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THE PUBLICATIONOF THESE PROCEEDINGS IS
SUPPORTED BY

OM Pharma is a global Geneva‐based biopharmaceutical

company. It is a leader in the prevention of recurrent respiratory

and urinary tract infections, also active in the treatment of vascular

diseases.

We operate worldwide via an established, international network

of partners and continue to invest in R&D for the development of

microbial‐derived immunotherapeutic products that address acute

and chronic immunological disorders resulting from infections and

inflammation.

OM Pharma's marketed portfolio includes products for respira-

tory tract infections, lower urinary tract infections, chronic venous

insufficiency, microangiopathies (for example diabetic retinopathy),

hemorrhoids and menometrorrhagia (heavy menstrual bleeding).

Broncho‐Vaxom® and Uro‐Vaxom® products are manufactured in

Geneva and distributed in more than 100 countries across the world.

OM Pharma employs around 450 people and has a strong

presence in Switzerland, with staff in Geneva (Global Headquarters &

Biotech Center) and in Fribourg (Swiss sales office).

Pediatric Pulmonology. 2022;57:S5. wileyonlinelibrary.com/journal/ppul © 2022 Wiley Periodicals LLC. | S5



DOI: 10.1002/ppul.25958

AB S T RA C T S

I. FOREWORD

The International Congress of Pediatric Pulmonology (CIPP), the

only global meeting entirely devoted to pediatric respiratory

medicine, in its 21th edition, is again virtual this year, because of

the COVID‐19 pandemic. I hope, that next year will be able to

meet in a live meeting.

CIPP has acquired a reputable status as the forum for new

information, treatment guidelines, interactions, and exchange of ideas

between leading specialists and practitioners in Pediatric Pulmonol-

ogy from both developed and developing countries.

Through a continuing partnership with Pediatric Pulmonology,

the only International Journal devoted to pediatric lung diseases, the

abstracts of papers that will be presented in the 21th CIPP will reach a

wider audience. These presentations cover areas of concern such as

poorly controlled asthma, respiratory infections (including the

COVID‐19) and their complications, neonatal lung diseases and their

outcomes, cystic fibrosis, sleep‐disordered breathing, critical care,

rare lung diseases, and new treatment options. As a collection, they

reflect the current developments in the field and the global

perspective of the Congress.

Amir Kugelman MD

President, CIPP XXI, 2022

Pediatric Pulmonology. 2022;57:S6.wileyonlinelibrary.com/journal/ppulS6 | © 2022 Wiley Periodicals LLC.
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II. KEYNOTE LECTURE

Dr. Andrew Colin, the Chief of Pediatric Pulmonology at the University

of Miami will give a talk titled “Pediatric Pulmonology – Where did we

start and where are we going?”, a broad overview of the history of the

field through his personal 40‐year journey over three continents. He will

share personal experiences in the fldgling field at its inception; training

and partnerships with some of its towering leaders, and throudh the

development of physiologic measurements in infants and young

children, the advent of pediatric bronchoscopy, and the evolution of

therapies for key respiratory conditions, culminating in the diagnosis and

therapy of cystic fibrosis.

Also Dr. Colin's personal evolution to become a mentor to scores

of fellows from various countries, many from Asia, who became

global practitioners of and advocates for the new field.

The talk will close with the state of Pediatric Pulmonology as a

mature subspecialty for which the triumphs of the past threaten the

prospects for the future. The conclusion of the talk paves the way to

the closing presentation of the CIPP meeting that will address on the

future of the field, and what directions we should take to thrive in a

changing world.

Pediatric Pulmonology. 2022;57:S7. wileyonlinelibrary.com/journal/ppul © 2022 Wiley Periodicals LLC. | S7
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III. PLENARY LECTURES

*Neonatal Pulmonology: “Year in Review”
for the Pediatr ic Pulmonologist

Amir Kugelman*

Department of Neonatology, Rambam Medical Center, Ruth Children's

Hospital, The B&R Rappaport Faculty of Medicine, Technion, Haifa, Israel

<amirkug@gmail.com>

Before discussing Neonatal Pulmonology or discussing infants

with bronchopulmonary dysplasia (BPD), the overall picture of

treating extremely premature infants needs to be clarified, as it

raises clinical, emotional, economic, and ethical issues. This is because

extremely preterm infants continue to contribute disproportionately

to neonatal mortality and childhood morbidity despite improvement

in care during recent decades. The following data are based on a

prospective registry for extremely preterm infants born at 19 US

academic centers that are part of the Eunice Kennedy Shriver

National Institute of Child Health and Human Development Neonatal

Research Network.1 The study included 10,877 infants born at 22‐28

weeks’ gestational age between 2013 and 2018; 78.3% survived to

discharge, an increase from 76.0% in 2008‐2012. Survival to

discharge was 10.9% (60/549) for live‐born infants at 22 weeks

and 94.0% (2267/2412) at 28 weeks. Neonatal morbidities: 8.9% of

infants had necrotizing enterocolitis, 2.4% had early‐onset infection,

19.9% had late‐onset infection, 14.3% had severe intracranial

hemorrhage, 12.8% had severe retinopathy of prematurity, and

8.0% had severe BPD. Among 2930 surviving infants with gestational

ages of 22‐26 weeks, by 2‐year follow‐up, 8.4% of children had

moderate to severe cerebral palsy, 1.5% had bilateral blindness,

2.5% required hearing aids or cochlear implants, 49.9% had been

rehospitalized, and 15.4% required mobility aids or other supportive

devices. Among 2458 fully evaluated infants, 48.7% had no or mild

neurodevelopmental impairment at follow‐up, 29.3% had moderate

neurodevelopmental impairment, and 21.2% had severe neurodeve-

lopmental impairment. The conclusion was that survival improved but

among infants born at less than 27 weeks’ gestational age,

neurodevelopmental impairment was common at 2 years of age.

“Less is more” is still prevailing as the notion for modern

Neonatology.2 Yet, questions are raised if this is beneficial for the

infants, and will zoom in now to Neonatal Pulmonology. Manley and

Hodgson3 in an editorial following two publications in the Arch Dis

Child Fetal Neonatal Ed from Spain4 and from the UK5 ask if LESS is

really MORE in regards of non‐invasive ventilation and BPD. The

Spanish retrospective cohort study, including data obtained from a

national population‐based database, revealed significant changes in

respiratory care practices between 2009 and 2019, but despite

an increase in use of non‐invasive respiratory strategies, BPD‐free

survival did not improve and even worsened in the group with the

lowest GA (230‐256). In the UK retrospective study, non‐invasive

ventilation use was increasing, particularly as initial respiratory

support. High flow nasal cannula (HFNC) use had increased

significantly with a sevenfold increase soon after birth which

was associated with higher rates of BPD. A recent single‐center

retrospective study 6 reported that a total of 184 extremely preterm

infants (240‐276 weeks postmenstrual age) were included of whom

151 survived until 36 weeks postmenstrual age. Data were collected

over 3 periods: 2000‐2001 (Epoch 1), 2009‐2010 (Epoch 2), and

2018‐2019 (Epoch 3). Oxygen or positive pressure dependence at

36 weeks postmenstrual age increased over time (26.1%, 41.7%, and

56.1%, respectively), with higher adjusted odds in Epoch 3 for the

composite outcome “BPD or death” (adjusted odds ratio: 2.55 [95%CI

1.19–5.61]). Time spent on invasive mechanical ventilation was

similar throughout the years, but the use of non‐invasive ventilation

significantly increased in Epoch 3. Moreover, mortality‐adjusted rates

of severe intraventricular hemorrhage (IVH), necrotizing enterocolitis

(NEC), or intestinal perforation and multiple sepsis tended to

decrease. They concluded that in spite of significant clinical

advancements and adherence to novel treatment guidelines in their

NICU, the incidence of BPD increased over time.6

Only few interventions have been shown to significantly reduce

the incidence of BPD. It is unlikely that a single strategy such as the

avoidance of mechanical ventilation will be enough to have a

meaningful effect on BPD rates. It is also becoming increasingly

clear that infants at different gestational ages have different needs.

RCT that assess survival, BPD and other long‐term outcomes are

warranted to compare ventilation strategies (both mechanical and

non‐invasive) in the delivery room and beyond, evaluating different

postnatal corticosteroid regimens and exploring novel therapies to

prevent severe BPD.3

In line with the “less is more” approach, and with the efforts to

prevent BPD, I chose the “OPTIMIST” trial,7 as a representative of a

major effort to avoid invasive ventilation, and yet with results that are

positive, yet not conclusive. The benefits of surfactant administration

via a thin catheter (minimally invasive surfactant therapy [MIST]) in

preterm infants with respiratory distress syndrome are uncertain. The

objective of this trial was to examine the effect of selective

application of MIST at a low fraction of inspired oxygen threshold

on survival without BPD. This was a randomized clinical trial including

485 preterm infants with a gestational age of 25 to 28 weeks who

were supported with continuous positive airway pressure (CPAP) and

Pediatric Pulmonology. 2022;57:S8–S26.wileyonlinelibrary.com/journal/ppulS8 | © 2022 Wiley Periodicals LLC.



required a fraction of inspired oxygen of 0.30 or greater within

6 hours of birth. Infants were randomized to the MIST group

(n = 241) and received exogenous surfactant (200mg/kg of porac-

tant alfa) via a thin catheter or to the control group (n = 244) and

received a sham (control) treatment; CPAP was continued thereafter

in both groups unless specified intubation criteria were met. The

primary outcome was the composite of death or physiological BPD

assessed at 36 weeks’ postmenstrual age. Among the 485 infants

randomized (median gestational age, 27.3 weeks), all completed

follow‐up. Death or BPD occurred in 43.6% of infants in the MIST

group and 49.6% of infants in the control group (risk difference

[RD], − 6.3% [95% CI, − 14.2% to 1.6%]; P = .10). Incidence of death

before 36 weeks’ postmenstrual age did not differ significantly

between groups (24 [10.0%] in MIST vs. 19 [7.8%] in control;

P = .51), but incidence of BPD in survivors to 36 weeks’ post-

menstrual age was lower in the MIST group (81/217 [37.3%] vs. 102/

225 [45.3%] in the control group; P = .03). The conclusion was that

among preterm infants with respiratory distress syndrome supported

with CPAP, MIST compared with sham (control) treatment did not

significantly reduce the incidence of the composite outcome of death

or BPD at 36 weeks’ postmenstrual age. Yet, respiratory outcomes

were all favoring the MIST group: the need for intubation within

72 hours of birth and at any time, the incidence of pneumothorax

requiring drainage, the incidence of patent ductus arteriosus

requiring medical therapy, the requirement for surfactant therapy

via endotracheal tube, the duration of respiratory support (mechani-

cal ventilation, CPAP) and the need for oxygen therapy at home in

survivors to hospital discharge, were all reduced with MIST.

The most common chronic lung disease of infancy (CLDI)

associated with preterm birth is bronchopulmonary dysplasia

(BPD)8. Premature infants who do not meet the definition of BPD

may also develop adverse pulmonary outcomes later in life, including

cough, recurrent wheezing, exercise intolerance, hypoxemia, and

reduced pulmonary function. This may result from arrest of lung

maturation in a critical developmental time period.9 The new ATS

guidelines adopted the term Post‐Prematurity Respiratory Disease

(PPRD) for defining the patient population with respiratory disease

that is directly associated with premature birth (less than 37 weeks’

postmenstrual age), including those who were born prematurely but

did not meet the definition for BPD. This is in contrast with the

previous ATS statement, in which the term “CLDI” was used,

including a wider range of diagnoses and pathophysiology. Recom-

mendations were developed for or against three common medical

therapies (inhaled bronchodilators, inhaled corticosteroids and

diuretics) and four diagnostic evaluations (polysomnography, swallow

evaluation [video fluoroscopic swallow study, VFSS], airway endo-

scopy, dynamic airway imaging [computed tomography or magnetic

resonance imaging]) in the context of the outpatient management of

PPRD. Given the lack of clinical studies in infants, children, and

adolescents with PPRD, this clinical practice guideline will aid primary

care providers and specialists in diagnosing and treating respiratory

symptoms commonly seen in this population. However, there are

currently no medications or diagnostic testing that are universally

indicated for those with PPRD. An individual plan needs to be tailored

by the treating physician.

While coming with these guidelines, a recent study10 in this

population had the objective to determine whether 12 weeks of

treatment with inhaled corticosteroids (ICS) alone or in combination

with long‐acting β2 agonists (LABA) improves spirometry and

exercise capacity in school‐aged preterm‐born children who had

percent predicted forced expiratory volume in 1 second (%FEV1) less

than or equal to 85% compared with inhaled placebo treatment. A

double‐blind, randomized, placebo‐controlled trial was conducted to

evaluate ICS and ICS/LABA against placebo in preterm‐born children

(age, 7‐12 years; gestation ≤34 weeks at birth). Each child was

randomized to 1 of 3 cohorts: fluticasone propionate, 50 μg, with

placebo (20 children); fluticasone propionate, 50 μg, with salmeterol,

25 μg (19 children); or placebo inhalers (14 children), all given as 2

puffs twice daily for 12 weeks. The primary outcome was between‐

group differences assessed by adjusted pretreatment and post-

treatment differences of %FEV1 using analysis of covariance.

Posttreatment adjusted means for %FEV1 were 7.7% (95% CI,

− 0.27% to 15.72%; P = .16) higher in the ICS group and 14.1% (95%

CI, 7.3% to 21.0%; P = .002) higher in the ICS/LABA group compared

with the placebo group. Active treatment decreased the fractional

exhaled nitric oxide and improved postexercise bronchodilator

response but did not improve exercise capacity. The authors

concluded that combined ICS/LABA treatment is beneficial for

prematurity‐associated lung disease in children.

To summarize, the care of premature infants is challenging in the

NICU and when dealing with the long‐term outcome. There are

concerning data on the long term as more infants with extreme

prematurity survive. Yet, short‐ and long‐term outcome of infants

who are beyond 1000 gr or 28 weeks are excellent and very

encouraging.
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Asthma is a highly complex disorder, with multiple pathogenic

mechanisms contributing to the expression of symptoms (1). Clarity on

the interplay between different underlying pathophysiological mecha-

nisms and their contribution to the onset, persistence and severity of

symptoms in individual patients is critical to unravel the complexity of

the disease and to facilitate targeted treatment approaches.

To characterize asthma complexity and heterogeneity, we need a

comprehensive understanding of the underlying biology. In this

context, rich data sets (including multiple omics data) may provide a

valuable resource to describe the multifaceted relationship between

the interconnected components of the biological system and identify

disrupted pathways that contribute to the pathogenesis of asthma.

However, extracting meaningful information and relevant causal

pathways from these large‐scale data requires advanced

computational approaches. Nowadays, big data analytics offers

unique solutions to harness multiple omics data (such as the genome,

epigenome, transcriptome, proteome, metabolome, and microbiome),

integrate them, and mine them to extract meaningful information (2).

In this context, machine learning (ML) methodologies delivered a

collection of tools designed to extract “hidden” patterns and

relationships within the complex data sets which are particularly

suited for high‐dimensional noisy data. ML approaches can be

classified as supervised, unsupervised and semi‐supervised, according

to the nature of the available data and the task at hand. In supervised

learning, models relate a target variable (for example asthma) to a set

of features to accurately predict the response for future observa-

tions, or to better understand the relationship between the target

variable and the predictors (3). Unsupervised techniques investigate

relationships among a large number of input variables to uncover

hidden structures and unknown patterns without any guidance (4).

Semi‐supervised learning bridges supervised and unsupervised

learning and simultaneously deals with labeled and unlabeled data.

A considerable research effort has been undertaken to charac-

terize asthma heterogeneity through subtyping using modern data‐

driven techniques. Various ML methods have been applied on clinical

features ‐ such as reported symptoms (5, 6) and exacerbations

(7) ‐ and objective measurements (including lung function (8),

peripheral blood biomarkers of allergic sensitization (3) and immune

response to viruses (4)), to provide new important insights into

asthma subtypes and their underlying mechanisms. One of the

exemplars is the application of the Bayesian machine learning

framework which revealed that the atopic march model of a linear

progression through childhood from eczema to asthma to rhinitis is

not an accurate descriptor of the natural history of atopic diseases for

the majority of individual patients (5). Machine learning methodolo-

gies have also identified several clusters (subtypes) of allergic

sensitization with markedly different association with asthma

diagnosis and severity, and have indicated that patterns of interac-

tions between specific serum IgEs to multiple allergenic proteins

measured using multiplex arrays are predictors of asthma diagnosis at

a population level (3), as well as asthma severity among sensitized

school children and adults with asthma (9). These results suggest

that it may be possible to develop interpretation algorithms for

component‐resolved diagnostics multiplex chips to help diagnose

asthma, ascertain its severity, and predict future risk of asthma

among young sensitized children (10). However, despite their

potential, real‐world implementation of ML algorithms in clinical

practice and care of care of children with asthma is rare.

To fully harness the potential of ML and modern statistical

approaches in shaping the clinical decision‐making process, rapidly

developing technological and methodological advances will need to be

coupled with clinical expertise and deep knowledge on data analytical

techniques. It is of critical importance that medical professionals and

biomedical scientists engage in continuous conversation and collabora-

tion with data scientists and methodologists in order to guarantee that

the application of complex data analytics respects the theoretical and

methodological foundations, the inherent characteristics of the data, as
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well as the clinical context and the research question under investiga-

tion (10).
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Despite the enormous gains in reducing child mortality

resulting from the United Nations Millennium Development

Goals, in some ways children's future wellbeing has never been

under greater threat (1). Climate and environmental change,

primarily driven by poor air quality, represent a major threat to

child health and wellbeing, through both direct and indirect

effects. Complex interactions underly the effects of a changing

climate on health. As summarized by Mirsaeidi (2), a key driver of

both climate change and adverse health outcomes is air pollution.

Air pollution, especially emissions of CO2 and greenhouse gases,

induces global warming. Air pollution directly induces environ-

mental change, biodiversity loss, and ecosystem dysfunction. Air

pollution also directly impairs human health, most notably but not

restricted to respiratory and cardiovascular health. Direct effects

of climate change include environmental change, biodiversity

loss, and ecosystem dysfunction, as well as adverse social

impacts, change in land use through drought, floods, wildfires,

and population displacement. These factors result in global

warming, altered rainfall patterns, rising sea levels, ocean

warming, and an increase in severe weather events (2). Recently

major wildfires have been experienced in Australia, Canada, USA,

and South America. These major smoke events have adverse

health effects, especially on vulnerable groups, such as children

and the elderly, with increases in hospital attendance for

respiratory diseases, especially acute exacerbations of asthma (3).

Sophisticated modeling shows that climate change is expected to

be accompanied by worsening air quality in the 21st century. However,

the patterns of change are likely to differ with the pollutant. Increases

in PM2.5 are widespread and predicted to occur over most population

centers, increases in O3 are predicted for the Northern hemisphere and

Brazil, increases in specific humidity will largely be confined to

equatorial regions, while increases in oxides of nitrogen are predicted

over areas with the largest populations (4). While the source of the

pollution is an important determinant of toxicity, particulate matter

(PM) per se has adverse effects on children's respiratory health (5). The

amount of black carbon in airway macrophages is directly related to

lower lung function in children without a history of respiratory disease

(6). O3 is a secondary pollutant formed by a photochemical reaction

between volatile organic compounds and oxides of nitrogen, in the

presence of sunlight. Ground level O3 is an irritant pollutant, as

opposed to stratospheric O3, which protect our atmosphere from UV

radiation. Increases in ground level O3 are predicted to cause excess

mortality and morbidity amongst the elderly and an increase in

respiratory disease in children (7). Exposure to increased ground level

O3 can also alter lung development, with shorter, thicker airways and

reduced parenchymal tethering, changes associated with increased

bronchial reactivity (8).
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Childhood respiratory diseases likely to be sensitive to climate

change include acute respiratory infection and pneumonia, asthma, and

cystic fibrosis. Acute respiratory infections and pneumonia in temper-

ate regions tend to occur in the colder winter months. However, in

tropical regions, they occur more commonly in rainy seasons, possibly

related to seasonal malnutrition and reduced immunity (9).

Climate impacts on childhood asthma are likely to come through

several pathways including changes in the pattern and seasonality of

acute respiratory infection, altered geographical distribution of

common plants contributing to allergies, earlier and more intense

pollen seasons with consequent increased in allergic sensitization,

increases in surface level O3, and direct effects of poor air quality (10).

Children with cystic fibrosis may be impacted by climate change

through several mechanisms including increased salt loss through

increased sweating in a hotter climate increasing the risk of

hyponatremic dehydration, increased risk of acute respiratory infection

through altered distribution and worse air quality and the negative

impacts of increased surface level O3. Intriguing data from CF registries

suggests children with CF whose mothers are exposed to increased

levels of air pollution during pregnancy are at increased risk of earlier

acquisition of CF pathogens, especially Pseudomonas aeruginosa.

In summary, multiple complex mechanisms underly the interactions

between air pollution and climate change. Each have direct and indirect

effects that can adversely affect children's health. As pointed out by the

Lancer Commission on Pollution and Health, it is cheaper to improve air

quality that to continue to pay the costs of not doing so (11).
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Systemic diseases (SDs) encompass a large and heterogeneous

group of rare disorders that are related to connective tissue and

rheumatologic diseases or to systemic vasculitides. The outcome they

have in common is abnormal and persistent activation of the immune

system, which is responsible for the dysfunction of multiple tissues,

organs or systems. Given the abundance of vessels and connective

tissues in the lungs, some of these diseases have a higher threat of

lung involvement. Not all SDs are responsible for the same lung

complications or manifestations. For instance, pleural effusion is

more likely to occur in lupus patients rather than in those suffering

from anti‐neutrophil cytoplasmic antibody (ANCA)‐associated vascu-

litis. Lung involvement in SDs is also heterogeneous by nature,

ranging from subclinical lung function abnormalities to severe chronic

fibrotic lung disease. Despite SDs are relatively rare, pediatric

pulmonologists must be aware of some of the most common lung

complications encountered in children suffering from SDs. Although

rare, lung disease can sometimes be the inaugural symptom revealing

SD; lung involvement in SDs can be responsible for a significant

proportion of morbidity and mortality in patients. Finally, given the

dramatic improvement observed in the field of SD over the past

decade, biologics may considerably alter both the prevalence and

severity of associated lung manifestations.

Juvenile idiopathic arthritis (JIA) affects 16 to 150/100,000

children. This type of arthritis starts in children before 16 years old

and lasts more than 6 weeks with no evidence for other causes.

Seven subgroups of JIA are described, the most frequent being the

oligoarticular subgroup, followed by polyarticular rheumatoid

factor negative, and undetermined and systemic (Still's disease)
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subgroups. Overall, lung involvement in SDs is rare and is reported

to occur in around 4% of children. Those with Still's disease are

more likely to be affected well before those with polyarticular or

oligoarticular forms. Lung manifestation are diverse in terms of

clinical and radiological presentations: some children with systemic

JIA may present acute respiratory distress syndrome symptoma-

tology associated with macrophage activation syndrome (MAS) (1),

while others will develop chronic lung disease (2). Recently,

systemic JIA associated with chronic lung disease has been

described in a cohort of young patients. What they had in common

was that they had presented more MAS episodes and more

frequent adverse reactions to biologics. Elevated IL‐18 cytokine

levels were found in these patients. In older cohorts, restrictive

pattern and impaired diffusion capacity were reported to affect

one out of two patients (3). More recent data are likely needed.

Finally, methotrexate is still used in patients with JIA and its well‐

known lung toxicity (interstitial lung disease) is questioned in

children but has not yet been proven to occur apart from rare

cases of hypersensitivity pneumonitis (4).

Systemic lupus erythematous (SLE) is the most frequent

autoimmune disorder during childhood. It affects between 10 and

20/100,000 children, mainly pubertal females. SLE diagnosis relies on

4 out 11 criteria defined by the American College of Rheumatology

being met. Lung involvement in SLE mostly targets pleural cavity, and

pleural effusion is known to be the most frequent lung complication.

Muscles can also be involved and manifest as the classical but rare

“shrinking lung syndrome”, which is related to diaphragmatic

dysfunction. Airways and lung parenchyma can also be affected.

Some patients will present large airway stenosis (laryngeal or

tracheal stenosis) or small airway dysfunction (obliterative bronchiol-

itis). Lung parenchyma can also be involved either in an acute (lupus

pneumonitis, lung infections) or chronic manner (organized pneumo-

niae, most rarely diffuse interstitial pneumoniae). Finally, lung vessel

involvement can be responsible for either alveolar hemorrhage

(i.e. pulmonary renal syndrome when in association with acute

glomerulonephritis), thrombosis (particularly in case of antipho-

spholipid syndrome) or pulmonary hypertension (PH). In a cohort of

60 children with childhood‐onset SLE followed‐up over a mean

period of 12 years, 22 had SD: 19 had 1 or several episodes of

pleuritis, 2 had pulmonary embolism and 1 had lupus pneumonitis.

Abnormal lung function tests were also found; decreased carbon

monoxide diffusing capacity being found in 26% of the tests (5).

Juvenile dermatomyositis (JDM) is a rare SD that associates

dermatologic signs (elbow, palpebral or knuckle rash, the latter

being known as “gottron papules”, and periungual telangiectasia)

and muscular signs. It affects females three times more than

males. Diffuse interstitial pneumonia is the most frequent lung

complication. Its occurrence is higher in patients with anti‐JO1

(antisynthetase syndrome) and anti‐MDA5 antibodies (amyo-

pathic dermatomyositis). In these cases, close pulmonary mon-

itoring, which includes pulmonary function tests (such as

plethysmography and DLCO measurement) as well as chest X‐

rays and CTs, should be organized.

Systemic sclerosis (scleroderma or SSC) is more at risk of

associated lung diseases than localized sclerosis (plaque morphea).

Scleroderma is extremely rare during childhood. Raynaud syndrome is

one of the main dermatologic features of this disease, as well as

sclerodactyly. Musculoskeletal, renal and digestive manifestations are

part of the clinical spectrum of this disease and may indirectly

contribute to lung involvement. Diffuse interstitial pneumonitis (DIP)

and PH are the two most frequent complications in adults suffering

from scleroderma. In adults, DIP is associated with anti‐SCL‐70

(topoisomerase) antibody identification. In children, abnormal lung

function tests have been frequently reported and correlate with CT

findings, but DIP seems to occur less frequently (6). Some authors

have reported a relatively high occurrence of lung diseases in

localized sclerosis (7), but data from international registries have not

confirmed this finding (8). Although rare during childhood, PH can

occur and requires regular and systematic assessment by echo-

cardiography. Mixed connective tissue diseases (Sharp syndrome or

overlap syndrome) take clinical features of SLE, SSC or JDM in

association with Raynaud syndrome and presence of anti‐RNP

antibodies in high titers. PH and DIP are particularly frequent in this

condition.

Finally, ANCA‐associated vasculitis covers three distinct

conditions known as granulomatosis with polyangiitis (GPA,

formerly known as Wegener's granulomatosis), microscopic

polyangiitis (MPA), and eosinophilic granulomatosis with poly-

angiitis (EGPA, previously known as Churg‐Strauss syndrome).

Lung manifestations are key clinical features observed during

these conditions. Both GPA and MPA can manifest as a

pulmonary renal syndrome that associates acute and rapidly

evolving glomerulonephritis with diffuse alveolar hemorrhage.

Chronic rhinitis, lung nodules, alveolar infiltrates and subglottic

stenosis are clinical features that may be seen in GPA whereas

they are absent in MPA (9). EGPA has some specificities related

to the pediatric population. The three following phases have been

described: the prodromal phase (severe asthma and rhinitis), the

eosinophilic phase (lung imaging abnormalities such as migratory

infiltrates, ground‐glass opacities or nodular opacities, heart and

gastrointestinal symptoms) and the final vasculitis phase (periph-

eral neuropathy, skin involvement and renal manifestations). In

children, the prodromal phase is usually short and the vasculitis

phase can rapidly follow the eosinophilic phase. In some

retrospective cohorts, neurologic manifestations were less

frequent in children, while the heart was more frequently

affected. Diagnosis relies on the conjunction of clinical, biological

(hypereosinophilia > 1.5 gigal/L, elevated ANCA antibody titers

with myeloperoxidase specificity) and histological features

(eosinophilic tissue infiltration, necrotizing vasculitis of small or

medium size blood vessels, and extravascular granulomas).

Despite being rare by nature, SDs can be associated with very

diverse forms of lung manifestations ranging from asymptomatic

function abnormalities to chronic lung disease. Lung manifestations

are sometimes the revealing symptoms of SDs. Pediatric pulmonolo-

gists should be aware of these manifestations and work in a
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multidisciplinary approach in close relation to the specialists involved

in the care of these children.
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In the history of medicine, pandemics are always remembered as

devastating events. Authors who have lived and survived them, made

an effort to depict the horror and suffering these have inflicted. If we

were only able to learn from these narratives, maybe the COVID‐19

pandemic would have had a different course! However, most of us

learn through experience, and thus it took some time for the world to

believe that this was not just one year of a bit more severe colds.

Often, similar texts start by stating that this has been the

most extravagant public health problem of our time. And it still is.

SARS‐CoV2 has been evolving, and while, in principle, current

knowledge and modeling can offer us some idea about what will

happen in the future, this is far from certain.

It is not the intention of this piece to overstate challenges;

however, we cannot but admit that, while tens of thousands of

research publications have scrutinized every possible aspect of

COVID, there are still basic gaps. For example, when trying to

describe the disease, several resources put forward several symp-

toms, such as cough, fever or anosmia. Not only these symptoms,

theoretically typical of the disease, differ between sources, but a

COVID patient registry has revealed that the reported symptoms

have changed in the course of the pandemic! [1]

While this challenge can be attributed to the evolving nature of

both the virus and the differential susceptibility of the hosts, due to

vaccination and/or previous infection, several challenges, lessons and

opportunities, come from the lockdown measures and related

restructuring of medical services. This is a double‐edged sword: in

many cases difficulty to reach a medical service can become fatal.

However, the need of following patients with chronic conditions,

such as allergies or asthma, have resulted in a rapid activation and

improvement of telemedicine services. There are several advantages

in the availability of such systems and the pandemic was a chance to

test many of them, quite often with success.[2]

To face the challenge of substituting medical procedures with a

high risk of aerosol transmission, alternative or emergency standard

operating procedures have occurred, and guidelines were updated. In

respiratory medicine, nebulization has been the main culprit.[3]

However, what is more important is the health and wellbeing of

our patients. It is clear that curfews and obligatory mask wearing can

be detrimental for mental health; nevertheless, a huge natural

experiment of exposure control and medication adherence took

place in patients with asthma, with unexpected success: all around

the world, children with asthma experienced improved disease

control and less exacerbations. Part of this can be attributed to the

increased adherence to their medication, while another part can be

attributed to the reduced exposure to other common respiratory

infections, such as those with rhinoviruses, who are mainly

responsible for the exacerbations. Increased exposure to indoor

allergens, did not seem to be a big problem for most.[4]

Many of these patients were allergic. At the beginning of the

pandemic, there was fear that people ‘traditionally’ susceptible to

respiratory infections, such as those with atopic allergy or asthma

would be more susceptible to SARS‐CoV2. Interestingly, and while

this is not yet been concluded, asthmatics as a whole, do not have

increased risk for SARS‐CoV2 infection or from its severe conse-

quences. Even more counter‐intuitive is the suggestion that allergic

individuals, may be protected to some extent, possibly due to a
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reduced level of ACE‐2, the main SARS‐Cov2 receptor. It is possible,

that patients with mild to moderate allergic asthma fall within this

group, while patients with severe asthma – and possible additional

airway pathology, comorbidities or systematic steroid treatment, may

have increased susceptibility.[5]

Another mechanistic insight results from the main risk factor for

COVID: age. With the possible exception of the first year of life, risk

for getting the disease and/or becoming severely ill from it, is almost

linearly associated with age. This has been a challenge as well as a

good opportunity to study in detail the elements of physiological

maturation. While many structures and functions that could be

related to an ‘immune response’ in its wider sense, are closely

dependent on epigenetic programming and age‐linked maturation,

the pace of each of these elements is different, while most show an

accelerated rate during childhood which slows down in adulthood

(thus not directly fitting to what we see in COVID). [6] Nevertheless,

we have confirmed in our own cohort, that ACE‐2 increases with age

in healthy individuals, while this is not the case in people with allergy

(unpublished data).

All the above raise a yet unanswered question: what will be in

the near future the incidence and severity of allergy and asthma? It

is improbable that we will be able to retain the level of reduced

exposure that we have had through the lockdowns and intensive

mask usage. On the other hand, if any of the theories trying to

explain the rapid increase of allergic diseases during the last

decades has some value, reduced exposure to microbes, in parallel

to increased exposure to epithelial barrier‐disturbing substances,

will lead to a further increase in susceptible individuals – possibly

protected from COVID, but suffering from hypersensitivity. Will

we be facing a rebound in asthma morbidity and many new cases?

Time will tell.

While the above speculation can only serve as food for thought

and should not be quoted as of any additional scientific value, we are

called to take a stance towards the new conditions of knowledge

communication and transfer. It is a common secret that even

scientists and medical professionals use social media as a major

source of obtaining information (and when it's not social media, it

might well be Google or Wikipedia). We cannot of course go against

the major trend of our times, and the huge amount of information

that is provided free of charge – but also free of any scrutiny!

Nevertheless, it is imperative to be fully conscient of the sources of

our information and be aware that increased amount of information

leads to less, rather than more knowledge! Learned societies have,

more than ever, an important role here.

Having said that, immunology, virology, medicine, vaccine science

and public health, to mention only a few, have become much wealthier

in the last two years. It is impossible to summarize the main

breakthroughs, so we can only present some highlights as examples.

We thus understand to a good extent the pathways activated,

from the virus’ entry in upper and lower airway cells, to the activation

of the antiviral – IFN‐dominated pathway, or its suppression through

virus proteins, resulting in the activation of an inflammatory cascade

that is a major pathway of severe disease.[7]

Sequencing has rapidly moved from a specialist tool, that was

only slowly getting incorporated into daily medical practice, to a

bread & butter procedure, potentially useful for acute medical

decisions, not to mention public health strategies. It has also helped

us understand the phylogeny of the virus – where it comes from –

including the details of its structure that make new variants more

transmissible and resistant to the vaccines.[8]

Nevertheless, vaccine science has found the opportunity for a

gigantic experiment, making RNA vaccines a routine, but also

providing opportunities for further exploration. This revolution has

not only saved millions of lives, but also opened with unprecedented

speed the road to many more applications not only for infectious

diseases, but for cancer and other chronic diseases! [9]

In parallel to scientific developments, medicine has risen to

the challenge. A new pediatric condition – multisystem inflammatory

syndrome in children (MIS‐C) has been identified, and in a matter of

months, its mechanisms were described. Most importantly, manage-

ment was proposed within less than a year, radically reducing

morbidity. [10] This, in addition to the long list of medications that

have and are being currently trialed for the treatment of COVID, is

generating a new paradigm for immediate response to such a major

threat.

From the public health perspective, vaccine coverage around the

world is far from ideal, mostly because of inequalities. However, we

realized that in our connected world, trying to keep health as one's

own privilege, is an unsuccessful strategy. The importance of

inclusivity has thus been demonstrated. Another major challenge on

this front is the not negligible proportion of people who avoid getting

vaccinated. Yet another bell that is loudly ringing: main sources of

doubt are fear, lack of trust and false news, all of which need to be

properly faced, as much for dealing with the pandemic, as for

restoring our – global – society's coherence!

In conclusion, COVID‐19 is a landmark not only for health and

science, but also for the structure of our society. It is certainly far

from being a problem of the past, as we regularly hope, and it will

continue being one of the main drivers of our world today. We can

choose to see the glass either half‐full or half‐empty, but we cannot

deny that the speed of developments has been faster than ever

before. Therefore, a major challenge is to take decisions following, or

even overpassing, that speed. To close on an optimistic note, we can

now feel of our potential.
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Background and definitions

Wheezing disorders in children under 5 years are common, with

50% of all children experiencing at least one wheezing episode by the
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age of 6 years. Approximately one‐third of these will go on to have

recurrent wheezing episodes, and account for nearly twice the rate of

emergency department visits and 5 times the rate of hospitalizations

compared to school age children. This is true both in the UK and USA,

and this has remained unchanged for >20 years1. Despite the

unchanged morbidity and healthcare burden, lack of clarity remains

about optimal treatments for each patient to prevent symptoms and

recurrent episodes. There is increasing evidence showing preschool

wheezing disorders are heterogeneous, with multiple underlying

mechanisms leading to the final presentation of wheeze. This implies

carefully selected treatments, and not a “one size fits all”; inhaled

corticosteroids need to be used to achieve effective symptom control

and prevent attacks. A proposed definition of preschool wheeze or

“asthma” is: “a descriptive label for a collection of symptoms,

including wheezing, breathlessness, difficulty in breathing, presenting

as acute attacks with or without interval symptoms”2. This aligns with

the definition agreed in a recent Lancet commissioned document3,

and importantly, means no assumptions are made about the

pathophysiology leading to this final manifestation of symptoms.

There is little consensus about the minimum number of acute

episodes, or duration of symptoms needed prior to initiation of

therapy. However, two acute episodes, severe enough to warrant

healthcare attendance, and for which no other differential diagnosis

is found, may be sufficient to suggest a label of asthma and warrant

maintenance therapy4. The focus of this summary will be novel

approaches in management to prevent attacks and achieve symptom

control in children with recurrent preschool wheeze.

Personalizing therapy following objective phenotyping

The pathophysiology of preschool wheeze is poorly under-

stood5,6. Inhaled corticosteroids (ICS), the mainstay of asthma

therapy, are very effective in school‐age and adult asthma because

the majority have eosinophilic, allergic airways disease, and tests are

routinely done to confirm this. In contrast, preschool children with

recurrent wheeze are prescribed ICS based solely on symptoms,

which bear no relationship to the underlying airway pathology. The

heterogeneity of preschool wheeze accounts for a symptom‐based

approach being ineffective. Even when ICS are ineffective and could

be causing harm, treatment is rarely discontinued because of

symptom burden, physician insecurity and parental reluctance. We

know that when targeted to the eosinophilic subgroup, ICS are highly

beneficial7 in preschool wheezers. But our current approach only

considers symptom pattern reported by parents, without objective

tests to define the underlying airway phenotype leading to symptoms

in each patient. The need for appropriate and clinically feasible

biomarkers that will allow identification of effective treatment

strategies for each individual patient is recognized as an urgent

unmet need for recurrent preschool wheeze.

Pathological phenotypes and clusters of pre‐school wheeze:

We have recently described four pathological clusters in >100

children with severe, recurrent preschool wheeze: 1. Atopic, 2. Non‐

atopic with low infection rate and high ICS use, 3. Non‐atopic with

high viral and bacterial infection rate and 4. Non‐atopic with low

infection rate and not prescribed ICS8. The variables which

discriminated between the clusters included allergic sensitization,

blood eosinophils, lower airway neutrophils, and the pattern of

airway bacterial infection with predominant Moraxella catarrhalis/

Haemophilus influenza/Streptococcus pneumoniae. Symptom pattern

(episodic vs. persistent) was not predictive of lower airway

inflammation or infection, implying the need for a change in physician

mindset and that management strategies need to be based on

objective biomarkers that predict response to treatment.

Our analyses identified an atopic cluster (25% of wheezers)

with biomarkers (allergen sensitization and blood eosinophilia)

similar to a subgroup of children of the same age in whom

treatment with daily ICS was beneficial in a randomized, double‐

blind clinical trial (INFANT study)7. Based on the known action of

ICS targeting eosinophilia, ICS would be an appropriate treatment

for children in the atopic cluster. However, this suggests every

preschool wheezer who is considered for ICS treatment should

have phenotyping with aeroallergen sensitization and blood

eosinophil counts as a minimum before a decision is made to

commence ICS9.

Biomarkers and treatments to prevent attacks in preschool

wheezers without allergic sensitization/blood eosinophilia remain

elusive. However, our analyses provided pointers enabling a

stratified approach. Cluster 3 (non‐atopic, high infection rate) had

the highest prevalence of airway bacterial and viral infection,

with predominantly Moraxella, Haemophilus, and Streptococcus

detected. These children may benefit from targeted antibiotic

therapy. There has been one observational study that has shown

a reduction in wheeze episodes up to 12 months after a

prolonged course of targeted antibiotics in wheezers with lower

airway bacterial infection10. However, this approach requires

confirmation in a prospective clinical trial.

Preschool wheeze with aero‐allergen sensitization and eosinophilia

and its management:

The type of preschool wheeze/asthma that is most likely to

benefit from treatment with maintenance ICS is associated with

aeroallergen sensitization, peripheral eosinophilia and “type‐2

high” inflammation7. Evidence for this is supported by studies of

lower airway samples which have shown airway wall and airway

luminal eosinophilia in a sub‐group of severe, recurrently

wheezing children. The utility of blood eosinophils (≥300/mcl)

with and without aeroallergen sensitization as a biomarker of

inhaled corticosteroid response in this age‐group has been

shown7, although it is currently uncertain whether these are the

optimal biomarkers to guide treatment in this group. For example,

the values for normal/healthy blood eosinophil counts vary with

age, and are higher in younger children, so the proposed cut‐off

of >300/mcl may not have the greatest sensitivity and specificity

for response to ICS. Another important consideration is whether

parasitic infections are endemic in a region/country, thus also

contributing to elevated blood eosinophils, and likely to be

unrelated to any wheezing illness or airway eosinophilia.

However, making allowance for these limitations, tests for

aeroallergen sensitization and a blood eosinophil count should
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be assessed, when the child is clinically stable, and if either test is

positive using the current proposed cut‐offs (blood eosinophils

≥300/mcl and/or sensitization to ≥1 aeroallergen), it would be

appropriate to prescribe maintenance ICS, regardless of the

pattern of wheezing (episodic or persistent).

Monitoring efficacy of maintenance therapy

Just as the efficacy of treatment for school‐age asthma should

be monitored at regular outpatient reviews using assessments of

symptom control and lung function, the same is applicable for

preschool children. It is essential that children who have been

prescribed maintenance inhaled corticosteroids are regularly re-

viewed. Assessment of efficacy should be recorded by number of

recent attacks requiring healthcare attendance, and symptom control

should be monitored using an age‐appropriate validated question-

naire such as the Test for Respiratory and Asthma Control in Kids

(TRACK) questionnaire, for which clinically meaningful differences

have been defined, and validation has been undertaken in multiple

languages. It is essential that a trial off therapy is considered

in any child that has achieved good control over the previous

6‐12 months, since not all preschool asthma/wheezing progresses

to school‐age asthma, thus there may be a natural resolution of

symptoms. Currently no maintenance therapy provides a cure,

therefore continuing treatment in the absence of attacks or

symptoms is not justified.

Identification and management of non‐atopic preschool wheeze

with infection

Only approximately 25% of all preschool wheezers have

evidence of aero‐allergen sensitization, therefore ICS may not be

an appropriate therapy for a significant proportion. It is important

to remember that inappropriate prescription of ICS should be

avoided because of the risk of adverse effects. In particular, there

is a risk of topical immunosuppression which may result in

increased risk of bacterial infection. For those wheezers who are

non‐atopic and do not have blood eosinophilia, therapeutic

options to prevent attacks are currently limited. Approximately

half of wheezers may have lower airway bacterial infection

associated with neutrophilia, even when they are clinically stable
8, and they may benefit from a prolonged course (2‐6 weeks) of

targeted antibiotics10. However, obtaining lower airway samples

is a challenge, and bronchoscopy is only indicated for very severe

wheeze. An alternative non‐invasive sample is to obtain induced

sputum following nebulized hypertonic saline, which can be

undertaken safely in this age group, but requires specific

expertise and is time consuming. Increasingly, studies are

showing evidence of an altered upper airway (nasopharyngeal)

microbiome in children who have recurrent wheezing attacks,

also characterized by a dysbiosis including Moraxella species and

Haemophilus species, however, there are no comparisons of the

upper airway microbiome or bacterial infection to lower airways

in preschool wheezing, and there are no prospective interven-

tional trials of targeted antibiotics that have shown benefit in

non‐atopic children with infection predominant wheeze.

Future Directions

Bacterial dysbiosis in the upper and lower airway is being

increasingly associated with susceptibility to preschool wheezing. In

addition, epidemiological data show protection from wheezing and

asthma in children who have been brought up in traditional farming

environments, where exposure to favorable microbes may confer

protection. These findings have suggested that treatment with mixed

bacterial lysates may promote a nonspecific immunomodulation to

prevent wheezing episodes that are predominantly infection driven.

A significant unmet need is for non‐invasive biomarkers that

allow identification of preschool wheezers with airway neutrophilia

with a bacterial dysbiosis, and interventional studies that focus on

non‐allergic infant and preschool asthma are an important avenue for

future research. Future advances in objective markers specifically for

non‐atopic phenotypes will enable major advances in personalized

therapy. Trials are needed to clarify the role of targeted antibiotics,

adjunct therapy (such as long‐acting beta‐agonists and long‐acting

muscarinic receptor antagonists) and immunotherapy in this young

age group.
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Severe asthma is defined as children > six years of age who

required treated with Step 4 or Step 5 treatment with medium or

high‐dose inhaled corticosteroid in combination with long‐acting

beta‐agonist (ICS/LABA) to prevent asthma from becoming

uncontrolled or is uncontrolled despite this treatment by

American Thoracic Society and European Respiratory Society

Guidelines.1 The Global Initiative of Asthma (GINA) 2021 guide-

lines also include asthma that requires systemic corticosteroids >

50% of the previous year to maintain control or is uncontrolled

despite this therapy.2 Severe asthma requires a meticulous

approach which includes evaluation of treatment adherence,

environmental exposures, psychosocial issues, co‐morbidities,

allergic sensitization, lung function, airway structure and cytology

as well as corticosteroid responsiveness.3

Exploration of alternative diagnoses is important to consider.

These include structural abnormalities, intrabronchial obstruction,

aspiration, cystic fibrosis, bronchiectasis, pulmonary edema, bronchi-

olitis obliterans and hypersensitivity pneumonitis.4,5 Common co-

morbidities in children with severe asthma include gastroesophageal

reflux with or without microaspiration, inducible laryngeal obstruc-

tion, sinus disease, psychological factors, obesity, and obstructive

sleep apnea.4,5

The National Asthma Education and Prevention Program

(NAEPP) 2020 update recommend the addition of an anti‐IgE

biologic for children 5‐11 years at steps 5 and 6, while GINA 2021

also recommends the addition of anti‐IL5 biologics at step 5 in

this age group.2,6 NAEPP 2020 and GINA 2021 both recommend

the addition of anti‐IgE, anti‐IL5, anti‐IL‐5‐receptor‐alpha or anti‐

interleukin‐4‐receptor‐alpha biologics in those > 12 years at

steps 5 and 6.2,6 GINA 2021 has a pocket guide for severe asthma

which includes a decision tree on when to start biologics.2

Several biologic therapies are approved for use in children with

severe asthma.

1. Omalizumab is approved for the use in children > 6 years in

the U.S. and Europe with severe persistent allergic asthma,

chronic urticaria (> 12 years) and nasal polyps (> 18 years).7,8 It

is an anti‐IgE monoclonal antibody. The dose and frequency of

administration for asthma are determined by the total IgE level

and patient's weight. It is given subcutaneously every 2 or 4

weeks. Studies have demonstrated a significant reduction in

the number of exacerbations, decreases in the seasonal peaks

of exacerbations in children with moderate‐to‐severe asthma

treated with omalizumab compared to those treated with

placebo, particularly those sensitized and exposed to cock-

roach allergen.9,10 Anaphylaxis has been reported (0.1%) and

the FDA recommends that patients always carry an epinephr-

ine pen.7,11,12 The FDA has allowed home administration of

omalizumab if the patient tolerated the first 3 injections in a

clinical setting Consider holding if a patient develops a

parasitic (helminth) infection.7

2. Mepolizumab is approved for the use in children > 6 years in

the U.S. and Europe with severe persistent eosinophilic

asthma, eosinophilic granulomatosis polyangiitis (> 18 in U.S.

and > 6 in Europe) and hypereosinophilic syndrome (> 12 years

in U.S. and > 18 years in Europe) and chronic rhinosinusitis

with nasal polyps (> 18 years U.S. and Europe).8,13 It is an anti‐

IL5 monoclonal antibody. The dose and frequency of adminis-

tration for asthma is determined by weight and age and given

subcutaneously every 4 weeks.13 This can be given at home or

in a clinical setting. Studies have shown a significant reduction

in the rate of exacerbations and rate of severe exacerbations

in participants > 12 years treated with mepolizumab compared

to placebo.14 An open label safety study of 36 children 6‐11

years, demonstrated a non‐significant increase in improved

asthma control.15 Common adverse reactions in asthma

(incidence > 5%) include headache, injection site reactions,

back pain, and fatigue. Consider holding if a patient develops a

herpes zoster or parasitic (helminth) infection.13

3. Benralizumab is approved for the use in children > 12 years in

the U.S. and > 18 years in Europe with severe persistent

eosinophilic asthma.8,13 It is an anti‐IL‐5‐receptor‐alpha

monoclonal antibody. It is administered for asthma sub-

cutaneously every 4 weeks for the first 3 doses and every 8

weeks thereafter. Studies have demonstrated significant

reduction in the rate of annual exacerbations and significant

increase in the forced expiratory volume in 1 second (FEV1) in

participants > 12 years of age treated with benralizumab

compared to placebo.16,17 Data from 108 adolescents aged

12‐17 years enrolled in phase 3 trials did not show a

significant decrease in exacerbation rate in participants

treated with benralizumab compared to those treated with

placebo.8 This can be given at home or in a clinical setting.

Common adverse reactions include headache and pharyngitis

(5%) and injection site reactions (2.2%). Consider holding if a

patient develops a parasitic (helminth) infection.13

4. Dupilumab is approved for the use in children > 6 years in the

U.S. and in Europe with moderate‐severe persistent eosino-

philic asthma or those with elevated exhaled nitric oxide as

well as those who are systemic corticosteroid dependent.8,18

It is also approved for the use in moderate‐severe atopic

dermatitis (> 6 years in U.S. and > 12 years in Europe) and

chronic rhinosinusitis with nasal polyps (> 18 years in U.S. and

Europe). It is an anti‐interleukin‐4‐receptor‐alpha monoclonal

antibody. The dose and frequency of administration for

asthma is determined by weight and age and given
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subcutaneously every 4 weeks. This can be given home or in a

clinical setting. Dupilumab has been shown to significantly

decrease the annual rate of severe exacerbations and

significantly improve FEV1 in participants > 12 years of age

compared to placebo.19 A post‐hoc analysis of 107 adoles-

cents 12‐17 years demonstrated that dupilumab improved

lung function and reduced levels of type 2 biomarkers in the

subpopulation of adolescents with uncontrolled, moderate‐to‐

severe asthma compared to placebo.20 In children 6‐11 years

with type 2 phenotype biomarkers, dupilumab was shown to

significantly reduce the rate of severe exacerbations, signifi-

cantly increased FEV1 and significantly improve symptoms

scores compared to placebo.21 Most common adverse

reactions (incidence ≥1%) are injection site reactions, con-

junctivitis, blepharitis, oral herpes, keratitis, eye pruritus,

other herpes simplex virus infection, and dry eye. Consider

holding if a patient develops a parasitic (helminth)

infection.18

5. Tezepelumab is approved for the use in children > 12 years in

the U.S. with severe persistent asthma with no requirement

for phenotyping.22 It is an anti‐thymic stromal lymphopoietin

cytokine monoclonal antibody. It is administered for asthma

subcutaneously every 4 weeks. This approved for use in a

clinical setting. A recent study demonstrates a reduction in the

annualized rate of exacerbations and increased in baseline

FEV1 in participants 12‐80 years with and without type 2

phenotype biomarkers treated with tezepelumab compared to

placebo.23 Common adverse reactions (4%) include pharyngi-

tis, arthralgia, and back pain. Consider holding if a patient

develops a herpes zoster or parasitic (helminth) infection.

Consider avoiding use of live attenuated vaccines.22

Severe asthma occurs in 5‐10% of children with asthma.

These children have a higher risk for morbidity and health care

utilization. A stepwise therapeutic approach with a focus on

phenotyping is recommended. Most biologic therapies currently

available target type 2 inflammation. A study of tezepelumab has

demonstrated efficacy in type 2 high and type 2 low patients.

There are currently no head‐to‐head efficacy trials. The limita-

tions of biologic medications include high cost, difficulty obtain-

ing insurance approval (U.S.), and potentially frequent clinic

attendance for medication administration. Ongoing child‐specific

research in severe asthma is critical.
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Non‐invasive ventilation (NIV) can be defined as the delivery of

ventilatory assistance1 through an interface such as a mask or

mouthpiece. In the past few decades, there has been an exponential

rise in the number of children using NIV which has been driving the

growth of home mechanical ventilation programs.

NIV is indicated where there is an imbalance in the normal

respiratory system equilibrium between respiratory load on the one

side due to airway obstruction and/or gas exchange abnormalities

due to pulmonary disease, and central control of breathing and

respiratory muscle function on the other side1. Patients requiring NIV

can be subdivided into three main categories: 1) increase in

respiratory load (e.g. upper airway obstruction from Trisomy 21); 2)

decrease in performance of the respiratory muscles (e.g. Spinal

Muscular Atrophy), and 3) dysfunction of the central drive (e.g.

Congenital Central Hypoventilation Syndrome)2. NIV ‘unloads the

respiratory system by pneumatically stenting the upper airway open,

providing lung recruitment, resting the respiratory muscles as well as

taking over the control of breathing for those with central drive

dysfunction1. The goal of NIV is to suppress respiratory events,

normalize gas exchange, minimize arousals and improve sleep quality

using the lowest settings required3.

Long‐term NIV may be initiated in the acute setting during a

hospital admission or electively as an outpatient. Indications for

elective initiation include sleep disordered breathing, failure to thrive,

prevention of chest wall remodeling, recurrent pneumonia, pulmo-

nary function abnormalities, pulmonary hypertension, or daytime gas

exchange abnormalities1. The exact timing for the initiation of NIV

especially with respect to sleep disordered breathing criteria remains

controversial. As per the American Academy of Sleep Medicine

guidelines, NIV is recommended based on nocturnal hypoventilation

defined as a non‐invasive carbon dioxide recording of greater than

50mmHg for at least 25% of the total sleep time with or without

obstructive or central sleep apnea4. However, several groups of

clinicians have argued that following the AASM guidelines results in

the delayed prescription of therapy, advocating for less stringent

criteria for initiation5. For example, expert opinion consensus

guidelines for Duchenne Muscular Dystrophy recommend NIV

initiation if any of the following are present on the sleep study: total

apnea‐hypopnea index ≥ 5/hr, pCO2 > 50mmHg for ≥ 2% total sleep

time (TST), pCO2 rises ≥ 10mmHg from awake baseline during sleep

for ≥2% the TST, SpO2 ≤ 88% for ≥ 2% TST and ≥ 5minutes

continuously5.

Although it may be indicated, it is important to appreciate that

not all children are candidates for NIV. Previously proposed contra-

indications include failure to protect the upper airway, uncontrolled

bulbar dysfunction, significant gastroesophageal reflux and risk of

aspiration, lack of sufficient caregiver support at home, need for

ventilation greater than or equal to 16 hours per day, recent upper

airway surgery or craniofacial surgery, inability to find an interface of

adequate fit as well as the inability to tolerate NIV6. There are also

several potential complications of NIV therapy in children that must

be carefully considered prior to the initiation of therapy, as well as an

ongoing basis.

The initiation of NIV requires thoughtful, bespoke consideration

of the interface, mode of ventilation and ventilation settings for the

child based on their pathophysiology. The choice of interface is

paramount to the success of therapy. However, it can be challenging,

especially in young children with facial deformity or asymmetry7.

There are four main categories of interfaces, each with their own

advantages and disadvantages. These include nasal masks, nasal

pillow, oronasal masks and total face masks. A proper fitting interface

is essential for successful NIV and should ideally be done in the clinic

setting prior to the night of the NIV initiation sleep study.

The AASM has published principles of titration for NIV for the

treatment of obstructive sleep apnea8. These include pre‐titration

education and mask fit, requirement for supine sleep for a minimum

of 3 hours, starting pressures of 8/4 cm H2O, minimum and

maximum delta P between 4‐10, backup rate to be set 2‐3 breaths

below the spontaneous respiratory rate as well as bedside adjustment

of interface leak, inspiratory time and trigger, and cycle sensitivity to

ensure patient and machine synchrony. In general, with NIV, the goal

is to achieve tidal volumes of 6‐10ml/kg of ideal body weight1.

However, age‐ and disease‐specific criteria are lacking.

When choosing a ventilator, it is important to be aware of the

lowest weight the ventilator is licensed for as this will affect the

triggering sensitivity of the machine and potential success of NIV

therapy. Careful consideration of ventilator alarm settings must also

be made to ensure maximal safety of the device for use at home.

Once a patient has been initiated on NIV, routine follow‐up is

required to ensure both adherence and efficacy of the therapy.

Patients need to be routinely followed in clinic every 3‐6 months. In

addition, efficacy and treatment adherence needs to be monitored

via overnight gas exchange diagnostics (i.e. oximetry, capnography,

sleep study) and ventilator data downloads. Ventilator data down-

loads can be accessed directly from the ventilator or remotely

through cloud‐based software or ventilator modules or hubs. These

are rich data sources and report on settings verification, adherence,

interface leak, tidal volumes, apnea‐hypopnea indices, respiratory

rate, and inhalation to exhalation ratios9,10. The algorithms for

reporting of these data are manufacturer driven and can vary from

one device to another. Validating these metrics with sleep study

results and clinical outcomes is an identified clinical gap at present.

The optimal frequency and modalities for follow‐up in children

prescribed NIV has not been previously validated. In addition to

routine follow‐up, diagnostic evaluations should be considered if

there has been a change in clinical symptoms, a period of rapid

growth, significant change in body mass index, clinical deterioration,

intolerance of therapy or post‐surgical intervention. The pandemic
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has also accelerated virtual care and telemonitoring in healthcare and

this is an area of needed exploration for this patient population.

There is a dearth of literature reporting on the weaning of

pediatric NIV with only 1 study to date reporting on the weaning

practices at their center11. Development and validation of weaning

criteria and protocols is an area of needed future study especially

given the changing respiratory landscape of diseases such as Spinal

Muscular Atrophy with disease modifying therapies.

The documented benefits of NIV are available for some but not

all patient populations. Meta‐analysis demonstrates overall survival

benefit, reduced hospitalizations as well as improvement in gas

exchange parameters for children with neuromuscular disease12.

Decreased hospitalizations and prolonged survival have also been

demonstrated for infants13. Long‐term follow‐up data is an area of

needed future study.

In summary, NIV is being increasingly prescribed for pediatric

home mechanical ventilation. However, there is a lack of pediatric

specific NIV literature with regards to age and disease‐specific

initiation criteria, validated approach to follow‐up and weaning, as

well as long‐term outcomes data. National and international

collaboratives with multi‐center studies are needed to bridge these

knowledge gaps.
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There are many reasons why Pediatric and adult Pulmonolo-

gists need to talk to each other (including that adult pulmonologists

care for pregnant women with chest disease which may affect the

fetus, which is not covered here). This talk will present of some of

the commonalities with adult respiratory physicians and their

implications.

1. Early life events are pivotal causes of later adult life disease

• Early onset of Chronic Obstructive Pulmonary Disease (COPD):

COPD is defined as a ratio of first second forced expired volume

(FEV1)/forced vital capacity (FVC) < 0.70. Multiple birth cohort

studies have demonstrated that early airflow obstruction tracks

through life [1] and leads to early onset COPD as a result of failure

of either or both to attain a normal growth plateau and accelerated

decline in lung function [2]; 40% of airflow obstruction in middle

age occurs before birth, and 60% in the preschool years [3]. A low

FEV1 is a marker for early all‐cause morbidity and mortality,

including cardiovascular and metabolic [4], at least in a developed

world setting; whether this is true in low and middle income

(LMIC) contexts is unknown but highly likely. Finally, early life

deprivation is associated with an accelerated decline in lung

function [5] and sensitizes the patient to adverse adult factors

such as smoking and occupational exposures [6].

• Early onset upper airway disease leading to over‐diagnosis and over‐

treatment of asthma: Exercise‐induced laryngeal obstruction (EILO) is

associated with early laryngomalacia [7] and neonatal ligation of the
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ductus arteriosus in ex‐preterm babies [8]. Failure to appreciate this

leads to over‐diagnosis of asthma with inappropriate prescription.

• Differential diagnosis of a low FEV1/FVC ratio: COPD is an umbrella

term describing this reduced ratio. Firstly, failure to understand

the developmental changes in the ratio, specifically that many

normal elderly people have FEV1/FVC < 0.70 means COPD is

over‐diagnosed [9]. Secondly, a ratio <0.70 has many causes and it

would be naïve to suppose all should be managed differently. Is

the pathophysiology of post‐infectious obliterative bronchiolitis

the same as that in a long‐term smoker, and should they be treated

the same way? It seems implausible.

• Long‐term consequences of interstitial lung disease (ILD): Neuro-

endocrine cell hyperplasia of infancy (NEHI) may lead to long term

airflow obstruction, often treated as asthma, but with no evidence of

atopic eosinophilic inflammation [10]. There may be long‐term

consequences of steroid therapy and alveolar underdevelopment

necessitating careful follow‐up, as well as genetic implications for

the wider family in some ILDs. Furthermore, late relapse is an issue.

Transition arrangements for ILD are fragmented and poor [11].

• LMIC infectious disease: Children with acquired immunodeficiency

syndrome (AIDS) survive into adulthood with a high risk of airflow

obstruction [12] and bronchiectasis [13], and likely an accelerated

decline in lung function. In adults there is evidence of airflow

obstruction post chemotherapy for tuberculosis [14]; there is

much less evidence in children, but the long‐term consequences of

tuberculosis and its treatment in all age groups merit careful study.

2. Children with traditional ‘pediatric diseases’ need transition

programs to adult care

• Transition programs are really important to prepare young people

for the adult clinic [15]. A planned process, with good communi-

cation, allows smooth transition. Adolescence is a time when there

is a high risk of young people being lost to follow‐up. The process

will show regional variation and depend on the rarity of the

disease. Joint transition clinics, with input from adult and pediatric

chest physicians, are a great way to share expertise.

3. Long survivors of previously fatal childhood diseases are

developing late complications in adulthood, which may need

to change pediatric practice to inform treatment strategies

• Study of adults with CF has led to a focus on bone health

strategies and much early use of insulin in childhood. The next

challenges will be whether pediatric strategies can reduce the risk

of bowel cancer, and whether the traditional ‘high calorie, high fat’

diet will increase cardiovascular morbidity in these older survivors.

• Neuromuscular disease – respiratory morbidity and mortality has

been revolutionized by the aggressive use of nocturnal nasal mask

ventilation, and airway clearance devices such as the cough assist

[16]. Elective tracheostomy is also much more frequently offered.

Furthermore, novel treatments such as gene therapy and

nusinersin for severe spinal muscular atrophy show the potential

for completely changing the natural history of the condition. Now

pediatricians need to address prevention of bone disease and

pulmonary thromboembolism related to immobility, kidney disease

related to hypercalciuria, and cardiac complications.

• Premature birth: the detailed nature of the airway and parenchy-

mal diseases, and the comorbidities, are varying over time as

neonatology practices change leading to ever smaller and more

premature babies surviving with airflow obstruction, parenchymal

lung disease, disordered control of breathing, and potentially

multiple extrapulmonary comorbidities [17]. Respiratory issues

improve over time, but we know nothing of the rate of lung

function decline in adult life in such patients. These young people

need holistic care, especially if they have multiple handicaps, and

this is totally lacking, at least in the UK, once they leave school.

• Pulmonary toxicity of immunosuppression: pediatric cancer

treatment and organ transplantation have been major successes

in children. However, the toxicity of these treatments to the

growing and developing lung will leave these children with lifelong

vulnerability. They need careful follow‐up in adult life, with

feedback about how current practices may need to change as a

consequence of long‐term surveillance discovering new toxicities.

4. Childhood symptoms which we may have missed or under‐rated

may prove to be the harbingers of adult disease

• Bronchiectasis: all children cough but most children are normal.

However, more than half of adults with bronchiectasis had

symptoms starting in childhood [18]. This underscores the need

to take persistent chronic productive cough seriously, try to

determine the underlying cause and institute energetic treatment

with airway clearance and antibiotics to prevent progression to

bronchiectasis while the airway disease is still reversible.

• COPD: non‐specific ‘asthma‐like’ symptoms in the preschool years

are a risk factor for COPD diagnosis and impaired spirometry in

adult life [19].

It follows that we as pediatricians need to look beyond ‘normal’

childhood symptoms and ask whether the child is in fact at risk for

significant adult disease.

1. Transgenerational: adults are the parents of the child!

• Impaired spirometry in one or both parents is a risk factor for impaired

spirometry in their offspring [4], and thus likely the attendant early

increased extra‐pulmonary, multisystem morbidity and mortality.

• There is a transgenerational effect of smoking; asthma risk is

increased in the children of the daughters of smoking grand-

mothers, even if the daughter does not herself smoke [20, 21].

Hence we need to join with adult doctors and urge them to

recognize and communicate to adult patients the effect their health

behaviors will have on their children, and to try to put health

improvement measures in place early in their children, to try to break

the trans‐generational cycles of deprivation.

Conclusion: we need to leave developmental silos and

strengthen our vertical links with our adult colleagues. We need to

unite with adult respiratory physicians to minimize early toxic

exposures including smoking, vaping and indoor and outdoor
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pollution. Adult physicians need to be aware that a low FEV1 is a red

flag to put in case strategies to minimize early all system

complications, and also allow us to target the patient's children for

disease prevention and health preservation strategies. We need to

consider how adult and pediatric training programs should share

relevant modules to ensure seamless academic research and optimal

clinician input across the life course. For example, leaving our

developmental silos to teaching days, grand rounds, journal clubs and

ward rounds in adult thoracic medicine, and inviting adult trainees to

ours, would be a good start. Even if we practice in a free‐standing

children's hospital, this could easily be accomplished at low cost with

live streaming.
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Sixty years ago, the Ciba Foundation organized a symposium

in which distinguished scientists (mostly Anglo‐Saxon males,

including several Nobel prize winners) discussed about how

humans could “use the immense creative opportunities for a

happier and healthier world” generated by modern biology.

Browsing today the book that summarized the symposium

(unsurprisingly called “Man and his Future”), the reader must

conclude that attempting to foresee the future is a foolhardy
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enterprise. As humans, we are simply too ignorant, too stuck in

the preoccupations and insights of the present and it is thus

impossible for even the most enlightened scholars to predict at

any time what are unimaginable future developments. Inevitably,

fundamental new trends will be missed.

When asked about the future of pediatric pulmonology, and

based on the above considerations, I decided to provide a very

personal framework for a discussion, heavily influenced and even

biased by my own current concerns and endeavors. I will limit myself

to the next 20‐30 years. Anything beyond that is science fiction. In

some of the points I will make, I will be purposely controversial. In

most, I will stress issues for which we do not have a solution today,

with the hope that we will have advances in the future. A premise for

these disquisitions is my own wish to create the opportunity for a

better life for all children. In this, I am not very different from the

much more distinguished scholars that preceded me six decades ago

in the Ciba symposium. I am not fond, however, of buoyant, overly

optimistic predictions. The challenges we have in front of us require

overcoming profound and entrenched biological, social, or equity

barriers that may be beyond human capacities to surpass in the

foreseeable future.

1. The future of prevention. An important insight of the last

decades has been the discovery that the developmental pathways

that underlie health and disease are determined by complex and

often subtle gene‐environment interactions. The two most common

chronic respiratory diseases, asthma, and chronic obstructive pulmo-

nary disease, have their roots in early life, and this raises the hope

that in the future, a major task of pediatric pulmonary medicine will

be to identify children at risk and be able manipulate the environment

or provide medicines according to the readily usable prediction

algorithms. In one of the most spectacularly successful applications of

this approach in any area of medicine, less than two CF carriers of at

least one copy of the G551D‐CFTR mutation had to be treated with

Ivacaftor to induce a 5% change in FEV1. In other words, almost

everybody responded (1). There is good reason to believe that similar

advances in more frequent forms of CF will allow patients long‐term

survival rates that were simply unimaginable just 10 years ago. I also

expect that the path opened by CF will derive in similar advances for

many of the rare monogenic diseases causing respiratory problems

that are part of our practice today. Unfortunately, it may not be

possible to elicit in complex diseases the type of precision response

that can be obtained when treating a monogenic disease with a drug

tailored to the specific molecular derangement that causes it. In

asthma for example, biologics have markedly improved the lives of

many patients, but we still do not have a way to know with any

certainty which patient will respond to which monoclonal antibody.

I am sure there will be progress, but the initial promise (or over‐

promise) for the whole field of personalized (or precision) will be hard

to fulfill for any disease in which environmental factors alter complex

growth trajectories at specific times during the lifespan. Much more

appealing are, at least to me, potential prevention strategies that are

based on accurate description of “natural experiments” in which

specific populations are found to be protected or at higher risk for a

disease. The explosion of new insights about the pathogenesis of

complex diseases that has come from observations of decreased

incidence of asthma and allergies in rural communities is a good

example of such natural experiments. The whole field of microbiome

sciences got a major boost from those observations, and it is now

well established that interactions between microbes and the innate

and adaptive immune systems, are critical determinants of the risk for

many chronic illnesses that involve abnormal immune responses to

environmental stimuli including asthma and chronic lung disease.

I expect that in the next decades we will see major development in

the use of bacteria and their products to prevent these conditions.

2. The future of technology. In the decades since I started

training in medicine and science, the explosion of new technolo-

gies has been exhilarating and at time overwhelming. It is hard to

keep up for any practitioner and, contrary to what happened at my

beginnings, increasingly interpretation of results is being left to

specialists. One trend seems unmistakable: diagnostic and thera-

peutic interventions tend to become less invasive with time.

Diagnoses that required surgical biopsies are now obtained with

targeted imaging using nanotechnologies or with minimally

invasive procedures. Major surgeries that required days of

recovery are now performed thoracoscopically. Panels of protein

biomarkers and RNA signatures obtained from blood or accessible

secretions are becoming available that can replace cultures and the

need to obtain samples invasively. Non‐radiating technologies now

being developed in animal models carry the promise of providing

images of tissues that will compete with those obtained from

direct vision. This trend will continue inexorably. With time, once

the new techniques are established, costs will decrease. I have no

doubt that our diagnostic and therapeutic tools will markedly

enhance our capacity for early diagnosis and treatment of

respiratory diseases in the next 20 years. Bronchoscopy has been

the procedure that has almost defined pediatric pulmonology since

its inception. Given the above developments, I do not think that 30

years from now, diagnostic pediatric bronchoscopy will be the

procedure of choice for most of its current indications. However,

I do believe that interventional flexible bronchoscopy will greatly

expand its usefulness, as it has in adult practice. As the ERS

workforce has stated(2), today's indications for use of this

technology are limited, and this has constrained the training

experience for pediatric bronchoscopists. The experience has been

that, once a technology becomes more extensively used, new

applications that were not imagined before can be imagined and

implemented. Pediatric pulmonologists need to get ready for that

new era by collaborating with adult pulmonologists that have been

using these procedures for decades.

3. Defeating inequities and discrimination: infectious disease

in the developing world, racism and discrimination everywhere.

Pediatric pulmonology cannot be an aseptic discipline. We often treat

diseases that preferentially affect the poor, children that are

discriminated or suffer inequities. Two million children die of

respiratory illnesses in developing countries and of those, over

200,000 die of tuberculosis, especially in sub‐Saharan Africa. Not all
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is bad news: deaths due to tuberculosis decreased between 2000 and

2020, although among African countries, trends have varied and

mortality has increased in some (https://www.who.int/teams/global‐

tuberculosis‐programme/tb‐reports/global‐tuberculosis‐report‐2021/

disease‐burden/mortality). This shows that tackling with respiratory

illnesses and tuberculosis is possible. During the SARS‐CoV‐2

pandemic, enormous assets were dedicated to finding vaccines and

treatments, and the ones that were developed proved essential to

prevent millions of deaths. It is time to put all needed resources to

defeat childhood tuberculosis in the next 20 years. Equally, racism and

discrimination cause severe early adversity and predispose for chronic

respiratory diseases. I do believe that pressure is increasing and that

these scourges will sooner or later be, if not defeated, limited in their

effects on the health and life of our children. Addressing inequities

should be a major goal of pediatric pulmonologists worldwide.

4. The future of bronchopulmonary dysplasia (BPD). The advent

of surfactant‐based therapy has markedly increased the number of

extremely low gestational neonates (ELGAN) and with them, the

incidence of chronic lung disease, also called new BPD, which

reaches 40‐45% in ELGANs (3). Many of these children are destined

to become adults with chronic obstructive pulmonary disease (4).

There have been exciting new developments in our understanding of

the pathogenesis of BPD both in humans (5) and in animal models (6).

However, the challenge here is that the extraordinary feat of keeping

these children alive entails that we will need to devise treatments

that allow the lungs to match a period of growth that normally occurs

in utero, and do this while breathing air containing bacteria, viruses,

fungi, pollutants, etc. There is here also a natural experiment

occurring: 55‐60% of ELGANs do not develop BPD. Perhaps

understanding what protects these babies may be helpful. In the

meantime, there is good reason to believe that therapeutic

approaches that stimulate lung and airway growth (7) could improve

lung function and at least partially reverse the consequence of very

early birth. A significant part of the future of pediatric pulmonary

medicine will be dedicated to ELGAN children, and I expect slow but

important specific advances in their treatment in the next two

decades.

5. The future is patient‐centered care. A very significant part of

any pediatric pulmonology practice is children with chronic diseases.

Treating such diseases and developing a tertiary prevention strategy

requires the creation of a partnership with the involved children and

their families. The model in which caregivers represent knowledge

which must be transmitted to obsequious patients is not only

outdated but counterproductive. In the information era, patients and

families have often clear ideas about what they want and what they

do not want from the health system. In asthma, we have insisted for

years that all children, even with mild symptoms, must take inhaled

steroid products twice daily, and the consequence has been abysmal

adherence rates. I envision that part of our formal education in the

future will be extensive training in patient‐centered care. We need to

develop partnerships with our patients, in which we must first ensure

we understand what they want from us and then establish common

goals for care. This does not mean forsaking evidence‐based

medicine, but simply implementing it in full respect of the point of

view of parents and young patients. Given the inevitable advent of

new and more sophisticated diagnostics and treatments, my

expectations are that pediatric pulmonologists will need to become

more and more capable of listening, convincing, negotiating, and

sharing goals with our patients.
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Childhood asthma and obesity are major public health problems,

and their prevalence has markedly increased over the past several

decades. There is extensive epidemiological, observational, and

experimental evidence of an association between obesity and

asthma. While in some children both diseases may simply coexist,

there is growing awareness of a specific “obesity‐related asthma” or

“obese asthma” sub‐phenotype, in which obesity increases asthma

risk and morbidity–including worse asthma severity and control,

more frequent exacerbations, reduced response to asthma medica-

tions, and poorer quality of life(1).

Much like obesity and asthma, “obese asthma” is a complex

phenotype, underpinned by several contributing mechanisms. Obe-

sity may lead to alterations in airway mechanics and lung function.

Initial studies in adults described a restrictive deficit with symmetri-

cally reduced FEV1 and FVC and lower lung volumes. However, some

studies in children have described an obstructive pattern or airway

dysanapsis(2). Yet, others have described reductions in lung volumes

like those seen in adults, suggesting that the consequences of obesity

on airway mechanics may differ by age, severity, and duration. A

recent study reported accumulation of adipose tissue within the

airway walls of obese adults with asthma(3), which would further

explain some of the airflow obstruction seen in this phenotype.

Obesity can lead to low‐grade systemic inflammation that differs

from the classic T2‐high airway inflammation most frequently seen in

pediatric asthma. Thus, inflammation in obese asthma may differ not

just in quality (T2‐low vs. T2‐high) but also location (systemic vs.

centered in the airway)(4). Obesity has been associated with asthma in

children without eosinophilic airway inflammation, but at the same

time the coexistence of obesity and high FeNO is linked to worse

asthma severity(5). Systemic inflammation in obese asthma is

mediated by adipokines such as leptin, and altered immune profiles

including Th1 polarization, activation of monocytes, macrophages,

and innate lymphoid cells (ILCs).

Both obesity and asthma have high heritability. Mendelian

randomization studies have reported that SNPs associated with

obesity are associated with incident asthma(6), and not vice versa.

Recent genome‐wide association studies (GWAS) have identified

SNPs associated with late‐onset asthma, non‐atopic asthma, BMI,

and waist‐to‐hip ratio(7). Unlike the genetic code, epigenetic regula-

tion and gene expression respond to the environment, and thus

transcriptomic and epigenetic studies will allow us to evaluate the

interaction between genetic susceptibility and socio‐environmental

factors that play an important role in obesity and asthma.

Insulin resistance and metabolic dysregulation have also been

implicated in obese asthma and resulting changes in lung function.

Moreover, dietary changes in obesity may contribute to microbiome

alterations, which could increase inflammation and contribute to

asthma severity. Alternatively, it could be that early‐life gut dysbiosis

leads to aberrations in immune system maturation and metabolic

regulation, subsequently leading to both asthma and obesity.

Recent guidelines recognize the association between obesity

and asthma. The Global Initiative for Asthma (GINA) lists obesity

as one of the comorbidities to assess for when managing patients

with asthma, and recommends weight reduction as a treatment

strategy. Weight‐loss randomized controlled trials (RCTs) in

asthma, both in children and adults, have generally reported

improvements in asthma symptoms and quality of life, with less

consistent improvements in lung function or airway inflammation

biomarkers(8). At the same time, however, GINA and other

guidelines highlight the importance of objectively confirming

the diagnosis of asthma to distinguish from symptoms related to

deconditioning such as dyspnea, and from obesity comorbidities

like gastroesophageal reflux disease or obstructive sleep apnea.

There are no pharmacological treatments approved for “obese

asthma”. Observational studies in adults with obesity, metabolic

dysregulation, or type 2 diabetes have shown some promising

results with the use of metformin or glucagon‐like peptide‐1

receptor agonists, but there have been no RCTs and no

observational studies in pediatric populations. Nutritional inter-

ventions, such as omega‐3 fatty acid supplementation, have not

been successful in youth with obese asthma. While obese children

with asthma have reduced response to inhaled corticosteroids

(ICS), until better targeted approaches are developed, ICS remain

the mainstay of pharmacological asthma management in this

population.
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Accurate diagnosis has always been the cornerstone in the

holistic management of asthma, especially in low‐and‐middle‐income

countries (LMIC) where there may be lack of diagnostic tools in many

primary care settings. On the one hand, there is a lack of diagnostic

tools such as lung function testing. On the other hand, there is a lack

of appropriate treatment for asthmatics. For the diagnosis of asthma,

the most important first step is to have an adequate history and

usually sophisticated tools are needed other than a spirometer to

document day‐to‐day variations as well as bronchodilator response.

Frequently, a meticulous history coupled with simple spirometry and

a chest radiograph will help to confirm the diagnosis of asthma and

rule out other causes of cough or wheeze. However, the more

difficult aspect in the application of GINA treatment strategies in

LMIC is the choice of asthma medications. Abuse and excessive use

of bronchodilator is a problem worldwide. Due to the low cost of

SABA, and the immediate relief of symptoms, this treatment far too

often is the sole treatment for many asthmatics. Even when ICS is

prescribed, adherence is poor as they were not perceived to result in

relief of symptoms rapidly. The recent version of GINA advocates the

use of as needed combination of LABA – ICS. The cost is slightly

higher. However, multiple clinical trials have demonstrated the

superiority of such treatment in the mildest form of asthma. Although

these trials are primarily done in high or middle income countries,

there is no data to suggest that asthma patients may behave

differently in low‐income countries. Morbidity and mortality of

asthma in LMIC remain high. Improvement in asthma education, use

of diagnostic approach as described by GINA, and the optimization of

asthma treatment will be necessary to improve the asthma care in the

millions of asthmatics in LMIC.
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Background

Diagnosing asthma in children is an important clinical challenge

as there is no single gold‐standard test to confirm the diagnosis. This

means both over‐ and under‐diagnosis of asthma is frequent in

children. Until recently, clinical guidelines had predominantly relied

on a relevant history and examination to make an asthma diagnosis,

but this is no longer considered sufficient. Getting the correct

diagnosis in children is important because over‐diagnosis results in

over‐treatment with corticosteroids with resulting unnecessary

healthcare costs and the risk of unwanted adverse effects. While

under‐diagnosis and under‐treatment of asthma results in morbidity,

poor quality of life and increased mortality.

The Global Initiative for Asthma (GINA) guidelines recommend

the need for both a detailed history and examination and the need to

demonstrate reversible airflow obstruction, with spirometry and

bronchodilator reversibility (BDR)/or peak expiratory flow variabil-

ity1. In addition, the UK National Institute for Health and Care

Excellence (NICE) asthma guidelines also recommend the use of

exhaled nitric oxide at flow rate 50ml/sec (FeNO) in helping to make

an asthma diagnosis in children. Recommendations on the hierarchy

and timing of objective tests vary considerably between guidelines.

This has resulted in confusion among clinicians and marked variation

in the diagnostic tests used across Europe and in different healthcare

settings within individual countries. In order to overcome this

confusion, and because evidence‐based guidelines for asthma

diagnosis specifically in children were lacking, the European

Respiratory Society (ERS) supported a Task Force to generate clinical

guidelines for asthma diagnosis in school‐age children2.

Recommendations made for use of tests to diagnose asthma

Symptoms in making an asthma diagnosis

Based on a critical appraisal of the evidence available, a

diagnostic algorithm was proposed. Nine Population, Intervention,
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Comparator, Outcome (PICO) questions were addressed. The main

findings from the evidence were that asthma should not be

diagnosed in children aged 5‐16 years on symptoms alone, this was

from moderate quality of evidence. Recurrent wheeze, cough and

breathing difficulty are key symptoms of asthma, but cough as the

only symptom is very unlikely to represent asthma and should be

investigated to exclude differential diagnoses. Often, clinicians may

undertake a trial of treatment in a symptomatic child to decide

whether asthma is present. However, the Task Force recommended

against using an improvement in symptoms after a trial of preventer

medication alone to diagnose asthma. There was no evidence for or

against this recommendation, which means it was a conditional

recommendation, based on clinical experience.

Use of spirometry to diagnose asthma

The task force recommended performance of spirometry as

part of the diagnostic work‐up of children aged 5–16 years with

suspected asthma. Although the quality of evidence for this

recommendation was moderate, it was a strong recommendation.

The use of the ATS/ERS guidelines on the performance of spirometry

was also strongly recommended with the use of the lower limit of

normal (LLN) to define an abnormal spirometry result. However, the

panel also agreed to accept a fixed cut‐off for FEV1/FVC and FEV1

<80% predicted where the LLN is not available, as this cut‐off

reasonably closely approximates LLN. In a large recent UK study

using a fixed cut‐off of 80% for FEV1/FVC and FEV1 % predicted,

airflow obstruction was falsely identified in 6.4% of children aged

5–16 years compared to using LLN3. There was one point highlighted

in relation to the use of spirometry that there is an urgent need for

studies in children assessing the ideal timing and the frequency of

spirometry measurements to improve the sensitivity of the test. In

addition to spirometry, a recommendation was made for the

performance of bronchodilator reversibility (BDR) testing in all

children with FEV1 <LLN or <80% predicted. This was a strong

recommendation, based on clinical experience, without significant

evidence from pediatric studies.

Use of PEFR variability to diagnose asthma

The recommendation was against PEFR variability testing as the

primary objective test on its own to diagnose asthma in children aged

5–16 years. It was considered that other objective tests are

preferred, but that a PEFR variability test could be considered in

healthcare settings lacking other objective tests. If a PEFR variability

test is used, the result should be based on 2 weeks of measurements,

ideally using electronic peak flow meters (the latter again making

application difficult in resource‐poor settings). A cut‐off of ≥12% in

PEFR variability was considered a positive test.

Use of FeNO in the diagnosis of childhood asthma

The overall recommendation was that measurement of FeNO

should be undertaken as part of the diagnostic work‐up of children

aged 5–16 years with suspected asthma; although it was a strong

recommendation, the quality of evidence was moderate. Specific cut‐

off values were that a FeNO value ≥25 ppb in a child with asthma

symptoms should be considered as supportive of a diagnosis of

asthma. However, a FeNO value <25 ppb does not exclude asthma.

The use of international guidelines which describe a standardized

methodology and provide clinical interpretation of FeNO measure-

ments was recommended. The recommendation was based predomi-

nantly on four recent systematic reviews which investigated the

accuracy of FeNO in the diagnosis of asthma in children4,5.

Although the diagnostic accuracy of FeNO is moderate, the

results of the Task Force review showed evidence exists to support

FeNO as a useful test to diagnose asthma in children, and as it is a

relatively simple, non‐invasive test that is highly acceptable to

children and their caregivers, it should be used. It was accepted that

equipment and consumables costs need to be considered. The task

force panel agreed that a single recommended cut‐off value was

essential. The panel agreed that 25 ppb was the best cut‐off value

based on the mean sensitivity (0.57) and specificity (0.81) values at

this cut‐point. However, it was acknowledged that the importance of

interpreting FeNO must be undertaken as part of a wider clinical

assessment. This is especially true if children have already been

prescribed inhaled corticosteroids, and because FeNO may be

elevated in atopic children without asthma.

Use of allergy tests in the diagnosis of asthma

The task force recommended against the use of both skin‐prick

tests to aeroallergens and specific IgE tests as diagnostic tests for

asthma, this was a strong recommendation with moderate quality of

evidence. It was argued that the evidence from the available studies

suggested that skin‐prick tests and specific IgE measurements have a

limited value to diagnose asthma. The low specificity is likely to lead

to an over‐diagnosis of asthma, particularly in children with other

atopic diseases. Nonallergic asthma, in contrast, will be under‐

diagnosed if physicians rely on allergy tests for asthma diagnosis.

However, it is important to remember that there is no gold standard

test for asthma, and evidence of atopy is supportive of asthma in a

child who has symptoms that are consistent with the diagnosis.

Use of bronchial challenge testing with methacholine or histamine

in diagnosing asthma

A direct bronchial challenge test using methacholine was

considered helpful in children aged 5–16 years under investigation

for asthma where asthma diagnosis could not be confirmed with first‐

line objective tests, this was a conditional recommendation with low

quality of evidence. There was no evidence available to make a

recommendation about histamine challenge tests in children.

However, the task force emphasized the importance of interpreting

direct challenge testing as part of a wider clinical assessment, since a

positive challenge test may be present in the absence of asthma.

Use of indirect bronchial challenge testing with exercise testing or

mannitol in the diagnosis of asthma

The task force recommended an indirect bronchial challenge test

using a treadmill or a bicycle in children aged 5–16 years under

investigation for asthma with exercise‐related symptoms should be

used where asthma diagnosis cannot be confirmed with first‐line

objective tests, this was a conditional recommendation with moder-

ate quality of evidence. A fall in FEV1 of >10% from baseline should

be taken as a positive test. Due to limited availability in most

countries, and the fact that children often find the test unpleasant,
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mannitol challenge was considered best avoided in favor of other

challenge tests.

Diagnostic Algorithm: strengths and limitations

A detailed diagnostic algorithm has been published following

the Task Force. However, it is complex, and in places is hard to

follow. The overall recommendation is that in a child with

symptoms and history consistent with asthma, the first diagnostic

test should be spirometry to demonstrate airflow obstruction

with evidence of bronchodilator reversibility. If spirometry is

normal, then the emphasis is on the use of FeNO to help to

confirm the diagnosis. Finally, in the absence of abnormality in

both of these tests, challenge tests are suggested. Overall,

although this has been a detailed assessment of the evidence,

what is lacking is an assessment of the practical application of the

algorithm in healthcare settings. Utility in primary care, resource‐

poor and even secondary care settings will be a significant

challenge, since both spirometry and FeNO require specific

equipment, which has to be maintained and correctly calibrated,

and requires expertise to perform correct measurements. How-

ever, the advantage of the guidelines is the emphasis on

undertaking objective tests to diagnose asthma in children, rather

than continuing to diagnose based only on history and

examination.
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Asthma is one of the most common chronic diseases in children

and adults, leading to significant morbidity and mortality world-

wide.(1, 2) The World Health Organization (WHO) estimates that

more than 300 million people currently suffer from asthma. Despite

global efforts, asthma continues to be an important public health

problem worldwide, particularly in poorly resourced settings.(3)

Several epidemiological studies in the last decades have shown

significant variability in the prevalence of asthma globally, but

generally a marked increase in low‐middle income countries (LMICs).

Poverty, air pollution, climate change, exposure to indoor allergens,

urbanization and diet are some of the factors that contribute to

inadequate control and poor outcomes in developing countries.(3)

Asthma exacerbations and poor control of the disease are

responsible for approximately one‐third of the direct costs and

almost all of the indirect costs of asthma, with a more than threefold

increase in the average cost of managing a patient who has

experienced asthma exacerbation.(4) Asthma exacerbations or

‘attacks’ are acute episodes of progressive worsening of symptoms

which occur in patients with all degrees of asthma severity and are an

important cause of morbidity and mortality. These asthma attacks not

only have a great impact on the quality of life for patients and their

families, but also constitute a considerable part of the disease burden

in terms of significant economic burden for healthcare systems,

families, and society.

Risk factors and causes of asthma exacerbations in LMICs.

Asthma exacerbations are commonly initiated by upper respira-

tory tract infections and/or environmental allergens, although there

are other known factors which increase the risk of a patient

developing exacerbations, such as cigarette smoking. A global

analysis of ISAAC reported an association between open‐fire cooking

and asthma symptoms in both children aged 6‐7 years (OR 1.78, 95%

CI 1.51‐2.10) and those aged 13‐14 years (OR 1.20, 95%CI 1.06 ‐

1.37) (5) A study in Puerto Rico showed joint detrimental effects of

vitamin D insufficiency and traffic‐related air pollution on severe

asthma exacerbations (OR 2.6, 95%CI 1.5‐4.9). (6)

Lifestyle changes such as diet and obesity have been related with

the increase of asthma prevalence and increased severity worldwide.

Vitamin D deficiency has been associated with asthma in several

LMICs.(7, 8) Among 616 school‐aged Costa Ricans with asthma, low

vitamin D levels (28% of children with levels of vitamin D <30ng/ml),

were associated with increased odds of asthma‐related ED visits or

hospitalizations in the previous year. Overweight and obesity are

common in LMICs, particularly in Latin America, where recent studies

suggest a prevalence between 16‐36% of children. (9) Similarly to

high income countries, overweight and obesity in LMICs have been

associated with asthma and asthma severity. (10, 11) In Costa Rica, a

study showed a 2‐fold increased risk for acute attacks in obese vs.

non‐obese asthmatic children.(12)
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Improving asthma control:

In a study looking at risk factors for uncontrolled asthma in a

third level asthma clinic, we showed that uncontrolled disease was

highly associated with acute asthma attacks (OR 7.43, CI95% 3.45 –

17.68) and ER visits (4.51, CI95% 2.7 – 7.50). (12) Therefore,

establishing asthma control and reducing the risk of future exacer-

bations is the main goal of asthma treatment. Inhaled corticosteroids

alone or in combination with long‐acting β2‐agonists, in addition to

other step‐up strategies are recommended. In a study in Costa Rica,

marked decrement in hospitalizations (53%) and mortality (80%) was

seen following a National Asthma Plan (NAP) and the use of

beclomethasone as a preventive medication.(13) This NAP consisted

of education meetings at all major public (both urban and rural) health

care centers, emphasizing early diagnosis, non‐pharmacological

measures (smoking ban, adherence, reduction of indoor allergens),

early treatment using ICS as first‐line therapy for asthma control, the

use of spacers, early use of reliever medication to treat exacerba-

tions, appropriate referral to specialists for asthma care, and

avoidance of common allergen sources (e.g. dust‐mite and cock-

roaches) or tobacco smoke.

Treatment decisions:

Three recently published studies have provided new evidence

supporting strategies in treating asthma attacks in LMICs. The use

of metered‐dose inhalers with spacer (MDI+S) instead of nebuliza-

tions, the addition of ipatromium bromide (IB) to salbutamol in

moderate to severe children and the use of intravenous magnesium

sulfate (IVMS) as a second‐line medication have shown to improve

outcomes and reduce the risk of hospitalization. (14‐17) In

Colombia, Rodriguez‐Martínez et al. evaluated the cost‐

effectiveness of inhaled anticholinergics for acute childhood

asthma. In the base‐case analysis, they showed that compared to

SABAs alone, the combination treatment (SABAs + IB) was

associated with lower overall treatment costs (US$126.24 vs. US

$170.69 mean cost per patient) and a reduced probability of

hospital admission. (16) In another study, Buendia et al. showed

that IVMS was less expensive and more effective that treatment

without IVMS in Colombian children with asthma exacerbations.

Compared to the control group, patients treated with IVMS showed

lower total cost (US$1149 vs. US$1598 average per patient).(14)

This finding supports the addition of IVMS in clinical guidelines for

treating asthma exacerbations in LMICs as it is accessible and

low cost.

Conclusion:

Asthma prevalence in LMICs is high and shows increased risk

of poor control and disease severity. While there are major

efforts in studying what causes asthma and in developing

expensive therapies, a great impact can be done to improve

asthma control, prevent asthma attacks, and decrease asthma

burden in LMICs. Reasons for inadequate asthma control in poor

populations include low accessibility to effective controller

medications, weak infrastructure of health services for the

management of chronic diseases, poor adherence to therapy,

lack of educational approaches, persistent exposure to risk

factors and social, cultural and language barriers. Nevertheless,

improved access to appropriate treatment including ICS, salbu-

tamol and spacers is a key goal in reducing asthma morbidity and

mortality worldwide.
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Long COVID is a heterogeneous, poorly understood condition

described in both adults and children with a history of COVID‐19

infection. Estimates vary of proportions of children and young

people (CYP) affected. Data from the Office of National Statistics

estimate that nearly 14% of CYP may experience symptoms

beyond 12 weeks.1 A more conservative estimate suggests

1.8% of CYP may experience symptoms beyond two months,2

although this is in contrast to the CLoCK study which has

demonstrated approximately 14% of CYP experience persistent

symptoms at 3 months following confirmed COVID‐19 when

compared with their peers who tested negative for COVID‐19.3

While headaches (62%) and fatigue (55%) are the most common

symptoms in CYP,2 dyspnea is reported in nearly half of CYP in

some studies and over half experience anxiety and low mood.4

These problems may be interrelated, exacerbate each other and

can cause significant morbidity in terms of missing school, social

and other activities.

Dyspnea is a common symptom of long COVID,5 and may also be

linked to breathing dysregulation caused by autonomic nervous

system disturbances. Chronic changes in breathing function can

result in dyspnea in the absence of respiratory disease and is thought

to result from an alteration in biochemical, biomechanical or psycho‐

physiological factors.6,7 Although breathing pattern dysfunction

particularly hyperventilation has been identified as one of the

mechanisms for persistent dyspnea in patients with long COVID,8 it

is unclear whether there are other reasons for the functional

disability secondary to dyspnea.

A recent study used hyperpolarized xenon MRI scans to

investigate possible lung damage in long COVID patients who were

not hospitalized with COVID‐19 but experience breathlessness.9 The

study found persistent impaired gas transfer as a potential cause for

breathlessness in these patients irrespective of the severity of

COVID symptoms at the outset.9 The study participants also

performed lung function tests and although spirometric indices of

lung function showed no difference between patient groups, the

transfer factor of the lung for carbon monoxide was significantly

lower in long COVID patients and this showed a good correlation

with the xenon MRI scans.9 Another study in CYP with long COVID

using low‐field magnetic resonance imaging to characterize morpho-

logic and functional changes of lung parenchyma showed that both

recovered and long COVID patients had increased ventilation and

perfusion defects.10

Coagulation dysfunction characterized by hypercoagulability,

impaired fibrinolysis and hyper‐aggregation of platelets has been

reported as a main feature in patients with severe COVID‐19.11

12 Impaired fibrinolysis as evidenced by increased levels of

antiplasmin and various fibrinogen chains has been observed in

patients with long COVID leading to speculation that blood clots

blocking microcapillaries may impair oxygen exchange resulting in

persistent dyspnea and fatigue.12 Persistently raised D‐dimer

levels and a sustained prothrombotic state have been reported in

hospitalized, non‐hospitalized and convalescent COVID‐19 pa-

tients.13‐15 These findings have led to several clinical trials

investigating the effect of anticoagulants on long COVID

symptoms in adults.

The pathophysiology of respiratory symptoms in CYP with long

COVID remains largely unknown, although there are hypotheses

involving persistent live virus, autoimmune or inflammatory sequelae,

or dysautonomia, all of which have some biological plausibility.

Additionally, the time course of long COVID and proportion of

patients who will recover or have ongoing long‐term symptoms is

unknown.

While results of mechanistic studies and clinical trials are

awaited, the mainstay of treatment in CYP with long COVID‐

related dyspnea remains breathing pattern retraining that focuses on

re‐establishing normal diaphragmatic breathing, by specialist respira-

tory physiotherapists. Where the breathing pattern disorder is

triggered by stress or anxiety related to ongoing long COVID

symptoms, a psychological review is important.
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Tuberculosis (TB) has been the major infectious disease causing

death globally for many years, until recently displaced by COVID‐19.1

Most TB diseases affect the lungs as pulmonary TB, either alone or

with extrapulmonary sites. Despite being treatable and preventable,

TB commonly causes severe disease and death in children living inTB

endemic, often resource‐limited settings.2 Globally each year, over 1

million children develop TB and an estimated 230,000 of these

children die.1 Most of the mortality occurs in infants and young

children (<5 years) who are at greater risk of severe disease and are

not detected because they provide greater diagnostic challenges.2

They have paucibacillary disease that usually requires a clinical

diagnosis and clinical presentation commonly overlaps with other

common, severe diseases of young children such as pneumonia,

malnutrition and meningitis.2,3 Therefore, increasing case detection

and treatment, including of drug‐resistant TB, is a priority as well as

reducing the many missed opportunities for TB prevention.4

Overall, the COVID‐19 pandemic has had a major impact on TB

services and control.1 There has been a sharp drop in case detection

reported from many settings, likely due to a combination of diversion

of human resources and laboratory diagnostics to focus on the

COVID response along with increased barriers to access for non‐

COVID care. Compared to 2019, there has been a drop in case

detection of 28% and 21% in children 0‐4 years and 5‐14 years

respectively, which compares to a drop of 18% in adults.1 Some of

this may be less transmission and exposure due to social restrictions

related to the COVID response, but the sharp drop would suggest
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that less cases are being detected. TB treatment outcomes have also

worsened with a reduction of treatment support by community and

facility‐based healthcare workers.

As yet, there is a lot that we do not know about the relationship

and impact of COVID‐19 on TB in children. There is less COVID

screening and testing in many settings where TB in children and

adolescents and related co‐morbidities such as HIV and malnutrition

are common. There is not a strong epidemiological overlap as regards

to disease presentation in that young children are generally low risk

for severe COVID‐related disease while high risk for severe TB.

However, it is plausible that children with pulmonaryTB or TB/HIV as

a co‐morbidity might be at risk of more severe disease due to COVID,

as is observed with other respiratory pathogens of childhood.3,5

While COVID‐related restrictions might protect some children

against TB exposure in the community, for other children living in

households with a TB case could increase risk of infection and

disease. Further, the reduced TB case detection related to COVID

may increase transmission to all community as people with TB stay

infectious for longer periods of time than if detected and treated.

Finally, there is increasing knowledge of the long‐term consequences

of childhood respiratory disease on lung health, and COVID is only

likely to increase this risk.

Children and adolescents in high‐incidence settings continue

to experience a huge burden of TB.1,4 Historically, management

guidelines for child TB were largely informed by evidence

extrapolated from adult populations and by expert opinion based

on clinical experience in a limited number of settings. The launch

on World TB Day 2022 by the World Health Organization (WHO)

of consolidated guidelines represents a major milestone on the

road to improving TB prevention and care in vulnerable young

children and in addressing the unique needs of adolescents.6

These WHO guidelines include new and updated recommenda-

tions based on the best current evidence and are accompanied by

an operational handbook that aims to be responsive to the needs

of all relevant sub‐populations.7

Expertise in the management of TB in children is slowly being

strengthened in endemic countries, as evidenced by increasing TB

research involvement and collaboration, and by increasing

recognition from National TB programs and pediatric societies.4

However, efforts are still often at an early gestational stage, lacking

‘critical mass’ and broad program support in many endemic settings.

Even in well‐resourced countries, challenges remain to improve the

delivery of comprehensive TB care to children and adolescents,

requiring persistent attention and advocacy. A multisectoral

approach is critical to close the wide policy‐practice gaps that

hamper service delivery. Specifically, this will require close

collaboration between national TB programs with maternal, child

and adolescent health services.8 Clinical diagnosis is still required

for the majority of children with TB and accurate point‐of‐care tests

remain a priority for development. Most children with TB do not

present to specialized TB services at a tertiary level in an urban

setting, but rather to general primary and secondary child health

care services.9,10 Given the major case detection gap, especially in

young children, the attention to strengthening of clinical, radiologi-

cal and laboratory diagnosis at all levels of the health system is a

major step forward.7,10

There are important characteristics of the pandemics that

overlap for these respiratory borne pathogens. The COVID

response can learn from while at the same time strengthen TB

programs –bidirectional testing with rapid diagnostics (Xpert

platform), infection control, contact screening and management,

recording and reporting, community engagement and education.

Tuberculosis is a disease characterized by inequity. It is most

prevalent in poor and vulnerable communities, and then directly

contributes to the further impoverishment and increased vulnera-

bility of those same populations. The COVID pandemic has

exacerbated this inequity. Turning challenge into opportunity will

not be straightforward but there is no option if we do not want to

lose the hard‐won gains that were steadily achieved over recent

decades for child TB.
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Coronavirus disease 2019 (COVID‐19) is a complex disease

with multisystemic involvement, and an array of clinical manifes-

tations that can vary from asymptomatic to severe outcomes

leading to death (1) constituting an ongoing worldwide emer-

gency (2). Epidemiological evidence of less severe forms of the

disease and reduced mortality in children upon infection with

severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) is

consistent (3,4) except for a multisystem inflammatory syndrome

(MISC) associated with co‐morbidities in a relatively low

percentage of children (5). As we enter the third year of the

SARS‐CoV‐2 pandemic, most children are yet to be vaccinated,

and thus protected, against infection by the emerging variants.

The pediatric population (0–19 years old) represents more than

25% of the Brazilian population. In 2021, this group corre-

sponded to only 1.9% (19,589/989,170) of all cases of COVID‐19

reported, but it has jumped to over 15% during 2022. Still, a

significantly lower number of children and adolescents have

severe clinical presentations with the need for hospitalization.

We investigated differences in cellular or humoral immune

responses of pediatric and adult COVID‐19 patients, searching

for factors that could contribute to this severity dichotomy. We

performed a detailed characterization of plasma and peripheral

blood mononuclear cells (PBMCs) from adult and pediatric

COVID‐19 patients, collected at three data points: acute infec-

tion; three and six months later. Using multi‐parameter flow

cytometry, we defined 78 immune cell subsets. We employed a

systems approach to analyze 38,670 data points, including anti‐

SARS‐CoV‐2 IgA and IgG antibodies, and frequencies of specific

effector T cells. Our findings at the point of acute infection have

been published (6) and suggest that children possess high viral

titers, and produce a strong, yet differential, immune response to

SARS‐CoV‐2 when compared to adults. Children responded with

high frequencies of CD8+ T cells that produce TNF in response to

N protein peptides, while this response was low in adults with

mild or severe disease, favoring responses to S protein peptides.

Over time, children maintained SARS‐CoV‐2 specific T cells

frequencies and IgG and IgA titers to the S and N proteins. Using

an unbiased tSNE approach, we found no difference in terminally

differentiated memory (EMRA) CD8+ T cells among the groups.

Qualitatively, we observed that the anti‐N response differenti-

ates into EMRA cells and was maintained, while adults did not

generate anti‐N CD8+memory T cells that produce TNF, focusing

their T cell response on S peptides. IgG titers to the RBD and

trimeric S protein were maintained by all groups after six months,

and similarly recognized the trimeric S protein of variants gamma

and delta. Neutralizing antibodies (Nabs) to the original variant

(SARS‐CoV‐2 B) during acute infection were produced in similar

titers by all groups, with considerable variability among indivi-

duals – a hallmark of infection. Only adults with severe disease

maintained high titers of Nabs after three and six months.

Furthermore, a marked decrease in neutralizing capacity against

the variants gamma and delta is observed over time in all groups.

Finally, in children, neutralization titers positively correlated with

the percentage of anti‐S IL‐21+Tfh cells; this correlation was not

observed in adults. Taken together, our results indicate consider-

able differences in children's responses to infection with SARS‐

CoV‐2 compared to adults, which might be associated with the

mild manifestation in pediatric COVID‐19. They also underline

the importance of vaccination in children as well as in adults,

evidencing the loss of protective potential against viral variants

of Nabs generated upon infection with the original, B, variant.
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Introduction

Cigarette smoke exposure (CSE) in children during or after

pregnancy is known to induce detrimental effects in the short and

very long term. A myriad of publications have covered this subject in

the past. The aim of the present presentation is to provide an

update on the clinical impact, mechanisms and dose‐effect of such

exposures.

Epidemiology

Nearly 1/4 of adults smoke tobacco. More than 1/3 of men

smoke, while less than 1/10 women do. The prevalence of current

tobacco use in female adults varies widely across the globe, ranging

from < 5% to 53 % (in Nauru, a microstate in the Central Pacific). In

the last few years the smoking rate has decreased in France as a

result of the implementation of national anti‐smoking campaigns.

However, after this unprecedented drop, the prevalence has leveled

out in 2020, possibly due to the COVID‐19 pandemic. In 2020, 31.8%

French people between 18 and 75 years of age reported smoking,

and 25.5% were daily smokers1. A recent meta‐analysis has shown

that smoking during pregnancy is still prevalent in many countries2.

The 3 countries with the highest estimated prevalence of smoking

during pregnancy were Ireland (38.4%), Uruguay (29.7%), and

Bulgaria (29.4%). This contrasts with a global prevalence of smoking

during pregnancy of 1.7% (95% CI 0·0–4.5). The proportion of

women who smoked daily and continued to do so during pregnancy

was 52.9% (ranging from 30.6% in the European Region to 79.6% in

the Western Pacific Region2.

Complications

The deleterious effects of in utero exposure to CS include

placental anomalies, prematurity, low birth weight, behavioral

problems, malformations (congenital diaphragmatic hernia, lapar-

oschisis, limb reduction, cleft lip + palate, cleft palate alone and

hypospadias2), morphological anomalies of the lungs (lung hypo-

plasia, decreased elastin, increased collagen deposits, alterations in

alveolar structure) leading to functional disorders (decreased

compliance, increased airway resistance, bronchial hyper‐

reactivity), disturbances in the control of breathing with a risk of

sudden infant death syndrome. Ex utero passive smoking is also

involved in many respiratory diseases (asthma, allergy, infections

(otitis media)) as well as non‐respiratory conditions (dental,

ophthalmological, abdominal, cardiovascular disorders, infections

and malignancies)3. Of note, maternal grand‐maternal smoking

during pregnancy is associated with higher asthma risk and lower

lung function in male grandchildren4, even though their mothers

were non‐smokers5.

There are also long‐lasting adverse effects of prenatal CSE on

neurodevelopment and human capital measures throughout child-

hood, adolescence and adulthood, e.g. lower scores on spelling,

language and math assignments, deficits in auditory and visual

processing, lower IQ scores, increased prevalence of ADHD, criminal

arrests, hospitalization for psychiatric disorders and conduct

disorder6.

Mechanisms

CS is composed of thousands of toxic substances. Placental

damage related to CSE includes thickening of the trophoblastic

basement membrane, an increase in the collagen content of the

villous mesenchyme and decreased vascularization7. This is associ-

ated with modifications in placental enzymatic and synthetic

functions, e.g. nicotine decreases active amino‐acid uptake by

placental villi7. The reduction in fetal body weight after CSE in rats

is due to CO toxicity and not nicotine toxicity8.

Nicotine transported across the placenta is one of the key

constituents of CS that alters fetal lung development9,10. Nicotine

interacts with α7‐nicotinic acetylcholine receptors, resulting in an

increase in collagen accumulation in fetal airway and alveolar walls11.

Airways

The inner and outer airway wall and the smooth muscle area are

greater in in utero CSE animals compared with non‐exposed animals.

Maternal smoking increases collagen III deposition and house dust

mite‐induced goblet cell numbers in offsprings12. Nicotine stimulates
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lung branching morphogenesis and may contribute to dysanaptic lung

growth, predisposing the host to airway wall disease postnatally. In

vitro exposure to CS affects mitochondrial function (i.e., energy

metabolism, proliferation, and apoptosis) in human ASM cells. In vivo,

the expression of proteins involved in mitochondrial function is

dramatically altered in the ASM of mice chronically exposed to CS13.

Lung parenchyma

Fetal exposure to nicotine reduces the surface complexity of the

lung parenchyma (emphysema), increases collagen accumulation, up‐

regulates surfactant protein gene expression, and induces neuro-

endocrine cell hyperplasia in fetal lungs9,10. Increased airway

responsiveness observed in postnatal animals, subsequent to in utero

CSE, may be the result of decreased alveolar attachment points to the

airways and changes in airway dimensions (decreased tethering)14.

Blood vessels

Total wall and adventitial thickness of airway‐associated blood

vessels are also significantly increased by CSE11.

Dose‐Effect of CSE

Low birth weight appears to be the result of an all‐or‐none

effect, rather than a dose‐dependent effect15.

Regarding SIDS, the relation is dose‐dependent and almost

certainly causal15.

The neurodevelopmental impact of antenatal CSE follows a

dose‐response relationship to maternal smoking during

pregnancy6.

In healthy newborns, prenatal CSE adversely affects tidal flow‐

volume ratios, as well as Crs in girls, independently of the reduced

body size due to maternal smoking16. One daily cigarette is

associated with a ‐0.0021 t PEF/t E and a ‐0.026 mL·cmH2O

reduction in Crs. The decrease is 0.023 and 0.29, respectively, in

infants of an average smoker16.

With respect to wheezing, it is a well‐known fact that smoking

during pregnancy increases the risk of transient early wheezing (> 1

lower respiratory tract illness with wheezing during the first 3 years

of life but no wheezing at 6 years of age; ORa 2.2 (1.3–3.7)) as well as

persistent wheezing (> 1 lower respiratory tract illness with wheezing

in the first 3 years of life and wheezing at 6 years of age; ORa 2.3

(1.2–4.4)) vs. no wheezing17. We have shown that in utero CSE

significantly increases the duration of hospitalization as a result of

wheezing: 0.9 days/month (exposed) vs. 0.58 days/month

(unexposed) (p = 0.008) during the first 2 years of life. Smoking

one cigarette/day during pregnancy was associated with an increase

in hospitalization duration of 0.055 days/month (r = 0.238, p =

0.006). In the multi‐variable analysis, this association was confirmed

(β = 0.04, p = 0.04; standardized β = 0.27, p = 0.03). There is thus a

dose‐effect relationship, without a threshold effect, between

prenatal CSE and duration of hospitalization for wheezing in non‐

premature infants during the first 2 years of life18. Maternal smoking

while in utero is associated with poor asthma control in black and

Latino subjects assessed at 8‐17 years of age19. The odds of poor

asthma control were greater amongst children exposed to in utero

smoking only during the first trimester (OR, 2.2; 95% CI, 1.3‐3.7)

compared with children exposed for all 3 trimesters (OR, 1.2; 95% CI,

0.7‐1.8).

Actions

In addition to the usual measures implemented to quit

smoking, there is the question as to whether nicotine replace-

ment therapy (NRT) and/or electronic cigarettes during preg-

nancy are efficacious for the prevention of lung disease in fetuses

and children. NRT will still make the lungs more prone to

disease9,10 and will not obviate the risk entirely. This will also

be the case for e‐cigarettes: the "e‐juice" that fills the cartridges

usually contains nicotine (extracted from tobacco), propylene

glycol, flavorings and other chemicals. However, in the latter

case, the decrease in CO (absence of combustion) has the

potential to improve birth weight and thus lung size20. This

implies that the consumption all of these products should be as

low as possible.

Conclusion

Household CSE is one of the most important modifiable risk

factors for multiple organ diseases in children, as well as wheezing

and asthma. The present presentation may help clinicians explain

very broadly the short‐ and long‐term risks of CSE to (future) parents

with the aim of improving reduction or cessation of CSE in parents

and children alike.
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The recent Lancet commission on pollution and health demon-

strated that pollution caused three times more deaths than AIDS,

tuberculosis and malaria combined in 2015 (1). However, this burden

is not distributed evenly across the globe, with a much greater

fraction of deaths occurring in low‐ and middle‐income countries

(LMICs). Within LMICs, some bear a greater share of the burden,

especially low‐income countries in Africa and Asia. These differences

highlight the need for research in these regions to understand local

causes and solutions. Deaths attributable to pollution peak at both

ends of life, in children under 5 years of age and in the elderly over 70

years of age (1).

Pollution is a major contributor to deaths attributable to

environmental conditions. Major causes of deaths in children under

5 include respiratory infections (32%), diarrheal diseases (22%),

parasitic and vector‐borne diseases (12%), neonatal conditions (15%),

and protein energy malnutrition (2%) (2). Causes of deaths attributa-

ble to pollution overall include acute respiratory infections and

pneumonia (9%, especially in children under 5), lung cancer (9%),

chronic obstructive pulmonary disease (17%), stroke (35%), and

ischemic heart disease (30%) (3). However, the contribution of

pollution to mortality and morbidity is almost certainly under-

estimated as current estimates only account for well‐studied health

effects of well characterized pollutants. These almost certainly

represent the tip of the iceberg as they don't consider effects of

emerging but unquantified health effects of well know pollutants, or

as yet uncharacterized effects of emerging pollutants (1).

Air pollution is generally characterized into pollutants encoun-

tered in the ambient air (ambient or outdoor air pollution) and those

encountered in the home (household air pollution). Household air

pollution is a major global problem, primarily from burning solid and

biomass fuel for cooking and heating in open fire pits or poor‐quality

stoves without external ventilation. However, household air pollution

is to the topic of today's presentation. Outdoor air pollution mainly

comes from combustion sources, which may be natural (forest fires,

volcano eruptions), industrial, farming (burning crop stubble), or from

vehicle emissions. Whatever the source, outdoor air pollution is likely

to contain a complex mixture of particulate matter (PM) and gaseous

pollutants. PM generally consists of a carbon core with various

toxicants adsorbed to the surface, which may include metals, organic

pollutants, chemicals, or environmentally‐persistent free radicals (4),

depending on what is burnt. Levels of the so‐called criteria pollutions

(PM, nitrogen oxides, ozone, carbon monoxide, and sulphur dioxide)

are monitored by regulatory authorities and “permissible” levels of

exposure set. Ozone is a secondary pollutant formed from a

photochemical reaction between nitrogen oxides and volatile organic

compounds in the presence of sunlight. Penetration of pollutants into

the lungs depend on particle size (for PM) and water solubility (for
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gaseous pollutants), with smaller and less soluble pollutants able to

penetrate further into the lungs.

Exposure pathways for air pollution differ for young children. As

well as the common inhalation pathways, children can be exposed to

toxicants in air pollution via trans‐placental exposure during fetal

development, in breast milk, through the skin, in contaminated food

or water (nutritive ingestion), and through putting objects, hands,

feet, etc into the mouth (non‐nutritive ingestion).

Effects of outdoor air pollution on respiratory health

Lung growth and lung function: Exposure to outdoor air

pollution negatively impacts lung function and lung growth. In

elegant studies, Kulkarni et al. (5) demonstrated the effect of

exposure to traffic‐related air pollution on lung function in

children without a history of respiratory disease. They showed a

decrease in lung function, measured by spirometry, related to the

amount of black carbon in airway macrophages, obtained by

sputum induction. Epidemiological studies from various parts of

the world confirm negative effects of air pollution on lung

function in children. However, studies from Southern California

demonstrated that lung function and respiratory symptoms

improve where air pollution levels are reduced (6).

Respiratory infections, including COVID‐19: Epidemiological

studies from numerous countries show a link between worse air

quality and increased case rates, severity, and death from COVID‐

19 (e.g. 7). Short‐term acute exposures seem to increase case

rates whereas long‐term exposures seem to increase severity and

mortality. The precise reasons have not been well investigated

but one possibility is that air pollution increases susceptibility by

decreasing airway epithelial integrity and allowing greater viral

access to cell surface receptors. This phenomenon was apparent

before the emergence of SARS‐CoV‐2, and air pollution is still

responsible for many cases of pneumonia in children under

5 years.

Earlier acquisition of respiratory pathogens in children with cystic

fibrosis: Intriguing data from cystic fibrosis (CF) registers in the USA

demonstrate that children with CF are at greater risk of earlier

acquisition of respiratory pathogens when their mothers were

exposed to high levels of particulate matter (PM2.5) in the year

before the child's birth (8). The risk was seen for more severe

pathogens, including Pseudomonas aeruginosa, Stenotrophomonas

maltophilia, and methicillin‐resistant Staphylococcus aureus. The

mechanisms involved are not clear.

Predicted increases in surface level ozone will increase acute

respiratory disease: Modeled increases in surface level ozone during

the rest of the 21st century are predicted to increase deaths and

presentations to hospitals for acute respiratory disease, including

asthma, especially in children and in the elderly by 2030 (9). The

impact of ozone comes from its irritant and oxidant effects in

the lung.

Environmentally persistent free radicals (EPFRs): A relatively

recently discovered combustion product that could contribute to

respiratory disease through induction of oxidative stress in the

respiratory epithelium are environmentally persistent free radicals

(EPFRs) (4). The term Environmentally Persistent Free Radical sounds

like an oxymoron. Free radicals are generally short‐lived, rapidly

oxidizing whatever they contact within seconds. However, EPFRs

persist in both the environment and in biological systems for

prolonged periods, some as seen in PM2.5 in Baton Rouge, with a

half‐life of 21 days (10). EPFRs form readily in the post‐flame and

cool‐zone regions of combustion systems and other thermal

processes. EPFRs participate in the redox cycle in biological systems

through the Fenton reaction and produce reactive oxygen species

over prolonged periods of time. EPFR exposure increases suscepti-

bility to influenza infection in mice, induces oxidative stress in human

epithelial cells in culture, and are associated with wheeze outcomes

in children.

In summary, outdoor air pollution is a major contributor to

death and respiratory disease globally. People of all ages are

susceptible, but children are more vulnerable. Air pollutants

impair lung growth and function and increase the risk of acute

respiratory infections and of chronic respiratory disease. Induc-

tion of oxidative stress in the respiratory epithelium by combus-

tion products, including EPFRs, may be an important underlying

mechanism.
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Childhood asthma and allergic diseases have been called the

‛epidemic of the 21st century’. Many environmental exposures have

been investigated as potential causative factors, but the culprit for

these rising trends has not been found. It seems likely that not one,

but many exposures in varying combinations and contexts will have

contributed to the observed temporal changes.

In turn, it seems remarkable that in many rural areas, rates of

childhood asthma and allergies are very low. Wong and colleagues

documented that in rural China the prevalence rates of wheeze and

physician‐diagnosed asthma amounted to 1.0% and 1.1%, respec-

tively, which was significantly lower than in urban children in Beijing

(7.2% and 6.3%, respectively, p < 0.0001). A positive allergy test was

3.2 times more frequent in urban as compared to rural children

(p < 0.0001)1. In Mongolia, the prevalence of allergic rhinoconjuncti-

vitis and allergic sensitization were assessed in villages, rural towns

and the capital city of Ulaanbaatar and were significantly associated

with increasing urbanization2. In South Africa, the prevalence of food

allergy was assessed by skin prick tests and then confirmed by open

oral food challenges in toddlers aged 12‐36 months. This study ran in

urban Cape Town and in the rural Eastern Cape. The prevalence of

food allergy was 5 times higher in Cape Town as compared to the

rural areas after taking ethnicity into account (2.9% versus 0.5%, p =

0.007)3. These findings point towards early age when allergy

trajectories fall apart in urban and rural environments.

Recently, differences in the prevalence of childhood asthma,

allergic sensitization and particularly aeroallergen sensitization were

given for the province of Zealand, a westernized, densely populated

area of Denmark4. At age 6 years, asthma was found in 26.6% of

included children who had spent their first year of life in urban

environments as compared to 16.2% of children who had grown up in

rural environments in the first year of life (p = 0.0015). There was also

a very significant difference in the aeroallergen sensitization rate

(29.5% versus 16.3%, respectively (p = 0.0008)). While these

differences are highly significant, the overall prevalence in Danish

rural areas exceeds by far the prevalence rates reported from less

westernized areas.

In Poland, two subsequent cross‐sectional surveys including

all inhabitants older than 5 years in the small town of Sobotka

with 4,000 inhabitants and the surrounding small villages were

conducted before and after the accession to the European Union.

In the first survey, allergic sensitization was very uncommon (7%)

among villagers at all ages but not among the urban population

(20%, p < 0.001). Interestingly, the lower rates were mostly seen

in subjects below the age of 40 years, i.e., those born after 19605.

After accession to the European Union, prevalence rates of

allergic sensitization assessed in exactly the same manner as in

the first survey remained unchanged in the small town of

Sobotka, but more than doubled in the small villages (7.9% vs.

17.8%, p < 0.0001) within a 9‐year period. This rapid temporal

change was observed for children and adults alike suggesting a

maintained responsiveness to environmental exposures also in

adulthood.

Another very remarkable example describes differences in two

geographically adjacent rural areas, i.e., Finnish and Russian Karelia.

After the Second World War, the Karelian population was divided by

the “iron curtain” with Russian Karelia belonging to the Soviet Union

until 1991 resulting in tremendous differences in standards of living

and environmental exposures on both sides6. In children and their

mothers, the rate of any positive reaction to an allergen skin prick

test differed considerably: 42.5% versus 15.7%, p < 0.0001 and

32.2% versus 17.4 %, p < 0.0001, respectively, between Finnish and

Russian Karelia. As in the Polish studies, a second survey 10 years

later was performed among adults 25‐54 years. Rates of any allergic

sensitization increased from 21.5% to 27.1% (p = 0.01), with a

particular increase in polysensitization to more than one allergen

(7.8% to 15.0%, p < 0.001) and sensitization to birch and grass pollen

and cat dander7.

Likewise, in Moscow (Russia) and Tallin (Estonia), a lower

prevalence of wheeze and asthma in school age children had been

seen in the early ISAAC surveys when compared to Helsinki in

Finland8. In the subsequent DIABIMMUNE birth and young children

cohort in Russia, Estonia and Finland, specific IgE levels were

measured at age 18 and 24 months, and 3, 4, and 5 years

respectively9. Already at the age of 24 months a pronounced

gradient for hen's egg and cow's milk sensitization from Espoo in

Finland (27.8%; 25.0%) over Tartu in Estonia (15.7%; 19.6%) to

Petrozavodsk in Russia (8.3%; 8.3%) was found10. This allergy gap

increased at older ages and was accompanied by significantly lower

rates of wheeze, allergic rhinitis and atopic eczema in Estonia as

compared to Finland (no data were available from Russia) suggesting

that divergent environmental exposures already impact the allergy

trajectories very early in life.

Some authors have investigated potential environmental

determinants for the discrepant findings between urban and rural

areas. Exposure to animals and farming practices has been

identified in Mongolia (herd animals plus dung heating), China

(crop farming), South Africa (farm animals), Karelia (cats, parental

farming) and Poland (farm animal contact). Furthermore, differ-

ences in environmental microbial exposures were seen in Karelia

with respect to gram positive bacteria and animal‐related species

being more abundant in Russia and bacterial contamination of

drinking water being documented on the Russian side. In China,

almost 5‐fold higher levels of endotoxin, a component of the cell

wall of gram negative bacteria, were found in beds of children

living in the rural area of Conghua as compared to urban
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Guangzhou. The endotoxin levels were furthermore inversely

related to asthma rates in these children. Additionally, regional

differences in human microbiota composition were reported from

several of these investigators. In the DIABIMMUNE cohort in

Russia, Estonia and Finland, the compositional structure of the gut

microbiome differed already significantly in the first year of life.

Furthermore, differences in skin and nasal microbiota composition

were found very early in life between Estonian and Finnish

children of this cohort. Differences in airway microbiota composi-

tion were also detected in Danish urban and rural infants in their

first year of life.

These observations overall hint at the importance of human

exposures to animals, farming practices and environmental

microbial exposures which may shape an infant's microbiome. In

this context, biodiversity of plant exposures may also come into

play as demonstrated in rural Finnish Karelia. Environmental

biodiversity was characterized by the vegetation cover of the

yards and the major land use types (forest, agriculture, water

bodies, built areas) within 3 km of the homes of adolescent

study subjects inhabiting a small town, villages of different sizes,

and isolated houses. Biodiversity (forest and agriculture

land use; flowering plants in the backyard) was inversely related

to allergic sensitization and positively with skin microbiota, in

particular gammaproteobacteria and more precisely with Acine-

tobacter. In turn, Acinetobacter in skin swabs was inversely related

to allergic sensitization suggesting that the protective effect of

biodiversity might be mediated by alterations of the skin

microbiome.
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The farm studies investigating the role of the environmental

microbiome on asthma development have shown protection by the

diversity of bacterial and fungal exposure. While in farm homes many

low abundance cattle‐associated bacterial taxa were found, overall

less taxa but originating from human rather than animal sources were

detected in non‐farm homes. Diversity of exposure may be

interpreted as a quantitative association, i.e. ‘the more the better’

and will certainly exclude the possibility of the ‘one magic bullet’

explaining these associations. Alternatively, a certain mix of ingredi-

ents within the ‘exposure soup’ may be relevant. The data from the

GABRIEL and PASTURE studies hint towards the second possibility.

Sequencing methods were rather expensive at the beginning of the

microbiome era. Therefore, a screening method (PCR‐SSCP) for

bacterial exposures and culture methods for fungi were employed

first. Numerous bacteria and some fungi were identified as potential

asthma‐protective microbes suggesting that a certain cocktail of

exposures may matter.

Besides the environmental microbial diversity and certain

‘exposure cocktails’ within them which reflect the presence (or

absence) of certain taxa, the relative abundance, i.e., the quantity

of exposure to certain taxa, may matter. In the PASTURE birth

cohort and the associated LUKAS cohorts, the relative abundance

of the indoor microbiome was characterized by 16S rRNA gene

sequencing in farm and in non‐farm homes. The investigators

modeled differences in house dust microbiota composition

between farm and non‐farm homes and then observed that in

children growing up in non‐farm homes asthma risk decreased as

the similarity of their home bacterial microbiome composition to

that of farm homes increased. In other words, indoor exposures

can protect from childhood asthma if children do not live on a
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farm, but live in homes where the relative abundance of the indoor

microbiome resembles that of farm homes. Most of the taxa could

not be traced back to any distinct source and more work will have

to elucidate where protective environmental microbiomes stem

from in non‐farm environments.

A child growing up in traditional farm environments will be

exposed to the environmental microbiome through the skin, the

upper and lower airways and the oro‐digestive tract. The increased

diversity of the bacterial environmental exposure is mirrored by an

increased diversity of the respiratory tract microbiome, particularly in

those with a high exposure to farming characteristics such as

exposure to cows and straw. Alterations in nasal but not throat

microbiota were associated with asthma. Higher α‐ and ß‐diversity of

the nasal microbiota was related to decreased asthma risk, whereas

asthma risk was increased in non‐farm children harboring Moraxella

OTU 1462 in their nose. Interestingly, Moraxella was not associated

with asthma risk in farm children potentially due to competing

richness of the nasal microbiota in farm children.

Farm and other environmental exposures also impact the gut

microbiome. In the PASTURE cohort, fecal samples were obtained at

the age of 2 and 12 months and the compositional structure of the

microbiome in this first year of life was related to school age asthma.

Axis 3 of the Principal Component Analysis (PCA) at the age of 2

months was associated with reduced asthma risk whereby breast-

feeding at month 2 contributed to the beneficial effect. In turn,

Caesarian section and maternal smoking in pregnancy were both

negatively associated with PCA axis 3 suggesting an adverse effect

on the asthma‐related gut microbiome composition at age 2 months.

The gut microbiome undergoes profound changes in the first year of

life and up to age 3 years when it starts resembling adult structures.

Therefore, the dynamic process of gut microbiome maturation

between 2 and 12 months of age was scrutinized. A delayed

maturational process was associated with asthma risk, whereas

beneficial accelerated maturation was determined by a number of

environmental exposures such as presence of at least 2 siblings,

keeping cats, growing up on a farm, exposure to animal sheds and a

number of nutritional factors such as consumption of cow's milk and

eggs. Intriguingly, the farm effect on asthma was explained by 19%

by the accelerated maturational process of the gut microbiome in the

first year of life. The resulting compositional structure at age 12

months was suggestive of a role of bacterial metabolites in asthma

risk reduction. In particular, the short chain fatty acids butyrate and

propionate may contribute additionally to the maturational process

and the compositional structure at age 2 months and determine

asthma risk. Thus, a number of different facets of the gut microbiome

are likely to independently and additively impact on the development

of childhood asthma.

There is yet another aspect of the gut microbiome on asthma

development, namely through its impact on the immune response.

In the PASTURE farm birth cohort, innate Th2, Th1 and Th17

cytokine expression at age 1 year was measured after stimulation

of PBMCs with lipopolysaccharide (LPS) in N=445 children.

Children at risk of asthma were defined based on single‐

nucleotide polymorphisms at the 17q21 asthma gene locus (SNP

rs7216389 in the GSDMB gene). Not all cytokines were detectable

in all children after LPS‐stimulation. When classifying detectability

of cytokines by latent class analysis, carrying the 17q21 risk allele

rs7216389 was associated with risk of wheeze only in the class

with the lowest level of LPS‐induced activation. In contrast, in

children with high cytokine activation after LPS‐stimulation, no

association of the 17q21 risk allele with wheeze or school age

asthma was observed. In these children, consumption of

unprocessed cow's milk was associated with higher cytokine

activation, which was in part mediated by the gut microbiome.

These findings suggest that within the 17q21 genotype, asthma

risk can be mitigated by activated immune responses after innate

stimulation, which is partly mediated by a gut‐immune axis.
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Introduction. The airway microbiome is linked to the balance

between respiratory health and disease. Commensal microbes can

promote the development of healthy airways with robust responses

to pathogens and viruses. On the other hand, the proliferation of

airway pathogens can promote acute respiratory illnesses and

exacerbations of childhood asthma. This paper reviews studies of

the airway microbiome in children and how the microbiome relates to
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states of health, wheezing illnesses in young children, and acute

exacerbations of childhood asthma.

The microbiome and acute preschool wheezing. Viral infections

have long been linked to acute wheezing illnesses in preschool

children. In 2010, Bisgaard and colleagues published an analysis in

the Copenhagen birth cohort study implicating bacterial pathogens as

frequent contributors to wheezing illnesses1. They sampled upper

airway secretions from children from four weeks to three years of

age during planned visits and also during episodes of acute wheezing.

Bacterial culture was performed for common pathogens (Moraxella

catarrhalis, Streptococcus pneumoniae and Haemophilus influenzae) and

viruses were detected by multiplex PCR. As expected, viral detection

was associated with wheezing illnesses (odds ratio [OR] 2.8, 95%

confidence interval 1.7 to 4.4, P<0.001). However, the association

between bacterial pathogens and wheezing episodes was equally

strong (OR 2.9, 95% confidence interval 1.9 to 4.3, P<0.001). These

findings suggested that both viruses and bacteria frequently

contribute to acute wheezing illnesses in preschool children.

Additional research teams have extended these findings to

identify associations between microbial community characteristics

and acute wheezing illnesses. The Childhood Asthma Study in Perth

analyzed samples of nasal secretions during periods of health and

during wheezing illnesses of 234 children with a positive family

history of allergic disease or asthma2. Samples of nasal mucus were

analyzed with PCR‐based viral diagnostics and 16S ribosomal

sequencing for bacterial identification. There were six common

microbial communities that were best classified by their predominant

organism. Three of these communities were detected more often in

sick children, including microbiota dominated by Moraxella, Strepto-

coccus, and Haemophilus. In contrast, microbial communities domi-

nated by Alloiococcus, Corynebacteria, or Staphylococcus were more

likely to be identified in healthy children.

The Childhood Origins of Asthma (COAST) study in Madison,

Wisconsin conducted a study with a similar design3. This analysis

included 280 children with a parental history of allergy or asthma

who were monitored with a similar sampling strategy; 3000 samples

of nasal mucus were analyzed using the same diagnostics as in the

CAS study. The COAST results confirmed the CAS findings that

pathogen‐dominated microbiota were associated with illness. In

addition, the larger sample size enabled detection of a distinct strain

of Moraxella that was identified mainly in healthy children. The

findings suggest that patterns of gene expression within Moraxella

could determine whether the bacteria functions as a pathogen or a

commensal.

The microbiome and exacerbations of childhood asthma. The

nasal microbiome is closely linked to acute wheezing episodes and

loss of asthma control in children with established asthma. For

example, the RhinoGen study enrolled 309 school‐aged children of

school age and approximately half of the participants had asthma4.

Weekly nasal mucus samples were obtained during September, which

is the peak month for rhinovirus (RV) infections and asthma

exacerbations in schoolchildren. Nasal secretions were analyzed by

multiplex PCR for common respiratory viruses, RV species, and the

bacterial pathogens Moraxella catarrhalis, Streptococcus pneumoniae

and Haemophilus influenzae. Participants and their families tracked

cold and asthma symptoms using daily symptom diaries, and

moderate asthma exacerbations were identified using criteria that

included symptoms, albuterol use and peak flow measurements. One

notable result is that viral infections tended to precede detection of

bacterial pathogens. Interestingly, RV‐A and RV‐C species, which are

more virulent than RV‐B, were also more likely to be associated with

detection of pathogenic bacteria.5 In this study, detection of the

combination of RV and M. catarrhalis was associated with the

greatest risk for respiratory illnesses, and in the children with asthma,

acute exacerbations.

In a nested case‐control study within RhinoGen that included

only children with asthma, additional paired samples of nasal

secretions obtained before and during RV detection were tested

using 16S ribosomal sequencing6. Children selected for this substudy

had either asymptomatic RV infection or RV‐induced exacerbations

(two extremes), and RV infection induced different changes in the

airway microbiome in these two groups. In the asymptomatic

children, RV infection was associated with increases in Dolosigranu-

lum, Corynebacterium and Moraxella. In children with exacerbations,

RV infection was associated with reduced Corynebacterium and

increasedMoraxella. These findings suggest that the balance between

commensal bacteria and pathogens such as Moraxella could help to

determine the severity of symptoms and likelihood of exacerbation.

Changes in the airway microbiome were related to the risk of

increased asthma disease activity in a NIH‐funded asthma treatment

protocol7. In a cohort of school‐age children with mild to moderate

persistent asthma treated with daily inhaled corticosteroid, nasal

blow samples were obtained when asthma was under control and

again at times during loss of asthma control (the “yellow zone”).

Viruses were detected by PCR, and nasal microbiota were analyzed

using 16S ribosomal sequencing. The results showed that the

composition of the microbiota at baseline was related to the

subsequent probability of poor asthma control. Children who had a

nasal microbiome dominated by either Corynebacterium or Dolosi-

granulum were least likely to experience loss of asthma control. In

contrast, children with microbiota that were dominated by Moraxella,

Staphylococcus, or Streptococcus were more likely to require at least

two episodes of yellow‐zone treatment. Notably, the greatest risk for

loss of asthma control was related to transition in the airway

microbiome from Corynebacterium in the baseline sample toMoraxella

in the acute sample.

In a study of urban children living in neighborhoods with high

rates of poverty, nasal sampling was obtained weekly during the fall

season to determine relationships between the microbiome and

asthma exacerbations8. Over 3000 nasal mucus samples from 478

children with allergic asthma were analyzed for viruses and bacteria.

The investigators identified six common microbial communities based

on the most common bacteria. Predominance of Moraxella was

associated with an increased risk for exacerbations of asthma,

younger age, and an increase in eosinophil cationic protein, a

biomarker of eosinophil degranulation, in nasal secretions.
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In a year‐round follow‐up study conducted by the same research

team, children 6 to 17 years of age with exacerbation‐prone asthma

provided baseline and illness samples of nasal mucus, which were

analyzed for both viruses and bacteria9. In contrast to their previous

study, children provided samples throughout all four seasons. Viral

infections occurred with expected seasonal patterns, and RV

infections peaked during the early fall. There were also seasonal

patterns for detection of pathogenic bacteria, and Moraxella and

Haemophilus were particularly enriched in the fall during viral illnesses

and exacerbations.

Potential mechanisms. Airway microbes could affect airway

physiology through several mechanisms. First, airway epithelial cells

and leukocytes have an array of receptors that can recognize genetic

or structural components of bacteria. Once a pathogen is detected,

Toll‐like receptors and other pathogen recognition systems can

activate acute phase responses that promote inflammation that can

add to the severity of illness. Other pathogens (e.g., Staphylococcus

aureus) secrete toxins that can damage epithelial cells and compro-

mise barrier function.

Bacteria can also secrete metabolites that can influence airway

physiology, either positively or in a negative fashion. These microbial‐

epithelial interactions have been explored in detail in commensal

bacteria in the GI tract. Short chain fatty acids of bacterial origin

nourish gut epithelial cells and promote the development of

immunoregulatory mechanisms. On the other hand, bacterial metab-

olites such as 12,13‐diHOME are proinflammatory and can impede

the development of tolerance mechanisms10. Additional studies are

needed to determine how metabolites from airway bacteria can

either positively or negatively affect airway physiology.

Viral infections can modify the growth and invasiveness of

pathogens through several mechanisms. Viral infections can induce

specific cell surface receptors used by bacterial pathogens to enter

the cell, which is the first step for an invasive infection. In addition,

viral infections can kill epithelial cells, which can lead to an influx of

nutrients into the airway that can lead to expansion of bacterial

pathogens. Identifying mechanisms of virus ‐ bacterial interactions

could lead to novel strategies to prevent bacterial pathogen

overgrowth.

Conclusions. Both viral and bacterial pathogens can influence the

risk of wheezing illnesses and exacerbations of asthma. The

combination of viral infection followed by bacterial pathogen

overgrowth promotes significant illnesses including exacerbations

of asthma. While specific antivirals or vaccines for most respiratory

viruses remain elusive, an alternative therapeutic strategy could be to

manipulate the balance between airway commensals and pathogens.

One mechanism for doing this could be to develop new probiotics,

and this process could be informed by epidemiologic and functional

studies of bacteria associated with health and illness. Perhaps

candidate bacteria for probiotics (or their metabolites) can also be

selected based on their ability to inhibit the growth of pathogens that

have been closely linked to respiratory illness and exacerbations of

asthma.
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Introduction

The gut microbiota, the microorganisms that live in the digestive

tracts, plays essential roles in gastrointestinal tract (GIT) colonization

by non‐pathogen taxa, in resistance to pathogens and in maintaining

the intestinal homeostasis. In healthy individuals, gut microbial

communities live in a mutualistic relationship with the host,

benefiting from a stable nutrient‐rich microenvironment. In ex-

change, they perform crucial functions for the host, including

fermentation of dietary components with generation of nutrients,

vitamins, and metabolites. In addition, gut microbe structural

components and metabolic products provide local and systemic

signals essential for the development and education of the innate and

adaptive immune system locally but also in other sites of the body.

This has been shown by a variety of experimental and epidemiolo-

gical studies, which prove the crucial role of the crosstalk between

the intestinal microbiota and the lungs, termed the “gut–lung axis”, to

reduce the predisposition and the severity of respiratory infections

and to promote tolerance to allergens. Changes in the constituents of

the gut microbiome can result in alteration of the immune responses

and homeostasis in the airways.

The gut microbiota

The human body is estimated to be colonized by around thirty‐

eight trillion bacteria. The GIT microbiota remains the best‐studied

microbial ecosystem, partly owing to its abundance of microorgan-

isms and partly because taxa can be obtained through feces. The gut

community is believed to harbor between one hundred thousand and

one hundred billion bacteria per mL of luminal content, depending on

the region, and to comprise up to 14 bacterial genera and 150

bacterial “species". The abundance and diversity of the gut taxa

increase along the GIT for site‐specific variations, with the colon

harboring the densest and most metabolically active populations.

Taxa diversity shows interpersonal variations, which are due to

genetics but also diverse environmental factors, such as lifestyle, diet,

infections, and drugs (antibiotics, proton pump inhibitors). Despite

these variations, GIT is dominated generally by only four bacterial

phyla, Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria,

with lesser representation of other phyla, including Fusobacteria,

Verrucomicrobia and Spirochaetes. Gut microbiota develops immedi-

ately after birth, increases dramatically in diversity in the first 3 years

of life and stabilizes thereafter to the adult pattern. Infancy,

therefore, represents a critical period in which the gut microbiota

can be positively or negatively modified, with obvious implications for

future health outcomes. Inadequate maturation of the gut micro-

biome in early childhood may cause long lasting immune

dysregulations.

The gut‐lung axis

To modulate inflammatory and immune‐mediated responses, gut

cells assimilate information directly from microorganisms and from

metabolites and the cytokines they release. This modulation shapes

immune responses locally but also at distal organs. There is poor

evidence of the direct transfer of gut microorganisms between sites,

although the translocation of bacteria from the gut to the lungs has

been described in diseases like sepsis and acute respiratory distress

syndrome, in which barrier integrity is compromised. Bacterial

antigens are taken up in the gut by microfold cells and then

processed by the local dendritic cells (DC). DCs carry antigens into

Peyer's patches where they promote theT cells and immunoglobulin‐

producing B lymphocyte differentiation and proliferation. These cells

are then ready to acquire immune homing molecules, move into the

bloodstream, and migrate to extraintestinal sites. Following immune

challenges in the lung, immune cells can traffic from the gut‐

associated lymphoid tissue (GALT) to the bronchial associated

lymphoid tissue (BALT) and to the airways where they can promote

protective and anti‐inflammatory responses.

Gut microbiota and regulation of host immune responses

The gut microbiota composition can influence both innate and

adaptive immune functions: a) by microbial sensing by pathogen

recognition receptors; b) through the production of signaling

molecules; c) by inducing epigenetic modification.

Pathogen recognition receptors. Postnatal maturation of the

immune system and protective and anti‐inflammatory responses are

activated through microbial sensing by nucleotide‐binding oligomer-

ization domain (NOD)‐like receptors and Tool‐like receptors (TLR)

expressed by antigen presenting cells (APCs). Bacterial protein

presentation by APCs induces the activation and proliferation of T‐

cell subsets, B‐cells, and natural killer (NK) cells. Immune recognition

of bacterial DNA also contributes to cytokine as well as antibody

production, characteristic of innate inflammatory responses. The

importance of gut microflora in driving postnatal maturation of the

immune system has been demonstrated in studies performed on

germ‐free mice, animals reared in a sterile environment and,

therefore, devoid of commensal gut microbiota, and in mice in which

dysbiosis was induced by antibiotic treatment. Compared to specific‐

pathogen free mice, germ‐free mice had smaller lymphoid follicles

and Peyer's patches in the GIT and showed numerous deficiencies in

both lymphoid and myeloid‐derived cell number and functions. Mice

in which the gut microbiota had been previously manipulated by

antibiotic‐treatment showed impaired innate and adaptive antiviral

immune response, increased mortality, and reduced bacterial

clearance due to decreased reactive oxygen species‐mediated killing

by alveolar macrophages.

Signaling molecules. Gut microbial biotransformation of exo-

genous and endogenous compounds generates metabolites locally

that play a key role in immune homeostasis. These end‐products

can also circulate systemically and influence mucosal immune

function, tolerance and regulation of inflammation and infection in

other sites of the body. Short‐chain fatty acids (SCFAs) are the

main gut microbiota metabolites produced by bacterial fermenta-

tion of plant‐derived non‐digestible polysaccharides. SCFA acetate

(C2), propionate (C3), and butyrate (C4) serve as an energy source

for intestinal epithelial cells, but can also act directly on

leukocytes, promoting a) differentiation of naïve T cells into Treg

cells; b) activation of DCs to induce TGF‐β release by activated T

cells; c) modulation of proinflammatory cytokine production; d)

recruitment of neutrophils reducing their excessive cytolytic

activity. Through these multifaceted actions, SCFAs also promote
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epithelial barrier integrity. SCFAs are absorbed in the epithelial

tissues, released in the portal circulation, and then disseminated

into the blood stream where they can reach other organs and

tissues. In the bone marrow they stimulate hematopoietic stem cell

differentiation into monocytes which, under inflammatory condi-

tions, can migrate to the airway structures where they can further

differentiate into DCs and activated macrophages. Among their

multiple functions, SCFAs can stimulate Treg expansion to prevent

allergic sensitization.

Epigenetic modification. Gut microbiota and their metabolites

can regulate epigenetic mechanisms, producing small non‐coding

microRNAs and inducing histone modifications and DNA methyl-

ation in different organs and diseases. Specifically, SCFAs

butyrate can orchestrate epigenetic changes on immune cells in

the context of allergic airway diseases through histone deacety-

lase2 (HDAC2) inhibitory activity. HDACs can remove N‐acetyl

groups from histone lysine residues to promote chromatin

condensation and inhibit gene transcription at targeted loci.

Through these mechanisms, SCFA butyrate ameliorates allergic

asthma by modulating Gata3 expression by innate lymphoid

cells2 (ILC2), thus limiting ILC2 proliferation and Th2 responses

and by promoting eosinophil apoptosis and counteracting

eosinophil migration. Finally, SCFA butyrate modulates intrinsic

B cell functions through inhibition/silencing of genes involved in

somatic hypermutation, class‐switching, plasma cell differentia-

tion and development.

Conclusions

The crosstalk between gut microorganisms, their metabolites and

the host is complex, and our current understanding of these

interactions is in its infancy. Gut bacterial components and their

metabolic end‐products have the capacity to modulate local and

systemic immunity, with specific taxa able to influence allergic

sensitization as well as predisposition and severity of other

respiratory disorders. Respiratory challenges with environmental

factors such as pollution, antibiotics and diet, influence disease risk

and drive their pathogenesis through ability to modulate the

composition and function of gut microbiota. Longitudinal studies

and new interventional trials will help to elucidate the role of the

microbiota and gut–lung crosstalk in respiratory diseases and will

potentially lead to the identification of new and effective avenues for

treatment.
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The incidence of childhood pneumonia or lower respiratory tract

infection (LRTI) has declined considerably over the last 2 decades;

however pneumonia remains the major single cause of mortality in

children outside the neonatal period and is a major cause of morbidity

in early childhood. Current estimates are that there are approximately

652,572 deaths annually in children under 5 years due to pneumonia

(1). In addition, pneumonia early in life may be associated with

chronic morbidity including recurrent wheezing and lung function

impairment, establishing a developmental trajectory for development

of chronic lung disease through adulthood (2, 3).

Immunization has been one of the most effective interventions for

reducing pneumonia incidence and mortality. Major advances include

development of conjugate vaccines against common bacterial patho-

gens. Vaccination against measles, pertussis, H. influenzae type b (Hib)

and pneumococcus [pneumococcal conjugate vaccines (PCV)] have
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resulted in substantial reductions in pneumonia incidence, severity and

associated mortality. Immunization with Hib vaccine has reduced

radiological pneumonia by 18%, severe pneumonia by 6% and

associated mortality by 7% (4). For PCV, similar reductions have been

reported with reductions of 29% for radiologically‐confirmed pneumo-

nia, 11% for severe pneumonia and 18% for pneumonia‐specific

mortality (5). Thirteen‐valent PCV (PCV‐13) has also led to reductions

in complications from pneumonia such as empyema. Reductions in

antibiotic‐resistant pneumococcal disease have also occurred as many

resistant serotypes are contained in PCV‐13. Further, PCV vaccination

has been associated with a reduction in severe pneumonia and

hospitalization from other pathogens, with approximately 25% reduc-

tion in hospitalization for viral‐associated pneumonia in PCV‐vaccinated

children, underscoring the importance of mixed (bacterial‐viral) infec-

tions in severe pneumonia. Protection extends beyond the vaccinated

group of children to those in older age groups who have not been

vaccinated, by reducing nasopharyngeal carriage of disease‐causing

serotypes. As a result, there have been substantial indirect effects from

PCV, with a large decline in hospitalization and mortality from adult

pneumonia, especially in the elderly.

These have been accompanied by shifts in the etiology of

pneumonia with S. aureus and H. influenzae non‐type b now the

commonest bacterial pathogens and an increased predominance of

viral pathogens especially RSV (6). The Pneumonia Etiology Research

for Child Health (PERCH) cross‐sectional study of children hospital-

ized with severe or very severe pneumonia in low‐ and middle‐

income countries (LMICs) mostly with good vaccination coverage for

Hib and PCV, found that mixed infections predominated; RSV was

the commonest pathogen, responsible for around a third of all

pneumonia episodes (7). M. tuberculosis was also a key pathogen

associated with acute pneumonia. Similar findings have been

reported in the Drakenstein Child Health study, an African birth

cohort study which included ambulatory as well as hospitalized

pneumonia cases in children (8). In the COVID pandemic, SARS‐CoV2

in children has been a predominantly mild or asymptomatic infection;

however a minority of children, most commonly those with under-

lying comorbidities, have required hospitalization for LRTI. Non‐

pharmacological interventions, restrictions on travel and school

closures have also altered the epidemiology of RSV and influenza

LRTI with a marked reduction in infections and hospitalizations, but

an unseasonal rebound in cases (including in older children) following

lifting of some of these.

Immunization of pregnant women to protect against pneumonia in

the first 3 months of life is gaining prominence as a potential effective

strategy for pathogens such as influenza, pertussis and RSV. A

randomized controlled trial of influenza immunization of pregnant

women found a vaccine efficacy of approximately 50% and similar

reductions in young infants for influenza. Currently there are several

trials and work to develop effective preventive strategies for RSV,

including RSV vaccines for maternal or infant immunization and long‐

acting monoclonal antibodies with an extended half‐life for neonatal or

seasonal infant immunization. Results of the first Phase 3 trial

assessing the efficacy of maternal RSV vaccination, showed a 44%

reduction against RSV pneumonia hospitalizations through the first six

months of life. Although this trial did not meet the primary objective of

significant reduction of RSV pneumonia, other pre‐specified explora-

tory endpoints and safety assessment were met, and the primary

endpoint was achieved in South Africa, where more than 50% of

participants were enrolled (9). Nirvesimab, a long acting monoclonal

antibody, has been shown to have excellent efficacy for prevention of

medically attended RSV‐LRTI in preterm and in term health infants;

there was also a substantial reduction in hospitalization in preterm

infants (9, 10).

However, the impact of conjugate vaccines is limited by

global disparities in access and affordability. Currently only

approximately 50% of eligible children have received PCV, with

the lowest uptake in lower‐middle income countries that may not

be eligible for GAVI financing. PCV‐13 coverage globally varied

by geographical region with estimates for LMICs, specifically

Eastern and Southern Africa at 75%, West and Central Africa at

60%, Middle East and North Africa at 40%, Latin America at 77%,

South Asia at 23%, and East Asia and Pacific at 15%. While such

inequities have existed for decades, the COVID pandemic has

highlighted these, with large disparities in access to vaccination

for SARS‐CoV‐2 in high‐risk people globally. Greater advocacy,

funding and efforts to enable access to current and future

vaccinations for all children are needed.
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Only about half of the estimated 1 million cases of children with

TB disease are reported to public health programs, in large part due

to the challenges to detect TB in children1. Children have non‐specific

symptoms and have low bacterial load in their sputum that limits the

performance of traditional microbiological tests. At the same time,

community‐based settings may not have the training or capacity to

obtain adequate respiratory specimens in children, including induced

sputum or gastric aspirates. To reduce the mortality and morbidity of

TB disease in children, novel diagnostics near or at the point‐of‐care

are critical to guide the rapid initiation of treatment.

Triage tests for pulmonary TB are essential to identify children

earlier who require further evaluation in primary care settings or as

part of a contact investigation. TheWorld Health Organization (WHO)

has defined the target product profile for a TB triage test to have at

least 90% sensitivity and 70% specificity2. However, current symptom‐

based screening is non‐specific and can overlap with other causes of

febrile respiratory illnesses in children, and children may lack classicTB

symptoms including cough. In adults, blood‐based host biomarkers

have been evaluated for screening or triage, such as point‐of‐care C‐

reactive protein (CRP) that has been endorsed by theWHO as a triage

tool for adults living with HIV.3 In addition, several transcriptional

signatures have been developed for TB triage in adults4. However,

children have a developing immune system and paucibacillary primary

TB disease, which is likely to result in a different host response to TB

compared to adults5. Beyond biospecimens, computer aided detection

(CAD) for TB through the use of artificial intelligence to analyze chest

X‐rays (CXR) has also shown promise and has been endorsed by the

WHO for adults3, but current products exclude young children less

than 5 years old. Children can have heterogenous CXR findings with

unique features such as hilar lymphadenopathy, and CAD algorithms

need to be developed specifically for this group.

Diagnostic tests for pulmonary TB need to be specific but for

children, greater sensitivity is essential given their paucibacillary disease.

Xpert MTB/RIF Ultra (Cepheid, Sunnyvale, USA) is a next‐generation

cartridge from Xpert MTB/RIF, with a lower limit of a detection to

improve sensitivity and a new “trace” semi‐quantitative category6. This

testing still requires collection of respiratory specimens, and so there

have been efforts to use alternative sample types, in particular stool.

Although stool‐based Xpert Ultra has lower sensitivity than respiratory

specimens, a meta‐analysis found a sensitivity of 53% and has been

endorsed by the WHO as an acceptable sample type for detecting

pulmonary TB7. Oral swabs have also been evaluated for a non‐invasive

PCR‐based TB diagnosis4, but further efforts are needed to improve its

sensitivity. There are several efforts to develop non‐sputum biomarker‐

based tests for childhood TB. Lipoarabinomannan (LAM) is a glycolipid

found on the M. tuberculosis (Mtb) cell‐wall and is excreted in urine, and

next‐generation point‐of‐care urine assays are being developed to

improve the sensitivity from current tests4. Mtb‐specific proteins such

as ESAT‐6 and CFP‐10 have been detected in the blood of children with

TB8, but further work is needed to translate this into a simple assay.

Cell‐free DNA of Mtb has also been detected in the blood and urine of

adults with TB, but there is limited work in children9.

Overall, there continues to be no current test that can achieve

the target profiles for a triage or diagnostic test for childhood

pulmonary TB. Ongoing studies will identify and examine novel non‐

sputum biomarkers for pulmonary TB disease for children. The

COVID‐19 pandemic has also brought several novel diagnostic

approaches that should be adapted for TB10. In addition, it is

important for any new diagnostic test to consider the unique needs

for children, and we are currently conducting a multi‐stakeholder

consensus process to guide how to include children and adolescents

earlier in the development and evaluation process. Lastly, it is

important for clinical algorithms for childhood TB to continue to be

implemented to improve TB detection, and any new assay should be

integrated with these assessments. Although pulmonary TB diagnosis

for children remains a challenge, there is growing recognition of the

importance of new diagnostics and ongoing efforts to develop tests

to guide early treatment and reduce the burden of TB in children.
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The most common chronic lung disease of infancy (CLDI)

associated with preterm birth is bronchopulmonary dysplasia

(BPD).1 We need to remember that premature infants who do not

meet the definition of BPD still may have disrupted lung develop-

ment resulting in chronic obstructive pulmonary disease and

pulmonary vascular disease.1 Advancements such as antenatal

steroids, postnatal surfactants, and protective ventilation strategies

have led to a marked increase in the survival of premature infants

born much earlier in gestation. However, the increased survival of

extremely preterm infants has led to a developmental arrest of

alveolar and pulmonary vascular growth termed “new BPD”2. A

recent single‐center study reported that in spite of significant clinical

advancements and adherence to novel treatment guidelines in the

neonatal intensive care unit (NICU), the incidence of BPD increased

over time.3

The new American Thoracic Society Clinical Practice Guidelines

are aimed to assist clinicians who care for patients born preterm in

the modern era.1 Will discuss and assess whether there is any new

treatment for BPD in these guidelines. It is interesting that these

recommendations are intended to aid clinicians in the outpatient

management of infants, children, and adolescents with post‐

prematurity respiratory disease (PPRD), regardless of the degree of

prematurity, the severity of disease, the disease phenotype, 4 or the

age of the patient at the time of presentation.

The term PPRD is being used for defining the patient population

with respiratory disease that is directly associated with premature

birth (less than 37 weeks’ postmenstrual age), including those who

were born prematurely but did not meet the definition for BPD. This

differs from the previous ATS statement,5 in which the term “CLDI”

(chronic lung disease of infancy) was used.

The optional treatments are discussed and graded according to

the available evidence.1 Most of the evidence is poor resulting in

conditional recommendations with very low‐certainty evidence.

In these guidelines, there are special considerations and

recommendations regarding airway malacia, reported to occur in up

to 50% of infants with PPRD.6 To note, children with tracheo-

bronchomalacia (TBM) can have a paradoxical response to broncho-

dilator therapy.7 There are also new guidelines as to the use of

polysomnography and videofluoroscopic swallow study in infants

with PPRD.

Summary of Recommendations:

Recommendation 1a: For infants, children, and adolescents with

post‐prematurity respiratory disease (PPRD) who do not have

recurrent respiratory symptoms, we suggest that short‐acting inhaled

bronchodilator therapy not be routinely prescribed.

Recommendation 1b: For infants, children, and adolescents with

PPRD who have recurrent respiratory symptoms (such as cough or

wheeze), we suggest a trial of a short‐acting inhaled bronchodilator

with monitoring to assess for clinical improvement in symptoms.

Recommendation 2a: For infants, children, and adolescents with

PPRD who do not have chronic cough and recurrent wheezing, we

suggest that inhaled corticosteroids not be routinely prescribed.

Recommendation 2b: For infants, children, and adolescents with

PPRD who have chronic cough or recurrent wheezing, we suggest a

trial of inhaled corticosteroids with monitoring to assess for clinical

improvement in symptoms.

Recommendation 3a: For infants, children, and adolescents with

PPRD, we suggest against the routine use of diuretics.

Recommendation 3b: For infants with PPRD who are discharged

from the NICU on chronic diuretic therapy, we suggest dis-

continuation in a judicious manner.

Recommendation 4a: For infants with PPRD who are otherwise

ready to be discharged from the NICU, we suggest the use of

polysomnography (PSG) for patients with persistent apnea, intermit-

tent desaturation, or bradycardia at greater than 40 weeks’

postmenstrual age (PMA).

Recommendation 4b: For infants, children, and adolescents with

PPRD, we suggest the use of PSG and/or a sleep medicine referral for
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those with symptoms of sleep‐disordered breathing (SDB), including

persistent snoring, failure to thrive, or a persistent need for

supplemental oxygen at 2 years of age.

Recommendation 4c: When PSG is indicated but not available, we

recommend that overnight or 24‐hour oximetry be performed to

screen for SDB, followed by PSG and/or a sleep medicine referral for

further evaluation if needed.

Recommendation 5: For infants, children, and adolescents

with PPRD, we suggest a swallow evaluation (videofluoroscopic

swallow study [VFSS]) for those who are eating by mouth and

have cough or persistent oxygen desaturation during feeding,

suspected or confirmed vocal cord paralysis or other airway

anomalies, failure to wean from oxygen therapy or ventilatory

support as expected, persistent or worsening pulmonary hyper-

tension, failure to thrive, or chronic pulmonary symptoms out of

proportion to viral respiratory infections.

Recommendation 6: For infants, children, and adolescents with

PPRD, we suggest airway endoscopy for those with unexplained

symptoms such as chronic cough, wheezing, ventilator dependence,

persistent hypoxemia, or a history of patent ductus arteriosus (PDA)

ligation with stridor and weak cry.

Recommendation 7a: For infants, children, and adolescents with

PPRD who do not have symptoms suggestive of airway malacia, we

suggest that dynamic airway imaging (computed tomography [CT] or

magnetic resonance imaging [MRI] not be used as a screening test for

the routine diagnosis of TBM.

Recommendation 7b: We suggest that unsedated, dynamic

airway imaging (CT or MRI) be used for the diagnosis or reevaluation

of TBM in patients with PPRD who have recurrent symptoms

suggestive of airway malacia as an alternative to bronchoscopy when

the risks from anesthesia for bronchoscopy are judged to be greater

than the risks from radiation or when bronchoscopy is not feasible or

available.

The new guidelines do not discuss the use of systemic steroids,

other immuno‐modulatory therapies, need and timing of tracheos-

tomy, or breakthrough treatments with stem cells.

One relatively recent study reported on intravenous pulses of

methylprednisolone for infants with severe BPD and respiratory

support after 3 months of age. This retrospective single‐center study

included infants over 3 months of age with severe BPD who received

at least one pulse of methylprednisolone. High‐dose IV pulses of

methylprednisolone were associated with a decrease in the level of

respiratory support required by infants with very severe forms of

BPD, with a greater effect in those on mechanical or noninvasive

ventilation.

Stem cell studies are being done,9 currently with the goal of

preventing BPD. Yet, clinical studies or use of stem cells for therapy

of established severe BPD are still lacking.

The decision to pursue chronic mechanical ventilation involves a

complex mix of clinical and social considerations. A recent study aim

was to describe the potential indications to pursue tracheostomy and

chronic mechanical ventilation in infants with severe BPD. Tracheos-

tomy was strongly considered when: airway malacia was present,

PCO2 ≥ 76–85 mmHg, FiO2 ≥ 0.60, PEEP ≥ 9–11 cm H2O,

respiratory rate ≥ 61–70 breaths/min, PMA ≥ 44 weeks, and weight

<10th% at 44 weeks PMA.

In summary, there are currently no medications or diagnostic

testing that are universally indicated for those with PPRD.1 There are

no really new treatments, and scientific basis for decisions is poor.

Future studies will elucidate which subgroups of patients will benefit

from targeted therapies for the treatment of PPRD in a personalized

approach. Whether or not to begin a therapy or order a diagnostic

study should be made on an individual basis, considering the patient's

symptoms and clinical presentation.1
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Congenital lung malformations (CLMs) include heterogeneous

localized abnormalities of airway development. They include

different histological entities: congenital pulmonary airway

malformations, intra‐lobar and extra‐lobar sequestrations, con-

genital lobar emphysema, bronchogenic cysts and bronchial

atresia. Major advances in prenatal ultrasound imaging now make

it possible to almost always identify these CLMs prenatally, and

make it rare to discover a CLM on the occasion of a complication

in a child or young adult. The incidence of prenatally diagnosed

CLMs is most often estimated to be between 1/10000 and 1.5/

10000 pregnancies.

Despite their different names, CLMs share many common

aspects, especially on pre‐ or post‐natal imaging, and most likely

have common pathophysiological mechanisms (1). They are incidental

abnormalities of airway development, with no identified genetic

cause, and no increased risk of recurrence in a subsequent

pregnancy. The molecular mechanisms responsible for the occur-

rence of CLM remain unknown in humans. Animal models suggest an

important role for dysregulation of signaling between the growth

factor Fibroblast Growth Factor (FGF) 10 and its receptor FGFR2b

(2, 3).

Histologic terminology is actually confusing, and should no

longer be used in clinical routine, as the correlation between

imaging appearance and histologic diagnosis is far from complete.

Most recent recommendations for routine management insist on

performing an accurate phenotypic description of CLM (e.g.,

"cystic malformation with systemic vascularization"), rather than

anticipating a histologic diagnosis, which may turn out to be false

if the child is later operated (4). In addition, phenotype

associations are common.

The prenatal period represents a key stage in the management of

these malformations. The expertise of multidisciplinary centers for

prenatal diagnosis (MCPD) is essential for the prenatal management of

CLMs, for the decision of the delivery site, and for the preparation of

postnatal follow‐up. During the diagnosis visit in a MCPD, the following

parameters will be accurately specified by ultrasound: the appearance

of the malformation (presence of cysts and/or areas of hyperecho-

genicity), the vascularization of the MPC and in particular the presence

of vascularization of systemic origin, the presence of signs of

mediastinal compression (mediastinal deviation, hydramnios, hydrops,

appearance of the diaphragmatic cupolas, ascites or hydrothorax), and

the measurement of prognostic markers useful for follow‐up, including

the CPAM volume ratio (CVR). Approximately one‐half of CLMs are

cystic in appearance prenatally, and one‐third are associated with

systemic vascularization. For the majority of CLMs, the prenatal period

is without compressive complications. Isolated mediastinal deviation is

seen in less than 30% of cases, and signs of more significant

compression are present in only about 15% of cases (5). In the

prospective French cohort MALFPULM, in utero fetal death or medical

termination of pregnancy was observed in 2% of cases (5). The CVR

contributes greatly to parents' information and pregnancy follow‐up.

Values below 0.4 cm2 at diagnosis are associated with a very low risk of

any compressive phenomenon occurring in the fetus during pregnancy

(6). There is also a quasi‐linear relationship between the maximum value

of CVR (CVRmax) achieved during pregnancy and the risk of respiratory

distress in a term newborn (5). This marker will therefore greatly

contribute to the choice of the delivery site. In practice, the risk of

neonatal respiratory distress does not exceed 10% as long as the

CVRmax remains below 0.4 cm2. About half of all pregnancies remain

below this value. When the risk of neonatal respiratory distress is

estimated to be high, the birth will best take place in a tertiary center,

associated with an intensive care unit and a pediatric surgery unit. The

final choice of the delivery site must of course also take into account

the general risk assessment of a specific mother‐infant dyad in

pregnancy, including local policies and structures. Fetal magnetic

resonance imaging (MRI) is not systematic. It can be performed to

better assess the characteristics of the lesion, especially in complicated

situations with mediastinal compression. There is no argument for

routine sampling for karyotyping or chromosomal analysis by DNA chip,

because isolated CLMs are not associated with genetic abnormalities.

Any fetal therapy may be discussed in cases of complicated CLM, with

hydrops and risk of fetal death in utero, or of very premature delivery in

relation to hydramnios. For CLM with dominant cystic disease,

placement of thoracoamniotic shunts is most often effective. For

CLM with small cysts or with purely hyperechoic aspect, the use of

steroids is often proposed. In the French cohort, only 6% of fetuses

required fetal therapy {Delacourt, 2021 #444}.

The prenatal period, and multidisciplinary team approach to

the prenatal management, is above all an opportunity to inform

the parents about the pre‐ and post‐natal course, and to meet the

actors of this course. Ideally, parents should be able to meet with

a pediatrician or pediatric surgeon who can inform them about

postnatal management. When CVRmax indicates a significant risk

of neonatal respiratory distress, a meeting with all the profes-

sionals concerned is appropriate (pediatrician, pediatric surgeon,

neonatologist).
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Pulmonary surfactant is a mixture of lipids and proteins that

reduces surface tension in distal airspaces, preventing end expiratory

atelectasis. Surfactant is produced by alveolar type 2 epithelial cells

(AEC2s) and is stored in lysosomally‐derived organelles called

lamellar bodies before being secreted by exocytosis. A developmen-

tally related lack of surfactant due to pulmonary immaturity is the

main cause of Respiratory Distress Syndrome (RDS) observed in

prematurely born infants. Pathogenic DNA sequence variants in

genes responsible for components or production of surfactant may

also lead to surfactant deficiency and the phenotype of RDS in full‐

term infants. Depending upon the gene and nature of the variants,

the severity and onset of disease can vary, and affected individuals

may not present with lung disease until later in childhood or as adults.

Pulmonary surfactant is composed of approximately 90% lipid

and 10% protein by weight. The majority of the lipid fraction consists

of phospholipids, of which Disaturated Phosphatidyl Choline (DSPC)

is the principal lipid important in surface tension reduction. The

enzymes responsible for de novo DSPC synthesis are not specific for

the lung. Surfactant becomes enriched in DSPC through the actions

of member A3 of the AdenosineTriphosphate (ATP) Binding Cassette

family (ABCA3). ABC transporters use the energy of ATP to move

substances across biological membranes. ABCA3 is located on the

limiting membrane of lamellar bodies and appears to import DSPC,

PC and phosphatidyl glycerol into lamellar bodies. ABCA3 is also

expressed in tissues other than the lung, although its role in those

tissues is unknown.

While DSPC is critical for surface tension reduction, in order to

do so it must transverse a thin layer of fluid lining the alveolar

epithelium and spread at the air‐liquid interface, which it does very

poorly in isolation. Two extremely hydrophobic surfactant proteins

(SP‐B and SP‐C) facilitate the adsorption and spreading of surfactant

lipids, and are critical components of mammalian‐derived surfactant

preparations used to treat newborns with RDS. Surfactant also

contains two larger, structurally‐related hydrophilic proteins, SP‐A

and SP‐D. These proteins have both a collagenous domain and a

carbohydrate‐binding or lectin domain, and are members of the

collectin family. The primary role of these proteins is in innate

immunity as well as in immunomodulation. Thyroid transcription

factor 1 (TTF‐1), encoded by the gene NKX2‐1, is a key transcription

factor in lung development and important for turning on the

production of ABCA3 and the surfactant proteins, as well as many

other genes in the lung and other tissues. NKX2‐1 is also critical for

thyroid gland development and is also expressed in the central

nervous system.

Pathogenic variants in the genes encoding these proteins

involved in surfactant production, function and metabolism result in

neonatal lung disease. There is considerable overlap in the clinical

presentations irrespective of which gene is involved. The most

frequent phenotype is that of RDS, both clinically and radiographi-

cally, but in a full‐term rather than prematurely born infant, although

a small number of affected premature infants with these disorders

have also been recognized. The disease severity is variable depending

upon the gene involved and sometimes the specific variants. Almost

all infants with biallelic pathogenic variants in the SP‐B gene (SFTPB)

resulting in SP‐B deficiency present in the immediate neonatal period

with severe respiratory disease that is generally fatal within several

months [1]. A large percentage (50 to 60%) of infants with pathogenic

variants in the ABCA3 gene (ABCA3) also present with severe

neonatal RDS, and generally have sequence variants that would be

predicted to preclude any ABCA3 production. Patients with ABCA3

variants may also present later in childhood, usually having at least

one variant that could potentially result in some ABCA3 function [2].

These patients usually present with respiratory symptoms,
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hypoxemia, failure to thrive and diffuse abnormalities on pulmonary

imaging. This collection of features is termed Childhood Interstitial

Lung Disease (ChILD) syndrome [3]. Patients with variants in the SP‐

C gene (SFTPC) may present with a neonatal RDS phenotype, but

more typically present with ChILD syndrome in infancy. Lung disease

related to SFTPC variants may not also manifest until well into

adulthood [4]. Patients with NKX2‐1 variants may present with

neonatal RDS, later in life with ChILD syndrome, or with recurrent

infections. As opposed to subjects with ABCA3, SFTPB or SFTPC

variants in whom disease is confined to the respiratory system,

patients with NKX2‐1 variants may also be hypothyroid, or have

neurological abnormalities, mainly related to movement (ataxia,

chorea) [5]. Hypotonia can be a prominent feature, but can be

difficult to appreciate as a distinct finding in infants critically ill with

respiratory disease. A substantial number of patients with pathogenic

NKX2‐1 variants reported have not had any recognized pulmonary

disease, but may not have been formally evaluated. Patients with

pathogenic variants in the two genes (SFTPA1, SFTPA2) encoding SP‐

A have been identified in older subjects with pulmonary fibrosis,

often in association with lung cancer, but have not been identified as

a cause of neonatal lung disease.

Both ABCA3 and SP‐B deficiency result from loss‐of‐function

variants, and are generally inherited in an autosomal recessive

fashion, with variants on both alleles (biallelic) needed to manifest

disease. In contrast, the mechanisms whereby pathogenic variants in

the SFTPC cause disease are more complex, involving either a gain of

toxic function or dominant negative mechanism. Consequently, a

variant on one allele (monoallelic) may be sufficient to cause disease

due to de novo variants or inherited in an autosomal dominant pattern

with variable penetrance. Biallelic SFTPC variants resulting in lung

disease have also been observed in some patients. The mechanism

for lung disease due to NKX2‐1 variants is likely due to the loss of one

functional allele (haploinsufficiency). The lung disease phenotype may

be driven by the expression of which specific downstream genes are

most severely impacted [5]. As with SFTPC, disease due to NKX2‐1

variants may be sporadic due to de novo variants, or inherited in an

autosomal dominant pattern.

Of the disorders of surfactant production, ABCA3 deficiency is

likely the most common, although still rare. A minimal estimate for

the incidence of ABCA3 deficiency is between 1 in 70,000 to 1 in

90,000 live births. This estimate is derived from the population

frequency of known or likely pathogenic variants in large publicly

available databases (e.g. gnomad.broadinstitute.org). This is very

likely an underestimate for several reasons. First, the majority of

identified pathogenic ABCA3 variants are private, meaning that they

are found in a single family and not present in these databases.

Additionally, some variants whose functional significance is unknown

may be pathogenic, and some variants not included in these

estimates have been demonstrated to reduce ABCA3 function in

vitro and thus may cause or contribute to disease in some

circumstances [6]. The incidence of SP‐B deficiency is likely well less

than one in one million live births. This estimate is again derived from

the frequency of known pathogenic variants in the available

databases, and incorporating the observation that one specific SFTPB

variant (c.397delCinsGAA) has accounted for ~70% of the pathogenic

variants identified to date. The incidence and prevalence of lung

disease due to pathogenic variants in SFTPC and NKX2‐1 are

unknown, and more difficult to estimate. De novo variants in both

genes are frequently identified as causes of disease, and the

phenotypic variability and lack of clinical information available for

subjects with possible pathogenic variants in available databases

largely preclude estimates based on those resources.

Lung pathology findings in genetic surfactant disorders include AEC2

hyperplasia, proteinaceous material present in and even filling distal

airspaces with embedded macrophages and cholesterol clefts, prominent

macrophage accumulation in the airspaces, interstitial thickening with

mesenchymal cells and pulmonary fibrosis. The lung histopathology

findings from each genetic disorder overlap, and one cannot determine

the responsible gene from lung histology alone. Electron microscopy may

be helpful in distinguishing SP‐B or ABCA3 deficiencies, which are

associated with abnormal lamellar body development.

Diagnosis of surfactant production disorders may be accom-

plished through genetic testing [7]. Multigene panels that include

surfactant‐related genes and other genes that may result in diffuse

lung disease, abnormal lung development and pulmonary hyper-

tension (such as FOXF1 and TBX4) are often included in such panels

(www.ncbi.nlm.nih.gov/gtr). As complete or partial gene deletions

have been reported as causes of these disorders, it is important that

the panel be sensitive to detecting such variants, or a specific method

for detecting copy number variants be performed. Genetic testing is

not 100% sensitive as variants in untranslated regions may result in

disease. Interpretation of genetic studies may also be difficult if

variants are identified whose functional significance is unclear

(Variants of Uncertain Significance, VUS). Turn‐around‐times for

genetic studies can also be unacceptably long, and rapid exome

sequencing is an alternative to gene panels.

There are currently no specific effective treatments for

surfactant disorders. Lung transplantation may be offered to

patients with SP‐B deficiency or the severe form of ABCA3

deficiency when biallelic complete loss‐of‐function variants are

identified, or end stage pulmonary fibrosis resulting from any of

these disorders [8]. High dose steroids, azithromycin, and

hydroxychloroquine have been used, but evidence for the use

of these agents is anecdotal and not based on clinical trials [4].

Future therapies may include agents to facilitate protein proces-

sing and routing as are now clinically used for treating cystic

fibrosis, and gene therapy approaches [9, 10].
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Postnatal survival depends on the successful transition of the

pulmonary circulation to undergo a remarkable change from its high

resistance and low flow state in utero to a low resistance and high

flow circulation at birth. Mechanisms that contribute to the fall in

pulmonary vascular resistance (PVR) include the loss of fetal lung

liquid, rhythmic distension of the lung and increased alveolar oxygen

tension. The effects of these factors are largely based on stimulating

the release of potent endogenous vasodilators, including nitric oxide

(NO) and prostacyclin (PgI2), and attenuating production of the

potent vasoconstrictor, endothelin‐1 (ET‐1) [1‐3]. After the first days

of life, PVR progressively decreases over the following weeks to

achieve postnatal values that remain similar during infancy, childhood

and into adulthood. Some newborns, however, fail to achieve this

rapid decline in PVR during the first days of life, which leads to the

syndrome known as persistent pulmonary hypertension of the

newborn (PPHN).

PPHN is characterized by the failure of this normal transition

which causes severe hypoxemia due to right‐to‐left shunting of blood

away from the lung circulation through the patent ductus arteriosus

and foramen ovale. Over the past few decades, preclinical studies

have explored diverse mechanisms that lead to high pulmonary

vascular resistance (PVR) in PPHN, which include the inability to

generate or sustain production of NO and PgI2 and upregulation of

ET‐1 (1‐3) enhanced myogenic tone that opposes vasodilation, and in

some cases, impaired lung vascular growth and striking hypertensive

arterial remodeling. Insights into basic mechanisms that regulate

pulmonary vascular tone, vasoreactivity and growth during the

perinatal period, as well as mechanisms that impair the transition,

have contributed to the development of current PH‐targeted drug

therapies, including inhaled NO, sildenafil, ET receptor antagonists

(ERA), prostacyclin analogues, and other treatments. When combined

with a physiological approach that integrates optimal ventilator

strategies, cardiac support and systemic hemodynamics, these drugs

can improve oxygenation by reducing the extrapulmonary shunt due

to high PVR, enhancing right ventricular function and avoid the need

for more invasive therapies, especially extracorporeal membrane

oxygenation (ECMO) in term newborns with hypoxemic respiratory

failure with PPHN physiology [4,5). Term newborns with PPHN who

fail these PH‐targeted therapies often have underlying problems such

as impaired left ventricular performance that may be associated with

systemic hypotension and high pulmonary venous pressures, an

inability to optimize lung volumes and ventilation due to the severity
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of underlying lung disease (e.g., severe RDS, lung hypoplasia or

others), or the diagnosis of genetic abnormalities of lung structure

(such as alveolar capillary dysplasia, TBX4, NKX 2.1, surfactant

protein disorders, and others).

Although most commonly‐recognized in term infants, the

presence and management of PPHN and other issues as related to

pulmonary vascular disease (PVD) in the preterm infant remain even

more challenging. Although the abnormal transition of the lung with

preterm birth is focused on the management of fundamental

problems related to surfactant insufficiency, the need to support

respiratory effort and achieve sufficient lung recruitment without

inducing ventilator‐induced lung injury and other respiratory compli-

cations, it is also clear that the failure of adaptation of the pulmonary

circulation can further impair transition in preterm newborns as

readily as in term newborns. In fact, recent epidemiological and

physiological studies have shown a far higher incidence of PPHN in

preterm infants which has been strongly associated with the severity

of prematurity [6].

Historically, experimental studies have suggested that pulmonary

vasoreactivity in response to high and low levels of oxygen to induce

vasodilation or constriction, respectively, increase with advancing

gestational age. However, even extremely preterm lambs are already

capable of regulating basal and stimulated pulmonary vascular tone

through production of NO during mid‐gestation and are highly

responsive to inhaled NO during mechanical ventilation after preterm

delivery. Clinical studies have further demonstrated that human

preterm newborns often improve oxygenation in the setting of

hypoxemic respiratory failure with PPHN during acute treatment

with inhaled NO, especially in the setting of oligohydramnios and

lung hypoplasia, supporting a key role for high vascular tone playing a

central role in mediating elevated PVR. In addition, lung pathology of

preterm infants who die shortly after birth has shown that the

respiratory severity score is strongly associated with hypertensive

pulmonary vascular remodeling, further illustrating the potential

contributions of early pulmonary vascular disease to severe RDS.

However, not all preterm infants with severe hypoxemia have

demonstrable PPHN physiology as its underlying cause, suggesting

that routine administration of pulmonary vasodilator therapies,

including inhaled NO, without clear demonstration of underlying

PPHN physiology is unlikely to be helpful in the management of

hypoxemic infants. Multiple case series report marked improvement

in oxygenation in preterm infants with PPHN, leading to consensus

recommendations for inhaled NO use in preterms with PPHN

physiology from a joint American Heart Association (AHA) and

American Thoracic Society (ATS) guidelines working group, especially

in the setting of oligohydramnios and prolonged preterm rupture of

membranes and the Pediatric Pulmonary Hypertension Network

(PPHNet) [7,8]. However, our understanding of the potential benefits

of inhaled NO or other PH‐targeted drug therapies for the

management of severe hypoxemia in preterm infants remains limited

by the lack of relevant controlled trials that randomize subjects based

on the presence of PPHN, as past studies that have used inhaled NO

for the prevention of BPD did not differentiate between preterm

infants with or without PPHN as part of their study design. A

retrospective study compared the outcomes of preterm infants who

were identified as having the diagnosis of lung hypoplasia through a

search of diagnostic codes through medical records at multiple

institutions [9]. Overall, these infants had a high mortality rate with

no effect on survival in subjects treated with inhaled NO. When

further stratified as having lung hypoplasia with or without PPHN,

however, these investigators reported that the use of inhaled NO led

to a nearly 30% improvement in survival [9]. This subgroup analysis

did not achieve statistical significance partly due to the small patient

numbers or by sufficient verification of PPHN by echocardiogram in

these subjects. Nevertheless, these interesting findings support the

speculation that early identification and intervention, specifically in

babies who have PPHN physiology who are prematurely‐born, can

improve survival in this subpopulation.

In addition to PPHN, work over the past decades has led to a

growing understanding that PH, or more broadly, PVD in preterm

infants presents at different postnatal ages with variable severity,

which has distinct implications for clinical management and risks for

short and long‐term outcomes. These can be partially characterized

by the differences in postnatal timing and severity of PH, including

early, late and chronic disease, which represent diverse pulmonary

vascular phenotypes of preterm infants. Insights into these different

phenotypes is needed to better understand mechanisms underlying

the pathophysiology of PH in these infants and the impact of PVD on

disease course and outcomes, as based on the clinical setting and

context in which PH has been diagnosed.

Bronchopulmonary dysplasia (BPD), the chronic lung disease that

follows preterm birth, is characterized by an arrest of vascular and

alveolar growth and high risk for PH, which is strongly associated

with higher mortality and late morbidities. In the original description

of BPD in 1967, Northway and colleagues report that “…(of infants

with late deaths) all patients had striking cardiomegaly and right

ventricular hypertrophy… (and that) the pathogenesis of cor

pulmonale is puzzling….” [10]. PH has long been associated with

poor survival in preterm infants with BPD even beyond the severity

of underlying lung disease. A diagnosis of PH that persists beyond the

first few months of life was linked with mortality rates as high as

40–50%, in 1980, which is similar to current data. Prospective studies

show the presence of echocardiographic evidence of PH in 14–25%

of preterm infants at 36 weeks’ PMA, with especially high rates of PH

identified in infants with severe BPD (range: 29–58%). Thus, despite

major advances in perinatal and NICU care that has led to improved

survival and changes in the nature of BPD over the decades, the

diagnosis of PH and its management continue to be major challenges

in infants with established BPD.

In the setting of evolving or established BPD, PH is often

clinically manifested by the sustained need for high levels of

respiratory support, often with recurring cyanotic episodes. In some

infants, the presence of PH with milder lung disease at the time of

NICU discharge is often associated with high risk for progressive PH,

perhaps related to late respiratory problems such as intermittent

hypoxemia, obstructive sleep apnea, recurrent infections, chronic
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aspiration and other issues. Consensus recommendations from the

AHA/ATS and PPHNet guidelines [7,8] outline current strategies for

the monitoring, evaluation and care of BPD‐associated PH, but

mostly acknowledge the need for further research to enhance

outcomes.

Finally, there is a growing medical literature consistently

demonstrating evidence of late echocardiographic markers of PH

that persist throughout infancy, childhood and early adulthood.

There is growing evidence for PVD in older children and young

adults, in which there has been greater concern regarding the

potential risk for developing PH, abnormal cardiac structure and

function and higher rates of early heart failure in young adults

who were born preterm. Ongoing work continues to explore

optimal preventive and treatment strategies for preterm new-

borns, especially in the setting of BPD.
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“The more I learn, the more I realize how much I don't know”, quote

by Albert Einstein. This still applies today in almost all fields. Thus,

what do we know about Cystic fibrosis (CF)?

✓ It is a genetic and chronic disease

✓ The phenotype depends on class mutations, but other factors like

modifier genes can also affect disease severity

✓ Without early treatment, the disease may progress quickly

✓ The basic treatment helps, however, a deterioration may occur

✓ There are some “mild” (?) mutations associated with “mild” (?)

disease; however, disease severity can still be significant

✓ There are specific treatments that can change the natural course

of the disease

The CFTR gene encodes the CFTR protein, which regulates

the fluid and electrolyte balance in epithelial tissues.

Mutations in the CFTR gene result in defective CFTR channels,

the underlying defect of CF disease. As a consequence, the

chloride transport is defective leading to salt‐water imbalance,

and accumulation of thick sticky mucus. The pathophysiology of

CF is therefore characterized by the progressive loss of lung

function through a cycle of infection, inflammation, and tissue

damage.

The phenotype of the disease is variable, depending on the

different CFTR mutation class, but other factors like modifier genes

can have an impact on disease severity. Additionally, the level of care,

nutritional status, exposure to cigarette smoke and other toxins, and

the age at onset of lung infection can significantly influence the

phenotype. The various organ systems, such as the lungs, the sinuses,

the sweat glands, the reproductive system, and the gastrointestinal

tract, are affected differently, depending on the respective CFTR

activity.

It is well known that inflammation is present in infants as young

as 4 weeks, regardless of airway bacterial colonization, and

abnormalities start very early in life and can be detected in CT

scans. Furthermore, bronchiectasis is present in infants and preschool

children diagnosed with CF after newborn screening, although most
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are asymptomatic1. Therefore, the importance of early treatment

initiation, before symptoms and loss of lung function are evident, is

crucial. In parallel to inflammation, CF airway infection starts early in

life. In order to assess the hypothesis that early and continuous

antibiotic treatments can decrease the airway bacterial burden after

birth, 3 groups of pigs (wild‐type, CF, and CF treated continuously

with broad‐spectrum antibiotics) were studied from birth until ∼3

weeks of age2. The results showed that CF airway disease begins

immediately after birth, and early and continuous antibiotics

improved chest abnormalities as tested by CT imaging, as well as

airway mucus accumulation, but not airway inflammation or other

aspects of CF lung disease development.

According to the CFF data, before the age of 6 years, ~20% of CF

patients are colonized by Pseudomonas3. Chronic infection with

Pseudomonas in the airways is associated with decline in pulmonary

function, worsening nutritional status, more hospital admissions and

shorter life expectancy. Therefore, the value of early detection and

treatment of new Pseudomonas infection was shown to result in more

successful eradication4.

Pulmonary exacerbations (PEx), commonly seen in CF patients,

are defined as acute clinical deterioration, including malaise, anorexia,

dyspnea, fever, increased cough, change in sputum quantity/quality,

worsening of nutritional status and/or decline in pulmonary function,

requiring addition or change of antibiotics. The decision regarding the

duration of antibiotic treatment for PEx is based mainly on clinical

experience rather than by evidence‐based medicine. Recently, the

results of the STOP2 trial, a landmark study in the treatment of PEx,

were published5. This large randomized clinical trial, including almost

1,000 patients with CF, compared different lengths of antibiotic

courses. The authors showed that for adults with CF with early

treatment improvement during PEx, forced expiratory volume in 1

second percent predicted) FEV1) after 10 days of intravenous (IV)

antibiotics is not inferior to 14 days, and for patients with less

improvement after 7 days, 3 weeks is not superior to 2 weeks.

FEV1, measured by spirometry, is being used routinely to monitor

lung disease status, to evaluate the response to therapies and as an

outcome measure in clinical trials. Recently, we showed that

regardless of their age, most CF patients with normal FEV1 have

already physiological (shown by lung clearance index‐LCI) and

structural lung abnormalities (shown by CT scans), which were

associated with more PEx and IV antibiotic treatment6.

The basis of CF management comprises prevention and standard

therapy, including nutrition ‐hypercaloric‐high fat diet‐, anti‐

infectives, anti‐inflammatory agents, improving mucociliary clear-

ance, early detection of CF‐related complications, adherence to

treatment and routine follow‐up in specialized CF centers. However,

all these therapies do not treat the underlying cause of CF.

In 2012, ivacaftor, the first new drug addressing the causative

CFTR function defect, was approved for clinical use in patients

with CF carrying gating mutations7. Functionally, ivacaftor is

considered a potentiator, being able to increase the function of a

residual protein. Later on, the development of correctors that may

improve defective protein trafficking was another significant

success. The combination of a potentiator (ivacaftor) and a

corrector (lumacaftor or tezacaftor) showed beneficial clinical

effects8,9 and has been proven effective in patients with the

F508del mutation. Following FDA approval of Trikafta (a combi-

nation of elexacaftor, tezacaftor, and ivacaftor), there are finally

effective treatment options available for most CFTR mutation

types, including for patients carrying residual function (RF)

mutations. Patients with RF mutation have a reduced rate of lung

function decline compared with those homozygous for F508del10;

however, they still develop progressive lung disease, particularly

during adolescence, and therefore, for patients with a RF mutation,

intensive treatment including CFTR modulators are recommended.

Finally, two critical global events transformed the CF world over

the last years ‐ the worldwide use of CFTR modulators, and the

impact of the SARS‐2‐CoV pandemic. We learned from the latter that

we must be creative and adapt to these challenges, in which virtual

consultation sometimes is the best and the unique option to follow

up on our patients. That is what Albert Einstein taught us, “the

measure of intelligence is the ability to change”.
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Cystic fibrosis (CF) is the commonest life‐limiting inherited

disease. Significant research in various aspects of CF has improved

diagnosis and management. The median survival has improved from 6

months in the 1950s to 4‐5 decades in the 2020s. The treatment is

expensive and is beyond affordability in the majority of patients with

CF in lower‐middle income countries (LMICs).

Until a few decades ago, CF was considered to be affecting

exclusively the Caucasian population. Over the past 3 decades, it is

reported from all over world including LMICs. The reported or

estimates of CF in various LMICs are variable. It is well documented

in western regions, Middle East and eastern Asian countries. In Brazil,

it is estimated to be between 1:7500 and 1:15,000 live births, in

Argentina 1:6000, in Uruguay 1:9600, in Chile between 1:4000 to

1:8000; in South Africa (SA) it ranges between 1 in 3000 in

Caucasians, 1 in 10,300 in mixed races and 1 in 14,000 in black

South Africans (1). CF is very well recorded in western Asia (2). In

India, it is an emerging disease and the precise incidence of CF is not

known (3, 4). A study on 950 cord blood samples to verify the carrier

rate for the F508del mutation estimated its incidence to be between

1:40,000 to 1:100,000 (5). If the total estimated live births in India

during the year 2012 was 27,271,000, hundreds of new CF cases

would be expected every year (from 681 cases for a presumed

incidence of 1:40,000 to 2727 for a presumed incidence of 1:10,000)

(6) From east Asian countries (Thailand, Malaysia, Indonesia, China),

there are limited data but over the past 3 decades, multiple cases of

CF have been reported and many of them based on mutation studies,

indicating that CF does exist in these countries and being missed as

genetics does not change that quickly (2). All of these records suggest

that CF does occur all over world including LMICs and being missed.

The common challenges faced by clinicians in LMICs include: lack

of awareness about the illness by physicians/pediatricians, lack of

diagnostic facilities, barriers in management (lack of training, non‐

availability of medications, prohibitive cost of treatment, no support

from governmental agencies); lack of trained manpower (physicians,

nurses, physiotherapist, dietician, social scientists, etc.). A detail

review of challenges faced by clinicians in LMICs has been published

recently (1). Here we discuss the challenges and how we developed

CF services in India by using resources available locally.

Due to the strong belief that CF does not occur in non‐Caucasian

populations, the majority of pediatricians may not consider diagnosis

of CF in children presenting with recurrent/persistent respiratory

problems. The majority of pediatricians may not have seen a

diagnosed case of cystic fibrosis during their training. Therefore,

knowledge of CF is limited to reading CF chapters from textbooks for

preparation of exams and they forget about the illness. There is a

need to break the myth that CF is exclusively a disease of the

Caucasian population. The processes used in various countries

include: organizing workshops for pediatricians by using case‐based

interactive sessions, promoting a session on CF in national/regional

conferences, publication of case series in pediatric journals.

In India, we prepared a PowerPoint slide set of 120 slides for

creating awareness among pediatricians. We included real‐life case

scenarios to discuss: when to suspect, how to diagnose, how to

manage, monitor and ask for basic investigations, how to identify

complications, responsibilities of pediatricians and when to seek help

or refer to higher centers. We conducted workshops for 30‐40

pediatricians in different parts of the country, taking help from the

Indian Academy of Pediatrics (society of pediatricians in India) and

some support from pharmaceutical company. This improved aware-

ness about CF among the pediatric fraternity.

Diagnostic tests for CF include: increased sweat chloride values

with clinical phenotype or identification of two pathogenic mutations

or abnormal nasal mucosal action potential in suspected CF. The

commonest mutation Delta F 508 constitutes between 70‐80 % of

children with CF in Caucasian populations. The frequency of this

mutation is low in non‐Caucasian populations. The information on the

mutation profile of children diagnosed as CF from LIMCs is limited. It

suggests that the mutation profile, specifically in Asia, is very

heterogeneous and expensive and may not be available freely (1).

Nasal mucosal transmembrane potential difference is limited to

experimental studies, therefore sweat test remains the gold standard

for diagnosis of CF in LMCIs. Sweat test facilities are not easily

available freely and is expensive. Therefore some countries are using

indigenously developed less expensive methods for sweat chloride

estimation (7). Due to non‐availability, there is need to develop some

inexpensive methods as screening test for making probable diagnosis

of CF. An algorithm based on clinical features and basic lab tests

(stool showing more than 10 fat globules per high power field,

metabolic alkalosis with electrolyte abnormalities (hyponatremia/

hypochloremia/hypokalemia), sputum showing Pseudomonas was

suggested few years ago for probable diagnosis of CF and starting

appropriate treatment (3). More recently, rapid development of

aquagenic wrinkling of fingers and palms has been reported as an

inexpensive screening test (8). We developed an algorithm based on

history (history of sib death due to respiratory illness, basic lab tests

and aquagenic wrinkling) that suggests: If a child presents with

recurrent/persistent pneumonia with failure to thrive or mal-

absorption and there is history of sib death due to respiratory

problem or sputum culture is positive for Pseudomonas, the diagnostic

sensitivity of CF may be about 85% with specificity of 80%. If these

are absent, look for fecal fat, metabolic alkalosis hypochloremia,

aquagenic wrinkling at 3 minutes, if any two of these are present, the

diagnostic sensitivity of CF is 85% with specificity of 80% (under

publication). This algorithm can be used in countries where sweat test

facilities or mutation analysis may not be available. This may help in

early diagnosis of probable CF and initiation of treatment awaiting

confirmation with sweat test or mutation testing later on. This
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algorithm may not be perfect but expected to go a long way in

identification of CF patients in resource limited settings (LMICs) and

improving their quality of life.

Even if the diagnosis is established, there are significant barriers

in management due to lack of training in specialized treatment of

children with CF, non‐availability of medications, prohibitive cost of

treatment. As stated above, pediatricians trained in LMICs may not

have seen a diagnosed case of CF during their postgraduate training.

Very few centers provide super‐specialty training in pediatric

pulmonology (for example only 3 centers provide pediatric pulmo-

nology training in India). There is a need to improve training for

management of children with CF. We have developed twinning with

the Southampton CF unit. Their team visited Delhi and did combined

clinic with the team in Delhi and our team visited Southampton to

observe CF services. The same cycles continued 2‐3 times. The

combined team discussed the resources available in Delhi and a

protocol was developed to utilize locally available resources. Now we

are providing training to doctors, nurses and physiotherapists from

India and neighboring countries. This may be a cost‐effective

measure to train people in LMICs (9).

The mainstay of treatment for CF include: airway clearance,

antibiotic administration and nutritional treatment (pancreatic en-

zyme replacement, fat soluble vitamin supplementation and improv-

ing nutritional support). Airway clearance is one of the important

interventions and grossly underutilized because of lack of trained

physiotherapists. For effective airway clearance, DNAse is being

recommended in most guidelines. It is not available and expensive,

therefore cannot be prescribed in LMICs. Hypertonic saline, a low

cost intervention, while cannot replace DNAse, but may improve

airway clearance and can be used as one of the low cost

interventions. We promote physiotherapy such as postural drainage,

active cycle of breathing and use of acapella. The doctor can learn

these and counsel the family if no trained physiotherapist is available.

We are also doing a project to encourage sending videos of

performing physiotherapy at home by mobile phone and try to

rectify errors to promote good airway clearance. Common antibiotics

effective against usual pathogens/Staphylococcus and Pseudomonas

are available in LMICs except inhaled or higher systemic antibiotics.

Even by local standards, these are very expensive. Similarly,

pancreatic enzyme preparations and fat soluble vitamin preparations

are available in many LMICs but expensive. In India, we tried to

promote self‐help groups. Under supervision of a physician, initially

parents of CF children formed a trust. Now this is managed by

parents of children with CF and older children with CF. Currently, the

major function of this trust is to procure medicines (enzymes,

antibiotics etc) directly from companies and distribute to patients.

Patients communicate their requirement in advance, the group

manages procurement, places the order to the company and provides

these medicines when they visit the clinic. Those who are not able to

come to collect their stock of medicine, they can get by courier. This

way, the cost of medicines is reduced by >50%.

The patient groups have formed a group and interact by

electronic media to help each other in case of short supply of

medicines in a particular region. An annual patients meeting is

organized to facilitate CF services. Limited fundraising activities are

conducted to help poor patients.
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The human microbiota is the aggregate of more than 10,000

species of living micro‐organisms (bacteria, archaea, fungi, algae and

small protists) that reside on or within human tissue and fluids. There
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is estimated to be a ratio of 3:1 alone in terms of number of bacterial

cells versus human cells in the body [100 trillion bacterial cells and 37

trillion cells respectively]. This diversity of community has only

recently been considered in terms of impacts on health and disease.

Conceptually different to the microbiota, the microbiome

includes the whole spectrum of collective genomes and genetic

material within a defined environment [1]. Over the past two

decades, molecular techniques have changed our understanding of

the human microbiome, including the respiratory microbiome, in

health and disease pathophysiology. At each body habitat the

microbiome is believed to have complex relationships both in the

dynamics of its core and satellite organisms, and with its host, where

it has potential interactions with the developing immune system and

regulation of inflammatory responses [2].

The microbiota of the respiratory tract occupies several niche

communities including the nasopharynx, oropharynx, upper and

lower airway. The airway microbiota likely serves as a defense

against respiratory pathogens and data from animal models also

suggest it has a role in lung maturation and in the development of

mucosal immunity. Less is known of the respiratory microbiome than

that of the gut, and certainly, in children at least, most studies have

investigated the upper respiratory tract only. A few studies have

successfully assessed the lower respiratory tract by collecting

broncho‐alveolar lavage fluid and so provide information on the

lower airway microbiome in early life.

Although it is currently difficult to implicate the airway

microbiome in disease progression, there are emerging data to

suggest that the microbiome is very different in CF, that it is

profoundly affected by treatment with antibiotics and, also, that the

microbiota, when dominated by individual pathogens, is associated

with pulmonary inflammation and the pathogens identified by

standard microbiological culture [3]. The dysbiosis evident in the

CF lower airway microbiome occurs early in the first few months of

life [4]. Anti‐staphylococcal antibiotic prophylaxis may significantly

impact the diversity of the airway microbiome in CF [5] and

potentially selects for microbes that favor antimicrobial resistance.

This has important implications as organisms considered pathogenic

in early life in those with CF, such as Haemophilus influenzae and

Haemophilus parainfluenzae, may obtain antimicrobial resistance

through mobile genetic elements derived from the microbial

community [6].

Antimicrobial resistance is a considerable limitation to effective

treatment in CF. Critical in terms of our early management of CF

includes determining whether antimicrobial resistance patterns

identified in the early life microbiome develop as part of the disease

pathophysiology (endogenous) or in response to treatment with

antibiotics (iatrogenic). If resistance genes carried in the adult lung

microbiome are associated with patterns of antimicrobial resistance

in early life then this indicates that strategies for preventing

problematic resistance might need to be considered early in life.

We currently remain uncertain as to how to manipulate the

airway microbiome in order to achieve its maturation, reverse

dysbiosis, protect from pathogen dominance, alter its metabolic

function and prevent resistance. However, it is possible that some of

these changes might be achieved by the introduction of Cystic

Fibrosis Transmembrane Regulator (CFTR) modulators [7] either

through direct actions on microbial communities or through restora-

tion of the airway microenvironment by correcting and potentiating

CFTR function, by decreasing mucus stasis and enhancing airway

clearance, or by other metabolic effects.

Another route being explored in relation to both patho-

genesis and treatment of the airway microbiome is through the

gut‐lung axis, given the close developmental links between these

two niches. It is important to identify whether changes in the gut

microbiome seed directly the airway microbiome. Additionally,

we would like to know whether the functional capacity of the CF

gut microbiome through its metabolites alter the airway micro-

environment resulting in dysbiosis, a mechanism being explored

in childhood asthma [8]. Investigating the link between the gut

microflora in CF [9] and the airway microbiome is important as

manipulation of the gut microbiome through pre‐ or probiotics,

targeted antibiotics or fecal microbial transplantation is viewed as

a more attractive proposition than directly treating the airway

microbiome itself.

Microbiome research is progressing rapidly and increasingly

studies in large longitudinal cohorts and using multi‐omics

approaches are being conducted. Intervention studies are also

being considered. The airway microbiome appears to matter, and

there are certainly implications for treatment, but we are

not yet at the point of treating the alterations known to be

present in CF.
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The last year has seen a number of significant advances in the

field of pediatric sleep‐disordered breathing. The following is a

personal selection of a few publications.

Diagnosis of Obstructive Sleep Disordered Breathing

Most children with Obstructive Sleep Disordered Breathing

(OSDB) cannot have an overnight, attended polysomnography (PSG)

due to the worldwide lack of PSG laboratories. Several studies within

the last year have assessed the accuracy of simpler means to assess

OSDB in children.

Short Smartphone Videos. A study in 43 children with a history

compatible with the diagnosis of obstructive sleep apnea syndrome

(OSAS) assessed the value of 1‐min videos taken by parents at the

time of concerning breathing pattern. A specific video score—

including inspiratory noises, increased work of breathing, obstructive

events, mouth breathing, extended neck—was developed for the

occasion. A score ≥ 3 was shown to have a predictive positive value

of 100% for moderate to severe OSAS (1).

Ambulatory Sleep Apnea Testing. A study assessed the concor-

dance of a level 2 sleep apnea test—including EEG, electrooculogram,

chin and diaphragmatic electromyogram, airflow thermistor, nasal

pressure, respiratory inductance plethysmography, arterial oxygen

saturation, and body position—with in‐laboratory overnight PSG for

the diagnosis of OSAS in 81 children (ages 6‐18). All level 2 sleep

tests performed at home were technically acceptable. The

concordance between the PSG and the level 2 sleep test was judged

excellent, with a false‐positive rate of 6.6% and a false‐negative rate

of 3%. Besides the ~ 50% cost‐savings, the authors underlined the

greater sleep efficiency and percentage of time in REM sleep

observed with the level 2 sleep test compared to in‐laboratory

PSG (2).

Another study assessed the accuracy of an ambulatory level 3

sleep test—including nasal flow, respiratory effort, pulse and pulse

oxygen saturation, body position, and snoring—in 20 adolescents

aged 12‐18 years. The diagnostic agreement compared to in‐

laboratory overnight PSG was 80% for both the apnea‐hypopnea

index and the oxygen desaturation index. It is concluded that results

support broader use of home sleep apnea testing in adolescents (3).

Cardiovascular complications of OSDB in children

Cardiovascular complications have been reported in children

with OSDB, including with primary snoring. The last year has been

rich in publications on the subject.

A systematic review on 13 studies using echocardiography found

that significant associations between OSAS and cardiac complica-

tions were inconsistent and, when present, of questionable clinical

importance. The authors concluded that further prospective pre-

operative studies are needed, with a particular emphasis on using a

“standardized classification of OSA severity, reporting of echocardio-

graphic parameters and estimation of pulmonary hemodynamics” (4).

A scientific statement on “Sleep‐Disordered Breathing and

Cardiovascular Disease in Children and Adolescents” was published

by the American Heart Association. The following consequences of

OSDB were presented. Systemic blood pressure appears to be higher

in OSDB children during both sleep and wakefulness in proportion to

the severity of OSDB. Left ventricular hypertrophy, an independent

risk factor for cardiovascular disease, has been found in children with

OSAS, but not primary snoring. Higher heart rate variability may be a

marker of more severe OSAS in children. Metabolic syndrome, an

independent risk factor for cardiovascular disease, is more frequent

in children with OSDB, even with mild OSAS. Pulmonary hyper-

tension and cor pulmonale is rare in OSDB children. The panel

concluded that the greatest risk of OSDB in children and adolescents

was cardiovascular disease and metabolic syndrome. They also

underlined the need for longitudinal studies to better understand

the evolution of cardiovascular complications over time, as well as for

studies using non‐invasive assessment of cardiovascular disease, such

as carotid intima media thickness and pulse wave velocity (5).

A systematic review and meta‐analysis on tissue Doppler echo-

cardiography to quantify the velocity of myocardial motion found 4

studies on a total of 560 children with OSAS and non‐OSAS controls.

Subclinical significant differences were found between OSAS and non‐

OSAS controls pre‐operatively but were no longer present after

adenotonsillectomy. The authors again underline the need for further

prospective studies with stratification by OSDB severity (6).

One prospective study looked at the evolution of ambulatory

blood pressure variability after adenotonsillectomy in 190 children

(mean age: 7.8 ± 3.3 years; 73% boys; 34% obese) with OSAS. While

the apnea‐hypopnea index was reduced from 12.3 ± 17 to 2.7 ± 5.5
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events/h postoperatively, nighttime or daytime blood pressure

variability did not change overall. Children younger than 6 years, as

well as children with hypertension, however had a significantly

greater decrease in blood pressure variability (7).

Frequency‐based analysis of heart rate variability has shown

alterations in specific frequency bands in OSAS children. Further

analysis of data from the prospective Childhood Adenotonsillectomy

Trial in 404 children, aged 5 to 9.9 years, showed that resolution of

OSAS was associated with alterations in one specific spectral band

(BW2). The authors proposed this spectral band as a potential

biomarker of OSAS resolution in children (8).

Finally, a prospective matched cohort study in 110 children aged

6‐18 years assessed the consequences of primary snoring during 5

years on endothelial dysfunction. The flow‐mediated dilation of the

brachial artery measured by ultrasonography was shown to be

significantly decreased in children with primary snoring; simulta-

neously, the carotid intima‐media thickness was significantly

increased. The authors concluded that primary snoring is associated

with endothelial dysfunction, a risk factor for atherogenesis and a

marker of atherosclerosis (9).

Treatment of sleep‐disordered breathing in children

Designing novel treatments for OSDB in children: insights from

the adult world. There is a widespread understanding in the adult

literature that OSAS is heterogenous, so that a treatment based

on the “one size fits all” concept—in this case CPAP—is

inadequate. This new way to envision OSDB treatment is also

very relevant for children who are not cured or amenable to

adenotonsillectomy. A very recent publication provides an

exhaustive update on the OSAS clinical phenotypes and patho-

physiological endotypes in adults, and the consequently various

treatment options beyond CPAP. Hence, in addition to upper

airway anatomical abnormalities, recognition of the endotype in a

given adult patient allows targeting the mechanism(s) responsible

for OSDB, as illustrated by the following examples. Impaired

pharyngeal dilator muscle function during sleep can be treated

with hypoglossal nerve stimulation or a combination of—still

investigational—medications such as a norepinephrine reuptake

inhibitor + an antimuscarinic agent. Unstable respiratory control

(high loop gain) can be treated via supplemental oxygen or

acetazolamide. Decreased arousal threshold can be treated by

hypnotic agents (10). Of note, although it is widely recognized

that OSDB phenotypes are also highly heterogenous in children,

phenotypes and pathophysiological endotypes are likely at least

partly different from those in adults. However, similarly to what

occurs in adults, designing non‐invasive and simple means to

recognize clinical phenotypes and pathophysiological endotypes

in children is certainly important to provide the best treatment

option beyond adenotonsillectomy in a given OSDB child (11).

An European Respiratory Society Statement on pediatric long‐term

noninvasive respiratory support was made available very recently. This

must‐have reference provides an extensive update (200 pages) on

the most recent advances in the field, as well as the precise areas in

need of further research (12).

A comprehensive reference on Pediatric Sleep Medicine

Finally, the book entitled Pediatric Sleep Medicine edited by

Gozal and Kheirandish‐Gozal was issued in 2021. It constitutes a

comprehensive reference on all aspects of pediatric sleep,

including the basic and clinical aspects of sleep‐disordered

breathing (13).
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Sleep‐disordered breathing (SDB) is a group of conditions which

include obstructive sleep apnea (OSA), central apnea syndrome,

sleep‐related alveolar hypoventilation, and sleep‐related hypoxemia.

Gold standard for diagnosis of SDB in children is polysomnography

(PSG) and the number of apneas and hypopneas per hour (AHI) is

used to diagnose and to determine the severity of SDB. The

importance of healthy sleep both in terms of quality and duration is

increasingly recognized in children. Adequate and good quality sleep

is important for growth, behavior and learning. As SDB causes sleep

fragmentation and gas exchange abnormalities, it has significant

consequences in children including growth failure, behavioral and

academic difficulties and cardiovascular function.

The prevalence of OSA is quite high in otherwise healthy children

(1‐4%) but children with obesity or complex disorders such as Down

syndrome and Prader‐Willi syndrome have significantly higher

prevalence. Although there are limited studies evaluating the

prevalence of SDB in younger children, SDB is increasingly being

recognized as a cause of morbidity in neonates and infants.

Diagnostic criteria for OSA in neonates or infants are usually based

on pediatric criteria. Normative data for infants and neonates have

not been well established and the lack of consensus on diagnostic

criteria contributes to the difficulty in establishing its prevalence in

this population. Only few studies evaluated the long‐term prognosis

and consequences of SDB in children.

There are many factors that predispose neonates and infants to

have obstructive sleep apnea. They have high nasal resistance and

are preferential nasal breathers. In addition, neonates have a

compliant chest wall contributing to decreased functional residual

capacity (FRC) and predisposing them to desaturation with upper

airway obstruction. They also spend more time sleeping as well as

spending more time in rapid eye sleep (REM) sleep compared to older

children and adults. This makes neonates and infants more vulnerable

to inhibition of intercostal muscles during REM sleep which results in

paradoxical chest and abdominal movements further decreasing FRC.

Other factors including reduced ability to clear airway secretions and

gastroesophageal reflux also contribute to OSA in neonates and

infants. Underlying conditions such as craniofacial abnormalities

(maxillar hypoplasia, micrognathia), laryngeal anomalies (laryngoma-

lacia, subglottic stenosis) and neurological/neuromuscular conditions

(cerebral palsy, congenital myopathies) put neonates and infants at

increased risk for OSA. Immaturity of the central nervous system

causes increased frequency of central apneas in neonates and infants

which decreases with age. Neonates and infants with myelomenin-

gocele, achondroplasia and Prader‐Willi syndrome are at increased

risk for central apneas; while neonates and infants with congenital

central hypoventilation, Arnold Chiari malformation and neuro-

muscular disorders have hypoventilation that is more profound

during sleep.

In a prospective study of 48 term or near term infants, 50% had

AHI >10 events/hr indicating the presence of moderate to severe

sleep apnea. The AHI was highest during REM sleep in that study.

Most of the respiratory events were hypopneas, and central apneas

were more common than obstructive apneas. Preterm birth has been

recognized as a risk factor for SDB and SDB may be associated with

adverse consequences in this fragile population. In a study from

Taiwan, up to 80% of premature infants had OSA diagnosed at term

and until 2 years of age while a control group of 30 term‐born infants

had normal PSG. SDB in the preterm infants was associated with

craniofacial abnormalities and developmental delay. Sadras et al.

performed a retrospective chart review of 98 children younger than

24 months referred for PSG (mean postnatal age at the time of PSG

14.1±6.4 months). Thirty‐one children were in the preterm group

born at 28.1±3.4 weeks gestational age and 55% had a diagnosis of

bronchopulmonary dysplasia (BPD). SDB was diagnosed using the

cutoff of AHI ≥ 5 events/h and the prevalence of SDB was 67% in the

preterm group, as compared to 35% of the term children (p = 0.004).

Children with SDB had worse weight gain compared to those without

SDB. Furthermore, children with more severe SDB as measured by

AHI, central apnea index, and oxygen desaturation index had lower

current weight z‐scores (r =−.318; r =−.314, P = .003; r = −.244, P =

.03, respectively). Children born prematurely had disturbed sleep

architecture with increased arousals from sleep which would put

them at risk for long‐term neurobehavioral consequences.

Management of SDB in neonates and infants vary depending on

the underlying cause, the severity of SDB and the local expertise. For

treatment of OSA, laryngeal anomalies may benefit from surgical

interventions, for example supraglottoplasty for severe laryngomala-

cia. In babies with retrognathia (e.g. Pierre Robin syndrome),

treatment options range from a nasopharyngeal airway to bypass

upper airways obstruction to surgeries including a tracheostomy or
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mandibular distraction osteogenesis. Central apneas caused by

immaturity of breathing control can be treated with stimulants in

premature babies or oxygen in term neonates or infants. Treatment

of central apneas with hypoventilation requires non‐invasive or

invasive ventilator support.

There are conflicting studies regarding long‐term consequences

of SDB in neonates and infants. OSA symptoms at 6 and 18 months

of age were associated with increased risk for behavioral morbidity

and specifically hyperactivity at the age of 7 years in a prospective

community‐based study. A study of 3‐year‐old children, sleep

fragmentation and increased arousals were associated with

impaired cognitive function. Parental report of habitual infant

snoring in the first 6 months of life was associated with decreases in

cognitive and developmental scores when assessed at 6 months of

age by Bayley‐III. A longitudinal population‐based study showed

that although parent‐reported symptoms of SDB peaked at 6

months of age and subsequently resolved, children had worse

behavioral scores at 4 and 7 years of age compared to controls.

These studies suggest that brain development may be negatively

impacted by SDB at younger age. However, another study indicated

that despite significantly elevated levels of AHI in preterm infants

with BPD, AHI values were not associated with cognitive, language,

or motor scores at 2 years of age. There was no association

between SDB and 18–22 month Bayley‐III scores in neonates who

were at risk of seizures.

Obesity is a significant risk factor for persistence and recurrence

of childhood OSA but the natural history and risk factors for

persistence or recurrence of SDB in neonates or infants are not

known. Timely diagnosis of SDB in neonates and infants is important

as it may lead to significant adverse effects that may have long‐term

implications. Treatment of these young children requires a multi-

disciplinary approach.
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Sleep disorders are common in children and often co‐exist with

respiratory disease. Approximately 20‐30% of young children have

complaints consistent with behavioral insomnia and obstructive sleep

apnea syndrome affects 1‐6% of the population. In several

respiratory diseases, these rates are much higher, the rate of one

influencing the other with possible effects related to disease

severity(1).

Sleep disorders in children with asthma

Asthma is considered the most common non‐communicable

chronic disease in childhood. As such, it is not surprising that in many

children asthma and sleep disorders co‐exist(1). The interaction

between asthma and sleep‐related breathing disorders (SDB) is

particularly complex and bidirectional and has been termed “alterna-

tive overlap syndrome”. This interaction may be the result of common

risk factors, but also similar pathophysiological causes. Since their

coexistence may have a cumulative effect on the patient, the need

for early recognition of this syndrome has been stressed(2).

Children with asthma, and their parents, often complain of

insomnia with poor sleep quality, difficulty falling asleep and sleep

disruptions, at times leading to excessive daytime sleepiness.

Compared with their peers, children with asthma have higher rates

of parasomnias, such as night terrors and nocturnal enuresis. Poor

sleep worsens asthma control and poor asthma control may worsen

sleep complaints emphasizing the importance of addressing both as

part of patients’ routine care.

Sleep disorders in children with cystic fibrosis

Cystic fibrosis (CF) is a chronic multisystem disease with major

manifestations in the respiratory and gastrointestinal systems.

Chronic cough, airway inflammation and infection, gastroesophageal

reflux, abdominal pain, frequent stooling, and medications can all

have an impact on the patients’ sleep(3). Sleep quality and efficiency,
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that may be measured subjectively with questionnaires, objectively

with actigraphy, or in the sleep lab, are often impaired in children

with CF(4). Symptoms such as snoring, mouth breathing, and nasal

obstruction are extremely common in children with CF. Patients have

lower nocturnal oxygen saturation means and nadirs and sleep

studies show higher than average respiratory event indices. However,

whether CF is a risk factor for clinically significant obstructive sleep

apnea (OSA) remains unclear(4). Sleep quality, nocturnal desatura-

tions and hypoxemia, and possibly SDB, correlate with disease

severity(5). Up to date studies are warranted to answer unresolved

questions, particularly in view of recent dramatic advances in CF care.

While new therapies may improve patients’ sleep, they may also have

adverse effects such as obstructive sleep apnea in overweight

patients or sleep disturbances, as suggested by personal experience.

Sleep disorders in children with primary ciliary dyskinesia

Primary ciliary dyskinesia (PCD), like CF, is characterized by

impaired mucociliary clearance causing sinopulmonary infections

and airway inflammation. Patients have year‐round, daily produc-

tive cough and rhinosinusitis. As a result of the similarity with CF,

similar effects on sleep may be expected; however, only limited

data exist in PCD. A study that compared sleep complaints

between patients with CF and patients with PCD found similar

rates of sleep disturbances in these children(6). Two studies, in

children with PCD, have shown high rates of complaints

consistent with SDB(7, 8). In both, over half of the children had

obstructive sleep apnea on polysomnography, mostly in the mild

range. One of these studies that also assessed sleep quality on

questionnaires found better sleep quality in children with PCD

compared with their peers(7). Thus, additional studies are needed

in children with PCD to better define their sleep disorders and

explore the effects of SDB and its treatment in this population.

Sleep disorders in children with bronchopulmonary dysplasia

Over recent decades, bronchopulmonary dysplasia (BPD) has

evolved clinically, and disease definition has changed. Despite

this, several characteristics remain, including an increased risk

across age groups of SDB that is mostly the result of prematurity

itself(9, 10). Among previously premature children, BPD appears

to be a risk factor for SDB in younger infants. In a registry study

of children referred to a pediatric pulmonary clinic, children with

BPD were referred to sleep studies for evaluation of oxygen

requirement or suspected obstructive sleep apnea(11). As the

children's age advanced, the rate of sleep apnea decreased,

mostly as a result of a decrease in central apnea events, with

minor changes in obstructive events. It has been suggested that

this improvement results from improved control of breathing,

upper airway size and improved respiratory reserve resulting

from ongoing alveolar development. There appears to be a

correlation between the severity of lung disease and polysomno-

graphy findings but no correlation with gestational age or weight

at birth.

Summary

Children with chronic respiratory disorders including asthma, CF,

PCD and BPD have high rates of sleep disorders. They often have

poor sleep quality, insomnia, and symptoms consistent with sleep

disordered breathing or high risk of obstructive sleep apnea. If left

untreated, these disorders have multiple adverse effects on both the

caregivers and the children's health and quality of life. As such, their

evaluation and treatment are of paramount importance and should be

addressed routinely.
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* Aerosol Therapy During High Flow Nasal Cannula.
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Oxygen via High Flow Nasal Cannula has been widely adopted to

provide support to patients with respiratory insufficiency, who were not

responsive to low flow oxygen administration.1,2 Many patients,

pediatric and adult, who benefit from HFNC may benefit from inhaled

medical aerosols.1 Interruption of HFNC to administer aerosol may

result in precipitous oxygen desaturation as well as lung derecruitment.

In vitro models demonstrate that aerosol administration by mask

or mouthpiece during HFNC greatly reduces inhaled dose compared

to administration without HFNC.3 In contrast, transnasal pulmonary

aerosol delivery during HFNC provides safe and effective aerosol

delivery without interrupting benefits of therapy.1

Transnasal pulmonary aerosol delivery had not historically been a

common modality for the treatment of adults and larger children in the

acute care setting, however it represents the primary method of aerosol

delivery for infants and toddlers who are obligate nose breathers. This is

consistent with recommendations that infants and small children receive

aerosols via mask rather than mouthpiece. Poor tolerance of aerosol

masks by toddlers has been reported in up to 49% evidenced by fussing,

crying and distressed breathing associated with greatly reduce inhaled

dose. While children and other poorly tolerate tight fitting masks, the

administration of oxygen by nasal cannula (after a short period of

administration) has been recognized as better tolerated allowing greater

range of movement, communication, drinking and eating.

Prior to this century, aerosol delivery to infants or surrogate

animal models were limited to low single‐digit deposition whether

spontaneously breathing with mask or hood, or intubated and

mechanically ventilated when using jet or ultrasonic nebulizers or

pressurized metered dose inhaler (pMDI).6

Enabling new technologies such as the vibrating mesh nebulizer

(VMN) has been shown to increased inhaled doses upwards of 20% in

both in vitro and animal models of preterm infants and toddlers.

Clinical practice has expanded to aerosol administration via nasal

cannula with both high and low flow oxygen administration,

continuous positive airway pressure and noninvasive ventilation in

the treatment of respiratory distress, respiratory insufficiency, and

acute respiratory failure of infants and toddlers.

In 2008, Bhaysham and colleagues at University of Pittsburgh

identified the ability to deliver 8 to 25% of aerosol from a mesh

nebulizer with heated humidified oxygen at 3 L/min through infant

and pediatric cannula identifying a particle size of less than 2

micron exiting the cannula.7 This seminal study established that a 5

micron aerosol emitted from the nebulizer is filtered by impaction

while passing through the circuit, resulting in 2 micron emitted

from the cannula. This range of particle size can readily pass

through the nose and upper airways of preterm infants through

adults with up to 50% of these small particles inhaled transiting

into the lungs.8 Applications of breath synchronized aerosol

generation of surfactant via nasal CPAP has been reported with

some effect in preterm infants as small as 600 grams. Small

particles, breath synchronized aerosol generation with spontane-

ous breathing infants appear to hold great promise for well

tolerated and high efficient targeted aerosol to the lungs,

Aerosol via HFNC has been used to treat infants and children

with severe asthma, bronchiolitis, croup, and RSV infection.9 Recent

reports of administration of aerosol surfactant to preterm infants

with RDS is showing increasing promise.10
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BASIC SCIENCE BEHIND LUNG DISEASES

* Transport of Salts, Water and Proteins across
Respiratory Epithelial Cells.
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The conducting and respiratory airway epithelia of the nose,

mouth, trachea, bronchi and alveoli process inhaled air for gas

exchange while protecting from potentially harmful inhaled particles

and pathogens. Key to both the respiratory and protective functions

of airway epithelia is maintaining hydromineral balance of the

periciliary fluid compartment of the airway surface liquid (ASL), a

thin layer of fluid, about 10 µm deep, covered by a thin mucous

blanket that traps inhaled particles, that serves to flush out debris and

pathogens. The fluid layer spreads along the airways surface where

the cilia and the innate immune system are active. The low viscosity

of the periciliary sol allows the cilia to beat and propel the mucous

blanket to the mouth.

ASL hydration is maintained by the osmotic movement of water

driven by ion transport across the epithelium. Three of the most

prominent ion transporters on the apical side of the airway

epithelium are: (i) cystic fibrosis transmembrane conductance

regulator (CFTR), a Cl− channel that transports Cl− out of the cell

to the ASL, (ii) epithelial Na+ channel (ENaC), which transports Na+

from the ASL into the cell; and (iii) Ca2+‐activated Cl− channels

(CaCCs), which also transport Cl− out to the ASL. Water is added to

the airway surface by active transport of chloride ions through the

apical membranes of the epithelial cells, through goblet cells and

submucous glands. Sodium ions follow passively as a result of the

electrochemical gradient caused by chloride flow, and water follows

passively by osmotic gradient. There are several chloride channels,

however, in the respiratory system, the most active is the cystic

fibrosis transmembrane conductance regulator (CFTR).

The CFTR gene codes for an ABC transporter‐class ion channel

protein that conducts chloride ions across epithelial cell membranes.

The protein consists of 7 domains. There are 2 transmembrane

domains, each with 6 spans of alpha helices. These are each

connected to a nucleotide binding domain (NBD) in the cytoplasm.

The first NBD is connected to the second transmembrane domain by

a regulatory "R" domain that is a unique feature of CFTR, not present

in other ABC transporters. The ion channel only opens when its R‐

domain has been phosphorylated by PKA and ATP is bound at the

NBDs. CFTR functions as a phosphorylation and ATP‐gated anion

channel, increasing the conductance for Cl− to flow down its

electrochemical gradient. ATP binding, and the hydrolysis that

follows, open and close a gate to allow transmembrane flow of

chloride, ensuring a unidirectional transport of chloride against an

electrochemical gradient.

Water is removed by active Na transport across the surface

epithelium. The epithelial sodium channel (ENaC), also called

amiloride‐sensitive sodium channel, is a membrane‐bound ion

channel that is selectively permeable to the ions of sodium (Na+)

and that is assembled as a heterotrimer composed of three

homologous subunits α or δ, β, and γ. In the respiratory tract, ENaC

is located along the entire length of cilia that cover the surface of

multi‐ciliated cells. Hence, in these epithelia with motile cilia, ENaC

functions as a regulator of the osmolarity of the periciliary fluid, and

its function is essential to maintain fluid volume at a depth necessary

for the motility of the cilia which is essential for clearing mucosal

surface. ENaC is inhibited when CFTR is coexpressed in the same cell.

The balance of ENaC‐mediated ion absorption and CFTR‐mediated

ion secretion largely determines proper ASL homeostasis. CFTR and

ENaC interact on the apical membrane of the airway epithelium, both

through direct and indirect means. In non‐CF epithelia, membrane‐

expressed CFTR directly interacts with and down regulates the

function of ENaC. Likewise, ENaC activity is increased in CF epithelia,

which have low membrane expression of CFTR.

In large airways, mucus comes predominantly from the mucous

glands but also from goblet cells in the surface epithelium. During

inflammation, elevation of the subepithelial hydrostatic pressure may

also add significant volumes of water to the airway lumen. In airway

diseases, the balance is shifted from water secretion to mucus

secretion. In bronchitis and asthma, this is due mainly to conversion

of gland serous to mucous cells. In cystic fibrosis, gland serous cells

cannot secrete water because they lack functioning CFTR in their

apical membranes. In all three diseases, the result is secretion of

excessively concentrated gland secretions that are poorly moved by

the cilia and accumulate. Altered salt and water transport by the

surface epithelium may also contribute to the pathology of cystic

fibrosis.

* Role of Surfactants and other Proteins in the
Mechanics of the Respiration Process.
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Advances in the physiology and underlying biochemistry have

provided deep insights into the central role of (1) lung development,

(2) the pulmonary surfactant system and (3) genes implicated in

telomere homeostasis (telomere related genes (TRG) for the

pathogenesis of respiratory disorders. This understanding helps to

diagnose and treat several diseases more precisely. Key roles play the

interdependent impairments of the

* Biophysical properties of surfactant, which prevents alveolar

atelectasis during expiration volumes by reducing contracting surface

tension to almost zero, and of the alveolar type 2 epithelial cells.

* Genes relevant for the function of the alveolar surfactant area.

These include among others SFTPB, SFTPC, ABCA3, SFTPA2,

SFTPA1, TERT, TERC, NKX2‐1, CSF2RA, CSF2RB, FOXF1, NKX2‐1,

and RAB5B. Mutations in these genes lead to well defined disease

trajectories, related to a deficiency or surplus of surfactant, its

inactivation, and lung structural changes, including pulmonary fibrosis

and lung cancer.
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(1) Lung development needs an orchestrated transcriptional and

signaling of branching morphogenesis involving FGF (Peiffer ‐, Apert‐,

Crouzon‐syndromes), SHH (VATER/VACTERL‐, Pallister‐Hall syn-

drome), SOX2 (anophtalmia‐esophageal‐genital syndrome), NKX2.1

(brain‐thyroid‐lung syndrome) and FOXF1 (ACD). If affected by

mutations, the conditions in brackets may result. Preterm birth during

the saccular phase of lung development disrupting signaling of

FOXA2, SOX2, SOX9 and NKX2.1 confronts a structurally immature

lung and an immature surfactant system to air breathing, resulting

immediately after birth in respiratory distress syndrome from

biophysically highly instable lung mechanics due to lack of function-

ing surfactant.

(2) The identification of the surfactant proteins A, B, C, D, the

lipid transporter ABCA3, RAB5B and CSF2RA/B due to their

mutational disruption, has provided insights into the regulation of

surfactant homeostasis and its derangement. Mutations may lead to

conformational chronic fibrosing lung diseases, enhanced ER stress

(SFTPC; ABCA3) or pulmonary alveolar proteinosis (CSF2RA or B).

(3) Mutations in the TRG complex account for the majority of

familial fibrosing lung diseases in early adulthood due to the telomere

disturbance during cell proliferation. Mutations in SFTPA1 and A2 are

less frequent but can result in familial lung fibrosis and adenocarci-

noma of the lungs.

The large body of data accumulated during the last 3 decades

allows the development and implementation of more and more

molecularly targeted treatments to cure these disruptive medical

conditions in the near future.

NEW HORIZONS IN RESPIRATORY DISEASES

* The New Pulmonary Function Test:
Hyperpolarized Gas MRI for Ventilation, Alveolar‐
Airspace Size, and Gas‐Exchange Abnormalities.

Jason C. Woods, Ph.D.

Professor, Pediatrics and Radiology

Cincinnati Children's Hospital Medical Center

<Jason.Woods@cchmc.org>

Introduction

Pulmonary function testing was first introduced in the mid‐19th

century and was identified early as a measure of lung disease, with an

early focus on vital capacity. In the early and mid‐20th century,

measurements during forced expiration were demonstrated to be

sensitive to obstructive lung disease and remain mainstays of both

pediatric and adult pulmonary medicine [1]. While airway obstruction

exists during inspiration and expiration, the increased pressures

across airways during forced expiration accentuate obstruction and

collapse, providing for higher sensitivity and acceptance of 1st‐

second expiratory volume (FEV1) and FEV1/FVC as standard

spirometric measures of obstruction. Traditional tomographic imag-

ing via X‐ray CT captures structural abnormalities at high resolution,

and reveals some functional abnormalities via matched inspiration

and expiration scans, with expiration scans demonstrating trapped

gas that corresponds to reduced forced expiratory volumes.

Functional tomographic imaging via hyperpolarized noble gases

(3He, 129Xe), however, represents a new dawn for measures of global

and regional pulmonary function, as the images capture real‐time

function during resting breathing and can be repeated safely and

used throughout life [2,3]. Signal in each imaging voxel is directly

proportional to inhaled gas volume (thus directly proportional to

ventilation itself), and images are acquired at resting inspiration,

without a forced expiratory maneuver. To date, hyperpolarized‐gas

MRI has demonstrated exquisitely high sensitivity to i) regional

airway obstruction, ii) changes in alveolar‐airspace size/structure, and

iii) changes in gas‐exchange due to interstitial or blood‐flow

abnormalities. In an era of novel therapeutics for a number of lung

diseases (highly effective CFTR modulators, precise biologics for

asthma, etc), sensitive and reliable biomarkers are badly needed and

will benefit the future of patient care. This brief summary will outline

each of the functional measures currently available using 129Xe—the

current scientific and commercial standard.

Ventilation MRI

Ventilation imaging is arguably the simplest functional measure with

hyperpolarized gases, and has been shown to be robust and highly

sensitive to obstructive lung diseases, even in the earliest, mildest stages

[4]. Subjects who can follow simple instructions are coached to breathe

normally, and after the last tidal expiration (at functional residual

capacity) are presented a mouthpiece attached to a bag filled with

slightly greater than 1 tidal breath of hyperpolarized 129Xe gas. (Gas

dosing is often 1/6 of the predicted total lung capacity.) After inhalation,

subjects are asked to hold breath for a short time (5‐15 sec), during

which imaging occurs via 2D gradient‐echo or 3D radial/spiral sequence,

depending on the patient and desired resolution. The inhaled bolus

distributes remarkably uniformly in healthy subjects and is strikingly

non‐uniform in subjects with obstructive lung disease. While demon-

stration of superiority of a gold standard (pulmonary function testing) is

challenging at best, pediatric cystic‐fibrosis (CF) lung disease has been

ideal for such comparisons, as structural abnormalities are known to be

present in CF patients with clinically normal pulmonary function testing,

even at young ages [4].

Spatially inhomogeneous ventilation distribution is present in

nearly all adolescent CF patients (Figure 1) in studies to date (largely

before the advent of highly‐effective CFTR modulators) [5]. 129Xe

ventilation MRI demonstrates particularly high sensitivity to early

obstruction in CF lung disease when compared with pulmonary

function testing and with multiple breath washout measures. While

multi‐site studies are currently being conducted in CF patients before

and after initiation of CFTR modulator treatments, initial comparisons

of images in single and two‐site studies demonstrate low same‐day

variability and high sensitivity [6]. Importantly, the tomographic

nature of these images allows regional analysis and greater under-

standing of the site and nature of obstruction, compared to a global

test of function. In the future, ventilation MRI is expected to be an

endpoint for critical trials of new therapies in myriad obstructive lung

diseases.
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ADC MRI, for alveolar‐airspace size

The apparent diffusion coefficient (ADC) is a standard measure

via MRI. Measurement of Xe ADC in lungs represents Brownian

motion during a few milliseconds, which is significantly restricted

from its free value of self diffusion by collisions with alveolar walls.

(The Ostwald solubility of Xe gas in tissues is low, and the effect of

gas exchange can be ignored largely during an ADC experiment. This

solubility, however, is capitalized upon in the section below using

chemical shift changes of Xe in the dissolved phase as a probe of gas

exchange itself.) Restricted diffusion in lungs has been extensively

explored in the past via 3He and more recently with 129Xe, with

geometric modeling and direct comparison to quantitative histology,

with high sensitivity to changes in alveolar‐airspace size [7]. In the

dilute limit of Xe in air, the free diffusion coefficient is near 0.012

cm2/s, representing the maximum measureable quantity (e.g. in an

emphysematous bulla). In healthy adolescents and adults with intact

alveolar structures, the Xe ADC is around 0.035 cm2/s, representing

a 3.4‐fold dynamic range for measurement of airspace size. Increases

in ADC have been seen in multiple diseases with enlarged airspaces,

such as chronic obstructive pulmonary disease, bronchopulmonary

dysplasia (Figure 2), and in patients with hypoplastic lungs, such as

often occur with congenital diaphragmatic hernia.

Gas‐exchange MRI

The most recent, widely‐used technique with Xe MRI involves

capitalizing on the nonzero solubility of Xe in tissue and blood.

(Importantly, dissolved xenon is chemically inert and exhaled quickly,

with effectively zero retention within the body.) While small, this

xenon solubility is seen spectroscopically as two separate nuclear

magnetic‐resonance peaks near 200 ppm away from the central peak

of inhaled 129Xe. These two spectrally‐resolved, dissolved‐phase

peaks correspond to xenon bound to red blood cells (218 ppm) and

xenon within interstitium or plasma (197 ppm). By taking advantage

of fast gas exchange near the alveolar surface (the lung is designed

precisely for this!) and an existing MRI technique for image

acquisition of spectrally separated NMR peaks (the Dixon method),

images of the amount of xenon within each peak can be acquired

separately. Each imaging voxel is normalized by the amount of

inhaled gas in the voxel, which provides maps of xenon dissolved in

interstitium/plasma (now sometimes called the “membrane” image),

and xenon bound to red blood cells—a near‐perfect proxy for gas

exchange of O2 and CO2 within the two compartments. Initial images

in adult lung diseases demonstrated increases in membrane signal in

interstitial pulmonary fibrosis and decreases in red‐blood‐cell signal

in patients with pulmonary hypertension, as expected [8]. Recent

work to demonstrate the technique in pediatric subjects showed

abnormalities in gas exchange in patients with cystic fibrosis,

interstitial lung disease, bronchiolitis obliterans syndrome, and

bronchopulmonary dysplasia (Figure 3). While relatively novel, the

technique provides some of the first insight into subtle, initial

changes in the interstitium, which appear to be present in both

restrictive and obstructive lung diseases in both pediatrics and adults.

Further, the ability to regionally probe gas transfer directly into the

red blood cells is unprecedented, and holds promise to provide

insight into a number of diseases resulting in abnormalities in the

pulmonary vasculature. For diseases where pulmonary hypertension

is a component but not always the driver (e.g., COPD, BPD), gas‐

exchange MRI will provide new insight into underlying physiology,

phenotyping, and prognosis.

The Future, including cardiogenic oscillations in the capil-

lary bed

Predicting the future of any novel technique is challenging, as

new technology often outpaces standardization. High sensitivity to

airway and microstructural changes helps ensure that Xe ventilation

and ADC MRI will remain important measures in the clinical and

translational toolboxes in the future, and standards are being set for

F IGURE 1 2D axial slices from adolescent control and CF
patients, clearly demonstrating ventilation defects in CF lung disease

F IGURE 2 129Xe ADC images of a 5‐year‐old born at term (left)
and a 5‐year‐old child with severe BPD (right) with increased
apparent diffusing coefficient suggestive of persistent enlarged
alveolar spaces, consistent with alveolar simplification.

F IGURE 3 Barrier uptake and RBC transfer 129Xe MRI images in a
5‐year‐old born extremely premature demonstrating regional
heterogeneity in gas exchange with regions of severe defect and
regions with normal gas exchange.
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future trials by the Xe MRI Clinical Trials Consortium [9]. Gas‐

exchange MRI is likely to see future applications in many respiratory

and pulmonary vascular diseases, with novel physiological insight into

gas exchange and the pulmonary capillary bed. One recent discovery

is related to the observation of cardiogenic oscillations in the red‐

blood‐cell signal in the capillary bed itself, providing a direct probe of

surges in red blood cells with cardiac output. One recent paper

demonstrated differences in RBC oscillations among different lung

and vascular diseases, with such oscillations suppressed in patients

with pulmonary hypertension and accentuated in IPF and left‐heart

failure, compared to healthy controls [10].

Conclusions

Xenon MRI has been demonstrated to be sensitive to abnormali-

ties in ventilation, alveolar‐airspace size, interstitium, and red‐blood

cell transfer, in both pediatric and adult lung diseases. Xe MRI has

seen a rapid rise in its use and adoption in research, largely driven by

the combination of new technology and sensitivity to disease, with

regional specificity. Each of the xenon techniques probes a different

aspect of respiratory disease, and each measure is likely to have

sensitivity advantages in different diseases. With regulatory approv-

als within sight in North America and Europe, regional pulmonary

function is likely to become more precise and accurate, in the clinic, in

clinical trials, and in translational research.
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CT technology

Since spiral or volumetric CT was introduced, chest Computed

Tomography (CT) has gained importance as a sensitive modality for

the diagnosis and monitoring of structural lung abnormalities in

children[1, 2]. Using this scanning technique, the patient moves

through the CT scanner while simultaneously projection data are

acquired of the continuously rotating X‐ray source and detector

array. By using a volumetric acquisition mode, 3D information of the

lung is obtained with high resolution in a short time. The pitch is

defined as table feed per full rotation of the X‐ray tube divided by the

total width of the collimated X‐ray beam. Using a low pitch value,

more information is collected per unit length than at a high pitch. To

obtain detailed information of the lung in young children, a relatively

low pitch value is preferred.

From the raw CT data, images can be reconstructed in the axial,

coronal and sagittal plane with various slice thicknesses mostly

ranging between 0.5 and 3 mm. The preferred slice thickness for

children is 1 mm to avoid superposition of structures. Different

S70 | ABSTRACTS



reconstruction kernels or filters can be applied to facilitate the

evaluation of the images. A smooth kernel generates images with

lower noise but with reduced spatial resolution. A sharp kernel

generates images with higher spatial resolution, but increases the

image noise. Reconstructed images are stored in the Picture

Archiving and Communication System (PACS). As long as the raw

data are available on the scanner, additional reconstructions can be

generated when needed. However, in most centers, the raw data are

deleted after a fixed interval (mostly one‐two weeks) to save storage

space.

Radiation

A disadvantage of chest CT scanning is the relatively high doses

of ionizing radiation relative to conventional chest radiography.

However, thanks to technical innovations, the radiation dose of chest

CTs needed to obtain diagnostic images has come down considerably

and the information obtained is superior relative to chest radiography

[3]. The risks related to exposure levels of ionizing radiation of state‐

of‐the‐art low dose chest CT protocols are uncertain but small. For

each scan, the radiation dose should be justified and minimized to a

level ‘as low as reasonably achievable’ (ALARA principle). Radiation

exposures for a combined inspiratory and expiratory chest CT

protocol are in the order of 1/2 to 1 year of the annual background

radiation [4]. The CT protocol should be tailored to the size of the

patient and radiation dose should be lowered to such extent that

images of diagnostic quality are produced allowing sensitive image

analysis. The radiation dose for an expiratory scan can be half of the

dose for the inspiratory scan.

Contrast media

The administration of contrast is needed whenever the cardio-

vascular system and mediastinum need to be depicted. Since contrast

media are cleared through the kidneys, normal kidney function is

required. In case of suboptimal renal function, the dose of contrast

needs to be adjusted. Reactions to iodinated contrast media can

occur and are divided in acute adverse reaction and late adverse

reaction. The reported incidence of pediatric allergic‐like reactions to

contrast media ranges from 0.18% to 0.46%.

Acute reactions occur within 1 hour of contrast medium

injection. Late adverse reactions occur 1 hour to 1 week after

contrast medium injection and are represented by a variety of late

symptoms or by skin reactions, which are usually mild and self‐

limited. In addition, physiological side effects to contrast medium

administration can occur such as warmth at the injection site and

nausea. For cooperative children, the child should be made aware of

these side effects. For young children, these effects might result in

moving or crying.

Volume control

Lung volume, parenchymal density, airway dimensions and

orientation are highly dependent on the level of inflation of the

lung. An inspiratory scan should be executed close to total lung

capacity (TLC). At TLC, the lung parenchyma is positioned between

the heart and sternum. In addition, the trachea has a round

appearance and the contour of the diaphragm is flattened. An

expiratory scan should be executed near residual volume (RV) to

maximize the contrast between diseased regions of the lung with

trapped air and/or hypoperfusion and regions which healthy

parenchyma and/or hyperperfusion.

For cooperative children of ≥ 3 years, the required breath hold

maneuvers should be trained prior to the CT scan. This can best be

done by a lung function technician, physiotherapist or other

personnel with experience in spirometry [5]. The person who does

the training also should be the person who instructs the patient

during the CT scan. Breath hold instructions given by a CT‐technician

without prior training mostly result in suboptimal volume levels which

reduces the sensitivity and reproducibility for the detection of

structural abnormalities. The success rate of high quality chest CTs

using technician‐guided CT in clinical routine is more 90% [5]. As this

training and coaching routine fits the ALARA principle, technician‐

guided chest CT should be implemented in every clinic where chest

CTs in children are made. Importantly, this routine does not increase

the time needed in the CT suite as children are well instructed and

less anxious, therefore there is no reduction in CT productivity.

For non‐cooperative or children below the age of 3 years, a

voluntary breath hold at the correct volume level and at the correct

moment is not feasible. There are two methods available to scan the

lungs in these children. The most commonly used technique is using a

fast CT scanner that allows obtaining virtually motion‐free images of

the lung in free breathing condition without sedation or general

anesthesia. A disadvantage of this free breathing method is that there

is no strict control of lung volume. Free breathing will be near

functional residual capacity (FRC) plus or minus tidal volume. The

sensitivity to detect bronchiectasis of CT scans acquired at FRC is

less than CTs acquired at TLC [6]. However, the specificity of

bronchiectasis detection is good. For children below the age of 2

years, a vacuum mattress can be of help to restrict movements of the

child during the acquisition of the scan.

The second technique to acquire a CT scan in these children is

the non‐invasive pressure controlled ventilation (PCV) technique

under general anesthesia or sedation. The PCV technique starts off

by hyperventilating the child by giving a short series of augmented

breaths using high positive pressure applied via a facemask, laryngeal

mask, or tube to recruit all lung areas and to allow for a respiratory

pause. Next, for inspiratory images, the lung is inflated to TLC using a

positive transpulmonary pressure of 25 cm water and the lungs are

imaged while maintaining pressure. For expiratory images, no

pressure is applied, hence the lung will deflate to a volume level

near FRC. A disadvantage of the PCV technique is that it requires

general anesthesia and that atelectasis can develop within minutes

obscuring structural abnormalities.

Inspiration and/or expiration scan

For many chest CT scan indications in tertiary centers, acquisition

of both inspiratory and expiratory chest CTs will be relevant. An

inspiratory CT scan near TLC is needed for the standardized evaluation

of lung parenchyma and airway dimensions. To diagnose bronchiectasis

and airway wall thickening, the diameter of the inner and outer airway

wall is compared to the diameter of the adjacent pulmonary artery.

When the outer airway‐artery ratio exceeds one, it is considered
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bronchiectasis. However, cut off values are not based on robust data [7].

At lung volumes belowTLC, the diameter of the airway is reduced more

relative to that of the adjacent artery and the airway wall appears to be

thicker. In addition, at low lung volumes, the orientation and length of

airways differ relative to inspiration, making identification of abnormal

widened and thickened airways less reliable.

Expiratory scans are important to detect small airways pathology,

central airways collapse (tracheomalacia) and perfusion defects.

Unfortunately, airways smaller than 2 mm in diameter are in general

not visible on CT scans. However, small airway disease can be

detected indirectly as low attenuation regions (often defined as

trapped air) on expiratory scans.

Image analysis

To monitor the progression of structural lung changes, baseline

and follow‐up CT can be compared slice‐by‐slice. Most PACS viewers

allow coupling 2 examinations in a single window and to scroll down

through the lung from the apices to base. Ideally, for the diagnosis

and monitoring of structural changes on chest‐CT, relevant changes

should be quantified when possible [8]. Examples are airway wall

thickening, bronchiectasis and mosaic pattern. For various lung

diseases, scoring methods have been developed and validated to

assess their presence and extent. Important abnormalities that are

included in most of the scoring systems are: bronchiectasis; mucous

plugging; airway wall thickening; and parenchymal abnormalities such

as ground glass opacities and mosaic attenuation. Quantitative

outcome measures have been used successfully as outcome measure

in clinical studies [9, 10]. A disadvantage of scoring systems is that

they require training and that they are relatively time consuming.

Automated image analysis systems have recently been developed

using artificial intelligence strategies that allow quantifying clinical

relevant airway and parenchymal changes. These systems, once

integrated into the work flow of the radiologist, will play an important

role in clinical care for children suffering for various lung diseases

such as cystic fibrosis, bronchiectasis, and asthma. To optimally make

use of automated systems, standardization of volume and CT

protocol is required.

In summary

Chest CT is a mature technology and is now an important tool for

the diagnosis and monitoring of chest diseases in children.

Standardization of lung volume is of key importance for the

inspiratory and expiratory scan to maximize the diagnostic yield of

the chest CT. Quantitative information can be obtained using

automated scoring systems.
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Introduction

The simple signaling molecule nitric oxide (NO) is involved in the

control of countless biological functions in the body. NO is the

product of enzymatic conversion of L‐arginine and oxygen by NO

synthases (NOS), and the three isoforms of NOS (NOS1 or neuronal

NOS, NOS2 or inducible NOS, and NOS3 or endothelial NOS) are

expressed by different cell types. In the respiratory system, NO has

been shown to have regulatory effects on several functions such as

vascular and airway smooth muscle tone, airway inflammation and
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host defense against infection with pathogens including certain

bacteria and viruses.

Fraction of exhaled NO (FENO) as a biomarker

NO produced within the lungs and airways can be measured in

breath, and the fraction of exhaled NO (FENO) is often increased in

allergic asthma, correlates with eosinophilic inflammation and

epithelial expression of inducible NOS (NOS2) in airway epithelium

and normalizes with anti‐inflammatory therapy. Therefore, FENO is

an established biomarker to help diagnose asthma characterized by

type 2 inflammation. Increased FENO may be helpful in predicting

response to inhaled corticosteroids and to identifying those eligible

for effective biologic therapies targeting type 2 asthma (1). In an

official American Thoracic Society (ATS) clinical practice guideline, a

conditional recommendation for FENO‐based care was made for

patients with asthma in whom treatment is being considered (2). The

benefit of FENO measurements in guiding asthma treatment in

children however is uncertain. In a recent multicenter phase 3 trial

that included more than 500 children with asthma 6‐15 years of age

(RAACENO), no reduction in exacerbation rate was found when

adding FENO to symptom‐guided treatment. Therefore, according to

this study, symptoms remain the only tool for guiding treatment

decisions in children with asthma (3).

In contrast to asthma, the production of NO in cystic fibrosis (CF)

airways is usually decreased. While the mechanisms leading to NO

deficiency in people living with CF are not fully understood, studies in

CF patients and cystic fibrosis transmembrane conductance regulator

(CFTR) gating mutations had shown that the CFTR modifier ivacaftor

leads to an increase in FENO in treated patients. Similar results have

now been reported in patients with CFTR F508del mutation treated

with elexacaftor/tezacaftor/ivacaftor (4). This may suggest that the

NO deficiency in CF airways is directly linked to CFTR dysfunction.

Salt‐mediated induction and release of interleukin‐1 beta (IL‐1β) by

airway epithelial cells is a potential mechanism. One other way of

increasing airway NO production, and potentially improving bacterial

killing, is by inhibition of arginase, an enzyme that regulates NOS

activity by controlling the availability of L‐arginine for NOS. The

concentration of neutrophil‐derived arginase is high in CF airway

secretions. Whether an oral arginase inhibitor (CB‐280) increases L‐

arginine availability and subsequently airway NO production in

people with CF is currently being investigated in a Phase 1b dose‐

escalation trial (5).

Strategies to increase airway NO availability

Inhaled NO (iNO) is a selective pulmonary vasodilator and is

widely used in intensive care units to help control conditions

including persistent pulmonary hypertension of the newborn

(PPHN) or pulmonary hypertension and hypoxemic respiratory

failure after congenital heart surgery. Outside of these indica-

tions, iNO may also be effective in treating respiratory infections.

Studies had shown that iNO can lead to disruption of for example

P. aeruginosa biofilms. There is an increasing number of publica-

tions now on successful use of high‐dose adjuvant iNO therapy in

small numbers of patients with CF treated for a variety of

pulmonary infections including P. aeruginosa and non‐tuberculous

mycobacteria (NTM). Larger, randomized clinical trials to deter-

mine the safety and efficacy of high‐dose iNO as an anti‐infective

are currently ongoing.

Respiratory syncytial virus (RSV) causes serious lower respiratory

tract infections in mostly smaller children, but treatment options are

usually limited to supportive therapy. A previous study in infants with

respiratory failure due to RSV bronchiolitis had demonstrated no

bronchodilator effect of iNO given at 20 to 60 parts per billion (ppm).

However, it is well documented that exogenous NO displays antiviral

activity against RSV and other viruses. In a treatment trial enrolling

65 infants with acute bronchiolitis, intermittent high dose iNO (160

ppm) plus oxygen/air for 30min five times/day up to five days was

compared to oxygen/air alone. Treatment with iNO was safe, well‐

tolerated, reduced length of hospitalization and showed earlier

improvement of oxygen saturation, compared to the standard

therapy (6). Recent studies have also suggested beneficial effects of

iNO on coronavirus disease 2019 (COVID‐19)‐induced acute

respiratory distress syndrome (ARDS).

Other strategies that have been developed to increase NO levels in

airways include those of exogenous compounds able to release NO

once inhaled. Some of these molecules are now in pre‐clinical and

clinical studies and include for example cephalosporin‐

diazeniumdiolates, that show dual antibacterial and antibiofilm effects

against P. aeruginosa, and nebulized NO‐generating solutions to treat

chronic infection with Mycobacterium abscessus in patients with CF.
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The Airway Epithelium

The airway epithelium (AE) covers the lumen of the airways. It

consists of ciliated pseudostratified columnar epithelium in the

nasopharynx and large intrathoracic airways, but it transitions to a

ciliated simple cuboidal epithelium in the small airways. In addition,

there are several other types of cells with specific functions.

Significant among them are the goblet cells that participate in the

production of mucus (mucins), the basal progenitor cells that play a

significant role in the differentiation, maturation, and regeneration

of the epithelial barrier, and the club cells (“Clara” cells), that serve

as precursors of other epithelial cell populations such as ciliated

cells and goblet cells. Finally there are several subpopulations of

cells that are implicated in a host of diverse pathogenic processes

such as type 2 inflammation and the asthmatic phenotype (Tuft

cells together with the goblet cells), the neuroendocrine hyperpla-

sia of infancy (NEHI) (a form of interstitial lung disease of infancy),

and even Cystic Fibrosis through the ionocytes that contain the

cystic fibrosis transmembrane conductance regulator (CFTR). The

AE has the ability to differentiate the progenitor cells into ciliated

or mucus‐producing cells depending on the environmental ex-

posure. In addition, specific intracellular receptors containing a

unique chemical structure, allow them to recognize specific

pathogen‐associated molecular patterns (PAMP) thus differentiat-

ing between viral and bacterial infections.

The AE forms a physical barrier by interlocking each cell with its

neighboring cells with 3 different types of junctions. In addition, it

contains a self‐cleaning mechanism, the mucociliary clearance, thus

constituting a powerful defense against pathogens, chemicals,

allergens and physical stressors. The tight junctions prevent the

passage of virtually all molecules as well as of pathogens, and the

various environmental inhalants. The periciliary layer (PCL) consists

of mucins (glycolipids and glycoproteins produced by goblet cells)

that “stick out” from the apical epithelial cell membrane. The mucins

(especially the MUC5B) form a gel in the airways that retains water

and electrolytes in a periciliary layer that allows ciliary beating and

the clearance of inhaled particles. In addition the MUC5B plays a

significant role in host defense against severe respiratory infections,

whereas the MUC5AC mucin appears to facilitate mucous plug

formation by being tethered to MUC5AC‐producing cells. The PCL

stores water to control mucus hydration and also prevents the

compression of the cilia by overlaying mucus.

The integrity of the AE can be compromised by a variety of

factors such as various environmental allergens, allergic inflammation

and viruses. Different viruses use different mechanisms to compro-

mise the epithelium. Most of the common respiratory viruses (human

rhinoviruses (HRV), respiratory syncytial virus (RSV), human metap-

neumovirus (HMPV), influenza and parainfluenza viruses bind to

receptors on the cellular surface that leads to the endocytosis of the

virus, that can then start replicating. The viral replication initiates the

production of type I interferons (IFN) that slows down the replication

and activates the cellular immune response that kills the virus but

also the infected cells. Additional epithelial cells are killed due to the

cytopathic effect of the virus that causes morphological alterations of

the cell. These alterations vary among the viruses. The epithelial

immune response also causes the release of cytokines such as IL‐1b,

IFN‐g and tumor necrosis factor (TNF) that may damage the

epithelium and increase its permeability.

SARS‐CoV‐2

Coronoviruses are common viruses that are usually associated

with mild respiratory symptoms. However, 3 zoonotic viruses (SARS‐

CoV, MERS‐CoV and SARS‐Cov‐2) can cause severe acute respira-

tory distress syndrome (ARDS). SARS‐Cov‐2 that is the cause of

COVID‐19 encodes several types of proteins. The structural proteins

form an enveloped virus particle that delivers viral genomic RNA into

the cell. The non‐structural proteins participate in the viral replication

and transcription, whereas the accessory proteins participate in

replication but they also appear to help evade certain immune

responses. The ability of the SARS‐CoV‐2 to enter the cells

(“tropism”) depends on its spike glycoprotein that consists of two

subunits: the S1 which binds to the host entry receptor angiotensin‐

converting enzyme 2 (ACE2), and the S2 which mediates membrane

fusion.

SARS‐CoV‐2 and the Airway Epithelium

The first cells targeted by the SARS‐CoV‐2 are the multiciliated

cells in the nasopharynx or trachea, as well as cells in the nasal

olfactory mucosa. Basal, club, and BC/Club cells are also susceptible

to SARS‐CoV‐2 infection. All four groups of cells show increased

ACE2 expression. In contrast the goblet, neuroendocrine, tuft cells,

and ionocytes seem to be relatively resistant to infection.

After gaining entry into the cells, the SARS‐CoV‐2 genome

initiates the production of viral proteins that form replication

factories from endoplasmic reticulum membranes that shield the

double‐stranded RNA (dsRNA) transcription intermediates from

innate or adaptive responses. Inhalation of particles from the upper

airways helps the spread of the virus into the lower respiratory tract.

The ciliated cells are again the main target of SARS‐ CoV‐2. Club cells

seem to be infected infrequently. Eventually the virus reaches the

alveoli where primarily it affects the alveolar type 2 cells (AT2). Data

from in vitro studies and from autopsies suggest that the virus can
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directly cause interferon induction (type I and type III), apoptosis,

inflammation and loss of surfactant production. Interestingly the

Omicron variant appears to have less effect on the alveoli which may

explain the relatively milder disease that it causes.

It has been shown that patients with mild disease mount a

robust interferon response while patients with severe disease

show very little response suggesting that the dissemination of the

virus may be the result of poor type I and type II interferon

response. This is a phenomenon that has been associated with

ageing.

In contrast, children seem to exhibit stronger innate antiviral

responses than adults. In addition, their noses seem to contain fewer

ciliated cells but more goblet cells and neutrophils, potentially

explaining the fact that severe or lethal disease has been rare in

children. In contrast to their poor interferon type I and III, patients

with severe COVID‐19 disease have been found to have high levels

of pro‐inflammatory cytokines such as tumor necrosis factor alpha,

interleukins IL‐1B and IL‐6, and chemokines, such as CCL2 and

CXCL10. In other words, severe disease due to SARS‐CoV‐2 may be

not only due to the direct damage by the virus but due to the

development of a cytokine storm.

In summary, it appears that SARS‐CoV‐2 targets the ciliated cells

of the upper airways. If there is delayed and/or poor immune

response (especially the type I or type III interferon), the infection can

spread in the lower airways. Severe disease will be the result of

diffuse alveolar damage caused by the infection of the AT2 cells and

further exacerbated by uncontrolled inflammatory response and the

development of a leaky epithelium and endothelium and complicated

by profibrotic responses.
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The SARS‐CoV‐2 health crisis is affecting individuals from all age

groups and severely disrupting societal functions on a global scale.

Keeping schools open, protecting the elderly and reduce the pressure

on the hospital and care system is a major bottleneck to maintaining

an active economy. These very age specific needs, identified during

the recent pandemic, raise the question if respiratory viruses

differentially impact (elderly) adults vs. children. Such knowledge

could permit the introduction of age‐adapted and less intrusive

measures applied in future pandemic situations. Importantly, epide-

miological data clearly show a discrepancy between children and

adults in the susceptibility to viral infection of the respiratory tract.

Respiratory viruses such as rhinoviruses (RV) have an increased

incidence in children compared to adults. RV are picornaviruses with

three groups: RV‐A, RV‐B and RV‐C. Whereas RV‐B is a minor group,
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both RV‐A and RV‐C are associated with acute asthma exacerbation

in children (1). However, while RV‐A induce the majority of asthma

exacerbations in adults, RV‐C infection is largely limited to children

where it induces most severe exacerbations (2, 3). Interestingly, RV in

children (but not in adults) are also frequently associated with co‐

infection especially in children under 5 years old (4). For SARS‐CoV‐2

infections, the situation is the opposite and children under 9 years old

have very low incidence rates of SARS‐CoV‐2 infection compared to

older patients (5).

We thus hypothesize that the intrinsic age‐controlled properties of

the respiratory epithelium determines SARS‐CoV‐2, RV‐A and RV‐C

susceptibility and propagation. In an ongoing project, we are using a

cellular model of reconstituted airway epithelium using an air‐liquid

interface technique from samples obtained from adults and children (6,

7). We explored the barrier function (tight junction, mucus production

and ciliary clearance) of the epithelium and compared its efficiency in

adults and children. Furthermore, we assessed in‐vitro the susceptibility,

replication and inflammatory response of the epithelium from children

and adults in response to RV‐A, RV‐C and SARS‐CoV‐2 infection.

Our results show that children's epithelium is different to adults

under physiological conditions. Indeed, we found a differential

expression of cellular junction level in children compared to adult

epithelia with an increased expression of Afadin, E‐Cadherin, ZO‐1

and JAM‐A in children. Regarding the expression of ICAM‐1, CDHR3

and ACE2, the viral receptors of RV‐A, RV‐C and SARS‐CoV‐2

respectively, we found an increased expression of CDHR3 mRNA in

children whereas no differences were found for ACE2 and ICAM‐1.

Regarding viral infection, our results clearly show a major

discrepancy between children and adult epithelial response to

SARS‐CoV‐2 and RV infection. Reconstituted epithelia derived

from children are intrinsically more resistant to SARS‐CoV‐2

infection limiting virus spread to different degrees (8). We show

that this phenotype correlates with accelerated release of type‐III

interferon secretion. Moreover, exogenous type‐III interferon

application to permissive adult epithelia induced infectivity

restriction in trans while type‐III interferon gene knockout by

CrisprCas9 promoted SARS‐CoV‐2 infection.

During an RV infection, the situation is opposite and epithelia

derived from children are more permissive to RV‐C infection whereas

RV‐A infection is equal in adult and children epithelia. An anti‐viral

interferon pathway seems also to be involved in such a discrepancy.

Indeed, using transcriptomic analysis (Nanostring technology), we

found that RV‐C induce less interferon response that RV‐A infection

in both adult and children epithelia.

In conclusion, this ongoing project shows a real discrepancy

in epithelial physiology and response to viral infection in children

compared to adults. These results should highlight specific

modification of children epithelium and potentially new thera-

peutic targets against viral infection of bronchial epithelium

specific to children patients. Recent data from this project will be

presented during the CIPP.
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Since the seminal work of Dr. Barker that linked birth weights

with adult disorders such as coronary heart disease and COPD, a

growing body of evidence has demonstrated the critical role of

perinatal events as impacting subsequent cardiopulmonary disorders

across the lifespan.1 Past studies have shown striking associations of

intrauterine stress, well‐beyond the severity of prematurity or birth

weight alone, with subsequent risks for lung disease and pulmonary

vascular disease (PVD) in newborns, infants and children, including

adult‐onset pulmonary arterial hypertension (PAH).2 Adult registries

have shown striking associations of prematurity with late PAH.

However, birth weight itself is likely a biomarker and not the principal

mechanistic determinants of these associations. Abnormal placental

histology with striking vascular lesions and evidence of “placental

vascular underperfusion” is strongly associated with lower birth

weights and small for gestational age status in preterm infants and a

higher risk for pulmonary hypertension (PH) and bronchopulmonary

dysplasia (BPD).3 Links between antenatal stress and an increase in

risk of impaired lung development and/or PAH that persists

throughout infancy have been demonstrated in animal models of

intrauterine growth restriction (IUGR), preeclampsia (PrE), and

chorioamnionitis, perhaps reflecting the importance of early devel-

opmental disruption of angiogenesis that is common to these

perinatal insults and likely lead to late PAH to follow.2‐6

The relevance of genetic, epigenetic, and injurious stresses to

mechanisms underlying developmental origins of PVD is perhaps best

illustrated by the natural history of BPD. In the post‐surfactant era,

BPD most often affects premature infants born 24 to 28 weeks post‐

menstrual age during the late canalicular or early saccular phase of

lung development. Key triggers for BPD in at‐risk infants include

exposure to hyperoxia, ventilator‐induced lung injury, inflammation,

and sepsis. Improved respiratory care, surfactant administration,

antenatal steroids, and other measures have improved survival, yet

the prevalence of BPD continues to increase. Although abnormal lung

development is a cornerstone feature of BPD, dysregulated vascular

growth and structure play an increasingly recognized role in the

pathogenesis of PH, which occurs in nearly 25% of cases.

Interestingly, offspring to mothers with PrE are at high risk for

developing BPD and PH. In PrE, high circulating and amniotic fluid

soluble Flt‐1 (sFlt‐1) inhibits VEGF bioavailability, which likely impairs

fetal lung vascular development due to direct effects on fetal

angiogenesis or indirectly through impaired placental vascular

structure and function. Experimentally, brief treatment with angio-

genesis inhibitors shortly before or immediately after birth, including

drugs that specifically target VEGF signaling, such as sFlt‐1, cause

severe PH that is sustained throughout infancy and into adulthood.5,7

These studies demonstrate that in addition to causing PH, early

disruption of lung angiogenesis impairs alveolarization, suggesting an

important role of vascular growth and signaling for normal develop-

ment of the distal airspace (e.g., “angiocrine signaling”).8 Importantly,

early autopsy studies clearly demonstrate decreased lung VEGF

expression with striking evidence of lung simplification and a

dysmorphic vasculature from human preterm infants dying with

BPD, providing clinical evidence supporting the important role for

angiogenesis in the pathobiology of BPD.9 Preclinical studies further

demonstrate that in addition to mediating vascular tone and

reactivity, endothelial‐derived products promote angiogenesis and

enhance alveolar epithelial growth and septation.2,7‐9 These findings

highlight the important role of angiocrine signaling during normal lung

development, as well as support for the “vascular hypothesis” that

early therapeutic strategies that preserve lung endothelial survival

and function may decrease the risk of BPD as well as BPD‐associated

PH.10 Clinical data further support this hypothesis, as early

echocardiogram findings of PVD in preterm infants at postnatal day

7 are strongly associated with the risk of subsequent PH, severe BPD,

and late respiratory events during infancy.11

Antenatal stresses, including chorioamnionitis and preeclampsia

(with or without IUGR), in preterm neonates contribute to BPD risk.

Data from animal models of mechanisms linking antenatal stress to

BPD pathogenesis and late cardiorespiratory outcomes are limited,

but recent studies suggest important mechanistic roles for disruption

of hypoxia‐inducible factor (HIF), insulin‐like growth factor and VEGF

signaling pathways. On the basis of the concept that early disruption

of angiogenesis or lung vascular development reduces vascular

surface area, alternate strategies that better assess microvascular

growth may also prove helpful to predict changes in the lung

circulation that precede changes in pulmonary artery pressure and

promote RV–pulmonary arterial uncoupling. Thus, early‐life program-

ming appears to play a role in later onset PAH as well.

Fetal or perinatal mechanisms leading to later onset of PAH

and right heart dysfunction are incompletely understood but do

not hinge on birth weight per se, and include the use of assisted

reproduction technology, detrimental patterns in maternal nutri-

tion, and maternal PrE. More recently, imaging studies of young

adults who were born prematurely showed smaller RV chamber

size, thicker RV mass, and lower RV ejection fraction, which were

strongly related to the severity of prematurity at birth. These

observations imply that perturbing the normal maternal–fetal

relationship or placental function may induce reprogramming of

tissue‐specific response pathways activated by exposure to

adverse environmental stimuli encountered in the childhood

and early adult phases of development. Thus, fetal/perinatal

hypoxia, disruption of cell signaling, nutritional deficiency and

other stresses are implicated in dysregulation of processes critical
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to PAH pathobiology, including cellular metabolism, cell prolifer-

ation, and tissue sensitivity to hormones.

These studies provide mechanistic support of epidemiologic

observations that adverse intrauterine stimuli are sufficient to impair

vascular growth and induce long‐standing and severe PH indepen-

dent of postnatal factors, including hyperoxia and ventilator‐induced

lung injury. Furthermore, clinical studies have shown that abnormal

placental vascular structure and evidence of placental hypoperfusion

are strongly associated with neonatal outcomes of IUGR and high risk

for the development of BPD and BPD‐associated PH. Prospective

studies have shown that antenatal factors assessed on the first day of

life, cord blood biomarkers of impaired angiogenesis and early

echocardiography findings of pulmonary hypertension shortly after

birth are strongly linked to the risk of BPD, PH, prolonged NICU

hospitalization and late respiratory outcomes in childhood. Thus,

antenatal determinants not only cause abnormalities of short‐term

respiratory function, as reflected by the prolonged need for invasive

ventilation and a more severe NICU course, but early injury in utero

causes sustained disruption of lung and pulmonary vascular structure

throughout infancy, reflecting the adverse effect of fetal

programming.

Clinically, echocardiogram confirmation of clinical signs of

delayed vascular transition and early PH are associated with a

higher risk for the subsequent development of BPD, late PH and

increased mortality. A prospective study demonstrated that early

echocardiographic evidence of increased pulmonary artery

pressure even without evidence of severe PH, RV dysfunction

or severe hypoxemia at day 7 is strongly associated with high risk

for subsequent development of BPD and its severity, the

presence of PH at 36 weeks’ PMA and prolonged respiratory

disease during early childhood. The combination of need for

invasive ventilation and PH by echocardiogram at postnatal day 7

is especially strongly associated with late morbidities. Thus, early

PVD as demonstrated by echocardiographic signs of PH at day 7

of life may provide a useful “biomarker” for identifying preterm

infants at high risk for developing severe BPD, late PH and

chronic respiratory disease during early childhood. Whether

therapeutic strategies of this subgroup of preterm infants,

including PH‐targeted drugs or other interventions, can reduce

BPD or its severity remains speculative.

Finally, several studies provide strong evidence of late

echocardiographic markers of PAH that persist throughout

infancy, childhood, and early adulthood. There are growing data

that preterm infants with or without BPD can have evidence of

subclinical PVD that persists into adolescence and adulthood.

Echocardiographic markers, such as pulmonary artery accelera-

tion time, indicate the presence of subtle PVD through childhood

and early adulthood in former preterm infants. Thus, it appears

that developmental programming due to perinatal stress is likely

to play important roles in the pathogenesis of diverse forms of

PAH in the preterm and term newborn, as well as PAH well‐

beyond the neonatal period.
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Introduction

Tremendous progress in various pediatric chronic diseases have

significantly improved the overall prognosis and transferred the

mortality from childhood to adulthood in the most severe conditions.

Therefore, the question is currently more about “living well” rather

than “surviving” with a chronic illness in childhood. Among all

determinants of health‐related quality of life (HRQoL) in children,

aerobic physical fitness assessed by cardiopulmonary exercise testing

(CPET) has shown a growing interest in the follow‐up of various

pediatric chronic diseases, such as congenital heart defects,1,2 cystic

fibrosis,3 chronic renal failure,4 or cancer.5

The cardiopulmonary exercise test (CPET) in children

The CPET is a dynamic examination exploring cardiac, respira-

tory, and muscular functions (Figure). In children, the values

measured during an exercise test are significantly different from

those in adults, but the physiological basis is identical. Healthcare

professionals performing CPET are ideally trained in pediatric

cardiology, pediatric pulmonology, or pediatric physiology, and must

ensure the relevance of the indication, the quality of the measure-

ments, and the validity of the interpretation.

In the general population, the maximum oxygen uptake (VO2max)

measured with a CPET is a strong surrogate of physical capacity,

which stands as a major and independent predictor of cardiovascular

risk.6 Interestingly, in 1980, the World Health Organization (WHO)

had stated that exercise functional tests better reflected HRQoL than

most examinations at rest.7 In children, our group has shown the

existing correlation between HRQoL and aerobic fitness, assessed by

VO2max.
8

Apart from VO2max, submaximal ventilatory parameters seem to

be reliable predictors of disease severity in various pediatric

conditions. Indeed, the ventilatory efficiency assessed by the VE/

VCO2 slope increases in heart failure, pulmonary hypertension, and,

overall, in physiological conditions marked with impaired pulmonary

perfusion.9 The oxygen uptake efficiency slope (OUES) is a surrogate

of VO2max which does not require a maximal exercise to be

interpretable. 10 The ventilatory anaerobic threshold (VAT) decreases

in muscular deconditioning, as observed in many pediatrics chronic

diseases,2 and is a useful tool to determine the level of physical

activity in rehabilitation programs.11

Physical deconditioning in children

Impaired cardiopulmonary fitness with physical deconditioning is

more prevalent in children with chronic diseases than in the general

population.2 As a result, many children with chronic diseases suffer

from an unpleasant feeling of exercise‐induced dyspnea, and,

cumulated with social barriers to physical activity, often “remain on

the sideline” at school or in their social life.1,12 Despite the promotion

of physical activity in the current guidelines, many children with

chronic diseases are entrapped in the vicious circle of physical

deconditioning, and, ultimately, exposed to the consequences of a

sedentary lifestyle: overweight, high blood pressure, social exclusion,

and impaired quality of life. Conversely, subjects who have been

physically active since childhood are less likely to become sedentary

adults.

Physical activity is known for its important benefits in terms of

physical and mental health, in children with chronic diseases, as in the

general population. Based on the WHO guidelines, children and

adolescents aged 5–17 years should undertake at least 60 minutes of

moderate to vigorous physical activity daily.13 Indeed, repeated

physical activity and exercise help to prevent obesity, the prevalence

of which has increased dramatically in the young. A sedentary

lifestyle and its consequences in the pediatric population currently

represent a major public health issue, especially in children with pre‐

existing medical conditions.

Physical rehabilitation in children

Physical rehabilitation has emerged as a modern preventive

therapeutic strategy for children concerned with impaired cardio-

pulmonary fitness, related to their medical condition. Rehabilitation is

defined as “a set of interventions designed to optimize functioning and

reduce disability in individuals with health conditions in interaction with

their environment”. Usually, physical rehabilitation programs involve

various healthcare professionals and include, at least, patient therapeutic

education and adapted physical activity.11,12 In adult heart failure,

cardiac rehabilitation currently belongs to the standard of care, with a

high level of evidence for efficacy. In children, physical rehabilitation is

safe in mostly all medical conditions, but only a minority of eligible

patients are receiving appropriate exercise training, for various reasons

(lack of healthcare resources, reluctance to join hospital‐based

programs, etc.).11,12 Therefore, our group has designed a modern

rehabilitation program, using a holistic therapeutic approach relying on

the “mens sana in corpore sano” concept,12 and dedicated to children

with chronic diseases (congenital heart disease, cancer, kidney disease,

etc.). The QUALIREHAB randomized controlled trial currently evaluates

the impact of a center‐ (https://youtu.be/Mkyi3MZy-gQ) and home‐

based (https://youtu.be/BU3JzCaczIQ) rehabilitation program on

HRQoL, aerobic fitness and mental health, in teenagers and young

adults with congenital heart disease.12

Conclusion

In the current public health issue on sedentary lifestyle and

physical deconditioning in healthy and chronically ill children, the
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CPET stands as a key examination in the promotion of

physical activity and physical rehabilitation in the pediatric

population.
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Primary ciliary dyskinesia (PCD) is a rare, congenital disorder

caused by abnormalities in the structure and/or function of the

motile cilia. Patients with PCD present with chronic and recurrent

upper and lower respiratory tract infections, situs inversus in almost

half of the cases and an increased incidence of male infertility.

The diagnosis of PCD is complex, and several techniques can be

used: a combination of nasal nitric oxide measurement, high speed video

microscopy of the ciliary activity, electron microscopy evaluation of the

ciliary ultrastructure, immune fluorescence of ciliated cells and genetic

analysis (gene panel analysis or extensive genetic analysis). The genetic

background of PCD has been unraveled extensively, and the number of

known PCD genes has now mounted to 50 (1). The function of the

affected proteins and their interactions are studied in detail (2).

Confirming the genetic diagnosis is important, as correlations between

genotype and phenotype are currently being observed (3). Patients with

mutations in CCDC39 and CCDC40, and those with mutations in CCNO

and MCIDAS (genes related to ciliogenesis) are shown to have a worse

phenotype compared to other types of PCD. Similarly, those with

mutations in RSPH9 seem to have less severe disease. Therefore,

genetic evaluation can be important for prognostic reasons and should

be part of the diagnostic algorithm.

The disease is now known since more than 100 years, and more

insight is gained in the pathophysiology and etiology of the

associated symptoms: recent studies have investigated male and

female infertility, upper airway symptoms are prospectively evaluated

in a multicenter European cohort study and the immune system of

patients with PCD has been evaluated in detail for abnormalities. It

has also been shown that, similar to what is known in CF, infection

with certain bacteria are associated with a negative outcome in

patients with PCD: chronic infection with gram negatives like

Pseudomonas aeruginosa and Achromobacter xylosoxidans are associ-

ated with more severe disease. From the other side, infections with

the SARS‐Cov‐2 virus do not seem to be very frequent or severe in

PCD, as far as we now know (4).

The treatment of PCD was historically based on the respiratory

treatment for cystic fibrosis (CF), that mainly aims to improve the

mucociliary clearance (MCC) and suppress infections. Both disorders

are characterized by dysfunction of the MCC in the airways, albeit

caused by another underlying mechanism: in CF, a defective chloride

secretion through the CFTR channel causes a ‘chemical’ disturbance

of the MCC and this is completely different from the more

‘mechanical’ disturbance in PCD, caused by an abnormal motility of

the cilia lining the respiratory epithelium. Therefore, what works in

CF does not necessarily apply to PCD, and vice versa.
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Recently, the first interventional studies have been performed in

PCD. A first study showed a very small benefit from inhaled

hypertonic saline on quality of life, but this study was hindered by

a low recruitment and the lack of PCD specific outcome measures (5).

A second multicenter study showed the benefit of chronic

azithromycin use on the frequency of respiratory exacerbations (6).

Azitromycin almost halved the number of respiratory exacerbations,

without severe side effects. A third industry‐sponsored interven-

tional study evaluated the effect of an ENaC inhibitor (VX‐371) on

quality of life, but the results of this study are not yet available.

During these interventional trials, it became clear that more

sensitive, disease‐specific, well‐defined and validated outcome

measures are needed. In the last years, a lot of effort has been

spent to improve PCD‐specific outcomes (7). Spirometry is the most

used outcome measure but not a lot of PCD‐specific studies are

available. A longitudinal cohort study (8) evaluated the longitudinal

evolution of lung function in PCD through age and showed that there

is significant lung function decline, but to a lesser extent compared to

what is known in CF. Even, FEV1 remained stable or improved during

the study period in more than half of the patients. Currently, a

multicenter observational study is ongoing to investigate the natural

variability in spirometry indices (PROVALF study). Several studies

evaluated the abnormalities and evolution in lung clearance index and

its relation to exacerbations or infection with Pseudomonas. Chest

computed tomography findings in patients with PCD have similarities

with what is seen in CF (bronchiectasis, mucus plugging,…) but also

differences (more atelectasis, thickening of interlobar and –lobular)

septa. Therefore, the first PCD‐specific scoring system for chest CTs

of patients with PCD was developed. A PCD‐specific quality of life

questionnaire was developed (QOL‐PCD) and validated and a

standardized clinical data collection tool was developed

(FOLLOW‐PCD).

As the research in this orphan disease is always hampered by

small numbers, international collaborations are set up. The European

BEAT‐PCD collaboration (a clinical research collaboration supported

by the ERS) aims to advance clinical and translational research (9).

ERN‐LUNG is a European Commission‐supported patient‐centric

network of European healthcare providers and patient organizations,

with a PCD Core subgroup of specialized health care workers. Several

consensus statements from these international collaborations have

been developed, for example a consensus on the definition for

pulmonary exacerbations, a consensus on reporting of TEM

abnormalities; a consensus on infection prevention and control and

others are on their way to publication.

A prospective international PCD registry has been set up, and is

now used as the basis for several observational studies, for example

on the correlation between phenotype and genotype (10). In the next

step, a clinical trial network (PCD‐CTN) was formed to act as the

basis for industry‐sponsored clinical trials, directing PCD‐specific

targets. Although the genetic background is heterogeneous, gene‐

directed and gene‐transcript directed therapies for some of the most

frequently mutated genes are leaving the preclinical phase and will be

studied in clinical trials in the near future.

In conclusion, the research in PCD has benefitted from an

increased interest during the last years, and multiple international

collaborations are now generating interesting data, which may lead to

a more PCD‐specific treatment in the near future.
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Sickle cell disease (SCD) is an autosomal recessive inherited

disorder of the hemoglobin (Hb), causing the red blood cells (RBC)

to be abnormally rigid and sickle shaped. The sickle‐shaped cells

have a propensity to block blood vessels and this can cause

damage to organs, and reduce the ability of the body to transport

oxygen.

Children with SCD can suffer from a number of pulmonary

complications. Respiratory disease is one of the major causes of

mortality, notably acute chest syndrome (ACS) or pulmonary

hypertension, although the latter is seen more in adults than children.

The complications can be acute or chronic (see box 1). It is important

as pediatricians that we recognize the pulmonary complications early

and such complications appropriately.

Hydroxyurea

The main game changer in terms of the management of SCD over

the past 40 years has been the development of hydroxyurea therapy.

The first proof of principle studies of this drug were in the early

1980s, with short‐term efficacy data in children in the 1990s, and the

first trials in children in early 2000. It has now become the mainstay

in preventative management of SCD.1

Hydroxyurea works by increasing the production of fetal

hemoglobin (HbF); which rises to up to 20%.1 Increasing the

amount of HbF will disrupt the production of HbS from RBCs,

decrease Hb polymerization and shift the hemoglobin dissociation

curve to the left. Even though this shift could imply reduced

oxygen delivery to the tissues, this effect is overcome by the

improvements in oxygen delivery due to decreased sickling of

RBCs. Hydroxyurea has other additional benefits, these include

reduction of production of neutrophils and reticulocytes.1 This is

itself therapeutic, as both of these cells promote vaso‐occlusive

adhesion. Hydroxyurea also increases mean corpuscular volume,

and lowers lactate dehydrogenase (LDH) and bilirubin levels. The

hydroxyurea molecule contains a nitric oxide (NO) moiety that can

be released directly through an unknown metabolic process. NO in

turn improves vasodilation, and offsets hemolysis‐driven NO

consumption. All these factors reduce the pulmonary complica-

tions of SCD.

Hypoxia and sleep disordered breathing

Chronic hypoxia seen in SCD is linked to a higher incidence of

cardiovascular events, pulmonary hypertension,2 poor concentration

and growth. Nocturnal hypoxemia is associated with an increased

incidence of intracranial arteriopathy3 and lower daytime saturations

associated with stroke.4

It is important that saturations measured in SCD are accurate.

Blood oxygen saturations as measured on co‐oximetry pulse

saturation probes, used routinely in pediatric departments, are

inaccurate in a quarter of patients with SCD, and this is seen more

in those with saturations of ≤93%.5 This is due to the increased levels

of carboxyhemoglobin and methemoglobin, which although do not

carry oxygen, do adsorb light in a similar way to oxygenated blood. In

addition, reduced perfusion in SCD can contribute to inaccuracies.

Oxygen saturation measured using earlobe gas (EBG) correlate more

accurately with arterial blood gas and is less painful.5 Box 2 gives a

BOX 1 Pulmonary complications in SCD

Complications

Acute Chronic

Hypoxia Hypoxia

Pneumonia Sleep disordered breathing

Acute chest crises Restrictive lung disease

Obstructive lung disease

Dyspnea Dyspnea

Pulmonary hypertension sPulmonary hypertension

BOX 2. What to do if you obtain a low saturation

in clinic

Saturation <94%

Repeat saturation

Physical examination/history to check for acute crises

Check hemoglobin

Do ear lobe gas (EBG)

Look at difference between actual saturation and real
saturation

Look at PaO2

Perform sleep study (interpret with the ear lobe gas

difference in mind)

Correct sleep study saturations with difference between
probe saturations and true saturations shown on EBG
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suggested approach to managing children with low oxygen satura-

tions in the outpatient setting.

Treatment of chronic hypoxia, without evidence of sleep

disordered breathing would initially be with hydroxyurea therapy. A

recent study has shown that median asleep and waking SpO2

increased respectively by 2% and 3%6 following hydroxyurea

treatment. If hydroxyurea fails to have the desired effect, then

long‐term home oxygen therapy may provide some benefit. It is

however important to measure HbF in patients on hydroxyurea

therapy, as this gives an indication of the efficacy (and compliance) of

hydroxyurea. The dose and compliance should be optimized prior to

initiation of invasive oxygen therapy.

Children with SCD have an increased risk of OSA. They have

adenotonsillar hypertrophy, possibly due to the compensatory effect

from the relative hyposplenism seen in SCD. There is also an

increased incidence of OSA in the Afro‐Caribbean population without

SCD, which can contribute. A recent study has shown that

adenotonsillectomy in children with SCD not only improves SDB,

but also reduces the number of ACS.7 The explanation for this is

possibly that the decrease in OSA causes improved oxygenation

which has a protective effect in preventing the RBC sickling in the

pulmonary microcirculation. If adenotonsillectomy is insufficiently

effective, or is not suitable, there have been studies proving the

efficacy of CPAP therapy in SCD.

Lung function abnormalities and asthma

Children with SCD exhibit a mixture of restrictive and obstructive

lung disease. Obstructive disease can manifest as wheeze and

dyspnea and can be secondary to co‐existent asthma. The incidence

of asthma is higher in children with SCD. Atopic children with SCD

are more likely to have asthma. There is an increased risk of ACS in

children with SCD with co‐existent asthma, and an increased

morbidity. It may be that the hypoxia/pulmonary stress from the

asthma exacerbations trigger increased inflammation and hemolysis.

There is evidence of exaggerated airway inflammation in SCD

after allergic senstization.8 The ischemia – reperfusion seen in the

sickle lung can in itself cause chronic airway inflammation; mouse

models have in fact shown airway remodeling.9 This may be due to

increased levels of cysteinyl leukotrienes and leukotriene B4 and the

arginine NO pathway.

Evidence suggests that not all of the airway obstruction is due to

asthma. A study performed by Lunt et al. showed that there was a

higher airway system resistance compared to controls, an increase in

pulmonary blood flow and an increase in NO FLUX in children with

sickle cell disease.10 In their study, they showed that there was no

correlation between fractional exhaled nitric oxide (FeNO) and the

increase in airway resistance. They did demonstrate an increase in

alveolar NO and pulmonary blood flow, which may indicate that the

obstruction is not due to asthma, but rather from a direct effect of

obstruction due to increased pulmonary blood flow.

The diagnosis of asthma in a child with SCD is a challenge, and

when faced with a patient with symptoms, we recommend performing

full spirometry, reversibility (bronchodilator or metacholine challenge)

and FeNO testing; tests for allergy should also be performed. We should

use these as a guide as whether to start inhaled corticosteroid therapy

or not. If asthma is proven, then there is benefit from regular asthma

therapy. The finding of increased levels of leukotrienes means we often

use montelukast in these patients, with good effect.

In children with SCD who present with acute asthma, a chest X‐

ray should be performed, as well as blood testing, the BTS pathway

for asthma can be followed, but the clinician must be careful not to

confuse acute chest crises or pneumonia with acute asthma, as IV

steroids can worsen sickle crises or infection.

Restrictive lung disease occurs in SCD, manifesting as shortness

of breath on exertion, is seen more often in adults than children. It

can show deterioration over time. In children, there seems a

progression to a restrictive pattern decline with increasing age.11

This study also showed that in children, there was a greater decline

with more episodes of ACS. It is important to minimize episodes of

ACS as much as possible, this may be achieved with hydroxyurea

therapy.1

Parenchymal abnormalities/CT change

Chronic hemolysis, and repeated episodes of vaso‐occlusion in the

lungs, cause a number of changes, which can be seen on chest CT. The

most commonly seen are reticular/ground glass pattern changes, lobar

volume loss and prominence of central vessels.12 This study did show a

correlation between chest CT abnormalities; for example, increasing

lobar volume loss was correlated with decreasing FVC.

Infection/acute

Children with SCD are at greater risk of infection, this is due to

the relative immunosuppressive effect of the hyposplenism. There is

an increased incidence of pneumonia, which can lead to hospitaliza-

tion, hypoxia and cough. There is a risk of this triggering an occlusive

crisis, which can mean a prolonged hospital stay. Infection should be

detected early and treated with high dose intravenous antibiotics.

Preventative antibiotics are also important.

Pulmonary hypertension

Pulmonary hypertension is more common in adults with sickle cell

disease than children. It is important to regularly perform an

echocardiogram to check for increasing pulmonary vascular resistance

and looking for measures of pulmonary artery pressures. The etiology of

pulmonary hypertension will be secondary to hypoxia, from vasculo-

pathies seen with hemolysis and chronic thromboembolism.

Symptoms of this include fatigue and shortness of breath, which

are also symptoms of the other pulmonary manifestations of SCD.

There are benefits of treating the primary causes, i.e. hypoxia, OSA,

or asthma, and hydroxyurea will also be effective. A regular

transfusion program can also help.

Future ideas

Children with SCD will have variable responses to different

therapies. The response to hydroxyurea can be variable. There may

be genetic predictors for the baseline HbF% effect which may help

predict treatment response, and these need to be explored more

extensively.1 In addition to hydroxyurea, there are three recently

FDA‐approved new drugs (L‐glutamine, crizanlizumab, voxelotor)

which could provide improvement in the severity of SCD, and could

be used in combination with hydroxyurea in the future.
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A recent study of children and young adults (5‐27years) with

sickle cell disease performed a k‐means cluster analysis and identified

3 distinct clusters. 13 The clusters were as follows; Cluster 1:

increased pulmonary vascular blood volume, mixed obstructive/

restrictive lung disease and severe anemia. Cluster 2: older patients

with restrictive lung disease and Cluster 3: younger patients with

obstructive lung disease, elevated LDH and bronchodilator revers-

ibility. Interestingly, serum LDH (but not reticulocyte count or Hb)

was a marker for Cluster 3. This novel means of better phenotyping

children and young people with sickle cell disease, may in turn lead to

more personalized phenotype‐driven treatments for the future, and

should be explored in future clinical trials.

Summary

Pulmonary complications of SCD can contribute to morbidity and

mortality. It is important for pediatricians to be aware of these

complications and perform regular screening of children with SCD.

Screening should include spirometry, oxymetry or full cardiopulmonary

sleep studies in those with hypoxia. Such screening would prompt

referral to the pediatric respiratory team for management. There is

scope for more work in personalized management in children with SCD,

and new disease‐modifying drugs may help improve pulmonary

outcomes.
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Lung disease is one of the most common complications of HIV in

children and adolescents. As antiretroviral programs have been

strengthened, the survival of perinatally HIV‐infected children has

improved, resulting in an increasing number of perinatally HIV‐

infected adolescents. HIV has hence become associated with chronic

multisystem disease. (1) HIV‐associated chronic lung disease (CLD) is

common; there are increasing published studies on the spectrum of

lung disease including radiology and lung function. (2‐4) Studies on

progression of lung disease in this population are however limited.

There is a high prevalence (25‐37%) of chronic respiratory

symptoms in HIV‐infected children and adolescents in sub‐Saharan

Africa. (5, 6) However, settings with early initiation of highly active

antiretroviral therapy (HAART) have reported lower prevalence. (3)

The clinical spectrum of CLD is broad; from asymptomatic impair-

ment in lung function to bronchiectasis, bronchiolitis obliterans, cor

pulmonale among others. (7)

Chest radiograph has shown tramlines and ring shadows (8),

features of bronchiectasis, which are confirmed on chest computed

tomography (CT). Further, mosaic attenuation on expiratory films on

chest CT, an indicator of bronchiolitis obliterans, is the most

predominant finding in HIV‐infected children and adolescents. (2, 9)

Several studies have reported HIV‐infected adolescents to have

lower lung function compared to the HIV‐uninfected at baseline and

progressively. (10, 11) African HIV‐infected adolescents on ART have

decreased lung volumes, airflow, diffusion capacity and compliance

and increased resistance and ventilation homogeneity compared to

HIV‐uninfected adolescents. (3)

Delayed initiation of highly active antiretroviral therapy, previous

pulmonary tuberculosis (PTB) and previous severe lower respiratory

tract infections (LRTI) were predictors of lower lung function, (10‐12)

highlighting the need for early initiation of HAART, preventive

strategies for PTB and LRTI to preserve lung function. Further,

general preventative measures like optimal nutrition, avoidance of

environmental tobacco smoking, childhood immunizations and
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specific prevention strategies like isoniazid and bactrim prophylaxis

play a big role in reducing the burden of CLD in HIV‐infected children

and adolescents.
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Allergy testing in pediatric clinical practice is carried out to

confirm the clinical suspicion of allergic sensitization, and is essential

for optimizing the management of allergic conditions (including

advice on allergen avoidance or consideration of allergen‐specific

immunotherapy) (1). The most commonly used tests aim to confirm

the presence of allergen‐specific IgE antibodies in vivo (usually using

skin prick tests ‐ SPTs), or in vitro (by measuring serum‐specific IgE)

(1). Traditionally, whole allergen extracts are used to diagnose allergic

sensitization. For practicing pediatricians, it is important that tests

include the relevant allergens in any given geographical area. Whilst

“allergy testing” is relatively easy, the interpretation requires

considerable knowledge and expertise.

The interpretation of skin prick tests and blood tests which

measure specific serum IgE traditionally relies on arbitrary cut‐offs

which have relatively poor ability to distinguish between asympto-

matic sensitizations and clinically relevant allergy. The first

important point is that confirmation of IgE sensitization in clinical

situation does not confirm that patient's symptoms are caused by

allergic reaction, and in a proportion of asthmatic children,

sensitization confirmed by standard tests may be a chance finding

not related to asthma presence or severity (2). The diagnostic

accuracy of these tests in asthma diagnosis can be improved by

reporting the results in a quantitative manner (e.g., using the titer

of IgE, or the size of skin test wheal diameter). Age, sex or ethnicity

of the patient should be taken into account when interpreting

these tests, and age‐ and sex‐specific normative data are urgently

needed (3). For profiling sensitization with whole allergen extracts,

the second important point when interpreting the results is to use

specific IgE antibody titers (not presence), and the size of skin test

wheal diameter (not arbitrary cut‐off). Patient's sex and age should

be taken into account (e.g., for any given SPT wheal diameter or

sIgE titer, boys are more likely to express clinical symptoms,

particularly in early life, but this difference between boys and girls

diminishes with age (3)). Patient's allergen exposure and virus

infection also impact upon interpretation.

We have previously shown using machine learning methods

which took into account the type of sensitizing allergen, and the

time of onset and remission of sensitization that there are several
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distinct classes of sensitization, and identified one of these as a

strong associate of asthma diagnosis and asthma severity (4, 5).

Knowing which sensitization subtype a child belongs to may help

clinicians diagnose asthma and predict how asthma is likely to

progress (6). However, at this time, individuals can be assigned to

these classes only through complex modeling of longitudinal data

on allergy tests collected over years. We urgently need

biomarkers to differentiate in individual sensitized patients, at a

single time point of clinical consultation, whether sensitization is

an important driver of asthma, or a chance finding of little/no

relevance to the disease process (7).

We can now describe sensitization in much greater detail

using component‐resolved diagnostics (CRD) that measures sIgE

response to specific allergenic molecules, or allergen components

(either as single‐plex or multiplex arrays) (6). We developed a

novel approach to analysis of the complex CRD data by applying

network analysis to investigate interactions and connectivity

patterns between component‐specific (cs)IgE to 112 molecules

on a CRD array, and related these to the presence of asthma (i.e.

asthma diagnosis) (8). This study demonstrated that in contrast to

peanut allergy, in which sensitization to a specific peanut protein

predicts clinical reactivity, what predicted asthma was not IgE to

any individual molecule, but the pattern of interaction between

component‐specific IgEs.

We then applied a similar approach to investigate whether

among sensitized patients with asthma, we can differentiate those

with severe disease from mild/moderate asthmatics. These studies,

carried out in the U‐BIOPRED severe asthma cohort, showed that the

pattern of connectivity and interactions between IgE to multiple

allergenic proteins may be an important biomarker of asthma severity

in sensitized asthmatics (the majority of patients with asthma), and

importantly, both among school‐age children and adults (9). Although

patients were recruited from 7 different European countries with

considerable differences in the pattern of allergen exposure and

sensitization to different allergens, we found remarkable consisten-

cies in the connectivity structure among component‐specific (cs)IgEs

in CRD arrays, and retrieved the same 4 sensitization profiles as is our

previous studies at the UK general population level (8). We have

shown that there is higher connectivity among csIgEs in severe

asthma, although these connections were weaker than those in mild

asthma. The mild asthma csIgE network had less co‐sensitizations,

but these were stronger (9).

We previously found a poor agreement between the proposed

algorithm for childhood asthma diagnosis based on measurement of

lung function and inflammation (http://www.ngc.ac.uk/Guidelines/

In-Development/) and the actual doctor‐diagnosed asthma (10). One

important question going forward is to incorporate tests for the

assessment of sensitization into diagnostic algorithms for asthma,

both in terms of confirming the diagnosis, and for the assessment of

future risk.

In conclusion, our previous studies offer clues that among

sensitized individuals, different mechanisms contribute to asthma

presence, persistence and severity. Importantly, these findings

suggest that it may be possible to develop CRD‐based screening

biomarkers to help diagnose asthma, prognostic biomarkers to

assess disease severity among sensitized asthmatics, and to

ascertain future risk of asthma among sensitized children. While

the same CRD technology platforms (microarrays) may be used

when addressing different asthma domains (screening, prognostic

and predictive), the interpretation algorithms will likely differ.

Therefore, if these findings are to be translated into clinically

useful biomarkers, recent technological advances in CRD micro-

array technologies need to be coupled with the development of

interpretation algorithms to provide real value for clinicians and

patients.
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Anaphylaxis is best described as a serious systemic hyper-

sensitivity reaction that is usually rapid in onset and may cause

death. Severe anaphylaxis is characterized by potentially life‐

threatening compromise in airway, breathing and/or the circula-

tion.1 The incidence of anaphylaxis is probably increasing but

fatal anaphylaxis remains rare. The most common cause of

anaphylaxis are medications, however in children food is the

most common trigger.2,3

In terms of pathophysiology, the majority of anaphylaxis

reactions in humans are mediated through IgE‐dependent mecha-

nisms. While animal models have demonstrated the existence of non‐

IgE‐mediated mechanisms, these mechanisms have not in general

been demonstrated for human anaphylaxis, with the possible

exception of some drug‐induced reactions. In IgE‐mediated anaphy-

laxis, allergen recognition by allergen‐specific IgE results in cross-

linking of high‐affinity receptors for IgE (FcεRI) expressed on effector

cells (predominantly mast cells and basophils). This results in cellular

degranulation and the release of a variety of preformed inflammatory

mediators and signaling molecules, resulting in widespread activation

of the innate immune system.

Subsequent activation of multiple inflammatory pathways

results in:

• Tissue edema and smooth muscle contraction in the lower airways,

causing bronchospasm and wheeze. This presentation is most

commonly seen in food‐induced anaphylaxis.

• Systemic fluid extravasation results in a hypovolemia and a

profound reduction in venous tone.4 Recent data has demon-

strated that a degree of hypovolemia is likely even in more

mild, non‐anaphylaxis reactions, resulting in impaired stroke

volume. In the majority of individuals, this causes activation of

the sympathetic nervous system, resulting in an increase in

heart rate which maintains cardiac output.5 It has been

proposed that if this compensation does not occur or if the

combination of tissue leak and circulatory maldistribution is

too great, then this results in a combination of hypovolemic

and distributive shock (anaphylactic shock) which can rapidly

lead to death.

• Inflammatory mediators can also result in myocardial depression

which can lead to cardiogenic shock, increasing the risk of fatal

outcome. Coronary perfusion may also be affected, further

exacerbating impaired cardiac function.4

• The main reservoir of fluid extravasation is probably into the

bowel, which, combined with smooth muscle contraction, can

result in abdominal and pelvic cramping.6

Understanding this pathophysiology can inform the optimal

treatment for anaphylaxis and anaphylactic shock.7 First line

treatment of anaphylaxis is the administration of intramuscular

adrenaline (epinephrine) which should be repeated after 5‐10

minutes if there is no response. Refractory anaphylaxis, charac-

terized by ongoing respiratory or cardiovascular compromise

despite two appropriate doses of intramuscular adrenaline,7 is a

critical life‐threatening condition which will often respond to

aggressive fluid therapy in conjunction with a low dose,

intravenous adrenaline infusion.

Finally, changes in posture, from a supine to an upright or

semi‐upright position, have been associated with cardiovascular

collapse and death during anaphylaxis.5‐7 Such a change in

posture is likely to exacerbate all the pathophysiological

processes described above (reduced venous return, impaired

coronary perfusion) resulting in a further reduction in cardiac

output. Maintaining a patient in the supine position (with or

without the legs raised to maximize venous return) is therefore a

key component of the initial response to anaphylaxis.
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F 320 ‐ Prospective Measurement of Lung Function in
0‐4‐Year‐Old Danish Children with Cystic Fibrosis.
Sandvik RM.1, Schmidt MN.1, Lindblad A.2, Voldby CM.1, Buchvald F.1,

Olesen H.3, Olsen J.3, Kragh MV.1, Gustafsson PM.4, Rubak S.3,

Pressler T.1, Skov M.1, Nielsen KG.1

1CF Centre Copenhagen, Department of Paediatrics and Adolescent

Medicine, Copenhagen University Hospital, Rigshospitalet ‐ Copenhagen,

Denmark
2CF Center, Queen Silvia Children's Hospital ‐ Gothenburg, Sweden
3Danish Center of Pediatric Pulmonology and Allergology, Cystic Fibrosis

Centre, Aarhus Department of Pediatrics and Adolescent Medicine,

Aarhus University Hospital ‐ Aarhus, Denmark
4Department of Pediatrics, Central Hospital, Skövde ‐ Skövde, Sweden

Objectives: In an era of newborn screening for CF (NBS‐CF) and

CFTR‐modulator treatment, recognition of lung impairment already

from early life is crucial, and very sensitive lung function methods are

needed for monitoring and trial outcomes. Implementation of NBS‐

CF (2016) was followed by implementation of regular multiple breath

washout (SF6MBW) testing of lung function.

Method: Children with CF (2‐45 months old) were prospectively

monitored with SF6MBW (Exhalyzer® D, set 1, Rüsch face mask #1

and #2, SPIROWARE® 3.2.1) either in natural sleep or after sedation

with dexmedetomidine or chloral hydrate. Data on medication,

respiratory symptoms and bacteriology were retrieved from medical

records. Z‐score normalization of lung clearance index (z‐LCI) was

derived from LCI values of 189 healthy Swedish and Danish infants

2‐36 months of age.

Results: A total of 211 technically acceptable MBW measure-

ments were achieved in 59 children (73% ΔF508 homozygote, 97%

pancreas insufficient) across the two CF centers in DK. The median

(range) number of MBW occasions per child was 3 (1‐11). A mixed

model analysis demonstrated significantly elevated z‐LCI (2.56 [1.84;

3.27], p<0.0001) with an increase over time (0.40/year [−0.001;

0.81], p=0.0506). The change in z‐LCI increased with “Pseudomonas

aeruginosa (PA) ever” (1.11/year [0.44; 1.78], p=0.0014). Patients

with very mild respiratory symptoms at test occasion had significantly

higher z‐LCI (+0.78 [0.23; 1.33], p=0.006) whereas the annual change

in z‐LCI decreased significantly after start of Orkambi® (−2.35/year

[−3.76; −0.94], p=0.0013).

Conclusion: SF6MBW was useful as a sensitive method for

monitoring lung function in young children with CF. Z‐LCI increased

due to even very mild respiratory symptoms, and infection ever with

PA was a significant risk factor for progression. Longitudinal

SF6MBW in infants with CF diagnosed by NBS demonstrated an

increased z‐LCI and a gradual worsening over time, with a decrease

after start of CFTR‐modulators.

Perspectives: SF6MBW using z‐LCI will be useful as a primary

outcome for future clinical trials in this young age group, but it is

important to account for risk factors influencing the results. Future

research should focus on the minimal clinical import change in z‐LCI and

on correlations of LCI to structural lung disease (chest CT scans) and

different ventilatory techniques of magnetic resonance imaging (MRI) in

infants and toddlers.

F 378 ‐ Lung Ultrasound Value in Cystic Fibrosis
Consolidation and Atelectasis Detection.
Popin D.1, Ciuca IM.2, Dediu M.2. Stoicescu ER.3, Pop LL.2

1Pediatric Pulmonology Unit, Clinical County Hospital Timisoara,

Romania ‐ Timisoara, Romania
2Pediatric Department, Victor Babes University of Medicine and

Pharmacy Timisoara, Eftimie Murgu Square No. 2, 300041 ‐ Timisoara,

Romania
3Department of Radiology and Medical Imaging, Victor Babes University

of Medicine and Pharmacy Timisoara, Eftimie Murgu Square No. 2,

300041 ‐ Timisoara, Romania

Background: Lung ultrasound (LUS) is used in the diagnosis and

monitoring of numerous pathologies but is still studied for cystic fibrosis

lung disease. LUS showed significant sensitivity in detection of

consolidations and atelectasis, important features detected in CF. We

aimed to evaluate the value of LUS in detection of atelectasis and

consolidations.

Methods: An observational study was initiated, including patients

followed in our center, programmed for their biannual CT or in

exacerbations. Lung ultrasound was performed with 7‐12 linear and

3.5 MHz convex transducers and specific artifacts were quantified

for consolidation, pleural modification, interstitial alteration and

bronchiectasis. A newly‐developed LUS CF score was used for

assessment of sensitivity and specificity for comparison with the

modified Bhalla score.

Results: Thirty‐six patients were screened by LUS and consolida-

tion with bronchogram was found in 76% of patients. Atelectasis was

present in 41.6% of cases. LUS showed a good sensitivity and specificity

in detecting consolidations: Se= 94.4% Sp= 93.02%. The positive

predictive value of LUS was significant PPV=89.4% and the

NPV=97.3% also. Atelectasis was diagnosed with a sensitivity of

Se= 83.7% and great specificity Sp= 94.5%. A very good PPV=92.5%

and reliable NPV=72.3%were found for LUS, compared to HRCT. A good

Pediatric Pulmonology. 2022;57:S89–S93. wileyonlinelibrary.com/journal/ppul © 2022 Wiley Periodicals LLC. | S89



correlation was found between LUS CF score and CT modified Bhalla in

the diagnosis of consolidations (rs=0.97) and consolidations (rs=0.85).

Conclusion: Lung ultrasound can be used for detection of

consolidation and atelectasis, having a significant sensitivity and

specificity. LUS CF score might be considered as a reliable

noninvasive parameter for CF‐ related atelectasis and consolidation.

M 278 ‐ The Association between the Level of Plasma
D‐Dimer and Disease Severity and Prognosis of
Mycoplasma pneumoniae Pneumonia in Children.
Li MY., Huang MX., Chen ZM., Zhang YY.

Department of Pulmonology, Children's Hospital, Zhejiang University

School of Medicine, National Clinical Research Center for Child Health ‐

Hangzhou, China

Objective: To explore the association between the levels of

plasma D‐dimer and disease severity and prognosis of Mycoplasma

pneumoniae pneumonia (MPP) in children.

Methods: We retrospectively analyzed data of MPP patients who

were hospitalized in our hospital between January 1, 2016 and December

31, 2018. According to the peak value of D‐dimer, patients were divided

into the normal group (D‐dimer <0.55mg/L) and the elevated group (D‐

dimer ≥0.55mg/L). The demographic and clinical information, auxiliary

examination, treatments and outcomes of patients were compared.

Results: Of 231 MPP patients, 80 patients were in the normal

group, 161 patients were in the elevated group. The age of patients in

the D‐dimer elevated group was significantly higher than that in the

normal group (P<0.01). Compared with the normal group, longer

length of fever, hospital stay and antibiotic therapy, and more severe

radiographic manifestations were found in the elevated group

(P<0.01). Meanwhile, the incidence of extrapulmonary complications,

refractory MPP and severe MPP in the elevated group were

significantly higher than those in the normal group (P<0.01). As to

the laboratory data, we found that neutrophils (P<0.01), C‐reactive

protein (P<0.01), lactate dehydrogenase (P<0.01), interleukin‐6

(P<0.05), interleukin‐10 (P<0.01) and interferon‐γ (P<0.01) were

significantly higher in the elevated group than those in the normal

group. After treatments, all patients were discharged without death,

but the proportions of patients requiring glucocorticoid (P<0.01),

bronchoscopy (P<0.01), and thoracentesis (P<0.05) were significantly

higher in the elevated group than those in the normal group (P<0.01).

Follow‐up study showed that in the absorption rate of lung lesions at

4 weeks after admission was significantly higher, the time for lung

lesions absorption was significantly shorter and the incidence of

pulmonary sequelae was significantly lower in the normal group than

those in the elevated group (P<0.05). Correlation analysis showed

that D‐dimer level was positively correlated with the severity of

pneumonia and the occurrence of pulmonary sequelae.

Conclusions: MPP children with elevated plasma D‐dimer are more

likely to have severe clinical manifestations, longer duration of

treatment, longer recovery time for lung lesions, and the possibility of

pulmonary sequelae.

M 340 ‐ Spirometric Lung Function Values of HIV‐
Infected Sub‐Saharan African Children at University of
Nigeria Teaching Hospital, Ituku/Ozalla, Enugu.
Okpala SC., Oguonu TA., Ayuk AC., Odimegwu CL., Ubesie AC., Eze

JN., Odimegwu CL., Ughasoro MD.

Pediatrics, University of Nigeria Teaching Hospital, ‐ Ituku Ozalla, Enugu

State, Nigeria

Background: There is an increased burden of HIV/AIDS in Sub‐

Saharan Africa. This is often associated with various chronic diseases

affecting different systems in the body including the respiratory

system. To identify the pulmonary progression of the disease, there is

need to routinely monitor and assess the lung function of affected

children. There is a paucity of data on spirometric lung function

values of children living with HIV/AIDS in Nigeria. This study aimed

to determine the lung function values of HIV‐infected children and

compare with those of non‐infected children and further assess for

abnormal lung function among children with HIV/AIDS attending the

University of Nigeria Teaching Hospital (UNTH) Ituku Ozalla, Nigeria.

Methodology: This was a hospital‐based cross‐sectional com-

parative study conducted at the University of Nigeria Teaching

Hospital (UNTH) Ituku/Ozalla in Enugu State. The study was carried out

at the Pediatric HIV clinic and the Children Outpatient Clinic (CHOP) of

the UNTH Ituku/Ozalla. One hundred HIV‐infected children aged 6 to18

years were matched for age and gender with 100 apparently healthy HIV

non‐infected children who met the inclusion criteria and were enrolled in

the study by a convenience sampling method. Spirometric lung function

values (FEV1, FVC, FEV1/FVC, PEFR) were obtained using a pre‐

calibrated nddEasy One™spirometer (McKesson Lumeon Series, Zurich,

Switzerland, 2001).

To determine airflow limitation, the lower limit of normal of the

spirometric values was set at a z‐score of −1.64 in accordance with

Global Lung Initiative (GLI 2012) reference values. The relationship

between nutritional status and mean values of the lung function

variables were tested in HIV‐infected and non‐infected children using

analysis of variance (ANOVA).

A multiple linear regression was done to ascertain the level of

relationship between the socio‐demographic variables, nutritional

status and lung function values in the two study groups.

Results: The absolute mean values of FEV1, FVC, FEV1/FVC and

PEFR respectively in children with and without HIV were 1.91±0.60 vs.

2.39±0.76; 2.32±0.68 vs. 2.85±0.90; 0.82±0.08 vs. 0.84±0.06 and

269.10±92.65 vs. 328.13±106.72. The percentage predicted of FEV1

and FVC respectively in children with and without HIV were

73.54±12.50 vs. 85.15±12.62 and 79.95±12.31 vs. 89.35±13.45 and

these were all consistently lower among HIV‐infected children.

However, applying LLN using z score, only FEV1was significantly lower

among HIV‐infected children: −2.20±0.04 compared to −1.23±0.05 in

non‐infected children (p<0.001). Among children infected with HIV,

thinness/wasting and stunting were more prevalent compared with

non‐infected children. Furthermore, there was a positive relationship

between FVC and height for age (p=0.004) and a significant correlation

between age and lung function parameters (p<0.001). Age, gender, HIV
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status, nutritional status and height for age were predictors of lung

function among study participants.

Conclusion: The children with HIV infection had air flow limitation

when objectively measured compared with those without HIV infection.

K 366 ‐ Establishment of a Computational Fluid
Dynamics Simulation Method for CO2 Washout Effect
in High‐Flow Therapy.
Kobayashi H.

Department of Pediatrics, Keio University School of Medicine ‐ Tokyo, Japan

Objective: This research aimed to establish a method using

computational fluid dynamics (CFD) to simulate the CO2 washout

effect (WO effect), which is assumed to be one of the main

mechanisms of high‐flow therapy (HFT), and investigate the

relationship between flow rate and WO effect.

Methods: [Models] Three‐dimensional (3D) models of the upper

respiratory tract (created from patient computed tomography data)

and the nasal cannula and lower respiratory tract (created with

computer‐aided design software) were combined. Two patients,

including a two‐month‐old boy (Patient 1) and a two‐year‐old girl

(Patient 2) with body weights of 3 kg and 12 kg, respectively, were

selected as models. [Analysis] The inspiratory and expiratory times

were set to 0.5 s and 1.5 s, and the tidal volume was set to 7 mL/kg.

Spontaneous breathing was simulated by changing the lung volume,

and the gas exchange was simulated by keeping the CO2 concentra-

tion (4%) in the alveolar region constant. The cannula size was set

based on the body weight of each patient. Changing the flow rate

from the cannula (between 0 and 3 L/kg/min), the average CO2

concentration in inspiration (ppm) was investigated as an index of the

WO effect. (Fluid analysis software: Altair Engineering, AcuSolve®).

Results: With the increase in flow rate, the inhaled CO2

concentration decreased, indicating that the WO effect was

simulated. A decrease in CO2 concentration was observed even at

1 L/kg/min in both patients (Figure).

Conclusion: This study succeeded in simulating the WO effect by

CFD. It was shown that theWO effect was shown to be sufficient even

with a flow rate of 1 L/kg/min. Appropriate HFT settings for various

patients in various situations can be studied using this simulation method.

O 386 ‐ Longitudinal Clinical and Pulmonary Character-
istics of Children with Post‐COVID‐19 Conditions.
Wörner B.1, Rasche M.1, Pavlova M.1, Kesselmeier M.2,

Lorenz M.1

1Pediatric Pulmonology/Allergology Section, Jena University Hospital ‐

Jena, Germany
2Institute of Medical Statistics, Computer and Data Sciences, Jena

University Hospital ‐ Jena, Germany

Objectives: We investigated the clinical characteristics and the

pulmonary course of children with post‐COVID 19 symptoms. The

study aimed to explain the necessity of pulmonary function diagostics

in case of persistent symptoms in children and adolescents.

Methods: All patients were seen between December 2020 and

January 2022 in the multidisciplinary outpatient clinic. Inclusion

criteria were a history of SARS CoV‐2 RNA positivity or confirmed

close household or index patient contact and suggestive clinical

symptoms. All participants were examined according to a standard

operating procedure including physical examination, blood tests,

pulmonary function tests plus bronchodilator response test, bronchial

exhaled nitric oxide (FeNO) (according to ATS Guidelines), electro-

cardiogram, and echocardiography. The data were collected retro-

spectively. The institutional review board at the Jena University

Hospital approved the study (approval no.: 2380).

Main Results: Sixty‐one children, median age 10.9 years (range:

0.8 – 18.2 years) were examined at a median of 17.7 weeks after a

SARS CoV‐2 infection (range: 4.9 – 63.3 weeks). The majority were

females (N=39, 63.9%). The mean BMI was 19.8. Eight patients were

obese (according to German Obesity Society, BMI > 97 percentile). In

most cases, a mild or asymptomatic course of the acute illness was

observed (mild = 67.2%, asymptomatic = 15%). The most common

preexisting condition was atopy (37.7%). Five patients had mild

asthma on maintenance treatment with therapeutic doses of ICS. A

familial atopy burden (hay fever, eczema, or asthma) was present in

66%. Secondhand smoke exposure occurred in 11 cases (27.8%). The

most frequently reported symptom was fatigue (62.3%), followed by

cognitive disorders (39.3%) and pulmonary complaints like cough and

dyspnea (37.7%). Forty‐seven children (females=68.1%) had a follow‐

up appointment at a median of 34.6 weeks after infection. Fatigue

(61.7%) and cognitive disorders (38.3%) presented in a similar

frequency, whereas pulmonary complaints declined (23.4%).

A lung function was performed in 48 subjects, diffusion studies in 32,

FeNO in 42. Median FEV1% was 107.1 (IQR 18.05); medianTLC% 102.3

(IQR 18.8); median DLCO% 103 (IQR 24.95); median FeNO in ppd 16.5

(IQR 8.97). There was one case with obstructive ventilation disorder

(FEV1<80%). In 6 cases (20.7%), we measured a positive bronchodilator

response. Seven restrictive patterns (14.9%) but no diffusion defects were

detected. The FEV1 of patients with pulmonary symptoms was 105%

(IQR 13.4) and the FeNO levels 20.9 ppd (IQR 17.7). During follow‐up, 32

lung function and 23 FeNO measurements were performed. The average

FEV1 was 103% (IQR 13.6), FeNO 19.5 ppd (IQR 16.2).
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Conclusions: The defining persistent symptom in post‐COVID

children was fatigue, even 34.6 weeks after SARS CoV‐2 infection.

Since most acute courses were mild or asymptomatic, pulmonary

function tests were unremarkable in most cases. Likewise, there were

no elevated FeNO levels. In contrast to previous publications, we did

not find limited diffusion in the children. However, our cohort

showed female dominance. This was even more pronounced in the

follow‐up visits. In contrast to previous publications, we found no

accumulation of bronchial asthma, even though we recorded a high

proportion of atopic diseases.

J 266 ‐ Is EBUS‐TBNA the Future Gold Standard
Diagnostic Modality in Pediatric Mediastinal
Lymphadenopathy?
Mohite K.1, J T S.1, Chandra T.1, Arigela K.2

1Pediatric Pulmonology, Aster CMI Hospital ‐ Bangalore, India
2Pediatrics, Aster CMI Hospital ‐ Bangalore, India

Background: Endobronchial ultrasound‐guided transbronchial nee-

dle aspiration (EBUS‐ TBNA) is an uncommon diagnostic modality in the

pediatric age group. Due to lack of appropriate pediatric‐sized EBUS

scopes and expertise involved in this procedure, it is not considered as a

first diagnostic test of choice in the management of children with

mediastinal lymphadenopathy as compared to adults. This has led to

empirical therapy based on clinical‐radiological diagnosis. Most of the

studies have looked at the utility and safety of EBUS‐TBNA for

diagnosis of tuberculosis. We at the Aster CMI Hospital, Bangalore,

India conducted a prospective observational study of EBUS‐TBNA in 40

consecutive children with mediastinal lymphadenopathy as observed on

contrast‐enhanced chest CT (CECT) scan and report the utility, safety,

and diagnostic efficacy of EBUS‐TBNA in the pediatric age group.

Objective: To determine the utility, safety, and diagnostic

efficacy of EBUS‐TBNA in the pediatric age group with mediastinal

lymphadenopathy.

Design: Prospective observational study.

Setting: This prospective observational study was conducted in

Aster CMI Hospital, Bangalore, India over a period of 2 years from

December 1st 2019 to November 30th 2021. Forty consecutive

children with undiagnosed mediastinal lymphadenopathy with associ-

ated clinical symptoms were included in the study. EBUS was carried

out using curvilinear Olympus EBUS scope (BF‐UC190F). Transbronchial

needle aspiration was done using a 21 gauge needle. The samples were

sent for cartridge‐based nucleic acid amplification test (Gene X‐pert) for

tuberculosis, acid fast bacilli (AFB) stain, AFB culture and histopatholog-

ical examination. The findings were analyzed, and results were reported.

Results: A total of 40 consecutive children with mediastinal

lymphadenopathy on CECT were included in the study who under-

went EBUS‐TBNA for diagnosis. Tissue diagnosis was obtained in

31 children (77.5%). Of these, 23 (57.5%) were diagnosed with

mediastinal lymph node tuberculosis, five (12.5%) had sarcoidosis and

one (2.5%) each with chronic granulomatous disease and classic

Hodgkin's lymphoma respectively. The overall sensitivity of EBUS‐

TBNA in the diagnosis of mediastinal lymph node pathology was

77.5% and that of tuberculous lymphadenopathy was 84.03%. There

were no procedure‐ or anesthesia‐related complications in any of the

children. The most commonly enlarged and biopsied lymph node was

subcarinal (station 7) (95%). Other lymph nodes were lower right and

left paratracheal (station 4R, 4L), upper right paratracheal (2R), right

hilar (10R), right and left interlobar (11R, 11L). There was a good

correlation between pretest clinical diagnosis of tuberculosis and

post‐test microbiological diagnosis of tuberculosis.

Conclusion: EBUS‐TBNA has proved to be a useful diagnostic

modality in accurately diagnosing varied causes of undiagnosed

mediastinal lymphadenopathy in the pediatric age group with

excellent efficacy and safety.

Key words: Endobronchial ultrasound – Transbronchial needle

aspiration (EBUS‐TBNA), mediastinal lymphadenopathy, tuberculosis.

J 313 ‐ Electronic Pediatric Lung Sounds Classification
Using a Machine Learning Approach.
Kim K.1, Park JS.2, Kim KS.1, Suh DI.2

1Transdisciplinary Department of Medicine & Advanced Technology,

Seoul National University Hospital ‐ Seoul, South Korea
2Pediatrics, Seoul National University College of Medicine ‐ Seoul, South

Korea

Background: Auscultation is a simple, non‐invasive, and

radiation‐free method of screening respiratory diseases. While

auscultation by a conventional stethoscope requires a person‐to‐

person encounter, subject to interpretation, electronic stethoscopes

enable lung sounds to be recorded and shared for second opinion.

During this pandemic era, the need for a prompt and precise

screening tool for respiratory disorders can be met by an automated

classification tool of electronically collected lung sounds.

Objective:We aimed to develop and evaluate a machine learning

model to classify pediatric electronic respiratory sounds.

Method: Lung sounds were recorded during routine physical

examination at Seoul National University Children's Hospital Pediatric

Pulmonology outpatient clinic using a digital stethoscope (ThinkLabs

One Digital Stethoscope, Centennial, CO, USA) connected to a wired

audio recorder (PCM‐A10, Sony, Tokyo, Japan) from July 2019 to

November 2019. Recorded lung sounds were edited into short clips

containing 1 or 2 breath cycles and labeled into 3 classes: normal,

crackle, or wheezing. Based on Mel‐frequency cepstral coefficients

(MFCCs) extracted from the sound clips, lung sounds were visualized

using uniform manifold approximation and projection (UMAP), a non‐

linear dimensionality reduction technique. MFCCs repeated and

cropped into 6‐seconds were used as inputs to train 4 classification

tasks: 1) normal vs. abnormal, 2) normal vs. crackle, 3) normal vs.

wheezing, and 4) crackle vs. wheezing. Ensemble SVM classifiers were

trained using K‐fold cross‐validation (K=10). The model was evaluated

using a prospectively collected validation dataset (June 2021 to July

2021) and compared with classification performances of 5 pediatric

infection and pulmonology specialists and 5 non‐pediatricians.
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Result: A total of 680 clips (288 normal, 200 crackle, and 192

wheezing) were included in the training and internal validation set.

The 2D plot using UMAP yielded a clear clustering of the 3 classes.

The model's accuracy of the internal validation for tasks 1) normal vs.

abnormal, 2) normal vs. crackle, 3) normal vs. wheezing, and 4) crackle

vs. wheezing were 83.68%, 83.67%, 80.94%, and 90.42%, respec-

tively. Accuracy of the prospective validation set of 90 clips (28

normal, 31 crackle, and 31 wheezing) for the 4 tasks were 82.22%,

67.74%, 67.80%, and 81.36%, respectively. The average pediatrician

performances for the 4 tasks were 84.89%, 77.74%, 78.64%, and

84.41%, respectively, and the average non‐pediatrician performances

80.67%, 66.13%, 73.90%, and 76.27%.

Conclusion: We derived and evaluated a machine learning model

to classify pediatric electronic lung sounds with close performance to

pediatric specialists and higher performance than non‐pediatric

clinicians. Artificial intelligence‐assisted pediatric auscultation may

be of great value in this pandemic era where the need for accurate

and efficient screening of respiratory diseases is vital. With further

improved accuracy from a larger dataset, this model would enhance

the diagnostic process in pediatric pulmonology.
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BRONCHIAL ASTHMA AND OTHER
CHRONIC OBSTRUCTIVE PULMONARY
DISEASES

A 264 ‐ Bronchial Asthma as a Connective Tissue
Disorder.
Markova R.1, Dragneva V.2, Oparanova V.1, Stoeva E.1, Stoeva E.1,

Efremov I.3

1Pediatrics, 1st Pediatric Consultative Clinic, Medical University ‐ Pleven ‐

Sofia, Bulgaria
2Pediatrics, National Cardiology Hospital ‐ Sofia, Bulgaria
3Orthopedics, First Pediatric Consultative Clinic ‐ Sofia ‐ Sofia, Bulgaria

Introduction: Bronchial asthma is the most common chronic

pulmonary disease in childhood. Benign hypermobile syndrome (BHMS)

is also a frequent pediatric pathology that is associated with various

symptoms of different systems and organs. The group is heterogenic with

worse variants like Marfan and Ehlers‐Danlos syndrome, and also benign

hypermobile syndrome. The combination of the two diseases in childhood

is still not well investigated as well as their impact on each other.

The role of Tenascin X is investigated as a marker of the

extracellular matrix, which is decreased among patients with BHMS.

Both diseases: bronchial asthma and BHMS are heterogenetic

diseases with polygenic inheritance. This study investigated the role

of Tenascin X in asthmatics with or without BHMS and its impact on

respiratory pathology in childhood.

Material and methods: In our study, 70 patients have been

included: 50 patients with asthma and hypermobile syndrome, 10

healthy controls, 10 controls with BHMS. All patients were assessed

with a clinical investigation, functional tests (PFT, EchoCG), and

laboratory tests: CBC, nasal and blood eosinophils, total IgE, ЕСР and

Tenascin X.

Conclusion: Interesting conclusions and results are provided for

the pulmonary pathology, laboratory results, and functional changes

among asthmatics and BHMS children.

A 276 ‐ Investigation of Allergic Sensitizations in
Children with Comorbid Allergic Diseases.
Dai LM., Liu JL., Chen ZM., Zhang YY.

Pulmonology, Children's Hospital, Zhejiang University School of Medi-

cine, National Clinical Research Center for Child Health ‐ Hangzhou,

China

Background: Allergic rhinitis (AR) and asthma are becoming

one of the most prevalent comorbid allergic diseases in children.

This study aimed to analyze sensitization characteristics to

aeroallergens in children with AR and/or asthma by skin prick test

(SPT) and explore the differences in sensitization between

different types and skin index (SI) levels of allergic disease,

different gender and different age.

Methods: A total of 230 children with AR and/or asthma

hospitalized in Zhejiang University (CHZJU) were enrolled in this

retrospective study between June 2017 and September 2019. All

patients completed standardized questionnaires and SPT. Based on

gender, age, classification and SI level of allergic disease, the

sensitizations to 13 aeroallergens were compared.

Result: Of the 230 patients, 67.4% of enrolled were positive for

SPT; the top 5 allergens were Dermatophagoides pteronyssinus (Der.p)

(59.3%), Dermatophagoides farinae (Der.f) (58.7%), Blomia tropicalis

(Blot.) (40.3%), dog hair (36.1%), and Blattella germanica (20.4%),

respectively. More than 90% of patients were sensitized to two or

more allergens. As to the effect of age on aeroallergens, we found that

the sensitizations of Blot., dog fur, and multiple sensitizations (≥5

allergens) were more common in adolescence (P < 0.01, P < 0.05).

Regarding gender, we found that the positive rate of SPT and the

percentages of double allergen‐sensitizations in boys was much higher

than in girls (P < 0.01, P < 0.01), and that the positive rates to Der.p,

Der.f, and ragweed were also significantly higher in boys (P < 0.01,

P < 0.05, P < 0.05, respectively). Furthermore, we found that asthma‐

rhinitis multimorbidity increased the incidences of sensitizations;

patients with AR and asthma had significantly higher positive rates

to Der.p and Der.f when compared to the AR or asthma group

(P < 0.05, P < 0.05). Comparing the distribution of sensitizations to

allergens by stratification with different age and sex groups, the results

demonstrated that in childhood the prevalence of sensitizations to

Der.p, Der.f, Blot. and dog fur was significantly different among the

three groups (P < 0.05), and the prevalence of sensitizations to Blot.

and mixed‐grass was significantly different among the three groups

with regard to girls (P < 0.05). The SI occurring with the highest

frequency was level 3 reaction in 118 patients (76.6%). The most

frequent level 1 allergic skin hypersensitivity reactions was American

cockroach (35.3%), Der.p was the most common allergen in patients

with level 2 to 4 (level 2: 34.9%, level 3: 80.9%, level 4: 84.6%). The

prevalence of level 3 skin hypersensitivity reactions to Der.p and Der.f

in the AR‐asthma multimorbidity group was higher than in the AR or

asthma group (P < 0.05).

Conclusion: Allergic sensitizations were common in children with

allergic rhinitis and/or asthma. Gender, age and asthma‐rhinitis

multimorbidity might affect the prevalence of sensitizations to

aeroallergens.

Pediatric Pulmonology. 2022;57:S94–S142.wileyonlinelibrary.com/journal/ppulS94 | © 2022 Wiley Periodicals LLC.



A 294 ‐ Lungs4Life – Are We Identifying Children at
Risk of Bronchiectasis?
Manga M.1, Lawrence S.1, Ainsworth A.1, Clark R.1, Watson A.1,

Byrnes CA.2, Trenholme A.1

1Kidz First Research, Counties Manukau District Health Board ‐

Auckland, New Zealand
2Paediatrics, University of Auckland ‐ Auckland, New Zealand

Introduction/Purpose: Māori and Pasifika children are over‐

represented in hospitalizations for lower respiratory tract infec-

tions (LRTIs) in early life, with many going on to develop chronic

lung disease. We developed a “Lungs4Life” screening tool for

early identification and a program of intervention to prevent

ongoing respiratory morbidity especially evolving bronchiectasis

for children <2 years of age. The program departs from the

‘traditional pediatric clinic attendance' or the primary health

‘symptomatic presentation' models. Regular nurse‐led community

follow‐up occurs at 30‐days, 3‐months, 1‐year and 2‐years post

discharge to ensure return to good health and support health

resilient behaviors. There is flexibility to add extra visits, assess

other children in the household, and continue to link with the

hospital team for any additional management. The aim was to

assess engagement and early outcomes of the program.

Methods: The screening tool included: ≥3 admissions with a

LRTI, > 3 days with focal chest X‐ray findings, admission to the

Intensive Care Unit (ICU) and/or clinical concern of poor outcome by

the lead pediatrician. Medical records were reviewed of enrolled

children between March 2017‐June 2021 at Kidz First Hospital,

South Auckland, New Zealand.

Results: There were 199 children enrolled, median age 9‐months

(range 14 days‐ 2 years). Sixty‐eight (34%) children are Māori, 103 (52%)

Pasifika, with 166 (83%) living in the lowest socioeconomic quintile.

Eligibility was 112 (56%) 3 admissions, 53 (27%) ICU admission and 34

(17%) for clinical concern. Outpatient clinic was arranged on hospital

discharge for 134 (67%) but 14 (10%) did not attend and a further 13

(10%) were seen at least once, then subsequently discharged for non‐

attendance. Re‐presentation to hospital was high with 130/199 (65%)

subsequently reviewed in the Emergency Department and 115 (58%)

readmitted. Bronchiectasis has been diagnosed in 13 (6.5%) since

enrolment, with a further 2 (1%) referred for computerized tomography

(CT) chest scan with suspected bronchiectasis.

Conclusion: The Lungs4Life program identifies children at high

risk of recurrent hospitalization, poor outpatient clinic attendance,

and the development of bronchiectasis. This again highlights the

inequities in respiratory health for Māori and Pasifika children and

the need to provide an accessible and consistent Lungs4Life program.

There is now consideration about broadening the program across 3

additional regions.

A 297 ‐ T‐Lymphocyte Profile in Bulgarian Asthmatic
Children with Recurrent Respiratory Infections.
Kostova P.1, Lesichkova S.2, Stefanova‐Todorova I.1, Mihailova S.2,

Papochieva V.1, Miteva D.1, Petrova G.1

1Pediatric Clinic, University Hospital “Alexandrovska”, Medical University

of Sofia ‐ Sofia, Bulgaria
2Clinical Immunology Clinic and Stem Cell Bank, University Hospital

“Alexandrovska”, Medical University of Sofia ‐ Sofia, Bulgaria

Background: Asthma is a chronic heterogeneous disease involv-

ing endotypically distinct inflammatory pathways with T cells playing

important roles in it. We assessed different T lymphocyte subsets in

asthmatic children in an attempt to identify associations between

these subsets and their phenotypic characteristics.

Methods: In this cross‐sectional study, we included 35 children,

18 boys, aged between 2 and 16 years, with asthma severity ranging

from mild to severe. After obtaining written informed consent from

their guardians, we withdrew blood samples for evaluation of total

(CD3 + ), suppressor/cytotoxic (CD3 + CD8 + ) and helper/inducer

(CD3 + 4 + ) T‐cell subsets.

Results: The results indicated aberration of total T cells in 18

children (51%), of suppressor/cytotoxic T cells in 27 children (77%)

and of helper/inducer T‐cells in 19 children (54%). Regression

analysis showed a tendency for boys to have lower total T cells

and helper/inducer T‐cells, but higher levels of suppressor/cytotoxic

T cells. In 13 children with total T lymphocytes within the reference

range, we found evidence of impaired immunobiological balance.

Conclusions: The airway inflammation observed in our cohort of

asthmatic children may be a consequence of impaired balance of their

T‐cell subsets. Such aberrations could possibly explain the frequent

asthma exacerbations due to infections in the pediatric age.

A 306 ‐ Mechanism of Type‐2 Innate Lymphoid Cells
on Clinical Improvement in Childhood Asthma After
Zinc Supplementation.
Asih Setyoningrum R.

Child Health Department, Faculty of Medicine Airlangga University ‐

Surabaya, Indonesia

Background: Asthma is a chronic airway inflammation, charac-

terized by variable expiratory airflow limitation. Type‐2 innate

lymphoid cells (ILC2) have been shown to contribute to airway

inflammation and hyperreactivity. Zinc as a micronutrient also has a

role in the pathogenesis of asthma.

Objective: To determine the mechanism of ILC2 on improving

childhood asthma after Zinc supplementation.

Methods: A double‐blind, placebo‐controlled clinical trial over 4

weeks was tested on mild to severe persistent asthma. Children aged 6‐

15 years randomly received Zinc supplementation (20mg elemental

Zinc/day) or placebo in adjuvant to the standard treatment. The primary

outcomes were C‐ACT score and FEV1. The secondary outcomes were

the IL‐33‐activated dendritic cells, IL‐5 and IL‐13‐expressed ILC2s

(nuocytes). Data were analyzed by paired t test and independent t test.

Results: Twenty‐three children were enrolled into the study.

Both treatment (n = 11) and control (n = 12) groups had low initial

serum Zinc concentrations [5.35 (SD 2.3) μmol/L and 4.06(SD 1.7)

μmol/L, respectively]. The treatment group showed significant
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improvements in C‐ACT, IL‐33‐activated dendritic cells, IL‐5 and IL‐

13‐expressed nuocytes.

Conclusion: Zinc supplementation improves ILC2s and C‐ACT

score.

Keywords: Type‐2 Innate Lymphoid Cells, Pediatric Asthma, Zinc

A 333 ‐ Elevated IgE Levels in Children with Suspected
Immunodeficiency.
Kostova P.1, Papochieva V.1, Lesichkova S.2, Yankova P.2, Miteva D.1,

Naumova E.2, Mihailova S.2, Petrova G.1

1Pediatric Clinic, University Hospital “Alexandrovska”, Medical University

of Sofia ‐ Sofia, Bulgaria
2Clinical Immunology Clinic and Stem Cell Bank, University Hospital

“Alexandrovska”, Medical University of Sofia ‐ Sofia, Bulgaria

Background: For children with immunodeficiency, IgE is not

often studied unless there is presence of atopy or if there are signs

for Hyper IgE syndrome.

Methods: In this cross‐sectional study, we included 210 children,

117 boys and 93 girls, aged between 2 months and 16 years,

admitted in the clinic because of suspected immune deficiency. After

obtaining written informed consent from their guardians, we with-

drew blood samples for evaluation of cellular and humoral immunity

(including T and B‐lymphocyte profiles, immunoglobulin levels and

autoimmunity panel). In some cases, a genetic assay was also

performed.

Results: The results indicated 81 children with IgE under the

threshold of detection of the kit, 60 with mildly elevated IgE but the

results were still within the normal limits for the age groups, and 69

(32.8%) children with high IgE. When dividing the children according to

their comorbidities, we found that 20 (34.48%) of the children with

bronchial asthma and 13 (59.1%) of the children with atopic dermatitis

were with elevated IgE. For the 13 patients with extremely high IgE ‐

over 1000 U/ml. a genetic assay was performed and only 3 had

confirmed hyper IgE syndrome. For the other 10, bronchial asthma was

confirmed in 5 and atopic dermatitis in 5. Both comorbidities were

noted in 2 of these 10 children. Asthmatic children with such high IgE

can benefit from therapy for aspergillosis and this was initiated.

Conclusions: The most cases with elevated IgE are children with

underlying atopy ‐ mainly atopic dermatitis and to a lesser extent

bronchial asthma. In cases with extremely high IgE, a genetic assay is

mandatory for confirming or excluding Job syndrome. In children

with asthma and IgE over 1000 U/ml, it is advisable to start anti‐

fungal therapy and in case of treatment failure, biological therapy can

be prescribed.

A 339 ‐ Asthma Mortality among Children and
Adolescents in China, 2008‐2018.
Liu TT., Yin J., Shen KL.

Respiratory Department, Beijing Children's Hospital ‐ Beijing, China

Objective. Asthma mortality among children and adolescents at

the national level in China was unreported. The aim of this study was

to analyze asthma mortality among children and adolescents in China

using a nationally representative database.

Methods. This was a descriptive study using data from the Disease

Surveillance Points (DSPs) system. All asthma‐related deaths among

children and adolescents aged 0‐19 years occurring in DSPs across

China from 2008 to 2018 were included. The total, age‐, gender‐,

residence‐ and region‐specific asthma mortality rates were calculated.

The annual percentage change (APC) was calculated by Joinpoint

regression to examine the significance of mortality changes over time.

Multilevel Poisson regression models were used to investigate factors

associated with asthma mortality. Data from the National Bureau of

Statistics were used to estimate the national asthma deaths.

Results. The total asthma mortality rate among Chinese children

and adolescents fluctuated between 0.023/100,000 and 0.046/

100,000 and showed an overall downward trend during the study

period (2008‐2018), with a significant average annual decrease of

7.60% (95%CI −10.4%, −4.7%). Asthma mortality rate was higher in

western China (RR 2.356, 95% CI 1.513, 3.669) and varied over nine‐

fold between DSPs across China. The estimated number of deaths

decreased by 47.76% from 2008 (n = 134) to 2018 (n = 70).

Conclusions. The asthma mortality rate among children and

adolescents in China was at a low level compared to rates worldwide

and decreased significantly from 2008 to 2018. Compared with most

countries in the world, the number of asthma deaths was greater in

China.

A 342 ‐ Adenovirus Type‐7 at Kidz First in 2015 –
Severe Disease and Bronchiectasis.
Ainsworth A.1, Trenholme A.1, Neutze J.1, Lawrence S.1, Taylor S.2,

Bocacao J.3, Byrnes C.4

1Kidz First, Counties Manukau District Health Board ‐ Auckland, New

Zealand
2Microbiology, Middlemore Hospital ‐ Auckland, New Zealand
3Clinical Virology, ESR ‐ Wellington, New Zealand
4Department of Paediatrics: Child and Youth Health, The University of

Auckland ‐ Auckland, New Zealand

Background: Adenovirus type‐7 (HADV7) became the predominant

adenoviral infection during 2015 after previously not being commonly

detected in New Zealand. There were 345 virologically identified cases of

HADV7 infection across New Zealand during this time, with 103 (30%) of

these samples collected from children at Kidz First Hospital in South

Auckland. Pediatricians at Kidz First Hospital recognized an increase in

severe respiratory illness and respiratory sequelae among the presenting

children. This was particularly concerning because of the known

association between HADV7 and bronchiectasis.

Methods: The aim was to retrospectively review the clinical

presentations of children with HADV7 in 2015 and the subsequent

prevalence of diagnosed bronchiectasis. There were 103 children

identified from an ESR (The Institute of Environmental Science and

Research) database who presented to Kidz First Hospital with

HADV7 between January 2015 and February 2016. Electronic

medical records were reviewed.
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Results: The 103 children were predominately infants under the

age of 2 years (median age 12 months) and of Maaori (31%) or

Pasifika (44%) ethnicity. Twenty‐three (22.3%) children had bronchi-

olitis, 47 (45.6%) pneumonia or bronchopneumonia, 32 (31%) had

viral illness (including viral induced wheeze) and 1 had a diagnosis of

bronchiolitis obliterans on discharge.

Ninety‐one (88.3%) children required admission to the pediatric

ward of median duration 4 days but with 15 children admitted for ≥

10 days. Oxygen was required for 42 (40.8%) children, ICU for 16

(15.5%), mechanical ventilation for 6 (5.8%) children and there were 3

(2.9%) deaths.

Subsequently, 16 (15.5%) children have been diagnosed with

bronchiectasis. Their median age of HADV7 infection was 7 months

(range 1 month – 6.5 years), median admission duration 10.5 days

(range 3 days to 1 year) and all had required supplemental oxygen.

The median time between HADV7 infection and chest CT scan

diagnosis of bronchiectasis was 9 months (range 1 month – 4 years).

The bronchiectasis is extensive with all children having bilateral

disease and 6 (38%) children had all five lobes affected. Five (31%) of

these children also have bronchiolitis obliterans and one required a

tracheostomy for ongoing respiratory support on discharge.

Conclusion: Adenovirus type‐7 infection does cause severe

disease with long‐term consequences including bronchiectasis. We

are now looking to compare children with HADV7 to those with non‐

type 7 infection who presented during the same year.

A 353 ‐ Asthma Exacerbation Is Associated with
Distinct Changes in Microbial Composition in the
Upper Airway.
Leung TF.1, Song YP.1, Hou J.2, Tang MF.1, Shi M.2, Leung AS.1, Chan

R.1, Tsui SK.2, Wong GW.1

1Department of Pediatrics, The Chinese University of Hong Kong ‐ Hong

Kong, Hong‐Kong
2School of Biomedical Sciences, The Chinese University of Hong Kong ‐

Hong Kong, Hong‐Kong

Background: Asthma exacerbation (AE) represents a major

healthcare burden in children who suffer from this prevalent

respiratory disease. Although childhood AE has long been attributed

to respiratory viral infection, emerging evidence indicates that airway

bacteria also play a part in modulating this important event.

Asthmatic and healthy subjects have distinct nasopharyngeal micro-

biome (NPM) profiles, but the existing cross‐sectional studies might

represent only epiphenomenon for altered microbiota in asthma. On

the other hand, there are limited studies on longitudinal changes in

airway microbiome in relation to AE in children. Identification of

upper airway microbes that changed during AE can help to

understand its pathogenesis and design possible preventive strate-

gies. This prospective study delineated temporal dynamics in NPM of

asthmatic children and its relationship to disease exacerbations.

Methods: Thirty‐three Chinese children aged 6‐17 years with

exacerbation‐prone asthma as classified by physician‐diagnosed

asthma and history of at least one AE within the past 12 months.

AE was defined as regular use of ≥3 doses of short‐acting β2‐agonist

daily for ≥2 days and either prescription of short‐course oral

prednisolone or asthma‐related unscheduled physician visit, emer-

gency department visit or hospitalization. Subjects were free from

upper respiratory tract infection for at least two weeks and antibiotic

exposure within four weeks. Their spirometric indices and exhaled

nitric oxide levels were measured at baseline, and AE occurrences

were identified by asthma diary. Flocked nasopharyngeal swabs

(FNPSs) collected at six time points 2‐4 weeks apart from September

to December in 2017 were subjected to human rhinovirus detection

and V4 of 16 S rRNA gene sequencing. Twenty control subjects

without asthma were recruited for FNPS collection. Microbiome

communities were analyzed using QIIME2‐DADA2 pipeline, and

temporal dynamics evaluated by linear‐mixed effect (LME) models.

Results: Human rhinovirus was detected in 23.8% of all asthmatic

samples. NPM diversity in asthmatics, both at baseline and during AE,

was lower (P < 0.05) than that of controls. NPM was classified into six

microbiome profile groups (MPGs) based on the most abundant genera

in a given sample, each dominated by Moraxella, Corynebacterium 1,

Dolosigranulum, Staphylococcus, Streptococcus or Anoxybacillus. One

hundred and twenty‐one NPM profiles from 24 patients (11 AE and 13

stable asthma [AS]) who provided ≥3 samples were included for

longitudinal analyses. Alpha diversity of NPM decreased (P < 0.001)

while microbial composition (beta diversity) remained similar (P > 0.05)

over time. Moraxella (P = 0.006) increased while Corynebacterium 1

(P = 0.021), Anoxybacillus (P = 0.035) and Pseudomonas (P < 0.001)

decreased over time. However, these longitudinal patterns did not

differ between AE and AS groups. Moraxella and Dolosigranulum‐

dominated NPM exhibited temporal stability. Asthmatic NPM under-

went Moraxella expansion during AE and presented a high microbiome

resilience (recovery potential) afterwards. Metagenome inference

further revealed enhanced nicotinate and nicotinamide metabolism

during AE (P = 0.048), primarily contributed by Moraxella.

Conclusion: NPM profiles in asthmatic children shift with time

during the autumn surveillance period. Temporal pattern of NPM is

not associated with childhood AE. Our longitudinal data support an

association between nasopharyngeal Moraxella expansion and

increased AE risk in children.

(Funded by CUHK Direct Grant for Research [2016.081] and

Hong Kong Institute of Allergy Research Grant)

A 360 ‐ Dupilumab Improves Lung Function in
Children with Uncontrolled, Moderate‐to‐Severe
Asthma: LIBERTY ASTHMA VOYAGE.
Bacharier LB.1, Guilbert TW.2, Katelaris CH.3, Deschildre A.4, Liu D.5,

Mannent LP.6, Laws E.7, Ruddy M.8, Jacob‐Nara JA.7, Deniz Y.8, Rowe

PJ.7, Lederer DJ.8, Hardin M.7

1Department of Pediatrics, Monroe Carell Jr Children's Hospital at

Vanderbilt University Medical Center ‐ Nashville, USA
2UC Department of Pediatrics, Cincinnati Children's Hospital Medical

Center and University of Cincinnati College of Medicine ‐ Cincinnati, USA
3Department of Medicine, Campbelltown Hospital, Western Sydney

University ‐ Campbelltown, Sydney, Australia
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4Pediatric Pulmonology and Allergy Unit, CHU Lille ‐ Lille, France
5Department of Medicine, Sanofi ‐ Beijing, China
6Department of Medicine, Sanofi ‐ Chilly‐Mazarin, France
7Department of Medicine, Sanofi ‐ Bridgewater, Cambridge, USA
8Department of Medicine, Regeneron Pharmaceuticals, Inc. ‐ Tarrytown, USA

Background: Asthma, the most prevalent chronic disease in children,

can lead to abnormal lung function and be a risk factor for abnormal lung

growth and chronic obstructive lung disease in adulthood. Type 2 (T2)

inflammation is the most common driver of asthma in children.

Dupilumab (DPL), a fully human monoclonal antibody, blocks the shared

receptor component for interleukin‐4 and −13, key and central drivers of

T2 inflammation in multiple diseases. In the phase 3, double‐blind,

placebo‐controlled LIBERTY ASTHMA VOYAGE study (NCT02948959),

add‐on DPL every 2 weeks (q2w) demonstrated significant improvements

in percent predicted (pp) pre‐bronchodilator (BD) FEV1 by an additional

5.21 percentage points vs. placebo (PBO) at Week (Wk) 12 in children

aged 6 to 11 years with uncontrolled, moderate‐to‐severe asthma and a

T2 inflammatory asthma phenotype (defined as blood eosinophils ≥150

cells/μL or FeNO ≥20 ppb at BL). We now report effects on additional

lung function parameters.

Methods: Children were randomized (2:1) to receive add‐on DPL

200mg or 100mg q2w based on body weight (>30 kg or ≤30 kg), or

matched PBO q2w for 52 weeks. Absolute and percent predicted

changes in pre‐BD FEV1, post‐BD FEV1, pre‐BD forced expiratory

flow25–75% (FEF25–75%), and forced vital capacity (FVC) from BL

over the treatment period were analyzed in patients (pts) with a T2

inflammatory asthma phenotype.

Results: Of 408 pts, 350 met the T2 phenotype criteria (DPL: 236;

PBO: 114). At baseline, mean (SD) pre‐BD FEV1 (L) and pre‐BD FEV1pp

was 1.53 (0.46)L and 78.36 (14.51)/1.48 (0.39)L and 77.66 (14.38) in

PBO/DPL groups, respectively. Pre‐BD FEV1 (L) improved from BL in

DPL vs. PBOwith a least squares (LS) mean (95% CI) difference atWk2 of

0.06 L (0.01–0.12; P = 0.025); and by 0.17 L (0.09–0.24; P <0.0001) at

Wk52. Similar benefits were seen in post‐BD FEV1, (BL mean [SD] of

1.74 [0.49]L/1.75 [0.43]L in PBO/DPL groups, respectively) with an LS

mean difference (95% CI) vs. placebo of 0.09 L (0.02–0.16, P =0.015) at

Wk52. Additionally, DPL vs. PBO improved post‐BD FEV1pp (BL mean

[SD]: 89.66 [15.54]/93.36 [14.7] for PBO/DPL) by Wk 52 (LS mean

difference [95% CI]: 4.37 percentage points [0.95–7.78]; P =0.012),

FEF25‐75% (BL mean [SD]: 1.28 [0.53]/1.27 [0.54] for PBO/DPL; Wk52

LS mean difference [95% CI]: 0.30 L/s [0.17–0.44], P < 0.0001), ppFEF25‐

75% (BL mean [SD]: 54.67 [19.79]/54.82 [20.94] for PBO/DPL; Wk52 LS

mean difference [95% CI]: 12.02 percentage points [6.70–17.33],

P < 0.0001), and FVC (BL mean [SD]: 2.08 [0.57]/2.00 [0.48] for PBO/

DPL; Wk52 LS mean difference [95% CI]: 0.10 L [0.03–0.17], P =0.007).

Conclusion: Dupilumab led to significant, rapid, and sustained

improvements in lung function, including in measures of the large and

small airways in children aged 6–11 years.

Clinical implications

Dupilumab may improve lung function in children aged 6–11

years with uncontrolled, moderate‐to‐severe asthma and a T2

inflammatory phenotype.

A 382 ‐ The Role of Impulse Oscillometry for
Diagnosing Asthma in Young Children Less than Six
Years of Age.
Lin CH.1, Chen CH.1, Soong WS.2

1Division of Pediatric Pulmonology, China Medical University Children's

Hospital ‐ Taichung, Taiwan
2China Medical University Children's Hospital, Division of Pediatric

Surgery ‐ Taichung, Taiwan

Background: Impulse oscillometry (IOS), a type of noninvasive

PFT, can be considered an interesting integrative method in the

assessment of children’s lung function because it is a non‐invasive

and effort‐independent technique that only requires the patient’s

passive collaboration. It can be used as an adjunct method to the

diagnosis of respiratory diseases, especially asthma. The aim of this

study is to explore the role of impulse oscillometry in diagnosing

asthma in young children.

Methods: Patients less than 6 years of age with suspected

asthma receiving IOS from October 1, 2019 to December 31, 2021

were prospectively enrolled into this study. Patients were grouped by

asthma group and non‐asthma group by history taking and first time

IOS results. Data of R5, R20, R5‐R20 resonance frequency were

collected, analyzed and compared between these 2 groups. Reduc-

tion in airflow resistance by more than 30% after bronchodilator use

was defined as positive findings in our study.

Results: A total of 75 patients with median age of 5 years (male

to female 44:31) were included. All these patients had chronic cough

and were suspected of having asthma initially. After history taking

and IOS examination, 58 patients were diagnosed as having asthma

and 17 patients were not. In the asthma group, 58.6% (34/58) of their

bronchodilator test had positive findings, while patients in the non‐

asthma group, 23.5% (4/17) of their bronchodilator test had positive

findings (p=0.03). The median airway resistance at 5 Hz (R5) was

significantly higher in the asthma group than non‐asthma group

(164.9±42.9 vs. 135±44.6, p=0.0145). The median small airway

resistance (R5‐R20) was also significantly higher in the asthma group

than non‐asthma group (0.81±0.4 vs. 0.53±0.32, p=0.01). X5, AX5

and resonance frequency were not significantly different between

these 2 groups (p=0.77, p=0.47 and p=0.47).

Conclusions: In young children with asthma who received IOS,

their bronchodilator test positive rate was higher. Moreover, their R5

and R5‐R20 were also higher than those without asthma. If we

suspect young children of having asthma, IOS could be arranged,

since it is a substitute for spirometry in young children who fail to

perform forced expiratory maneuvers. Keywords: Impulse oscillome-

try; young children, asthma

A 390 ‐ Prospective Audit on the Usage of Oral
Dexamethasone in Acute Asthma and Comparison
with Retrospective Audit on Use of Oral Prednisolone
in Asthma.
Chilukuri L.1, Humphreys S.1, Lisboa L.1, Maddipati T.2

1Pediatrics, St. Helens and Knowsley NHS trust ‐ Whiston, United Kingdom
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2General Surgery, St. Helens and Knowsley NHS Trust ‐ Whiston, United

Kingdom

The purpose of this audit is to assess the efficacy of single dose

oral dexamethasone in preventing acute readmissions in comparison

with a three‐day course of oral prednisolone.

A new local guideline was introduced in 2019, that recommends

the use of single dose oral dexamethasone for management of

asthma in children. We carried out a prospective audit, using this

guideline, to assess our compliance, accuracy of prescription and rate

of readmissions. Simultaneously, we did a retrospective audit using

similar parameters, to assess the efficacy of a three‐day course of

prednisolone. We then compared the findings of these audits to

establish which steroid had the best outcome.

Both audits demonstrated that the patient cohort was similar in

terms of demographics, age and clinical severity. There were fewer

admissions in the prospective audit in comparison to the retrospec-

tive audit. This could well be a result of the safety measures put in

place in response to the COVID‐19 pandemic. All patients who were

given the oral steroids were in accordance to the criteria set out in

the BTS guideline. Readmission rates within 10 days were very low

and therefore it was not possible to do a meaningful comparison

between efficacy of prednisolone and dexamethasone.

Our conclusion was that both prednisolone and dexamethasone

given orally in the management of acute asthma are equally effective

in preventing readmissions.

On reflection, we felt that it may be beneficial to extend this

audit to include patients who attended the emergency department

rather than solely those who were admitted, and assess if they

required admission.

BRONCHOPULMONARY AND PLEURAL
INFECTIONS (INCLUDING TUBERCULOSIS)

C 269 ‐ Clinical Characteristics and Risk Factors of
Mycoplasma pneumoniae Pneumonia with Atelectasis
in Children.
Jung SS., Kim YA., Lee MR.

Department of Pediatrics, Pusan National University Children's Hospital ‐

Yangsan, South Korea

Purpose: Mycoplasma pneumoniae pneumonia (MPP) can develop

pulmonary complications including persistent atelectasis. However,

little is known about the clinical characteristics and risk factors of

Mycoplasma pneumonia with atelectasis in children. Therefore, we

aimed to investigate clinical characteristics and risk factors of

Mycoplasma pneumonia with atelectasis in children.

Methods: We retrospectively analyzed the medical records of 477

children with MPP from November 2014 to March 2020 in Pusan

National University Yangsan Hospital. Demographics, clinical information,

laboratory data and radiological findings were collected from all patients

in this study. Persistent atelectasis was defined as no improvement of

atelectasis over 4 weeks. We investigated clinical characteristics of

children with atelectasis and risk factors for persistent atelectasis.

Results: Among a total 477 children with MPP, 105 cases

developed atelectasis, and 34 cases showed persistent atelectasis

over 4 weeks. Total febrile days, duration of macrolide antibiotic

therapy, and length of hospitalization were significantly longer in

children with atelectasis than children without atelectasis. Neutro-

phils (%), C‐reactive protein (CRP), and lactate dehydrogenase (LDH)

were significantly higher in children with atelectasis than children

without atelectasis. High LDH ( > 713.0 IU/L) (aOR, 2.57; 95% CI,

1.21–5.47) and whole lobar consolidation (aOR, 35.32; 95% CI,

17.20–72.52) were associated with atelectasis development and long

duration of macrolide antibiotics therapy before admission (> 3 days)

(aOR, 3.50; 95% CI, 1.26–9.75) was associated with persistent

atelectasis (>4 weeks).

Conclusion: High LDH ( > 713.0 IU/L) and whole lobar consoli-

dation were independent risk factors for developing atelectasis, and

long duration of macrolide antibiotics therapy before admission was

associated with persistent atelectasis (>4 weeks). Active treatment of

children with risk factors for atelectasis will improve the prognosis for

children with MPP.

C 319 ‐ Ongoing Symptomatic COVID in Children
post‐SARS‐CoV‐2 Pneumonia.
Wongwathanavikrom N., Tovichien P., Udomittipong K., Palamit A.,

Tiamduangtawan P., Mahoran K., Charoensittisup P.

Department of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahidol

University ‐ Bangkok, Thailand

Objectives: Although prolonged respiratory symptoms after

SARS‐CoV‐2 pneumonia have been reported in adults, there were

only a few studies reporting respiratory sequelae of coronavirus

disease 2019 (COVID 19) in children. This study aimed to describe

ongoing symptomatic COVID in children post‐SARS‐CoV‐2

pneumonia.

Study design: Prospective cohort study.

Methods: This study included children aged less than 18 years

who had follow‐up appointments at the pediatric pulmonary clinic 2‐

3 months after admitted with SARS‐CoV‐2 pneumonia in 2021

(n = 46). SARS‐CoV‐2 pneumonia was defined by suggestive symp-

toms, abnormal CXR and positive PCR for SARS‐CoV‐2 antigen from

nasal swab. A retrospective chart review was performed to collect

demographic and clinical data at the time children were diagnosed

with SARS‐CoV‐2 pneumonia. Clinical data from follow‐up question-

naires, CXR findings and pulmonary function test at the follow‐up

appointments were also collected.

Results: The subjects were mostly male (45.7%) and the mean age at

follow‐up was 9 years (range: 1–17 years). Thirty‐one children (67.4%)

had comorbidities such as obesity (39.1%), allergic rhinitis (26.1%),

congenital heart diseases (13.0%), BPD (4.3%), and asthma (4.3%). At least

one persistent symptom was present in 26 of the 46 children (56.5%) at

the time of follow‐up. The most common reported persistent symptoms

included exertional dyspnea (34.8%) and cough (15.2%). Persistent CXR
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abnormality was found in 10 of the 46 children (21.7%). However,

abnormal spirometry was found in only 3 children and significant

tachycardia from the six‐minute walk test (6MWT) in 9 children.

Conclusions: Exertional dyspnea and cough were the most

common persistent symptoms in children after SARS‐CoV‐2 pneu-

monia in our follow‐up clinic. Persistent CXR abnormality was found

in 21.7% of the patients but only a few cases had abnormal

spirometry and 6MWT at 2‐3 months post‐SARS‐CoV‐2 pneumonia.

C 322 ‐ SARS‐CoV‐2 Infection in the General Popula-
tion: A Clinical Comparison between Age Groups.
Medino P.1, Rosazza C.1, Daccò V.1, Bandera A.2, Ciciriello F.3,

Gramegna A.2, Itri T.4, Lucidi V.3, Biffi A.1, Alicandro G.2, Colombo C.2

1Pediatric Cystic Fibrosis Center, Fondazione IRCCS Ca' Granda Ospe-

dale Maggiore Policlinico ‐ Milano, Italy
2Department of Pathophysiology and Transplantation, University of

Milano ‐ Milano, Italy
3Cystic Fibrosis Center, IRCCS Bambino Gesù Children's Hospital ‐ Rome,

Italy
4Clinic of Infectious Diseases, Fondazione IRCCS Ca' Granda Ospedale

Maggiore Policlinico ‐ Milano, Italy

Background: According to currently available data, children

generally suffer from milder forms of SARS‐CoV‐2 infection than

adults. Our study aimed to assess disease outcome in a large pediatric

sample, compared to adult patients.

Methods: The study is based on individuals enrolled from

October 15th 2020 to June 30th 2021 in DECO COVID‐19, a

multicenter prospective study (COVID‐2020‐12371781) supported

by the Italian Ministry of Health. We included individuals with PCR‐

confirmed SARS‐CoV‐2 infection, who were evaluated in the

emergency department and/or admitted to COVID‐dedicated wards.

The severity of SARS‐CoV‐2 infections was compared across age

groups (children/adolescents aged <18 years, young/middle‐aged

adults aged 18‐64 years and older individuals) through the relative

risk (RR) of severe COVID‐19. Severity of COVID‐19 was defined by:

1) hospitalization due to COVID‐19 or 2) need for supplemental

oxygen therapy.

Results: The study included 154 individuals (median age: 27

years, range: 1 month‐89 years), 84 (54.5%) children/adolescents, 50

(32.5%) young/middle‐aged adults and 20 (13%) older adults.

Hospitalization was required in 23 pediatric (27.4%), 28 (56.0%)

young/middle‐aged and 17 (85%) senior patients. As compared to

young/middle‐aged patients, the RR of hospitalization was 0.49 (95%

CI: 0.32‐0.75) in the pediatric group and 1.52 (1.12‐2.06) among

seniors. Five (6%) pediatric patients received oxygen therapy, which

was required in a higher percentage of young/middle‐aged patients

(24, 48%) and seniors (14, 70%). The RR of oxygen dependency was

0.12 (95% CI: 0.05‐0.30) among children/adolescents and 1.46 (95%

CI: 0.97‐2.19) among older adults. The majority of patients under 18

(56%) were asymptomatic, compared to 18% of young/middle‐aged

patients and only 10% of seniors. The most frequent symptoms were

fever and cough in all age groups, while dyspnea, anosmia and/or

dysgeusia were almost specific of adult age. Symptoms lasted

more than 2 months in a child aged 3 years and in 6 adults (3 in

the age range of 18‐64 and 3 aged ≥65 years). Four pediatric patients

were hospitalized for multisystem inflammatory syndrome in children

(MIS‐C): 2 were excluded from analysis for a negative PCR for SARS‐

CoV‐2 at the time of admission. None of the children were admitted

to the intensive care unit, while 4 adults (1 aged 58 years and 3 aged

≥65 years) required intensive care. Three adults died (1 aged 51 years

and 3 aged ≥65 years).

Conclusions: Our study confirms that COVID‐19 is generally less

severe in children. While fever and respiratory symptoms were the

most common clinical presentation at all ages, symptoms in the

pediatric population tended to be milder and related to inflammation

limited to the upper airways. Ongoing symptomatic COVID‐19 was

consistently more frequent in the adult than in the pediatric

population. MIS‐C is confirmed to be a rare yet severe complication

of SARS‐CoV‐2 infection in children, whose risk factors should be

urgently defined.

C 331 ‐ Clinical Features of Pediatric Patients with
Post‐Acute COVID‐19 Syndrome in Ukraine.
Harashchenko T., Antipkin Y., Lapshyn V., Umanets T.

Respiratory diseases and respiratory allergy in children, SI “Institute of

Pediatrics, Obstetrics and Gynecology named after Academician O.M.

Lukyanova, National Academy of Medical Sciences of Ukraine” Kyiv,

Ukraine ‐ Kyiv, Ukraine

Introduction: The coronavirus disease (COVID‐19) has a variety

of long‐term effects on almost all systems of the body. Persisting

symptoms after COVID‐19 especially in children and adolescents are

of great concern. Nowadays, information regarding post‐acute

COVID‐19 among children is limited.

Objectives: The aim of our study was to determine and describe

the clinical features of post‐acute COVID‐19 syndrome among

children in Ukraine.

Materials and methods: A retrospective study conducted with

the help of processing questionnaires completed by 243 pediatric

patients aged from 6 to 18 years, three months after laboratory‐

confirmed COVID‐19. The participants of the research were 125

boys (51.4%) and 118 girls (48.6%) from different regions of Ukraine.

Results: Symptoms after COVID‐19 which persisted for ≥4

weeks and had a significant relationship with the duration of COVID‐

19 illness and the existing comorbidity (p < 0.05) were found in 37.9%

(n = 92) of pediatric patients with 61% (n = 56) of them being boys.

The most common symptoms of post‐acute COVID‐19 syndrome

were fatigue 84.7% (n = 78), hair loss 35.86% (n = 33), cough 31.5%

(n = 29), anosmia 28.26% (n = 26), ageusia 17.4% (n = 16), myalgia

15.2% (n = 14). Thirty‐five children (38%) had 3 and more symptoms

of post‐acute COVID‐19 syndrome. In the age groups, the children

aged 13‐18, 45.6% (n = 42), prevailed compared to the others. Pre‐

existing comorbidity was detected in 19.6% (n = 18) of children.

Conclusions: Fully understanding the spectrum of the post‐

COVID syndrome is essential for appropriate management of all its
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long‐term effects. Our study once again underlined the fact that the

prevalence of post‐COVID syndrome is higher than expected, and

children of any age are prone to post‐acute COVID syndrome. A

multidisciplinary follow‐up should be provided to those who

recovered from COVID‐19 in the post‐recovery period.

C 368 ‐ Etiology and Clinical Characteristics of
Necrotizing Pneumonia in Children.
Zhou YL., Wang CL., Li LX., Zhang YY., Chen ZM.

Pulmonology, Children's Hospital, Zhejiang University School of Medicine

‐ Hangzhou, China

Objective: To investigate the etiology of necrotizing pneumonia

(NP) in children and the clinical characteristics of NP caused by

different pathogens.

Methods: A retrospective, case‐control study was performed

in children with NP who were admitted in Children's Hospital,

Zhejiang University School of Medicine from January 2008 to

December 2019. The data were divided into three groups based

on the following years: 2008 – 2011, 2012 − 2015 and 2016 –

2019, and the distribution characteristics of the pathogens in the

different periods were compared. The demographic and clinical

information, laboratory data, etiological and radiological findings

were analyzed. T‐test or Mann‐Whitney nonparametric test was

used for comparison of numerical variables, and χ2 test was used

for categorical variables.

Results: A total of 146 children with NP were enrolled, the

average ages were 6.71 years, including 70 boys and 76 girls. There

were 17 cases during 2008 − 2011, 30 cases during 2012 − 2015,

and 99 cases during 2016 − 2019. Among these patients, pathogens

were identified in 106 cases and were unclear in the remaining 40

cases. The main pathogens were Mycoplasma pneumoniae (MP) (74

cases), Streptococcus pneumoniae (SP) (20 cases), Staphylococcus

aureus (SA) (10 cases), adenovirus (4 cases), Streptococcus pyogenes

(2 cases), Pseudomonas aeruginosa (1 case) and G +Graveney

actinomycetes (1 case), and MP was the most common pathogen in

all three periods. There was no significant difference in the

proportion of MP in 2008‐2011, 2012‐2015 and 2016‐2019

(52.9% (9/17cases) vs. 53.3% (16/30cases) vs. 49.5% (49/99cases),

P = 0.67). The main clinical manifestations of MP necrotizing

pneumonia were fever and cough, other manifestations included

shortness of breath, chest pain, wheezing, hemoptysis, vomiting,

abdominal pain, and so forth. Necrotizing pneumonia led to more

extrapulmonary complications, with 68 cases (46.6%) presenting with

extrapulmonary complications, most involving one system, and 23

cases (15.8%) involving two or more systems. After treatments, all

patients were discharged without death. As to prognosis, 103 cases

were followed up, and the results showed that 2 of them underwent

surgical intervention and in the remaining patients, chest lesions were

improved.

Conclusions: The prevalence of pediatric NP shows an increasing

trend during the past years. MP is the main pathogen of NP in China,

and the most common clinical symptoms are fever and cough. NP is

found to be severe and prolonged, yet reversible through proper

therapy.

C 377 ‐ The Utility of PedPne Lung Ultrasound Score
in Community‐Acquired Pneumonia Monitoring.
Ciuca IM.

Pediatric Department, University of Medicine and Pharmacy “Victor

Babes” ‐ Timisoara, Romania

Background: Pneumonia is the principal cause of death

among children worldwide. Lung ultrasound (LUS) was demon-

strated to be a reliable tool for diagnosis and community‐acquired

child pneumonia (CAP) assessment. An objective parameter such

as a LUS score might be useful for pneumonia monitoring. Our

aim was to present the usefulness of a new LUS score for

pediatric pneumonia (PedPne) in monitoring community‐acquired

pneumonia in children.

Methods: Children referred with suspicion of pneumonia were

screened for the study after signing the informed consent. In addition

to clinical assessment, LUS was performed at consultation, in the

3rd −5th day of illness and also in the 7th −10th day. Inflammatory

biomarkers: C reactive protein level, procalcitonine and neutrophil

count were also evaluated. The PedPne score was used for initial

evaluation and for further examinations. Spearman correlation test

was used for evaluation of correlation between the PedPne score and

inflammatory markers.

Results: Three hundred twenty‐one (321) patients were

screened and 81 were diagnosed with consolidated pneumonia.

The median PedPne LUS score was 7.31 in the first

days of treatment and decreased at 2.3 in the last days of

evolution. A very strong positive correlation was found between

the LUS PedPne score and inflammation parameters during

monitoring.

Conclusion: Lung ultrasound PedPne score is a consistent,

noninvasive parameter in CAP evaluation, having a strong

correlation with inflammatory biomarkers. PedPne LUS score

can be used as a non‐invasive surrogate parameter of inflamma-

tion in CAP.

NONINFECTIOUS RESPIRATORY DISORDERS

D 274 ‐ Chylothorax in Childhood: Experience from a
Tertiary Care Center.
Nayır Buyuksahin H.1, Emiralioğlu N.1, Ozcan N.2, Güzelkaş I.1,

Sunman B.1, Alboğa D.1, Akgul Erdal M.1, Yalçın E.1, Doğru Ersöz

D.1, Ozcelik U.1, Kiper N.1

1Pediatric Pulmonology, Hacettepe University Faculty of Medicine ‐

Ankara, Turkey
2Pediatric Radiology, Hacettepe University Faculty of Medicine. ‐ Ankara,

Turkey

Introduction: Chylothorax refers to the presence of chyle in the

pleural space. There are multiple etiologies of chylothorax. Here, we
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aimed to examine the clinical manifestations, causes, and treatment

of chylothorax and also to compare patients aged over and under two

years of age admitted to a tertiary care children's hospital pediatric

pulmonology department to evaluate the prognosis. Our second aim

was to evaluate the clinical and radiological features of patients who

were diagnosed with Gorham‐Stout disease (GSD).

Method: The archives were reviewed for chylothorax documen-

ted in the last 31 years (1990‐2021). Twenty‐two patients (11 girls,

11 boys) were included. Patients were divided into two groups, the

younger group who were under 24 months old and the older group

who were over 24 months old.

Results: A total of 22 patients were with chylothorax, 10 were

younger than 24 months and the others were older than 24 months.

In the younger group, etiologies were in the order of congenital heart

surgery, congenital chylothorax and GSD. In the older group,

etiologies were GSD, congenital heart surgery, heart failure, heart

transplantation, thrombus, intestinal lymphangiectasia and idiopathic.

One patient with GSD whose clinical presentation was chyloper-

icardium was also investigated. The most common treatment in the

younger group was the medium‐chain triglyceride diet (70%), and

sirolimus in the older group (50%).

Conclusion: The diversity in underlying etiology was greater

in both groups; therefore, we could not recommend a work‐up

step to patients with chylothorax. Caution should be kept in mind

for bone lesions in GSD patients of any age with a diagnosis of

chylothorax.

D 299 ‐ WDR16 Mutations Are Associated with
Transient PCD‐Like Symptoms in Early Childhood.
Sadras I., Breuer O., Kerem E., Ta‐Shma A., Cohen‐Cymberknoh M.,

Gileles‐Hillel A.

Pediatric Pulmonology Unit, Hadassah Medical Center; Faculty of

Medicine, The Hebrew University of Jerusalem ‐ Jerusalem, Israel

Background: WD repeat domain 16 (WDR16) is a member of the

WD40 repeat protein family, a widely expressed ciliary gene in

eukaryotes.[1] Dysfunction in this gene causes ciliopathy‐related

laterality disorders in humans.[2] WDR16 has a well‐described

functional cooperation with the dynein ATPase DNAH11, a gene

known to cause primary ciliary dyskinesia (PCD).[3] However, no

clinical association has been described to date between PCD and

WDR16 gene variants. Ta‐Shma et al. (2015) described two siblings, 4

and 7 years old, with situs inversus and WDR16 mutation, with no

clinical respiratory symptoms of PCD.

Aim: To describe the respiratory clinical phenotype of children

with WDR16 mutations.

Methods: Analysis of clinical records and genetic analysis were

performed.

Results: During the years 2012‐2019, 48 children were

clinically evaluated prospectively for the presence of PCD and

whole exome sequencing was performed at the Hadassah Medical

Center.[4] Seven of them were found to harbor homozygous

mutations in the WDR16 gene. All children had situs inversus

totalis and their PICADAR [5] score (average 8.5, range 8‐10) was

consistent with high suspicion of PCD. During early childhood,

frequent respiratory morbidity with prominent ear and nasal

symptoms was found. Nasal nitric oxide (NO) levels were in the

normal range in most, electron microscopy was performed in 5

children and was normal in all. Chest computed tomography (CT)

was performed in 3 children and did not show evidence of

bronchiectasis or other pathologies (see Table 1).

Interestingly, during the follow‐up (median 4 years, range 8

months‐10 years), respiratory symptoms gradually improved until

almost complete resolution at the age 3‐5 years.

Conclusions: WDR16 mutations are associated with situs

inversus totalis and with transient respiratory morbidity resembling

PCD in early childhood. Future studies are needed to understand the

contribution of WDR16 proper function to respiratory morbidity in

children.

References

1. Neer, E.J., et al., The ancient regulatory‐protein family of WD‐

repeat proteins. Nature, 1994. 371(6495): p. 297‐300.

TABLE 1

Patient
Age at 1st
evaluation Follow up

PICADAR
score

Nasal NO ppb (low, age;
high, age)

Electron
microscopy

CT (age performed
in years)

A 11 months 10 years 8 61, 11m; 837 5.5y normal normal (4.5)

B 10 months 2 years 8 19, 1y N/A N/A

C 22 days 8 months 8 N/A N/A N/A

D 3.5 years 4 years 10 119, 3.5 y; 288, 5.6 y normal normal (4.9)

E 6 months 4 years 8 44, 6 m; 144, 2 y normal N/A

F 3.9 years 4 years 8 30, 3.9 y; 516, 4 y normal normal (3.9)

G 2.5 months 10 years 10 550, 2.4 y normal N/A

Abbreviations: Nitric oxide (NO), not applicable (N/A), ppb – particles per billion
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D 303 ‐ Comparison between Idiopathic and Second-
ary Pulmonary Hemosiderosis among Children in
Malaysia.
N. Fafwati Faridatul Akmar M.1, Shangari K.1, Che Zubaidah CD.2,

Arni T.3, Sellymiah A.3, Asiah K.4

1Department of Pediatrics, Hospital Tunku Azizah ‐ Kuala Lumpur,

Malaysia
2Department of Radiology, Hospital Tunku Azizah ‐ Kuala Lumpur,
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3Department of Pathology, Hospital Kuala Lumpur ‐ Kuala Lumpur,
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4Department of Pediatrics, Hospital Kuala Lumpur ‐ Kuala Lumpur,

Malaysia

Introduction: Pulmonary hemosiderosis (PH) either idiopathic PH

(IPH) or secondary PH (SPH) in children is very rare.

Objective: To compare demographics, clinical investigation,

treatment and outcome of children with IPH and SPH.

Methodology: Retrospective study of children less than 18 years

old diagnosed with PH at Hospital Tunku Azizah, Kuala Lumpur,

Malaysia from January 2015 until August 2021. Data collected

included demographics, clinical data, investigations, treatments and

outcome.

Results: A total of 16 patients were included i.e. 6 patients with

IPH and 10 patients had SPH.

Demographics. There were 6 patients with idiopathic pulmonary

hemosiderosis (IPH) and 10 patients with secondary pulmonary

hemosiderosis (SPH). Female to male ratio was 4:2 for IPH and 7:3 for

SPH. Median age of first symptom was 12.5 months (IQR 55 to 66.8) in

IPH and 36 months (IQR 18.8 to 67.2) in SPH. Median age at diagnosis

was 26 months (IQR 13.5 to 49.5) and 51 months (IQR 22.0 to 109.0).

Clinical. All IPH and SPH patients had anemia and respiratory

distress. Cough was found in all IPH and 90% of SPH. Hemoptysis in

50% of IPH and 90% of SPH. Failure to thrive in 50% of IPH and 30% of

SPH. Only one SPH had hepatosplenomegaly, rash and joint swelling.

Investigations. All first chest X‐rays and thorax CT‐scans at

diagnosis were abnormal in both IPH and SPH. All IPH and SPH

underwent flexible bronchoscopy and had positive hemosiderin laden

macrophage in their broncho‐alveolar lavage fluid. Positive

immunological markers found in 9 SPH included raised ANA, dsDNA,

ANCA and rheumatoid factor.

All except one patient with SPH did not undergo lung biopsy. All

IPH (6) and SPH (9) had positive hemosiderin laden macrophage in

the alveolar and were negative for immunofluorescence stain. The

histological changes in IPH were mainly in the interstitium i.e.

inflammatory infiltrates (83%) and fibrosis (50%). However; in SPH,

histological changes involved the alveolar region (hemorrhage − 33%,

fibrosis −56%, inflammatory infiltrates −44%), interstitium (fibrin −

33%, inflammatory infiltrates − 66%) and blood vessels (56%) which

included calcification, degenerative changes and vasculitis.

Management and outcome. Prednisolone monotherapy was

given to two IPH and one SPH. Prednisolone with hydroxychlor-

oquine was given in IPH (33.3%) only. Combination of intravenous

methylprednisolone with intravenous cyclophosphamide was given in

SPH (30%) only. More than two therapies were given in IPH (33.3%)

and SPH (60%). No IPH patient succumbed to illness compared to

10% of SPH patients at two years after diagnosis.

Conclusion: Children with IPH presented earlier than SPH but

their clinical features were almost similar. Their lung biopsies

revealed differences in both groups and their outcome was more

severe in SPH compared to IPH.

D 316 ‐ Prevalence and Risk Factors of REM‐Related
OSA in Children.
Chamnanpet S., Tovichien P.

Department of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahidol

University ‐ Bangkok, Thailand

Objectives: We aimed to study the prevalence and risk factors

for rapid eye movement‐related obstructive sleep apnea (REM‐

related OSA) in children.

Study design: Retrospective cross‐sectional study.

Methods: We recruited 366 children with obstructive sleep

apnea (OSA) confirmed by polysomnography (PSG) performed over a

5‐year period. REM‐related OSA is defined by an obstructive apnea‐

hypopnea index (oAHI) in rapid eye movement (REM) sleep ≥ 2 x

oAHI in non‐rapid eye movement (NREM) sleep.

Results: The prevalence of REM‐related OSA was 50.3%.

Children with REM‐related OSA were more often female

(P = 0.042) and had less prevalence of adenotonsillar hypertrophy

(P = 0.043) compared to children with other OSA phenotypes.

PSG parameters showed that children with REM‐related OSA

slept longer in supine position (P = 0.003), had shorter duration of

NREM1 (P = 0.018), lower nadir SpO2 (P = 0.005) and higher

oxygen desaturation index 3% (ODI3%) (P = 0.014) compared to

children with other OSA phenotypes. Female gender and asthma

were the significant independent risk factors for REM‐

related OSA.

Conclusions: This study revealed the prevalence of REM‐related

OSA at 50.3%. Female gender and asthma were independent risk

factors for REM‐related OSA in children.
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D 332 ‐ They Look the Same, but Are Not the Same ‐
Unilateral Emphysema in Infants.
Nikolov I.1, Mileva S.1, Shivachev Ch.2, Zlatareva D.3, Tzolov TZ.4,

Perenovska P.1, Petrova G.1

1Pediatric Clinic, University Hospital “Alexandrovska”, Medical University

Sofia ‐ Sofia, Bulgaria
2Pediatric Surgery, University Hospital Pirogov, Medical University of

Sofia ‐ Sofia, Bulgaria
3Department of Diagnostic Imaging, University Hospital Alexandrovska,

Medical University of Sofia ‐ Sofia, Bulgaria
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In adult pulmonology, an increased radiolucency of one lung

associated with decreased prominence of its hilar and pulmonary

vascular markings is observed most commonly in obstructive

emphysema due to occlusion of a main or lobar bronchus by a mass

or foreign body and in compensatory emphysema following collapse

of a pulmonary lobe or segment. However, in infants, unilateral

emphysema is not always a result of a foreign body, providing the

cases with pulmonary mass are of extremely low frequency.

We present two male infants both 10 months of age. The clinical

presentation in both was ‐ recurrent cough and one‐sided wheezing.

The X‐ray of both children looked like mirror images of each other;

however, the pathology behind them was different ‐ one of them had

an aspirated foreign body, and the other – a congenital malformation.

Although they looked the same, they were not the same. Both

cases required different therapeutic approaches. We cannot rely only

on images in such cases; the crucial part is also the detailed history.

D 356 ‐ Using Sleep Apnea CPAP via Tracheos-
tomy: A 20‐Year Experience in Children with
Tracheobronchomalacia.
Sriboonyong T., Preutthipan A.

Department of Pediatrics, Faculty of Medicine, Ramathibodi Hospital,

Mahidol University ‐ Bangkok, Thailand

Background: Children with severe tracheobronchomalacia may

need placement of tracheostomies and long‐term mechanical

ventilation. Due to financial constraints, CPAP machines commonly

used to treat obstructive sleep apnea in adults have been utilized to

deliver positive distending pressure to such children at our institution

for more than 20 years with favorable outcome. We therefore report

our experience in 15 children using this machine.

Methods: This is a retrospective study during 2001‐2021.

Results: Fifteen children, 9 boys, aged from 3 months – 5.6 years,

were discharged home with CPAP via tracheostomies. All had co‐

morbidities including gastroesophageal reflux (n = 9, 60%), neuro-

muscular disorders (n = 6, 40%), genetic abnormalities (n = 6, 40%),

cardiac diseases (n = 4, 27%) and chronic lungs (n = 3, 20%). Eight (53%)

children were aged less than 1 year old. The smallest child was aged 3

months old, weighing 5 kg. Five (33%) were weaned off, only 3 died (2

from sepsis and 1 from sudden unknown cause). The 1‐month and

1‐year readmission rates were 13% and 66%, respectively. No factors

associated with unfavorable outcomes were statistically identified. No

complications related to CPAP malfunction were found.

Conclusion: We first reported the use of sleep apnea CPAP via

tracheostomy in children with severe tracheomalacia. In limited

resource countries, this simple device may be another option for

long‐term invasive ventilatory support.

D 359 ‐ Pediatric Negative Pressure Pulmonary
Edema ‐ A Case Series and Review of the Literature.
Ben‐David Y., Bentur L., Gur M., Gut G., Toukan Y., Shallufi G., Bar‐

Yoseph R.

Pediatric Pulmonary Institute, Ruth Children's Hospital, Rambam Health

Care Campus ‐ Haifa, Israel

Introduction: Negative pressure pulmonary edema (NPPE) is a

potentially life‐threatening complication that develops rapidly fol-

lowing acute upper airway obstruction. It is usually described in

otherwise healthy young patients, who can produce significantly

negative intrathoracic pressure. This condition is considered rare in

the pediatric population and was described only as case reports, most

of which were published in anesthesiology literature and described as

a complication of anesthesia. Our aim was to describe the spectrum

of etiologies and clinical manifestation of pediatric NPPE in our

tertiary medical center.

Methods: We collected clinical data from the medical records of

pediatric patients with diagnosis of NPPE and reviewed the literature

for previous publications.

Results: We describe seven patients (four males) that presented

to our center from 2016 to September 2021. Five children in our

series were adolescents (12‐16 years), one was five years old and one

was an infant. Three patients developed edema in post‐anesthesia

setting, two cases of NPPE resulted from accidental strangulation,

one from chocking on a cookie and one from laryngotracheobron-

chitis. Two of the patients were athletes and two were morbidly

obese.

All of the patients presented with acute respiratory distress and

dyspnea, desaturation, and had a very similar radiological imaging of

central diffused bilateral infiltrates. All but one had bloody cough or froth.

All patients required supportive respiratory care but only one patient

required mechanical ventilation. Rapid clinical and radiological resolution

was observed in all patients with hospital discharge after 1‐3 days.

Conclusions: We describe seven pediatric NPPE cases in six

years in our center, suggesting this diagnosis may not be as rare as

previously reported. We suggest that obesity is a risk factor for

NPPE. As previously reported, post‐anesthesia complication was the

common cause of NPPE. However, a brief obstruction in trauma or

acute illness setting was shown to cause development of NPPE as

well. The development of NPPE is probably more likely in healthy or

athlete adolescents as reported before, but may develop in younger

children and babies.

Although dramatic in presentation, this type of pulmonary edema

often resolves quickly with minimal support. Consideration of this
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diagnosis and prompt recognition is important to prevent

unnecessary interventions and provide proper treatment.

D 364 ‐ Long‐term Adherence to Non‐Invasive
Ventilation in Children with OSAvsNon‐OSA.
Chaipakaporn P., Preutthipan A.

Pediatrics, Division of Pediatric Pulmonology, Sleep Disorder Center,

Ramathibodi Hospital, Mahidol University ‐ Bangkok, Thailand

Adherence is a major obstacle to the use of non‐invasive

ventilation (NIV). Our center has started long‐term NIV in children at

Ramathibodi Hospital since 1995. The most common disease

requiring NIV is obstructive sleep apnea (OSA).

Objectives: We aimed to determine the rate of adherence to NIV

and compare adherence between OSA and non‐OSA.

Methods: Children and adolescents aged 0‐18 years starting

long‐term NIV were retrospectively reviewed. Patients' character-

istics and polysomnographic data at baseline were collected.

Adherence was measured via electronic download from NIV

machines. Patients with NIV usage > 4 hours per night for more

than 3 months were classified as adherence group. Variables related

to adherence were compared between OSA and non‐OSA statisti-

cally by using Student's t‐test or χ2 test.

Results: Forty children (mean age at starting NIV 8 ± 3 years,

range 3‐17 years) were recruited. Twenty‐eight (70%) were in the

OSA group, 12 (30%) in the non‐OSA group. Baseline character-

istics of OSA did not differ from non‐OSA groups except obesity‐

related complications found more prevalent in the OSA group.

The adherence rate of the OSA group was lower than the non‐

OSA group but did not reach statistical significance (53.6% VS.

63.6%, p = 0.725). Among adherent patients, mean average usage

in hours per night of the OSA group was significantly shorter than

the non‐OSA group (6:6 ± 2:2 h:min VS. 9:1 ± 1:1 h:min,

p = 0.023).

Conclusions: Children with non‐OSA more likely accept and use

NIV than children with OSA. Interventional strategies to improve

adherence are needed especially in children with OSA.

D 381 ‐ Bronchopulmonary Dysplasia in Newborns.
Concepcion, Chile.
Soto Lavin S.1, Niklitschek Soto S.
1Pediatric Pulmonology Unit, Hospital Regional ‐ Concepcion, Chile
2Statistics, Universidad de Concepcion ‐ Concepcion, Chile

Introduction: Bronchopulmonary dysplasia (BPD) is the most

common chronic neonatal lung disease in premature infants. The

prevention and management of newborn respiratory distress includes

the use of antenatal corticosteroids and postnatal surfactant. The

higher survival of extreme preterms between 24‐26 weeks of

gestation and/or birth under 1000 grams means a risk of 50% to

develop BPD and 10% if weight is over 1,500 grams.

Material and method: The objective of this review was to

identify the characteristics and/or background of the premature

infants diagnosed with BPD at the Regional Hospital of Concepcion

(HCRC). Control cards were registered in external clinic and epicrisis

discharged from Neonatology Service.

Results: There were 264 preterm infants with BPD, 96 remain in

active control. The median gestational age was 27 weeks (min24,

max36), weight 917 grams (min540, max2240) and height 35 cm

(min30, max43), 55% male gender, 73% suitable for gestational age,

Apgar 1´5‐ 5´8, 20% without pregnancy pathology. There were 87%

single delivery, 74% emergency caesarean delivery, 79% prenatal

corticosteroid, 31% required resuscitation maneuvers, 26% fetal

suffering, 19% premature rupture of membranes, 100% use of O2

with FiO2 maximum 50% (min0%, max100%), median use of O2 was

53 days (min1, max189), 16 children with O2 at home, median of 12

days with mechanical ventilation (min0, max120), 82% use of CPAP

for 10 days (min0, max68), 89% use of surfactant, 49% only one dose,

55% with persistent arteriovenous ductus, 89% had hyaline

membrane disease, 70% hyperbilirubinemia and 39% anemia. In

55% of patients, oxygen saturometry was performed prior to

discharge home, 35% of them were normal with a median of 96.7%

(min90.6%, max99.1%). Suspected sepsis in 32% and 32% was

confirmed. Eleven patients had respiratory syncytial virus infection

(+) and 21 were infected with Bordetella pertussis.

Conclusion: The group of premature infants with BPD in Hospital

Clínico Regional Concepcion is characterized by a gestational age of

27 weeks, single delivery mainly product of emergency caesarean,

with use of prenatal corticosteroids, with artificial rupture of

membranes, accompanied by hyaline membrane disease and use of

surfactant and CPAP, with respiratory syncytial virus and Bordetella

pertussis infection risk. These data correlate with information

registered at the Ministry of Health in Chile.

FETAL AND NEONATAL RESPIRATORY
DISORDERS

E 273 ‐ Pulmonary Complications in Premature Infants
Using Beractant or Poractant for Respiratory Distress
Syndrome in a Neonatal Intensive Care Unit.
Wong KL., Siu KL.

Pediatrics, Queen Elizabeth Hospital ‐ Hong Kong, Hong‐Kong

Background: Premature infants are at risk of developing

respiratory distress syndrome (RDS). Exogenous surfactant

administration is used for endogenous surfactant deficiency in

premature infants suffering from RDS. Beractants and poractants

are two commonly used natural surfactants. To the best of our

knowledge, there are currently no Asian studies on the pulmonary

complications of RDS patients using beractant or poractant. As

significant air leak or pulmonary hemorrhage could be lethal for

premature infants, we were interested if a consistent finding on

the outcome of air leak syndrome or pulmonary hemorrhage

secondary to the use of surfactant could be found in our

population.
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Objective: This is a retrospective cohort study comparing the

incidence of pulmonary complications, namely air leak syndrome

(ALS) and pulmonary hemorrhage, between beractant‐ and

poractant‐treated groups. Other neonatal complications, in‐hospital

mortality, length of stay (LOS) at hospital, and other pulmonary

outcomes were also studied.

Study design: The primary outcome measured the incidence of ALS

and pulmonary hemorrhage. Secondary outcomes included mortality

and pulmonary outcomes such as mechanical ventilation duration,

oxygen dependence duration, fraction of inspired oxygen and mean

airway pressure requirement. Logistic regressions were performed to

identify independent risk factors for significant primary outcome.

Results: Eighty‐eight subjects were identified in the period from

January 1 2015 to June 30 2020. Ten subjects were excluded. A total of

29 patients in the beractant group and 49 patients in the poractant

group were studied. There was no significant difference in demo-

graphics between the two groups. There was a significantly higher

incidence of pulmonary hemorrhage in the poractant group (14.3%

versus 0.0%, p = 0.038). The difference in the incidence of ALS was non‐

significant (p = 0.536). Logistic regression for incidence of pulmonary

hemorrhage identified that presence of coagulopathy was the only

significant independent risk factor (OR = 39.855, 95%CI [2.912‐

545.537], p = 0.006), but not surfactant type (p = >0.999). Secondary

outcomes in both treatment groups were similar, except that patients in

the poractant group had higher mean airway pressure before surfactant

therapy (9cmH2O versus 8cmH2O, p = <0.001)

Conclusion: The study showed a significantly higher incidence of

pulmonary hemorrhage in the poractant group. No significant

difference in ALS was observed between the two groups. The

presence of coagulopathy, but not surfactant type, was identified as

an independent risk factor for pulmonary hemorrhage incidence in

the regression study. There was no significant difference in

secondary pulmonary outcomes or common neonatal complication

between the two groups. Future long‐term prospective study is

essential to establish the temporal and causal relationship between

coagulopathy and pulmonary hemorrhage in premature infants

receiving surfactant therapy for RDS, and hence the need of a

screening protocol prior to surfactant.

E 384 ‐ Aerosol Delivery for Neonates: In vitro
Performance of an Inhalation Chamber without Inspi-
ratory Valve.
Eckes M.1, Hervieu B.2, Fontaine L.1, Porée T.1

1R&D, Laboratoire OptimHal ‐ Valognes, France
2R&D, Laboratoire OptimHal‐ProtecSom ‐ Valognes, France

Introduction: Tidal volume of neonates is lower than the dead

space of commercially valved holding chambers (VHC). This could

explain the inefficiency of inhaled treatment with pressurized

metered dose inhalers (pMDIs) and VHCs for neonatal patients [1].

Removing the inspiratory valve of a VHC allows eliminating the dead

space. This study aimed to evaluate the in vitro performance of an

inhalation chamber without dead space compared to a classic VHC.

Materials and methods: Measurements were performed with an

inhalation chamber (TipsHaler®, Laboratoire OptimHal) without

inspiratory valve in comparison with the classic VHC (Tipshaler®).

Performance of the devices was evaluated with a breathing

simulator (Copley) which allows mimicking the respiratory pattern of

neonates. A filter was inserted between the breathing simulator and

an infant face model (Copley) to collect the drug dose deposited.

Facemask was applied on the face model with a 0.8 kg force. Five

Beclomethasone pMDI doses were actioned in the inhalation

chambers during inspiratory and expiratory phases.

Aerodynamic particle size distribution (APSD) was determined with

an in vitro‐in vivo correlation (IVIVC) model. A next generation impactor

(NGI, Copley) was connected to the breathing simulator and the infant

face model by means of a T piece. A constant flow rate of 15 L/min

through the NGI was balanced with a pressurized air source of 15 L/min

resulting in simulated tidal breathing through the VHC and constant air

flow through the NGI. Facemask was applied on the face model with a

0.8 kg force. Ten Fluticasone pMDI doses were actuated through the

VHC during expiratory phases. The distribution of fluticasone through

the different stages of the NGI was used to determine the APSD, the

fine particle dose lower than 5µm (FPD5µm) and the particle mass

median aerodynamic diameter (MMAD).

Results and discussion: The low deposited drug dose (3.92 ± 1.79%

of the nominal dose for measurements synchronized with inspiration

and 3.29 ± 1.27% of nominal dose for measurements non synchronized

with inspiration) with the classic VHC was consistent with drug

deposition reported in a previous study to treat neonatal and infant

patients [1]. The deposited drug mass using the inhalation chamber

without dead space was significantly higher than when using the classic

VHC (8.01 ± 1.29% of the nominal dose when actuation was synchro-

nized with inspiration and 6.67 ± 1.47% of nominal dose when actuation

was not synchronized with inspiration). FPD5µm was significantly

higher and MMAD was equivalent when using the inhalation chamber

without inspiratory valve compared to the classic VHC.

Conclusion: The inhalation chamber without inspiratory valve was

associated with a higher drug dose delivery and fine particle dose lower

than 5µm compared to classic VHC. Results obtained showed that drug

deposition for neonates seemed to be affected by dead space.

[1]: Fok TF, Shelley M, Dolovich M, Gray S, Coates G, Paes B,

Rashid F, Newhouse M, Kirplani H: Efficiency of Aerosol Medication

delivery from a metered dose inhaler versus jet nebulizer in infants

with Bronchopulmonary Dysplasia. Paediatr. Pulmonol. 1996

May;21(5):301‐309.

E 385 ‐ Inhaled Treatments for Neonates and Infants:
How Long Should the Facemask Be Applied on the
Baby's Face for Optimal in vitro Aerosol Delivery?
Eckes M.1, Hervieu B.2, Fontaine L.1, Porée T.1

1R&D, Laboratoire OptimHal ‐ Valognes, France
2R&D, Laboratoire OptimHal‐ProtecSom ‐ Valognes, France

Introduction: A previous clinical study demonstrated that the

aerosol delivered dose for children depends on the cooperation of
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the patient. A decrease in lung drug dose was reported for crying

children compared to quiet children [1]. Applying a facemask on a

baby's face a few seconds could result to the baby's stress and crying

and could reduce lung dose deposited. This study aimed to evaluate

the effect of holding mask time on in vitro drug dose deposited for

newborn and 4‐month‐old models.

Materials and methods: A breathing simulator (Copley) was used

to modelize newborn and 4‐month‐old respiratory patterns [2].

Inhalation chambers with facemask were applied with a 0.8 kg force

on a face model representing an infant (Copley). A filter was inserted

between the face model and the breathing simulator to collect the

drug dose deposited.

The number of breathing cycles studied between two actuations

of beclomethasone dipropionate (QVAR Spray, 100 µg/dose, Teva)

(holding duration in parentheses for the neonate and 4‐month‐old

profiles, respectively) were increased from 2 (2.3 seconds (s) – 3.3 s),

to 4 (4.6 s − 6.6 s), 6 (6.9 s‐ 10 s), 8 (9.2 s − 13.3 s), 10 (11.5 s − 16.6 s),

14 (16.2 s − 23.2 s) and 40 (42.2 s − 66.4 s). Measurements were

performed with the TipsHaler® (Laboratoire OptimHal) inhalation

chamber without its inspiratory valve compared to the classic

TipsHaler® valved holding chamber.

Results: In vitro aerosol delivery doses obtained with the

inhalation chamber without inspiratory valve was higher compared

to that obtained with the classic valved holding chamber. The

delivered dose increased with the duration of the holding mask on

the model face after drug dose release for both respiratory profiles.

Conclusion: The results obtained in this study showed that the

time the facemask is held on the baby's face has an impact on drug

delivery. Results obtained also raises the question of what is more

beneficial for an agitated patient, using two pMDI doses and holding

the mask for few seconds twice or using one pMDI dose and holding

the mask on the baby's face for a longer time, with the risk of

reducing the drug dose deposited because of the baby's crying?

[1]: Murakami G, Igarashi T, Adachi Y, Matsuno M, Yoshizumi A,

Okada T, Measurement of bronchial hyperreactivity in infants and

preschool children suing a new method, Ann Allergy (1990), 64:

383‐387.

[2]: Matthews IL, Kaldestad RH, Bjørnstad PG, Thaulow E, Grønn M,

differing lung function developments in infants with univentricular hearts

compared with healthy infants (2008), Acta Paediatrica, 97: 1645‐1652.

E 389 ‐ Survey of Bronchopulmonary Dysplasia (BPD)
Services in Twenty Hospitals in the North West
Region of England.
Chilukuri L.1, Choaudary D.1, Krishnamurthy V.1, Maddipati T.2,

Macgallard R.1

1Pediatrics, St. Helens and Knowsley NHS Trust ‐ Whiston, United

Kingdom
2General Surgery, St.Helens and Knowsley NHS Trust ‐ Whiston, United

Kingdom

The purpose of this report is to analyze the functioning of BPD

services, in accordance with evidence‐based medicine, in a range of

North West hospitals and then suggesting changes to the service if

needed. To enable this, the authors have designed a standardized

questionnaire to interview the hospitals which cover five main areas.

These include: organization of the team, discharge process from the

hospital, monitoring and weaning of oxygen at home and immediate

as well as long‐term follow‐up.

To summarize, our findings show that although there are wide

discrepancies in the practice offered by the different BPD services

across the region, it is clear that BPD specialists and BPD‐specific

clinics can provide a wealth of benefits for the patients and their

families. From our results, we noted that only four out of twenty

hospitals had a dedicated BPD clinic with five out of twenty having

no set criteria for follow‐up, post‐hospital discharge. If follow‐up was

organized, the interval time varied between two to six months, with

the follow‐up age ranging from zero to five years. In addition, the

majority did not have a clear consensus as to who would constitute a

BPD team. Furthermore, we noted that five out of twenty hospitals

did not have any guidelines of how to wean oxygen in the

community; therefore, the weaning process ranged from weekly to

fortnightly with no set criteria.

In conclusion, this report highlights the importance of having a

standardized approach to BPD care. We can ensure this by organizing

multi‐disciplinary clinics and setting evidence‐based guidelines for

discharge planning, patient follow‐up and monitoring oxygen therapy.

Upon reflection, BPD care is a complex topic and we hope that this

survey is a preliminary step in developing a unified BPD service.

CYSTIC FIBROSIS

F 328 ‐ “The Fault in Our Stars” ‐ Is It Really Only
Because of Them?
Petrova G.1, Yaneva N.2, Andonova Y.1, Strateva T.3, Papochieva V.1,

Miteva D.1, Issaev V.1, Stefanova‐Todorova I.1, Perenovska P.1, Savov

A.2, Baycheva M.4

1Pediatric clinic, University Hospital “Alexandrovska”, Medical University

of Sofia ‐ Sofia, Bulgaria
2National Genetic Laboratory, Obstetrics and Gynecology Hospital

'Maichin dom' ‐ Sofia, Bulgaria
3Department of Medical Microbiology, Faculty of Medicine, Medical

University of Sofia ‐ Sofia, Bulgaria
4Pediatric Gastroenterology Clinic, University Hospital “Prof. I. Mitev”,

Medical University of Sofia ‐ Sofia, Bulgaria

Introduction:

Cystic fibrosis (CF) is a classic example for monogenic autosomal

recessive disease. In contrast to asthma which is multifactoral with many

genetic implications, CF is believed to be defined only from the mutation

in the CFTR gene. So far, no modifier genes for CF have been identified.

It could be assumed that patients with the same mutations would likely

have a similar clinical picture and fate.

We present two girls diagnosed with CF in early infancy

(homozygotes delF508), who are raised in a family with a similar

financial and social situation (poverty and minority ethnicity). Both of
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them are followed by the same medical team. At almost the same age,

both children were colonized with Pseudomonas aeruginosa.

To date, one child has normal lung and nutritional indicators,

has not required hospital treatment for the last 3 years, and has

been on gene‐modifying treatment for 12 months. The other child

has been hospitalized many times in the last 3 years with a

significant progression of liver disease, therefore CFTR modula-

tor therapy could not be initiated. Despite the team's efforts,

she died.

There was a crucial difference for both girls in the behavior of the

parents and the coping with the disease. In the first case, the parents

follow every medical advice without fail, perform daily drainage and

provide the most suitable and healthy food for the child.

Unfortunately in the second case, similar behavior was noticed only

during the last year, when the parents were told that the child could

“die at any moment.” Prior to this conversation, the disease was

underestimated and one of the most important elements of therapy

was often missed ‐ daily bronchial drainage.

Conclusion: Even with the same genetic defect, the similar family

environment for the clinical course of such a devastating chronic

disease of great importance is also how the family will cope with it

and how are they comply with the therapy.

F 380 ‐ Cystic Fibrosis in Costa Rica: A Current View.
Monge‐Espinoza G.1, Loría‐Chavarría G.2, Hoepker A.2, Gutiérrez‐

Schwanhauser J.2, Salazar‐Flores P.2, Brenes‐Montero C.3,

Matamoros‐Salas A.3, Orozco‐Duran H.3, Garcia‐Borbon A.4,

Solano‐Hidalgo F.5, Leon‐Serrano V.6, Soto‐Martínez ME.2

1Department of Pediatrics, National Children's Hospital “Dr. Carlos

Sáenz Herrera” ‐ San José, Costa Rica
2Department of Respiratory Medicine, National Children's Hospital “Dr.

Carlos Sáenz Herrera” ‐ San José, Costa Rica
3Department of Nursery, National Children's Hospital “Dr. Carlos Sáenz

Herrera” ‐ San José, Costa Rica
4Department of Nutrition, National Children's Hospital “Dr. Carlos Sáenz

Herrera” ‐ San Jose, Costa Rica
5Department of Pharmacy, National Children's Hospital “Dr. Carlos

Sáenz Herrera” ‐ San Jose, Costa Rica
6Department of Social Work, National Children's Hospital “Dr. Carlos

Sáenz Herrera” ‐ San Jose, Costa Rica

Introduction: Cystic fibrosis (CF) awareness in Latin America has

increased in the last decades. It represents a significant health burden

for low‐middle income countries (LMIC) with limited resources

challenging CF diagnosis and care. [1]

Socioeconomic factors increase the complexity of managing this

disease. In Costa Rica, all pediatric patients with CF are treated at the

National Children´s Hospital. They receive multidisciplinary care, with

attention from nutritionists, nurses, pulmonary therapists, pulmonol-

ogists, pharmacists and social workers. Current data on CF in our

region are scarce, hence this study aims to describe the clinical,

epidemiological and socioeconomic characteristics of patients

attending our center.

Methods: We performed a retrospective study reviewing medical

records of patients under 18 years of age, who attended the CF Clinic

at the National Children´s Hospital between January 2018 and June

2020. For the data analysis, we used descriptive statistics and chi‐

square tests.

Results: We included 84 patients, 52.3% were females. The

mean age of diagnosis prior to newborn CF screening was 28 months,

and it decreased to 1.1 month after the screening program was

implemented nationwide in 2013.

F508d was the most frequent mutation (40.4%) being heterozy-

gous in 76.5% of the patients, followed by G542x (17.8%) with 60%

being heterozygous.

Pulmonary disease was evaluated according to clinical, lung

function and radiological features. Severe lung disease was present in

14.6% of patients, 9.7% had moderate disease and 75.6% mild

disease. Sinus disease was reported in 54.2%. Airway microbiology

showed 47.6% chronic Pseudomonas aeruginosa infection, along with

22% Staphylococcus aureus and 6.1% Mycobacterium abscessus.

Chronic colonization by Pseudomonas aeruginosa was a risk factor

for the development of severe or moderate pulmonary disease (OR:

9.8, p: 0.0001, CI95%: 2.50‐59.10) and bronchiectasis (OR: 17.5, p:

0.0009, CI95%: 2.12‐780.4).

Growth and nutrition were monitored periodically in all patients

and while the majority (84.5%) had an adequate nutritional status,

13.1% were undernourished. Most patients were pancreatic insuffi-

cient (89.1%) and all of them were receiving pancreatic enzyme

replacement therapy.

Other comorbidities found were CF‐related liver disease (38.5%),

gastroesophageal reflux (33%), cholelithiasis (13.3%), cystic fibrosis‐

related diabetes (6%) and glucose intolerance (4.8%).

Patients identified by newborn screening had less risk of chronic

Pseudomonas aeruginosa infection (OR: 4.2, p: 0.002, CI:95%: 1.47‐

12.42) and CF‐related liver disease (OR: 3.7, p: 0.008, CI95%: 1.25‐

11.88) compared to those who were not.

Regarding the environmental and socioeconomic situation of the

patients, most lived in urban regions, passive smoking was found in

2.5% of cases and 5% reported household crowding. The mother was

the main caregiver in 91.5%, and 44.5% of caregivers had incomplete

secondary education. The monthly income was less than $500 in 20%

of the families and 62% did not own a house.

The mortality rate was of 2.4% within the study.

Conclusion: CF remains a challenging disease for LMIC health

systems and socioeconomic factors play an important role in

achieving an optimal management. This study reflects the current

situation in our country from a medical and social standpoint.

Newborn screening has become a valuable tool to improve early

diagnosis and prevent future complications in our population.

Reference

1. Silva Filho, L et al. (2016). Cystic fibrosis in Latin America‐

Improving the awareness. Journal of cystic fibrosis: official journal

of the European Cystic Fibrosis Society, 15(6), 791–793.
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F 388 ‐ The Relation between Vitamin D Level and Lung
Clearance Index in Cystic Fibrosis – A Pilot Study.
Dediu M.1, Ciuca IM.1, Pop LL.1, Popin D.1, Iacob D.2

1Pediatrics, University of Medicine and Pharmacy “Victor Babes” ‐

Timisoara, Romania
2Neonatology, University of Medicine and Pharmacy “Victor Babes” ‐

Timisoara, Romania

Background: Although life expectancy has increased, the rate of

mortality is still high among cystic fibrosis (CF) patients, cause of

death being respiratory in the majority of cases. Vitamin D has an

important role in immunity and infection prophylaxis, and its

deficiency is associated with frequent infections. In CF patients, the

deficit in liposoluble vitamins is frequent, despite daily supplementa-

tion. We aimed to evaluate the relation between vitamin D and lung

function in children with cystic fibrosis.

Method: A cross‐sectional study was designed at the National

Cystic Fibrosis Center by analyzing children with CF that attended our

center between November 2017 – November 2019. Inclusion criteria:

patients diagnosed with CF. Patients in exacerbation were excluded.

Results: A strong negative correlation was found between

vitamin D and lung clearance index (r = −0.69, p = 0.000) and vitamin

D and computed tomography score (r = −0.605, p = 000). Higher LCI

values were found among patients with Pseudomonas chronic

infection and cystic fibrosis liver disease. A lower vitamin D was a

risk factor for patients with cystic fibrosis liver disease and cystic

fibrosis‐related diabetes.

Conclusion: In CF patients, vitamin D plays an important role and

its deficit correlates with an impaired LCI.

Keywords: vitamin D; lung clearance index; lung function; cystic

fibrosis; children

NEUROMUSCULAR AND CHEST WALL
DISEASES (INCLUDING SIDS)

H 268 ‐ Pulmonary Function of Pediatric Patients with
Duchenne Muscular Dystrophy at a Tertiary Govern-
ment Hospital.
Arquillo M.1, Lozada MC.1, Layug EJ.2, Bautista K.1, Calotes‐

Castillo L.2

1Pediatric Pulmonology, University of the Philippines, Philippines General

Hospital (UP‐PGH) ‐ Manila, Philippines
2Child Neurology, University of the Philippines, Philippine General

Hospital (UP‐PGH) ‐ Manila, Philippines

Objective: Our study aimed to determine the clinical profile and

pulmonary function of pediatric patients with Duchenne muscular

dystrophy (DMD). We also characterized the stages of progression of

the disease and determined their potential association with spirome-

try variables.

Methodology: In this cross‐sectional study, we used data

obtained from a review of medical records of all pediatric patients

(0‐18 years old) with Duchenne muscular dystrophy seen in a

multidisciplinary neuromuscular clinic of a tertiary government

hospital from August 2018 until March 2020.

Results: Included were 30 patients subdivided into groups

according to the stage of disease progression. Overweight (26.7%),

obesity (20%), and scoliosis (26.7%) were common among non‐

ambulatory patients. Only one late ambulatory patient had evidence

of ineffective airway clearance. Symptoms of sleep‐disordered breath-

ing, particularly snoring (66.7%) and apnea (6.7%), were common across

all disease stages. All patients had normal peripheral oxygen saturation

on room air. The mean peak expiratory flow rate was 215.6 (±84) L/min.

The mean forced vital capacity (FVC), forced expiratory volume in the

first second (FEV1), and FEV1/FVC were 66.2% (±23.7), 67.7% (±23.8),

and 97.5 (±3.2), respectively. Among patients with polysomnography

results, the average apnea‐hypopnea index was 3 per hour (±1.6). When

patients were compared according to their stage disease progression,

however, there were no significant differences.

Conclusion: This is the first study on the pulmonary function of

Filipino pediatric patients with DMD. Spirometry patterns character-

istic of restrictive lung disease were observed. Prospective studies

may help identify respiratory variables that significantly correlate

with pulmonary function.

EPIDEMIOLOGY, ENVIRONMENTAL RISKS,
PREVENTION, SOCIO‐ECONOMIC COST,
PUBLIC HEALTH RESOURCES

I 260 ‐ Lockdown Fatigue in Pediatric Respiratory
Patients: Lessons from the First COVID‐19 Year.
Cahal M., Amirav I., Rochman M., Be`er M., Besor O., Lavie M.

Pediatric Pulmonology Unit, Dana‐Dwek Children's Hospital, Tel‐Aviv

Sourasky Medical Center ‐ Tel‐Aviv, Israel

Lockdown policies have been implemented worldwide to limit

the spread of COVID‐19. “Lockdown fatigue” is a state of exhaustion

related to the accumulating effects of repeated lockdowns. The aim

of the current study was to examine the effects of repeated

lockdowns on children with respiratory disorders.

Data on children aged 0‐18 years with respiratory disorders were

collected by an electronic survey during the third lockdown in Israel. The

retrieved information included demographics and baseline medical

status, respiratory clinical status during the third lockdown compared to

pre‐lockdown periods, lockdown adherence, lifestyle modifications and

caregiver emotional status. The results were compared to those of a

similar questionnaire distributed during the first lockdown.

A total of 234 patients (62%males, 37% females, mean age 6.8 years

[confidence interval 6.1‐7.5]) were enrolled. Respiratory symptoms and

exacerbation frequency were reduced in 76 (35.5%) and 58 (27.4%)

patients, respectively, compared to the pre‐lockdown period and similar

to the first lockdown (p =0.840 and p =0.063, respectively). However,

compared to the first lockdown, the third lockdown was associated with

greater use of reliever medications (p = 0.006), less use of inhaled
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corticosteroids as routine treatment (p =0.027), and more pediatric

emergency room visits and hospitalizations (p = 0.001 and p<0.001,

respectively). The results also showed an increase in sedentary lifestyle

(e.g., reduced physical activity [p = 0.025], less healthy eating habits

[p =0.001]) and reduced adherence to lockdown policies (p < 0.001).

These data show that the continuing stability of clinical

improvement during lockdown was accompanied by deleterious

sequelae that potentially indicate “lockdown fatigue” among children

with respiratory disorders.

I 287 ‐ Plasma Proteome Profiling for Severity of
Humidifier Disinfectant‐Associated Lung Injury in
Children.
Kang MJ.1, Lee SY.2, Kim KK.3, Hong SJ.2, Ahn HS.3

1Humidifier Disinfectant Health Center, Asan Medical Center ‐ Seoul,

South Korea
2Pediatrics, Asan Medical Center ‐ Seoul, South Korea
3Convergence Medicine Research Center, Asan Institute for Life Sciences,

Asan Medical Center ‐ Seoul, South Korea

Rationale: Humidifier disinfectant (HD)‐associated lung injury

(HDLI) is not only associated with increased acute morbidity and

mortality, but also affects long term lung function due to lung fibrosis.

However, there has been no validated marker capable of detecting

exposure to HDs or severity of HDLI.

Objective: This study aims to develop a prediction score platform

using plasma proteome data from HD‐exposed patients in order to

classify the severity of HDLI.

Methods: Children exposed to HDs (n = 223) and unexposed

healthy children (n = 104) were investigated. Home surveys and

questionnaires were used to assess HD exposure. Automated sample

preparation and data‐independent acquisition mass spectrometry

method was performed to measure plasma proteins. We defined the

HDLI severity scores and built the extreme gradient boosting

(XGboost) model which computed a prediction score.

Results: We identified 1,296 proteins in 327 subjects and among

them, selected 13 protein features which varied depending on HDLI

severity. As the severity increased, the predictive score of the model

consisting only for plasma protein increased. This prediction model

score discriminated between HD‐exposed and unexposed group

regardless of severity (AUROC; 0.976), with the most severe HDLI

group clearly distinguished from the unexposed group (AUROCI; 1).

Conclusion: This prediction model score through plasma pro-

teome profiling was able to distinguish HD exposure and severe HDLI

from the unexposed group. This score suggests a promising source

for an HDLI biomarker.

I 302 ‐ Analysis of Inter‐Hospital Transport of
Children with Respiratory Problems and Hypoxia at a
Core Hospital on a Remote Island.
Ohta T.1, Ota E.1, Inada K.2, Miyazaki N.2, Niiro N.2, Kashiwagi A.3

1Department of Pediatrics, Tokunoshima Tokushukai General Hospital ‐

Kagoshima, Japan

2Department of Obstetrics and Gynecology, Tokunoshima Tokushukai

General Hospital ‐ Kagoshima, Japan
3Department of Pediatric Nursing, Tokunoshima Tokushukai General

Hospital ‐ Kagoshima, Japan

Background: As Japan is archipelagic country with many remote

islands, patient transportation in emergency is a crucial issue for

those who are practicing in rural islands. Tokunoshima island with a

population of approximately 23,000, where our hospital is located,

has the highest birth rates in Japan. Our hospital is the only hospital

on the island equipped with a perinatal facility and facing challenges

of patient transportation.

Objectives: To identify problems in inter‐facility transport,

patient characteristics, method and duration of transportation,

adverse events during transportation and outcomes after transporta-

tion were investigated.

Materials and methods: A retrospective review was conducted

for pediatric patients with respiratory problems and hypoxia that

were transferred from our hospital to higher‐level medical facilities

from January 2020 to December 2021 (2 years).

Results: There were a total of 35 patients transferred with age

ranging from 0 day old to 8 years old (median 2 months). Thirty‐one

percent of the patients were neonates and another 31 percent were

infants (n = 11). The underlying diseases were as follows: respiratory

syncytial virus infection in 11 patients, metabolic emergency with

CPTα deficiency in 4 patients (same person), transient tachypnea of

the newborn in 3 patients, suspected congenital heart disease (CHD)

in 3 patients, transient tachypnea of the newborn in 3 patients,

pneumonia with spinal muscular atrophy in 2 patients (same person),

and 1 patient with the following diseases: neonatal asphyxia,

neonatal pneumothorax, pertussis, cryptogenic shock, peritonsillar

abscess, diabetes ketoacidosis with type 1 diabetes, traumatic brain

contusion, esophageal foreign body, intussusception, intestinal

malrotation, meconium aspiration syndrome and asthma attack. All

patients were transferred by air: 17 cases by commercial airplane, 13

cases by doctor helicopter, 4 cases by Self‐Defense Forces

helicopter, 1 case by disaster prevention helicopter. For those 21

cases who were not transported by doctor helicopter to the closest

core hospital (0.5 hour), the transport time ranged from 1.5 to

3.3 hours (median 2.4 hours). Medical care provided during transpor-

tation included intravenous fluid infusion (n = 32, 94%), supplemental

oxygen (n = 6, 17%), sedation and pain control (n = 3, 9%), prosta-

glandin E1 for maintaining ductal patency (n = 1, 3%). Three cases

were refused by doctor helicopter for transfer to nearby core hospital

because of bad weather (n = 2), occupied at work (n = 1) and thus had

to change to another hospital further away. Among the patients

transferred, there were no serious adverse events reported but mild

to moderate complications were reported in 11 patients, including 5

with apneic episode, 4 with respiratory tract infection requiring

additional oropharyngeal suctioning and 2 with 10% reduction in

oxygen saturation during aircraft flight. All patients survived intact.

One case required second mode of transportation by air for radical

surgery.
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Conclusion: Around two thirds of patients for whom inter‐

hospital air transportation was required were in the neonatal period

or infancy. They presented with various underlying diseases. Careful

preparation and team collaboration are crucial for management and

stabilization of these patients for long‐distance transportation. When

neonates are suspected to develop complications from congenital

heart disease, use of telemedicine would be beneficial.

I 311 ‐ Association between PM10 Exposure During
Pregnancy and Neonatal Respiratory Distress Syndrome.
Kim HB.1, Kim HC.2, Seo YS.3, Kim MH.3, Yoon SH.3

1Pediatrics, Inje University Sanggye Paik Hospital ‐ Seoul, South Korea
2Department of Occupational and Environmental Medicine, Inha

University School of Medicine ‐ Incheon, South Korea
3Department of Obstetrics and Gynecology, Inje University Sanggye Paik

Hospital ‐ Seoul, South Korea

Purpose: It is well known that air pollution impacts respiratory

health, and its exposure during pregnancy could affect fetal

development, which then may cause harmful respiratory disease in

infants. There is limited evidence concerning the effect of particulate

matter (PM) exposure during pregnancy on neonatal respiratory

distress syndrome (nRDS).

Methods: In this study, medical records of 1,494 mother‐baby

dyads who gave birth at a single tertiary hospital in 2015‐2020 were

retrospectively reviewed. nRDS was defined when the infant

received surfactant replacement therapy immediately after birth.

Exposure levels of PM10 and PM2.5 during pregnancy were

estimated by residential address using TMS based on the national

monitoring system. Multivariate logistic regression models calculated

the association between PM and nRDS adjusting for sex, maternal

education level, and prematurity.

Results: The incidence of nRDS in this study was 10.7%. High

PM10 exposure during total pregnancy was not associated with the

development of nRDS (aOR 1.123, 95% CI 0.747‐1.687), but PM10

exposure during the third trimester increased the risk of nRDS after

adjusting for sex, maternal education level, prematurity, birth season,

delivery mode, pregnancy‐induced hypertension, gestational diabetes

mellitus, and parity (aOR 1.550, 95% CI 1.013‐2.371). High PM2.5

exposure during pregnancy was not associated with nRDS.

Conclusion: High PM10 exposure during the third trimester of

pregnancy was associated with the development of nRDS.

I 345 ‐ Identifying and Addressing Respiratory Health
Inequities for Indigenous Māori Children and Young
Adults with Cerebral Palsy in Aoteroa New Zealand.
Sorhage A.1, Keenan S.2, Chong J.3, Blackmore M.4, Byrnes C.5, Hill

T.2, Mackey A.1, Stott S.1

1Pediatric Orthopedics, Starship Children's Hospital ‐ Auckland, New

Zealand
2General Pediatrics, KidzFirst ‐ Auckland, New Zealand
3Pediatric Rehabilitation Services, Starship Children's Hospital ‐ Auck-

land, New Zealand

4Research, Telethon Kids Institute ‐ Perth, Australia
5Pediatric Respiratory Services, Starship Children's Hospital ‐ Auckland,

New Zealand

Background: Respiratory disease is a leading cause of morbidity,

mortality, and poor quality of life amongst children with cerebral

palsy (CP). Predictive risk factors for future respiratory‐related

hospital admissions in CP include: (i) those with severe physical

disability defined as having a Gross Motor Functional Classification

System (GMFCS) score of V; (ii) previous respiratory‐related hospital

admission(s); and (iii) ≥2 courses of antibiotics annually. This study

describes the prevalence of CP‐related respiratory disease in

younger Māori and non‐Māori in NZ's most populated city,

Auckland.

Study design: Cohort study linking NZ CP Register (NZCPR) and

prospectively collected health datasets.

Study participants and setting: Auckland Health Regional Ethics

Committee (AH21942) approved the study. Health data for 542

participants aged 0‐26 years, residing in the Auckland region were

extracted from NZCPR.

Materials and methods: NZCPR data and de‐identified data from

the National Minimum Dataset (Hospital Events) and Pharmaceutical

Collection were linked using the Electronic Health Index number to

identify all respiratory‐related hospital admissions and antibiotic

dispensing episodes respectively in 2014‐2020. Prevalence rates

across ethnic, GMFCS, and socioeconomic (NZDep13) groups were

calculated; linear interpolation was used to calculate the total

population of Auckland region for 2014 –2020.

Results: There were 540 participants included for analysis (Male

n = 310; non‐Māori n = 444; GMFCS I/II n = 293, III n = 48 and

GMFCS IV/V n = 199; median age 14 (1‐26) years). Māori children

and young adults lived in areas of greater deprivation (p < 0.0001)

and were more likely to be classified at GMFCS IV/V (p = 0.018) than

non‐Māori counterparts. One hundred fifty‐eight (158) participants

(29%) were admitted with a respiratory illness of whom 112/124 of

non‐ Māori and 34/34 of Māori had ≥2 courses of antibiotics

dispensed/year. Four hundred eighty‐seven (487) children (90%) had

a total of 5754 respiratory‐related antibiotics dispensed in the

community over the same timeframe. Those more physically affected

by their CP functioning at GMFCS IV/V had more respiratory‐related

hospital admissions than those functioning at GMFCS level I/II/III

[OR = 5.5 (95% CI 2.8721 −10.49), p < 0.0001; OR = 17.6 (95% CI

8.9554‐34.6054), p < .0001 respectively]. A decline in overall

incidence rates was observed in admission and antibiotic dispensing

over the timeframe, incidence rates per year for respiratory‐related

admissions and antibiotic dispensing for Māori children per 100,000

populations were significantly higher [(2.9‐fold increase, p < 0.001);

(1.8‐fold increase, p < 0.001) respectively] compared to their Eur-

opean counterparts.

Conclusion: Respiratory‐related hospital admissions and anti-

biotic dispending were common in children and young people with

CP, supporting further work that is underway to assess the feasibility

of the CP Respiratory Checklist in NZ. Significant inequities have
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been identified with Māori participants having a higher risk for future

admissions with respiratory‐related illness. Priority should be given to

screening and identification of potentially modifiable risk factors in

Māori children from CP diagnosis onwards and coordinated across

services.

I 351 ‐ Exploring the Relation between Short‐Term
Ambient Air Pollution Variability and Asthma
Exacerbations.
Kelchtermans J.1, Mentch F.2, Hakonarson H.1

1Division of Pulmonary Medicine, Children's Hospital of Philadelphia ‐

Philadelphia, USA
2The Center of Applied Genomics, The Children's Hospital of Philadel-

phia, Philadelphia ‐ Philadelphia, USA

Rationale: The correlation between short‐term increases in ambient

air pollution and the incidence of asthma exacerbations has been well

established. To determine if this correlation is driven by a population‐

wide sensitivity or by a specific subgroup of patients, we integrated data

from the Air Quality System, a nationwide monitoring system

maintained by the United States Environmental Protection Agency,

with data from the electronic medical record.

Methods: We defined asthma cases as patients above the age of

4 with at least two asthma related ICD‐9 codes in at least two

different and independent clinical encounters, and at least one

asthma‐related prescription. We excluded patients with significant

other pulmonary diseases including, but not limited to, cystic fibrosis

and bronchopulmonary dysplasia. We defined asthma exacerbations

as dates on which these patients were prescribed systemic steroids.

Finally, we obtained the air pollution data for all monitoring stations

within a 10 by 10‐mile square centered on the central coordinates of

the patient's home ZIP code. Using an inverse distance weighting

formula, we use this data to approximate the ambient air pollution

concentration at the patient's home prior to an asthma exacerbation.

Using a case‐crossover study design, we compared these data with

matched control data obtained from the same area two weeks prior

and two weeks post the dates of interest.

Results: We included 8,129 patients in our study with 34,364

associated asthma exacerbations over a 20‐year period. We obtained

data for the concentration of CO for 12,451 events, NO2 for 18,474

events, Ozone for 13,245 events, SO2 for 21067 events, Particulate

Matter 2.5 for 22,766 events and Particulate Matter 10 for 10,277

events. At a population level, there were no differences in the

concentration of these pollutants in the days leading up to an asthma

exacerbation when compared to the control data.

Conclusion: While past work has clearly demonstrated an

increase in asthma‐related emergency department visits at times of

heightened air pollution concentration, it remains unclear if this is

driven by the entire patient population or by a subset of patients. In

the current study, we examined for an association between

short‐term variations in ambient air pollution and asthma exacerba-

tions. The lack of a clear association between asthma exacerbations

and short‐term increases in ambient air pollution support the notion

of a subset of patients driving the increased incidence observed in

prior studies. More research is needed to refine our understanding of

which patients with asthma are sensitive to short‐term changes in

ambient air pollution.

I 354 ‐ Parents' Awareness and Preventive Behavior
Related to Particulate Matter.
Sung MS.

Pediatrics, Soonchunyang University ‐ Gumi, South Korea

Background: Previous studies of the relationship of particulate

matter (PM) with allergic diseases have had strong association results.

Thus, this study aimed to identify knowledge and awareness of PM in

parents of children with allergic disease and their preventive behavior

against particulate matter and assess the factors influencing preven-

tive behavior.

Method: This study was designed as a descriptive survey study. The

participants were parents of children with allergic disease, and a survey

was conducted in August 2020. The questionnaire was composed of

questions about general and pathological properties, knowledge on and

attention to PM, and preventive behavior against PM. A total of 122

questionnaires were distributed, and 118 questionnaires, except for four

copies that gave inadequate answers, were used for the final analysis.

The data were analyzed using SPSS 22.0 program, and reliability test,

independent t‐test, one‐way ANOVA, Pearson's correlation coefficient,

and multiple linear regression were carried out.

Results: The mean score for knowledge on and awareness of PM

and preventive behavior was 10.28± 2.69, 3.62 ± 0.75, and 4.09 ± 0.57,

respectively. Preventive behavior against PM was positively correlated

with both knowledge (r = .326, p < .001) and awareness (r = .586,

p < .001). Knowledge and awareness (r = .263, p < .001) also showed a

statistically significant positive correlation. The factors affecting

preventive behavior with respect to PM were the mother's previous

history of asthma (β= −.318, p < .001), knowledge on PM (β= .180,

p = .012), and attention to PM (β = .505, p < .001); and the explanatory

power was 47.5%.

Conclusions: Participating parents of children with allergic

disease showed average or above levels of knowledge on, attention

to, and preventive behavior against PM. It was also found that the

higher the level of knowledge and attention, the higher the level of

preventive behavior. To prevent aggravation of allergic diseases due

to PM, it is necessary to provide parents of children with the allergic

disease as the primary caregiver with specific education programs

regarding PM and develop intervention programs intended to

promote preventive behaviors against particulate matter.

I 376 ‐ Ethnic and Socioeconomic Disparities in
Childhood Foreign Body Aspiration in Northern Israel.
Gut G.1, Gur M.2, Nir V.2, Toukan Y.2, Masarweh K.2, Khalilieh T.2,

Bentur L.2, Bar Yoseph R. 2

1Department of Pediatric Pulmonology, Critical Care and Sleep Medicine,

Dana Children's Hospital, Tel‐Aviv Sourasky Medical Center, Tel Aviv

University, Sackler Faculty of Medicine ‐ Tel Aviv, Israel
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2Pediatric Pulmonary Institute and CF Center, Ruth Rappaport Children's

Hospital, Rambam Health Care Campus ‐ Haifa, Israel

Background: Foreign body aspiration (FBA) is an important

cause of morbidity and mortality in young children. The aim of this

study is to identify epidemiological and socioeconomic character-

istics associated with an increased risk for childhood FBA in

northern Israel.

Method: A retrospective study of children under the age of 18

years arriving to a tertiary hospital in northern Israel with a

suspected FBA between January 2010 to December 2019.

Epidemiological and clinical data such as age, gender, ethnicity,

type of residence and socioeconomic status were extracted from

their medical records.

Results: Two hundred forty‐eight (248) children (60% male,

age 3.1 ± 3.6 years) were eligible for analysis. Jewish origin was

the most prevalent ethnic group with 46%, followed by Muslin

with 43%. The minority were Christian (6%) and Druze (5%). In 92

cases (37.1%), a foreign body was found and removed ‐ foreign

body (FB) group. Males were predominant in both groups (FB

59%, non‐FB 60%). The children from the FB group were older

(3.6 ± 3.5 years vs. 2.6 ± 2.9, p = 0.02). Muslim origin was more

common in the FB (54%) compared with non‐FB group (36%,

p < 0.0001) and compared to the general population in the

institution's district (38.4%). In contrast, the proportion of Jewish

children was lower among the FB group compared to non‐FB

group (33% vs. 52%, p < 0.0001). Similar differences were not

found for Christian or Druze origin between the two groups and

their proportion in the general population. Lower socioeconomic

status was found for the FB group children (p < 0.003).

Discussion: Among children evaluated for FBA, we found higher

risk in Muslim origin and in lower socioeconomic population

emphasizing the importance of targeting preventive measurements

for at‐risk populations. Larger, prospective studies are needed to

better identify at risk populations for FBA.

INVESTIGATION AND DIAGNOSTIC TESTS

J 279 ‐ Can Cryobiopsy of Lung Be the Way Forward
for Diagnosis of Pediatric Interstitial Lung Disease?
Mohite K., Chandra T., J T S., Arigela K.

Pediatric Pulmonology, Aster CMI ‐ Bangalore, India

Introduction: Tissue diagnosis in pediatric interstitial lung

diseases is of paramount importance, so as to not only diagnose

but also to start them on appropriate therapy, if available. Open

lung biopsy (OLB) or video assisted thoracic surgery (VATS) has

been the traditional gold standard modality for diagnosing

pediatric interstitial lung diseases. Cryobiopsy of lung has

recently been shown to be a novel technique with very good

sensitivity and specificity in the diagnosis of various interstitial

lung disorders in adults with few case reports in the pediatric

population. However, it is not very commonly carried out in the

pediatric population due to the in‐availability of the necessary

equipments and the lack of expertise. Here, we present a series of

9 cases with diffuse parenchymal lung disease who underwent

cryobiopsy of lung, and diagnosed with specific etiology

comprehensively.

Aim: Utility, clinical efficacy and safety of cryolung biopsy in

pediatric population.

Materials and Methods: A prospective observational single‐

center study was carried out in Aster CMI hospital, Bangalore,

India. Nine consecutive children with diffuse parenchymal

lung disease diagnosed both clinically and on high resolution

computed tomography (HRCT) of chest were included in the

study from October 1st 2020 to September 30th 2021.

The site from where cryobiopsy was to be performed was

chosen after a multidisciplinary meeting with the pediatric

radiologist.

Procedure: Rigid bronchoscopy (ventilating bronchoscope,

size depending on child's age, height and weight) was

performed under general anesthesia. A flexible bronchoscope

(diagnostic scope, channel 2 mm, Olympus Corporation) was

introduced through the rigid scope to facilitate passage of

flexible accessories. A standard flexible cryoprobe (ERBE,

Germany), 90 cm length and diameter ranging from 1.1 to

2.2 mm was introduced under fluoroscopic guidance via the

flexible bronchoscope. The biopsy process involved cooling for

3 seconds, adhering lung tissue to the cryoprobe tip (cryoadhe-

sion). The frozen specimen obtained was thawed in saline and

sent for histopathology. Specimen was obtained and was sent for

histopathological examination.

Results: Nine children (six males and three females) were

included in the study who underwent cryobiopsy in the duration

of one year. The mean age of the cases involved was 7 years 2

months with the youngest and oldest being 12 days and 14 years

10 months, respectively. All children underwent the procedure as

mentioned above. Fifty‐five percent of the cryobiopsy

samples were collected from the left lower lobe and 45% were

collected from the right lower lobe. Diagnostic yield was

achieved in 100% of cases. The most common diagnosis was

pulmonary alveolar proteinosis (55.55%). Complications were

mainly very minimal bleeding requiring no intervention with one

case (11%) having an intra‐procedural complication of pneumo-

thorax which required chest drain insertion for 48 hours. The

mean hospital stay for most of the children was 24 hours after

which they were discharged, except for one child who required a

chest drain.

Conclusion: Cryobiopsy of lung tissue seems to be a reasonable

and safe alternative with good diagnostic yield in pediatric interstitial

lung disease. This novel technique in the right hands can reduce the

morbidity and mortality associated with OLB and VATS and improve

diagnostic yield by sampling the involved subsegment.

Keywords: Cryolung biopsy, Interstitial lung disease, Pulmonary

alveolar proteinosis.
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J 280 ‐ Respiratory Oscillometry and Spirometry in
Schoolchildren and Adolescents with Asthma: Feasi-
bility and Association with Uncontrolled Asthma.
Díez Monge N.1, Domínguez Martín C.1, Alonso Rubio AM.2, Pérez

García I.2, Arroyo Romo MT.3, Martínez Rivera MT.4, Grande Alvarez

R.3, Barbero Rodríguez AM.2, Cano Garcinuño A.5

1Pediatrics, Hospital Universitario Río Hortega ‐ Valladolid, Spain
2Pediatrics, Centro de Salud Covaresa ‐ Valladolid, Spain
3Pediatrics, Centro de Salud Rural II ‐ Valladolid, Spain
4Pediatrics, Centro de Salud Laguna de Duero ‐ Valladolid, Spain
5Pediatrics, CS Villamuriel ‐ Palencia, Spain

Purpose: To compare the feasibility (usability and perceived

difficulty) of spirometry and respiratory oscillometry (FOT) in

schoolchildren and adolescents with asthma, and their association

with asthma control.

Methods: In a sample of asthmatic children 6‐14 years old, FOT

and spirometry were consecutively performed. Results were trans-

formed in Z‐scores according to Gochicoa‐Rangel et al. 2015 (FOT)

and Global Lung Initiative 2012 (spirometry).

The usability of both techniques was investigated by measuring

the time employed in each test, number of maneuvers needed to

obtain a valid test and the percentage of patients that achieved a

valid test session. The perceived difficulty of each technique was

ranked in a visual analog scale from 0 (very easy) to 10 (very difficult).

Asthma control was determined by means of the validated CAN

questionnaire (Pérez‐Yarza 2009). Feasibility variables were com-

pared by paired t‐test or McNemar test. Multiple regression models

were used to identify factors related to the perceived difficulty of

each test and to the time required to obtain a valid test. Differences

between controlled and uncontrolled asthma in FOT and spirometric

results were analyzed through Mann‐Whitney tests. A p‐value < 0.05

was considered statistically significant.

Results: Between October‐December 2021, a sample of 94

asthmatic children was studied: 65% were male and the mean age

(standard deviation, SD) was 10.2 (2.4) years. None had previous

experience in performing FOT, but 51% had previously performed

spirometry. Uncontrolled asthma (≥ 8 points in CAN questionnaire)

was present in 24.5%.

The table shows feasibility parameters for FOT and spirometry

and the comparison between them:

Spirometry FOT p‐value

Time employed (minutes):
mean (SD), rank

8.3 (2.6),
4.0‐14.2

5.4 (2.8), 2.3
– 16.3

0.010

N° maneuvers performed:
mean (SD), rank

6.2 (1.6), 3‐8 4.4 (1.9), 3‐8 0.052

N° (%) with valid test 90 (95.7) 85 (90.4) 0.267

Perceived difficulty: mean
(SD), rank

5.5 (2.7), 0‐10 2.1 (2.2), 0‐10 0.655

In regression models, time required to obtain a valid spirometry

was not related to age, sex, asthma control or previous experience in

performing spirometry. Time required to achieve a valid FOT was

only related to age: each year reduced by 0.3 minutes (95%

confidence interval, CI, 0.1‐0.5) the length of the test.

Also, regression models showed that perceived difficulty of

spirometry was only associated with age, but inversely: for each year,

the difficulty score increased 0.3 points (95%CI 0.1‐0.6). However,

the perceived difficulty of FOT was not associated with age, sex,

asthma control, time required to obtain a valid test or number of

maneuvers performed.

Current asthma control was not related with any of the results of

FOT or spirometry (all comparisons with p > 0.05).

Conclusion: In adolescents and schoolchildren with asthma, valid

results for FOT can be obtained in a shorter time than for spirometry.

However, in this age group, neither perceived difficulty nor number

of patients that achieve a valid test is different between FOT and

spirometry. Results of FOT and spirometry are not associated with

current asthma control.

Reflections: In this age group, FOT offers minor advantages over

spirometry in terms of feasibility, and both of them fail in identifying

uncontrolled asthma. Other advantages of FOT should be demon-

strated before widespread FOT use could be recommended in

schoolchildren and adolescents with asthma.

J 289 ‐ Association between Obesity and Pulmonary
Function in Children.
Najoan P., Wahani A., Simanto I., Natanael H.

Department of Child Health, Sam Ratulangi University/Prof. Dr. R. D.

Kandou Hospital ‐ Manado, Indonesia

Obesity and overweight are defined as abnormal or excessive fat

accumulation that presents as a risk to health. Obesity in children and

adolescents has been noted as one of the global health problems.

Over the several last decades, the incidence of obesity was found

increased in several parts of the world. One of the major

complications in children was disorder of the respiratory tract.

Spirometry is a type of pulmonary function test that is often used to

diagnose respiratory tract disorder in children. Several researches

showed the correlation between obesity and alteration in pulmonary

function test.

This research aimed to find the association between obesity and

pulmonary function in children from 13 – 18 years old. The study

design was analytic observational with cross‐sectional approach. This

study was started from July 2018 until October 2018 at Tuminting

district, Manado. The statistical analysis used descriptive analysis and

Spearman correlation analysis test to evaluate the association

between obesity and pulmonary function test. The result was

statistically significant if p < 0.05.

There were 60 children following this study, 36 boys and 24

girls. The youngest age was 14 years old and the oldest age was 18

years old. The lightest body weight was 53 kg and the heaviest was

105 kg, with mean body weight 71.02 kg and SD (standard
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deviation) 13.996 kg. Furthermore, the shortest body height was

150 cm and the tallest was 170 cm, with mean height 160.83 cm

and SD 7.5 cm. The lowest body mass index was 21, the highest

was 38, with mean body weight 17.40 and SD 4.553. In this study,

the sample with good nutritional status comprised 18 children

(30%), overweight 18 children (30%), and obesity 24 children

(40%). There were 48 children (80%) with normal pulmonary

function and 12 children (20%) with restrictive pulmonary

dysfunction. There was no subject with obstructive pulmonary

dysfunction in this study.

There was an association between obesity and FEV1/FVC ratio

in children (p = 0.036). There was no significant association found

between obesity and FEV1 (forced expiratory volume in 1 second)

level in children (p = 0.245) and no significant association between

obesity in FVC (forced vital capacity) level in children (p = 0.226). This

result showed significant negative correlation between obesity and

FEV1/FVC ratio in children. Main result in this study showed that the

higher body mass index will be followed by a decrease in FEV1/FVC

ratio. Associated with this finding, further research in obesity and

pulmonary function test is needed.

J 323 ‐ Diagnostic Accuracy of C‐ Reactive Protein And
Procalcitonin in the Diagnosis of Pediatric Community‐
Acquired Pneumonia in Children: A Meta‐Analysis.
Yambao ML.

Section of Pediatric Pulmonology, Makati Medical Center ‐ Santo Tomas

Pampanga, Philippines

Background: Pediatric community‐acquired pneumonia remains

to be the leading cause of mortality in children. C‐reactive protein

and procalcitonin are some of the biomarkers commonly utilized in

clinical decision‐making in the management of community‐acquired

pneumonia in children.

Objective: This study aims to determine the accuracy of C‐

reactive protein and procalcitonin in the diagnosis of pediatric

community‐acquired pneumonia (PCAP), differentiating viral and

bacterial PCAP and predicting severity of PCAP.

Methodology: Pubmed, Hindawi, Google Scholar, Herdin and

Medline were searched using keywords (pediatric OR child OR

children OR infant) AND (pneumonia OR “community acquired” OR

“lower respiratory tract infection”) AND (“inflammatory markers”

OR biomarkers) NOT (COVID OR NCOV OR COVID19 OR “corona

virus”). In addition to the electronic search, reference lists in all

known reviews and primary studies were manually checked. The

search was limited to human studies, children below 18 years of age

and articles published from 2010 until 2021. Observational studies

were included which described sensitivity and specificity of C‐

reactive protein and procalcitonin in the diagnosis of community‐

acquired pneumonia in children. A meta‐analysis was performed.

Results: One hundred one abstracts were identified, and 28

studies were included. Procalcitonin had a pooled sensitivity of 86%

(95% CI = 77% to 92%) and pooled specificity of 56% (95% CI = 40%

to 71%) for the identification of PCAP. Accuracy using AUROC was

at 81%. In distinguishing bacterial from viral pneumonia, procalcitonin

had a sensitivity of 81% (95% CI = 72% to 87%) and a specificity of

64% (95% CI = 52% to 75%) in identifying bacterial pneumonia.

Accuracy using AUROC was 81%. In predicting severe pneumonia,

the pooled sensitivity of procalcitonin was 80% (95% CI = 71% to

87%) and specificity was 78% (95% CI = 61% to 88%). Accuracy using

AUROC was 85%. Quality assessment found low risk of bias and

applicability concerns.

Conclusion: C‐reactive protein and procalcitonin have moderate

diagnostic accuracy. Coupled with other clinical findings, we

recommend the use of these biomarkers in decision‐making and

management of pediatric community‐acquired pneumonia.

J 335 ‐ Utility of Impulse Oscillometry in the
Evaluation of Reversible Airway Obstruction among
Filipino Children.
Afable GE.

Institute of Pediatrics and Child Health/Institute of Pulmonary Medicine,

St. Luke's Medical Center ‐ Quezon City, Philippines

Background: The ideal pulmonary function test for preschool

children with ventilatory abnormalities is one that entails tidal breathing

and passive cooperation. Impulse oscillometry system (IOS) is one such

test and is suitable for preschool children as well as older children

unable to adequately perform the maneuvers of spirometry. In our

institution, IOS used the criteria set by the manufacturer where lung

function is considered abnormal if the airway resistance is greater than

150% of the predicted value. Clinical experience showed however that

cut‐off values in Filipinos may be a lot lower. This study looked into the

threshold values of IOS that can be used as reference points in detecting

reversible airway obstruction.

Methods: This is a retrospective cross‐sectional study that

looked into the asthmatic Filipino pediatric patients' airway resistance

evaluation using IOS. It included pediatric patients who underwent

IOS. Total airway resistance (Rrs 5 Hz) and proximal airway resistance

(Rrs 20Hz) pre‐and post‐bronchodilator studies were determined

using the 150% cut‐off value of the IOS and significant reversibility of

20% in the airway resistance post‐bronchodilator administration as

an indication of airway obstruction.

Results: Of the patients who had a reversible total airway

obstruction post‐bronchodilator, more than four‐fifths had less than

150% of the predicted value. On the other hand, of the less than one‐

third with central airway obstruction, an even much higher propor-

tion, 94% had below 150% of the predicted value.

Conclusion: Threshold values of abnormal pulmonary function by

IOS at airway resistance Rrs 5 Hz and Rrs 20 Hz in Filipino children

are much lower than 150 percent of the predicted value.

Clinical Implication: Local current threshold values of abnor-

mal lung function at airway resistance Rrs 5 Hz and Rrs 20 Hz

using impulse oscillometry may have to be readjusted to lower

than 150 percent of predicted value to reduce events of failure in

recognizing children with abnormalities in their pulmonary

function.
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J 350 ‐ FOBAS ‐ A Validated Foreign Body Aspiration
Score for Children at the Emergency Department.
Pozailov S.1, Goldbart A.2, Aviram M.2, Maimon MS.3, Dizitzer Y.4,

Gatt D.2, Raviv I.5, Avraham S.5, Kaplan O.3, Tsaregorodtsev S.6,

Golan‐Tripto I.2

1Department of Pediatrics, Soroka University Medical Center, Ben‐

Gurion University of the Negev ‐ Beer‐Sheva, Israel
2Pediatric Pulmonary Unit, Soroka University Medical Center, Ben‐

Gurion University of the Negev ‐ Beer‐Sheva, Israel
3Department of Pediatric Emergency Medicine, Soroka University

Medical Center, Ben‐Gurion University of the Negev ‐ Beer‐Sheva, Israel
4Clinical Research Center, Soroka University Medical Center, Ben‐Gurion

University of the Negev ‐ Beer‐Sheva, Israel
5Faculty of Health Sciences, Ben‐Gurion University of the Negev ‐ Beer‐

Sheva, Israel
6Anesthesiology and Intensive care, Soroka University Medical Center,

Ben‐Gurion University of the Negev ‐ Beer‐Sheva, Israel

Background: Foreign body aspiration (FBA) is the leading cause

of accidental death in young children. The decision to perform

diagnostic flexible bronchoscopy varies between centers and is not

based on a standardized clinical measure.

Aim: To validate a new foreign body aspiration score (FOBAS)

and measure its decision‐making effect at the pediatric emergency

department (ED).

Methods: A prospective study that enrolled patients aged 0‐18

years, who were referred to the ED for suspected FBA. FOBAS was

calculated according to clinical items: chocking episode, sudden cough,

exposure to nuts, absence of fever and rhinitis, stridor, unilateral

auscultatory findings, and unilateral radiological findings. We evaluated

the risk for FBA according to the total score (1‐3 low, 4‐6 moderate, 7‐

10 high). Low‐risk children were discharged from the ED. Moderate‐risk

children were hospitalized and re‐evaluated by a pediatric pulmonologist

and high‐risk children were referred for a removal procedure.

Results: In 100 children (58% males, median age of 1.7 years)

with low, moderate, and high FOBAS score, 1/49 (2%), 15/41 (36.6%)

and 9/10 (90%) of children had a foreign body in bronchoscopy,

respectively (p < 0.001). Logistic regression indicated that children

with a higher score had a higher risk for FBA; OR 2.9; 95%CI [1.8‐4.7]

for each additional FOBAS point, with high prediction (ROC = 0.9).

The implementation of FOBAS reduced the bronchoscopies in which

no FB was found. (64% in 2019 vs. 46% in 2020).

Conclusion: The FOBAS algorithm reliably predicts the presence

of inhaled foreign body in children at the ED.

J 383 ‐ Evaluation of an Artificial Intelligence (AI)‐
Based Electronic Stethoscope (ES) in Pediatric Lung
Diseases.
Menard J., Bui S., Galodé F., Gallet P., Fayon M.

Pediatric Pulmonology, CHU de Bordeaux ‐ Bordeaux, France

Background: Electronic monitoring devices such as portable

spirometers, oxymeters and stethoscopes hold promise. With further

technological development and proper validation, such tools may

represent a useful aid for carers and patients alike, especially in a

remote setting.

Aim: To analyze the performance of an ES (https://www.

stethome.com)* versus standard stethoscope auscultation.

Methods: Children admitted to the ward were chosen randomly

and first examined conventionally using a standard stethoscope,

followed by auscultation using the electronic stethoscope. The

similarities and/or differences between the 2 methods were assessed

by the physician, and the overall results compared to those provided

by the Stethome platform, i.e. after interpretation by AI (wheezes,

rhonchi, fine crackles and coarse crackles). The dyspnea score ranged

arbitrarily from 1 (none at all) to 7 (great trouble); ease of examination

by the ES ranged from 0 (impossible) to 9 (extremely easy) and the

comparison of the sound quality of the electronic vs. the standard

method ranged from 1 (much worse) to 5 (much better), 3 being

identical. The concordance rates were then calculated.

Results: Thirty‐eight lung examinations in 33 patients were

conducted (n = 4 in 1 patient, n = 3 in 1 patient, n = 1 in 31

patients). The M:F sex ratio was 7:1, with a median age of 17

months (IQR 7,63; min‐max: 1‐210). Underlying diseases were as

follows: asthma (13/38 (35%)); cystic fibrosis (8/38 (21%)), acute

viral bronchiolitis (9/38 (24%)), tuberculosis (2/38 (5%)), primary

ciliary dyskinesia (2/38 (5%)), alveolar hemorrhage (1/38 (3%)),

croup (1/38 (3%)), pneumonia (1/38 (3%)) and chronic chest

congestion (1/38 (3%)). Their median dyspnea score was 2 (1‐5).

Four pediatric pulmonologists conducted the examinations, 2 had

been certified > 10 years ago and 3 < 10 years ago. Regarding the

ease of examination: the median score was 8 (3‐9), with 79% ≥ 7.

Compared to standard auscultation, the electronic device was

considered worse in 11% of cases, identical in 55%, better in 29%

and much better in 5%. Standard auscultation and manual

electronic auscultation were concordant in 27/38 (71%) of cases.

The analysis of the type of respiratory sound as determined by the

physician was concordant with the artificial intelligence interpre-

tation in 22/30 (58%) of cases. When the analysis was discordant,

the electronic device provided a better analysis than standard

auscultation in 5/8 (63%) cases, in most cases regarding fine

crackles, and wheezing in 1 case.

Conclusion: Overall, the ES proved quite easy to use, and the AI

approach appears to be a reliable tool to monitor the state of the

respiratory system. However, further studies are required.

* StethoMe sp. z o.o provided the devices to the unit for testing,

but we have no financial conflicts of interest

THERAPEUTIC PROCEDURES

K 267 ‐ Pediatric Airway Stenting: Modern Solution to
Severe Tracheo‐Bronchial Obstruction.
Mohite K.1, J T S.1, Chandra T.1, Arigela K.2

1Pediatric Pulmonology, Aster CMI Hospital ‐ Bangalore, India
2Pediatrics, Aster CMI Hospital ‐ Bangalore, India
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Objective: Airway stenting is infrequently performed in the

pediatric population as compared to adults due to lack of

appropriately sized stents and complications associated with it. As

opposed to malignancy, which is the commonest cause in the adult

age group, benign causes such as post intubation tracheal stenosis

(PITS) and severely malacic airway form the majority in the pediatric

age group. Airway surgeries for these common benign conditions

have their own morbidity as well as mortality. Here, we present a

single institution prospective study with endoscopic stent placement

in children with benign tracheobronchial conditions with special

concern on safety and clinical effectiveness.

Materials and Methods: A prospective observational single‐

center study was carried out in Aster CMI Hospital, Bangalore, India.

Six children with significant airway anomalies were included in the

study from December 1st 2020 to November 30th 2021. Indications

for airway stenting were severe airway stenosis, airway malacia, and

a tracheoesophageal fistula. Selection of the type and size of the

stent was based on the age of the child, site of lesion and availability

of the required size of the stent. At the end of the study, the

following data were analyzed: age, type and severity of obstruction,

clinical condition of the child at presentation, type of stent deployed,

complications, outcome and follow‐up evaluation of the cases.

Results: Six children were included in the study who underwent a

total of nine airway stent deployments in the duration of one year.

The mean age of the cases involved was 7 years with the youngest

and oldest being 2 months and 14 years respectively. The most

common primary etiology involved post‐intubation airway stenosis

(50%) followed by post‐tubercular bronchial stenosis, genetic

musculoskeletal disorder, and post tracheoesophageal fistula repair.

Severe airway stenosis and malacia accounted for 2 cases each

respectively (33%), while one had both severe airway stenosis and

malacia. A self‐expanding metallic stent (SEMS) was deployed in 4

cases (66%) while a silicone stent and a Montgomery T tube was

deployed in one case each. A Y stent was deployed in one case with

post‐operative (tracheoesophageal fistula repair) fistula formation.

There were no procedural‐ or anesthesia‐related complications in any

of the procedures. However, on repeat check of bronchoscopy done

after one month of stent deployment, 4 cases (66%) had granulation

tissue growth requiring debulking near the stent margins. Stent

migration and stent tear was observed in one case for which repeat

stenting was done. For the above‐mentioned case, a modified silicone

Y stent with single left bronchial limb was successfully deployed

(complicated stenosis with complete obliteration of right main

bronchus). Five of six stents were successfully removed after a mean

duration of 42 days. These 5 cases (83.3%) stayed asymptomatic with

normal airway anatomy on repeat bronchoscopy. One child persisted

to have a stent in situ (Modified Y stent) and has been counseled for

need of lung transplantation.

Conclusion: Pediatric airway stenting has proven to be an

effective and safe therapeutic intervention in management of severe

tracheobronchial airway pathology.

Keywords: Pediatric airway stenting, airway stenosis, airway

malacia.

K 334 ‐ Endoscopic Treatment of Tracheoesophageal
Fistula: New Perspective Towards Replacement of
Surgical Repair.
Fabri LV.1, Hanssens L.2, Steyaert H.3, Lefèvre N.2

1Department of Pediatrics, Iris‐South Hospitals ‐ Brussels, Belgium
2Department of Respiratory Medicine, Academic Children Hospital

Queen Fabiola ‐ Brussels, Belgium
3Department of Surgery, Academic Children Hospital Queen Fabiola ‐

Brussels, Belgium

Background: Tracheoesophageal fistula (TEF) is a rare

congenital anomaly commonly associated with esophageal atresia

(EA). Diagnosis can be established by antenatal ultrasonography,

esophagography or tracheal endoscopy following clinical suspi-

cion in the postnatal period. Management classically involves

surgical repair. Recurrence of the fistula is not rare and usually

requires open‐chest surgery with poor success rates and a high

risk of complications. Endoscopic treatment is recognized as an

alternative to iterative surgery. This study describes the presen-

tation, diagnostic techniques, management and outcomes of

children treated by endoscopy using trichloroacetic acid (TCA)

for a recurrent TEF in our hospital and a case of first‐line

endoscopic treatment for an H‐type TEF.

Materials and methods: We retrospectively reviewed the files of

all pediatric patients subjected to endoscopic treatment of TEF in a

single pediatric tertiary center from 2016 to 2021. Chemocauteriza-

tion was performed by rigid bronchoscopy and consisted in applying

cotton soaked with TCA on the fistula for 3 ×30 s. Postoperative

follow‐up was clinical and involved a bronchoscopy if the symptoms

were suggestive of recurrence.

Results: The chemocauterization technique was applied to six

patients aged from 2 months to 11 years. Five patients had

esophageal atresia associated with their TEF (four type C, one type

D) diagnosed during the pregnancy and had a surgical cure in the

neonatal period. In these patients, chemocauterization was used after

TEF recurrency was diagnosed with broncho‐gastroscopy and

methylene blue injection. A single chemocauterization procedure

was sufficient for 4 of them, but 3 endoscopic procedures were

necessary to close the fistula for one patient. One patient was

diagnosed with an H‐type TEF at 2 months of age and benefited from

endoscopic treatment as first‐line management, which was successful

with a single procedure.

Conclusion: Endoscopic chemocauterization using TCA appears to

be a safe and effective technique with low morbidity for managing

recurrent TEF. This study presents a successful first‐line endoscopic

treatment of an H‐type TEF using chemocauterization. Further studies

are needed to compare its effectiveness to open surgery results.

K 344 ‐ Intrapleural Tissue Plasminogen Activator for
the Treatment of Parapneumonic Effusion in Children.
Miseviciene V.1, Liakaite G.1, Kilda A.2, Kojeliene G.1, Gurskis V.1

1Pediatric Department, Lithuanian University of Health Sciences

Hospital, Medical Academy ‐ Kaunas, Lithuania
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2Department of Pediatric Surgery, Lithuanian University of Health

Sciences Hospital, Medical Academy ‐ Kaunas, Lithuania

Background: Intrapleural fibrinolytics has been widely used

for the treatment of parapneumonic effusions (PPE)/empyema in

adults and children. During the previous decade, tissue plasmino-

gen activator (tpA) has become a superior fibrinolytic over an

older fibrinolytic (urokinase or streptokinase) in the treatment of

PPE/empyema in adults but it is still rarely used in pediatric

practice. Therefore, the delivery regimen and dosage of tpA in

children remain unstandardized. We report four cases of PPE in

pediatric patients successfully treated with intrapleural tpA in the

Hospital of Lithuanian University of Health Sciences Kauno

klinikos.

Methods: A retrospective analysis of the patient's medical data

was performed. Written informed consent forms were obtained from

patients' parents and caregivers.

Results: Four patients, aged 2‐4 years old were treated with

intrapleural tpA because of PPE/empyema in the Pediatric

Department of Kauno klinikos from October to December

2021. (Figure 1)–. All of them presented fever, respiratory failure,

and inflammatory changes in blood. The diagnosis was

F IGURE 1 Characteristics of the four presented cases.
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confirmed by X‐ray and ultrasound of the chest (Figure 2). S.

pneumoniae as the causative agent was detected only in one

patient, while positive serological test for Chlamydophila pneu-

moniae in another patient was considered as a concomitant

pathogen. The duration of illness until the diagnosis of PPE and

tpA instillation ranged from 4 to 12 days. Three patients did not

receive any specific treatment before intrapleural tpA. Chest tube

drainage and instillation of tpA was combined with i/v antibiotics.

One patient was unsuccessfully treated for PPE with

antibiotic therapy in the district hospital before intrapleural tpA

treatment.

The patients < 15 kg of weight received 2 mg of tpA, while

the patients > 15 kg − 4 mg. Both doses of tpA were diluted in up

to 40 mL of physiological saline with dwell time of 1 hour, after

which a chest tube was placed on an underwater seal chest drain

system. Three patients were treated with 1 dose of tpA; one

patient had two additional doses administered 24 hours apart.

The chest tube was left for 2‐3 days until the drain was minimal,

except in one severe case with S. pneumoniae confirmation. We

did not observe any bleeding episodes or other complications

associated with intrapleural tpA administration. Video‐assisted

thoracoscopic surgery (VATS) was unnecessary for any of the

patients.

Conclusions: tpA is an effective and safe fibrinolytic agent for

intrapleural usage in children with PPE or empyema

irrespective of the length of the disease. Usually, one instillation

of tpA is sufficient. Such treatment helps to prevent more

aggressive procedures such as VATS in complicated and severe

cases.

PEDIATRIC PULMONOLOGY IN
DEVELOPING COUNTRIES

M 257 ‐ Bronchoscopy Findings in Children with
Chronic Cough: Single‐Center Experience.
Najada AS.,., Sharadga Z., Dahabreh MS.

Pediatric Pulmonology, Royal Medical Services ‐ Amman, Jordan

Background: Chronic wet cough is a recognized entity in

children. It can be a manifestation of several respiratory diseases. It

also can suggest endobonchial infection, and if left untreated can lead

to bronchiectasis. We aim in this study to correlate the broncho-

scopic findings in children with chronic cough with the clinical and

microbiological findings.

Patients and methods: A retrospective chart review of all

children with the complaint of chronic wet cough who attended

the pulmonology clinic at Queen Rania Hospital for children between

January 2013 to December 2016 was conducted. Children between

1‐14 years of age were included. Inclusion criteria included chronic

productive cough more than 4 weeks. Children who were known to

have a chronic disease or were found to have an alternative diagnosis

were excluded. A specially formulated data sheet was used.

Microbiology results and bronchoscopy findings were included

as well.

Results: There were 80 patients (55% males and 45%

females) who were included in the retrospective chart review.

The median age was 3.6 years. Structural abnormality of the

airway was seen in 83% (66 patients). The most common was

bronchomalacia (50%). Normal bronchoscopy was detected in 12

F IGURE 2 Chest X‐ray of four patients with
parapneumonic effusion.
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children (15%). Inflamed airway mucusae was seen in 55% of

cases, while purulent secretions were seen in 30%. Foreign body

was discovered in 2% of cases. BAL culture was positive in 45% of

cases (36 patients) especially in those with purulent discharge.

The most common microorganisms detected were Streptococcus

pneumoniae and Hemophilus influenza spp.

Conclusion: Children who presented with chronic cough

showed evidence of purulent bronchitis that correlated with

positive bacterial growth in bronchoalveolar lavage. The possibil-

ity of a missed foreign body can be found as a cause of the

symptoms.

M 271 ‐ Effectiveness of Non‐Invasive Ventilation in
Treating Infants Aged 1 to 12 Months with Severe
Bronchiolitis: A Systematic Review and Meta‐Analysis.
Pagaspas ML., Lozada MC.

Pediatrics, Manilamed‐Medical Center Manila ‐ Manila, Philippines

Objective: This study was conducted to determine the effective-

ness of noninvasive ventilation (NIV) in treating infants aged 1 to 12

months with severe bronchiolitis based on systematic review of the

literature and meta‐analysis of quantitative results.

Methods: We followed the Preferred Reporting Items for

Systematic Reviews and Meta‐Analyses (PRISMA) flow diagram

for identification, screening and identification of eligible

studies. Five databases (PubMed, Herdin, Cochrane Library,

Google Scholar and Science Direct) were searched for relevant

studies involving use of NIV among children with severe

bronchiolitis. Included studies were assessed for quality and risk

of bias.

Results: There were 9 included eligible studies. The length of

hospital stay and duration of respiratory support were signifi-

cantly lower with the use of NIV compared with IMV (invasive

mechanical ventilation) based on pooled standard mean differ-

ence (SMD) estimates; however, there was high statistical

heterogeneity in the included studies. This can be attributed to

differences in the mode of intervention used among studies,

patient‐specific factors and viral virulence. Significant improve-

ments in heart rate, oxygen saturation and tCO2 were seen in the

included studies. One study showed statistically significant

differences in changes in respiratory rate and improvement in

respiratory status based on two bronchiolitis severity scores

among infants placed on NIV.

Conclusion: Fair to good‐quality evidence from included

studies reveal that there is significant reduction in length of

hospital stay, duration of respiratory support, and improvements

in respiratory parameters among infants who received

NIV for severe bronchiolitis. Larger, well‐designed clinical trials

on the use of NIV among resource‐limited settings wherein

it may offer valuable clinical utility, are recommended for future

study.

Keywords: non‐invasive ventilation, bronchiolitis, infants, respi-

ratory support, CPAP, BiPAP, NCPAP

M 272 ‐ Spectral Pattern of Cough Sounds As an Aid
to Diagnosis in Children with Common Respiratory
Diseases.
Ansari MS.1, Singh V.1, Singh P.2, Awasthi R.2, Sethi TP.2

1Pediatrics, Lady Hardinge Medical College and Associated Hospitals,

New Delhi ‐ New Delhi, India
2Computational Biology, Indraprastrha Institute of Information Technol-

ogy, New Delhi, 110020 ‐ New Delhi, India

Objective: To identify discriminatory spectral patterns of cough

consistent with common respiratory sounds, through machine

learning, to assist diagnosis.

Study Design: Cross sectional observational study.

Setting: OPD and IPD of Department of Pediatrics at a teaching

hospital.

Participants: Fifty children each with crackles alone, wheezing

alone and absence of crackles and wheezing.

Intervention: Spectral analysis of cough recordings and identifi-

cation of unique features through machine learning by dividing them

into training (75%) and testing (25%) datasets. Feature extraction was

performed using R python and Librosa programming language. Two‐

class classification of the features extracted from the training dataset

was done using classifier models like Support Vector Machine,

Random Forest, K‐Nearest Neighbour and Classification and regres-

sion trees.

Outcomes: Identification of the most suited classifier model that

could accurately differentiate between the studied respiratory

sounds in terms of sensitivity and specificity.

Results: Mean age of the enrolled children was 5.62 ± 2.84 y.

Mean duration of a cough recording was 15 ± 5.86 seconds with

each recording having at least 3 cough epochs. Among the visual

and statistical features extracted from the cough dataset, the best

performing features were identified for two‐class classifier model-

ing. The Random Forest Classifier model using Mel‐frequency

Cepstral Coefficient yielded the best results. It could differentiate

crackles from wheezing through recorded cough sounds with a

sensitivity and specificity of 66.67% and 66.67%, respectively.

Performance of the classifier model improved when augmented

with clinical features (respiratory rate, past history of recurrent

nebulization and personal or family history of skin allergy or

asthma); providing a sensitivity and specificity of 83.33% and

91.67%, respectively.

Conclusion: Cough features extracted and classified by machine

learning can be used for non‐auscultatory diagnosis of crackles and

wheeze. This raises the possibility to develop smart applications for

possible use by non‐medical personnel to enhance their capability.

M 285 ‐ Clinical Characteristics and Outcome of
Pediatric Bronchiectasis in a Single Institution,
Malaysia.
Tan SH.1, Mariana D.2

1Respiratory Unit Pediatric Department, Hospital Raja Perempuan

Zainab II ‐ Durian Tunggal, Malaysia
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2Respiratory Unit Pediatric Department, Hospital Raja Perempuan

Zainab II ‐ Kota Bharu, Malaysia

Background: Bronchiectasis is one of the important causes of

childhood respiratory morbidity in developing countries. There is still

lack of data on pediatric bronchiectasis in Malaysia, where the

majority of cases are due to non‐Cystic Fibrosis (CF) bronchiectasis

rather than CF‐bronchiectasis.

Objective: The aim of this study is to describe the clinical

characteristics, underlying etiologies, radiological findings and long‐

term outcome of bronchiectasis in the Pediatric Department at

Hospital Raja Perempuan Zainab (HRPZ II) Kelantan, Malaysia.

Methods: A retrospective data of 33 children with bronchiectasis

whom attended the pediatric respiratory clinic, HRPZ II Kelantan,

Malaysia between January 2010 and December 2021 were collected

via electronic health records.

Results: The median age at diagnosis was 5 years old (range 2

months to 13 years), most of them boys (66.7%, 22/33). Recurrent

pneumonia was the most common clinical features (78.8%, 26/33),

followed by chronic cough (48.5%, 16/33), recurrent fever (21.2%, 7/

33), chest deformity (18.2%, 6/33) and finger clubbing (6.1%, 2/33).

Hemoptysis was also noted in 3 cases (9.1%).

The etiologies of bronchiectasis were identified in 93.9% of cases

(31/33), in which they were due to post‐infectious bronchiolitis

obliterans (BO) in 33.3% (11/33), primary and secondary immuno-

deficiency (18.1%, 6/33), primary ciliary dyskinesia (18.1%, 6/33),

chronic aspiration (9%, 3/33), CF (6.0%, 2/33) and foreign body (3.0%,

1/33). Severe pneumonia causing bronchiectasis was found in 12.1%

of patients (4/33), 2 of whom had tuberculosis (50.0%) while another 2

had unidentifiable organisms. Post adenovirus BO complicated with

bronchiectasis was identified in 36.4% (4/11). while 63.6% (7/11) were

due to post‐infectious BO with unidentified organism

All patients had typical imaging of bronchiectasis on high

resolution computed tomography (HRCT) thorax. There was bilateral

lung involvement in 56.7% (17/33) while 43.3% (13/33) showed

unilateral lung involvement. The majority of patients were on inhaled

corticosteroid (93.9%, 31/33) and azithromycin prophylaxis (84.8%,

28/33). There were no reported azithromycin‐resistant organisms.

The mortality rate in our cohort over 11 years was 9.1% (3/33),

including one CF mortality. Three patients (9.1%) were on combined

non‐invasive ventilation (NIV) and oxygen (1 patient with co‐existing

spinal muscular atrophy type 2). Long‐term oxygen therapy (LTOT)

was required in 12.1% (4/33), all were able to be weaned off

subsequently, except for one who died due to CF.

Conclusions: The majority of the etiologies of bronchiectasis can

be identified in our cohorts with post‐infectious bronchiolitis

obliterans being the most common cause, followed by immuno-

deficiency and primary ciliary dyskinesia (PCD). Recurrent pneumonia

remained the commonest presentation and the majority had bilateral

lung involvement. The long‐term morbidity and mortality of pediatric

bronchiectasis was quite low for the middle‐income country with

limited health resources. Treatment with inhaled steroid and

azithromycin prophylaxis seems to have quite favorable outcomes

but further randomized control trials in children are needed to

evaluate the effects.

M 326 ‐ Prevalence of Childhood Allergic Diseases in
Sri Lanka. Experience from the Global Asthma Net-
work Phase 1 Study.
Ranasinghe JC.1, Kudagammana ST.2

1Department of Pediatrics, Teaching Hospital Peradeniya, Ministry of

Health ‐ Kandy, Sri Lanka
2Department of Pediatrics, Faculty of Medicine, University of Peradeniya

‐ Peradeniya, Sri Lanka

Background: Asthma, allergic rhinitis and eczema have been

identified as the most prevalent childhood allergic diseases.

However, the prevalence of these allergic diseases can vary in

different regions within a country and in the world. After ISACC

phase 111 conducted in 2001 − 2003, except for few regional

studies, there were no major prevalence studies conducted in Sri

Lanka to estimate the prevalence of allergic disease. This study

was conducted as a part of the Global Asthma Network Phase 1

study in Sri Lanka to fill the gap of prevalence studies from ISACC

phase 111 after nearly 2 decades.

Methods: The GAN phase 1 study collaborated with 384 centers

from 137 countries, where Sri Lanka cooperated with 2 centers from

Kandy and Anuradhapura. The objective of the study was to estimate

the prevalence of asthma, allergic rhinitis and eczema in school-

children in the Kandy and Anuradhapura districts of Sri Lanka. The

study population was children 6‐7 years and 13‐14 years of age

attending state schools fulfilling the entry criteria of the Global

Asthma Network Phase 1 study methodology. Ethics approval was

obtained from the Ethics review committee of the Faculty of

Medicine, University of Peradeniya (2018/EC/10) and the study

was funded by the University of Peradeniya via a university research

grant.

Results: A total of 3673 children 6 – 7 years old and 4658

children 13 – 14 years old were recruited.

The prevalence of current asthma, allergic rhinitis and eczema were

12% (CI 10.44 – 13.75), 15.7% (CI 13.94‐17.64) and 9.7% (CI 8.30 –

11.31) among the 6‐7 years age group. The prevalence of these diseases

were respectively 15.3% (CI 13.66 – 17.09), 30.5% (CI 28.86 – 32.74)

and 7.3% (CI 6.15 – 8.65) among the 13‐14 age group in the Kandy

district. The reported prevalence rates of the disease conditions were

9.9% (CI 8.72 –11.22), 10.1% (CI 8.90 – 11.44) and 5.9% (CI 4.98 – 6.98)

among the 6‐7 years age group and 14.9% (CI 13.67 – 16.22), 22.5% (CI

21.04 – 24.03) and 1.8% (CI 1.38 – 2.34) in the 13‐14 years age group

in the Anuradhapura district. When comparing these prevalence rates,

there was a relatively higher prevalence of childhood allergic diseases in

the Kandy district compared to Anuradhapura. This difference was

statistically significant in all three allergic disease conditions (P < 0.001).

Conclusion: In conclusion, the prevalence of allergic diseases in

Anuradhapura is closer to reported data in the previous studies.

There is a relatively higher prevalence of childhood allergic diseases

among children in the Kandy district.

ABSTRACTS | S121



M 337 ‐ The Development of a Multi‐Lingual Health‐
Related Quality of Life Tool for Children with
Bronchiectasis in South Africa.
Nkosi LA.1,2, Abbott J.3, Havermans T.4, Masekela R2

1Department of Psychology, Steve Biko Academic Hospital, Pretoria,

South Africa.
2Department of Paediatrics and Child Health, School of Clinical

Medicine, College of Health Sciences, Durban, South Africa.
3School of Psychology, University of Central Lancashire, Preston, United

Kingdom.
4University Hospital Leuven Cystic Fibrosis Centre University of Leuven,

Leuven, Belgium.

Introduction: There are currently no validated health‐related

quality of life (HRQoL) tools (questionnaires) for children with

bronchiectasis in low middle‐income settings with varying cultural

and language needs. The study was conducted to develop a HRQoL

tool and to assess the evolution of QoL measured with the developed

tool over a one‐year period.

Method: Children with bronchiectasis aged 8‐17 years were

invited to participate. A mixed‐method approach was adopted with

the study in 2 phases: Phase 1, development of the tool involved item

generation and reduction for questionnaire content, generated from

semi‐structured interviews and translated into 3 official South

African languages. In phase 2, the tool was administered to children

at baseline and at one‐year follow‐up.

Results: Forty‐nine participants were included in Phase 1, with 31

items generated and grouped into physical and emotional domains. The

major emerging themes from the data were: prognosis and course of

disease, treatment concerns, superstitions, suicidal ideation, social

image, physical and emotional difficulties. In phase 2, 78 participants

completed the questionnaire at baseline and one year. Over one year,

there was a decrease in: anxiety (26.8%), suicidal ideation (6.7%), and

sleep disturbances (2.4%). Increases were recorded for social image

(0.4%), treatment concerns (8%), and sadness (6.4%). In response to 9

physical items, 62% of children reported physical difficulties at baseline

and 65.7% at one‐year follow‐up which is a statistically significant

increase of 3.3%, p = >0.05.

Conclusion: Language is critical in the development of HRQoL

questionnaires that are culturally appropriate, and the tool showed

improvements in the emotional domain and some minor decline in

the physical domains. This tool still requires psychometric evaluation

as a future step. The results suggest a trend of children reporting

more physical symptoms associated with a decrease of QoL as time

progresses despite therapy.

M 348 ‐ Respiratory Pathogen Among Children with
Respiratory Tract Infection Before and During the
COVID‐19 Pandemic.
Ripin F1, Ismail ND.2, Mohammad NF.2, Chua YC.2, Hussein H.3,

Begum S.2, Kassim A.2

1Clinical Research Centre, Hospital Tunku Azizah ‐ Kuala Lumpur,

Malaysia

2Pediatric, Hospital Tunku Azizah ‐ Kuala Lumpur, Malaysia
3Pathology, Hospital Tunku Azizah ‐ Kuala Lumpur, Malaysia

Introduction: A movement control order (MCO) to control the

spread of COVID‐19 infection in Malaysia was implemented since

March 2020. In general, it reduced other infections among children as

well. Several studies from different countries reported changes in

respiratory pathogen distribution during this pandemic.

Methodology: Retrospective data collection of respiratory sam-

ples for respiratory virus and bacteriology tests from April 1st 2019

until August 1st 2021 from children less than 12 years old was

performed in Hospital Tunku Azizah Kuala Lumpur, Malaysia. The data

were used to explore and analyze between‐group differences and age‐

related differences before and during the COVID‐19 pandemic.

Results: A total of 466 patients were admitted for pneumonia

during this period. There were 683 samples sent for respiratory

viruses and bacteria. Generally, the number of respiratory

infection cases among children was reduced during the pandemic

with higher detection of respiratory pathogens before the

pandemic (11 months, April 2019 to February 2020) compared

to during the pandemic (17 months, March 2020 to July 2021)

i.e., 254 and 166 respectively. Respiratory syncytial virus (RSV)

remained the leading virus isolated before and during the

pandemic while Influenza A and B were not isolated during the

pandemic. Other viruses detected were adenovirus, parainfluenza

and human metapneumovirus (HMPV). For bacterial pathogens,

few isolations were detected before and during the pandemic i.e.

Streptococcus pneumoniae, Hemophilus influenzae and Pseudomo-

nas aeruginosa. Children aged less than 2 years old more

frequently had a positive isolation of respiratory viruses com-

pared to other age groups.

Conclusion: The COVID‐19 pandemic and MCO reduced the

number of respiratory infections among children and changed the

spectrum of respiratory pathogen isolation.

M 371 ‐ Severity of COVID‐19 in Pediatrics and Need
for Oxygen Therapy.
de Almeida Pinheiro DA.1, Lavall Bamberg E.1, Ribeiro de Barros

Pereira AC.1, Paschoalini Azalim de Castro S.2, Videira Chagas F.1

1Pediatrics, João Penido Regional Hospital ‐ Juiz de Fora, Brazil
2Pediatric Pulmonology, João Penido Regional Hospital ‐ Juiz de Fora,

Brazil

Objective: Describe the severity of children diagnosed with the

disease caused by SARS‐ CoV‐2 and their need for oxygen therapy, in

a pediatric ward.

Methods: A cross‐sectional study was carried out, with

clinical data collection referring to mild, moderate, severe or

critical severity criteria, and the need for supplemental oxygen

and ventilatory support in hospitalized children from March 11,

2020 to March 11, 2021, who were diagnosed with COVID‐19,

confirmed by RT‐PCR or antibody test. Mild cases were those

without tachypnea, respiratory effort, drop in blood oxygen level
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or need for oxygen therapy. Moderate cases were those who

presented tachypnea, wheezing, mild respiratory effort, but

without oxygen saturation (SpO2) below 92%. Severe cases were

those with moderate to severe respiratory effort and below 92%.

Critical cases were those that rapidly progressed to severe acute

respiratory syndrome or respiratory failure and were referred to

the intensive care unit.

Results: The evaluated sample had 65 patients, among whom

2 (3%) had an occasional diagnosis of COVID‐19, since they were

asymptomatic, and the hospitalization was motivated by another

health issue. Regarding symptomatic patients, the disease was

classified according to severity: 25 (38.5%) had a mild condition,

15 (23.1%) had a moderate condition, 15 (23.1%) had a severe

condition and 8 (12.3%) had a critical condition. Supplemental

oxygen was required in 28 (43.1%) patients through various

devices, such as nasal prong in 15 (53.6%) individuals, non‐

rebreathing face mask in 6 (21.5%), endotracheal tube in 3

(10.7%), simple face mask in 2 (7.1%) and CPAP in 2 (7.1%).

Regarding the duration of oxygen therapy, 8 (28.6%) patients

used the latter for less than 48 hours, 13 (46.4%) used it between

2 and 5 days and 7 (25%) used it for more than 5 days.

Conclusion: The data found are in agreement with the literature

in which most children have mild to moderate COVID‐19, requiring

hospital support and oxygen therapy for a short period. Reflections

and proposals: COVID‐19 still represents many challenges for the

clinician in the pediatric age group and the severity has not been

frequent, which does not reduce the importance and need for social

isolation measures, use of masks and hygiene care until vaccines are

widely available to children.

M 387 ‐ Clinical Course and Complications in
Obese and Non‐Obese Infants with Bronchiolitis
in Costa Rica.
Tautiva‐Rojas MC.1, Soto‐Martinez ME.2

1Pediatrics, Hospital Nacional de Niños “Dr. Carlos Sáenz Herrera” ‐ San

Jose, Costa Rica
2Pulmonology, Hospital Nacional de Niños “Dr. Carlos Sáenz Herrera” ‐

San Jose, Costa Rica

Introduction: Childhood obesity has been shown to be a risk

factor for asthma1,2 and asthma exacerbations, as well as related

to a greater incidence of respiratory infections3,4. However, there

is no clear understanding about its role in the clinical outcome of

infants with bronchiolitis. Our aim was to assess the effects of

obesity in the clinical course of hospitalized patients with

bronchiolitis.

Methods: We performed a retrospective observational study of

children younger than 2 years old who required hospitalization with

the diagnosis of bronchiolitis. The weight/height percentile was used

to classify the children between obese and non‐obese. Children with

complex chronic conditions and recurrent wheezing were excluded. A

total of 145 patients were enrolled. For the data analysis, we used

descriptive statistics and chi‐square tests.

Results: Among our 145 patients, the mean age was 5.7

months; 21.4% were classified as obese with no difference

between gender (p 0.4) or age (p 0.4). Infants who were formula

fed had a higher risk of obesity (OR 3.25; CI95% 0.8‐11.8). All

children were hospitalized (mean 6.38 days) and 100% required

oxygen supplementation (mean 6.2 days). Obese infants needed up

to 3 more days of oxygen therapy when compared to non‐obese

infants (p 0.02). In general, 14.5% were admitted to the ICU.

Obesity was associated with a higher risk of respiratory failure at

diagnosis (OR 2.47; CI95% 0.74‐7.67) as well as the need for

advanced respiratory support methods such as high flow nasal

cannula (HFNC) (OR 2.6; CI 1.05‐6.55), noninvasive ventilation

(NIV) (OR 1.89; CI 0.16‐13.9) and intubation (OR 1.37; CI 0.35‐

4.5). Obese children were more likely to receive bronchodilators

(OR 2.2; CI 0.98‐5.38) and systemic steroids (OR 1.38; CI 0.29‐

5.15) as part of their treatment. The most frequent isolated virus

was respiratory syncytial virus (RSV) (84.62%).

Conclusion: According to our results, obesity in hospitalized

infants with a first episode of bronchiolitis could work as a risk factor

for severity or worst outcomes. In our study, obese children had a

greater chance of needing intubation at diagnosis, longer need for

oxygen supplementation, advanced respiratory support methods and

longer hospitalization. Larger and prospective studies are needed to

further assess these outcomes.
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CLINICAL CASES

N 270 ‐ Challenges in the Management of an Infant
with Matthew Wood Syndrome Having Pulmonary
Hypoplasia and Visual Impairment: A Case Report
Wong KL., Siu KL.

Pediatrics, Queen Elizabeth Hospital ‐ Hong Kong, Hong‐Kong

Background: Matthew Wood syndrome (MWS) is a rare entity in

which the two main characteristics include anophthalmia and
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pulmonary hypoplasia. Other problems such as diaphragmatic

eventration, duodenal stenosis, pancreatic malformations, intellectual

disability, cardiovascular abnormalities, and intrauterine growth

retardation have also been reported.

Purpose: This is a case report discussing the challenges

encountered in the long‐term care of a patient with MWS.

Findings: We report a five‐year‐old Chinese boy who had

MWS diagnosed in the neonatal period presenting with bilateral

microphthalmia, bilateral pulmonary hypoplasia, diaphragmatic

eventuation, and congenital cardiac defects including atrial septal

defect, ventricular septal defect and patent ductus arteriosus.

Due to the fatal outcome of the syndrome, most case reports

were based on autopsy findings. There were only a few cases

reporting survival beyond the infancy period. Amidst the possible

obstacles, we would like to emphasize discussion on the topic of

circadian rhythm sleep disorder (CRSD) and ventilation difficulty

in survivors.

Misalignment between the light‐dark cycle and the endogen-

ous circadian timing, owing to the lack of interaction between

hypothalamus and light exposure to the eyes, causes CRSD‐

nonentrained type. With nonentrained type CRSD, MWS patients

might be somnolent during the day while insomnia is experienced

F IGURE 1 A frontal view at five years old showing
microphthalmia and oxygen independence while awake.

F IGURE 2 Lateral view demonstrating mid‐face hypoplasia due
to long term use of non‐invasive ventilation.

F IGURE 3 CT thorax at one year old showing
bilateral lung hypoplasia and diaphragmatic
eventuation
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at night. Although there is no international guideline for the

treatment of CRSD in visually disturbed people, a systemic review

suggested that melatonin and tasimelteon might cause entrain-

ment and improve subjective sleep measures with limited side

effects. Further studies should be done in this field as sleep

disturbances have a great impact on the quality of life of this

group of patients and limit their opportunity of training in the

daytime.

On the ground that they have visual impairment, cognitive

delay and craniofacial dysmorphism, numerous difficulties are

encountered during the initiation of non‐invasive ventilation (NIV).

However, long‐term NIV is usually required in these patients due

to the pulmonary hypoplasia and stormy perinatal period.

Considering the factors of pulmonary hypoplasia with reduced

lung compliance, easy agitation, and disturbed sleep‐wake cycle, a

mutually beneficial approach in achieving optimal ventilatory

support with normal blood gas parameters, and good quality of

life and safety is definitely not an easy task. We did not target a

perfectly normal blood gas reading as the treatment goal, rather a

balance on optimal ventilatory support against safety and patient's

comfort are of a pivotal importance.

Conclusion: Main clinical features of MWS include anophthal-

mia/microphthalmia and pulmonary hypoplasia or agenesis. CRSD in

this group of patients and constraint on optimizing ventilatory

support are important issues in their long‐term care.

N 275 ‐ A Case of Disseminated Miliary Pulmonary
Cryptococcosis in Hyper‐Immunoglobulin E Syndrome
(HIES) with DOCK 8 Deficiency.
Tan SH.1, Mariana D.1, Nik Yusoff NK.2

1Respiratory Unit Pediatric Department, Hospital Raja Perempuan

Zainab II ‐ Kota Bharu, Malaysia
2Pediatric Infectious Diseases Unit, Hospital Raja Perempuan Zainab II ‐

Kota Bharu, Malaysia

Introduction: Pulmonary cryptococcosis is a rare lung infection

caused by Cryptococcus neoformans. The lungs are the second

commonest site affected after the central nervous system. Pulmonary

cryptococcosis is an important opportunistic invasive mycosis and

causes severe pneumonia in immunocompromised patients. We

report a case of disseminated invasive cryptococcosis with miliary

pneumonia mimicking tuberculosis in a patient diagnosed with hyper‐

immunoglobulin E syndrome (HIES) secondary to dedicator of

cytokinesis 8 (DOCK8) deficiency. DOCK8 deficiency is a rare

primary immunodeficiency disease characterized by severe atopy,

recurrent infections, elevated serum IgE levels and defective humoral

immunity.

Case presentations: An 18‐year‐old Malay boy was diagnosed

with HIES with DOCK 8 deficiency confirmed by genetic testing at

the age of 11 years (2014). He initially presented with recurrent skin

and ear infections, severe atopic eczema, and recurrent pneumonia

complicated with bronchiectasis, learning difficulty, stunted growth

and noted to have a marked elevated IgE level (> 5000kU/L). His

parents are first cousins and his four elder siblings have died due to

similar illness. He developed recurrent autoimmune hemolytic anemia

which required multiple blood transfusions and immunoglobulin

therapy since 13 years old.

He presented in late 2020 at the age of 17 years old with fever,

worsening productive cough, diarrhea and abdominal pain for 5 days.

On examination, he was cachexic with high spiking fever, tachypnea,

chest retractions and required oxygen supplementation. Lung

auscultation revealed generalized coarse crepitation. A vague mass

measuring 5 ×4 cm was palpable over the central abdomen with huge

hepatosplenomegaly and generalized lymphadenopathy. His chest X‐

ray and high‐resolution computed tomography (HRCT) thorax

showed generalized miliary pattern in both lung parenchyma, multiple

enlarged mediastinal nodes and bronchiectatic changes in the lower

lobes. CT abdomen showed multiple matted mesenteric nodes with

areas of central hypodensity about 4.9 ×7.6 cm in size. There were

also multiple hypodense lesions in the spleen, but spared the liver.

However, his parent refused biopsy of intra‐abdominal lymph nodes.

His blood and sputum for bacterial and fungal cultures were all

negative despite leukocytosis (WBC ranged 26‐35 ×109/L) and high

inflammatory markers (CRP ranged 133‐180mg/L). His tuberculosis

work‐up was also negative.

He continued to have high‐spiking fever despite multiple courses of

parenteral antibiotics and empirical fluconazole which was given for 24

days. His serum for Cryptococcus antigen (CrAg) subsequently was found

to be positive 1: 320. Amphotericin B was commenced, unfortunately the

mother insisted on discharge against advice the very next day. Oral

Itraconazole was given for total of 18 weeks as outpatient. Repeated

abdomen ultrasound showed resolved intra‐abdominal lymphadenopathy,

splenic abscess and miliary changes on chest radiograph.

Conclusions: The diagnosis of pulmonary cryptococcosis is

challenging. It can mimic pulmonary tuberculosis and other pulmo-

nary mycoses clinically and radiologically, thus clinicians are required

to have high index of suspicions of cryptococcosis especially in

immunocompromised patients. Serum CrAg screening has become a

useful non‐invasive tool in cryptococcosis diagnosis, particularly in

patients who refused tissue biopsy and culture. Fluconazole is the

recommended treatment of pulmonary cryptococcosis; however this

patient has been successfully treated with oral Itraconazole.

N 277 ‐ Acute Chest Syndrome, Pneumonia with
Pleural Effusion, and Latent Tuberculosis in a Patient
with Sickle Cell Disease.
Soile M.1, Mougilou V.1, Kiritsa E.1, Berdalli S.1, Lefa P.1, Kattamis A.2,

Karastathi C.1, Sakellaropoulou A.1,
12nd Pediatric Department, Children's General Hospital. Panagioti &

Aglaia Kyriakou Hospital ‐ Athens, Greece
2First Dept of Pediatrics, Children's General Hospital “Agia Sofia”,

University of Athens, Division of Pediatric Hematology‐Oncology ‐

Athens, Greece

Introduction: Acute chest syndrome (ACS) is a marker of

sickle cell disease (SCD) severity. It is an acute illness
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characterized by new segmental pulmonary infiltrates consistent

with consolidation, but not atelectasis, along with one or more

new respiratory symptoms or signs such as cough, chest pain,

fever (>38.5°C), hypoxemia, and tachypnea. ACS is often a clinical

diagnosis especially in the presence of hypoxemia as radiographic

changes may lag behind clinical findings, but it can also progress

rapidly.

The treatment of latent tuberculosis infection (LTBI) is essential

to controlling and eliminating TB by reducing the risk that tuberculo-

sis (TB) infection will progress to disease. LTBI will convert to active

TB in 10% of cases (or more in cases of immune‐compromised

patients).

Case report: A 14.5‐year‐old boy with a history of SCD was

admitted to our department due to gradually worsening respiratory

distress with concomitant chest pain.

He was under hydroxyurea and filicide. He had two recurrent

pneumonias at left lower lobe with concomitant pleural effusion; one

required pleural tube placement. He had also received a nine‐month

regiment of rifampin for latent tuberculosis (compliance not known).

Due to symptoms compatible with ACS, he received: intravenous

hydration, systemic analgesics, cefotaxime (11 days), and nasal O2 at

2lt, hydroxyurea and folic acid, and transfusion with filtered packed

red blood cells repeatedly with the goal of Hgb: 11 g/dl. Initially his

HbS was 66.3 and the HbF was 2.6.

Gradually, fever increased oxygen needs (O2 at 4lt/SpO2 93‐

34%) and an audible tubular murmur in the left middle and lower

pulmonary field were reported, due to left lower lobe pneumonia

with pleural effusion based on ultrasound. His inflammatory markers

were further increased, and clindamycin was added to his antibiotic

regimen (7 days). Α double thoracic drainage tube was placed in the

left hemithorax (21 days total). Due to the appearance of a rash

(macules and erythema) compatible with possible microbiemia, he

also received cloxacillin for 5 days.

Pleural fluid was compatible with transudate and QUANTIFER-

ON test was positive.

Despite systemic analgesia, due to persistence of chest pain a

cardiological evaluation was performed, which was normal, and a CT

pulmonary angiogram (CTPA) in order to exclude pulmonary embolism.

Gradually the patient showed an improvement in his clinical

picture with remission of chest pain, reduction in O2 needs, decrease

in inflammatory markers and remained resonant pleural effusion in

chest ultrasound.

For his latent TB, he was placed on Isoniazid and Rifampin daily

for three months.

Conclusions: Even in the presence of a normal chest X‐ray, a high

index of suspicion of ACS should exist in SCD patients with chest

symptoms and signs, especially if hypoxic.

Moreover, microvascular pulmonary infarction must be distin-

guished from pulmonary embolism, which can present with chest pain

and tachypnea but without a new infiltrate on chest X‐ray.

Patients suffering from repetitive episodes of ACS can develop

scattered areas of lung fibrosis, predominately observed in the lung

bases, which has been called sickle cell chronic lung disease.

Therefore, vigilance should be maintained throughout hospital

admission.

N 281 ‐ Chylothorax as an Unusual Manifestation of a
Novel Syndrome.
Khan Z..1, Khosla I.2, Panwala H.3, Ali U.4

1Pediatrics, Namo Medical Education & Research Institute ‐ Silvassa,

India
2Pediatric Pulmonology, Nh Srcc Hospital For Children ‐ Mumbai, India
3Pediatric Radiology, Nh Srcc Hospital For Children ‐ Mumbai, India
4Pediatric Nephrology, Nh Srcc Hospital For Children ‐ Mumbai, India

Sphingosine 1‐phosphate lyase insufficiency syndrome (SPLIS) is

a recently recognized, rare, autosomal recessive, multisystemic

genetic disorder with varying features. We report this syndrome in

a 3‐month‐old child who presented to us with a chylothorax, an

undescribed clinical feature of this syndrome. To the best of our

knowledge, this is the first report of SPLIS from India affecting two

siblings.

A 3‐ month‐old male child born of a non‐consanguineous

marriage, presented with anasarca and breathlessness of 2 weeks

duration. There was no fever, cough, diarrhea and the perinatal

period was uneventful. On examination he was active but tachypneic.

Other vitals were normal. The child had a dry skin, anasarca and

appeared hyperpigmented. Other features included respiratory

distress with reduced air entry on the left side and moderate

hepatomegaly. There was a history of death of a sibling at age 14

months due to steroid‐resistant nephrotic syndrome. Sanger

sequencing showed rare homozygous mutation in the sphingosine‐

1‐phosphate lyase gene (SGPL1) (c.1018C>T; p.Arg340Trp). Amnio-

centesis done at 19 weeks in this pregnancy revealed the same

mutation and parents' mutation study is awaited. Nephrotic range

proteinuria with hypoalbuminemia and a very high ACTH confirmed

steroid resistant nephrotic syndrome and primary adrenal insuffi-

ciency – the two most consistent features of SPLIS. Thyroid profile

was abnormal and there was no evidence of gonadal dysfunction.

Immunodeficiency work‐up documented hypogammaglobulinemia

with a normal lymphocyte subset analysis. One hundred ml of milky

fluid was drained by USG‐guided pleural tapping and biochemical

analysis confirmed a chylothorax. Chylothorax, as part of SPLIS, has

not been reported but it is known to occur in nephrotic syndrome,

either in association with chyloperitoneum or in isolation due to

venous thromboembolism (VTE). Our work‐up for VTE showed a

normal CT angiogram but high D‐dimer values. Interventional imaging

to rule out thoracic duct injury/malformation was planned if medical

management failed. We had a unique challenge wherein our patient

was losing nutrition both from urine and from leakage of chyle into

the thorax. After an initial therapeutic tapping, chylothorax was

managed conservatively with a customized low fat, high protein high

MCT milk‐based diet. Replacement therapy in the form of intra-

venous albumin and immunoglobulin, thyroxine, hydrocortisone,

vitamin and micro nutrient supplementation were given and Enalapril

was started as a renal protective drug. Low molecular weight heparin
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was started at prophylactic dose as the chylothorax refilled and the

D‐dimer values increased. There was good response to the

treatment. The repeat USG of chest showed only minimal pleural

effusion. The child was discharged in a hemodynamically stable

condition after parental counseling.

Conclusion: The unusual presentation of the rare SGPL1

mutation with a chylothorax warrants more insight into this mutation.

Chylothorax may be directly associated with this syndrome in a yet to

be known mechanism. Long‐term and close follow‐up of such cases is

required to get a better understanding regarding management of this

syndrome.

N 288 ‐ Cryptogenic Organizing Pneumonia (COP)/
Bronchiolitis Obliterans Organizing Pneumonia
(BOOP) in Pediatrics.
Ramdial F.1, Borchetta M.2, Gonzalez I.2, Gregoire‐Bottex M.1, Saad

A.3, Gans M.4, Colin A.1

1Pediatric Pulmonology, University of Miami Miller School of Medicine/

Jackson Health System/Holtz Children's Hospital ‐ Miami, USA
2Pediatric Infectious Disease, University of Miami Miller School of

Medicine/Jackson Health System/Holtz Children's Hospital ‐ Miami, USA
3Pediatric Pathology and Neuropathology, University of Miami Miller

School of Medicine/Jackson Health System/Holtz Children's Hospital ‐

Miami, USA
4Allergy & Immunology, University of Miami Miller School of Medicine/

Jackson Health System/Holtz Children's Hospital ‐ Miami, USA

Cryptogenic organizing pneumonia (COP), more familiarly known

as bronchiolitis obliterans organizing pneumonia (BOOP), can be

defined as an organized polypoid granulation tissue in the distal

airways extending into the alveolar ducts and alveoli. It has

characteristic radiographic findings, histologic features, and favorable

response to therapy. COP affects males and females equally, with the

mean onset age approximately 50‐60 years old, with only a few rare

pediatric cases reported in the literature.

We present a previously well 13‐year‐old male with history of

mild asymptomatic asthma. He presented to PCP with a sub-

mandibular mass and was treated with oral antibiotics, which failed

to resolve the issue. This led to further investigation with CT neck,

which identified the submandibular mass, but surprisingly, also

revealed apical pulmonary nodules. This incidental finding led to a

comprehensive multidisciplinary evaluation involving Pediatric Infec-

tious Diseases, Pediatric Pulmonology, Pediatric Hematology/Oncol-

ogy, Pediatric Rheumatology, and Pediatric ENT at an outside

hospital.

CT chest revealed a mixed pattern of involvement of the lungs

with patchy and focal areas of peripheral ground‐glass opacities

scattered throughout, small pulmonary nodules, and bandlike

parenchymal linear hyperdensities, some of which were curvilinear.

Investigations included blood work for infectious and rheumato-

logical etiologies, which were all negative. BALF from bronchoscopy

was positive for Neisseria sicca in broth media, but no further growth

or sensitivities were performed. PCR analysis of BALF for viruses,

bacteria, fungi, and NTM was negative. Excisional biopsy results from

the submandibular gland were inconclusive, with signs of reactive

lymphadenitis and B cell proliferation.

He was referred to our institution for a second opinion regarding

lung biopsy. We reviewed the comprehensive; examining his CT

chest, we recognized arcade‐like bands and “Atoll or reverse halo

signs” typically found in cryptogenic organizing pneumonia.

We supplemented and repeated some tests, still with no etiology

defined. After a multidisciplinary meeting, including the family, we

repeated BALF and ultimately VATS lung biopsy.

Biopsy reported the lung parenchyma was preserved and

showed chronic inflammatory infiltrate consisting of a mixture of

lymphocytes and plasma cells mostly involving the alveolar structures

with occasional intraluminal plugs of loose connective tissue. No

granulomas, vasculitis, or interstitial fibrosis were identified. The

constellation of histological findings was most consistent with

cryptogenic organizing pneumonia, also known as bronchiolitis

obliterans organizing pneumonia.

COP is typically a disease found in the older population or

patients with bone marrow transplants, but here we present a biopsy‐

confirmed pediatric case of a previously healthy 13‐year‐old male.

Other entities have to be ruled out as features mentioned on CT can

be secondary to many other etiologies such as infections, malig-

nancies, and autoimmune.

COP treatment is with steroids and is usually responsive as

most patients do well, though relapses can occur. As for our

patient, subsequent follow‐up with spirometry and imaging has

clearly shown marked improvement in the radiologic pathologies

noted from the initial presentation to date. This response further

solidifies our primary diagnosis of cryptogenic organizing

pneumonia.

N 293 ‐ Challenges of Silent Severe Asthma and NERD
in Children.
Liakaite G.1, Miseviciene V.1, Poskiene L.2

1Pediatric Department, Lithuanian University of Health Sciences

Hospital, Medical Academy ‐ Kaunas, Lithuania
2Department of Pathological Anatomy, Lithuanian University of Health

Sciences Hospital, Medical Academy ‐ Kaunas, Lithuania

Background: Non‐steroidal anti‐inflammatory drugs (NSAIDs)

exacerbated respiratory disease (NERD) is a rare condition in the

European population, especially in children. The objective of this case

presentation is to highlight the importance of a multidisciplinary

approach to the diagnosis and treatment of asthma if concomitant

diagnoses exist and NERD could be suspected.

Methods: Retrospective analysis of the patient's medical data.

Case presentation: An 11‐year‐old girl was transferred to the

pediatric intensive care unit (ICU) from the ENT surgery room for

suspected anaphylaxis and severe asthma exacerbation. She had

surgery because of chronic rhinosinusitis and bilateral ostiomeatal

complex obstruction with nasal polyps (Figure 1). The diagnosis was

made 2 years before surgery, conservative medical treatment was
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insufficient. Sensitization to house dust mites, increased levels of total

IgE, eosinophilia and asthma diagnosis was confirmed in early

childhood. Nasal symptoms were predominant; therefore she was

treated mainly by family and ENT doctors. Asthma symptoms were

partially controlled but anti‐inflammatory treatment was intermittent

and before surgery was not prescribed. NERD and nose polyposis in

the patient's family history was also clarified. Tachypnea, bronchial

obstruction and severe desaturation occurred 20minutes after

intravenous ketoprofen given at the end of the surgery. Deterioration

of vital signs led to resuscitation. Unfortunately, it was complicated by

n. peroneus compression and long lasting paresis of it. Salbutamol and

methylprednisolone improved asthma symptoms, but bronchospasm

reoccurred in ICU after the second dose of NSAID. Therefore, NERD

was suspected. Paracetamol instead of ketoprofen was prescribed, and

basic asthma treatment was started. Subsequent histological examina-

tion of the polyps revealed chronic eosinophilic inflammation

(Figure 2). Significant eosinophilia in blood (1400/µl) and nasal smear

(50%) as well as increased exhaled FeNO was found. Lung function

tests showed moderate bronchial obstruction with positive reversibil-

ity test, hyperinflation and increased resistance of airways (Figure 3).

Sino‐nasal outcome test (SNOT‐22) score was 28 and confirmed

moderate impact on quality of life. After a few months, we found only

small improvement in the above‐mentioned results though the patient

declared no asthma symptoms while receiving 3rd‐4th step asthma

treatment and intranasal steroids. Mepolizumab was added for further

treatment. After 3 months of treatment, the patient did not have

exacerbations. Lower eosinophil count was observed in blood and

nasal smear. Decreased exhaled FeNO level was found and improve-

ment in lung function was observed in body plethysmography results.

SNOT‐22 score decreased and only mild impact of the disease was

confirmed in quality of life.

Conclusion: Asthma and nasal polyps is not common in children.

A personalized and multidisciplinary approach to the diagnosis and

treatment is mandatory in such situations, especially before surgical

procedures. The ongoing inflammation and the need for particular

treatment should be rated more on the basis of the particular test

results than on the basis of individual symptoms.
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N 309 ‐ The First Case of a Homozygous CCNO NM
021147.4 mutation Associated with Primary Ciliary
Dyskinesia in Two Indian Siblings.
Alhalabi O.1, Thomas M.2, AbdulWahab A.1

1Pediatric Pulmonology, Sidra Medicine ‐ Doha, Qatar
2Internal Medicine, Hamad Medical Corporation ‐ Doha, Qatar

Introduction: Primary ciliary dyskinesia (PCD) is a heterogeneous

autosomal recessive illness characterized by neonatal respiratory

distress and chronic sinopulmonary disease, as well as infertility in

males and organ laterality in 50% of patients.

CCNO is present in the apical cytoplasm of respiratory

control cells and is essential for multiciliate cell formation,

basal body amplification, and migration. CCNO gene mutations

have been associated with reduced generation of multiple motile

cilia (RGMC), a rare kind of primary ciliary dyskinesia. Individuals

with CCNO mutations have been reported to suffer from severe

lower respiratory infections that cause progressive impairment of

lung function. For the first time, we describe the CCNO NM

021147.4 (c.258 262dup.p, Gln88argfs*8 Homozygous) gene

mutation in a consanguineous Indian family that causes

severe PCD.

Case presentation: We highlight the case of two Indian female

siblings, aged 17 and 15, of consanguineous parents who reported to

Sidra Hospital's Pediatric Pulmonology department in Qatar with

progressive loss of lung function, culminating in end‐stage lung

disease and candidacy for lung transplantation in the elder sister.

Since infancy, both siblings have suffered from significant lower

respiratory infections, chronic rhinorrhea, and recurrent ear infec-

tions. Bronchiectasis was detected by chest computed tomography

when the elder and younger sister were seven and fourteen years

old, respectively. Physical examination was pertinent for bilateral

crackles and clubbing. The eldest sister was hypoxic requiring 1‐2

liters of oxygen per minute via nasal cannula. Expiratory flow volume

(spirometry) revealed significant obstructive airway disease, worse in

the elder sibling, with percentage predicted FEV1 and FVC of 38%

and 50% respectively, and percentage predicted FEV1 and FVC of

46% and 63% in the younger sibling. Immune deficiency and cystic

fibrosis had been ruled out by blood test and sweat chloride

measurement. Both siblings had low nasal nitric oxide levels, with the

elder sibling having 63.3 ppb (predicted 200‐1000) and the younger

sibling having 88.3 ppb. PCD was diagnosed based on clinical

phenotype and low nasal nitric oxide levels, which were further

confirmed through genetic sequence analysis and deletion/
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duplication for PCD, which revealed the pathogenic variant CCNO

NM 021147.4 (c.258 262dup.p, Gln88argfs*8 Homozygous) gene

mutation.

Conclusions: Our findings highlight the relevance of considering

CCNO mutations based PCD in patients with frequent chest

infections and progressive deterioration in lung function. It is also

important to broaden the scope of genetic mutational analysis in PCD

to include people of various ethnicities.

N 315 ‐ A Case of Chronic Eosinophilic Pneumonia
Combined with Sinusitis in a 15‐Year‐Old Girl.
Kwon WM., Kang EK., Sohn SH.

Pediatrics, Dongguk University Ilsan Hospital ‐ Goyang, South Korea

Chronic eosinophilic pneumonia (CEP) is an eosinophilic lung

disease and rare in children. Sinusitis is known to be present in about

20% of CEP patients. When sinusitis is present with CEP, the

diagnosis of CEP may be delayed due to common symptoms. Herein

we present a 15‐yr‐old female who was suspected to have a long‐

term cough due to sinusitis. A 15‐yr‐old non‐smoking girl presented

with a 3‐month history of cough, recent dyspnea, and weight loss.

She has been healthy without having asthma. Her cough was

prolonged with repeated improvement and exacerbation according

to the use of medication for 3 months prior. She lost 3 kg in weight

over the previous 1 month. Two days prior, she had dyspnea. After

taking chest imaging, she was referred to our hospital under the

impression of atypical pneumonia. (Figures 1A, B). Lung auscultation

revealed decreased aeration on the upper lung field and no

adventitious sound. Her white blood cell count was 16,370 cells/

mL with 35.3% eosinophils. The total IgE level was 222 IU/mL and

she was not sensitized to any aeroallergen by a CAP test. Proteinase

3 antineutrophil cytoplasmic antibody (PR‐3 ANCA) and myeloper-

oxidase ANCA were negative. Serological testing for parasites

(Toxocariasis, Clonorchis, Sparganum, Cysticercosis, Paragonimus,

and Clonorchis) produced negative results. Aspergillus antigen was

negative. Sinus X‐ray showed partial haziness in both maxillary

sinuses. Chest computerized tomography (CT) showed ground‐glass

opacities in both lungs with upper dominancy. Fiberoptic bronchos-

copy showed no endobronchial lesion in both bronchi. Bronchoal-

veolar lavage (BAL) fluid revealed a 93% eosinophil percentage.

Bacterial, fungal, and tuberculosis culture of BAL fluid resulted in no

growth. Spirometry finding was a restrictive pattern (FEV1 84.7%,

FVC 80.9%, FEV1/FVC 91%), and DLCO was reduced to 76%. Based

on symptoms duration, laboratory results, chest CT findings, and no

definite secondary causes, a diagnosis of CEP was made in this

patient. She was treated with prednisolone 50mg/d (1mg/kg) and

responded well. The symptoms and chest X‐ray improved completely

after 2 weeks (Figure 1C), the dose was tapered over 8 weeks. The

patient's chest CT taken after 4 weeks of treatment revealed a

disappearance of extensive ground‐glass attenuation in both lungs

(Figure 1D). The haziness of the maxillary sinuses was also improved.

In conclusion, a prolonged course of respiratory symptoms may

suggest atypical or rare pulmonary conditions.

N 317 ‐ Dyskeratosis Congenita: A Devastating
Pulmonary Complication 10 Years On.
Tan YY., Chang N., Awang RA.

Department of Pediatrics, Hospital Pulau Pinang ‐ Penang, Malaysia

Dyskeratosis congenita (DC) is a rare multisystem telomere

disorder characterized by a triad of nail dystrophy, lacy reticular

pigmentation and oral leukoplakia. We report a patient with DC, who

underwent allogeneic hemopoietic stem cell transplant (HSCT) at 6

years old due to severe aplastic anemia. Following HSCT, the marrow

involvement of his disease resolved. His condition was thought to be

cured as he lived a normal life for the next 10 years. At 16 years old,

he presented with a 2‐month history of progressive reduced effort

tolerance. Lung function test showed severe restrictive lung disease.

The 6‐MWT showed baseline SpO2 of 96%, which progressively

desaturated down to 80% without him experiencing shortness of

breath. Imaging showed extensive lung fibrosis, honeycombing and

traction bronchiectasis. This serious pulmonary complication is likely

a progression of DC itself despite successful HSCT before. Treatment

option is limited and the condition is expected to be progressive and

eventually fatal. The case highlights the importance of long‐term

monitoring for pulmonary complications in patients with DC.

N 325 ‐ Case Series: COVID‐19 Infection in Neonates.
Chua YC.1, Kassim AK.1, Akmar Mohamed NF.1, Kunasseelan S.1,

Ismail D.1, Hasliza AR.1, Che Daud CZ.2

1Respiratory Unit Pediatric Department, Hospital Tunku Azizah ‐ Kuala

Lumpur, Malaysia
2Radiology Department, Hospital Tunku Azizah ‐ Kuala Lumpur,

Malaysia

Introduction: Respiratory distress among neonates is commonly

seen and occurs up to 7%. There are many causes of persistent

tachypnea in infancy and neonates. During the COVID‐19 pandemic,

a group of neonates developed tachypnea and found to be positive

for COVID‐19 virus detection.

Case series: We report seven neonatal patients with persistent

tachypnea following COVID‐19 infection or exposure to maternal

COVID‐19 infection. All patients presented with respiratory distress

i.e. early (2 cases) and late (5 cases). Three were born prematurely and

3 required long‐term home oxygen therapy.

Six patients were proven positive for COVID‐19 PCR, one

patient was proven negative despite severe respiratory distress

with maternal COVID‐19 pneumonia (Category 5). Other clinical

features included biphasic stridor, chest hyperinflation, bilateral

lung crepitation and oxygen dependency. All chest radiographs

were unspecific with similar ground glass opacities at initial stage

of the disease. Follow‐up radio‐imaging showed pathological

findings with variable findings from glass changes suggestive of

interstitial lung disease and air trapping suggestive of bronchiol-

itis obliterans. Final diagnosis for persistent tachypnea associated

with COVID‐19 infection were post‐COVID‐19 bronchiolitis

obliterans (2), right eventuation of diaphragm (1), airway
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abnormalities (1), bronchopulmonary dysplasia (1), congenital

CMV infection (1) and interstitial lung disease (1).

Conclusion: This series showed that persistent tachypnea among

a neonatal group after COVID‐19 infection was due to multiple

causes and required a comprehensive approach to look for underlying

etiology that may not be related to COVID‐19 infection. Complete

history taking, physical investigation and investigations are important

to find the etiology.

N 327 ‐ Pulmonary Alveolar Proteinosis in a Child with
Heterozygous CSF3R Gene Mutation.
Tovichien P.1, Kaeotawee P.1, Sukharom R.1, Udomittipong K.1,

Pacharn P.2, Ruangchira‐Urai R.3

1Department of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahidol

University ‐ Bangkok, Thailand
2Radiology Department, Faculty of Medicine Siriraj Hospital, Mahidol

University ‐ Bangkok, Thailand
3Pathology Department, Faculty of Medicine Siriraj Hospital, Mahidol

University ‐ Bangkok, Thailand

Introduction: Pulmonary alveolar proteinosis (PAP) has 3 main

entities including genetic PAP, autoimmune PAP and secondary PAP.

This case report revealed a unique case of PAP in a child with

heterozygous colony‐stimulating factor 3 receptor (CSF3R) gene

mutation after admitted with neutropenic pneumonia.

Case report: A 1‐year‐old boy with history of autoimmune

hemolytic anemia (AIHA) and pulmonary tuberculosis presented with

non‐productive cough for 5 days and progressive dyspnea for 3 days.

At the age of 6 month, the doctor detected that he was markedly

pale. His CBC showed hemolytic anemia. Direct coomb test and

indirect coomb test were positive. He was diagnosed with AIHA,

treated with prednisolone and tapered off a month prior to this

admission.

At the age of 9 months, he had fever, chronic cough and

progressive dyspnea. CXR showed patchy infiltration in the right

middle lung. Tuberculin skin test was 10mm and gastric aspiration

was Mycobacterium tuberculosis PCR positive. He took a standard

regimen and was initially improved.

At this admission, V/S was BT 37.8 OC, RR 45/min, SpO2 92% in

room air. Physical exam revealed markedly pale, subcostal retraction,

fine crepitation both lower lungs. CBC revealed Hb 6.8 g/dL, Hct

19.4%, WBC 5950/uL (N 5.6%, L 88.7%), platelets 315,000/uL.

According to bi‐cytopenia, bone marrow aspiration was performed

and showed a relative increase in erythroid series, decrease in

myeloid series but no cluster of blasts or myelodysplasia‐related

change and normal megakaryocytes. Whole genome sequencing

showed heterozygous CSF3R gene mutation variant

c.2038Gp.(Glu680Lys).

He did not respond to broad spectrum antibiotic and respiratory

support. Bronchoscopy with bronchoalveolar lavage (BAL) was

performed. BAL showed positive periodic acid‐Schiff (PAS) and

periodic acid‐Schiff with Diastase (PAS‐D) stains in cytoplasmic

content of alveolar macrophages. Gram, AFB, modified AFB, GMS

stains and culture were all negative. Electron microscope study

demonstrated few extracellular lamellar bodies suggestive of PAP. He

was clinically improved after treatment with IVIG, methylpredniso-

lone and granulocyte colony‐stimulating factor (G‐CSF).

Case discussion: CSF3R encodes the receptor for G‐CSF which is

a cytokine vital for granulocyte proliferation and differentiation.

Biallelic variants in CSF3R are a rare cause of severe congenital

neutropenia. However, the impact of heterozygous CSF3R variants is

unknown aside from risk factors for myeloid and lymphoid

malignancies.

Hematologic disorders, immune deficiencies and chronic infec-

tions can cause macrophage dysfunction and lead to accumulation of

phospholipoproteinaceous material in alveoli which is the patho-

genesis of PAP.

Surfactant accumulation within the alveoli blocks the entry of air,

impairs gas exchange and leads to hypoxemia and respiratory

insufficiency. Clinical presentations of PAP are non‐specific such as

cough, dyspnea, exercise intolerance, respiratory distress, fatigue,

failure to thrive, fever, or asymptomatic. Physical exam may reveal

cyanosis or inspiratory crackles. The underlying etiology and degree

of symptoms determine therapeutic options.

N 329 ‐ Behind the Chronic Cough and Recurrent
Respiratory Infections ‐ the “Unknown” HHV6.
Papochieva V.1, Lesichkova S.2, Kostova P.1, Yankova P.2, Andonova

Y.1, Miteva D.1, Strateva T.3, Mihailova S.1, Stefanova‐Todorova I.1,

Perenovska P.1, Petrova G.1

1Pediatric clinic, University Hospital “Alexandrovska” ‐ Medical Univer-

sity of Sofia ‐ Sofia, Bulgaria
2Clinical Immunology Clinic and Stem Cell Bank, University Hospital

“Alexandrovska”, Medical University of Sofia ‐ Sofia, Bulgaria
3Department of Medical Microbiology, Faculty of Medicine, Medical

University of Sofia ‐ Sofia, Bulgaria

Human herpes virus 6 (HHV‐6) is the etiological cause of the so‐

called sixth disease or roseola infantum (exanthema subitum) in

young children, most often under 2 years of age. According to

literature data from large epidemiological studies, it is estimated that

over 95% of people have encountered this virus. As the disease is

self‐limiting in an immunocompetent organism, no specific treatment

is required. There is a widespread understanding that this virus is

harmless, but often reactivated virus can lead to the development of

severe disease, especially in immunocompromised patients.

We present two clinical cases of children with recurrent

respiratory infections in whom HHV‐6 infection was detected

(proven over 350 copies/ml of viral DNA in the blood).

A 3‐year‐old girl who, after suffering from chickenpox, has

almost every month eye chelation, mainly in the course of viral

infections, as well as monthly upper respiratory tract infections

requiring treatment with antibiotics. After another eye infection and

surgery, she was examined in the clinic for immune deficiency and

found to have impaired immunobiological balance of T cells and 796

copies/ml HHV6‐DNA. Immunomodulatory therapy has been started
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with very favorable effect – no infection episodes in the next 10

months of the follow‐up of the patient.

A 3‐year‐old boy who has had a persistent cough since the age of

one year, has taken several antibiotics without effect. At the age of 1

year and 7 months, he had a severe generalized herpes infection

controlled with acyclovir. At the age of 2 years and 6 months, he

suffered from COVID‐19. Because of these complaints, the child had

been suspected of being immune deficient and we found him to have

impaired T‐cell immunobiological balance and 360 copies/ml HHV6‐

DNA. Immunomodulatory therapy has been started and for the next

10 months of the follow‐up, no respiratory infections or other

infection episodes occurred.

We present the cases to draw the attention to this “harmless”

virus, for which no etiological treatment has yet been approved. In

cases where such treatment is necessary, guidelines most often

suggest the use of ganciclovir, cytofovir and foscarnet, which are not

registered for use in children under 12 years of age. Acyclovir is

ineffective against this virus, which significantly complicates treat-

ment in young patients. What can be used is to stimulate immunity

(e.g. with inosine acedoben dimepranol) or using natural resources for

strengthening the immunity (such as clean air, good nutrition,

frequent physical activity, no smoking etc.).

N 336 ‐ Successful Treatment of Rapidly Progressive
Interstitial Lung Disease with Anti‐MDA5 Antibodies
with Immunosuppression Including Upadacitinib.
Maiurano L.

Pediatric Pulmonology, Allergology and Cystic Fibrosis, Mainz University

Medicine ‐ Mainz, Germany

Rationale: Severe pulmonary involvement in rheumatic disease is

not very common in childhood and a rapidly progressive interstitial lung

disease (RPILD) with positive anti‐melanoma differentiation‐associated

gene‐5 (MDA5) antibodies is a life threatening condition. Multi-

disciplinary approach and case discussion using a platform for diffuse

parenchymal child disease is very helpful to establish rapid diagnosis.

Interferon‐signature is currently emerging as a biomarker and

diagnostic tool in some inflammatory diseases. Elevated interferon

signature provides a rationale for use of Janus kinase inhibitors in

RPILD, but requires further evaluation to better understand and

monitor disease clinical course and pathogenesis.

Case report: A 13‐year‐old male patient with a history of obesity

presented with weight loss, cutaneous features, subcutaneous

nodules, muscle weakness and mild dyspnea and was referred to

our children's hospital. Laboratory findings included unspecific signs

of inflammation with elevated ferritin and LDH but further

rheumatologic workup was inconclusive. He was suspected of having

dermatomyositis (DM), however his myositis‐specific antibodies were

negative and creatinine kinase (CK) was in normal range. Lung

function showed a severe restrictive pattern and a chest computed

tomography confirmed the diagnosis of interstitial lung disease (ILD).

Despite intensive treatment with intravenous methylprednisolone

pulse therapy and improvement of his skin condition, pulmonary

function deteriorated rapidly and he required non‐invasive ventila-

tion. Due to high levels of MDA5 antibodies, which were added after

peer review discussion of our case at the European platform for

interstitial lung diseases in childhood (chILD EU), we could avoid lung

biopsy and performed plasma exchange therapy. We strengthened

immunosuppressive therapy adding rituximab and calcineurin inhibi-

tor, attempts which only slightly improved his pulmonary condition.

Since interferon signature was highly activated, we initiated a

therapy with Janus kinase‐(JAK) inhibition, first tofacitinib and then

upadacitinib. To prevent fibrotic changes of the lung tissue, we

started treatment with nintedanib. This therapy led to gradual

improvement of the patient´s lung disease and a complete remission

of his skin conditions. Although skin biopsy displayed a subcutaneous

panniculitis‐like T‐cell lymphoma, it was considered secondary to

autoimmune disorder and no further treatment was recommended.

Conclusion: Pediatric patients with anti‐MDA5 positive juvenile

dermatomyositis and RPILD are rare and have a poor prognosis. An

early combination therapy of glucocorticoids, plasma exchange,

rituximab, calcineurin inhibitor and JAK inhibitor should be con-

sidered as a rescue treatment option in this group of patients.

N 338 ‐ Management of Multi‐Drug Resistant Non‐
Tuberculous Mycobacteria Infection in Children with
Cystic Fibrosis: Two Case Studies.
Nathan AM.1, de Bruyne J.1, Eg KP.1, Ismail ND.2, Koh MT.3, Tan LT.3,

Thong MK.4, SK Tae T.4, Atiya NB.5, Tubirin SH.2, H'ng SY.2

1University Malaya Pediatric and Child Health Research Group,

University of Malaya ‐ Kuala Lumpur, Malaysia
2Pediatric Respiratory and Sleep Unit, Department of Pediatrics,

University Malaya Medical Centre ‐ Kuala Lumpur, Malaysia
3Department of Pediatric Infectious Disease, University Malaya Medical

Centre ‐ Kuala Lumpur, Malaysia
4Department of Genetics, University Malaya Medical Centre ‐ Kuala

Lumpur, Malaysia
5Department of Microbiology, University Malaya Medical Centre ‐ Kuala

Lumpur, Malaysia

Introduction: Nontuberculous mycobacteria (NTM) are environ-

mental organisms that cause significant pulmonary morbidity in

patients with cystic fibrosis (CF). Here we discuss the challenges

encountered in 2 children with CF and NTM.

Result: SV is a 6‐year‐old girl who was first diagnosed with NTM

(M. abscessus complex) at the age of 5, when she presented with a

pulmonary exacerbation. At that time, her elder sister with CF was on

the 6th month of treatment for M. abscessus complex (sensitive

strain). SV was treated with 1st line NTM regimen as per the Royal

Brompton guidelines. Repeated sputum cultures after 6 months were

persistently positive despite compliance with medication and NTM

being sensitive to the antibiotics. Thus, she was re‐induced with 2nd

line antibiotics. Her sputum was negative only after 9 months of

second line treatment. However, while on maintenance therapy, she

had another exacerbation at 12 months of 2nd line treatment, which

was now noted to be multi‐drug resistant M. abscessus complex
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(intermediate sensitivity to linezolid, amikacin, cefoxitin; resistant to

clarithromycin, meropenem and tobramycin). She was induced with

intravenous tigecycline, amikacin, meropenem with oral linezolid. The

parents bore the cost of medication, and were counseled regarding

off‐label use of tigecycline in children. Her sputum remains NTM

positive after 5 months of third line treatment.

NJ is a 6‐year‐old boy with CF and was first diagnosed with NTM

(M. abscessus complex) at 4 years old, presenting with a pulmonary

exacerbation. He had a sister who also has CF and was positive for

NTM (M. yongonense) undergoing treatment for the past 3 months.

He was started on first line NTM regime. He never achieved

remission despite compliance with treatment. His repeated sputum

remained NTM positive, but we could not determine the sub‐species

due to poor sample quality and limited diagnostic capacity. After 12

months of treatment, we were finally able to identify that the NTM

was multi‐drug resistant M. abscessus complex, only sensitive to

amikacin and resistant to clarithromycin, meropenem and tobramy-

cin. As he remains stable, we have stopped all NTM medication and

continue to follow him up.

Conclusion: Challenges faced in the management of NTM in

these children were the high rate of multi‐resistant NTM, limited

diagnostic capacity, delayed growth time, limitation in treatment

options for young children, high medical costs and prolonged

treatment.

N 341 ‐ Diagnostic and Therapeutic Challenges in
Managing Refractory Chylothorax.
Ismail ND1, H'ng SY.1, Muhammad Gowdh NF.2, Abdullah BJ.2,

Hashim SA.3, Eg KP.1, Thavagnanam S.1, Man KS.4, de Bruyne J.1,

Nathan AM.1

1Pediatric Respiratory and Sleep Medicine, University Malaya Medical

Centre ‐ Kuala Lumpur, Malaysia
2Biomedical Imaging, University Malaya Medical Centre ‐ Kuala Lumpur,

Malaysia
3Cardiothoracic Surgery, University Malaya Medical Centre ‐ Kuala

Lumpur, Malaysia
4Pathology, University Malaya Medical Centre ‐ Kuala Lumpur, Malaysia

Introduction: Non‐traumatic chylothorax is extremely rare in

older children. Causes include infection, malignancy and congenital

lymphatic disorders. Determining the etiology and treatment of

chylothoraces can be very challenging.

Objective: We discuss 3 cases of non‐traumatic chylothorax.

Case discussion: SA is a 14‐year‐old boy with Noonan syndrome.

He was noted to have a right chylothorax after sustaining bilateral hip

dislocation from a trivial fall. Pleural fluid triglyceride (TG) was

12.4 mmol/l. He underwent pigtail thoracostomy drainage, amount-

ing to 800‐1000mls/day despite initiation of a high medium‐chain

triglyceride (MCT)‐based diet. Conventional Lipiodol lymphangiogra-

phy showed abnormal dilated lymphatics in both pelvic regions with a

normal thoracic duct but there was no identifiable leak and no

therapeutic effect. He underwent right pleural thoracoscopic surgical

talc pleurodesis and was kept fasted for 30 days. Oral sirolimus was

also started. His chylous leak markedly reduced at postoperative day

(POD) 7, and the chest tube was removed at POD 21. A diagnosis of

central conducting lymphatic anomaly (CCLA) was made after

consultation with the Boston Vascular Anomalies Center. He

continues to show clinical improvement.

MRA was a 5‐year‐old boy who presented with 2 weeks of

cough and reduced effort tolerance, loss of appetite and weight

loss over one month. He required invasive ventilation for

respiratory failure. CXR showed a large right pleural effusion.

Pleural fluid TG was raised at 1.6 mmol/l. Thoracostomy drainage

revealed continuous drainage of bloody fluid amounting to 800‐

1000mls/day despite fasting. Surgical decortication revealed

diffuse spongy tissue lining the pleural cavity and the anterior

mediastinum. The thoracic duct was intact. Biopsy specimens

confirmed the diagnosis of diffuse lymphangiomatosis of the

pleura, lung parenchyma and mediastinum. Subcutaneous α‐

interferon was started on the second POD; however, the patient

succumbed to his illness on POD 8.

MF is a 5‐year‐old boy who also presented with respiratory

distress. He had been coughing and wheezing and was diagnosed

with bronchial asthma 6 months ago. The initial CXR showed a

massive unilateral right‐sided pleural effusion and lytic lesions over

the clavicles and posterior ribs. His chest tube drained hemorrhagic

fluid, and the pleural fluid TG was 1.4 mmol/l. His clinical condition

worsened and he developed bilateral chylothoraces requiring several

chest drains. The pleural biopsy showed a CCLA, which was also

reaffirmed after consulting the Boston Vascular Anomalies Center.

Sirolimus was added and titrated accordingly. He was on sirolimus for

1 year and gradually weaned off respiratory support.

Conclusion: Management of non‐traumatic chylothorax can be

difficult as there are limited studies on proven effective non‐invasive

treatment modalities. Understanding the etiology is of utmost

importance to provide the best medical therapy and improve

morbidity. These cases highlight the diagnostic dilemma and

therapeutic challenges. Sirolimus should be considered in the

management of refractory chylothorax.

N 347 ‐ Case Series of Rare Chronic Lung Parenchy-
mal Diseases in Children with Down Syndrome.
Arazak H.1, Mohamed NF.1, Chang LW.2, Kunaseelan S.1, Chua YC.1,

Ismail ND.1, Che Daud CZ.3, Talib A.4, Adzman S.4, Kassim A.1

1Department of Pediatrics, Hospital Tunku Azizah ‐ Kuala Lumpur,

Malaysia
2Department of Pediatrics, Hospital Pulau Pinang ‐ Penang, Malaysia
3Department of Radiology, Hospital Tunku Azizah ‐ Kuala Lumpur,

Malaysia
4Department of Pathology, Hospital Kuala Lumpur ‐ Kuala Lumpur,

Malaysia

Introduction: Down syndrome is the most common chromo-

somal abnormality in children. It is associated with involvement of

many systems including the respiratory system. The commonly

described respiratory associations are sleep disordered breathing,
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recurrent respiratory infections, recurrent aspiration pneumonia and

malacic airway.

Case series: We report 10 cases of Down syndrome children with

rare pulmonary disorders diagnosed in this center from 2019 to 2021.

There were 6 boys and 4 girls with 8 of them referred from other states

in Malaysia. The median age at diagnosis of chronic lung parenchymal

disease was 7 months (2 months‐6 years old). Four with gastrointestinal

anomalies (3 duodenal atresias and 1 anorectal malformation) that were

surgically treated and 8 patients had congenital hypothyroidism.

Congenital heart defect was associated in all patients, 6 of them

required cardiac surgery. Their clinical presentations were recurrent

pneumonia (1), non‐invasive ventilator dependency (4), anemia associ-

ated with respiratory illnesses (2) and oxygen dependency (3). All

patients had abnormal serial chest X‐rays and high‐resolution computed

tomography thorax. Half of the patients were thoroughly investigated

including flexible bronchoscopy and lung biopsy which confirmed

childhood interstitial lung disease (3) and pulmonary hemosiderosis (2).

Five patients were diagnosed as childhood interstitial lung disease based

on the clinical and radiological findings as they were not stable for lung

biopsy. Six patients diagnosed as interstitial lung disease were treated

with high dose prednisolone with five patients responding well and able

to cease ventilation or oxygen support. One patient was still on long‐

term oxygen therapy. Three patients died before any treatment

commencement. The two patients with pulmonary hemosiderosis did

not respond well with high dose prednisolone alone and required

additional intravenous cyclophosphamide.

Conclusion: Respiratory distress in children with Down syn-

drome is often the result of the associated co‐morbidities such as

congenital heart defect. These co‐morbidities delayed the diagnosis

of the rare lung parenchymal diseases despite persistent respiratory

distress and abnormal radiological imaging. High index of suspicion in

patients with Down syndrome with severe and prolonged respiratory

illnesses may allow earlier diagnosis and prompt management,

allowing improvement of their lung function.

N 357 ‐ Unilateral Pulmonary Vein Atresia – A Rare
Cause of Hemoptysis.
Hung HJ., Chau SK., Siu KK., Lee SL.

Pediatrics and Adolescent Medicine, Queen Mary Hospital ‐ Hong Kong,

Hong‐Kong

A healthy boy presented with fever, cough and hemoptysis at the

age of 11. On examination, the trachea was deviated to the right and air

entry was reduced over the right middle lobe (RML) and right lower lobe

(RLL). Chest X‐ray showed reduced right lung volume with collapse‐

consolidation of the RML and RLL. The left lung was hyperinflated.

Mantoux test was positive at 10mm. Pulmonary tuberculosis (TB) was

suspected. Bronchoscopy showed no foreign body or varices. There was

no endobronchial mass. Computed tomography (CT) scan of the thorax

with contrast showed loss of right lung volume with ipsilateral

mediastinal shift. There were reticulonodular lesions with ground‐glass

appearance over the right lung, with septal thickening and fibrosis of the

RLL. A wedge‐shaped soft tissue opacity was seen posterior to the right

main bronchus, thought to be RLL segmental collapse or matted lymph

nodes. In view of persistently elevated erythrocyte sedimentation rate

(ESR), positive Mantoux test and collapse‐consolidation of the RML and

RLL, the patient was treated as pulmonary TB and given 6 months of

anti‐TB treatment. Bronchoalveolar lavage later came back negative for

Mycobacterium tuberculosis.

The patient remained asymptomatic until two years later, when he

presented with hemoptysis again. Repeat workup for tuberculosis and

infection was negative. Autoimmune workup was unremarkable. This

time, CT thorax with contrast and angiogram were ordered. It showed

chronic loss of right lung volume and a similar soft tissue opacity

posterior to the right main bronchus, but with a new finding of systemic

arterial blood supply through hypertrophic right bronchial arteries.

Cardiac catheterization confirmed the diagnosis of right

pulmonary vein atresia with the right pulmonary capillaries

draining to the innominate vein and superior vena cava. Multiple

collaterals were identified, with two aortopulmonary collaterals

supplying the RLL: a smaller collateral draining from the celiac

artery and a more prominent collateral from the T6 level of the

descending aorta. Echocardiogram showed no pulmonary

hypertension.

Pulmonary vein atresia (PVA) is a rare congenital mal-

formation in which the common pulmonary vein fails to incorpo-

rate into the left atrium. Clinical presentation includes recurrent

respiratory infections, dyspnea and hemoptysis, which occurs due

to rupture of dilated bronchial veins and systemic‐to‐pulmonary

collaterals. In our patient, the initial presentation was masked by

pulmonary TB due to concomitant fever, elevated ESR and

positive Mantoux test. He also did not have other physical signs

of congenital heart disease, such as heart murmur. The diagnosis

was only revealed on CT angiogram and cardiac catheterization.

Although this is a very rare cause of hemoptysis in children, PVA

should be considered in the setting of hemoptysis and character-

istic CT findings. Management is aimed at preventing pulmonary

hypertension and massive pulmonary hemorrhage.

As our patient had self‐limiting hemoptysis and no pulmonary

hypertension, conservative management was continued. Transcath-

eter embolization of the aortopulmonary collaterals is being

considered as an alternative option, with the aim to prevent future

hemoptysis. Pneumonectomy is not recommended at this stage by

our surgeon.

N 361 ‐ Pulmonary Tuberculosis in a Girl Presenting
with Bubbly Lungs.
Su SC.1, Chua SX.2, Faizah MZ.3

1Pediatric Respiratory Unit, Department Of Paediatrics, Hospital Tengku

Ampuan Rahimah ‐ Klang, Malaysia
2Department of Pediatrics, Hospital Shah Alam ‐ Selangor, Malaysia
3Department of Pediatric Radiology, Hospital Pakar Kanak‐Kanak Ukm ‐

Kuala Lumpur, Malaysia

Introduction: Tuberculosis, a common infection in developing

countries, has pulmonary (parenchymal, airway, vascular, mediastinal
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and pleural lesions) and extrapulmonary sequelae. We report a girl

with extensive airway and parenchymal lesions as a sequelae of late

diagnosis of pulmonary tuberculosis (PTB).

Case Report: An immunocompetent 10‐year‐old Sabahan girl

presented with daily productive cough for 8 months, which

worsened in the past 2 months with constitutional symptoms of

loss of weight (6 kg in 2 months) and appetite, night sweats, chills,

rigors, daily fever and a significant reduction in effort tolerance with

dyspnea and chest pain on ambulation. There was no hemoptysis or

wheeze, or contact with anyone with PTB, chronic cough or similar

symptoms. There was no history of travelling to Sabah, Borneo in

the past 6 years. She had visited 6 general practitioners prior to

hospitalization with multiple prescriptions of oral antibiotics

without resolution of symptoms. Physical examination revealed a

thin girl (weight and height below the 5th centile) with increased

work of breathing with intercostal and subcostal recessions,

tachypnea (40 breaths per minute), hypoxemia (SpO2 87% in room

air) and diffuse coarse crackles on auscultation. Examination of the

other systems was unremarkable.

She was diagnosed as smear‐positive PTB (sputum acid fast

bacilli 1 + , sputum for Mycobacterium tuberculosis culture was

positive; sensitive to first line antituberculous chemotherapy,

with negative Mantoux 0 mm). Her inflammatory markers were

elevated (C‐reactive protein 221, erythrocyte sedimentation

rate 85). Her retroviral serology and inborn errors of immunity

work‐up was negative. Her chest radiograph showed diffuse

nodular and air space opacities. Her chest computed tomography

(CT) showed diffuse cystic bronchiectasis with subpleural

bullae, and reticulonodular opacities with tree‐in‐bud appearance

predominantly in both apices and apical right lower lobe

(Figure 1).

She was commenced on first line antituberculous chemo-

therapy. She required facemask oxygen of 5 L/min for a month

before being weaned to nasal prong oxygen. After 2 months of

hospitalization, she was discharged on home oxygen therapy 1.5 L/

min. After 6 months of antituberculous chemotherapy (2 months

intensive phase, 4 months maintenance phase), she reported an

improvement in her symptoms with daily early morning dry cough,

improved effort tolerance, and reduction in her oxygen usage with

breaks of up to 6 hours. However, she remained hypoxemic (SpO2

91% in room air) with diffuse coarse crackles on lung auscultation.

Her follow‐up chest radiographs showed enlarging bullae over both

lungs (Figure 2). She was continued on her antituberculous

maintenance phase with no active surgical intervention for the

bullae at the moment. She is currently being monitored sympto-

matically and with serial chest imaging to look for resolution or

progression of the bullae to determine the duration of her

antituberculous chemotherapy as well as the requirement for

surgical intervention.

Conclusion: PTB remains a common lung infection with signifi-

cant morbidity and mortality in developing countries. Early diagnosis

and treatment of PTB is important to reduce long‐term sequelae and

complications of thoracic tuberculosis affecting the lung parenchyma,

and airways, as demonstrated in our patient.

F IGURE 1 Diffsue bronchiectatic changes
involving both lung fields with areas of bullae
predominantly at subpleural region (arrows)
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N 369 ‐ Lipoid Pneumonia in an Infant: Case Report.
Lavall Bamberg E.1, Paschoalini Azalim de Castro S.2, de Almeida

Pinheiro DA.1, Ribeiro de Barros Pereira AC.1, Videira Chagas F.1, de

Carvalho JL.3, Pires de Mello P.4, Lima Nogueira R.1

1Pediatrics, Hospital Regional João Penido ‐ Juiz de Fora, Brazil
2Pediatric Pulmonology, Hospital Regional João Penido ‐ Juiz de Fora,

Brazil
3Pediatric Intensive Care, Institute Fernande Figueira ‐ Fondation

Oswaldo Cruz ‐ Rio de Janeiro, Brazil
4Bronchoesophagology and Head and Neck Surgery, Institute Fer-
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Objective: Report the case of an infant with lipoid pneumonia

(LP) and to highlight the importance of preventing domestic accidents

in pediatrics.

Methods: Information was obtained through a review of medical

records, photographic records of the imaging tests and therapeutic

procedures to which she was submitted, and a review of the literature.

Results: Infant, female, 9 months old, presented with diarrhea,

vomiting, cough and runny nose for 3 days. Evolved with dyspnea

and groaning that took her to the emergency room with a diagnostic

hypothesis of COVID‐19, pneumonia and acute gastroenteritis.

Laboratory tests without significant alterations and negative RT‐

PCR result for COVID‐ 19. Chest radiography showed diffuse

condensation affecting about 2/3 of the right hemithorax. Initiated

ceftriaxone, oseltamivir, supplemental oxygen and symptomatic

medications. After 3 days with no clinical improvement, was

submitted to a computed tomography (CT) scan of the chest, which

showed multiple opacities with attenuation in ground glass of

confluent configuration and perihilar predominance of an

indeterminate pattern for pneumonia of viral etiology with estimated

involvement greater than 50%. By observing the images and the non‐

responsiveness to the antimicrobial, a hypothesis of LP was raised,

with increased suspicion after the patient's mother confirmed an

accidental ingestion of grape seed oil by the infant about 10 days ago.

Bronchoscopy procedure was indicated to perform bronchoalveolar

lavage (BAL) ‐ diagnostic and therapeutic method. Three days after

the end of the antibiotic treatment, presented fever, prostration,

worsening of cough, pulmonary auscultation and respiratory distress

(groaning, respiratory effort and tachydyspnea), increased secretion

in the airways, significant drops in blood oxygen level and diarrhea.

New exams (laboratory and imaging) suggested an infectious

condition requiring a new antibiotic treatment scheme, with

vancomycin and cefepime for 4 days and then vancomycin and

meropenem for another 6 days. After 18 days of hospitalization, the

patient was transferred to another hospital for bronchoscopy

procedure, with 4 BALs being performed. Sudan staining was positive

for fat in alveolar macrophages, confirming the diagnosis. CT

performed 3 months after the first BAL showed improvement from

the initial pattern. The patient remains dependent on supplemental

oxygen through a nasal catheter, with progressive clinical recovery,

neuropsychomotor development appropriate for her age and

hospitalized after 4 months of her initial condition.

Conclusion: The clinical and radiological findings of LP mimic

bacterial/viral pneumonia. The progressive worsening of the patient

confirms the fact that the depuration of the aspirated oil is slow and

its permanence in the lung parenchyma can generate inflammation,

fibrosis and predispose to infections. BAL is the diagnostic and

therapeutic method, while Sudan staining is confirmatory. Clinical and

radiographic normalization may take more than 12 months and,

therefore, outpatient follow‐up of these patients is necessary.

Reflections and proposals: mainly in cases of patients diagnosed

with pneumonia or tuberculosis who are refractory to treatment, the

hypothesis of LP should be raised as a differential. A well‐collected

anamnesis can provide an early diagnosis and better prognosis. It is

important to reinforce the guidelines for the prevention of domestic

accidents, to prevent cases of exogenous aspiration of fatty

substances, the main cause of LP in the pediatric population.

N 370 ‐ Progressive Dyspnea in a Common Variable
Immune Deficiency Patient; Please Sit for the
Diagnosis!
Shallufi G.1, Hanna S.2, Khoury A.3, Saadi T.4, Ilivitzki A.5, Gur M.1,

Bentur L.1, Bar‐Yoseph R.1

1Pediatric Pulmonary Institute, Ruth Children's Hospital, Rambam Health

Care Campus ‐ haifa, Israel
2Pediatric Immunology Unit, Ruth Children's Hospital, Rambam Health

Care Campus ‐ Haifa, Israel

F IGURE 2 Enlarging large subpleural bullae
in left upper lobe
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3Pediatric Cardiology Institute, Ruth Children's Hospital, Rambam Health

Care Campus ‐ Haifa, Israel
4Gastroenterology Institute and Liver Unit, Rambam Health Care

Campus ‐ Haifa, Israel
5Pediatric Imaging Unit, Ruth Children's Hospital, Rambam Health Care

Campus ‐ Haifa, Israel

Case presentation: A thirteen‐year‐old female presented with

severe autoimmune hemolytic anemia, lymphadenopathy and hepa-

tosplenomegaly, without respiratory symptoms. Chest computed

tomography (CT) at presentation revealed pulmonary nodules and

sub‐carinal lymphadenopathy. Cardiac echocardiography, plethys-

mography, spirometry and diffusion capacity were normal. Labora-

tory tests revealed low immunoglobulin levels, with partial response

to vaccines. Lymph node biopsy showed reactive inflammatory

reaction with non‐caseating granulomas. She was diagnosed with

common variable immune deficiency (CVID) and responded well to

pulse steroids and monthly IVIG.

At the age of 15, she developed productive daily cough; repeat

CT revealed bilateral nodules and ground glass opacities. Lung biopsy

was consistent with granulomatous lymphocytic interstitial lung

disease (GLILD).

At the age of 20 years, she had mildly elevated liver transaminase

levels, marginal levels of albumin, prolonged PTT. Liver ultrasonogra-

phy was normal. Hepatitis workup was negative. Liver biopsy showed

minimal nonspecific inflammation without fibrosis. Steroid treatment

resulted in normalization of transaminases and PTT.

Over the past four years, pulmonary function tests gradually

deteriorated. Her FEV1 and DLCO decreased to 55% and 49%

respectively. At the age of 22 years, she developed digital clubbing

and resting hypoxemia, with saturation levels around 92%. Skin

spider angiomas evolved with mildly echogenic liver on US. Contrast

echocardiography (CE) was performed repeatedly, with no evidence

of right‐to‐left shunt. There was no improvement with variable

courses of antibiotics, hence the hypoxemia was attributed to GLILD.

She was treated with systemic steroids and rituximab. Following the

third dose of rituximab, she developed multiple brain abscesses, with

full resolution after antibiotic treatment.

Over the last year, her dyspnea worsened and her oxygen

saturation dropped from 92% to 75% and increased to 90% after

oxygen administration. She remained bedridden. Repeated CEs

were negative. Lung and bone marrow transplantations were

considered.

A repeat chest CT scan showed radiographic improvement in

her lung findings while her clinical state was deteriorating. In view of

this discordance, a repeat CE while sitting up, rather than in the

supine position, was requested. This CE demonstrated an intrapul-

monary shunt, with bubbles seen in the left ventricle after three

cardiac cycles. Blood gasses test while seated revealed an increased

alveolar arterial oxygen gradient (A‐a O2) of 72 mmHg. These

findings, along with clinical and radiological signs of liver disease,

were consistent with the diagnosis of hepatopulmonary syndrome.

Currently liver transplant and bone marrow transplant (BMT) are

being considered.

Discussion: Diagnosing HPS in a patient with liver disease

requires evidence of intrapulmonary vascular dilatations (IPVD),

which is best demonstrated by CE. To our knowledge, there are no

official guidelines for performing CE in the upright position, although

it is known that standing up results in a gravitational redistribution of

pulmonary blood flow to the lower lung zones where the dilated

vessels and fistulae are common, worsening the hypoxemia (ortho-

deoxia) in HPS patients.

Early identification of HPS is important due to the progressive

nature of the syndrome.

This case supports the recommendation to perform contrast

echocardiography in the upright position to allow for earlier diagnosis

of HPS.

N 373 ‐ Death by COVID‐19 in Pediatrics Associated
with Comorbidity: Case Report.
de Almeida Pinheiro DA.1, Lavall Bamberg E.1, Ribeiro de Barros

Pereira AC.1, Paschoalini Azalim de Castro S.2, Mara Baraky T.1,

Drumond Albuquerque V.3

1Pediatrics, João Penido ‐ Juiz de Fora, Brazil
2Pneumologia Pediátrica, João Penido Regional Hospital ‐ Juiz de Fora,

Brazil
3Pediatric Nephrology, João Penido Regional Hospital ‐ Juiz de Fora,

Brazil

Objective: describe the clinical case of the only death among 65

children diagnosed with COVID‐19, admitted to the ward of the João

Penido Regional Hospital in Juiz de Fora, Minas Gerais, Brazil, during

the first year of the pandemic.

Methods: A description of a clinical case was performed, after

approval by the Ethics and Research Committee. Information was

collected by searching the service's electronic medical record.

Results: Infant, female, 6 months and 25 days old, born at term

and with adequate weight for gestational age, developed severe

respiratory distress syndrome in rooming‐in and was referred to the

Neonatal Intensive Care Unit (NICU). During hospitalization, she was

diagnosed with congenital toxoplasmosis, laryngomalacia with

marked respiratory distress, hypoaldosteronism/pseudo hypoaldos-

teronism and delayed neuropsychomotor development. She evolved

with recurrent respiratory complications and indication of tracheos-

tomy and gastrostomy to stabilize the clinical condition, with

subsequent transfer to the pediatric ward. In chronic hospitalization,

she presented tachypnea, respiratory effort and oxygen saturation

drop. At the time, her mother had flu‐like symptoms, a fact that led to

the performance of RT‐PCR for SARS‐CoV‐2, with confirmation of

the diagnosis of both (infant and her mother). After 9 days of the

diagnosis of COVID‐19, there was clinical worsening with hematem-

esis, requiring admission to a pediatric ICU requiring mechanical

ventilation, however, she had active pulmonary hemorrhage, which

led to her death in less than 12 hours.
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Conclusion: COVID‐19, caused by SARS‐CoV‐2, is an acute

infectious disease responsible for the current pandemic. In pediatrics,

the condition is not yet fully established, and it can manifest with the

most varied symptoms and levels of severity, from mild to critical cases,

which will require intensive care. Although the disease, in most cases,

manifests itself mildly in the pediatric population, the presence of

comorbidities leads to a higher risk of mortality. Reflections and

proposals: It is known that COVID‐19 in pediatrics manifests itself more

commonly as mild cases, but measures of social isolation, use of masks

and hygiene care are necessary until the existing vaccines are also made

available for this entire population, since children with comorbidities

may have a poor prognosis. Another point to be highlighted is the

hospital infection control measures, since the patient in this report was

contaminated while institutionalizing, which raises the discussion of

careful follow‐up of hand hygiene protocols and materials for collective

use. It is also important to screen the companions to increase the level

of suspicion of carriers of the disease before the exchanges in order to

try to prevent this type of intra‐hospital infection.

N 375 ‐ Congenital Lobar Emphysema with Late
Diagnosis: Case Report.
Paschoalini Azalim de Castro S.1, Vieira JP.2, Lavall Bamberg E.3,

Machado Rocha Macedo M.4

1Pneumologia Pediátrica, Hospital Regional João Penido ‐ Juiz de Fora,

Brazil
2Cirurgia Torácica, Hospital Regional João Penido ‐ Juiz de Fora, Brazil
3Pediatria, Hospital Regional João Penido ‐ Juiz de Fora, Brazil
4Acadêmica de Medicina, Faculdade de Ciências Médicas e da Saúde de

Juiz de Fora ‐ Juiz de Fora, Brazil

Objective: Report the case of an infant with congenital lobar

emphysema (CLE) ‐ a rare lung condition.

Methods: Information was collected from medical records,

photographic records of imaging tests and therapeutic procedures

to which she was submitted, and literature review.

Results: Infant, 5 months old, female, born with a gestational age

of 36 weeks, birth weight of 2,800 grams, without complications. She

presented with flu‐like symptoms of cough, runny nose, low fever

and tiredness, when she was taken to medical care and a chest X‐ray

was performed due to respiratory discomfort. A voluminous cystic

image in the left upper lobe with contralateral mediastinal deviation

was evidenced, with a diagnosis of CLE. The child was referred on the

same day of admission for a surgical procedure, which was

uneventful. After 9 days she was discharged from the hospital,

maintaining a good evolution in outpatient follow‐up.

Conclusion: The clinical presentation of CLE varies from an acute

neonatal respiratory emergency to a chest infection in the oldest

child. Therefore, clinical diagnosis can be challenging, and chest

radiography is often diagnostic, excluding pneumonia and differenti-

ating from a pneumothorax by the presence of bronchovascular

marks in the radiolucent area. Computed tomography (CT) of the

chest, on the other hand, can accurately delineate the anatomy of the

affected lobe, as well as identify other potential etiologic factors,

such as vascular anomalies and tumors. The mainstay of treatment in

CLE patients with severe symptoms is lobectomy. However,

anesthetic considerations such as avoiding positive pressure in

inducing anesthesia are paramount for surgical success.

Reflections and proposals: although CLE is a rare condition ‐ its

incidence is approximately 1 in 70,000 to 1 in 90,000 live births; their

clinical knowledge is crucial for early diagnosis and effective surgical

treatment.

N 379 ‐ Case Report: Bilateral Congenital Lobar
Emphysema, Complexities in Diagnosis and
Management.
Mustafa S., Ringholz F., Cox D.

Pediatric Respiratory Department, Children Hospital Ireland in Crumlin

(CHI at Crumlin) ‐ Dublin, Ireland

Background: Congenital lobar emphysema (CLE) is a rare

developmental malformation of the lung with a wide range of

presentations, which poses a diagnostic dilemma. CLE is character-

ized by respiratory distress due to overexpansion of one or more

pulmonary lobes of the histologically normal lung without the

destruction of alveolar walls with compression of surrounding lung

parenchyma. We report a case of an infant presenting with

respiratory distress related to CLE affecting the left upper lobe and

right middle lobe requiring resection of both lobes.

Case presentation: A male infant born at 39 weeks via normal

vaginal delivery with apgar scores 9 at 1 min and 9 at 10min,

following an uncomplicated pregnancy developed respiratory distress

at one hour of age, his chest X‐ray (CXR) revealed hyperlucency of

the right upper lobe. He was started on continuous positive airway

pressure which was weaned gradually to high flow nasal cannula

(HFNC) oxygen and discontinued at 48 hours. He completed a 5‐day

course of intravenous antibiotics and was establishing oral feeds.

Following an oral feed on day 7 of life, he developed respiratory

distress, bilateral basal atelectasis and upper lobe collapse on CXR

and was transferred to our hospital for multidisciplinary team

assessment. Following a feed assessment, he developed mixed

respiratory failure, his respiratory support gradually escalated to

bilevel positive airway pressure. His inflammatory markers were

normal, his blood culture and PCR for viruses were negative. He had a

normal echocardiography, direct laryngo‐tracheo‐bronchoscopy and

cranial ultrasound. Cystic fibrosis genetics were normal. CT chest was

done under general anesthesia which showed collapse of the right

upper lobe (RUL), atelectasis of the lingula and bilateral lower lobes

with hyperinflation of the remainder of the lung parenchyma; he

failed extubation and remained intubated for four weeks.

Flexible bronchoscopy was carried out showing normal central

airways, diffuse bronchomalacia of bilateral lower lobes and LUL.

Different pressures were attempted to recruit the malacic airways

open, with success for both lower lobes, while the LUL remained slit‐

like in appearance. Left upper lobe lobectomy was thought to be the

best approach to alleviate compression of the remaining lobes. He

underwent the procedure; CXR following the latter showed
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improvement in left lower lobe atelectasis, right lung hyperinflation

and right upper and lower lobe atelectasis. Histopathology revealed

emphysematous changes and pulmonary interstitial glycogenosis in

the resected lobe. Following the procedure, he was weaned gradually

to high flow nasal cannula. His follow‐up CXR persisted to show Rt

lung hyperinflation with LLL atelectasis. A CT chest showed the RML

hyperinflation extending into the left hemithorax, suspicious for CLE

in this lobe. The patient was dependent on HFNC, therefore right

middle lobectomy was carried out. Follow‐up CX‐rays showed

gradual improvement in aeration and he was weaned off oxygen.

Discussion: CLE is a rare congenital abnormality characterized by

overinflation of a pulmonary lobe which is usually unilateral, Bilateral

involvement is rare and has been reported in few cases in the

literature. Clinical severity of patients defines the treatment of choice.

Prognosis following resection is excellent with low mortality rates.

MISCELLANEOUS

O 262 ‐ Prevalence of Bacterial Co‐infections and
Secondary Bacterial Infections and Patterns of Anti-
biotic Use in Pediatric Patients with COVID‐19
Pneumonia.
Sampelo MC.1, Lozada MC.1, Ong‐Lim AL.2

1Pediatric Pulmonology, Philippine General Hospital ‐ Manila, Philippines
2Infectious and Tropical Diseases, Philippine General Hospital ‐ Manila,

Philippines

Background: Data on bacterial co‐infection, secondary bacterial

infection and antibiotic use associated with COVID‐19 pneumonia in

children are limited.

Objective: We aimed to determine the prevalence of bacterial

co‐infections and secondary bacterial infections and the patterns of

antibiotic use among pediatric patients (0‐18 years old) with COVID‐

19 pneumonia. It also aimed to correlate findings with the clinical

outcomes.

Methodology: This is a retrospective study using data from April

1, 2020 to April 1, 2021 for children with COVID‐19 pneumonia

admitted at a tertiary government hospital.

Results: Sixty (60) patients were included in our study. The

presence of bacterial co‐infection among pediatric patients with

COVID‐19 pneumonia was significantly associated with patient's

weight for age Z‐score (p = .0219). Among 9 patients with

bacterial co‐infection, 88.9% had a low lymphocyte count

(p = 0.0098). Prevalence of bacterial co‐infection was higher than

secondary bacterial infection (15% vs. 10%, respectively). Anti-

biotic utilization was higher within 48 hours (86.67%) vs. after

48 hours (33.33%) of hospitalization. The most common bacterial

co‐infection isolates were S. aureus and K. pneumoniae; A.

baumanii was the most common secondary bacterial isolate.

Bacterial co‐infection and antibiotic use within 48 hours did not

affect the clinical outcomes. Presence of secondary bacterial

infection was associated with increased length of hospital stay of

18 days duration (p = 0.0065).

Conclusion: Bacterial co‐infection was observed in 15%, with S.

aureus and K. pneumoniae as the most common isolates. Nutritional

status and low lymphocyte count were associated with bacterial co‐

infection. Secondary bacterial infection may prolong hospitalization

of pediatric patients with COVID‐19 pneumonia. Our findings

support the WHO recommendations to use empiric antimicrobials

to treat all likely pathogens, based on clinical judgment, patient host

factors and local epidemiology. Efforts to prevent secondary bacterial

infections should also be emphasized.

O 295 ‐ Habitual Snoring in Thalassemia Children: A
Hidden Sleep Breathing Disorder.
Jasin MR., Kaswandani N., Supriyatno BS., Yuliarti K., Sari TT.,

Sekartini R.

Pediatrics, Cipto Mangunkusumo Hospital ‐ Jakarta, Indonesia

Background: Habitual snoring (HS) is classified if snoring occurs

more than three nights per week, and due to airway turbulence from

obstructed airway during sleep. It is also related to obstructive sleep

apnea syndrome. Facial abnormality and tonsillar hypertrophy are

among risk factors related to HS. Thalassemia children may have certain

facial abnormalities which increase the risk of HS. However, there are

scarce data on HS in thalassemia children and possible risk factors

Methods: Thalassemia children aged 2‐18 years scheduled for

regular blood transfusion were included in this cross‐sectional study

in Cipto Mangunkusumo Hospital from 2020‐2021. Information on

snoring frequency was obtained from parents or caretakers. Tonsillar

hypertrophy, nutritional status, hemoglobin level, and ferritin were

analyzed for risk factors.

Results: Subjects included were 189 thalassemia patients, 51.9%

were male, mean age was 10 years old, and 65.6% had beta

thalassemia. Habitual snoring was diagnosed in 21 subjects, with

prevalence of 11%. In subjects with HS, mostly were female (11/21),

had beta thalassemia (13/21), youngest age was 2 years old, most

had good nutritional status. There was no significant difference in

tonsillar hypertrophy (P = 1), nutritional status (P = 0.497), hemoglo-

bin level (P = 0.727), and ferritin level (P = 0.246) between subjects

with HS and non‐HS.

Conclusion: Prevalence of HS in thalassemia children is 11%,

higher compared to the general population. Tonsillar hypertrophy,

nutritional status, hemoglobin level, ferritin level are not associating

factors of HS in thalassemia children.

Keywords: Habitual snoring, thalassemia, children

O 304 ‐ Clinical Usefulness of Serum Lactate
Dehydrogenase Levels in Mycoplasma Pneumoniae
Pneumonia in Children.
Lee E.

Pediatrics, Chonnam National University Hospital, Chonnam National

University Medical School ‐ Gwangju, South Korea
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Objective: The present study aimed to elucidate the clinical

usefulness of LDH levels in children with MP pneumonia and identify

cut‐off levels in various clinical conditions.

Methods: The study was retrospectively performed in 145

children who were hospitalized with MP pneumonia. Laboratory

findings, including LDH levels, at admission and clinical features were

retrospectively reviewed from patients' electronic medical records.

Results: The mean age of the study population was 5.9 years, and

the mean value of LDH was 809.7 U/L. Poor response to treatment

for MP pneumonia, respiratory virus co‐infection, severe MP

pneumonia, development of post‐infectious bronchiolitis obliterans

(PIBO) after MP pneumonia, pleural effusion, and oxygen need during

illness were significantly associated with serum LDH levels. The

cutoff levels of LDH for predicting poor response to treatment for

MP pneumonia and respiratory virus co‐infection were 1058U/L

(area under the curve [AUC], 0.729) and 803U/L (AUC, 0.682),

respectively. Those for pneumonic lesions involving at least one‐third

of the total lung volume, prediction of PIBO development, and extra‐

pulmonary manifestations were 1098U/L (AUC, 0.715), 676 U/L

(AUC, 0.714), and 586U/L (AUC, 0.710), respectively. The cutoff

levels for pleural effusion during illness and for the prediction of

oxygen need were 894 U/L (AUC, 0.699) and 1114U/L (AUC, 0.771),

respectively.

Conclusion: LDH levels are elevated in diverse clinical conditions

in children with MP pneumonia and may be useful in the

identification of severe clinical courses of MP pneumonia in children.

O 307 ‐ Four‐Years' Experience of Abdominal Tuber-
culosis in Children at Dr. Soetomo Hospital Surabaya,
Indonesia.
Hapsari R., Pratama Putra Chafid A., Asih Setyoningrum R.

Child Health Department, Airlangga University ‐ Surabaya, Indonesia

Background: Abdominal tuberculosis (TB) is an uncommon

presentation of TB infection, especially in children. Diagnosis of

abdominal TB in children is very challenging due to lack of specific

symptoms and pathognomonic findings. Treatment may be delayed

because of late diagnosis.

Objective: To determine the clinical characteristic of abdominal

tuberculosis in children.

Method: A retrospective study on epidemiological character-

istic of pediatric patients diagnosed with abdominal tuberculosis

from January 2017 until December 2021. Children were defined

as being <18 years old. The subjects were already diagnosed by a

pediatric respirologist in Dr. Soetomo Hospital Surabaya, Indone-

sia. The presentation symptoms, history of TB exposure, history

of Bacillus Calmette‐Guerin (BCG) immunization, radiology and

microbiological test of the patients were recorded. The tuberculin

skin test was evaluated 72 hours after intradermal injection. It

was considered to be positive when induration was ≥10 mm, and

≥5 mm in immunocompromised children. The diagnosis was based

bacteriologically on identification of Mycobacterium tuberculosis

through Xpert MTB/RIF.

Result: Nineteen children under 18 years old were diagnosed

with abdominal TB with mean age of 10.4 years. There were 68.4%

girls and 78.9% children were from lower income families. All of the

children already received BCG immunization, and only 73.7% of all

children have BCG scar. There were 47.4% children with moderate

malnutrition and 36.8% children with severe malnutrition. There were

73.7% children with history of adult contact, and 57.9% with positive

tuberculin skin test. No one with positive HIV status. The common

presenting features were fever (89.5%), cough (52.6%), dyspnea

(15.8%), lymph nodes enlargement (36.8%), weight loss (89.5%),

malaise (100%). There were 94.7% children with abdominal symp-

toms, including abdominal pain (84.2%) and ascites (36.8%). There

were 21.1% children with pulmonary involvement. All of the patients

had positive bacteriologically confirmed TB.

Conclusion: Abdominal TB should considered in patients with

fever, abdominal pain, weight loss, malaise and ascites accompanied

with bacteriologically confirmed. The clinician should have a high

level of suspicion to avoid delayed diagnosis.

Keywords: Tuberculosis, Abdominal, infection

O 310 ‐ A Lightweight and Accurate Deep Learning
Model for the Analysis of Wheezing Sounds.
Kim K.1, Kim BJ.1, Kim B.2, Mun J.2, Lim C.2

1Department of Pediatrics, College of Medicine, The Catholic University

of Korea ‐ Seoul, South Korea
2Department of Applied Statistics, Chung‐Ang University ‐ Seoul, South

Korea

Background: Auscultation of breath sounds using a traditional

stethoscope has disadvantages as the process is subjective and

requires a long learning time. Due to these disadvantages, there has

been an increasing interest in the use of electronic stethoscope using

deep learning model as an alternative. We propose a deep learning

model that can detect wheezing sounds more accurately and is more

portable than the existing deep learning models.

Methods: In this prospective study, a pediatric pulmonologist

recorded wheezing and other respiratory sounds of pediatric

patients at a university hospital in Korea from August 2019 to

January 2020. The recorded files were verified by two other

pediatric pulmonologists and stored in the respiratory sounds

dataset for deep learning model construction and validation.

After pre‐processing, we developed a 4‐layer convolutional

neural network (CNN) model with 34‐layer residual nets (ResNet)

that was integrated with the convolutional block attention

module (CBAM) and tabular data.

Results: Seventy‐six patients were enrolled in this study, and a

total of 103 wheeze sounds and 184 other respiratory sounds were

stored in the dataset. The 4‐layer CNN model had an accuracy of

0.887, area under the curve (AUC) of 0.855, and F1‐score of 0.813.

The 4‐layer CNN model with tabular data had an accuracy of 0.895,

AUC of 0.877, and F1‐score of 0.850. The final model, the CNN‐

based ResNet 34 with CBAM and tabular data, had an accuracy of

0.912, AUC of 0.891 and F1‐score of 0.872.
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Conclusion: We propose a lightweight and high‐performing deep

learning model for wheeze detection and classification. Our proposed

model has higher accuracy and requires less computations and

memory space than the conventional model.

O 346 ‐ Systematic Review on the Clinical Presenta-
tion of Post‐Acute Sequelae of COVID‐19 Infection in
Pediatric Patients.
Roxas A.1, Almeda‐Cirilos S.2, Miranda SJ.2, De Chavez M.2,
1Pediatric Pulmonology and Critical Care, Philippine Heart Center ‐

Manila, Philippines
2Pediatric Pulmonology, Philippine Academy of Pediatric Pulmonology ‐

Manila, Philippines

Background of the study: Going into the third year of the

COVID‐19 pandemic, there have been increasing reports on

persistent symptoms several months after a COVID illness among

adults, but there are limited studies of these in children. This long

COVID syndrome, also known as the Post‐acute Sequelae of COVID‐

19 Infection (PASCI) pertains to a condition with persistent

symptoms lasting beyond 4 weeks after a SARS‐CoV‐2 infection.

Fatigue, muscle and joint pain, headache, insomnia, respiratory

problems, and palpitations were frequent complaints.[i]

Objectives: This systematic review aims to determine the

prevalence and clinical manifestations of post COVID‐19 condition

in pediatric patients.

Methodology: An electronic search for relevant articles pub-

lished up to August 31, 2021 from PubMed and Google Scholar

databases was performed using the terms “children” AND “COVID‐

19” AND “complications” AND “long‐term signs and symptoms” AND

“sequelae”, and “post COVID‐19 syndrome” AND “pediatrics”.

Studies on children 0‐19 years old with confirmed COVID‐19 and

assessed 4 weeks or more after onset were included. This yielded 13

articles that met the eligibility criteria and were ultimately selected

for analysis.

Results: Out of 37 articles that were identified, 13 studies were

included, which were comprised of 9 cohort studies, 3 cross‐sectional

studies, and 1 case report. Most studies were done in Europe. A total

of 3,576 subjects were analyzed; 372 children had persistent

symptoms out of 3,041 confirmed SARS‐CoV‐2 infections (12.2%).

The majority (74.1%) had a history of mild COVID‐19 prior to

developing PASCI. Presence of pneumonia was reported in 3 studies.

Asthma, eczema, and allergic rhinitis were the most often seen

comorbid conditions with long COVID. The most common persistent

symptoms were fatigue, headache, and weakness. The PASCI median

duration of symptoms was 119 days.

Conclusion: PASCI is a prolonged heterogeneous condition

which can also occur in children. Since all the data gathered had

low quality evidence, larger prospective standardized studies and

longer follow‐up periods are needed to clearly define long

COVID‐19 in children. Nevertheless, the results of this review

will provide additional data in the literature with PASCI. This may

serve also as a cornerstone for designing holistic supportive

management and monitoring of long COVID in the pediatric

population.

O 367 ‐ Correlation between Severity of Obstructive
Sleep Apnea and Sleep Efficiency in Children – A
Retrospective Cohort Study.
Ramamurthy MB., Daniel Goh YT., Michael Lim TC., Vishnampettai

VV., Ramalingam Ooi K.

Pediatrics, National University Hospital ‐ Singapore, Singapore

Background: Few studies in children have looked at associations

between obstructive sleep apnea (OSA) and sleep efficiency. These

studies were usually of small sample sizes, and there are limited data

on correlations with OSA severity and sleep efficiency.

Purpose of the study: The aim and rationale for the study was to

evaluate a possible correlation between sleep efficiency and the

severity of obstructive sleep apnea (OSA) in children.

Methods: Study design and subjects: We conducted a retrospec-

tive cohort study of all children aged 1‐18 years old who underwent

polysomnography (PSG) from January 2016 to January 2021 Over-

night polysomnography (PSG) was performed in the pediatric sleep

laboratory at the National University Hospital Singapore for each

child following clinical suspicion of OSA.

PSGs were performed on a computerized PSG system (Alice 6,

Philips Respironics) with technical configurations and event scoring

as per the American Academy of Sleep Medicine (AASM) Manual

2012 recommendations. PSGs were reported by consultant pediatric

pulmonologists trained in pediatric sleep medicine.

Statistical analysis: Data analysis was done using the IBM SPSS

20 software. The Pearson correlation coefficient and Spearman rank

analyses (for non‐parametric data) were applied to examine the

relationship between sleep efficiency and obstructive apnea‐

hypopnea index (OAHI).

Results: Five hundred and eighty eight children (n = 588) under-

went PSG during the study period. One hundred and thirty seven

F IGURE 1 Scatter plot Analysis depicting correlation analysis
between OAHI and Sleep Efficiency
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(n = 137) had normal obstructive apnea‐hypopnea index (OAHI) equal

to or less than 1/hour and 451 had evidence of OSA with OAHI > 1/

hour. Two hundred and eighty children (n = 280) had mild OSA, 58

had moderate OSA, and 113 had severe OSA. The mean sleep

efficiency of children with OSA and in children without OSA was 80%

and 78.6% respectively.

OSA group distribution: A correlation analysis between

(Figure 1) sleep efficiency and OAHI was performed to

determine the strength of relationship between these variables.

Pearson correlation coefficient (r) and Spearman rank analysis

(rs) were −0.109 (p < 0.05) and −0.1(p < 0.05) respectively

indicating no correlation between sleep efficiency and OSA

severity.

Further subgroup analysis was performed to look at the correlation

between sleep efficiency and OAHI values within each category of

OAHI severity. Pearson correlation and Spearman rank correlation

showed no significant correlation in any of the groups as evidenced by

the correlation coefficient value (r = − 0.1, 0.1 and −0.1, and rs

−0.1,0.1,−0.12) in the mild, moderate and severe group, respectively.

Conclusion: The severity of OSA in children does not significantly

affect sleep efficiency in our study population. Further studies are

needed to examine this correlation to concur with our results.
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