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Editorial
Editorial

Num momento em que a pandemia COVID-19 se expande, nomeadamente no nosso pais, assumindo um desafio constante
ao sistema de saude e a sociedade em geral, e que tem levado a instituicdo de varias medidas que visam limitar o seu impacto,
trazemos para Vossa leitura uma nova selecao de artigos editados nas revistas Thorax e Archives of Disease in Childhood.

E antes de realgar os artigos que incluimos, gostavamos de destacar a iniciativa do BMJ em promover um Coronavirus Hub
(bmj.com/coronavirus), de acesso livre, onde estao depositados os artigos relacionados que sdo publicados em mais de 70 das
suas revistas, contribuindo assim para um amplo acesso a mais uma significativa fonte de conhecimento.

Neste numero inicialmente destacamos artigos focados na idade pedidtrica, nomeadamente a investigacdo de Ploton D-Ce
colaboradores sobre patogénios respiratorios e sindrome toracica aguda em criangas com doenga falciforme. Num estudo
de coorte, observacional, prospetivo, que incluiu 101 criangas, os autores encontraram que a dete¢o viral em criangas febris
com doenga falcifome ¢ frequente, mas a sua associagiao com a sindrome toracica aguda néo foi estatisticamente demons-
trada, embora os virus de parainfluenza se revelassem duas vezes mais comuns, sendo a infe¢do por M. pneumoniae rara
neste estudo, recomendando-se que uma eventual antibioterapia deva ser suportada pela identificacdo deste microrganismo
intra-celular.

Igualmente na idade pediatrica, num estudo que nos chega de Singapura, Krishnan SG e colaboradores, confirmaram que a
detecdo visual qualitativa do pulso paradoxal (PP) no oximetro de pulso podera contribuir para prever resultados para crian-
cas com dificuldade respiratoria moderada a grave no contexto da urgéncia, nomeadamente na resposta a terapéutica inicial.

Numa revisao sistematica com meta-analise centrado na Doenga Pulmonar Obstrutiva Crénica (DPOC), Loughran K e
colaboradores, na auséncia de informagao suficiente, procuraram quantificar a extensao da deficiéncia de equilibrio na DPOC
e estabelecer os seus fatores clinicos contribuintes. Os autores incluiram vinte e trés estudos (n=2751), encontrando que em
comparagdo com controlos saudaveis, as pessoas com DPOC apresentam uma redugao do equilibrio clinicamente significa-
tiva, que pode estar relacionada com a redugio da forga muscular, da atividade fisica e da capacidade de exercicio, refor¢cando
a necessidade de se aumentar o foco sobre a reabilitagio pulmonar de modo a incluir a avalia¢do do equilibrio e o treino
e a explorar mais a deficiéncia de equilibrio na DPOC. Nas condi¢des atuais relacionadas com a pandemia, devemos estar
conscientes das limitagdes dos programas de reabilitacdo que néo estardo acessiveis a um niimero significativos de doentes
com doengas respiratorias cronicas, nao permitindo atuar de acordo com a melhores préticas.

Real¢ando a relevancia dos estudos funcionais respiratérios na avaliagdo clinica de multiplas patologias, Balata H e colabo-
radores no Reino Unido, demonstram que a inclusdo da espirometria num programa comunitario de rastreio de cancro do
pulmao é viavel e identifica um numero significativo de individuos com obstrugao do fluxo aéreo sem diagnostico prévio, e
inclusive, sem sintomas sugestivos de DPOC.

Overed-Sayer C e colaboradores, num estudo in vitro, centrado na fibrose pulmonar idiopatica (FPI), doenga pulmonar
cronica e progressiva que apresenta uma elevada morbimortalidade com constantes desafios terapéuticos, encontraram que o
nintedanib, uma das raras opgoes terapéuticas para esta patologia, inibe a sobrevivéncia e ativagdo dos mastdcitos, proporcio-
nando um mecanismo adicional através do qual este medicamento podera exercer efeitos anti-fibréticos em doentes com FPI.

Numa comunicagao breve, Carreto L, colaborador do Servi¢o de Pneumologia do Hospital Fernando da Fonseca, integrou
uma equipa de investigagdo que procurou estimar a utilidade de um rastreio regular da deficiéncia de alfa-1 antitripsina em
1600 doentes do Reino Unido com bronquiectasias, encontrando uma taxa de detegdo baixa (0,5%), sugerindo que mais
estudos sejam efetuados em populagdes em diferentes contextos geograficos e/ou genéticos.

Este numero inclui ainda breves comunicagdes de leitura obrigatéria no momento atual, nomeadamente sobre a persisténcia
da imunidade em criangas imunizadas com vacina pneumocdcica conjugada 13-valente e a evidéncia de que o isolamento
social e a solidao sao importantes fatores de risco para admisses hospitalares por doengcas respiratdrias entre idosos, real¢an-
do-se ainda os efeitos nefastos do vaping através da discussao de um caso clinico de um jovem de apenas 18 anos.

No comentirio final discute-se qual podera ser a relevancia epidemiol6gica na atual pandemia dos portadores assintomaticos
de SARS-CoV-2 ... enfim, boas leituras e muita resiliéncia!

Madrio Morais de Almeida
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Patogénios respiratorios e sindrome toracica aguda em

criancas com doenca falciforme
Marie-Caroline Ploton, "2 Julie Sommet,? Bérengere Koehl,* Jean Gaschignard,' Laurent Holvoet,*
Patricia Mariani-Kurkdjian,> Malika Benkerrou,* Enora Le Roux,®’ Stephane Bonacorsi,>® Albert

Faye'®

RESUMO

Contexto As sindromes toracicas agudas (STA) podem
estar associadas a infecbes das vias respiratdrias supe-
riores, mas a epidemiologia dos patogénios respiratorios
virais e intracelulares em criancas com doenca falciforme
(DF) néo é conhecida ao pormenor. O objetivo deste estudo
foi descrever a epidemiologia dos patogénios respiratérios
virais e intracelulares em criancas com DF que apresentem
febre e/ou STA.

Materiais e métodos Foi realizado um estudo de coorte,
observacional, prospetivo e de centro (nico com andlise
hierdrquica de casos de controlo em criangas com STA
admitidas entre outubro de 2016 e outubro de 2017 com
febre e/ou STA na unidade de pediatria do hospital uni-
versitario Robert Debré, Paris, Franca. Foram analisados 20
patogénios respiratorios por PCR multiplex na nasofaringe
(FilmArray).

Resultados Incluimos 101 criancas. Récio de sexo M/F
de 0,45. A idade média foi de 3,2 anos (IQR: 1,4-8,2).
Isolou-se pelo menos um patogénio em 67 doentes
(67%). Os virus mais frequentes foram os sequintes: rino-
virus (n=33), adenovirus (n=14), virus respiratdrio sinci-
tico (n=13) e virus parainfluenza (n=11). A infecdo por
Mycoplasma pneumoniae foi detetada num caso. Vinte e
trés (23%) apresentaram ou desenvolveram STA. Foi rea-
lizada uma anélise hierarquica de casos de controlo, apés
emparelhamento de criangas STA e ndo STA por idade e
periodo de inclusdo. Nao se observou associagao estatistica
entre qualquer detecdo viral ou mltipla infecdo viral e STA
(p=0,51), embora os virus de parainfluenza se revelassem
duas vezes mais comuns na STA.

Conclusdes A detecdo viral em criancas febris com DF
é frequente, mas a sua associacdo com a STA néo foi
demonstrada. Neste estudo, a infecdo por M. pneumoniae
foi rara em criangas jovens com DF a sofrer de STA.

INTRODUCTION

Acute chest syndrome (ACS) is a severe, potentially
life-threatening complication of sickle cell disease
(SCD), accounting for 9% of all deaths.! Pulmonary
infection can trigger or complicate ACS.> The most
frequent respiratory pathogens in adult patients
are intracellular bacteria. Chlamydia pneumoniae
accounts for 14%-29% of documented infections
and Mycoplasma pneumoniae for up to 25%."'°
Pyogenic bacteria may be present in 15% of ACS
cases in patients with SCD.! Because of the high
prevalence of infections during ACS and the sus-
ceptibility of patients with SCD to infection, inter-
national guidelines for ACS recommend systematic
antibiotic therapy, active against both pyogenic and
intracellular bacteria.** Viral respiratory pathogens
may be associated with ACS, but their role in trig-
gering ACS remains unclear.! ©® Most studies des-
cribing pathogens associated with ACS are old. Few
of them used respiratory multiplex PCR, and all of
them focused on specific pathogens. Paediatric stu-
dies are scarce yet given the frequency of viral res-
piratory infections in children, determining their
association with ACS is of interest.

What is already known on this topic?

» Acute chest syndrome (ACS) is a severe
complication of sickle cell disease (SCD),
accounting for 9% of all deaths.

» Pulmonary infection can trigger or com-
plicate ACS, with intracellular bacteria
being the most frequent in adults.

» Viral infections are common in children
but their role in triggering ACS remains
unclear

What is already known?

» Detection of Respiratory viruses is very
frequent in febrile children with SCD.

» There is no significant association
between single viral detection, multiple
virus infection and onset of ACS.

» Intracellular bacterial detection is rare in
young children with ACS.

The main objective of this study was to describe
the epidemiology of viral and intracellular respira-
tory pathogens in children with SCD presenting
with fever and/or ACS. Secondary objectives were
to assess an association between detection of single,
and/or multiple viral infection (MVI) and/or intrace-
llular pathogens with ACS.

PATIENTS AND METHODS
Design
A single-centre, prospective, longitudinal cohort
study was conducted from 20 October 2016 to 2
October 2017. Inpatients with SCD, under 18 years
of age, hospitalised in the General Paediatric ward
of Robert Debré University Hospital, Paris, France,
and with fever above 38°C (regardless of apparent
cause) and/or with ACS, underwent a nasopharyn-
geal aspirate. Samples were frozen (-80°C) and a
multiplex PCR respiratory panel (FilmArray RP
Panel, BioMérieux, BioFire Diagnostics, Salt Lake
City, USA) was done, screening for 17 viruses (ade-
novirus, coronavirus (HKU1, NL63, 229E, OC43),
human metapneumovirus, enterovirus/Human
Rhinovirus, type A influenza (A, A/H1, A/H1-2009,
A/H3), type B influenza, parainfluenza virus (1, 2, 3
and 4), respiratory syncytial virus (RSV)) and three
bacterial pathogens (Bordetella pertussis, C. pneu-
moniae and M. pneumoniae). Each patient could be
included several times as long as successive inclu-
sions were separated by at least 4 weeks, to avoid
including patients with prolonged viral shedding.
ACS was defined by the presence of a new pul-
monary infiltrate involving at least one complete
lung segment (consistent with the presence of alveo-
lar consolidation but excluding atelectasis) plus
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one of the following: chest pain, temperature of more than 38.5°C,
tachypnoea, wheezing or cough.! All files of patients with ACS files
were reviewed retrospectively by a local SCD expert, blinded to the
PCR result, to determine whether ACS was present.

To address the secondary outcomes, a nested case—control
analysis was conducted. Patients with ACS were the cases and the
controls were non-ACS SCD patients, paired within the cohort
according to age (+14 months) and inclusion period (15 days).
Antibiotic therapy was administered according to the current
French recommendations, that is, an intravenous antipneumo-
coccal antibiotic therapy (either a third-generation cephalospo-
rin or amoxicillin) initiated after bacterial sampling (blood and
urine).* In cases of ACS or with chest imaging suggestive of intra-
cellular bacterial pneumonia, a macrolide was added, usually oral
azithromycin.

Past history related to SCD, demographics, clinical, labora-
tory and therapeutic data were collected retrospectively from the
patients’ files. General information concerning the number of
patients with SCD hospitalised during the study period was collec-
ted from the hospital administrative records.

Statistical analysis

Anonymised data were collected via an EpiData data entry form
and extracted thereafter. Statistical analysis was performed using
SAS V.9.4 software. Quantitative data were described using the
median (IQR: Q1-Q3). Qualitative data were described using
effectives and percentages. To compare included and non-inclu-
ded population Fisher’s test for qualitative data and Student’s t-test
for quantitative data were used. To compare cases and controls
and assess factors associated with ACS, logistic conditional regres-
sion—adapted to paired data—was used. All statistical tests were
two-tailed, and p values of less than 0-05 were deemed statistically
significant.

Ethical considerations

The study design was reviewed and accepted by Robert Debré
Hospital’s local ethical committee IRB n°2016/2962 and data collec-
tion was approved by the national informatics and freedoms com-
mission (n°1967433v 0). Parents or legal guardians were informed
of the ongoing study via information letters.

RESULTS

General characteristics of the population

In all, 101 patients were included during the study period (figure
1). The sex ratio M/F was 0.45. The median age was 3.2 years (IQR:
1.4-8.2) and the median length of hospital stay was 4 days (IQR: 3-6)
ranging from 1 to 23 days. The median delay between fever onset and
sampling was 3 days (IQR: 2-5) and the fever lasted 3 days (IQR: 1-4).
In all, 17 patients (42 samples) were included repeatedly. Their median
age was 2.2 years old (1.3-4.1). In all, 29 of these 42 samples were taken
during winter season (September—March). No patient showed succes-
sive detection of the same pathogen.

During the study period, 65% of eligible patients (n=183) (among
them 21 with ACS) were not included in the study mainly because
of the lack of sampling. Their median age was 4.4year (1.8-11.2) and
sex ratio was 0.55 (figure 1). There were no significant differences to
included patients concerning age (p=0.1), sex ratio (p=0.08), length of
stay (p=0.54) and distribution of hospitalisation causes except for ACS,
which was more frequently included (p=0.02). Non-included patients
with ACS were significantly older (11.2year (7.6-13.7) vs 4.2year (2.3-
7.0) p=0.0003) (online supplementary data 1).

Demographics, haematological findings, medical history, clinical
and laboratory data at inclusion are shown in table 1. In all, 23 patients
presented with or developed ACS (23%). The cause of fever was unk-
nown in four cases. Each patient underwent at least one blood culture.
No bacteraemia was found. In all, 100 patients received antibiotic the-
rapy; median duration 11 days (IQR: 8-13), with 84 patients receiving
third-generation cephalosporin (4 days, IQR 3-5) followed by amo-
xicillin. In all, 33 patients (including 19 (57%) from the ACS group)

Sicikde cell patients hospitalized during study
pariad ([Dctobed 20, DOLE to Detobar 2,
17509

ol whom , ACS: 44)

Inchusion critera met, but not incleded*: 183
=¥ O wheem, ACS: 21

| A5 |

|

Pairing:

| Mon-ACS: TH ‘

Excluded from cass-control analysi -
- Cases = ACS, controk = non-AC%
- age +f= 14 moaths

Inchutien poricd /- 15 days

38 patients [impassible paring)

-
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| Coves 1 23 I | Controly ; 40 |

Figure 1 Flow chart of the study ACS, acute chest syndrome. *Lack ofsam-
pling.

received macrolides, usually a 3-day course of oral azithromycin. Six
patients received oseltamivir.

Nasopharyngeal aspirate multiplex PCR results
In all, 67 patients had a positive Multiplex PCR, 41 with one virus
and 26 with two or more. Rhinovirus was the most frequent virus
(33 cases), followed by adenovirus (14 cases), RSV (13 cases) and
parainfluenza virus (11 cases). Multiplex PCR results are presented
in online supplementary data 2.

Among the patients with vaso-occlusive crisis (n=22), 18 had
a positive multiplex PCR. Among patients with respiratory symp-
toms on inclusion (n=45), 37 had a positive PCR. Rhinovirus was
most frequently involved in MVI (15 cases), followed by parain-
fluenza viruses (nine cases). Three patients had 3-virus-MVI. M.
pneumoniae was positive using multiplex PCR in one patient with
ACS (who did not need intensive care unit admission or ventila-
tion). Monthly distribution of viral infections is shown in figure 2.

Case—control analysis

All ACS cases were paired, 17 with a 1:2 case/control ratio and 6
with a 1:1 ratio. The analysis of the case—control population yielded
a median age of 5.4 years (IQR: 2.0-11.8). PCR data and compa-
rison between the cases and control on the clinical and laboratory
characteristics are shown in table 2.

The C-reactive protein value and neutrophil count were signi-
ficantly higher in the cases compared with the controls (p=0.01and
p=0.03, respectively). Other variables were not significantly diffe-
rent between the two groups even if clinical history tended to be
more severe in the ACS group.

DISCUSSION

Very few studies have assessed the association between viral and
intracellular pathogens and ACS in children with SCD.*? Our
study is the largest to date using multiplex PCR detection in naso-
-pharyngeal aspiration. Viral detection in children with ACS and/
or fever is frequent (67%) with a predominance of rhinovirus,
followed by RSV and adenovirus.

In a previous single-centre prospective study lasting 1 year,
multiplex PCR was used to detect respiratory pathogens in 60
children with SCD (including nine with ACS). Viruses were
detected in 78% of the patients (rhinovirus: 62%, bocavirus: 26%,
influenza: 23%, parainfluenza 23%).° No significant association
with ACS was shown, but the statistical power of the study was
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Table 1 Demographics, haematological and medical history,
clinical and laboratory presentation of children with sickle cell
disease and fever

N (%)
median (IQR)
Total/male 101/45
Age (years) 3.2(1.4-8.2)
Genotype
SS/ SB°/ SS or SB°* 91(90)
SB+/SC 10 (10)
Baseline haemoglobin level (g/L)
SS, SB°, SS/SB° genotype 85 (77-90)
SB+, SC genotype 109 (95-110)

Relevant clinical history
Associated G6PD deficiency (16)
History of ACS (20)
Repeated VOC (>3 in the previous year) (35)
History of splenectomy (19)
Hydroxyurea treatmentt 27 (27)
Iterative transfusion therapyt (13)
History of asthma (26)
Cerebral vasculopathy (13)

Laboratory values (regardless of diagnosis

CRP maximum level during febrile episo 73.0 (17.0-160.5)

Procalcitonin maximum level (ng/mL) 0.3 (0.1-0.6)

Leucocytes maximum level (x109/L) 17.9 (13.0-22.3)

Neutrophils maximum level (x109/L) 9.1(6.1-15.9)
ACs subgroup n=23(23)
Age (years) 4.2 (2.3-7.0)
Non-ACs subgroup n=78 (77)
Age (years) 3.0(1.4-8.8)
Respiratory symptoms ¥ 45 (59)
Discharge diagnosis

VoC 22 (29)

Acute gastro-enteritis 2(3)

Upper respiratory tract infection 25(32)

Lower respiratory tract infection 21(27)

Parvovirus-related anaemia 4 (6)

Acute splenic sequestration 2(3)

Malaria 1(2)

Upper respiratory tract infections were as follows: tonsillitis (six cases), acute otitis media (four cases)
and other (15 cases).

Lower respiratory tract infections were as follows: acute bronchiolitis (two cases), documented influenza
(specific PCR) (four cases), pneumonia (11 cases) and asthma exacerbation (two cases).

*Genotype uncertain due to absence of genetic study.

tOngoing on inclusion.

tRegardless of discharge diagnosis.

ACS, acute chest syndrome; CRP, C-reactive protein; G6PD, glucose-6-phosphate dehydrogenase; ICU,
intensive care unit; VOC, vaso-occlusive crisis.

limited. Another study showed that rhinovirus, adenovirus and
bocavirus were the most frequently detected viral pathogens
in 20 children with SCD under 5 years of age in Madagascar.’
However, in our study, the multiplex PCR was not designed to
detect bocavirus infections, limiting the accuracy when compa-
ring our results with these studies.

Our data were also comparable to a geographically and chro-
nologically similar paediatric cohort without underlying disease.
Among 381 respiratory viral PCRs done in inpatients with respi-
ratory symptoms (Multiplex PCR FilmArray), 51% were positive
(picornaviruses: 52%, RSV: 11%, parainfluenza viruses: 7%). In
our study, seasonal distribution was similar to this study.”

Detection of viral nucleic acid by PCR does not predict cli-
nical presentation. Asymptomatic viral infection or prolonged
asymptomatic shedding can occur. Rhinovirus was less strongly
associated (1.43 (1.03-1.97)) and adenovirus, coronavirus and
bocavirus were not significantly associated with respiratory symp-
toms."! Consistently, in our study, nested case—control analysis did
not yield any significant association between single viral detection,
MVTand onset of ACS after adjusting for age and inclusion period.

Data from the literature are heterogeneous, but influenza and
RSV seem frequently involved in ACS. Thus, in children with SCD,
influenza-related hospitalisations are 177/100 000 with a hospitali-
sation risk ratio of 88 (75-104) compared with non-SCD children.®

Artigo original
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Figure 2 Monthly distribution of the number of cases by virus type in
sickle cell children hospitalised from 20 October 2016 to 2 October 2017.
ADV, adenovirus; CoV, coronavirus; HRV, rhinovirus humain; Mp, Mycoplasma
pneumoniae; MPV, metapneumovirus; PIV, para-influenza virus; RSV, respira-
tory syncitial virus.

ACS cases were reported after influenza infection (15%-50% of
cases depending on the year).">** These studies did not assess the
role of bacterial superinfection in the onset of ACS.

RSV-related hospitalisation rate and clinical presentation in
SCD children are described to be comparable to influenzarelated
cases, with younger age as the only difference (1.9 vs 4.8 years,
p<0.001) and ACS onset in 26% of cases.” A retrospective study of
466 SCD children and over 2000 febrile episodes showed that signs
of upper respiratory tract infections predicted evolution towards
ACS with an OR of 2.1 (95% CI 1.5-2.9)."* We found only one
case of M. pneumoniae infection using multiplex PCR, in a child
with ACS and no C. pneumoniae. The ACS study group isolated
M. pneumoniae (using PCR or serology) in 20% of documented
ACS cases and in 12% of subjects less than 5 years of age.''* The
low number of M. pneumoniae in our study can be explained by
the young age of included patients, and the shortness of the period
of observation (lyear)."”'® However, two other studies found very
few or no cases of M. pneumoniae, over different periods of time
and geographical settings.*’

The performance characteristics of the FilmArray test has been
demonstrated.”” However, sputum has shown greater sensitivity
than nasopharyngeal aspiration for M. pneumoniae diagnosis.?*'
Among the 32 patients who received macrolides, only seven were
sampled before antibiotic therapy was started. The median time
between starting treatment and sampling was 3.3 days. One pae-
diatric study in patients with non-SCD showed reduction of quan-
titative PCR after macrolide therapy excluding azithromycin,* but
several other studies found that M. pneumoniae qualitative PCR
was positive for lengthy periods of time after antibiotic therapy.?**
Thus, we hypothesised that short duration antibiotic administra-
tion could not explain the negative findings for all study samples
for M. pneumonia.

Our results suggest that the role of intracellular pathogens in
young children with ACS could be overestimated and could lead
to macrolide overprescription in our population. Thus, the ques-
tion of M. pneumoniae screening before prescribing macrolides
should be raised or a prescription of macrolide reserved for cli-
nical presentation suggestive of Mycoplasma infection. However,
a vast retrospective study (14480 ACS episodes over 31 centres)
suggested that adherence to antibiotic-therapy guidelines in ACS
was associated with lower readmission rates with an OR of 0.71
(95% CI 0.50-1.00) for ACS-related readmission and of 0.50 (95%
CI 0.39-0.64) for all causes of readmission.?

Altogether, the findings of our study show that multiplex PCR
detection in naso-pharyngeal aspiration add to the knowledge of
respiratory viral infections epidemiology in SCD. The rapid results
and the broad spectrum of the multiplex PCR might also improve
the practical management of the patients (rapid adaptation of M.
pneumoniae treatment, use of isolation measures). However, further
studies are needed to assess the cost-effectiveness of this procedure.
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Table 2 Virus identification data and comparison for clinical and
laboratory data between ACS and control children with sickle
cell disease

Controls (n=40) Cases (ACs) (n=23)

N (%) N (%)
Variable Med (IQr) Med (1Qr) P value
Male sex 17 (43) 9(39) 0.94
Genotype
SS/SB° 34 (85) 22 (96) 0.32
SB+/SC 6(15) 1(4)
Baseline haemoglobin level (g/L)

SS, SB°, SS/SB° genotype 81 (75-88) 85 (80-8.7) 0.31
SB+, SC genotype 106 (85-110) N=0* N/A
Relevant clinical history

Associated G6PD deficiency 6 (16) 4(19) >0.99

History of ACS 9(23) 9(39) 0.35

Repeated VOC (>3 in the previous year) 15 (38) 14 (61) 0.2

History of splenectomy 8(20) 7 (30) 0.45

Hydroxyurea treatment 11(28) 11 (48) 0.26

(ongoing on inclusion)

Iterative transfusion therapy 7(18) 5(24) 0.81
(ongoing on inclusion)

History of asthma 13 (33) 7 (30) 0.51
Cerebral vasculopathy 4(10) 3(14) >0.99
Laboratory data

34.4(11.0-146.0) 189.9 (127.0-244.0) 0.01
16.0(10.7-20.7) 22.3(15.2-24.8) 0.06

CRP maximum level (mg/L)
Leucocytes maximum level (x109/L)

Neutrophils maximum level (x109/L) 7.9 (5.5-12.5) 13.7 (10.5-19.4) 0.03
Multiplex PCR
Negative 16 (40) 7(31) 0.51
Positive 24 (60) 15 (65)
Undetermined 0(0) 1(4)
If positive, number of viruses detected
One (single virus infection) 17(71) 10 (67) 0.58
Two or more (multiple virus infection) 7 (29) 5(33)
Rhinovirus 1A detection 11 (46) 9 (60) 0.83
Virus type
Type A influenza 2(8) 1(7)* t
Type B influenza 0(0) 0(0) t
Metapneumovirus 3(13) 1(7) t
Respiratory syncytial virus A 4(17) 2(13) t
Parainfluenza virus 3(13) 4(26)% t
Type 1 1(4) 3(20) t
Type 2 0(0) 0(0) t
Type 3 2(8) 0(0) t
Type 4 0(0) 2(13) t
Type 3 adenovirus 4(17) 1(7) t
Coronavirus 4(17) 0(0) t
Coronavirus NL63 1(4) 0(0) t
Coronavirus 229 2(8) 0(0) t
Coronavirus 0C43 1(4) 0(0) t
Coronavirus HKU1 0(0) 0(0) t
Mycoplasma pneumoniae 0(0) 1(7) t

Chlamydia pneumoniae and Bordetella pertussis were not detected.

*One patient tested positive for Type A influenza but result remained equivocal as for subtype.
tlrrelevant statistical testing due to reduced effectives.

+Numbers of patients with different types of each virus does not match with total number due to several
cases of co-detection in the same patient.

ACS, acute chest syndrome; CRP, C-reactive protein; G6PD, glucose-6-phosphate dehydrogenase; MD,
missing data; p,

p value issued from logistic conditionnal regression taking patient pairing into account; VOC, vaso-
occlusive crisis.

Our study has several limitations. First, the low number of
patients prevented testing associations between individual viruses
and ACS.

Second, many patients meeting the inclusion criteria were not
included, although most causes for non-inclusion were random.
Thus, the risk of selection bias was low. Moreover, distribution
of hospitalisation causes and characteristics of the children were
similar between included and non-included patients, except for
ACS and lower respiratory tract infection.

Patients with ACS were included more often (p=0.02) as
well as lower respiratory tract infection patients (p=0.01). Yet,

nonincluded patients were significantly older. This selection bias
should induce viral over-representation in included patients, and
in patients with ACS and under-representation of M. pneumoniae
infection, known to affect older children (see online supplementary
data 1).

Third, we did not screen for bacterial causes of lower respira-
tory tract infection, owing to the invasiveness of lower respiratory
sampling. We could therefore not rule out bacterial-viral co-in-
fections. The ACS cases had significantly higher inflammatory
markers, suggesting the possibility of bacterial-viral co-infection.
Consequently, viral detection should not prevent empiric antibiotic
prescription.?* Nevertheless, ACS itself could explain the increase
in inflammatory markers.

CONCLUSIONS

Our study confirms high respiratory virus infection and low M.
pneumoniae prevalence in young febrile, patients with SCD, but no
association with ACS. It does not address the association with pyo-
genic infection; M. pneumoniae could be systematically screened
before prescribing macrolides, where rapid results are available,
to decrease unnecessary prescription and emergence of macrolide
resistance.
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Pulso paradoxal detetado por oximetria prevé gravidade

na asma pediatrica

Sandhya G Krishnan," Hung Chew Wong,? Sashikumar Ganapathy,® Gene Yong-Kwang Ong?

RESUMO

Objetivo Avaliar se a detecdo visual qualitativa do
pulso paradoxal (PP) no pletismdgrafo do oximetro de
pulso consegue prever resultados para criancas com difi-
culdade respiratéria moderada a grave numa unidade
de urgéncia pedidtrica.

Desenho Estudo de coorte prospetivo.
Enquadramento Unidade de Urgéncia Pediatrica de
um hospital pediétrico terciario em Singapura.
Doentes Criancas tratadas para pieira moderada a
grave na sala de reanimagao da unidade de urgéncia.
Intervengdes Os doentes foram avaliados quanto a
presenca de PP com base na deteccdo visual do pletis-
mografo do oximetro antes e depois de terapia inicial
com inalacdo de broncodilatador.

Principais medidas de resultados Estas incluem
a necessidade de medicamentos adjuvantes, tais como
aminofilina ou sulfato de magnésio, a necessidade de
ventilacdo suplementar e a necessidade de admissao
na unidade de alta dependéncia (UAD) ou unidade de
cuidados intensivos (UCI).

Resultados O estudo incluiu 285 doentes, dos quais 78
(27,4%) apresentavam PP nas Urgéncias. 40 (14,0%)
apresentaram PP apds o tratamento inicial. As criancas
com PP ap6s o tratamento inicial apresentaram riscos
relativos significativos (RR) de necessidade de medica-
cdo adjuvante (RR 12,5, 95% IC 4,0 a 38,6), necessi-
dade de ventilacdo suplementar (RR 5,6, 95% IC 1,2
a 26,5) e admissao na UAD/UCI (RR 5,6, 95% IC 3,0
a10,4).

Concluséo A detecdo qualitativa de PP na oximetria
de pulso pode ser utilizada como uma ferramenta
potencial no local de atendimento como apoio a ava-
liagdo da resposta ao tratamento inicial em doentes
pediétricos com agudizacdes moderadas a graves de
asma. No futuro, sdo necessarios estudos para avaliar
e validar o seu papel na orientacdo do tratamento da

asma pediatrica aguda em unidade de urgéncia.

INTRODUCTION
Asthma is one of the most common reasons for
paediatric emergency department (ED) visits.!
The severity of asthma exacerbations is often
assessed based on subjective clinical indicators.
Asthma severity scores such as the Pediatric
Respiratory Assessment Measure? and the
Pediatric Asthma Severity Score (PASS)* have
been shown to be valid in gauging the severity of
an exacerbation. Although interobserver relia-
bility has been shown with these scoring tools,
they too involve subjective clinical assessment.
International guidelines state that peak expi-
ratory flow rate (PEFR) is a more valid measure
of airway obstruction. However, PEFR is diffi-
cult to obtain in an acute setting or in children

What is already known on this topic?

» Asthma is one of the most common
reasons for attendance to the paediatric
emergency department (ED).

» There is a need for ED physicians to
efficiently manage these patients and
for accurate allocation of appropriate
resources.

» Studies have shown the quantitative
assessment of oximeter plethysmograph
variability, as a surrogate for pulsus para-
doxus (PP), can be used to assess severity
of asthma

What is already known?

» First study to use qualitative assess-
ment of plethysmograph variability on
non-specialised, bedside physiological
monitors to detect presence of PP to
prognosticate moderate to severe acute
asthma exacerbation in children.

» Presence of PP at ED presentation has
good correlations with acute clinical
severity using Pediatric Asthma Severity
Score.

» Presence of PP after initial inhaled bron-
chodilator therapy has a higher relative
risk for needing adjunct medications
(aminophylline/ magnesium sulfate) and
for needing admission to high depen-
dency and intensive care units

younger than® years who may be too ill or too
young to perform the test accurately. There are
few other objective measures to assess the seve-
rity of asthma.*

Pulsus paradoxus (PP) is an objective bedside
measurement for assessment of airway obstruc-
tion and response to treatment. Adolf Kussmaul
first defined PP in 18735 as a decrease in sys-
tolic blood pressure of more than 10 mm Hg
during inspiration. Patients with obstructive
airway disease have a loaded inspiration due to
difficulty in exhalation, causing a fall in intratho-
racic pressure, which causes an increase in right
ventricular diastolic volume and stroke volume.*
During expiration, the left ventricular diastolic
volume and stroke volume increase while the
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Triaged as Category 1, brought into Resuscitation bay. Cardiac
Monitoring started

Initial management completed

Figure 1 Sequence of assessment for PP on pulse oximetry. PP, pulsus
paradoxus.

hefore initation of
treatment [ Checklist)

Triage Nurse: assess for PP on the pulse
aximetry

Triage Nurse: assess for PP on the pulse
oximetry waveform after completion of initial
inhaled bronchodilator therapy [Cheddist)

right ventricular volumes return to baseline values. This causes
variability of the systolic blood pressure during inspiration and
expiration.”®

PP is traditionally measured using a sphygmomanometer or
intra-arterial catheter,” both of which are infrequently used in
the ED. Pulse oximeters give a qualitative display of the pulse
amplitude of the vascular bed underlying the probe." Recent
studies demonstrated that such plethysmograph waveforms
accurately represent the peripheral arterial waveform and can
be used to estimate the degree of PP where a greater degree of
PP correlates with higher asthma severity.

The aim of this study is to investigate if qualitative visual
detection of PP on the pulse oximeter plethysmograph (which
is based on a regular respiratory variation in the amplitude of
the waveform) can be used to predict outcomes for children
attending the ED) with moderate to severe respiratory distress.
We excluded children with mild wheeze as clinical evaluation
is sufficient, and additional assessment or prognostic tools are
unlikely to provide further clinical utility.

METHODOLOGY

Patients

This is a single-centre study conducted prospectively in the ED
of a tertiary care children’s hospital from December 2014 to May
2015. We included children aged up to 16 years who attended the
ED with moderate to severe respiratory distress and who were
triaged as category 1. Patients less than 24 months of age with no
history of recurrent wheeze or asthma and those with the diagno-
ses of pleural effusions, croup, anterior mediastinal tumours and
anaphylaxis were excluded. Patients were also excluded if they
could not be assessed for PP before starting treatment.

Study design
Patients presenting to the ED were first triaged by nurses accor-
ding to the Singapore Paediatric Triage Scale (online supple-
mentary appendix 1). Patients with respiratory distress and
who needed to be seen with immediate priority were triaged
as category 1 as per the department’s triage guidelines (online
supplementary appendix 2). They were brought into the resus-
citation bay and put on cardiorespiratory monitoring (Phillips
Intellivue MP30 cardiac monitor). The triage nurse immediately
assessed the pulse oximeter plethysmographic waveform on the
cardiac monitor to detect the presence of PP (figure 1). This was
documented on a PP data sheet.

The patient was then managed by a team of ED physi-
cians according to the clinical severity of respiratory distress.

Figure 2 Plethysmographic variability in a child with pulsus paradoxus.

Management was standardised according to the department’s
guidelines (online supplementary appendix 3). Initial resuscita-
tive management included bronchodilators (inhaled Salbutamol
and Ipratropium bromide) administered through a metered dose
inhaler or nebuliser, and oral or intravenous steroids. Adjunct
medications such as intravenous magnesium sulfate or ami-
nophylline were administered for refractory respiratory distress
or status asthmaticus after initial inhaled bronchodilator therapy.

After the initial set of two to three cycles of intensive inhaled
bronchodilator therapy, the same triage nurse again assessed the
pulse oximeter plethysmographic waveform for PP and docu-
mented it on the PP datasheet. This datasheet was collected at
the end of the treatment and analysed.

During the entire resuscitation, the ED physicians were not
aware of the data or documentation of PP so as not to alter the
patient assessment or management. Within 2 hours of triage,
the physicians would make a decision on the disposition of the
child from the ED based on the patient’s clinical severity and the
level of further treatment required.

Determination of pulsus paradoxus

PP was taken to be qualitatively present if there was a regular
variation in the amplitude of the plethysmographic waveform
in accordance with the respiratory cycle of the patient (figure 2).

Triage nurses were trained to detect PP on the waveform
(online supplementary appendix 4). By the time the study com-
menced, the triage nurses were confident and consistent in their
assessments of the pulse oximeter plethysmograph.

Doctors in the department were aware of the ongoing study
but were not trained in the evaluation of the pulse oximetry
detection of PP. The teaching sessions on recognising PP on
pulse oximetry included only the nurses. In our department,
it is not part of our assessment tools to use PP as a measure of
our asthma assessment and therefore our asthma management
guidelines do not depend on the presence of PP.

Outcomes measured

The primary outcomes measured include the need for adjunct
medications such as aminophylline or magnesium sulfate, the
need for supplementary ventilation such as non-invasive posi-
tive pressure ventilation (continuous/bilevel positive airway
pressure) or endotracheal intubation, and the need for admis-
sion to the high dependency unit (HDU) or intensive care unit
(ICU). The outcomes were compared for those with PP at arri-
val at the ED and those with PP after initial inhaled broncho-
dilator therapy.

Data collection and statistical analysis

Data were reviewed from electronic medical records as well as
from the PP data sheets, which were filled by triage nurses and
deposited into a collection box.

Fisher’s exact probability test was used to see whether
there were significant differences between the PP group and
those without PP at ED presentation prior to treatment in
terms of demographics, the patients’ history of wheezing, the
patients’ history of admission to high dependency or ICU and
the patients” history of use of preventers. Mann-Whitney U
test was performed to see whether there were significant dif-
ferences in age and PASS between those with PP and those
without PP at ED presentation. Fisher’s exact probability test
was carried out to see whether there were significant statistical
differences in tachypnoea (based on age), oxygen saturation,
use of adjuncts, need for supplementary ventilation (non-in-
vasive ventilation or endotracheal intubation) and need for
high dependency or ICU care between the PP group and those
without PP at ED presentation, and whether there were sig-
nificant statistical differences in the use of adjuncts, the need
for supplementary ventilation and the need for high depen-
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A76 children aged - 16 years were seen
in the resuscitation bay for moderate 1o

severe respirory distress

322 Children seen for
wheezing
185 children Nnally
included in the stady
T8 had PP at
arrival
f could not be
had persistent PP
e sascascd for PP post
KRl bronchodilator
therxpy in the ED therapy in the ED

154 children excluded due o
iratory distress from crou
anaphylaxis, anterior mediastinal
tumours or due to inability to assess
for PP upon presentation to the
resuscitation bay,

years of age
amd who had no prior
wheeze were excluded

207 hud_nn PP at

arrival
10 had new onset 17 could not be
of PP after initial _assesed for PP post
hronchodilator initial bmch‘u:lula.iar
therapy in the ED therapy in the ED

Figure 3 Flowchart of patients included in study. ED, emergency department; PP, pulsus paradoxus.

dency or ICU care between the PP group and those without PP
after initial management. Statistical significance was set at 5%.
Statistical analyses were performed using IBM SPSS Statistics
V.25 (IBM, Armonk, New York, USA).

RESULTS

A total of 476 patients were seen for moderate to severe res-
piratory distress in the resuscitation bay of our ED during
the study period. Of these, 37 patients were excluded for
being less than 24 months of age and with first presentation
of wheeze and 154 patients were excluded from the analy-
sis for having respiratory distress due to croup, pneumo-
thorax, pleural effusion, anaphylaxis, anterior mediastinal
tumours or due to inability to assess for PP at arrival (figure
3). Of the remaining 285 patients who were included in the
study, 78 (27.4%) were assessed to have PP at arrival. There
were no significant differences between the PP group and
those without PP at arrival in terms of demographics and
the patients’ wheezing histories (table 1). Study participants
were primarily in early childhood and mainly of Chinese
race. There was also no significant difference in the degree
of hypoxia but patients with PP at arrival were significantly
found to have higher PASS (table 2). PP at arrival was sig-
nificantly associated with more severe asthma with PASS of
4-6, p<0.001 (table 3).

Patients who presented with PP at arrival were found to have
higher relative risk (RR) of requiring adjunct medications such
as aminophylline and magnesium sulfate (RR 3.0, 95% CI 1.1
to 8.1; p=0.033) and admission to HDU/ICU (RR 2.1, 95% CI
1.1 to 3.9; p=0.025) (table 4). However, there was no significant
difference in the requirement for supplementary ventilation
(p=0.351).

There were 23 patients with unavailable information on PP
after initial bronchodilator therapy in the ED. Of the remaining
262 patients, 30 (41.7%) of the patients who presented with ini-
tial PP had persistence of PP after initial bronchodilator therapy
in the ED, while 10 patients (5.3%) who did not have PP initially
were assessed to have PP after initial bronchodilator therapy.
These 40 patients who had PP after initial bronchodilator the-

Table 1 Demographics of patients presenting to ED with
moderate to severe wheezing

PP presentat PP absentat
arrival in arrival in
Variables ED (n=78) ED (n=207) P value
Median age (25th—75th percentile) 3.86 (2.45-5.38) 3.55(2.18-5.89) 0,535
Age
Number of children<1 year of age 3(3.8%) 15(7.2%) 0,637
Number of children 1-2 years old 9(11.5%) 26 (12.6%)
Number of children>2 years old 66 (84.6%) 166 (80.2%)
Race
Chinese 33 (42.3%) 91 (44.0%) 0,728
Malay 28 (35.9%) 82 (39.6%)
Indian 11(14.1%) 22 (10.6%)
Others 6 (7.7%) 12 (5.8%)
Gender
Male 46 (59.0%) 114 (55.1%) 0,594
History of previous admission to HDU or ICU 9 (11.5%) 16 (7.7%) 0,349
History of use of preventers (inhaled 9(11.5%) 47 (22.7%) 0,044
corticosteroids or montelukast)
Details of pretreatment received prior to ED attendance
No pretreatment 33 (42.3%) 104 (50.2%) 0,496
Inhaled Salbutamol given via MDI space 36 (46.2%) 83 (40.1%)
chamber
Nebulised bronchodilators 9(11.5%) 20 (9.7%)

Pvalue of less than 0.05 is considered significant.
ED, emergency department; HDU, high dependency unit; ICU, intensive care unit; MDI, metered dose
inhaler; PP, pulsus paradoxus.

rapy were found to have a significantly greater risk of requiring
adjunct medications (RR 12.5, 95% CI 4.0 to 38.6; p<0.001),
need for supplementary ventilation (RR 5.6, 95% CI 1.2 to 26.5;
p=0.048) and admission to the HDU/ICU (RR 5.6, 95% CI 3.0
to 10.4; p<0.001) (table 5).

DISCUSSION

Our study showed that children with PP, before and after

initial inhaled bronchodilator therapy had a higher risk of

requiring adjunct medications and admission to HDU/ICU.
Many studies have successfully demonstrated the pheno-

menon of PP in patients with severe airways obstruction.®>'2
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Table 2 Respiratory status on presentation to the ED

PP present (n=78) PP absent (n=207) P value

Tachypnoea present 76 (97.4%) 201 (97.1%) 1
Oxygen saturation
>95% 29 (37.2%) 78 (37.7%) 0,274
92%-94% 36 (46.1%) 78 (37.7%)
<92% 13 (16.7%) 51(24.6%)
Median (IQR) PASS* 5.00 (4.00-5.00) 3.00 (3.00-5.00) <0,001

P value of less than 0.05 is considered significant.
*PASS scoring includes wheeze, work of breathing and prolonged expiratory phase.
ED, emergency department; PASS, Pediatric Asthma Severity Score; PP, pulsus paradoxus.

Recently, studies have shown correlations between the quan-
titative variability in pulse oximeter plethysmograph and PP
measured via traditional methods of sphygmomanometer
and intra-arterial blood pressure monitoring.’ For example,
Wright et al compared finger arterial pressure monitors to
the patient’s respiratory cycles to determine the high and
low blood pressure measurements during that time frame."
Hartet et al measured respiratory waveform variations preci-
sely in millimetres in patients requiring mechanical ventila-
tion and correlated this with PP."* On the other hand, Arnold
et al estimated PP by calculating the area under the curve of
a plethysmograph tracing and compared this with FEV ."*
These different methods have successfully shown correla-
tions between PP detected by pulse oximetry and existing
criterion standards.

However, these methods are challenging to use in a time-
-critical setting such as the ED. To our knowledge, the use
of qualitative detection of PP to predict outcomes has not
been investigated before. Our study is the first of its kind
in showing that simple pattern recognition of PP on pulse
oximeter plethysmograph can be used to predict outcomes
and hence guide management of children with moderate to
severe respiratory distress. Brandwein et al'® found a signi-
ficant difference in the degree of PP between children dis-
charged home versus children admitted to the hospital. They
studied the Pleth Variability Index, which is a ratio of the
calculated difference in maximum and minimum amplitude
of the plethysmograph waveform and the maximum ampli-
tude.'® Though our study did not evaluate the exact degree of
PP, we had similar findings of a higher RR of getting admi-
tted to HDU/ICU among those detected to have PP on the
plethysmograph after initial management. This shows that
even without assessing the exact degree of PP, outcomes may
be predicted on qualitative visual assessment of PP and it is
an easy point-of-care assessment technique which does not
involve additional special equipment and can be performed
by anyone trained to recognise patterns. It can also be a use-
ful and objective prognosticating tool, which can be easily
performed even in children younger than 5 years or those
who are too ill to comply with spirometry.

Different studies have measured the PP on plethysmogra-
phy at different time points. In particular, Wright et al com-
pared the degree of PP at three time points: before initiation
of treatment, at 30 min and at 60 min after treatment. Their
study found that the PP was significantly higher for the poor

Artigo original

outcome groups compared with good outcome groups at all
measurement times."?

In our study, we found that while the need for adjunct
medications and the need for admission to HDU/ICU were
higher in both the PP groups before and after initial mana-
gement, the RR for these outcomes was much higher in the
group with persistent PP after initial bronchodilator therapy.
This could be attributed to the presence of persistent severe
asthma and bronchospasm that is refractory to initial mana-
gement, which creates a greater need for adjunct medications
and for closer monitoring in HDU/ ICU, whereas those who
show resolution of PP could have had a reversal of bronchos-
pasm with initial management and therefore have a lower
risk for requiring HDU/ICU admission. We acknowledge the
limitations given the low frequencies of these clinical out-
comes.

In our study, we found that those with PP at arrival had
higher PASS than those without. Although interobserver
reliability has been shown with using PASS, there is a cer-
tain degree of subjectivity in its assessment. Assessment of
PP on plethysmograph can be easily done using non-specia-
lised besides physiological monitors and provide an addi-
tional tool when assessing children with moderate to severe
asthma.

There are areas for improvement in our study. In our
study, only one triage nurse assesses PP on pulse oximetry.
This can give rise to interobserver variability. Though we
tried to mitigate this limitation through adequate training
and testing of the triage nurses, it would still be useful to get
two nurses in future studies to improve reproducibility and
limit potential variability.

In addition, another limitation is the risk of observer
bias as the doctors in the department were aware of the
ongoing study and complete blinding of the physicians was
not feasible. We attempted to mitigate the observer bias by
training only the nurses (and not the doctors) on the detec-
tion of PP on pulse oximetry. However, it would be wor-
thwhile to consider doing a similar study in a multicentre
trial with blinding of the physicians to assess interobser-
ver variability and to assess the outcomes of children with
severe wheezing.

Despite our findings, it is important to note that
detection of PP on plethysmography should not replace
clinical judgement. Nevertheless, after initial bronchodi-
lator therapy, if PP is still noted on the plethysmography,
it may be used as an additional clinical adjunct in the
evaluation of the severity of wheeze and guide further
management in refractory cases of bronchospasms and
status asthmaticus.

CONCLUSIONS

Qualitative detection of PP on pulse oximetry can be used as a
potential point-of-care tool to help in the assessment of response
to initial treatment in paediatric patients with acute moderate
to severe asthma exacerbations. Future studies are needed to
assess and validate its role in guiding ED management of acute
paediatric asthma.

Table 3 Relative risks (95% Cl) of any hypertension and BP non-dipping at 10 year follow-up by OSA status at baseline

PP present
Severity (PASS*) (n=78) PP absent (n=207) P value
Mild (0) 0 0 <0.001
Moderate (1-3) 10 (12.8%) 119 (57.5%)
Severe (4-6) 68(87.2%) 88(42.5%)

P value of less than 0.05 is considered significant.
*PASS scoring includes wheeze, work of breathing and prolonged expiratory phase.

PPV (%) (95% CI)
87.2(77.7 t0 93.7)

NPV (%) (95% CI)
57.5(50.4 to 64.3)

LR+(95% CI) LR—(95% CI)
87.2(77.71093.7) 0.6(0.5t00.7)

LR+, positive likelihood ratio; LR—, negative likelihood ratio; NPV, negative predictive value; PASS, Pediatric Asthma Severity Score; PP, pulsus paradoxus; PPV, positive predictive value.
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Table 4 Associations of oximetry-detected PP, at ED presentation, with primary outcomes

Severity (PASS*) PP present (n=78) PP absent (n=207) Relative risk (95% CI) P value
Use of adjuncts (intravenous MgsS0,, aminophylline) 8(10.3%) 7 (3.4%) 3.0(1.1t08.1) 0,033
Need for supplementary ventilation (non-invasive or endotracheal intubation) 3(3.8%) 3(1.4%) 2.7(0.6t0 12.9) 0,351
Need for HDU or ICU care 15(19.2%) 19 (9.2%) 2.1(1.1t03.9) 0,025
P value of less than 0.05 is considered significant.
ED, emergency department; HDU, high dependency unit; ICU, intensive care unit; MgSO,, magnesium sulfate; PP, pulsus paradoxus.
Table 5 Associations of oximetry-detected PP, after initial inhaled bronchodilator therapy, with primary outcomes
Severity (PASS*) PP present (n=78) PP absent (n=207) Relative risk (95% CI) P value
Use of adjuncts (intravenous MgS0,, aminophylline) 9(22.5%) 4(1.8%) 12.5 (4.0 to 38.6) <0,001
Need for supplementary ventilation (non-invasive or endotracheal intubation) 3(7.5%) 3(1.4%) 5.6 (1.2 t0 26.5) 0,048
Need for HDU or ICU care 15 (37.5%) 15 (6.8%) 5.6 (3.0 to 10.4) <0,001
P value of less than 0.05 is considered significant.
*23 patients could not be assessed for presence of pulsus paradoxus after initial inhaled bronchodilator therapy.
HDU, high dependency unit; ICU, intensive care unit; MgSO, magnesium sulfate; PP, pulsus paradoxus.
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Deficiéncia de equilibrio em individuos com DPOC:

uma revisao sistematica com meta-analise
Kirsti Jane Loughran,' Greg Atkinson,' Marla K Beauchamp,? John Dixon,’
Denis Martin,' Shaera Rahim,? Samantha Louise Harrison'

RESUMO

Contexto As pessoas com doenca pulmonar obstru-
tiva cronica (DPOC) apresentam quatro vezes mais
probabilidades de queda do que os seus pares sau-
daveis, 0 que conduz ao aumento da morbilidade e
mortalidade. Um equilibrio fraco constitui um fator
de risco importante para as quedas. Esta revisdo visa
quantificar a extenséo da deficiéncia de equilibrio na
DPOC e estabelecer fatores clinicos contribuintes, que
presentemente escasseiam.

Métodos Em julho de 2017, foram pesquisadas cinco
bases de dados eletronicas e, em marco de 2019,
foram efetuadas pesquisas atualizadas para estudos
que comparassem o equilibrio na DPOC com contro-
los saudaveis. Foram realizadas meta-analises sobre
diferencas médias de amostra (DM), sendo também
relatadas correlagdes entre o equilibrio e fatores clini-
cos. A meta-regressao foi a ferramenta utilizada para
quantificar a associacdo entre a diferenca média em
percentagem do volume expiratdrio forcado previsto
em 1 sequndo (FEV,) e a deficiéncia de equilibrio
médio. Foram facultados resumos narrativos, onde os
dados se revelaram insuficientes para meta-anélise.
Resultados Foram incluidos vinte e trés estudos
(n=2751). A meta-analise indicou doentes com DPOC
que apresentaram piores resultados comparativa-
mente aos controlos saudaveis em termos de tempo
no teste up & go (DM=2,77 seg, 95% IC 1,46 seg a
4,089 seq, p=<0,005), manter posicdo numa Unica
perna (DM=-11,75 seg, 95% IC -15,12 seg a -8,38
seg, p=<0,005) e escala de equilibrio de Berg (DM=-
6,66, 95% IC -8,95 a-4,37, p=<0,005). O coeficiente
de correlacdo combinado entre o equilibrio e a forca
reduzida do quadriceps foi fraco-moderado (r=0,37,
95% 1C 0,23 a 0,45, p=<0,005). A relacdo entre as
diferencas percentuais estimadas de FEV, e equilibrio
foi negligenciavel (12 =<0,04).

Conclusao Em comparacdo com os controlos sauda-
veis, as pessoas com DPOC apresentam uma reducao
do equilibrio clinicamente significativa, que pode estar
relacionada com a reducdo da forca muscular, da ati-
vidade fisica e da capacidade de exercicio. Os nossos
resultados confirmam a necessidade de se aumentar o
foco sobre a reabilitacdo pulmonar de modo a incluir
a avaliacdo do equilibrio e o treino e a explorar mais a
deficiéncia de equilibrio na DPOC.ional num desenho
de estudo de nao inferioridade.

Numero de registo PROSPERO CRD4201769041.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is associated with breathlessness resulting in
reduced exercise tolerance and poor health-rela-
ted quality of life.! However, people with COPD
are also four times more likely to fall than heal-

Mensagens-chave

What is the key question?

» What is the extent of balance impairment
in COPD and what are the mechanisms
underlying it?

What is the bottom line?

»Balance is impaired in people with COPD
and this impairment is moderately asso-
ciated with reduced strength and may be
also be associated with reduced physical
activity and exercise capacity.

Why read on?

» This is the first systematic review with
metaanalyses to synthesise and quantify
balance impairment and clinical associa-
tions in people with COPD highlighting
important directions for future research.

thy peers, leading to increased morbidity, morta-
lity and healthcare costs.>”

Balance impairment is a key risk factor for
falls and people who fall have worse balance.
However, individual studies have shown varying
degrees of balance impairment in COPD.”"!!
Reports also indicate more marked balance
impairment following an acute exacerbation of
COPD (AECOPD).!*2However, studies investi-
gating balance impairment in COPD are often
underpowered and feature small samples sizes,
and vary widely in outcomes used, and associated
factors investigated, making it difficult to draw
firm conclusions. It is unclear why balance is
impaired in COPD; proposed contributing fac-
tors include reductions in proprioceptive con-
trol, trunk and respiratory muscle coordination,
skeletal muscle dysfunction, reduced exercise
capacity and physical activity levels, dyspnoea
and systemic inflammation.® 10>

Despite increasing awareness of balance
impairment, routine assessment is not part of
international guidelines for COPD.! Nevertheless,
the use of balance outcomes was briefly com-
mented on by the American Thoracic Society/
European Respiratory Society ‘Key concepts in
pulmonary rehabilitation’ (PR)'® and treatment
of balance impairment is becoming more fre-
quent within PR with the emergence of effective
balance training."

The objectives of this systematic review are
to; (1) Quantify the extent of balance impairment
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.Figure 1 Example search strategy performed in MEDLINE.

in COPD compared with healthy controls, when data are syn-
thesised across studies, and (2) Explore which clinical factors
contribute to balance impairment in COPD. Results will inform
development of targeted assessment and treatment strategies to
improve balance and reduce fall risk in COPD.>**

MATERIALS AND METHODS

The review was registered on PROSPERO in June 2017 and
reported according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.”!

Search strategy

Figure 1 shows the search strategy. Searches of MEDLINE,
CINAHL, AMED, Scopus and EThOS were undertaken by KL,
after health librarian consultation, in July 2017 and updated in
March 2019. The review initially included both balance and gait
as falls occur during static and dynamic activities. However, due
to the large volume of articles found, this review focus is balance
only. The results of studies reporting gait outcomes were exclu-
ded and will be presented in a separate systematic review on
gait impairment. This systematic review will provide an update,
and meta-analysis in addition to that presented in a previous
systematic review on gait analysis in COPD.*

Selection of articles, data extraction, risk of bias and qua-
lity assessment

Inclusion criteria was informed by PICO; population - adults
with a primary diagnosis of COPD by GOLD criteria,1 compari-
son — healthy controls, outcomes - static (eg, posturography) or
dynamic balance measures (eg, berg balance scale (BBS), single
leg stance (SLS) and timed up and go (TUG)), that is, functional
balance measures in a single activity or a standardised scoring
system. Grey literature, case study reports, commentary, confe-
rence abstracts, reviews and study protocols were included and
reference lists were handsearched. Measures where balance is
one aspect of a global functioning instrument, and non-English
language articles were excluded. Falls outcomes were also exclu-
ded as they detect the risk or quantity of falls and do not indi-
cate the extent or nature of balance problems that may result in
a fall. All screening and full text reviews were undertaken by
two pairs (KL, SLH and MKB, SR). Data were extracted by KL
and verified by SLH using a standardised template. Any dis-
crepancies were resolved by consensus. A quality assessment
including questions on risk of bias, was undertaken (by KL,
SLH) using the Downs and Black tool.? As studies were not
testing interventions no intervention questions were included,
thus the maximum score was 18. An analysis of small study
effects (publication bias) was performed on studies included in
the meta-analyses.

Data analysis

Outcomes reported in five or more studies* were included
in meta-analyses and meta-regressions using Comprehensive
MetaAnalysis Software (CMA V3). Reported conversion equa-
tions**?° were used to calculate means (SD) from medians (IRQ)

Doenca pulmonar obstrutiva crénica

in three studies, assuming that departures from Gaussian dis-
tributions were not severe. When data were reported solely for
subgroups, pooled study effect sizes and SDs were estimated
using reported equations.” Authors were contacted when data
were unusually different from other studies data and when there
were extreme outliers or concerns of data reporting errors. One
author reported that data were not available, and no response
was received from other contacted authors, thus sensitivity
analyses were undertaken with and without these studies data.
Mean differences (MD) were compared with previously pub-
lished minimal clinically important difference (MCID) values
for COPD.2

Random effects meta-analyses were undertaken using
differences in sample means as outcomes. Second, a meta-re-
gression was performed on all studies that were in the meta-a-
nalyses to quantify the extent that study mean disease severity
(using the mean difference in percentage predicted forced
expiratory volume in 1 s (FEV ) between COPD and healthy
controls in each study) was associated with study mean balance
impairment. Finally, a meta-analysis of reported Pearson’s cor-
relation coefficients reported in each study for the association
between balance impairment and strength in each study sam-
ple was performed. Low study numbers prevented the analysis
of other factors. Ninety-five per cent ClIs and prediction inter-
vals were reported,’ and heterogeneity was quantified using
the I* and Tau statistics.”*** Posturography studies, featuring
heterogeneity in measurement units and test conditions, ren-
dered meta-analysis inappropriate. The remainder of clinical
balance outcomes are reported as narrative summaries along
with AECOPD results. The presence of small study effects
were explored for using a Funnel plot and Egger’s regression
analysis.

RESULTS

Electronic literature search results

Of 11506 search results, 3904 titles were screened, 75 full texts
were assessed for eligibility (including one identified by hand-
searching reference lists and two identified during the updated
searches) and 23 studies were included (see figure 2).

Description of studies, risk of bias and quality assessment
Study characteristics are reported in online supplementary
table 1. Seventeen studies featured clinical balance outcome
measures; BBS, (n=8), BESTest (n=1), Mini BESTest (n=1),
Tinetti (n=2), TUG, (n=9), SLS (n=6), Functional Reach Test
(n=2) and Community Balance and Mobility Scale (CBMS)
(n=1), six of these studies used more than one clinical
balance outcome. Posturography featured in 13 studies, 7 of
those combining posturography with clinical balance out-
come measure.

Quality scores ranged from 10 to 14 (see online supplemen-
tary table 2). Frequent issues included low external validity and
confounding internal validity, due to poor reporting of sample
selection and characteristics, and lack of a power calculation.
Due to the narrow range of quality scores adjustment for study
quality was not made. Seven studies featured adjustments for
confounders (see table 1 for details). The results for small study
effects (an indicator of publication bias) were; TUG=Egger’s
regression intercept 2.65 (95% CI -7.35 to 12.66), p=0.28;
SLS=Egger’s regression intercept —1.11, (95% CI —4.26 to 2.02),
p=0.19; BBS=Eggers regression intercept —3.50, (95% CI —9.62
to 2.62), p=0.10 (see figure 3).

Balance impairment in stable COPD

A meta-analysis comparing balance in COPD versus healthy
controls was performed for the TUG (n=9), SLS (n=6) and BBS
(n=8) (including stable and control groups from studies inves-
tigating AECOPD, stable COPD and healthy controls). People
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Figure 2 Preferred Reporting Items for Systematic Reviews and MetaAnalyses
diagram.

with COPD had poorer performance on the TUG, (MD=2.77s,
95%CI 1.46s to 4.089 s, Tau=1.93, Q value =181.87, 12 = 95.60,
p<0.005, n=582) (figure 4), SLS, (MD=-11.75s, 95%CI —15.12s
to —8.38 s, Tau=3.22, Q value=17.00, I’= 70.59, p=<0.005,
n=288) (figure 5) and BBS, (MD=-6.66, 95%CI —8.95 to —4.37,
Tau 3.03, Q value= 64.62, I*=89.17, p=<0.005, n=512) (figure
6). MCIDs in COPD for the TUG, SLS and BBS are 2.68s,
—-4.03s and —3.5, respectively,?®° and all were exceeded. Table
1 summarises the sensitivity analyses which had little effect on
outcomes. The 95% prediction intervals for the TUG, SLS and
BBS MDs were —1.92 to 7.46, —21.13 to —2.37 and —14.31 to
0.98, respectively.

Balance deficits were reported to be greater in COPD in
seven out of eight studies using clinical balance measures not
included in the meta-analyses. The seven studies (n=1899)
used; BESTest (MD 21.3,95%CI 17.1 to 25.4, p=<0.001)," Mini
BESTest (p=<0.005) and TUG with dual task (p=0.0005),*
CBMS Scale (p=0.001),” Tinetti test (p=<0.001and p=<0.05)***"

and Functional Reach Test (p=<0.001, and 3.0cm, p<0.0001,
95%CI —4.2 to —1.8)."*¥ One study using the standing balance
test (n=35 participants) reported no difference (p value una-
vailable).’

People with COPD performed worse on posturography
in 8 out of 11 studies. Three studies reported slower postural
responses in COPD; responses to perturbations were slower
(MD 49ms, 95%CI 6 to 91, p=0.027)," return to baseline of
COPD after arm movements were slower (p=0.023)"” and
standing phase of sit-to-stand-to-sit (STSTS) (p=0.028)
and stand-to-sit phase of STSTS was slower (p=0.001)."?
One study demonstrated a reliance on ankle over back
proprioceptive strategy (p=0.047).® Four studies reported
worse postural control in COPD; SLS on a balance plat-
form (p=0.01),% quiet standing with and without vision
(p=0.005and p=0.005),* static balance standing on foam
(p=<0.05)" and static balance over various conditions
before (p=<0.042) and after (p=0.040) upper limb exercise*
(n=432 across all eight studies). Three studies reported no
difference between COPD and control groups (p values
unavailable)®” 442 (n=223).

The Sensory Organisation Test (SOT) for balance using
posturography showed greater overall balance impairment in
COPD in one study (p=0.016)*’ and on only one test condition
(eyes open moving platform) in another (p=<0.05 and unavai-
lable)* (n=91). However, no one sensory system was able to
explain variability in balance control.**

Balance impairment in AECOPD

Three studies compared BBS, TUG, SLS and posturography in
three groups; people with COPD who were experiencing an
AECOPD, people with stable COPD and in healthy controls.
All three studies reported worse balance impairment during
AECOPD compared with healthy controls (n=175) when
using both dynamic (p=<0.001)""? and static balance measu-
res (p=<0.05).15 Balance was reported to be further impaired
during AECOPD when compared with stable COPD, in two of
the three studies, using dynamic balance measures (p=<0.001
in both'®"?) (n=124). The third study reported no difference in
balance impairment between stable COPD and AECOPD mea-
sured with BBS (p value unavailable). Postural sway, measured by

Table 1 Summary of sensitivity analysis results

Outcome Study removed Reason for removal

TUG None N/A 2.773

TUG Butcher et al 2004* SE converted to SD 2.985

TUG CriSan et al 2015, Voica et al 201663 IQR and medians converted  1.742
and Tudorache et al 2015112 to mean and SD

SLS None N/A -11.754

SLS Butcher et al 2004* SE converted to SD —12.809

SLS CriSan et al 2015, Voica et al 2016 IQR and medians converted —9.236
and Tudorache et al 2015 %

BBS None N/A —6.659

BBS Crisan et al 2015, Voica et a/ 2016 QR and medians converted —7.110
and Tudorache et al 2015112

BBS Porto et al 20174 SE converted to SD -7.110

BBS Ozalevli et al 2011 Outlier -5.101

BBS, berg balance scale; SLS, single leg stance; TUG, timed up and go.

Difference in means SE

Cl lower limit Cl upper limit P value Heterogeneity
0.671 1.457 4.089 <0.005 12=95.601, Tau=1.929, Q
value=181.868, p=<0.005
0.743 1.529 4.441 <0.005 12=95.972, Tau=2.001, Q
value=173.763, p=<0.005
0.517 0.729 2.755 0.001 17=90.748, Tau=1.185, Q
value=54.045, p=<0.005
1.720 —15.124 —-8.384 <0.005 1=70.583, Tau=3.222, Q
value=16.997, p=0.005
1.793 -16.324 —9.295 <0.005 12=71.539, Tau=3.117,Q
value=14.054, p=0.007
2.747 -14.620 —3.853 0.001 12=42.297,Tau=3.157,Q
value=3.466, p=0.177
1.168 —-8.947 —4.371 <0.005 12=89.168, Tau=3.028, Q
value=64.622, p=<0.005
1.617 -10.279 -3.941 <0.005 1?=92.110, Tau=3.397, Q
value=50.697, p=<0.005
1.332 -9.720 —4.499 <0.005 12=90.453, Tau=3.254, Q
value=62.847, p=<0.005
0.703 —6.479 -3.724 <0.005 1=68.575, Tau=1.477,Q

value=19.093, p=0.004
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Figure 3 Funnel plot of assessments of small study effects (publication bias) for (A) TUG, (B) SLS, and (C) BBS. BBS, berg balance scale; SLS, single leg stance; TUG, timed up and go.
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posturography in this study,”” was impaired in all four standing
conditions examined (normal standing, eyes closed, feet together
and foam base) in AECOPD and only in foam base standing in
stable COPD, additionally 30% (n=38) of the AECOPD group
and 7% (n=2) of the stable COPD group were unable to perform
the foam standing condition or refused to attempt it due to poor
balance confidence (p value unavailable between AECOPD and
stable COPD results were not reported, n=51)."

Factors associated with balance impairment

Meta-analysis was performed on reported correlations of
balance measures (TUG, BBS, SLS, and BESTest) with qua-
driceps strength (peak torque Nm/kg, kg of force, Newton
metres, and 0 to 5 manual scale testing). A weak-to-mo-
derate pooled association was detected between increa-
sed balance impairment and reduced quadriceps strength
(r=0.37, 95%CI 0.23 to 0.50, Tau= 0.00, Q value 3.98,
[’=0.00, p=<0.005, n=271) (figure 7). One study investi-
gating balance during AECOPD found reduced BBS scores
(r=0.51, p=0.01)"" and worse sway on an unstable surface
were associated with reduced quadriceps strength (r=0.53
and 0.53, p=<0.05, n=51)."

Two out of three studies investigating balance impairment
and reduced physical activity (PA) levels reported an indepen-
dent association with SLS and daily steps (r=0.821, p=0.001)
and moderate-to-vigorous PA (r=0.645, p=0.014).° Physical
Activity Scale for Elderly (PASE) scores were positively asso-
ciated with BBS scores (r=0.41, p=0.007) and BESTest scores
(r=0.40, p=0.008)"! (n=86). A third study reported no associa-
tion with postural control deficits on SOTs in COPD (n=40)
and PA, but there was no significant difference in PASE scores
(p>0.05) between COPD and control groups (r and p values
unavailable).® Three studies investigated balance impairment
and exercise capacity and all reported that shorter 6MWDs
were correlated with poorer performance on clinical balance
outcomes; BBS (r=0.61, p=<0.01),'* TUG (r=0.43, p=0.002)**
and SLS (r=0.504, p=0.017)9 (n=163). Two studies reported
worse balance outcomes with fatigue; after upper limb exer-
cise,* and with leg fatigue severity (r=0.38, p=<0.05)"® (n=88
participants).

A meta-regression identified no clear association between
mean disease severity and clinical balance outcomes (TUG
intercept —1.23, p=0.70,95% CI -7.68 to 5.22, 12=95.20%,
n=>582, SLS intercept —14.99, p=0.17, 95%CI —36.29 to 6.30,
12=74.53%, n=288, BBS intercept —4.68, p=0.48,95% CI —17.76
to0 8.39,12=90.46%, n=512). FEV, and other measures of disease
severity were associated with balance impairments in five stu-
dies (n=429) which used; FEV, with posturography (p=<0.005,
r=0.416 and 0.479) and CBMS (p=0.586);>* CAT score and
BBS (p=0.03, y=0.24x+42.3);' severity of COPD with slower
postural responses in an anteroposterior direction (p=0.031);"”
BODE Index with Tinetti (p<0.05, r=—0.78);*” lower oxygen
saturation after 6SMWD (r=0.30, p=<0.05) and partial arterial
oxygen pressure before exercise with BBS (r=0.28)' (n=238).
However, four studies reported no associations between balance
and disease severity (FEV ) or hypoxia; with Mini BESTest
(p>0.41);** GOLD stages or BODE index* with people unable
to complete a SLS with or without supplementary oxygen (p
value unavailable);*® number of anteroposterior and mediola-
teral postural adjustments, and postural responses by disease
severity (p>0.28)17 (n=221).

Results of further clinical associations are limited by small
study numbers and are presented in an e-supplement (online
supplementary file 3), these are; inspiratory muscle strength,
dyspnoea, anxiety, depression, inflammation, COPD pheno-
type, body mass index, vitamin D, sex and gait quality.
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Figure 4 Meta-analysis of timed up and go scores in people with COPD versus healthy controls.

DISCUSSION

Pooled analyses of the most frequently used clinical balance
measures (TUG, SLS and BBS) showed both statistical and
clinically important balance deficits in COPD compared with
healthy controls.**** Posturography measures were common but
measurement and design varied widely limiting between-study
comparisons. Fewer studies have examined balance impairment
during AECOPD and no firm conclusions can be made. Balance
impairment was associated with reduced strength, but not dise-
ase severity.

This review reports a high magnitude of balance impair-
ment in people with COPD using robust and commonly used
balance outcomes. There are however, known ceiling effects of
the BBS and SLS* ** potentially underestimating the extent of
balance impairment. Balance impairment is one of the strongest
independent risk factors for falls which are a predictor of mor-
tality in COPD,* however balance exercises are not routinely
provided as part of PR. Balance training incorporated into PR
is feasible and effective,' *~* not only for improving balance
but also general physical function, although there remain few
studies in this area. Our findings support a need for expanding
the focus of rehabilitation to include balance and further explo-
ration of balance and falls in COPD.

Although less conclusive, posturography studies also
indicated balance impairment in COPD. Posturography is
less functional than clinical balance measures and does not
typically identify dynamic balance impairment, potentially
explaining inconclusive results. However, posturography
studies using SOTs were able to rule out sensory issues as a
mechanism for balance impairment. Additionally, posturo-
graphy studies looking at specific mechanisms like reaction

times and joint motions at ankles and hips/ back were more
likely to highlight problems with neuromuscular control of
balance.!' ' This finding is consistent with literature indica-
ting that ankle over back strategy, which becomes less effi-
cient in older age as nerve conduction slows,* may be relied
on by people with COPD due to musculoskeletal changes
around the trunk.'73! 3

Reduced strength is a common systemic effect of COPD*
which may partly explain why balance is impaired. The majority
of studies have investigated quadriceps strength despite other
muscle groups having a role in balance, for example, trunk, hip
and ankle muscles.®'” There may be an association between
balance and reduced PA and exercise capacity which could
impair balance by contributing to disuse of balance systems,
including postural control muscles. Conversely, balance impair-
ments may impact on PA and exercise capacity by reducing
functional ability or increasing fear of falling.* Considering
the negative findings of disease severity, we suggest balance
impairment is multifactorial, relating to secondary impairments
of disease interplaying with the effects of normal ageing on
balance such as neuropsychological changes,” and increasing
chronic pain.***” Mechanisms underlying the deficits observed
in COPD require further investigation including research into
other contributing factors given the underwhelming strength
of these associations.

Evidence for further balance impairment during AECOPD
is scarce but supported by two of the three AECOPD studies
included. An AECOPD may impair balance further as strength
and PA are reduced post-AECOPD.*® More studies are needed
to fully elucidate the impact of AECOPD on balance including
the feasibility, safety and role of early assessment and inter-

Study name Statistics for each study
Difference Standard Lower Upper
in means error limit  limit p-Value
Butcher et al., 2004 -4.000 3681 11233 3213 0.278
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Figure 5 Meta-analysis of single leg stance times in people with COPD versus healthy controls.
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Study name Statistics for each study Difference in means and 95% CI
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Figure 6 Meta-analysis of berg balance scale scores in people with COPD vers

vention of balance to ensure patients are not hindered by poor
balance and falls when aiming to return to their pre-exacerba-
tion strength and PA levels.

This review featured a wide-reaching search strategy and
four reviewers; thus, missed studies are unlikely, and a strong
inclusion consensus was reached. While meta-analysis reve-
aled a large effect there was heterogeneity between studies
as demonstrated by Tau and Prediction Intervals thus results
should be interpreted with this in mind. COPD is a disease
that features different phenotypes, subgroups and clusters of
clinical characteristics, that vary in physiological, psycholo-
gical and socioeconomical factors.”® %' None of the studies
included any measurement of, or adjustment for phenotypic
differences. It is plausible that balance impairment affects
different phenotypes to differing degrees. Additionally, other
population variances were poorly reported and the majority of
studies did not adjust for common confounders; with quality
issues common again caution is advised regarding the results.
However, a number of sensitivity analyses were performed
which did not vary effect sizes or heterogeneity significan-
tly. Meta-analysis of means, including regression analysis,
was performed at study level which is a less robust approach.

us healthy controls.

However, meta-analysis on correlations included individual
level data, considered a ‘deft’ approach® and the use of five
studies minimum for meta-analysis enhanced the robustness.
A limited number of studies reporting data on sex and a nar-
row age range across studies prevented adjustments for both
and the MCIDs used were developed based on within-subject
change as none are available for between subject differences.
The meta regressions were performed on a relatively low num-
ber of studies (n=9, n=6 and n=8 respectively) which were
below the 10-study minimum recommended by the Cochrane
Handbook for Systematic Reviews, therefore further investi-
gation of the effect of disease severity is required, especially
because we could not detect any clear meta-regression asso-
ciations so these particular analyses may have been influen-
ced by low statistical power. Meta-analysis was impossible for
posturography. Strength measurements included less accurate
measurements such as manual muscle strength testing, which
was one of the weakest correlations perhaps underestimating
the strength and balance association.

Researchers should improve quality by performing power
calculations and reporting details of populations, participant
selection and confounder adjustments. Agreement on out-

Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation  limit limit p-Value
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Ilwakura et al., 2016 0509 0111 0.766 0.014 ——
Oliveira et al_, 2017 0590 0263 079 0.001 =il

0370 0226 0498 0.000 S .

-1.00 -050 0.00 050 1.00

Bl and RS not correlated Bl and RS correl ated

Figure 7 Meta-analysis of reduced quadriceps strength and balance impairment correlations in people with COPD. Bl= Balance Impairment;

Rl = Reduced Strength.
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comes is needed across studies to improve comparability.
Studies should investigate links between balance and stren-
gth, PA, exercise capacity and other possible modifiable
mechanistic factors, and, given that they are reduced after
AECOPD, work is required to see if balance is worse after
hospital discharge.

CONCLUSIONS

People with COPD have extensive balance impairment which
may be associated with reduced muscle strength, PA and exer-
cise capacity. Balance may be worse during AECOPD, but
evidence is scarce. More work is required to understand the
mechanisms underlying balance deficits in COPD, including
the investigation of novel clinical factors. Balance assessment
and available interventions' * should be incorporated into
international guidelines for COPD care.'
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A espirometria realizada como parte do programa comuni-
tario de rastreio do cancro do pulmao em Manchester deteta
uma elevada prevaléncia de obstrucao do fluxo aéreo em
individuos sem diagndstico anterior de DPOC
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RESUMO

Contexto A DPOC é uma das principais causas de
morbilidade e mortalidade nas populages elegiveis
para o rastreio de cancro do pulmao. Investigamos o
papel da espirometria num programa comunitario de
rastreio de cancro do pulmao.

Métodos Fumadores, de 55-74 anos, residentes em
trés areas desfavorecidas de Manchester foram convi-
dados para um “exame de satde pulmonar” que se
realizou em locais convenientes para a comunidade.
A espirometria foi incorporada no exame, junta-
mente com a estimativa do risco de cancro do pul-
mao (Prostate, lung, colorectal e Ovarian study risk
Prediction Model, 2012 version (PLCO,, ,,)), a ava-
liacdo dos sintomas e os conselhos para a cessacao
do tabagismo. Os participantes com elevado risco de
cancro do pulméo (PLCO, ., >1.51%) foram elegi-
veis para o rastreio anual de CT de dose reduzida em
duas rondas de rastreio. A obstrucdo do fluxo aéreo foi
definida como FEV /FVC<0.7. As bases de dados de
cuidados primérios foram pesquisadas para qualquer
diagnostico prévio de DPOC.

Resultados 99,4% (n=2525) dos participantes
do exame pulmonar realizaram espirometria com
sucesso. A idade média foi de 64,1+5,5, 51% eram
mulheres, 35% eram fumadores habituais. 37,4%
(n=944) apresentaram obstrucdo do fluxo aéreo, dos
quais 49,7% (n=469) ndo apresentaram diagnostico
prévio de DPOC. 53,3% das pessoas sem diagnostico
prévio eram sintomaticas (n=250/469). Apés analise
multivariada, a detecdo de obstrucdo do fluxo aéreo
sem diagndstico prévio de DPOC foi associada ao
sexo masculino (adJOR 1,84, 95% IC 1. 37 a 2,47;
p<0,0001), idade mais jovem (p=0,015), menor
duragdo do tabagismo (p<0,0001), menor ndmero de
cigarros por dia (p=0,035), maior relacdo FEV./FVC
(<0,0001) e ser assintomatico (_,OR 4,19, 95% Ci
2,95 a 5,95; p<0,0001). A probai)lhdade de cancro
do pulmao detetado no rastreio foi significativamente
superior nas pessoas com evidéncias de obstrucdo do
fluxo aéreo com diagnostico prévio de DPOC (,,OR
2,80, 95% IC 1,60 a 8,42; p=0,002).

Conclusoes A incorporacdo da espirometria num pro-
grama comunitario de rastreio de cancro do pulmao é
vidvel e identifica um niimero significativo de indivi-
duos com obstrucdo do fluxo aéreo sem diagnostico
prévio de DPOC.

INTRODUCTION
Chronic Obstructive Pulmonary Disease
(COPD) is a significant global health problem

Mensagens-chave

What is the key question?

» Is it feasible to incorporate spirometry
into a community-based lung cancer scre-
ening programme in order to detect pre-
viously undiagnosed airflow obstruction?

What is the bottom line?

»Incorporating spirometry into a commu-
nitybased cancer screening programme,
targeting high-risk populations, is fea-
sible and identifies a significant number
of individuals with airflow obstruction
without a prior diagnosis of COPD.

Why read on?

» Our study demonstrates how a ‘Lung
Health Check’ approach to lung cancer
screening, which includes spirometric
assessment for undiagnosed COPD, can
successfully reach individuals of low
socioeconomic status from deprived areas
and therefore provide an opportunity to
address other smoking-related causes
of morbidity and mortality in high-risk
populations.

and a leading cause of morbidity and mortality
with a considerable economic burden.!* The
World Health Organization (WHO) has pro-
jected that deaths attributable to COPD will
increase by up to 30% over the next 10 years and
become the third leading cause of death across
the globe.’ Tackling the prevalence of smoking,
which is the most important risk factor for deve-
loping COPD, is a key goal.’* Individuals diagno-
sed with COPD often suffer from breathlessness,
chronic cough and sputum production; however,
during the early stages of the disease, it is often
asymptomatic. COPD is therefore commonly
underdiagnosed and also often misdiagnosed in
primary care settings with reported prevalence
rates ranging from 3.6% to 19%.>¢

Individuals with undiagnosed COPD are at
increased risk of exacerbations and pneumonia;
those with symptoms are also at increased risk
of death.” Understanding factors associated with
delayed or missed diagnosis is therefore impor-
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tant.® The burden on the healthcare system for the management
of exacerbations is equivalent for individuals with airflow obs-
truction irrespective of previous COPD diagnosis.” Diagnosis
of COPD at an earlier stage may improve outcomes and quality
of life*although screening for asymptomatic COPD is not cur-
rently recommended.”” Characteristics reported to be associa-
ted with missed COPD diagnosis include: younger age, male
gender, lower symptom burden, current smoking, lower edu-
cation and having better lung function.’” For individuals with
the relevant exposures and symptoms, spirometry is required to
make the diagnosis. The key spirometric finding is airflow obs-
truction; this is defined as a postbronchodilator ratio of FEV,
to FVC of <0.7.%

Lung cancer is the world’s leading cause of cancer death
and most patients are diagnosed at an advanced incurable stage
primarily due to late presentation.'" Low-dose CT (LDCT)
screening of high-risk smokers reduces lung cancer-specific
mortality and a recently published position statement from
European investigators recommended implementation of scree-
ning across Europe.'? The link between COPD and lung cancer
is well established' and the prevalence of COPD within lung
cancer screening programmes well described.'*"'” However,
spirometry is not routinely incorporated into screening pro-
grammes. Including assessments for other smoking-related
comorbidities such as COPD in screening programmes has
the potential to improve cost effectiveness.'® Successful imple-
mentation of lung cancer screening will require services to be
accessible to those at greatest risk, such as smokers with low
socioeconomic status (SES)."” Low SES is associated with higher
levels of smoking, COPD and lung cancer but also reduced par-
ticipation in screening trials.?*?! We developed a ‘Lung Health
Check’ programme which took place in deprived community
locations across Manchester to try to address this participa-
tion bias and overcome practical barriers such as cost, distance
and travel.”? The aim of this study was to determine whether
incorporating spirometry into a community-based lung cancer
screening programme was effective in identifying individuals
with previously undetected airflow obstruction, and therefore
possible COPD. We also wanted to explore the characteristics
of individuals with airflow obstruction to see if there are impor-
tant differences between those that do and those that do not
have a prior diagnosis of COPD. We hypothesise that incorpora-
ting spirometry into a lung cancer screening programme would
be feasible and would identify a significant number of attendees
with previously undetected airflow obstruction.

METHODS

Manchester Lung health Checks

A detailed description of the Manchester Lung Health Check
pilot has previously been published.” *In brief, ever smokers
aged 55-74 registered with participating general practitioner
(GP) practices were invited to attend an LHC in convenient
community locations, across three sites, in deprived areas of
Manchester. As part of the LHC, participants underwent an
assessment of respiratory symptoms, spirometry and a calcu-
lation of their 6-year lung cancer risk score using the Prostate,
Lung, Colorectal and Ovarian Study Risk Prediction Model,
2012 version (PLCO_, ).”* This model takes several para-
meters into account including age, gender, ethnicity, smoking
exposure, education, body mass index, previous medical and
family history. Those at a higher risk of lung cancer, defined
asa PLCO_, . score of 21.51%,” were invited to participate in
annual LDCT screening over two screening rounds. Postcodes
were recorded to determine Index of Multiple Deprivation 2015
(IMD) rank for England. This is a measure of relative depri-
vation in small areas (neighbourhoods) of England; areas are
ranked from 1 (most deprived) to 32844 (least deprived).”
Healthcare records were searched for a diagnosis of lung can-

cer using International Classification of Diseases (ICD) codes
in all those lost to follow-up in the second round of screening.

Spirometry

Spirometry was performed in accordance with Association for
Respiratory Technology & Physiology (ARTP) guidelines® at
the time of the LHC using a desktop spirometer (Vitalograph
ALPHA). All nurses performing spirometry had undergone for-
mal ARTP training. All measures were prebronchodilator and
included FEV , FVC and their respective Global Lung Function
Initiative reference values. Each participant was given at least
three attempts at performing spirometry and the highest value
recorded. Airflow obstruction was defined as an FEV /FVC
ratio <0.7.*

Symptom questionnaire

Participants were asked about respiratory symptoms at the
time of the LHC including: breathlessness (using the Medical
Research Council (MRC) dyspnoea scale), cough (including
duration), sputum production, wheeze, haemoptysis, chest
pain and antibiotic or steroid use for exacerbations (=2 episo-
des per year). In accordance with Global Initiative for Chronic
Obstructive Lung Disease recommendations, participants were
categorised as ‘symptomatic’ if they reported any one or more of
the following symptoms: breathlessness (MRC dyspnoea scale
>2), chronic cough (26 weeks) or regular sputum production
(>teaspoon/day).*

Definition of COPD

For the purpose of these analysis, individuals were categorised
as potentially having COPD if they had airflow obstruction,
independent of presence and pattern of symptoms. Participants
were asked if they had ever been diagnosed with COPD or
emphysema and primary care records were searched for a prior
diagnosis of COPD, emphysema or chronic bronchitis using
ICD codes in all those with airflow obstruction; those without
a prior diagnosis were categorised as ‘undiagnosed.

LDCT and radiological reporting

AlNlILDCT scans (Optima 660, GE Healthcare) were reported by
National Health Service Consultant Radiologists with a specific
interest in thoracic radiology. As part of the reporting template,
other respiratory radiological findings were recorded including
the presence or absence of emphysema. Such findings were
reported at the discretion of the reporting radiologist without
predefined definitions. The severity or form of emphysema was
not recorded.

Statistical analysis

All statistical analysis was conducted using SPSS V.22. Groups
were compared using independent t-test (parametric) or
MannWhitney U test (non-parametric) for continuous data
and x* and Fisher’s exact tests for categorical data. We tested
whether the presence of airflow obstruction was independently
predictive of lung cancer after 2 years of follow-up by under-
taking a logistic regression analysis including PLCO, , . score
(as this model includes a number of variables associated with
lung cancer risk).

In further analyses limited to those with airflow obstruc-
tion, we performed univariate binary logistic regression to
determine whether standard clinical variables differed between
individuals with airflow obstruction who did or did not have a
prior COPD diagnosis. Variables with a significant association
(p<0.05) were then entered into a multivariate model. We also
tested whether a GP diagnosis of COPD was independently
predictive of lung cancer by undertaking a logistic regression
analysis including PLCO,  score. Statistical significance was
defined as p<0.05.
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Table 1 Baseline characteristics of all participants stratified according to previous COPD diagnosis in those with obstructive spirometry

Airflow obstruction

(n=944)
No airflow Undiagnosed Diagnosed

Variable obstruction Airflow obstruction P value COPD CoPD P value
Number of participants (%) 1581 (62.6) 944 (37.4) - 469 (49.7) 475 (50.3)
Smoking status

Current (%) 422 (27) 462 (49) <0.001 213 (45) 249 (52) 0.031

Former (%) 1159 ((73) 482 (51) <0.001 256 (56) 226 (48)
Smoke duration (years) 31+15 40+13 0.39 37+13 43+12 <0.001
Sex male (%) 796 (50) 492 (52) <0.001 242 (52) 210 (44) 0.023
Mean age (years) +SD 63.6+5.5 65.0+5.4 0.004 64.5 (5.4) 65.5(5.4) 0.003
Median IMD rank 2908 2806 <0.001 2848 2693 0.399
Self-report COPD 193 (12) 368 (39) <0.001 0 368 (78) <0.001
Symptomatic (%) 865 (55) 639 (68) <0.001 250 (53) 389 (82) <0.001
Cough (%) 466 (30) 393 (42) <0.001 144 (31) 249 (52) <0.001
Sputum (%) 493 (31) 455 (48) <0.001 162 (35) 293 (62) <0.001
Wheeze (%) 451 (29) 435 (46) <0.001 152 (32) 283 (60) <0.001
Required antibiotics or steroids for their chest 231 (15) 271(29) <0.001 64 (14) 207 (44) <0.001
previous 12 months (%)
MRC dyspnoea score (%)

1 1148 (73) 632 (67) <0.001 365 (78) 267 (56) <0.001

2 305 (19) 186 (20) 83(18) 103 (22)

3 88 (6) 74 (8) 17 (4) 57 (12)

4 40 (3) 50 (5) 4(1) 46 (10)

5 0 2 0 2(0.4)
Education (%)

Below O level 922 (58) 631(67) <0.001 293 (63) 338(71) 0.013

O level 342(22) 169 (18) 94 (20) 75 (16)

A level 66 (4) 38 (4) 19 (4) 10 (4)

Some Uni 150 (10) 63(7) 38(8) 25(5)

Uni degree 58 (4) 33 (4) 16 (3) 17 (4)

Postgrad 43(3) 10 (1) 9(2) 1(0.2)
Spirometry +5D

FEV, (1) 2.6+0.7 1.9+0.7 <0.001 2.1+0.7 1.7+0.6 0.513

% pred FEV, 99+21 76+24 <0.001 83+23 69+24 0.252

FVC (L) 3.3+1.0 3.2+1.0 <0.001 3.4+1.1 2.9+0.9 <0.001

% pred FVC 104+23 101+28 0.003 106+27 95+27 <0.001

FEV./FVC 77+5 60+9 <0.001 63+8 58+9 <0.001
Mean PLCO_,,, score +5D 2.0+2.6 4.8+4.7 <0.001 3.1£3.0 6.4+5.5 <0.001
Had baseline LDCT (%) 678 (43) 696 (74) <0.001 303 (65) 413 (87) <0.001
Emphysema on CT (%) 347 (51) 529 (76) <0.001 195 (65) 334 (84) <0.001
Lung cancer (%)* 21(3.1) 40 (5.7) <0.001 7(1.5) 33(6.9) <0.001

*Calculated as a percentage of those who had a screening low-dose CT (LDCT) scan at baseline.
Alevel, advanced level, typically taken by older school pupils prior to college or university, aged 16—18; IMD, index of multiple deprivation; MRC, Medical Research Council; O level, ordinary level, typically taken by
school pupils aged 1416 prior to the year 1988; PLCO Prostate, Lung, Colorectal and Ovarian Study Risk Prediction Model, 2012 Version.
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RESULTS

Spirometry

Of 2541 individuals who attended an LHC, 99.4% successfully
performed spirometry (n=2525/2541). Of these 37.4% (n=944)
had evidence of airflow obstruction. A comparison of base-
line characteristics between those with and without airflow
obstruction is detailed in table 1. Those with airflow obstruc-
tion had greater tobacco smoke exposure (smoking duration
40+13 vs 31£15 years; p<0.001), were more likely to be cur-
rent smokers (49% vs 27%; p<0.001), were more symptomatic
(68% vs 55%; p<0.001) and had a lower median IMD depriva-
tion rank (2806 vs 2908; p=0.004). Mean predicted FEV was
99%+21% (2.6+0.7 L) in those without and 76%+24% (1.9+0.7
L) in those with airflow obstruction and the corresponding
FEV /FVC ratio was 0.77+0.05and 0.60+0.09, respectively
(p<0.001).

Participants were asked, as part of the LHC, to self-report
whether they had ever been diagnosed with COPD as this is
a variable used in the PLCO,,, ,, model to calculate lung can-
cer risk. Twelve per cent (n=193) of those without airflow
obstruction reported a previous diagnosis of COPD and 61%
(n=576/944) with airflow obstruction reported no prior diagno-

sis of COPD. If we assume a direct relationship between airflow
obstruction and COPD, then up to 30.5% (n=769/2525) of LHC
attendees may have been misclassified. This varied from 22.7%
in those not eligible for screening (n=251/1108) to 36.6% in
those who were eligible (n=518/1417).

Previous diagnosis of COPD

A primary care medical case record review was undertaken
in all those with airflow obstruction (n=944) to look for
evidence of a prior diagnosis of COPD. In just over half of
individuals, a diagnosis of COPD was documented (50.3%;
n=475; figure 1). All individuals with obstructive spirome-
try were divided into two groups, those with a documen-
ted history of COPD and those without in order to identify
characteristics associated with a missed COPD diagnosis.
The presence of airflow obstruction without a prior COPD
diagnosis was associated, after multivariate analysis, with
younger age (p=0.015), male sex ( OR 1.84, 95%CI 1.37 to
2.47; p<0.0001), lower smoking duration (p<0.0001), mean
cigarettes per day (p=0.035), being asymptomatic (,,OR 4.19,
95%CI 2.95 to 5.95; p<0.0001) and higher FEVI/FJVC ratio
(p<0.0001; table 2).
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Lung Health Checks:
2,541
Unable‘declined to do
7| spirometry 16 (0.6%)
Performed Spirometry
3,525 (99.4%)
FEVIFVC 2 0,70
" 1,581 (62.6%)
b
FEVLFYC < 0,70
a4 (37.4%%)
.V \H.\'HL
T
Previously dingnosed COPD Previously undingnosed COFD
475 (18.89) 465 [18.696)
Symptomatic Asymptomatic Symplomatic Asymptomatic
IB9 (15.4%) 86 (3.4%) 250 (9.9%) 219 (B.7%)

Figure 1 Consolidated Standards of Reporting Trials diagram showing
flow of participants through study.

CT finding of emphysema

1374(54.4%) of those who performed spirometry were eli-
gible for and underwent LDCT screening. The prevalence of
radiological emphysema was high, with emphysema detec-
ted in 63.4% (n=876) of individuals; this increased to 76.0%
(n=529/696) in those with airflow obstruction compared with
51.2% (n=347/678) in those without (p<0.001). The detection
of emphysema was higher in those with airflow obstruction and
a previous diagnosis of COPD compared with those with air-
flow obstruction and no previous diagnosis of COPD (83.9%
Vs 65.4%; p<0.001).

Screen detected lung cancers
In those with evidence of airflow obstruction, participants pre-
viously diagnosed with COPD had a higher mean lung can-
cer risk score than those without (mean PLCOm2012 score
6.4+5.5% vs 3.0£3.1%; p<0.001; table 1). A total of 61 lung
cancers were detected in the screened population. Within the
2years of follow-up, 12 participants had died and 61 (4.9%) did
not attend their second round scan, none of whom had a diag-
nosis of lung cancer on ICD code searches. Lung cancer detec-
tion was significantly higher in those with airflow obstruction
(5.7% vs 3.1%; p<0.001; table 1). However, airflow obstruction
was not independently predictive of lung cancer, when adjusted
for PLCO,,,,, lung cancer risk score (p=0.29).

Among participants with airflow obstruction, lung cancer
detection was also significantly higher in those with a COPD

diagnosis compared with those with previously unrecognised
airflow obstruction (6.9% vs 1.5%; p<0.001; table 1). The risk
of lung cancer was significantly higher in those with diagnosed
COPD (OR 3.76, 95%CI 1.64 to 8.62; p=0.002) and this remai-
ned significant after adjustment for PLCO,, , risk score (,,OR
2.80, 95%CI 1.60 to 8.42; p=0.002).

M2012

DISCUSSION

In this study, we investigated the role of spirometry in a commu-
nity-based lung cancer screening programme. Airflow obstruc-
tion, a key requirement for the diagnosis of COPD, was found
in more than a third of participants (37.4%). Half of these indi-
viduals had no previous diagnosis of COPD, equivalent to one
in five (18.6%) of all LHC attendees. Although those without
a prior diagnosis of COPD were less symptomatic than those
known to have COPD, the prevalence of symptoms was still
high, present in more than half (53.3%). As a consequence, 1
in 10 (9.9%) screening attendees were symptomatic with pre-
viously unrecognised airflow obstruction, raising the possibility
of COPD. A further 8.7% were asymptomatic but had airflow
obstruction. Both groups have increased morbidity and, in the
case of symptomatic undiagnosed COPD, increased mortality.”
In those with evidence of obstructive spirometry, individuals
were less likely to be diagnosed with COPD if they were male,
younger, had less tobacco smoke exposure, were asymptomatic
and had better lung function.

Our study demonstrates a high prevalence of undetected
airflow obstruction among lung cancer screening participants.
This is in keeping with previous studies'*"'%; however, popula-
tions recruited to large research trials are generally more educa-
ted and of higher SES than would be expected in those at high
risk of lung cancer more broadly.?*?* Attendees of Manchester’s
LHCs were from highly deprived areas and may therefore repre-
sent a more ‘real-world’ population not previously captured. We
believe that this makes our results highly pertinent to screening
implementation. The findings emphasise that COPD and lung
cancer coexist and that future lung cancer risk prediction would
benefit from more precise COPD diagnosis in primary care.
Our study also adds to the pre-existing literature which has exa-
mined factors associated with undiagnosed COPD. Consistent
with previous large studies, we demonstrate being male, less
symptomatic and with better lung function to be associated with
having undiagnosed COPD.”® However, in contrast to Colak
et al” and Martinez et al, we report being a former smoker to
be associated with undiagnosed COPD as well. Case finding
programmes targeting current and ex-smokers have had only
limited impact®**and therefore incorporating COPD diagno-
sis into an LHC-based lung cancer screening programme may
improve reach to target populations. Interestingly, we report an
almost threefold increased risk of screen detected lung cancer

Table 2 Univariate and multivariate analysis of the association between various clinical measures and the presence of airflow obstruction

without a prior diagnosis of COPD

Univariate
Variable OR 95%Cl
Age (years) 0.96 0.94 t0 0.99
Sex (F*/M) 1.35 1.0410 1.74
Smoking status (current* vs former) 132 1.03t0 1.71
Smoking duration 0.97 0.96 t0 0.98
Cigs/day 0.99 0.98 to 1.00
Symptomatic (yes* vs no) 4.64 3.35t06.43
FEV,/FVC 1.07 1.05 to 1.09
Education (less than ‘0" level* vs 'O’ level or greater) 1.48 1.13t0 1.95
Median IMD rank (below* vs above median) 1.13 0.87 to 1.45

*Reference measure.
IMD, Index of Multiple Deprivation.

Multivariate
P value OR 95%Cl P value
0.003 0.96 0.94 t0 0.99 0,015
0.023 1.84 1.37t02.47 <0.0001
0.031 1.18 0.82t0 1.71 0.38
<0.0001 0.97 0.96 t0 0.99 <0.0001
0.01 0.99 0.98 t0 0.99 0.035
<0.0001 4.19 2.95105.95 <0.0001
<0.0001 1.06 1.04 to 1.08 <0.0001
0.005 1.28 09410 1.74 0.12
0.36
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in those with airflow obstruction previously diagnosed with
COPD compared with those without a COPD diagnosis. The
exact reasons for this are unclear but could possibly be related to
the higher levels of smoking exposure, higher degrees of airflow
obstruction and higher prevalence of radiological emphysema
in this group, all of which have been shown to have an effect on
the significance of the impact of COPD on lung cancer risk.*

Emphysema was highly prevalent in our screened cohort
with evidence of emphysema in two-thirds (63.4%) of indi-
viduals. The presence of emphysema was not associated with
screen detected lung cancer but was more common in indivi-
duals with airflow obstruction (76%). Individuals with obstruc-
tive spirometry and emphysema on CT were 2.5 times more
likely to have had a previous diagnosis of COPD than those
without emphysema.

The Manchester screening pilot is one of the first pro-
grammes to use an LHC approach to identify high-risk indi-
viduals for LDCT lung cancer screening. Participants of the
programme had a median deprivation rank within the lowest
decile for England suggesting successful engagement with high-
risk individuals of lower SES. The incorporation of spirometry
into the LHC was straightforward and identified a large number
of people with previously undetected airflow obstruction. We
acknowledge that results are based on prebronchodilator spi-
rometry readings at a single timepoint which is not optimal for
COPD assessment as this may include individuals with rever-
sible airflow obstruction (eg, asthma). Our results may there-
fore overestimate the number of undiagnosed COPD cases. We
did not label participants as having COPD but communicated
the results to primary care with a recommendation for more
detailed assessment. Unlike many previous studies that rely on
self-reported COPD diagnosis and are therefore subject to recall
bias, the use of GP medical records allowed for a more accurate
recording of previous COPD diagnosis, allowing for the fact pri-
mary care records also have inaccuracies and limitations. This is
important as with all survey-based studies there is a reliance on
self-reported symptoms, smoking exposure and medical history
which may have inherent inaccuracies. In our cohort, for almost
one in three attendees, there was discordance between the self-
reported presence of COPD and spirometry results. Such inac-
curacies can have implications for lung cancer risk prediction
models, such as the PLCO_, ~ used in our study, as participants
could be misclassified as high or low risk.

In conclusion, our study demonstrates that a communityba-
sed targeted lung cancer screening programme can successfully
incorporate spirometry and identify a significant number of
individuals with previously unrecognised airflow obstruction,
both symptomatic and asymptomatic. Our LHC approach was
successful in reaching individuals with low SES from deprived
areas and may therefore provide an opportunity to address a
significant cause of morbidity and mortality in high-risk popu-
lations. Currently, there is a lack of evidence to support scree-
ning for COPD in asymptomatic individuals.’® However, early
diagnosis can allow an opportunity for a number of beneficial
interventions such as smoking cessation, education, vaccina-
tion, exercise and rehabilitation, aggressive management of
comorbidities as well as pharmacotherapy which could lead to
better outcomes and improved quality of life in these indivi-
duals.* In addition to the health benefits associated with this
approach, there is also the potential to improve cost effective-
ness of such a screening programme especially if combined with
other targeted initiatives such as screening for cardiovascular
disease® and smoking cessation.*”® The true benefits of incor-
porating COPD diagnosis into lung cancer screening services,
especially in asymptomatic individuals, are therefore an impor-
tant question for future programmes to address.
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Inibi¢ao de mastocitos: um novo mecanismo atra-
vés do qual nintedanib pode provocar efeitos

anti-fibroticos
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RESUMO

Contexto A fibrose pulmonar idiopatica (FPI) é uma
doenca pulmonar cronica e progressiva que apresenta
um prognostico grave para os doentes diagnosticados.
Nintedanib (um inibidor triplo da tirosina quinase) e
pirfenidona (mecanismo de acdo pouco claro) sdo as
Unicas terapias aprovadas para a FPI, apresentando,
no entanto, uma eficacia limitada. Os mecanismos
patogénicos desta doenca ndo estao totalmente
esclarecidos. Contudo, foi postulado um papel para os
mastocitos (MCs).

Objetivos O objetivo deste trabalho foi investigar um
papel para os MCs na FPl e compreender se nintedanib
ou pirfenidona poderiam ter impacto na funcdo dos
MCs.

Métodos e resultados Os MCs apresentaram-se
significativamente elevados num pulmao humano com
FPI e negativamente correlacionados com a funcao
pulmonar inicial (FVC). E importante referir que os MCs
se apresentaram positivamente associados ao niimero
de focos de fibroblastos, o que pode estar associado
ao aumento de mortalidade. Adicionalmente, os MCs
encontravam-se aumentados na regido circundante
junto aos focos de fibroblastos e estudos de co-cultura
confirmaram um papel na comunicagéo cruzada entre
MCs e fibroblastos na fibrose. O nintedanib, ao contra-
rio da pirfenidona, inibiu a sobrevivéncia de MCs indu-
zida pelo fator de células estaminais recombinantes
(SCF). Uma avaliacdo adicional de nintedanib determi-
nou que este também inibiu a sobrevivéncia de MCs
mediada por fibroblastos humanos. Provavelmente, tal
ocorreu através de um efeito direto no ckit (recetor
SCF), uma vez que nintedanib bloqueou a fosforila-
cdo do ckit estimulada por SCF, bem como os efeitos
a jusante sobre a proliferacdo de MCs e a libertacdo
de citocinas. Adicionalmente, o nintedanib atenuou o
aumento de MCs pulmonares e teve impacto na fre-
quéncia elevada de densidade tecidual (HDFm) em
modelo de bleomicina em rato com fibrose pulmonar.
Concluséo O nintedanib inibe a sobrevivéncia e ati-
vacdo dos MCs, proporcionando assim um novo meca-
nismo adicional através do qual este medicamento
pode exercer efeitos anti-fibroticos em doentes com
FPI.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chro-
nic, progressive and ultimately fatal lung disease
with unknown aetiology and increasing inci-
dence.! While still incompletely understood, the
pathogenesis of IPF is thought to involve recur-
rent injury to the alveolar epithelium inducing
an aberrant wound healing response, characteri-
sed by activation and proliferation of fibroblasts
and myofibroblasts.? Formation of the fibroblas-
tic foci, as well as the deposition of extracellular
matrix (ECM) are downstream pathological fea-

Mensagens-chave

What is the key question?

» Do mast cells (MCs) correlate with idio-
pathic pulmonary fibrosis (IPF) disease
activity, and can either nintedanib or pir-
fenidone modulate MC survival or acti-
vation?

What is the bottom line?

»MCs are increased in IPF lung and negati-
vely correlate with baseline lung function
(FVC) and positively correlate with the
number of fibroblast foci. Nintedanib, but
not pirfenidone, can inhibit human MC
survival and activation in vitro and MC
recruitment in the rat bleomycin model.

Why read on?

» Inhibition of MC survival or activation
may be a novel additional mechanism
by which nintedanib exerts anti-fibrotic
effects in patients with IPE

tures® that result in an abnormal lung structure
referred to as the characteristic ‘honeycombing’
morphology, which is associated with impaired
lung function.* The role of structural cells such as
fibroblasts in the pathogenesis of fibrosis is well
accepted; however, less understood is the contri-
bution of immune cells which are also present
in IPF lung.>® The mast cell (MC) is an innate
immune cell well known for its involvement in
allergy, asthma and in host defence against para-
sites.’ "' However, MCs are also a key cell res-
ponding to tissue injury and are found very early
at the site of the wound."? On activation, MCs
can release an array of mediators, which have
been shown to partake in all stages of the wound
healing process, including inflammation, prolife-
ration and re-modelling.”* Thus, given the dysre-
gulated nature of repair in IPF, this cell could be a
potential pathogenic link to this disease.

MCs have been postulated to be pro-fibrotic
in IPE, although the data are conflicting and their
role remains controversial. Several studies have
shown that MCs and their mediators, such as
histamine, are increased in lung tissue and bron-
choalveolar lavage from patients with IPE.!*%
Mechanistically, reports have demonstrated that
human lung fibroblast and MC crosstalk leads to
increased MC activation and survival, as well as
tibroblast proliferation.”

Others have suggested that the MC media-
tors tryptase, chymase and histamine induce
both lung and skin fibroblast proliferation and
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collagen production,'®*-** and Shimbori and colleagues recently

demonstrated that stretch-induced degranulating MCs activate
the pro-fibrotic cytokine TGF-B1.2 Andersson and colleagues
provide evidence for a switch to the connective tissue MC subtype
expressing both chymase and tryptase proteases (MCTC) in IPF
lung,* and this increase in MCTCs in IPF has been confirmed
recently.® In contrast, Cha and colleagues propose a protective
role for lung MCs since patients with higher numbers of these
cells had less decline in lung function.'®

Stem cell factor (SCF) is a key survival factor for mast cells,
acting through the tyrosine kinase receptor ckit (also known as
CD117 or SCF receptor). Importantly, a phase II clinical trial
with a ckit inhibitor Imatinib (Gleevec) had no significant effect
on lung function decline (or mortality), although the effect on
MCs was not determined in this study.”

Recently, two small molecule drugs, pirfenidone and nin-
tedanib, were licensed for IPF following successful phase
III clinical trials demonstrating a slowing in lung function
decline.?** Pirfenidone is a small molecule whose precise target
is unknown, that exerts effects on transforming growth factor
(TGF)-P1 signalling and PDGF as well as acting as an antioxi-
dant,” whereas nintedanib is a broad tyrosine kinase inhibitor
with known activity on platelet-derived growth factor (PDGEF),
tibroblast growth factor (FGF) and vascular endothelial growth
factor (VEGF) receptors.®® Thus, it is plausible that nintedanib
may also have activity against the ckit receptor, which is found
on MCs. Notably, the effects of nintedanib or pirfenidone on
MC survival and function have not yet been investigated.

In this study, we sought to confirm that MCs are increased
in IPF versus non-diseased lung, and compared MC density
in other fibrotic lung diseases such as chronic hypersensiti-
vity pneumonitis (HP) and non-specific interstitial pneumo-
nia (NSIP). We also assessed MCs for pro-fibrotic functions.
Furthermore, we investigated whether nintedanib or pirfeni-
done could impact MC survival, and therefore whether this
could be an additional novel mechanism explaining why these
small molecules are efficacious in IPE.

MATERIALS AND METHODS
See online supplementary for a more detailed version of these
methods.

MC quantification and phenotyping

Formalin-fixed paraffin-embedded (FFPE) sections from lung
biopsy specimens from patients with IPF (n=17), chronic HP (n=9)
and NSIP (n=9) and normal adjacent lung specimens taken from
patients with lung cancer (normals; n=20) were obtained from
Royal Papworth Hospital Research Tissue Bank. Patients gave
written consent and the study was approved by NRES Committee
East of England—Cambridge East via Royal Papworth Hospital
Research Tissue Bank generic ethical approval.

Consecutive 3pum sections of the FFPE samples were stained
for H&E or dual immunohistochemical staining for chymase and
tryptase (Ventana Discovery Ultra; Roche). Tissue area was cal-
culated by subtraction of white space from the total lung section
area. MCs were analysed per area of lung section and per area
of tissue. Fibroblastic foci, established fibrosis and nonfibrotic
areas of the IPF lung sections were annotated by a registered
senior pathologist (online supplementary figure S1), and the MC
populations quantified. Subsequently, the outer edge of the foci
was extended by 500um and MCs in the surrounding area were
quantified. See online supplementary methods for more details.

MC protease signature analysis in IPF lung

Additional lung tissue was obtained from patients with IPF
(n=10) undergoing lung volume reduction surgery or lung
transplantation at Temple University Lung Center as part of a
separate study. Patients gave written consent and the study was
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approved by the institutional review board at Temple University
Lung Center. Normal lung tissue samples (n=9) were obtained
from the National Disease Research Interchange (NDRI), in
accordance with local internal review board ethical appro-
val. Microarray analysis was performed using Affymetrix
HG-U133Plus 2.0 microarrays. For more information, see
online supplementary methods.

Cell culture and in vitro assays

Cord blood-derived MCs (CBMCs) were differentiated from
CD133+ cord blood precursors (Lonza). These cells are pre-
dominantly of the MCT phenotype (approximately 70%), as
determined using a similar staining protocol to that used to
phenotype the lung tissue MCs. Conditioned media was prepa-
red from CBMCs that had been cultured for 7 days. CBMC lysa-
tes were prepared by sonication and freeze thawing. See online
supplementary methods for details.

CBMC survival

CBMC s were cultured with recombinant SCF (MedImmune,
see online supplementary methods for details) in the presence
or absence of nintedanib, pirfenidone (both Selleckchem. com)
or DMSO vehicle (Sigma Aldrich). After 7 days, CBMCs were
stained with a viability dye and anti-ckit mIgGl APC (BD
Pharmingen) and the number of viable ckit-positive MCs in a
fixed volume was counted in a flow cytometer (LSRII Fortessa)
and compared with control.

CBMC proliferation, CCL2 release and phosphorylation of
ckit

CBMCs were stimulated with recombinant SCF (MedImmune)
in the presence or absence of nintedanib (LC Laboratories),
DMSO vehicle, anti-SCF pAb (AF-255-NA) or goat IgG isotype
(both antibodies R&D Systems). Phosphorylation of ckit was
measured using an electrochemiluminescence-based phospho-
ckit assay (MesoScale Discovery) after a 10min stimulation and
CBMC proliferation was measured by 3H-thymidine incorpo-
ration after a 3-day stimulation. CCL2 was measured in culture
supernatants by MSD (MesoScale Discovery). See online
supplementary methods for details.

CBMC:NHLF co-culture and flow cytometry assessment of
MC and fibroblast numbers

Normal human lung fibroblasts (NHLFs) and CBMCs were cultu-
red alone or co-cultured ata 1:1 ratio in media containing anti-SCE,
goat IgG isotype control (67nM; both R&D Systems), nintedanib
(30nM; LC Laboratories), DMSO vehicle or media alone over a
time course up to 21 days. At each time point, cells were stained
with a viability dye and anti-ckit APC mIgG1 and the number of
ckit-positive (MCs) and ckit-negative viable cells (NHLFs) in a
fixed volume was counted in a flow cytometer (LSRII Fortessa).
See online supplementary methods for more details.

Fibroblast stimulation

NHLFs were stimulated with recombinant human bFGF in
the presence of nintedanib (LC Laboratories), pirfenidone
(Selleckchem.com), or DMSO vehicle for 48hours or for
48-72hours with MC lysates, conditioned media or MCs at a
ratio of 1:1. TGF-p1 (R&D Systems) was included as a posi-
tive control for a smooth muscle actin (aSMA) experiments.
Proliferation was assessed by 3H-thymidine incorporation.
aSMA expression was assessed by immunofluorescence
following a 72-hour stimulation.

Animal studies

Rats (male CD, 6-8 weeks old) received 0.9 U/kg bleomycin sul-
phate (Bleo-Kyowa) or saline (1 mL/kg) intratracheally under iso-
flurane anaesthesia (study day 0). Nintedanib (LC Laboratories)
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was dosed at 60 mg/kg daily by oral gavage, from day 0 to day 13.
Changes in MC number and fibrosis markers were assessed on day
14. Animal housing and procedures were approved by the local
ethical committees (The Babraham Institute, UK) in accordance
with institutional and the ARRIVE (Animal Research: Reporting
of In Vivo Experiments) guidelines (see online supplementary
methods for more details). Sections were stained using H&E and
Giemsa for MC quantification, HE alone or Masson’s trichrome
(MTC) for collagen using standard protocols (Damsgaard; Leica
Autostainer). HE and MTC scanned images were analysed by
Biocellvia using their IPF assay based on assessment of paren-
chymal tissue density using a proprietary software program. The
high tissue density frequency (HDFm) was calculated to specifi-
cally quantify fibrotic tissue in lung parenchyma. The proportion
of collagen staining by MTC was measured using standard image
analysis methods (see® for validation of this method and online
supplementary for more details).

Statistical analysis

Details of the sample size and statistical analysis performed can be
found in the relevant figure legend. Two group comparisons were
carried out by t-test for normally distributed data or MannWhitney
U non-parametric test. Multiple group comparisons were asses-
sed by one-way analysis of variance (ANOVA) with Sidak’s post
hoc multiple comparisons for normally distributed data, or where
assumptions of normality or homogeneity of variance were not
valid, by Kruskal-Wallis with Dunn’s post hoc multiple compari-
sons test. Analysis of MCs in different regions of the lung within
the same patient was assessed by repeated measures ANOVA with
Geisser-Greenhouse correction (for assumption of sphericity)
with Sidak’s multiple comparisons. Correlations were assessed by
Pearson’s correlation or nonparametric Spearman’s correlation.
All analyses and plots were generated in GraphPad Prism, and a p
value of less than 0.05 was considered statistically significant.

RESULTS
MCs are significantly elevated in IPF lung
We sought to determine the number, phenotype and localisation
of MCs in the lungs of patients with IPF (n=17) and compared
this with MCs in non-diseased lung taken from age-matched
patients undergoing cancer resections (normals; n=20). We also
examined whether MCs are elevated across other fibrotic lung
conditions in samples taken from nine patients with chronic
HP and nine patients with NSIP (table 1). We found that the
number of MCs per area of lung were significantly increased in
both IPF and HP lung samples. In contrast, MC numbers were
not altered in NSIP lung samples when compared with normal
(non-fibrotic) controls (figure 1A). Although the control and
IPF groups are not matched according to gender, this is unlikely
to be responsible for the observed difference in MC density; we
observed no significant difference in MC density between males
and females in healthy lung (online supplementary figure S2).
Since the fibrotic process involves the deposition of extra-
cellular matrix, leading to increased tissue mass, we measured the

proportion of tissue mass area in the lung sections (by subtracting
the air spaces) and found this to be enhanced in IPF lung com-
pared with normal lung (figure 1B). Thus, we employed a more
stringent analysis which calculated the MC number per area of
tissue to confirm whether MC density was actually elevated, and
not simply due to the increase in tissue mass in IPF lung. This
analysis was possible due to the use of automated software to
subtract the white airspaces. The elevation in MC number in IPF
lung remained statistically significant (figure 1C). All further data
are expressed as MCs per tissue area unless specified, to account
for this increase in tissue area in fibrotic lung.

To determine whether increased MCs resulted in a switch
in MC subtypes, staining for MC proteases was performed and
chymase, tryptase (MCT) or double-positive (MCTC) MCs
(figure 1D) were quantified according to both total area (online
supplementary table S1) and tissue area (table 2). The number
of chymase+ MCs and double-positive MCTCs were significan-
tly increased in IPF lung compared with nonfibrotic controls,
with a similar trend in tryptase+ MCTs (table 2).

MC density is associated with the number of fibroblastic
foci and inversely correlates with lung function

Increased fibroblast foci in the lungs of patients with IPF has
been shown to predict mortality.’*** Therefore, we examined
whether there was an association between MCs and the num-
ber of fibroblastic foci in our cohort. Strikingly, we observed a
moderately strong and significant positive correlation between
the numbers of MCs and fibroblast foci in patients with IPF
(r*=0.3545, figure 1E). Furthermore, we also found that MC
numbers per area of lung were strongly inversely correlated
with lung function (% predicted FVC), that is, patients with
lower FVC had increased numbers of lung MCs (r =-0.4616,
tigure 1F). Interestingly, a negative trend between MCs per area
of tissue and the % predicted FVC was also observed, but this
did not reach statistical significance (online supplementary
figure S3).

We next examined the localisation of MCs within IPF lung.
Areas of apparent normal non-fibrotic parenchyma, fibroblastic
foci and established fibrosis were annotated by a trained patho-
logist. MCs were detectable in all areas of IPF lung, but surpri-
singly were not increased within the foci themselves. Instead,
numbers were significantly elevated within areas of established
fibrosis compared with the foci (figure 1G). Knowing that MCs
interact with fibroblasts'”**-*¢ and hypothesising that activated,
degranulating MCs could impact local fibroblast foci, we quan-
tified the number of MCs immediately surrounding the foci
(ie, within a 500 um periphery). Strikingly, we found that the
MC density was significantly higher in the region surrounding
the foci compared with the foci itself, with the highest numbers
being identified in areas of established fibrosis (figure 1H).

Increased MC signature and sCF expression in IPF lung
A second cohort from normal (NDRI) and IPF (Temple) donors
was obtained to perform microarray gene expression analysis.

Table 1 Demographic and spirometric data at baseline

Controls (n=20) IPF (n=17) Chronic hP (n=9) NSIP (n=9) Control vs IPF Control vs chronic HP  Control vs NSIP

Age, years 70 (63-73) (n=18) 64 (57-71) 60 (48-67) 53 (48-65) p=0.6313 p=0.0576 p=0.0254
Gender, male/female 8/12 14/3 4/5 27 p=0.0176 p>0.9999 p=0.4311
Smoking status, ever/never-smokers  11/4 11/5 3/4 5/3 p>0.9999 p=0.3426 p=0.657

FVC L 3.2(2.6-4.3) (n=18) 2.6(2.5-3.3) (n=16) 1.9(1.4-2.6) (n=5) 2.0(1.5-3.1) (n=6) p=0.372 p=0.0077 p=0.0418
FVC % predicted, % 108.5(103.5-118.3) 77.0 (65.8-95.0) 58.7 (41.0-70.8) 77.0(60.2-91.2)  p=0.0009 p=0.0001 p=0.0057
DLCO, mL/min/mm Hg 6.3(5.5-7.4) (n=17) 4.2(3.4-5.4)(n=14) 4.2(2.1-4.2)(n=5)  4.2(3.3-4.6) (n=5) p=0.0021 p=0.0009 p=0.0127
DLCO % predicted, % 80.0 (72.0-88.5) 54.5 (45.5-62.0) 55.0 (22.7-55.6) 56.4 (43.6-57.2)  p=0.0002 p=0.0003 p=0.0039
Steroid use at baseline yes/no 311 114 3/3 3/3 p=0.3295 p=0.3027 p=0.3027

Data expressed as median (IQR) unless specified. Age is recorded at time of diagnosis apart from controls whose age is captured at the time of baseline measurements. Groups compared by Kruskal-Wallis test with

Dunn'’s post hoc test for continuous variables, and by Fisher's exact test for categorical variables.

DLCO, diffusing capacity for carbon monoxide; HP, hypersensitivity pneumonitis; IPF, idiopathic pulmonary fibrosis; n, number of available data; NSIP, non-specific interstitial pneumonia.
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Figure 1 Increased mast cells (MCs) in idiopathic pulmonary fibrosis (IPF) are
associated with a higher number of fibroblastic foci. (A) The number of MCs/
mm2 lung section is significantly higher in patients with IPF (n=17) compared
with normals (n=20). HP, hypersensitivity pneumonitis (n=9); NSIP, non-specific
interstitial pneumonia (n=9). (B) The proportion of lung section that is tissue (vs
airspace) is higher in patients with IPF. (C) The number of MCs/mm?2 tissue is
higher in IPF than normal lung. (D) Representative image of lung. Arrows point
to tryptase MCT (red), chymase (yellow) and dual positive MCTC cells (orange).
(E) The number of MCs per area lung is positively correlated with the number
of fibroblast foci per area lung. (F) There is a negative correlation between the
number of MCs/area lung section and the baseline FVC. Closed circles, normals;
open circles, IPF. (G) Distribution of MCs across IPF lung. MCs are no higher
within the foci than other regions. (H) MCs are higher in the 500 pym region
surrounding the foci. Details of the statistical tests used: (A) Kruskal-Wallis with
Dunn’s multiple comparison, (B) Mann-Whitney U test, (C) unpaired t-test, (E)
Pearson’s correlation, (F) Spearman’s correlation and (G and H) repeated mea-
sures ANOVA with Geisser-Greenhouse correction (for assumption of sphericity)
with Sidak’s multiple comparisons. Median and IQR plotted for non-parametric
data and mean and SD for parametric data.

To confirm MC presence, we applied a MC-specific signa-
ture, composed of three MC protease genes: cpa3, TPSB2 and
TPSABI1 (encoding carboxypeptidase 3, tryptase beta-2 and
tryptase alpha/beta 1, respectively) to the analysis. This signa-
ture was markedly elevated in IPF compared with normal lung
(figure 2A). Furthermore, we observed increased expression of
SCEF (the key MC survival factor) in IPF lung (figure 2B).

MCs induce fibroblast proliferation and activation

We sought to confirm and extend previous findings that an increa-
sed MC presence may drive the fibrotic pathology.'*** When
NHLFs were cultured in the presence of MC conditioned media
(media cultured with MCs for 7 days) (figure 3A) or resting MC
lysates (figure 3B), a significantly enhanced NHLF proliferation
was observed. A similar effect was also seen when IPF fibroblasts
were stimulated with MC conditioned media (online supplemen-
tary figure S4a) and when we substituted the conditioned media
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Table 2 MC subtypes in IPF vs non-fibrotic lungs (number of
MCs/mm? tissue area)
Non-fibrotic lung (n=20); IPF (n=17); number

number of MCs/mm? of MCs/mm? tissue

tissue area area P value
Chymase only 3(0-39) 13 (4-53) 0.0003
Tryptase only (MCT) 65.5(1-271) 122 (5-374) 0.0894
Chymase+ tryptase (MC, ) 1 (0-64) 3(1-37) 0.0284

Median and range shown. Groups compared by Mann-Whitney U test.
IPF, idiopathic pulmonary fibrosis; MC, mast cell.

for recombinant MC mediators (tryptase, chymase, histamine,
PDGEF-AA; online supplementary figure S4b). Since these MC
mediators induce fibroblast activation and subsequent differentia-
tion into myofibroblasts,* we performed MC-fibroblast co-culture
experiments to investigate the effects of MCs on fibroblast activa-
tion. Co-culture for 72 hours led to significantly enhanced num-
bers of high intensity a smooth muscle actin (aSMA)-expressing
cells; an increase was also seen following TGF- stimulation (the
positive control, representative images, figure 3C). Similarly, MC
conditioned media induced more high intensity aSMA expres-
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Figure 2 Increased mast cell signature and SCF expression in IPF lung. (A)
Increased expression of mRNA encoding three MC protease genes and (B)
SCF in lung of patients with IPF undergoing lung volume reduction surgery
or lung transplantation (n=10) compared with normal lung tissue samples
(n=9). CPA3, TPSB2 and TPSAB1 were among the strongest differentially
expressed transcripts using a moderated t-test and Benjimini-Hochberg cor-
rection for multiple comparisons. These three genes comprise a MC signa-
ture. A signature score was calculated for each patient by summation of the
fRMA normalised expression value reported by the microarray for each gene
in the signature. The median and IQR for each group is plotted and groups
were compared by MannWhitney U test. IPF, idiopathic pulmonary fibrosis;
MG, mast cell; SCF, stem cell factor.
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Figure 3 Mast cells (MCs) induce fibroblast proliferation and activa-

tion. MCs stimulate f|broblast proliferation, assessed by 3Hthymidine-
incorporation assay. Normal human lung fibroblasts (NHLFs) were
stimulated for 48 hours with (A) conditioned media obtained from MC
culture and (B) MC lysates (2 different MC donors, multiple batches of lysate
and conditioned media). Data are mean (SE) for at least three separate
experiments, and the fold change compared with untreated cells is plot-

ted. (C) MC conditioned media and co-culture with MCs stimulate aSMA
expression in NHLFs. TGF-B1 stimulation was included as a positive control.
Representative images at x40 magnification for greater resolution. (D) A
blinded quantification of high aSMA expressing cells (x20 magnification, 5
fields/well) in three separate experiments was carried out. Mean values for 3
separate experiments are plotted plus the overall median value and IQR for
each condition. Groups were compared by Kruskal-Wallis with Dunn’s post
hoc test. CBMC, cord blood—derived mast cell; CPM, counts per minute.

sing fibroblasts; however, this did not reach statistical significance
(figure 3D). Formation of aSMA fibres by fibroblasts is associated
with activation of these cells into a myofibroblast phenotype and
thus supports a pro-fibrotic role of MCs on fibroblasts.

Nintedanib but not pirfenidone inhibits NHLF proliferation
and MC survival

We next examined whether either of the two current therapies
for IPF had an effect on MC survival or activation. Since nin-
tendanib is a tyrosine kinase inhibitor, we hypothesised that it
may induce effects downstream of the tyrosine kinase receptor
ckit, the receptor for the MC survival factor SCFE. Nintedanib
significantly inhibited recombinant human bFGFmediated
tibroblast proliferation (IC50=526 nM; figure 4A), consistent
with previous reports,’ confirming nintedanib’s expected acti-
vity. Moreover, nintedanib also markedly inhibited recombinant
human SCF-mediated MC survival in vitro (IC50=13.7 nM;
figure 4B). Notably, pirfenidone had no impact on either fibro-
blast proliferation or MC survival.

Nintedanib inhibits fibroblast-mediated MC survival

Our data suggest that a significant crosstalk exists betweenMCs
and fibroblasts and that this interaction may be required for
a pathological role of MCs in IPE. Thus, we employed a MC-
fibroblast co-culture system similar to that used by Wygrecka

and colleagues,"” and quantified MC survival via flow cytometry

(figure 5A). Here, we confirmed that NHLFs provided an essen-
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Figure 4 Nintedanib but not pirfenidone inhibits normal human lung
fibroblast (NHLF) proliferation and mast cell (MC) survival. (A Nintedanib
inhibited fibroblast proliferation induced by 100pM basic fibroblast growth
factor (bFGF). (B) Nintedanib inhibited survival of MCs cultured with 4 nM
rhSCF. ckit-positive MCs were quantified by flow cytometry after 7 days of
treatment with nintedanib or pirfenidone. DMSO was used as a vehicle con-
trol. Data are presented as mean (SE) of three separate experiments. CPM,
counts per minute.

tial survival benefit to MCs, whereas in the absence of NHLFs
MCs died within 7-14 days (figure 5B). Importantly, nintedanib
(30 nM) almost completely ablated this fibroblast-mediated MC
survival (84% reduction day 14; figure 5C) and lower concen-
trations (10 nM) also inhibited survival (online supplementary
tigure S5). The reduction in survival was similar in magnitude
to that observed in the presence of an anti-SCF antibody (82%
at day 14; figure 5C). In our co-culture system, no fibroblast
proliferation was observed (online supplementary figure S6).
However, a potential fibroblast survival benefit was seen when
cells were co-cultured with MCs. Nintedanib did not affect
fibroblasts alone or the co-culture system. Collectively, these
data suggest that nintedanib can inhibit fibroblast-mediated
MC survival which is largely dependent on endogenous SCE

Nintedanib significantly impacts KIT receptor signalling/
phosphorylation

We next questioned whether inhibition of ckit receptor activation
could be the mechanism by which nintedanib impacts MC sur-
vival. Thus, we examined the effect of nintedanib on rhSCF-me-
diated ckit phosphorylation on MCs. Nintedanib fully inhibited
phosphorylation of ckit, which was comparable with the effect
observed with anti-SCE, with an IC_| in the nanomolar range,
and suggesting that inhibition of ckit activation is occurring at
biologically relevant concentrations (IC_ : 2.5nM vs 13.3nM for
anti-SCF and nintedanib, respectively; figure 6A). Nintedanib
also significantly inhibited rhSCF-mediated MC proliferation,
a downstream effect of ckit receptor activation (IC50: 1.2nM vs
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Figure 5 Mast cell (MC) survival in co-culture with fibroblasts is mediated
largely through stem cell factor (SCF) and is inhibited by nintedanib. MCs were
cultured alone or with normal human lung fibroblasts (NHLFs) in media lacking
SCF or IL-6 growth factors for 21 days. (A) At each time point, cells were stained
with a viability dye and anti-ckit APC mlgG1 and ckit-positive MCs quantified by
flow cytometry. There is a survival benefit to MCs co-cultured with NHLFs, and

this is inhibited in the presence of 67 nM anti-SCF. Inclusion of 30nM nintedanib
in the co-culture has a similar effect. Data plotted as mean and SD of 3 separate
experiments (2 MC donors). (B) Experimental time course plotted. (C) Day 14 data
plotted as bar chart with mean and SD and showing percentage inhibition relative
to isotype/vehicle control. Groups were compared by ANOVA with Sidak's post hoc
test for multiple comparisons. CBMC, cord blood—derived mast cell; FSC-SSC,
forward scatter versus side scatter; LD, live dead viabilty dye.

14.8nM for anti-SCF and nintedanib, respectively; figure 6B),
as well as release of the cytokine CCL2 (IC_;: 2.6nM vs 12.2nM
for anti-SCF and nintedanib, respectively; tigure 6C) which has
been associated with MC activation post SCF or IgE stimulation.*
Thus, nintedanib is a potent inhibitor of ckit activation.

Nintedanib reduces MC recruitment in rat bleomycin
model

Finally, we employed a bleomycin model to investigate the effect
of nintedanib on MCs in vivo. Rats were selected since, like
humans, MCs are present in the rat lung parenchyma, whereas
lung MCs in mice are sparse and localised predominantly adja-
cent to upper airways.40 Rats were dosed orally with 60mg/kg
nintedanib or water (vehicle) daily following a single intratracheal
installation of bleomycin (or saline control) (figure 7A) and MC
density and fibrotic read-outs were assessed at day 14. Bleomycin
induced a marked increase (p=0.05) in lung MCs (figure 7B and
C), which was ablated with nintedanib treatment in bleomycin
dosed rats (figure 7C). Furthermore, we observed a reduction in
the levels of histamine in lung homogenates, although this did
not reach statistical significance (online supplementary figure
S§7). Nintendanib also had an impact on the fibrosis endpoints
in this model; HDFm, a measure which specifically quantifies
fibrotic tissue in lung parenchyma, was significantly decreased
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Figure 6 Nintedanib inhibits ckit activation. (A) Nintedanib inhibits phos-
phorylation of ckit induced by 10 min stimulation with 4 nM rthSCF.IC, : 2.5 nM
vs 13.3 nM for anti-SCF and nintedanib, respectively. (B) Nintedanib inhibits
mast cell (MC) proliferation induced by stimulation of MCs with 4 nM rhSCF for
3 days. (C) Nintedanib inhibits CCL2 release induced by stimulation of MCs with
4 nM rhSCF for 3 days. Data are plotted as mean (SE) of 3 separate experiments.
DMSO was used as a vehicle control and anti-SCF pAb was included as a posi-
tive control. CBMC, cord blood—derived mast cell; SCF, stem cell factor.

with nintedanib treatment compared with bleomycin vehicle con-
trol (figure 7D,E), and there was a similar effect on mean tissue
density (Dm) (online supplementary figure S8). In addition, we
observed a trend towards decreased collagen by MTC with nin-
tedanib treatment (figure 7F). The variability in the effects of nin-
tedanib on fibrotic endpoints was likely due to the patchy nature
of fibrosis induced by bleomycin since nintedanib had no signi-
ficant effect on the levels of lung hydroxyproline, or collagen and
fibronectin mRNA expression (online supplementary figure S7).

DISCUSSION
In this study, we sought to investigate a role for MCs in the pathoge-
nesis of IPF and to determine whether nintedanib and pirfenidone,
the only approved therapies for IPE had an impact on MC function.
We showed that total MCs were significantly increased in IPF
compared with normal lung, which is consistent with studies by
others including Cha and colleagues.'*¢”2° The mismatch in gen-
der between the control and IPF groups was not responsible for
this difference; there was no difference in MC density according
to gender. Importantly, our novel finding of a significant positive
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Figure 7  Nintedanib inhibits lung mast cells (MCs) in the rat bleomycin
model. (A) Outline of study design. (B) Rat lungs were stained with Giemsa
to visualise the MCs. Representative sections from bleomycin-treated ani-
mals treated with nintedanib or vehicle are shown. (C) The number of MCs
per area lung was increased with bleomycin and was inhibited by ninteda-
nib. (D) Representative images of annotation of tissue density mapping in
which high parenchymal tissue densities specifically located in pulmonary
foci have been pseudocoloured in brown. (E) There is a significant increase
in the HDFm in the lung parenchyma with bleomycin, and this is inhibited by
nintedanib treatment (H&E staining, 5 sections per animal; Sal/vehicle n=6,
Bleo/vehicle n=7, Bleo/nintedanib n=9, Sal/nintedanib n=5). (F) There was
also a trend towards a decrease of collagen content with nintedanib tre-
atment, although this was not statistically significant (Masson's trichrome
staining, 5 sections per animal) Kruskal-Wallis H=6.571, p=0.0869. Median
and IQR are plotted and groups were compared by Kruskal-Wallis with
Dunn’s multiple comparisons test.

L

correlation between the number of MCs versus fibroblast foci in
patients with IPF supports an association between MC density and
IPF mortality since increased foci are reported predictors of morta-
lity.2* Of relevance, MC numbers inversely correlated with FVC,
a clinical measure of lung function, which may suggest a higher
MC density presence in more severe disease. Despite the small
sample size (n=20/group, similar to those cohorts used in other
publications'®**), these significant correlations suggest our findings
are worthy of validation in additional cohorts to determine a direct
association of MC density and mortality. Interestingly, increases in
MC number were not only associated with IPF as we also showed
that MCs were increased in chronic HP (but not NSIP), and fibro-
blastic foci are a hallmark of the usual interstitial pneumonia pat-
tern of fibrosis that is characteristic of IPF and occasionally found
in chronic HP. Moreover, an association between MCs and IPF was
strengthened by our findings in a separate cohort where we obser-
ved increased MC protease signature (CPA3, TPSAB1 and TPSB2)
as well as SCF gene expression, one of the key factors involved in
MC survival, proliferation and activation.**

Enhanced fibroblast number, activation and myofibroblast
differentiation are detected in IPF lung. These cells are capable of
laying down ECM and causing lung stiffening.’® Our observation
that MC density was highest in the region immediately surroun-
ding the fibroblast foci, specifically in areas of established fibrosis,
corroborates the hypothesis that the MC-fibroblast interaction
exists in IPF. Furthermore, we confirmed previous evidence
that MC-fibroblast crosstalk is pro-fibrotic, by demonstrating
that MCs induced fibroblast proliferation and increased aSMA
fibre formation.'” #! % An additional pro-fibrotic role for MCs
has recently been suggested by Shimbori and colleagues, who
demonstrated that the fibrotic lung ECM regulates MC func-
tion and that degranulating MCs induce TGF-p1 activation.?
Our observation that the chymase+ MCsand the dual positive
MCTCs were significantly increased in IPF compared with non-
-fibrotic controls implies that the MC pro-fibrotic activity may
be related to these subtypes, although we saw a trend across all
MC subtypes. This hypothesis is consistent with Andersson and
colleagues who proposed that MC subtypes are switched towards
the double positive MC_ . phenotype in IPF**and with Shimbori
and colleagues who recently observed an increase in MC, s in
IPF lung,” although it should be noted that we observed fewer
MC, s compared with Andersson and colleagues, which could be
due to the analysis techniques used. Collectively, our data provide
evidence that MCs are increased in IPF lungs, possibly due to
increased levels of SCF in the lung, and thus may play a pro-fi-
brotic role in the pathogenesis of the disease.

Since MCs express the receptor tyrosine kinase ckit (the
receptor for SCF), we investigated whether nintedanib, a
broadspectrum tyrosine kinase inhibitor, impacted MC sur-
vival or function and also compared its mechanism of action
on MCs with pirfenidone. Interestingly, nintedanib but not
pirfenidone reduced SCF-mediated MC survival, at concentra-
tions below the reported cmax for nintedanib (ie, 30nM; the
maximum plasma concentration achieved at steady state with
150mg twice daily dosing is 70nM),* indicating these effects
are achievable with physiologically relevant concentrations of
nintedanib. Decreased MC survival was also observed at lower
concentrations (online supplementary figure S5). Of note, the
CBMC:s used in these assays did not proliferate in co-culture
with fibroblasts, which is in contrast to the effect observed with
human lung MCs in co-culture,'” ** and may reflect differen-
ces between CBMCs and human lung MCs. Importantly, we
demonstrated that the effects of nintedanib were mediated via
the ckit receptor and provided evidence that nintedanib attenua-
ted SCF-mediated ckit phosphorylation, which reduced subse-
quent MC proliferation and CCL2 release from these cells. Since
the adhesion molecule cell adhesion molecule 1 (CADM1) has
been shown to interact with ckit and promote MC survival,* **
it is plausible that nintedanib’s effect on ckit could disrupt this
interaction. One potential limitation of this work is that due to
the impact of nintedanib on MC survival, we have not demons-
trated a direct effect of nintedanib on MC-mediated fibroblast
proliferation or activation. Nevertheless, to our knowledge, this
is the first data demonstrating that nintedanib can inhibit ckit
activation and reduce human MC survival and function.

Since access to lung tissue in patients before and after nin-
tedanib treatment is not currently feasible, we availed of a rat
bleomycin model to study the effects of this drug on MC sur-
vival or recruitment in vivo. Notably, nintedanib prevented the
bleomycin-induced increase in lung MCs, confirming its acti-
vity on MC recruitment, although whether this is due to a direct
effect of nintedanib on MC ckit or indirectly via effects on other
cells is unclear. However, the effect of nintedanib on fibrosis was
variable; we noted a significant reduction in high density tissue
(HDFm) by quantitative image analysis, however little impact was
seen on whole lung hydroxyproline levels. The regional image
analysis method is perhaps more sensitive to detect subtle altera-
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tions in the parenchyma and less affected by the patchy nature of
fibrosis or the contribution of airway collagen.* The bleomycin
model has limitations for modelling the development of fibrosis
in human disease and a longer time point (ie, >2 weeks) may have
been required to see greater anti-fibrotic effects with nintedanib,
and determine whether nintedanib can deplete resident MCs,
which are long lived.* There are conflicting data on the effect
of MC depletion in rodent bleomycin models, with MCs appea-
ring pro-fibrotic in some studies and protective in others."” *-*
Bradding and Pejler suggest this may relate to the short duration
of injury exhibited in the rodent models versus the more chro-
nic injury observed in human IPE>* Nevertheless, our findings
are largely consistent with studies showing nintedanib reduces
fibrosis in rodent models,***! but here we importantly expand this
drug’s mechanism of action to impacting MC numbers in vivo.
Future studies using cultured human lung tissue from healthy
individuals or patients with IPE, such as precision cut lung slices,
could examine the effects of nintedanib treatment on human lung
MCs in a more physiologically relevant multicellular assay sys-
tem. This would also enable us to determine if other disease-as-
sociated factors could compensate for the ablated SCF signalling
and also inhibit other potential cellular sources of SCE.

In summary, we have presented novel data suggesting that
nintedanib inhibits MC survival both in vitro and in vivo via ckit;
however, the efficacy of nintedanib in IPF likely resides in the
drug’s ability to modulate multiple fibrotic pathways. For ninte-
danib, these positive effects include an impact on the receptors
for VEGE FGF and PDGE* Furthermore, nintedanib can act on
a number of other tyrosine kinases, including Src, FIt3, Lyn and
Lck,” suggesting that the impact on MC function could also be
mediated via other tyrosine kinases as shown for Lyn* in addition
to the novel effects shown here on ckit. Interestingly, Imatinib
(Gleevec), an inhibitor of ckit, PDGFR and c-abl, was not effica-
cious in an IPF clinical study; however, the effects on MC density
and function in this study are unknown.” Pirfenidone is known
to have antioxidant effects as well as blockade of TGF-p1 sig-
nalling and inhibitory effects on PDGE, but the precise receptor
and anti-fibrotic mechanism of action is unknown.” The lack
of effect of pirfenidone on MCs in our studies may differen-
tiate these therapies in IPE Future work should be directed to
investigate how nintedanib modulates MC functions in patients
with IPF to determine whether there is a patient population that
may gain additional benefits from treatment with nintedanib.
Understanding the anti-fibrotic mechanisms of action of ninte-
danib could also enable the discovery of better novel therapies
that more specifically target pro-fibrotic mechanisms and mini-
mise the side effects associated with this therapy.* Furthermore,
it is plausible that nintedanib could be efficacious in other res-
piratory diseases where MC density is elevated, such as asthma
and COPD,* and further investigation is required to determine
if nintedanib could ameliorate dayto-day airway dysfunction or
the development of fixed airflow obstruction.

In conclusion, our data suggest that the ability of nintedanib
to impair MC survival and activation may be a novel and addi-
tional mechanism by which nintedanib exerts its anti-fibrotic
effects in patients with IPFE.
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alfa-1 antitripsina em doentes com bronquiectasias
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RESUMO

A deficiéncia de alfa-1 antitripsina (DAAT) é uma
causa de bronquiectasias. As diretrizes para as
bronquiectasias da Sociedade Toracica Britanica
nao recomendam o rastreio regular de doentes
para DAAT. Em contrapartida, as diretrizes para a
DAAT recomendam o rastreio regular. Esta con-
tradicdo resulta, em parte, da falta de dados de
grandes estudos que efetuem rastreios abrangen-
tes. Rastredmos 1600 doentes com bronquiecta-
sias em dois centros no Reino Unido, entre 2012
e 2016. No total, apenas foram identificados
oito individuos com DAAT, representando 0,5%
da populacéo total. Concluimos que o rastreio
regular da DAAT em bronquiectasias no Reino
Unido tem uma taxa de detecdo reduzida. Sdo
necessarios mais estudos em diferentes regies
geograficas, onde possa existir uma maior pre-
valéncia de DAAT.

Bronchiectasis is a heterogeneous airway disease
characterised by chronic respiratory symptoms
and permanent dilatation of bronchi. Guidelines
from the European and British Thoracic
Societies recommend systematic investigations
for underlying causes, since there is specific tre-
atment for some diseases that could have clinical
and prognostic impact.'?

Alpha-1 antitrypsin deficiency (AATD) is a
potential cause of bronchiectasis and augmenta-
tion therapy is licensed in several countries, par-
ticularly in cases of severe disease with airway
obstruction.’ Prevalence of PiSZ and PiZZ phe-
notypes, the two most common phenotypes
associated with lower serum alpha-1 antitrypsin
(A1AT) levels and increased risk of lung disease,
has been estimated to be 1:900 and 1:15.388, res-
pectively, in the overall population in Scotland
with a higher prevalence of 1:4440 reported in
England.*

The clinical utility of AATD screening in
bronchiectasis patients remains unclear. The
British Thoracic Society guidelines currently
recommend against screening for AATD-based
primarily on the results of Pasteur et al® who
screened 150 patients with bronchiectasis and
found a frequency of AATD which was not dif-
ferent to the general UK population. No patients
with SZ or ZZ phenotype were identified in this
study.® A retrospective study of 202 patients with
bronchiectasis from France (1991-1996) found
a distribution of alpha-1 phenotypes that was
not different to the distribution expected in the
general population.6 In contrast, bronchiectasis
has been reported frequently in patients with
known AATD.” For example Parr et al studied
74 patients with PiZZ genotype and found that
95% had bronchiectasis affecting a mean of 3.7

lobes. 27% had bronchiectasis affecting more
than four lobes and daily sputum production.”
Based on data such as this, guidelines for AATD
suggest screening all patients with bronchiectasis
for AATD.® This contradiction, where bronchiec-
tasis guidelines recommend against screening
while AATD guidelines recommend routine
testing, results in part from the lack of any large
prospective studies evaluating the results of rou-
tine prospective screening.

We, therefore, investigated if routine measu-
rement of serum A1AT in the aetiological asses-
sment of bronchiectasis was clinically useful in
two large populations of UK adults.

New patients attending the Bronchiectasis
Clinics at Ninewells Hospital and the Royal
Brompton Hospital, London (RBH) for initial
investigation of bronchiectasis aetiology were
included in the study. All patients had docu-
mented bronchiectasis by high-resolution CT
(HRCT) scans. Standardised testing for aetiolo-
gies of bronchiectasis was performed including
A1AT testing, but also testing for allergic bron-
chopulmonary aspergillosis (ABPA), immuno-
globulins, functional antibodies and serum
electrophoresis. Serum A1AT level was measured
according to the local laboratory standard proce-
dures and in cases where the serum level was low,
phenotyping was performed. At the Ninewells
laboratory, the level for phenotyping was 1.0g/L
and at RBH it was 1.3g/L.

Between January 2012 and December 2016,
675 people with bronchiectasis were investiga-
ted at Ninewells Hospital and 925 patients were
investigated at RBH. Characteristics of patients at
both centres have been previously reported and
are predominantly elderly females (median 67
years, 60% female).

At the Scottish centre, we identified 17
patients (2.52%) with A1AT levels <1g/L who
went on to have phenotyping performed. In
those with an abnormal A1AT level, the mean
was 0.79g/L (+/—-0.18). Phenotypes were PIMZ
in 13 patients (average 0.86g/L+/-0.09), PiSZ in
three patients (average 0.7g/L+/-0.06) and PiZZ
in one patient (0.20g/L. We, therefore, identified
one patient with severe AATD disease (PiZZ)
from 675 screened and three patients with mode-
rate AATD disease (PiSZ). The minimum protec-
tive level of A1IAT has been reported as 0.8g/L.
On this basis we identified six individuals with
deficient A1AT levels.

From the 925 patients screened at RBH 254
patients had phenotyping performed due to a
level <1.3g/L of which 21 had levels <1g/L equa-
ting to the Ninewells cut-off. From phenotyping
we identified seven patients with PiZZ with an
average level of 0.23g/L (0.05), three patients with
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Figure 1 Frequency of different alpha-1 antitrypsin deficiency phenotypes
in the two cohorts. Predicted values are the % of subjects expected to be
identified in the general population based on reported population frequen-
cies of PiZZ alpha-1 antitrypsin deficiency (unweighted prevalence estima-
tes).3* RBH, Royal Brompton Hospital.

PiSZ or PiS where the second allele could not be identified with
an average of 0.93 (0.23). Twenty-eight patients were identified
with PIMZ with an average of 1.01g/L (0.16). Eight patients had
A1AT levels below the protective threshold of 0.8g/L. Results
are summarised in figure 1.

Augmentation therapy is recommended only to non-
-smoking patients with pulmonary emphysema and redu-
ced or progressive decline on lung function.’ Non-smoking
PiMZ individuals are not known to have increased risk of
lung disease’ and PiSZ phenotype is not usually an indication
for augmentation therapy, therefore, in 675 bronchiectasis
patients, only one (0.15%) patients in Scotland and 7 (0.8%)
in England had severe AATD that could possibly benefit
from augmentation therapy. The slightly higher prevalence
in England may reflect true differences as the reported preva-
lence is higher in England, or differences in the characteristics
of patients referred to each centre.

In the UK, National Health System, A1AT serum assay
and phenotyping costs were £2.45 and £35.50, respectively,
which means that the total cost of screening in this project was
£2257.25 to identify a single individual eligible for treatment in
the Scottish site and £11283.25 to identify seven patients eligible
for treatment in the English site. The higher costs at the English
site reflect a higher number of patients included and the lower
threshold for phenotyping of 1.3g/L.

Augmentation therapy have been shown to reduce, but not
eliminate, emphysema progression® and to reduce the frequency
of hospital admissions for acute exacerbations of chronic obs-
tructive pulmonary disease.'® However, to our knowledge, there
have been no studies evaluating clinical benefits for bronchiec-
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tasis patients with AATD. It is important to note that augmen-
tation therapy, despite its clinical benefits in selected patients, is
not available in some countries, including the UK.

Early diagnosis of AATD is important for much more
than augmentation therapy, as these patients also benefit
from smoking cessation programmes and genetic counselling.
Awareness that patients have impaired protease-anti-protease
balance may lead to closer monitoring and a lower threshold
to treat chronic infection. However, our findings show that the
prevalence of AATD in bronchiectasis patients is relatively low
compared with other reported aetiologies which are routinely
screened for such as ABPA, and that implementation of rou-
tine screening of these patients does not significantly impact
on clinical management. Our results are derived from two UK
centres and a predominantly Caucasian population. It is possi-
ble that a higher rate of detection of AATD would be found in
other geographical regions in the UK, or in other countries. The
study has limitations including that we screened two unselected
bronchiectasis populations and did not collect detailed pheno-
typic data. We cannot, therefore, comment on whether more
focused screening, for example, by limiting testing to those with
airflow obstruction or CT detected emphysema, would have a
great pickup rate. This will require further studies. A multicen-
tre European cohort study that incorporates standardised tes-
ting for AATD is currently enrolling (NCT03791086) and will
provide broader prevalence estimates as well as more detailed
phenotypic data.

In summary, screening of an unselected UK bronchiectasis
population for AATD identifies severe AATD in less than 1%
of cases.
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Persisténcia da imunidade em criancas imunizadas com
vacina pneumococica conjugada 13-valente e impacto sobre

a colonizacdo nasofaringea: um estudo transversal
Rajendra Prasad Janapatla,' Mei-Hua Hsu," Chyi-Liang Chen, Sung-Hsi Wei,2 Ming-Jia Yu,' Lin-Hui

Su," Tzou-Yien Lin,? Cheng-Hsun Chiu'?

RESUMO

Em 500 criangas com idade <10 anos ap6s imu-
nizacdo com vacina pneumocdécica conjugada
13-valente (VPC) em diferentes cronogramas, pre-
viu-se que imunoglobulina G (IgG) especifica do
serotipo 19A e 19F persistiria acima dos 0,35ug/
mL durante >10 anos em todos os grupos, provavel-
mente devido a meméria imunologica induzida pela
VPC13 com o impulso natural de doencas residuais
e colonizacao. Geralmente, a IgG de serotipo espe-
cifico poderia persistir acima de 0,35ug/mL por mais
tempo (=5 anos) no grupo de recuperacdo do que
nos grupos de imunizacao 2+1 e 3+1. 14,5% dos
isolados de colonizagdo pertencem aos serotipos
VPC13. A andlise estatistica revelou que sera neces-
sario um nivel sérico elevado de IgG (>10,96pg/mL)
para eliminar o ponto de prevaléncia de colonizacao
nasofaringea do serotipo 19A.

INTRODUCTION

There is a scarcity of data on the long-term persis-
tence of immunity after 13-valent pneumococcal
conjugate vaccine (PCV13) immunisation and its
impact on nasopharyngeal carriage. The natio-
nal PCV13 catch-up programme implemented
during 2013-2014 and the inclusion of PCV13 in
the national immunisation programme in 2015
had successfully reduced the incidence of invasive
pneumococcal disease (IPD) from 17.8/100 000 in
2012 to 5.5/100 000 in 2017 among children aged
0-5 years; however, information about the popula-
tionwide immunogenicity post-PCV13 vaccination
remains unknown.! We conducted a cross-sectio-
nal study in 2016-2017 to assess the persistence of
immunity after the administration of PCV13 in
three different schedules introduced over the years
in children in Taiwan and the impact of PCV13
immunisation on nasopharyngeal carriage.

METHODS

This cross-sectional study in 2016-2017 enrolled
500 children aged <10 years who were previously
administered with PCV13 according to different
schedules in 2009-2017. These children were divi-
ded into four groups on the basis of the immu-
nisation schedule, including catch-up (1-2 doses
of PCV13 (n=257), 2+1 (n=60), 3+1 (n=164),
and those without vaccination (n=19) (see online
supplementary figure S1 and table S1).

Immunoglobulin G (IgG) antibody titres spe-
cific for eight serotypes (3, 6A, 6B, 7F, 14, 19A,
19F and 23F) were determined by ELISA.2 3 In a
subset of 50 sera, opsonophagocytic activity (OPA)
was determined for serotypes 1, 3, 5 and 19A by
multiplex OPA at a WHO Reference Laboratory
in Institute of Child Health, University College
London, UK.

Serotyping was performed by latex agglutina-
tion and confirmed by Quellung reaction (Statens
Serum Institut, Copenhagen, Denmark). A mul-
tiplex polymerase chain reaction serotyping was

also performed as described previously.* Linear
regression analyses were performed to assess the
persistence of anticapsular polysaccharide IgG after
PCV13 vaccination; correlation between serum IgG
(ug/mL) and time (years) after vaccination was eva-
luated using Pearson’s correlation coefficient (r).> A
logistic regression model was used to analyse the
association between nasopharyngeal carriage and
IgG concentration for each serotype.> Additional
information is included in online supplementary
materials and methods.

RESULTS

No significant differences were found in the popula-
tion-wide geometric mean concentrations (GMCs)
among the catch-up, 2+1 and 3+1 immunisation
groups for the majority of serotypes examined in
this study (see online supplementary table S2 and
figure S2). GMCs for serotype 3 were low at appro-
ximately 0.30pg/mL in different groups. GMC for
serotype 19A in the 3+1 group was higher but not
significant (p>0.744) when compared with other
groups.

Four to sixyears after the PCV13 booster dose,
IgG levels remained significantly high (p<0.05) for
serotype 19A and significantly low (p<0.05) for 7F
in all the groups (see online supplementary table S3).
Regression lines and equation predicted that IgG
titres against 19A and 19F serotypes could persist
above the IPD protective threshold for >10 years in
all the study groups (figure 1), in contrast a higher
proportion of serotype 3-specific IgG titres was
persistently below the threshold. There was a gra-
dual decrease in serotypes 6A-specific, 6B-specific,
7F-specific and 14-specific IgG over time in all
groups (figure 1). Only 19A-specific IgG titres sho-
wed a positive correlation (r=0.117-0.216) with time
after vaccination in all the three groups, and there
were >89% of children with IgG levels above the IPD
protective threshold in all groups (figure 1, online
supplementary figure S3 and table S3).

The proportion of subjects reaching both the
seroprotective thresholds (IgG 20.35ug/mL and
OPA =8) for serotypes 1, 3, 5 and 19A were 30.4,
36.2, 67.4 and 92%, respectively (see online supple-
mentary figure S4A). Overall, for serotype 3, a high
percentage (53.2%; 25/47) of subjects could not
reach the IgG level of >0.35ug/mL; however, among
them, 31.9% (15/47) attained functional OPA
titre of >8and the geometric mean titre was 36.64
(see online supplementary figure S4B). Serotype
19A-specific functional OPA titres were found to
be elevated and stable for 2-5 years in 66% of the
subjects (see online supplementary figure S4C).

Among the 500 children, 135 (27.0%) were
positive for pneumococcal carriage and overall 20
(4%) carried PCV13 serotypes. The predominant
vaccine serotype was 19A and the most prevalent
non-vaccine serotypes were 23A, 15B/C and 34
(figure 2A,B). None of the children were colonised
with PCV13 serotypes 1, 3, 4, 5, 7F, 9V and 18C.
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Figure 1 Scatter plots showing linear regression lines and correlation coefficients between log IgG antibody titres with time (years) after PCV13
vaccination in children with catch-up (1-2 doses), 2+1 and 3+1 schedules. The individual titres are indicated by dots. Correlation coefficients were
determined with the Pearson correlation test. r, Pearson correlation Qcoefficient. P values <0.05 were regarded as statistically significant. Solid blue
line is the regression line and the shaded blue region represents 95% Cl of the regression line. Panels A—H refer to serotypes 3, 6A, 6B, 7F, 14, 19A,
19F and 23F, respectively. Time since last PCV13 dose ranged from 1 month to 9 years. Serotype 19A epidemic peaked in the years 2011 and 2012 in
Taiwan; this time period corresponds to 4-6 years post last PCV13 dose. IgG, immunoglobulin G; PCV13, 13-valent pneumococcal conjugate vaccine.

BM)

Janapatla RP, et al. Thorax 2020;75:689-692. doi:10.1136/thoraxjnl-2019-213878

]

137



Breve comunicacao

A Carriage serotypes (N=137)

d,*f*s&###g;;&dyﬁf e

(¢]

Serotype 14

=2
&
al
IgG (ngimL)

NP colonization (%)

0.2 1 ;ng
o1 -
o : + .-: —LLnT - - : E
2Bth S0th TEth B0th
Precentiles of IgG levels
E Serotype 19F
- o )
z,, u §
-3
5" o %
g w2 re 4
B L4 &
o o1 Ly 2
<, ;£
8t Boeh T8th #ith
Precentiles of lgG levels

o

MM

B carriage rate by age (N=500]

%

-

oS
¢ EE
[ POVl bl S0ty ror Ui
I Hor-FEYT S e elypei e g tuprk
Serotype 19A
0.5 1%

4

NP colonization (%)
@

=
Anti-198 Ab_lgG [pgimL)

8
0.2 4 "
0.1 4 . 4
o [ 2
] 5 - o
580 Seh TEih Boith
Precentiles of IgG levels
Serotype 23F
0.5 -'ID:
= L@
iru..l- X '5
E L ¢ =
EM- L e 3
L & |
_gnz- s 2
L 3
o o1 L2 g
H . L4 5
o i e DR o gl O
25eh Béitn TEth 801k
Precentiles of 1gG levels

Figure 2 Nasopharyngeal carriage of Streptococcus pneumoniae in children vaccinated with PCV13 in 2016—2017. Panel A displays serotype

distribution of S. pneumoniae isolates. Number of isolates per serotype is in parentheses. PCV13 (red bars) and non-PCV13 serotypes (black bars).

Panel B displays carriage rate of S. pneumoniae isolates of PCV13 serotypes (red bars) and non-PCV13 serotypes (black bars) by age group. The

carriage rate was computed by dividing the number of positive samples by the total number of samples collected. Panels C—F display predicted pointprevalence
carriage rates for serotypes 14, 19A, 19F and 23F corresponding to IgG concentration after PCV13 vaccination in 500 children. For each

serotype, subjects were tested for IgG antibody levels and nasopharyngeal carriage of S. pneumoniae. The predicted changes in point-prevalence
nasopharyngeal carriage rate corresponding to the antibody concentration threshold of >0.35 pg/mL and to selected percentiles of IgG concentration

were calculated for the total population. Red line represents the IgG antibody levels in the secondary axis, and the blue dotted line represents the

percent of nasopharyngeal carriage in the primary axis. IgG, immunoglobulin G; PCV13, 13-valent pneumococcal conjugate vaccine.

The carriage rates of PCV13 serotypes were low and there was
no evidence of a statistically significant relationship between IgG
concentrations and carriage rates, except for serotype 19A (figure
2C-F). Despite the fact that no difference was found for serotypes
14, 19F and 23F, the point-prevalence nasopharyngeal carriage
rates were 0 at the 90th percentile of IgG titres for the three sero-
types. The carriage rate for 19A slightly increased with an increase
in serum IgG titres. The odds of carriage were similar for all sero-
types, whereas the odds were statistically significant for 19A only
(p=0.0061, online supplementary table S4).

Comparison of pneumococcal carriage rates with IgG percenti-
les revealed that a serum IgG level >10.96ug/mL is associated with
a low point-prevalence nasopharyngeal carriage rate of serotype
19A (figure 2D).

DISCUSSION

Long-term immunogenicity studies on CRM197-based PCVs
have been largely based on PCV7, indicating that serum IgG levels
against vaccine serotypes remained >0.35pug/mL in the majority
of children for at least 4 years after the booster.5 6 In this study,
trend lines predicted that IgG titres against the predominant naso-
pharyngeal isolates in 2010-2014 (19A and 19F) in this region
could persist above 0.35ug/mL for >10 years in both the 2+1and
3+1 immunisation groups, but the antibody concentrations and the

persistence for the rare serotype 7F were lower (<3 years) in both
groups.

Interestingly, trend lines revealed that IgG levels could persist
for 210 years for the prevalent PCV13 serotypes in the catch-up
group. Since the age (2.97+0.12 years) at the administration of the
last dose in the catch-up group was >20 months, compared with
1.22+0.15 years in the 2+1 group and 1.08+0.03 years in the 3+1
group, administration of PCV13 to older children could induce a
stronger immune response. This observation was consistent with
a previous case—control study that found that the incidence of vac-
cine-type (84%, 19A) severe pneumococcal pneumonia was signi-
ficantly less in children with catch-up schedules (7.1%) compared
with that in children with the 2+1/3+1 schedule (24.1%) and in
age-inappropriate, under-immunised children (28.6%).” Some cli-
nical trials of PCVs also observed a robust immune response to one
dose of PCV13 in previously immunised children aged 2-5 years.*®

In a subset of 50 subjects from the three groups, serotype 3-spe-
cific IgG titres that reached the protective level (=0.35ug/ mL) were
found only in 46% of the children, whereas the OPA titres that
achieved the threshold (>1:8) were found in 68.1% of the children,
suggesting that some sera with lower IgG titres were OPA-positive.
Despite the low levels of serotype 3-specific IgG titres in the study
population, none of the children were colonised with serotype 3
isolates. Together, these observations support the notion that func-
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tional OPA may be a better predictor of protection than serum IgG
for some serotypes such as serotype 3.

Among PCV13 serotypes, 19A carriage rate in our earlier
study (5.0%, 2014-2015) was not different from this study (7.4%,
2016-2017); the persistent carriage might partially explain the 19A
residual infections occurring in Taiwan. After the introduction of
PCV13 initially as a catch-up schedule in 2013-2014, the incidence
of IPDs caused by 19A in children aged 0-5 years has decreased sig-
nificantly." In Australia, after introduction of the 3+0 schedule, the
incidence of 19A IPDs decreased significantly, but 19A persisted
as the predominant PCV13 serotype causing breakthrough IPD in
the second year of life.” Our data also demonstrated that a single
‘19A-like’ epidemic serotype did not emerge from the non-vaccine
serotypes in the post-PCV13 era, but isolates belonging to sero-
group 15 and serotypes 23A, 11A, 35B and 34 have emerged with
high prevalence. However, these non-vaccine serotypes tended to
exhibit less invasive potential, thereby contributing to the overall
decline of IPD.'¢

Both colonisation and residual diseases caused by serotypes
19A and 19F contributed to the natural boosting of serotypespe-
cific antibodies that subsequently could persist for >10 years."**
Given the current carriage rate of 2.0% for serotype 19A, very
high concentration of serum IgG (>10.96pg/mL) will be required
to eliminate the carriage. Alternatively, we could also hypothesise
that after the last dose of PCV13 a new acquisition and colonisa-
tion of vaccine serotype is still possible in some children despite
the presence of high-level serotypespecific IgG. These conclu-
sions reflect this cross-sectional study conducted in the PCV13
era without the baseline carriage rates in the same population
for comparison. Previous studies also showed that natural expo-
sure to circulating serotypes increases antibody titres, but higher
antibody titres are required to prevent colonisation and infec-
tions by frequently carried serotypes, including 19F and 19A.'%!!
Therefore, a common correlate of protection against colonisation
for all serotypes could not be established and the predicted cor-
relates varied among studies in children and adults.> !> Further
studies are necessary to discover better correlates of protection
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derived from memory B cells or nasal wash IgG titres."! These
new models for Streptococcus pneumoniae acquisition and car-
riage could give us better prediction results.
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0 isolamento social e a solidao como fatores de risco
para admissoes hospitalares por doencas respirato-

rias entre idosos
Feifei Bu ' Keir Philip,2 Daisy Fancourt'

RESUMO

As crescentes admissdes hospitalares devido a
doencas respiratorias (DR) representam um grande
desafio para os hospitais. Este estudo explorou fato-
res de risco social modificaveis entre 4478 idosos
do English Longitudinal Study of Ageing. Os dados
foram ligados a registos hospitalares administrati-
vos e dados de registo de mortalidade (seguimento
de 9,6 anos) e foram analisados através de uma
analise de sobrevivéncia que contabilizou os riscos
concomitantes. Ao contrario do contacto social ou
da soliddo, viver sozinho e o afastamento social
foram associados a um risco acrescido de admisséo
de DR, independentemente de fatores sociodemo-
gréficos, de salde e de comportamento. O apoio a
adultos socialmente afastados que vivam sozinhos
e que estejam em risco de admissao por DR deve
ser explorado.

INTRODUCTION

Hospital admissions due to respiratory disease
(RD) have major health and economic costs,'
are a central component of winter bed crises and
emergency department congestion, and dispro-
portionately affect more vulnerable parts of society
such as older adults.? RD admissions have risen at
three times the rate of all other reasons for hospital
admission in recent years.” So, more research into
modifiable risk factors for RD hospital admissions
is clearly warranted.

To date, little attention has been paid to social
factors such as social isolation and loneliness, des-
pite a strong rationale for their influence. Both
social isolation and loneliness have been linked
with an increased incidence of morbidity and mor-
tality’ and are associated with decreased medica-
tion adherence and health-seeking behaviours, and
increased hospital admissions for a wide range of
conditions including mental illness and heart fai-
lure.** Both are also linked with biological res-
ponses related to poorer outcomes, for example,
increased systemic inflammation.

Preliminary studies have suggested that, for
people with chronic obstructive pulmonary disease
(COPD), social isolation may increase risk of win-
ter hospital admission with RD,” while loneliness
may increase emergency department presentation.®
In addition, social activities such as group singing
and dance are increasingly utilised in COPD mana-
gement,’ with suggestions that they may reduce
health service utilisation and hospital admissions.'°
However, this research area is under-developed
and there is no evidence from longitudinal repre-
sentative data.

METHODS

This study assessed the relationship between lone-
liness, three different aspects of social isolation and
RD hospital admissions in a large cohort of older
adults in the English Longitudinal Study of Ageing
(ELSA): a nationally representative biennial panel
study linked to admitted patient care (APC) data
from NHS Hospital Episode Statistics. In order

to consider the competing risk of death over the
follow-up period, ELSA was linked with mortality
data obtained from the UK National Health Service
mortality registry. Using wave 4 data (2008/2009),
7270 of the 8780 participants provided consent to
data linkage (87%), 90% of these provided spirome-
tric data and 68% of these provided full data leaving
a sample of 4478 (online supplementary figure S1).
The APC data were available until January 2018,
providing a maximum follow-up of 9.6 years.

RD admissions were defined as admittance to
hospital with a primary diagnosis of RD. Social
isolation was measured as living alone or not
(domestic isolation), frequency of social contact
with children, relatives and friends (social contact),
and frequency of engagement with community
groups, volunteering or cultural activities (social
engagement). Loneliness was measured using the
three-item UCLA loneliness scale. Confounders
included socio-demographic factors (gender, age,
ethnicity, an index of socioeconomic status com-
prised of education, social class and wealth, and an
index of indoor and outdoor respiratory-related
living environment deprivation), health-related
factors (pre-existing diagnosed and undiagnosed
COPD assessed spirometrically, comorbidities
and depression) and behavioural confounders
(smoking, heavy drinking, diet and physical acti-
vity). Cox causespecific hazard (CSH) models were
used to model the time from the baseline interview
until the first RD admission within the follow-up,
accounting for death as competing risks events.
Main analyses were carried out in Stata V.15. Please
see the supplement for detailed explanation of the
variables and method.

RESULTS

Demographics are shown in online supplementary
table S1. 11% of participants had a RD admission
within the follow-up period (online supplementary
figure S2). Table 1 presents the results from the CSH
models fitted progressively. Living alone was asso-
ciated with a greater hazard of RD admissions even
after adjusting for potential confounders. In the fully
adjusted model (Model IV), people living alone had
a 32% higher hazard compared with those who lived
with others (HR=1.32, 95% CI 1.06 to 1.64). Social
disengagement was also a predictor of RD admis-
sions. One SD increase in social disengagement
was associated with a 24% increase in the hazard
of RD admissions (HR=1.24, 95% CI 1.11 to 1.38).
However, neither low social contact nor loneliness
was associated with RD admissions. The estimated
cumulative hazards by domestic isolation and social
disengagement are presented in figure 1.

Sensitivity analysis found very similar results
when using multiple imputation (online supplemen-
tary table S2). Treating deaths from RD without a
hospital admission (n=15) as RD admissions did not
materially affect results (online supplementary table
S3), nor did excluding people who had RD admis-
sions in the previous 5 years (online supplementary
table S4), or isolating the sample to individuals with
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Table 1 Estimated HRs, p values and 95% Cl from Cox models

(n=4478
Model | Model Il Model Ill Model IV
Living alone
1.83 1.41 1.37 1.32
p=0.000 p=0.002 p=0.004 p=0.012
(1.49-2.24) (1.14-1.75) (1.10-1.69) (1.06-1.64)
Low social contact
0.98 0.96 0.96 0.96
p=0.720 p=0.307 p=0.349 p=0.328
(0.90-1.07) (0.88-1.04) (0.88-1.05) (0.88-1.04)
Social disengagement
1.56 1.42 133 1.24
p=0.000 p=0.000 p=0.000 p=0.000
(1.42-1.71) (1.27-1.58) (1.20-1.48) (1.11-1.38)
Loneliness
1.05 1.08 0.96 0.95
p=0.271 p=0.091 p=0.362 p=0.317
(0.96-1.14) (0.99-1.18) (0.87-1.05) (0.86-1.05)

Model | was unadjusted. Model Il controlled for socio-demographic confounders.
Model IIl additionally controlled for health-related confounders. Model IV additionally controlled for
behavioural confounders.

acute RD admissions (online supplementary table S5). There was
no evidence that findings were moderated by gender (online sup-
plementary table S6) or pre-existing RD conditions (online supple-
mentary table S7).

DISCUSSION

Opverall, our results are broadly supportive of earlier research sug-
gesting that aspects of social isolation, but not subjective loneli-
ness, are associated with an increased risk of hospital admission.”
Potential mechanisms for the association between social isolation
and RD admissions include a higher risk of being physically inac-
tive and smoking among people who are socially isolated, less social
pressure to seek medical attention early in the development of a
RD and biological factors including isolation-related inflammation.
Further, living alone is associated with poor health, disability and
the risk of falls; hence, clinicians may admit patients due to incre-
ased discharge risks.

Our findings that social contact is not protectively associated
could be because social contact carries increased risks of conta-
gious respiratory conditions, more so than living with somebody
(where there is a restricted germ pool) or social engagement (which
might not involve close person-to-person contact in the same way

Breve comunicacao

as seeing family or friends socially). This hypothesis, however,
remains to be explored further.

The main strengths of this study include the use of a larges-
cale representative survey linked to administrative records with an
almost 10-year follow-up and the consideration of a comprehensive
range of identified confounding factors. However, as an observa-
tional study, causality cannot be assumed. Measurement error or
unidentified confounders may affect results.

In conclusion, older adults living alone with existing lung con-
ditions may benefit from additional targeted community support
to try and reduce the risk of hospital admissions. The roll out of
social prescribing schemes may present opportunities for referring
these individuals to social engagement

Twitter Keir Philip @keirphilip
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Lesao pulmonar associada ao vaping

Orla O'Carroll," Keshav Sharma ,* Aurelie Fabre,* David J Murphy,> Michael P Keane,"? Cormac

McCarthy'2

Um homem de 18 anos apresentou-se no servigo
de urgéncia de um hospital comunitério com tosse,
febre, suores noturnos e perda de peso significativa.
Recentemente, completou um curso de antibidticos
para uma infecio do trato respiratorio inferior. O
hemograma completo revelou uma contagem nor-
mal total de leucdcitos com contagem de eosindfilos
de 0,85x109/1. A proteina C-reactiva (PCR) foi nor-
mal, mas a taxa de sedimentagao de eritrdcitos (TSE)
foi de 100mm/hora. A radiografia tordcica demons-
trou uma opacificagio peri-hilar reticulonodular
bilateral com preservagéo periférica (figura 1A).
A imunoglobulina E estava ligeiramente elevada a
175U1/ ml. Os restantes niveis de imunoglobulina,
painéis virais e de autoanticorpos revelaram-se nor-
mais. A TC tordcica de alta resolugdo revelou uma
opacificagdo difusa centrilobular e peribronquica
em vidro fosco em ambos os pulmdes com preser-
vacio subpleural (figura 1B/C).

Na sequéncia da consulta, o doente revelou um
historico de vaping prolongado nos 6 meses ante-
riores, incluindo produtos com nicotina e tetrahi-
drocanabinol. Foi encaminhado para uma clinica
especializada em doencas pulmonares intersti-
ciais, onde os testes de funcdo pulmonar realiza-
dos demonstraram espirometria normal, mas uma
reduzida capacidade de difusdo pulmonar para
monoxido de carbono (DLCO) prevista de 60,3%.
Realizou-se uma broncoscopia 4 semanas apds a
sua apresentacdo inicial, realizando-se uma nova
radiografia toracica imediatamente antes do proce-
dimento, demonstrando uma resolugdo acentuada
em anomalias parenquimatosas (figura 2A).

Devido a melhoria das alteragdes radioldgicas,
nio foram realizadas bidpsias transbronquicas,
mas a lavagem broncoalveolar (LBA) revelou um
diferencial celular de 66% de macroéfagos, 27% de
linfécitos, 4% de neutrdfilos e 3% de eosindfilos
(figura 2B). Aproximadamente 25% dos macro-
fagos alveolares eram espumosos e carregados
de lipidos, comprovado por gotas de lipidos neu-
tros evidentes no corante Oil-Red-O (figura 2C).
Embora as aparéncias citologicas variassem ligei-
ramente dos relatdrios recentes de apresenta¢do
aguda, considerou-se que a resolu¢do na radio-
grafia tordcica e a presenca de uma proporgao
significativa de macréfagos carregados de lipidos
representavam uma lesao pulmonar em recupera-
¢do associada a vaping prolongado.

: "

e ™
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Figure 1 (A) Chest radiograph demonstrating
extensive bilateral perihilar reticulonodular opacification
with peripheral sparing. (B,C) Axial chest CT images
demonstrate extensive bilateral centrilobular and
peribronchial ground glass opacification with subpleural
sparing, slightly more confluent in the lower zones.

Figure 2 (A) Chest radiograph demonstrating complete
interval resolution of the perihilar reticulonodular
opacities. (B) Bronchoalveolar lavage (BAL) cytology
stained with MGG x400 magnification demonstrating
foamy macrophages, some multinucleated (yellow arrow).
(C) Alveolar macrophages stained in red with ORO x400
magnification demonstrating presence of excess neutral
lipid in alveolar macrophages. MGG, May Grunwald
Giemsa stain; ORO, Qil-Red-0 stain.

Apos a cessacao de todos os produtos de vaping,
o doente melhorou e a DLCO melhorou significa-
tivamente 8 semanas apos a apresentago inicial. A
presenca de macréfagos carregados de lipidos nas
vias aéreas pode indicar a aspira¢do de material
lipoide exdgeno ou a presenca de sindrome de protei-
nose alveolar pulmonar. No entanto, em casos de uso
intensivo de cigarros eletrénicos, este pode ser um
marcador util da sindrome recentemente descrita:
lesdes pulmonares associadas ao uso de cigarro ele-
trénico e produtos de vaping (EVALI do inglés: elec-
tronic cigarette and vaping associated lung injury).!
Embora os mecanismos fisiopatoldgicos nao sejam
claros, a presenca de macréfagos carregados de lipi-
dos tem sido reportada em muitos casos de EVALL

Do mesmo modo, os casos demonstraram eosi-
nofilia do sangue periférico (variando entre niveis
normais e 2,9x109/L), TSE elevada (variando entre
60 e 128mm/hora) e niveis elevados de macroéfagos
carregados de lipidos na avaliagao de LBA (variando
entre 25% e 75%).1 O acetato de Vitamina E é o éster
sintético de tocoferol e o acetato é amplamente utili-
zado como agente espessante em produtos de vaping.
Sugere-se que, quando inalado, o acetato de vitamina
E pode interferir com a capacidade do surfactante
pulmonar de manter a tensao superficial nos alvéo-
los e, quando aquecido, podera formar ceteno, um
conhecido irritante pulmonar.* Estudos recentes
com modelos animais demonstraram niveis eleva-
dos de macrofagos carregados de lipidos de LBA em
mancha de Oil-Red-O em ratos expostos a aerossois
gerados a partir de acetato de vitamina E.* Este caso
realca a utilidade da LBA e de Oil-Red-O na ava-
liagdo de EVALI e durante a resolu¢ao dos achados
imagioldgicos.
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Infecdo assintomatica por SARS-COV-2: a ponta

ou o iceberg?

Alexander ] Keeley, %3 Cariad M Evans,>* Thushan | de Silva'?

Os navios de cruzeiro, com o seu caracteristico am-
biente fechado, proporcionaram conhecimentos vali-
0sos sobre a dindmica da transmissao viral durante a
pandemia da COVID-19. No navio de cruzeiro Di-
amond Princess, em Yokohama, Japao, aproximada-
mente 21% dos que se encontravam a bordo testaram
positivo para o coronavirus 2 (SARS-COV-2), com
51,7% destas pessoas a apresentar infecoes assin-
tomaticas na altura dos testes. Na edigio deste més
da Thorax, Ing et al descrevem um surto num navio
de cruzeiro que parte da Argentina para a peninsula
Antdrctica com 223 passageiros, cuja temperatura e
sintomas foram verificados antes do embarque em
meados de marco de 2020. Ao 8° dia, o primeiro pas-
sageiro desenvolveu sintomas.

Apesar da imposi¢do imediata do isolamento
na cabine a para todos os passageiros e da utilizagao
obrigatoria de equipamento de protegao pessoal pela
tripulagdo, 128 (59,0%) dos que se encontravam a
bordo testaram positivo para SARS-CoV-2 ao dia 20,
quando todos foram submetidos a um teste basea-
do em RT-PCR. Dos que testaram positivo, apenas
24 (18,8%) desenvolveram sintomas e 104 (81,2%)
permaneceram assintomaticos até ao 28° dia, quan-
do desembarcou a primeira coorte de passageiros.
E necessdria alguma cautela na interpretagdo deste
numero, uma vez que o periodo de seguimento nao
¢ suficientemente longo para se ter a certeza de que
todos os individuos permaneceram verdadeiramente
assintomaticos.

No entanto, é impressionante que, apesar das
tentativas rigorosas para limitar a propagagio, tal
transmissdo generalizada tenha ocorrido a bordo.
O ambiente fechado pode ser o principal condutor
da elevada taxa de transmissdo. Contudo, a possi-
bilidade de casos assintomdticos terem contribuido
significativamente para a propagacdo também deve
ser considerada. A infecdo assintomética é frequen-
temente entendida como a detegao do SARS-COV-2
por RT-PCR na auséncia de uma doenga clinica
compativel com a COVID-19. Na pratica, as infe¢des
assintomaticas reportadas abrangem uma mistura
heterogénea de infe¢do paucissintomatica (onde os
sintomas estdo presentes mas sdo leves ou nao espe-
cificos), infe¢ao préssintomatica (onde a RT-PCR é
positiva e os sintomas surgem pouco tempo depois),
infegdo nao detetada (onde a RT-PCR é positiva numa
pessoa que reporta retrospetivamente os sintomas) e
infegdo assintomatica verdadeira (as que sio monito-
rizadas ativamente durante 14 dias para o desenvolvi-
mento dos sintomas). Independentemente da forma
como estes casos sdo categorizados, qualquer caso em
que haja uma infe¢ao sem reconhecimento e, portan-
to, sem mudanga de comportamento, existe o risco
de subsequente transmissao.

Compreender a natureza e o papel da infegio
assintomatica por SARS-COV-2 ¢ fundamental
para informar as estratégias de saude publica no
combate da COVID-19. Sdo necessérias trés etapas
fundamentais: deve ser caracterizada a proporgéo de
infegdo assintomatica por SARS-COV-2, deve ser es-
tabelecido o papel da infe¢do assintomatica na trans-
missao subsequente em diferentes contextos e devem
ser avaliadas as intervengdes para o reconhecimento
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e limitagdo da propagagio de casos assintomaticos.
Torna-se cada vez mais claro que o contexto da in-
vestigagdo ¢, provavelmente, responsavel pelas esti-
mativas abrangentes da prevaléncia da infegio assin-
tomatica e das propor¢des comunicadas até a data.
Uma revisio sistemdtica, atualmente em pré-im-
pressao, identificou cinco estudos com um quadro de
amostragem claramente definido e um seguimento
adequado para distinguir a infe¢do assintomitica
verdadeira da infe¢do préssintomatica. A propor¢io
total de infecdo assintomatica foi de 16% (95% IC
12% a 20%).2

Os testes comunitarios por RT-PCR de toda a
aldeia de Vo em Itdlia, em dois periodos distintos,
demonstraram uma prevaléncia global de infe¢io de
2,6% no inicio do confinamento e de 1,2% no final do
confinamento, sendo assintomaticas 43% de todas as
infegoes.* Os dados do rastreio dos profissionais de
saude (PS), onde a infe¢do nao reconhecida pode ter
consequéncias significativas para a transmissao nos-
ocomial, sugerem uma prevaléncia global reduzida
de infe¢do assintomdtica. O rastreio assintomatico
de profissionais de saide num hospital de Londres
revelou uma prevaléncia de 7% no final de margo,
reduzindo para 1% no final de abril.* Em Cambridge,
Reino Unido, o rastreio de 1032 profissionais de
saude, em abril, revelou 30 (3%) casos positivos, dos
quais apenas 5 foram considerados verdadeiramente
assintomaticos®

Provavelmente, 0 mais comparavel ao ambiente
dos navios de cruzeiro sio os dados provenientes
dos surtos de lares de idosos, revelando uma eleva-
da prevaléncia de infe¢do. Num lar em Washington,
EUA, com 89 residentes, 55 (62%) testaram positivo
durante 3 semanas.® Embora 27 (49%) estivessem
assintomaticos na altura dos testes, apenas 3 (5%)
permaneceram assintomaticos durante o periodo
de seguimento observado pelo menos durante 7
dias. Além disso, durante o seguimento de 96 casos
assintomaticos do cruzeiro Diamond Princess, 11
individuos desenvolveram sintomas subsequente-
mente, com um maior risco de doenga em doentes
mais idosos.”

A transmissdo subsequente de infe¢do assin-
tomatica foi descrita pela primeira vez na China,
onde um caso indice transmitiu a infe¢do a cinco
membros de uma familia, apesar de se ter mantido
sempre assintomatico.® A investigacdo de 30 doentes
no Vietname revelou cargas virais inferiores naqueles
que se encontravam assintomaticos, tendo a investi-
gacdo epidemioldgica revelado pelo menos 3 casos
que tinham sido contraidos através de contacto com
fontes assintomaticas.” Em Guangzhou, China, 4950
contactos de 129 casos confirmados, incluindo 8
casos assintomaticos, foram rastreados regularmente
com RT-PCR a cada 2 dias.'” Uma unica infecdo
(0,3%) ocorreu em 305 contactos dos casos assin-
tomaticos em comparagido com 116 infe¢oes (5%) em
2305 contactos de casos sintomaticos.

O surto num navio de cruzeiro descrito por
Ing et al levanta outra questdo interessante relacio-
nada com a variabilidade do risco de transmissdo a
partir de casos infetados (o parametro de sobredis-
persdo), em que, por vezes, um elevado nimero de
casos secundarios surge de uma suposta unica fon-
te.'* A modelagdo matemética estimou que 80% das
transmissoes secundarias podem decorrer de muito
poucos casos, até 10%." Se se demonstrar que os
casos assintomaticos contribuem para estes eventos
de “superdispersao’, entdo qualquer interven¢io na
avaliacdo de um surto deverd ser capaz de reconhecer
e gerir tais casos.

As implicagdes mais amplas do rastreio de infe¢ao
assintomdtica como parte de intervengdes eficazes
para reduzir a transmissao de SARS-COV-2 sao par-
ticularmente relevantes 4 medida que os governos im-

Co ta

plementam estratégias para implementar medidas de
confinamento. A atual base da intervencao assenta na
identificagdo da infe¢do, no isolamento dos casos, na
implementagio de medidas de controlo da infecdo e
no rastreio dos contactos. A realizagdo indiscriminada
de testes de RT-PCR em massa a grupos assintomati-
cos requer uma cuidadosa consideragdo da capacidade
de testes laboratoriais e interpretagio dos resultados
dos testes no contexto de uma positividade RT-PCR
ndo infeciosa e prolongada em convalescenca.”*

No entanto, em cendrios de surto, onde foi
repetidamente demonstrada uma elevada prevalén-
cia de infegdo assintomdtica a partir de dados de
prevaléncia pontual, o rastreio em massa represen-
ta uma ferramenta valiosa para identificar casos
assintomaticos (incluindo paucissintomaticos, e
préssintomaticos), que de outra forma nio seriam
identificados. Isto poderia ser aplicado em lares,
navios de cruzeiro, em surtos hospitalares ou outros
agrupamentos comunitarios, a fim de interromper de
imediato e completamente as cadeias de transmissao.
Determinar se a transmissdo de casos assintomaticos
¢ um acontecimento raro ou um fator significativo de
propagagio do SARS-COV-2 deve ser uma priori-
dade de investigagao, permitindo tanto aos navios de
cruzeiro como aos governos tragar um caminho em
seguranga para por fim a esta pandemia.
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DPOC: Doenca pulmonar obstrutiva cronica; ICS: Corticoesteroide inalado; LABA: Agonista 2 de longa acao; LAMA: Antagonista muscarinico de longa acao.

INFORMACOES ESSENCIAIS COMPATIVEIS COM O RCM
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NOME DO MEDICAMENTO Elebrato Ellipta COMPOSIGAO QUALITATIVA E QUANTITATIVA Cada inalaco disponibiliza uma dose administrada de 92 microgramas de furoato de
fluticasona, 65 microgramas de brometo de umeclidinio equivalente a 55 microgramas de umeclidinio e 22 microgramas de vilanterol (como trifenatato). Isto corresponde a um
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beta-2 de longa duragdo de agdo ou uma associacdo de um agonista beta-2 de longa duragdo de agdo e um antagonista muscar(nico de longa duragdo de acdo (ver RCM para
informacao sobre efeitos sobre o controlo dos sintomas e prevencdo das exacerbagdes). Posologia e modo de administragio Adultos A dose maxima recomendada é uma inalagdo
1x/dia, a mesma hora em cada dia. Doentes idosos, Compromisso renal e Compromisso hepdtico Nao é necessario ajustar a posologia. Utilizar com precaucdo em doentes com
compromisso hepatico moderado a grave. Populagdo pedidtrica A utilizagdo ndo € relevante na populagao pediatrica (<18 anos) para a indicagdo de DPOC. Modo de administragdo
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notificadas foram nasofaringite, cefaleia e infecdo das vias respiratorias superiores. Infecges e infestagdes Frequentes Pneumonia, infecao das vias respiratorias superiores,
bronquite, faringite, rinite, sinusite, gripe, nasofaringite, candidiase daboca e dagargantae infecdo do trato urinario Pouco frequentes Infecdo viral das vias respiratérias superiores
Doencas do sistema nervoso Frequentes Cefaleia Afe¢des oculares Desconhecido Visao turva Cardiopatias Pouco frequentes Taquiarritmia supraventricular, taquicardia e
fibrilhacdo auricular Doencas respiratérias, toracicas e do mediastino Frequentes Tosse e dor orofaringea Pouco frequentes Disfonia Doencas gastrointestinais Frequentes
Obstipacao Pouco frequentes Boca seca Afe¢ées musculosqueléticas e dos tecidos conjuntivos Frequentes Artralgia e dorsalgia Pouco frequentes Fraturas TITULAR DA AIM
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no s{tio da internet da Agéncia Europeia de Medicamentos HYPERLINK “http://www.ema.europa.eu’http://www.ema.europa.eu/. Consultar o RCM completo para informacao
detalhada. Medicamento sujeito a receita médica. Para mais informagdes e em caso de suspeita de um acontecimento adverso ou de outra informac&o de seguranca, contactar o
departamento médico da GlaxoSmithKline - +351 214129500. Para mais informacdes contactar o representante local do titular da AIM: Bial- Portela & C?, SA.-AAv.da Siderurgia
Nacional, 4745-457 S.Mamede do Coronado; NIF: 500220913. DMgMA PT200330
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