BBFC age category containing
tobacco intervals

Proportion of films in each age category

BBFC age rating* containing tobacco intervals

u 1123 (4%, 95% Cl 0% to 12%)

PG 5/22 (23%, 95% CI 5% to 41%)
12/12A 30/68 (44% 95% Cl 32% to 56%)
15 17/19 (89% 95% Cl 75% to 100%)
18 3/3 (100%, 95% CI 100% to 100%)

*U, suitable for all ages; PG, parental guidance; 12/12A, suitable for 12 years and
over; 15, suitable for 15 years and over; 18, suitable only for adults.
BBFC, British Board of Film Classification.

office films throughout the study period is thought to be much higher.
The amount of tobacco content in films from 2017 was relatively low;
our population estimate reflects this and would likely be higher for
years with more tobacco content. Our tobacco exposure estimate is
for the UK population, but these films are viewed worldwide, and
therefore, UK population exposure figures probably represent a very
small proportion of the true total global exposure. We used interval
coding methods to generate semiquantitative measures of content
over a standardised period of time to allow direct comparison between
programmes which are shown for different amounts of time, therefore
allowing an exploration of the percentage proportion of a programme.
This method can lead to both underestimation (if high-frequency
appearances are concentrated in short periods of time) and overes-
timation (if short appearances transition into two intervals) and has
been widely used in previous studies.'?'*!1719-2325-30 Alternative approa-
ches such as frequency analysis,* ** whereby all visual appearances
are counted as individual events irrespective of duration, are available
but assume that a single long appearance carries the same impact as a
short appearance. Our estimate of population exposure is also based
on 5 min intervals, rather than incidents, and therefore may be lower
than estimates based on incidents alone.

While it is promising that tobacco content in films occurred less
frequently during the present study period from 2009 to 2017, this
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does not appear to reflect a secular trend; rather, our findings mirror
those reported in US films in which the frequency of tobacco con-
tent declined to 2010 and then increased.* Furthermore, even at this
lower level of occurrence, this content in UK films generates subs-
tantial population exposure, with films in a single year delivering
21.6 million tobacco impressions to young viewers. It is important to
consider that many of these films were also released to an American
audience. While there are differences in the age ratings between the
UK and the USA, and the way that these ratings prevent young people
from viewing content unsuitable for them, 17 films which were rated
15 in the UK were rated higher (‘R’) in the USA. In our population
exposure, the film containing the most tobacco content and which
delivered the most viewer impressions, IT was rated a 15 in the UK
and an R in the US. If the film had been given an adult (18) rating
in the UK, this may have prevented this film from delivering a large
proportion of tobacco impressions to young people.

Viewing habits are changing and online video-on-demand (VOD)
services such as Netflix and Amazon Prime Instant Video, which allow
users to watch whatever they choose at any time of day, are becoming
increasingly popular.”’** A number of films included in the present
study are now featured on VOD services, thereby increasing exposure
to tobacco content found in these films. These changes in the way
that film content is consumed make it even more important that film
classification authorities such as the BBFC follow WHO guidance, by
prohibiting the appearance of branding in films and applying adult
classifications to films containing tobacco imagery,* since film makers
tailor content carefully to the requirements of their target age rating
for each film. Knowing that including tobacco would ensure an adult
rating in the global fourth largest national film market* would the-
refore be likely to result in widespread exclusion of tobacco imagery
from all films aiming for a less than adult rating. We concede that due
to changing viewing habits, a limitation of the current study is the
focus on the top-15 UK box office films released annually in a cine-
mass, as these films as viewers can watch films from previous years on
VOD services. Furthermore, a number of films and series are released
exclusively on VOD services. Future studies should explore films on
these services.
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Figure 2 Trends in mean numbers of intervals containing any tobacco imagery, or tobacco use, per hour each year in relation to British Board of Film
Classification category. There were no films rated 18 in the top UK box office films for 2009—2013. 12/12A, suitable for 12 years and over; 15, suitable for 15
years and over; 18, suitable only for adults; PG, parental guidance; U, suitable for all ages.
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Table 2 Films containing tobacco branding

Title Release year Country of origin Country of origin Branding intervals,n  Brand(s)

Slumdog Millionaire 2009 UK 15 2 Marlboro (Gold)

Hangover Il 2011 USA 15 1 K&J Lights

Amazing Spider Man 2012 USA 12 1 Marlboro

Men in Black 3 2012 USA PG 1 Lucky Strike, Embasssy

The Hobbit: An Unexpected Journey 2012 USA/NZ 12 1 Old Toby

IT 2017 USA/CANADA 15 1 Ilesley, Emperor, Carolina Menthol

BBFC, British Board of Film Classification.

Table 3 Estimated gross and per capita tobacco impressions delivered to 10-18 year olds in the UK from the four sampled films from

2017 containing tobacco imagery

Film Age rating (BBFC) Gross impressions (million) 95% CI Per capita impressions 95% CI

IT 15 10.53 10.22 t0 10.84 1.56 1.51t0 1.61
Spiderman: Homecoming 12a 6.21 6.09106.33 0.92 0.90t0 0.94
Dunkirk 12a 1.35 1.30 to 1.40 0.2 0.19t0 0.21
Jumanji: Welcome to the Jungle 12a 3.51 3.45103.57 0.52 0.51100.53

BBFC, British Board of Film Classification.

The current study did not measure e-cigarette content; as e-ciga-
rettes have become more popular over time, it is likely that this will
be reflected in UK box office films. Future studies should explore the
changing representation of tobacco products in films.

The current study thus provides further evidence in support of
more effective UK implementation of the tobacco promotion poli-
cies outlined in the Framework Convention for Tobacco Control* to
reduce youth exposure to smoking in movies. It also provides clear
evidence that the BBFC has yet to deliver on its mission to protect
children from this form of harmful imagery when they visit the
cinema. Future tobacco content, whether glamorised or not, should
be considered when assigning age classifications to films, and all films
containing tobacco content should be assigned an adult (18) rating to
protect children from this content.
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Cuidado de doentes com DPOC e COVID-19:
um ponto de vista para inicio de discussao

Sami O Simons," John R Hurst,? Marc Miravitlles,? Frits M E Franssen,'# Daisy J A
Janssen > Alberto Papi,® Marieke L Duiverman’® Huib A M Kerstjens®

INTRODUCTION
Coronavirus SARS-CoV-2 is currently cau-
sing a pandemic of COVID-19, with more
than 3 million confirmed cases around the
globe identified as of June 2020. During these
extraordinary times, caring for patients with
COVID-19 and underlying COPD poses par-
ticular challenges. Certain treatments relevant
to treating patients with COPD, such as nebu-
lised bronchodilators and noninvasive ventila-
tion (NIV), are thought to carry an increased
risk of viral spread via aerosols. Uncertainties
on whether to use systemic steroids have
entered the minds of intensive care and res-
piratory communities. Moreover, questions
regarding which life-sustaining treatments to
start, when to start them and even whether to
start them are faced by clinicians on a daily
basis. Treating COPD effectively in the context
of COVID-19 is important since patients with
COPD are at an increased risk of poor outco-
mes. Here, we summarise current viewpoints
from four European countries on how to care
for patients with COPD and COVID-19.We
will address the following specific questions:
1. Are patients with COPD at an increased
risk of COVID-19?
2. Should COVID-19 be considered a
COPD exacerbation?
3. What is the optimal medical treatment
for a patient with COPD and COVID-19?
4. Which ventilatory support should be
provided to patients with COPD and
COVID-19?
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5. What other supportive treatments should
be offered to patients with COPD and
COVID-19?

6. How should end-of-life care be delive-
red in patients with COPD during the
COVID-19 pandemic?

Are patients with COPD at an increased
risk for COVID-19?

Since patients with COPD are vulnerable to
viral respiratory tract infections, and COPD
is generally a disease of the elderly, many had
expected that patients with COPD would have
a considerably increased risk of acquiring
COVID-19. Studies so far, however, indicated
only around 2% of patients admitted to hospital
with COVID-19 infection in China had under-
lying COPD, *> while the prevalence of COPD
in China ranges from 5% to 13%.° Indeed,
COPD was not the most commonly reported
comorbidity seen in patients with COVID-
19." However, while the low percentage sug-
gests COPD is not a risk factor for acquiring
COVID-19, the size of the pandemic will still
affect many patients with COPD. What’s more,
patients with COPD and COVID-19 have a
worse clinical outcome compared with patients
with other comorbidities*: patients with COPD
and current smokers have an increased risk for
severe disease.”* Moreover, both patients with
COPD and smokers have an increased risk of
dying from COVID-19.2*

Should a COVID-19 infection be
considered a COPD exacerbation?
Coronaviruses are recognised seasonal causes
of acute exacerbations of COPD (AECOPD).
There remains controversy as to whether
COVID-19 in a patient with underlying COPD
should be considered a COPD exacerbation.
This stems from our current definition of an
exacerbation being a clinical diagnosis based
on a change in symptoms needing a change in
treatment.’ Thus, a patient with COVID-19 and
COPD presenting with increased cough and
breathlessness requiring treatment would fulfil
the current definition of exacerbation. However,
itis clear from imaging and postmortem studies
that the pathology of a typical AECOPD is very
different from the viral pneumonia typical of
COVID-19.° Thus, conceptually, COVID-19 in
a patient with COPD is likely a very different
pathophysiological process.

What is the medical treatment of a
patient with COPD and COVID-19?
Though COVID-19 might not be a typical
AECOPD, physicians must take the under-
lying COPD into consideration when trea-
ting COVID-19 in COPD. Also, diagnosing
COVID-19 in a patient with COPD does not
preclude a concomitant AECOPD and the
need for treatment for this. Specific to treating
patients with COPD is the necessity for bron-
chodilators, the beneficial effects of NIV and

the frequent need for antibiotics. Concerns
have been raised as to whether and how these
therapies should be offered to patients with
COPD during the pandemic.

Antibiotics

Outside the context of COVID-19, not all
AECOPD:s should be treated with antibiotics,’
and current guidelines suggest reserving anti-
biotics for AECOPDs that require hospitalisa-
tion or ventilatory support.” Overall, bacterial
coinfections are uncommon in COVID-19:
recent meta-analysis has shown that only 8%
of patients had a bacterial/fungal coinfection.®
The risk of coinfections increases with the seve-
rity of COVID-19: a cohort study on risk factors
for in-hospital death from COVID-19 found
that 50% of non-survivors experienced secon-
dary infections and that ventilatory-associated
pneumonia was seen in 31%.° Since it may be
difficult to distinguish SARS-CoV-2 infec-
tions from a bacterial pneumonia and because
patients with COPD are at risk for bacterial
(super)infections, we suggest treating hospita-
lised patients with COPD and COVID-19 and
respiratory symptoms with broad-spectrum
antibiotics, guided by local/national guidelines
for treating pneumonia. This is in line with the
current WHO treatment guideline for severe
COVID-19." Microbiological analysis, such
as sputum culture, should be performed on
admission and it may then be reasonable to
stop antibiotics in the absence of a coinfection.

Bronchodilators and nebulisation
Bronchodilators are frequently given via nebu-
liser in hospitalised patients with COPD. The
British Thoracic Society (BTS) guideline on
treating patients with COPD and COVID-19
supports the use of nebulisers, claiming there
is no evidence supporting an increased risk
of viral transmission and, second, that aero-
sols surrounding the nebuliser come from the
nebuliser not from patients."’ However, the
meta-analysis suggesting nebulisers do not
increase viral transmission has some metho-
dological concerns."” It is based on one study
with a very small sample size, a second study
investigating a variety of interventions and on
a third in which infections began before expo-
sure to nebulisation. The BTS guideline was
also based on a methodological study showing
that nebulisers predominantly produce aerosols
not droplets, also used to suggest that nebulisa-
tion was safe.”® Viral transmission was not the
subject of this investigation and since it remains
open to debate whether droplets or aerosols can
contain SARS-CoV-2, we do not think these
results should be used as reassurance of no risk
of transmission.

Alternative modes of inhalation are availa-
ble, including pressurised metereddose inhalers
(pMDI) used with a spacer. In AECOPD pMDIs
are not inferior to nebulisers."* Long-acting dual
bronchodilators may be preferred; some also
have a fast onset of action, and are more effec-
tive with a longer duration of action. There are
currently two long-acting pMDI combinations
available which can be used with a spacer.

No maximum dosing has been provided fo
nebulised short-acting bronchodilators and very
high doses are often administered for AECOPD.
We suggest doubling the maximum maintenance
dose of longacting bronchodilators, reflecting
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Quadro 1 Cuidado de doentes com DPOC e COVID-19

1 Néo existem dados que sugiram que a DPOC seja um fator de risco para a contracdo da SARS-CoV-2.

2 Nos doentes com COVID-19, a DPOC esta associada a um risco acrescido de maus resultados.

3 Uma infecdo toracica por COVID-19 num individuo com DPOC subjacente é, provavelmente, um processo muito diferente de uma exacerbacéo aguda da DPOC. No entanto, o diagndstico de COVID-19
nao exclui uma exacerbacdo aguda de DPOC concomitante. Adicionalmente, o tratamento de COVID-19 deve ter em conta a DPOC subjacente.

4 Os antibicticos sao aconselhaveis em doentes com DPOC que necessitem de hospitalizacdo por infecdo toracica por SARS-CoV-2, especialmente quando é necessario suporte ventilatdrio.

Broncodilatadores administrados por pMDI e espacador tém preferéncia relativamente ao tratamento nebulizador em doentes com DPOC e COVID-19 e sintomas respiratorios. Sugerimos a utilizacdo de
broncodilatadores de acéo prolongada, se necessario com o dobro da frequéncia do tratamento de manutencao.

6 O tratamento com nebulizadores deve ser reservado aos doentes com doenga potencialmente fatal ou a quem ndo possa utilizar um pMDI e um espagador. Nesses casos, dever-se-a prestar atengao a

transmiss&o por via aérea.

7 Recomenda-se um curso de corticosterdides sistémicos em doentes com DPOC e exacerbacdo aguda de DPOC que necessitem de hospitalizacao por infecdo toracica por SARS-CoV-2.

8  Relativamente a escolha do suporte ventilatdrio, é de extrema importancia que a vontade dos doentes e as decisdes tomadas em relagdo ao suporte ventilatorio e/ou a admissao e entubacéo na UCI sejam claras.

9 AVNI deve ser oferecida aos doentes com DPOC e COVID-19 e acidose respiratdria hipercapnica aguda (cronica). Deve ter-se o cuidado de limitar a propagacdo viral com a utilizacdo de mascaras néo ventiladas,
com o ar exalado a passar por um filtro bacteriano/viral antes de se entrar no quarto.

10 A VNI crénica deve ser continuada em doentes DPOC sob VNI domicilidria sempre que apresentem COVID-19. O tratamento domicilidrio pode ser uma opgao.

11 Sugerimos CNAF ou CPAP com FiO2 elevadas em doentes com DPOC e COVID-19 e insuficiéncia respiratdria hipoxémica aguda, em caso de insucesso da oxigenoterapia. Deve-se ter o cuidado de
limitar a propagacdo viral utilizando mascaras cirdrgicas sobre as canulas nasais. Com CPAP, a exalagdo pode ser filtrada antes de se entrar no quarto.

12 A intubacdo rapida e a ventilacdo mecanica invasiva devem ser providenciadas no caso de os doentes ndo responderem adequadamente ao suporte nao invasivo, em funcéo de discussées e decisdes

prévias sobre a escalada do tratamento.

13 Os doentes hospitalizados com DPOC e COVID-19 devem ser monitorizados quanto a perda de peso involuntaria, devendo ser oferecido apoio dietético em conformidade.

14 A utilizacdo de técnicas de desobstrugdo das vias aéreas em doentes com DPOC e COVID-19 deve ser fornecida com prudéncia para reduzir o risco de transmisséo viral.

15 A mobilizacéo precoce em doentes com DPOC e COVID-19 é muito importante.
16 E importante oferecer apoio psicoldgico e espiritual aos doentes com DPOC e COVID-19 durante a admiss&o hospitalar, bem como durante o acompanhamento.
17 A reabilitacdo pulmonar deve ser oferecida a todos os doentes com DPOC e COVID-19 apds a alta hospitalar, podendo ter inicio de uma forma alternativa, desde que o distanciamento social ainda seja necessario.

18 Sugerimos o rastreio de todos os doentes com COVID-19, especialmente apds a estadia na UCI, para limitagdes emocionais e funcionais e para oferecer reabilitacdo quando indicado.

19 0 planeamento atempado de cuidados em doentes com DPOC deve ser fornecido, incluindo a comunicacdo entre o doente e o médico sobre os valores, objetivos e preferéncias dos doentes em relagao
a tratamentos de sustentacdo de vida, bem como abordar as suas preocupacdes sobre a fase da morte e as op¢ées de cuidados paliativos. A oportunidade e a diligéncia nesta matéria sdo ainda mais
importantes e desafiantes durante este periodo de pandemia de COVID-19.

20 A gestdo adequada dos sintomas no final da vida em doentes com DPOC e COVID-19 é fundamental, incluindo a gestdo da ansiedade, dispneia e sedacéo paliativa, conforme necessario.

21 Sugerimos que se considere a prestacdo de cuidados de luto aos familiares de doentes falecidos com DPOC e COVID-19, uma vez que estes podem incorrer em risco acrescido de luto complicado.

CNAF, canulas nasais de alto fluxo; UCI, unidade de cuidados intensivos; VNI, ventilagdo ndo invasiva; pMDI, inaladores pressurizados doseéveis.

the high doses of short-acting bronchodilators
often used in clinical practice. Since the safety of
nebulisers is controversial and given that there is
a suitable alternative, we recommend broncho-
dilators administered by pMDI and spacer over
the use of nebuliser treatment in symptomatic
patients with COPD and COVID-19. Nebulised
treatment should be reserved for those situations
in which pMDI with spacer is not possible, such
as patients with severe, life-threatening disease
or those unable to use a pMDI. For healthcare
workers, respiratory masks (FFP-3 or equiva-
lent) and other personnel protective equipment
should be used during aerosol-generating proce-
dures such as nebulisers."®

Systemic corticosteroids

It is recognised that not all AECOPDs need
to be treated with systemic corticosteroids.’
Eosinophil-based steroid treatment has been
advocated for both stable COPD and AECOPD;
however, the use of this strategy in patients with
COPD and COVID-19 has not been tested.
Until recently, the efficacy of corticosteroids in
general for treating COVID-19 was inconclu-
sive, though a cohort study suggested steroids
might improve clinical outcome in patients
with COVID-19." Recent, preliminary results
from the Randomized Evaluation of COVID-
19 Therapy (RECOVERY) trial have shown
that dexamethasone improves mortality in
patients with COVID-19 requiring respiratory
support.” The WHO recommended against the
use of steroids previously,'® but is now updating
treatment guidelines to include dexamethasone
or other corticosteroids.

Corticosteroids are beneficial to patients
with severe AECOPD, especially in patients
requiring ventilatory support, in whom ste-
roids reduce ventilation days and NIV failure;

therefore, it is reasonable to treat patients with
COPD and severe COVID-19 with course of
corticosteroids. The RECOVERY regimen of
6 mg once daily could be used until more evi-
dence is provided to guide treatment in patients
with COPD with COVID-19.

Which ventilatory support should be pro-
vided to patients with COPD with respira-
tory failure?

Approximately, 14% of patients with a SARS-
CoV-2 infection will develop severe disease
requiring oxygen therapy and 5% will require
transfer to the intensive care unit (ICU) and
ventilatory support.® In patients with COPD,
several ventilatory support strategies can be
considered, depending on the type of respi-
ratory failure (ie, hypoxaemic or hypercapnic
respiratory failure), and on local practice and
availability of resources.'

Patients with hypoxaemic COPD and
COVID-19 should be given controlled oxy-
gen therapy as the first step.”® If hypoxaemia is
insufficiently controlled with maximum oxy-
gen supplementation, high-flow nasal cannula
(HFNC) or CPAP with high oxygen flow
should be considered. HFNC has recently been
suggested as a management option in patients
with COVID-19 with acute hypoxaemic respi-
ratory failure.'® Reduction of hypercapnia and
work of breathing might be additional benefits
of HFNC in patients with COPD and COVID-
19.2However, HFNC is an open system and
expiration cannot be filtered. A surgical mask
can be placed over the nasal cannula to limit
aerosol spread.” Besides HENC, CPAP with a
high fraction of inspired oxygen (FiO,) might
be an option to treat hypoxaemic respiratory
failure. CPAP provides a certain level of posi-
tive end-expiratory pressure, which might be

a useful add-on to oxygen supplementation.
Furthermore, it is possible to filter expiration
with CPAP and thus limit viral spread.

In patients with COPD with acute (on
chronic) hypercapnic respiratory failure, NIV
should be considered.”’ There are no data
showing that HFNC is equivalent and thus in
this population we recommend using NIV first
line. Transmission of virus can be reduced by
using a nonvented mask with the exhaled air
passing through a bacterial/viral filter before
entering the room. Second, an expiration sys-
tem with an active valve can be used and the
oxygen supply can be connected close to the
mask, so that a higher FiO, can be reached.”
Before starting NIV, the patient’s willingness
to undergo invasive mechanical ventilation
(IMV), if NIV fails, should be discussed.
Previous studies have shown that IMV after
NIV failure is associated with higher mortality
in AECOPD,* though this association has not
been shown in COVID-19.%

IMV should be instituted in patients
with severe hypoxaemic respiratory failure
or after NIV failure.'® Particularly in COPD,
this decision should be made carefully, as it is
known that in-hospital mortality with IMV in
AECOPD is high.*® Mortality is even higher
for patients with COPD with severe COVID-
19,2 and the prolonged duration of mechanical
ventilation seen in patients with COVID-19
might be particularly detrimental to the future
health status of patients with COPD. In com-
municating IMV with patients with COPD,
the risks and benefits should be explained
clearly, and patients’ wishes and preferences
regarding life-prolonging therapies should be
explored such that known risk factors for poor
outcomes of IMV in COPD?* can be weighed
in a process of shared decision-making.
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Finally, clinicians might be faced with
patients on home mechanical ventilation
admitted to the hospital with COVID-19.
Their ventilatory support should be conti-
nued in hospital, with precautions to limit
viral spread. Home treatment, supported by
telemonitoring, might be preferred. The value
and goals of a hospital admission should be
discussed in the low likelihood of surviving a
long period of ICU admission.

Which other supportive treatments should
be offered to patients with COPD and
CovID-19?

SARS-CoV-2 infections may have wideranging
detrimental effects on patients’ well-being. The
strict isolation required may amplify feelings of
solitude and hopelessness. Also, patients with
SARS-CoV-2 often complain of loss of taste
and appetite, increasing the risk of uninten-
tional weight loss. Regular exercise, let alone
rehabilitation, is difficult during a hospital stay.

Hospital treatment should therefore
include dietary, as well as emotional and spiri-
tual support. Early mobilisation is encouraged
in recent COVID-19-specific physiotherapy
guidelines, while airway clearance techniques
should be provided prudently as they carry
the risk of aerosol spread.”” After discharge,
discharge bundles should be continued to
ensure smooth transfer from hospital to
home care and to reduce the risk of readmis-
sion.” Although pulmonary rehabilitation
(PR) is recommended for people with COPD,
rehabilitation in general should be offered to
all patients with COVID-19 and certainly
after ICU admission. The prolonged ICU
stay is known to have significant impact on
both physical and emotional well-being and
patients may have accompanying symptoms
of posttraumatic stress disorder.”

Social distancing and concerns about resi-
dual viral transmission may limit possibilities
for centre-based PR and physiotherapy. Home-
based, unsupervised PR might be a solution in
these times of social distancing.” However, exer-
cise-induced desaturation and cardiac arrhyth-
mias associated with COVID-19 may make it
difficult to guarantee the safety of unsupervised
training. As soon as centre-based PR is possible,
patients should again flow into such supervised
programmes for optimal benefit.

How should end-of-life care be delivered
in patients with COPD during the COVID-
19 pandemic?

As described above, patients with COPD are
at an increased risk for a poor outcome with
COVID-19 and may choose to forego life-
-sustaining treatments. Ideally, identifying
and discussing goals and preferences for
future medical treatment and care, known as
advance care planning (ACP), should have
been undertaken before hospital admission.
In practice, ACP is uncommon in COPD.’
The challenge in the current SARS-CoV-2
pandemic is addressing palliative care needs
in times of crisis, at a time when preventing
unwanted life-sustaining treatments is para-
mount. We stress that discussions concer-
ning triage for intensive care treatment under
resource scarcity should not be included in
this process of ACP.

ovérsias e desafios na medicina respira

ACP also includes communication about
end-of-life care. We advise timely communica-
tion about end-of-life care.?” Patients may have
worries about suffocation and the process of
dying. Fear is common in patients in respira-
tory distress and could be pharmacologically
treated with anxiolytics, such as lorazepam.*
Opioids such as morphine can be used to
manage dyspnoea and should not be delayed
to the dying phase.*® In patients with suffering
despite optimal symptom management, pallia-
tive sedation can be discussed with patients
and their relatives. Care for relatives needs
specific attention in the SARS-CoV-2 pande-
mic: social distancing limits hospital visits and
the necessity of personal protective equipment
imposes severe restraints on saying goodbye
to loved ones, thereby increasing the risk for
complicated grief. Therefore, bereavement
care needs to be considered.

CONCLUSION

This article provides an overview on how to
manage patients with COPD and COVID-19
during the SARS-CoV-2 pandemic. Key points
have been summarised in table 1. Caring for
patients with COPD and COVID-19 poses spe-
cial challenges for healthcare workers. Not only
are they faced with severely ill, often elderly,
patients who can deteriorate rapidly and have
a poor prognosis, they are working in an envi-
ronment with increased risk of being infected
themselves. The suggestions put forward in this
article provide a framework for those working
in such challenging conditions. We acknowle-
dge that such a viewpoint provides a momen-
tary snapshot of current clinical practice and
evidence how to treat COVID-19 effectively in
patients with COPD is limited. Knowledge of
COVID-19 is rapidly accumulating; therefore,
the discussion on how to best treat patients with
COPD and COVID-19 should continue and we
invite the respiratory community to share best
practices online.
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A duracao do curso inicial de antibioticos esta associada
arecidiva recorrente na bronquite bacteriana prolongada

Ellen Gross-Hodge," Will D Carroll,2 Naomi Rainford,? Carrol Gamble,? Francis J Gilchrist "4

RESUMO

A bronquite bacteriana prolongada (BBP) é a principal
causa de tosse produtiva crénica em jovens criancas de
paises desenvolvidos. Apesar da sua elevada prevalén-
Cia, existe uma escassez de evidéncias para informar
sobre a duracdo 6tima do tratamento, o que conduz
a variacdes na pratica. A recidiva da tosse cronica
é comum e a recidiva de BBP (>3 episodios em 12
meses) estd associada a diagnostico subsequente de
bronquiectasias. Investigamos os fatores associados a
qualquer recidiva (=1 episodio em 12 meses) e a BBP
recorrente em 66 criancas. Nenhum fator foi significa-
tivamente associado a qualquer recidiva. A duracdo do
tratamento antibiético inicial foi o Unico fator significa-
tivamente associado a BBP recorrente. As criancas que
receberam antibioticos durante 6 semanas apresen-
taram uma menor probabilidade de desenvolver BBP
recorrente do que as que receberam durante 2 sema-
nas (p=0,046). Este é o primeiro estudo a demonstrar
uma associacdo entre a duracdo do curso inicial de
antibidticos e bronquiectasias futuras. E necesséria a
realizacdo de estudos prospetivos para investigar esta
associacao.

INTRODUCTION
Protracted bacterial bronchitis (PBB) is caused
by endobronchial infection and is a leading cause
of chronic wet cough in young children. The ori-
ginal definition (now called PBB micro) was (1)
history of chronic wet cough, (2) lower airway
infection confirmed with bronchoalveolar lavage
culture obtained during flexible bronchoscopy
(FB-BAL) and (3) cough resolution following
treatment with an oral antibiotic.' As FB-BAL is
unnecessary in most children with uncomplica-
ted PBB, an alternative definition (PBB clinical)
was developed in which lower airway culture was
replaced with: ‘absence of symptoms or signs sug-
gestive of another cause of wet cough’! In 2008,
the UK Paediatric Cough Guideline suggested
the use of amoxicillin-clavulanate for 4-6 weeks.”
This recommendation was based on expert opi-
nion due to an absence of evidence at that time.
In 2012, a randomised controlled trial provided
the first prospective evidence to support the use of
oral amoxicillin—clavulanate with a 2-week duration
producing higher rates of cough resolution than
placebo.’ However, the rate of cough resolution in
the treatment group was only 48%. This has led to
many clinicians continuing to use longer courses.
The incidence of chronic cough relapse in PBB has
been reported as high as 76%]1 and children with
recurrent PBB (>3 episodes/year) have an increased
risk of a subsequent diagnosis of bronchiectasis.* We
undertook a retrospective cohort study using clini-
cal records to determine the factors associated with
any relapse and recurrent PBB.

METHODS
A cohort of 113 children with PBB who had
been referred to the University Hospitals of

North Midlands NHS Trust between 2013 and
2017 was identified using the local paediatric
respiratory service database. Inclusion crite-
ria were the following: chronic (>4 weeks) wet
cough, initial treatment with amoxicillin-clavu-
lanate of any duration producing cough resolu-
tion, confirmed diagnosis of PBB clinical or PBB
micro and follow-up for 212 months. To reduce
cohort heterogeneity, we excluded those who
did not achieved cough resolution with the ini-
tial antibiotic course (n=10), those prescribed an
alternative antibiotic (n=21), those on antibiotic
prophylaxis (n=5) and those in whom it was not
possible to assess the number of relapses in the
12 months post-treatment (n=11). Univariate
analysis was used to investigate the association
between any relapse or recurrent PBB and age,
sex, symptom duration, PBB subtype (clinical vs
micro) and antibiotic duration. Stepwise logistic
regression was then performed using the above
factors as well as the presence of malacia, bacte-
riology results and virology results for children
who underwent FB-BAL. When FB-BAL had
been performed, lavages were obtained from
six lobes (including lingular) and sent for semi-
quantitative bacterial culture. Only moderate
and heavy growths were recorded. The sample
from the right middle or most affected lobe was
also tested using an extended respiratory virus
PCR panel. The Health Research Authority deci-
sion tool (http://www.hra-decisiontools.org.uk/
research) confirmed this project was not research
and so ethical approval was not sought.

RESULTS

At referral, 66 children (35 boys) had a median
(IQR) age of 2.1 (1.2-3.6) years and cough dura-
tion of 7.0 (5.0-10.75) months. The initial course
of amoxicillin—clavulanate was 2 (n=29), 3 (n=2),
4 (n=7) or 6weeks (n=28). The diagnosis was PBB
clinical in 24 and PBB-micro in 42 (see table 1).
Sixty-one children had a chest radiograph within
2 months of referral. Twenty-seven were normal,
26 showed bronchial wall thickening and 8 had
other minor abnormalities. Forty-eight children
had undergone FB-BAL. Forty-two (88%) chil-
dren had >1 bacteria cultured and 11 (23%) had
>1 virus identified. Polymicrobia was common.
Full bacteriology and virology results are shown
in online supplementary appendix 1. Nine chil-
dren (19%) had airway malacia. Twelve (18%)
children had CT chest, with a mean (IQR) dura-
tion from referral to scan of 1.1 (0.7-1.5) years.
Two (3%) scans showed bronchiectasis. Of these
two, one was treated initially with antibiotics for
2 weeks and one for 6weeks. Both developed
recurrent PBB. In the 12 months post-treatment,
45 (68%) children had a relapse and 20 (30%)
had recurrent PBB (see table 1). The duration of
antibiotics used to treat relapses varied between
2 and 6 weeks.
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Table 1 Films containing tobacco branding

Pbb subtype, % (n) Any relapse, % (n) Recurrent Pbb, % (n)
Antibiotic duration, weeks Clinical Micro Yes No Yes No
2 59 (17) 11(12) 69 (20) 31(9) 45 (13) 55 (16)
3-4 22(2) 78 (7) 78 (7) 22(2) 33(3) 67 (6)
6 18 (5) 82(23) 64 (18) 36 (10) 14 (4) 86 (24)
Total 36 (24) 62 (42) 68 (45) 32(21) 30 (20) 70 (46)

PBB, protracted bacterial bronchitis.

Due to small numbers, children who received 3 or 4weeks
of treatment with amoxicillin-clavulanate were combined into
one group for the statistical analysis. Univariate analysis did not
tind any factor to be significantly associated with any relapse.
Antibiotic duration (6 weeks vs 2 weeks) was the only factor sig-
nificantly associated with recurrent PBB (p=0.046) (see table 2).
Using stepwise logistic regression with an entry/exit threshold
of p=0.1, the only predictive factors for recurrent PBB were anti-
biotic duration (6 weeks vs 2 weeks) (OR: 0.115, CI: 0.026 to
0.509, p=0.019) and PBB clinical versus PBB micro (OR: 0.281,
CI: 0.070 to 1.117, p=0.071).

DISCUSSION

To our knowledge, this is the first time cohort data have been
used to identify the factors associated with any relapse and
recurrent PBB. We found children who received 6 weeks of
amoxicillin-clavulanate as their initial treatment were less
likely to develop recurrent PBB than those who received 2
weeks. This finding is clinically important as recurrent PBB is
associated with an increased risk of subsequent bronchiectasis.
Lower cough relapse rates have previously been linked to longer
durations of treatment.” Recent international guidelines suggest
starting with 2 weeks and if cough resolution does not occur,
increasing to a maximum of 4 weeks. The rates of recurrent PBB
were not significantly different between those who received 2
weeks of antibiotic and those who received 3-4 weeks but as the
numbers in the latter group were small this should be interpre-
ted with caution.

The variation in duration of initial antibiotic course seen
in this cohort reflects the different practice of clinicians in
our department and changes in practice and guidelines over
time. As children were not randomised to different durations
of treatment, cough severity may have influenced the clinician’s
choice of investigation and antibiotic duration. However, one
would predict that more severely affected children with longer
or more severe symptoms who undergo more invasive investi-
gations would be most likely to be prescribed longer courses of
antibiotics. It is surprising therefore that this group (children
who were prescribed 6 weeks of antibiotic) had less recurrent
PBB. A possible explanation for this finding is chronic cough
relapse in PBB is caused by failed eradication of the original
infection when shorter courses are used. Longer courses may be
more likely to overcome biofilm resistance mechanisms of the
causative endobronchial infection resulting in higher rates of

eradication and therefore less recurrent PBB. Longer antibiotic
courses may also allow time the inflamed and denuded ciliated
epithelium to recover which would be prevented by reinfection.

Although this is the second largest UK cohort study repor-
ted to date, we acknowledge that the relatively small sample
size, particularly those treated with 3-4 weeks of antibiotic. The
retrospective data collection also introduces potential bias. In
particular, we relied on parental recall documented in notes or
letters rather than objective measures of cough such as recor-
ding equipment or diaries. We collected data relating to the first
episode of PBB treated at our centre, but it is possible we missed
previous treatments in primary care. Our exclusion criteria also
potentially introduced bias. Reassuringly, those excluded were
similar to the included cohort in terms of median age (2.3 vs
2.1 years), median cough duration (7.5 vs 8.0 months), percen-
tage receiving 6 weeks antibiotic (34% vs 42%) and percentage
undergoing FB-BAL (57% vs 73%).

Longer courses of antibiotics are associated with increased
cost, increased potential for adverse effects, increased risk of
antibiotic resistance and poorer adherence. Any recommen-
dation to use longer courses of antibiotics must therefore be
supported by high-quality evidence. This study does not pro-
vide this level of evidence but does highlight the urgent need for
a high-quality randomised trial comparing different durations
of initial antibiotic treatment in children with suspected PBB.
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