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EDITORIAL

The value of research for the physician in training

Joseph A. Bellanti ', Mario La Rosa 2~

" Correspondence to:

mlarosa@unict.it

Research has a multifaceted impact on the development of physicians-in train-
ing and is critical whether their eventual focus is clinical practice or academia.
Some of the major rewards of research for these novice physicians include the
following:

Educational enrichment and enhanced patient care: engaging in research
enhances a physician’s understanding of scientific methodologies, data analy-
sis, and critical thinking. This knowledge is transferrable to the clinical setting,
helping the physician make evidence-based decisions for patient care. In the
medical field, education does not cease after graduation from medical school; it
is an ongoing and continuing journey that extends throughout a physician’s entire
career. Combining research with a commitment to continuous, life-long learning
is, therefore, essential for providing the highest quality care for patients.
Diagnostic and management skills: research involves problem-solving, critical
analysis, and decision-making — all of which are fundamental skills in diagnosing
and managing patients. Physicians who are involved in research are often better
equipped to analyze complex clinical scenarios and apply innovative solutions.
Cutting-edge knowledge: being involved in research allows physicians to stay
current with the latest advancements in medical science. They are more likely to
be aware of novel treatment options, diagnostic tools, and management strate-
gies, which can directly benefit the patient care.

Networking and mentorship: research provides the opportunity to collaborate
with experts in the field, fostering valuable networking relationships and men-
torship connections. Learning from experienced researchers and clinicians can
significantly enhance a physician’s career trajectory.

Critical appraisal skills: engaging in research hones the ability to critically as-
sess medical literature, discern valid evidence, and distinguish between quality
research and biased studies. This skill is essential for practicing evidence-based
medicine.

Innovation in teaching: physicians involved in research often develop innova-
tive teaching methods based on their own experiences. This can translate into
more engaging and effective educational approaches for medical students, en-
hancing their problem-solving and critical thinking skills.

Career opportunities: for those interested in pursuing an academic career, re-
search experience is a crucial asset. It establishes a foundation for future re-
search endeavors, grant applications, and academic publications.

Practice preparation: even for physicians aiming for private practice, research
provides them with a well-rounded skill set that helps them critically assess and
personalize treatment plans for patients, leading to higher-quality care. The of-
fice or clinic can provide as effective a laboratory for the physician interested in
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practice as the wet laboratory for those interested in
academic pursuits particularly when information and
knowledge obtained from patient contact is utilized.

Rewards of research for physicians beyond research
not only has a profound impact on the development of
physicians in training, but also for practicing physicians
who choose to continue to participate in research as

part of their clinical practice. It equips all clinicians with
skills, knowledge, and experiences that enhance their
clinical acumen, teaching abilities, and overall patient
care. Research isn't just a single pathway to academia;
it is @ means to becoming more knowledgeable, inno-
vative, and effective physicians who can better provide
optimal care for their patients.
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Vitamin D and asthma in children: insights from
total and free 25-Hydroxyvitamin D and vitamin
D binding protein measurements

Annalisa Allegorico "', Laura Ruggiero ? Carlo Capristo °, Giulio Dinardo * Giuseppe
Parisi 4, Cristiana Indolfi 3, Giuseppina Rosaria Umano 3, Pierluigi Vuilleumier ', Michele

Miraglia del Giudice °

" Correspondence to:
aallegorico@gmail.com. ORCID: https://orcid.org/0000-0003-4685-7205

ABSTRACT

The relationship between serum concentrations of total vitamin D [25(OH)D] and
free vitamin D [free 25(OH)D] remains unclear in childhood asthma.

The primary objective was to assess serum levels of 25(0OH)D, free 25(OH)
D, and vitamin D binding protein (VDBP) in children with asthma compared to
healthy children. The secondary objective was to explore potential associations
with asthma control and lung function.

50 atopic children, 6-16 years old, with diagnosis of mild-moderate persistent
asthma and 40 healthy children of the same age were recruited. In the asthmat-
ic group, the Asthma Control Test (ACT) questionnaire was administered, and
lung function was assessed using spirometry. Total 25(OH)D, free 25(OH)D, and
VDBP were measured in all participants.

Total 25(0OH)D levels were significantly lower in asthmatic children compared to
non-asthmatics (mean values: 24.6 + 8.2 ng/ml vs. 29.6 £ 11.7 ng/ml, p < 0.03).
Free 25(0OH)D levels in asthmatic subjects were lower than in non-asthmatic
subjects (mean values: 3.2 £ 2 ng/ml vs. 6.4 + 4.5 ng/ml, p < 0.0001). The VDBP
values were comparable between the two groups (mean values: 239.28 + 25 pg/
ml vs. 250 + 30 ug/ml, p > 0.05). There was no significant correlation observed
between ACT score, FEV1, and serum levels of vitamin D or VDBP.

Our data show that the total and free serum levels of 25 (OH) D are lower in 32
asthmatic children than healthy ones. We found no correlation between asthma
control, lung function and free and total vitamin D levels.

HIGHLIGHTS BOX

What is already known about this topic? Our study confirm that vitamin D
deficit is related to asthma. The strength of our study is that it's currently the only
study that assessed total and free 25(OH)D all together in children with asthma.
What does this article add to our knowledge? The total and free serum levels
of 25 (OH) D are lower in asthmatic children than healthy ones. Despite expec-
tations, in patients who least control asthmatic symptoms and who have worse
respiratory function, total and free vitamin D levels are not significantly lower.
How does this study impact current management guidelines? Free vitamin
D is rarely investigated in asthmatic children, so further studies are needed to
evaluate the relationship about free vitamin D and lung inflammation.
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INTRODUCTION

Asthma is a chronic disease characterized by airway
inflammation. It is defined by a history of wheezing,
coughing, dyspnea, and chest tightness that can vary
in intensity and over time, accompanied by revers-
ible expiratory airflow limitation (1). Vitamin D plays
a crucial role in regulating calcium and phosphate
metabolism (2) While its effects on bone health are
well-known, recent years have seen growing interest
in its unconventional functions (3) Research has un-
veiled diverse biological actions of vitamin D, including
its impact on respiratory health (4) and immunity (5).
For skeletal actions, serum concentrations of 25(OH)D
=30 ng/ml indicate vitamin D sufficiency, whereas con-
centrations <30 ng/ml are insufficient and levels <20
ng/ml are deficient (6)

Around 85% of serum 25(OH)D is strongly bound to
vitamin D binding protein (VDBP), with ~15% loose-
ly bound to albumin and <1% unbound (7) The free
hormone hypothesis postulates that only free 25(0OH)
D concentrations can diffuse across cell membranes,
converting to 1.25-dihydroxyvitamin D, which activates
the vitamin D receptor (8). Consequently, free 25(0OH)
D concentrations should be considered better markers
of vitamin D status than total serum concentrations (9)
This hypothesis also predicts that subjective variability
in VDBP levels minimally affects free 25(OH)D con-
centrations despite influencing total 25(OH)D and the
unbound fraction (8) In clinical practice, for example,
obese children present free 25(OH)D concentrations
similar to those of normal-weight children due to re-
duced VDBP concentration (10)

In addition to its traditional functions, vitamin D modu-
lates different processes; evidence shows that it has an
important role in various allergic diseases (11) Hypo-
vitaminosis D has been associated with an increased
risk of asthma development, asthma exacerbations,
airway hyperresponsiveness, reduced lung function,
and decreased responsiveness to glucocorticoids in
both children and adults with asthma (8, 12-15) Low
levels of 25(OH) vitamin D have also been found in
children with COVID-19 (16)

While some studies show a reduction in asthma ex-
acerbations following vitamin D supplementation, oth-
ers suggest an increased asthma risk after vitamin
D supplementation (17-18) Another study demon-
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strates that a food supplement containing L. reuteri
DSM 17938 (108 CFU) plus vitamin D3 (400 IU) ef-
fectively reduces bronchial inflammation (19). The
primary endpoint of the study was to evaluate the
relationship between serum levels of 25(0OH)D3, free
25(0OH)D, and VDBP in a population of children with
asthma compared to healthy children. In the asth-
matic group, the secondary endpoint was to assess
whether 25(0OH)D and free 25(0OH)D serum levels
were related to: i) asthma control assessed by ACT,
ii) lung function assessed by spirometry; iii) broncho-
dilation test.

METHODS

Study population

Between October 2018 and March 2019, we selected
50 children (27 male, aged 6-16 years) from patients
admitted to the Pediatric Asthma and Respiratory Unit
- UOC of Pediatrics, Luigi Vanvitelli University of Cam-
pania (Table 1).

The inclusion criteria were as follows: (1) Caucasian
children; (2) age 6-16; (3) mild-moderate persistent
asthma diagnosed by history, clinical findings, and
instrumental assessments; (4) House Dust Mite
sensitization; (5) good compliance with respiratory
function tests.

Exclusion criteria: (1) chronic lung disease or severe
asthma; (2) acute infections during recruitment; (3)
chronic diseases affecting serum vitamin D levels; (4)
vitamin D supplementation.

We included 40 healthy children (23 male) as the con-
trol group, excluding obese individuals due to low vita-
min D levels and pulmonary function deficit (20).

All participants provided written informed consent, and
the Ethics Committee approved the study.

Table 1. Selected patients: group A asthmatic children; group B
non-asthmatic children.

Group A Group B
asthmatic non-asthmatic
children children

No. PATIENTS 50 40

MALE 27 23

FEMALE 23 17

ATOPY yes no
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Study design

At the recruitment (TO) all the children were submitted
to history and clinical examination. To evaluate their
asthma control, the Asthma Control Test (ACT) was
performed which consists of five questions, each of
which is assigned a score. The scores range from 5
(poor control of asthma) to 25 (complete control of
asthma), with higher scores reflecting greater asthma
control. An ACT score >19 indicates well-controlled
asthma.

Allergic sensitization was assessed by skin prick tests
for the main food and environmental allergens accord-
ing EAACI guidelines. Lung functions were assessed
by spirometry (Sensor Medics V max 22) according
American Thoracic Society (ATS)/ European Respira-
tory Society (ERS) guidelines (21). Lung function pa-
rameters including forced expiratory volume in the 1st
second (FEV1) and forced vital capacity (FVC) were
assessed using spirometry measurements. Percent
predicted values for FEV1 and FVC were calculated
using the reference equations provided by Quanjer
et al. (22).

Bronchodilator reversibility test was performed by al-
buterol 400 ug; a positive test was defined as an in-
crease of FEV1 212% compared to baseline.

In all the patients we took blood samples to measure
parathyroid hormone, serum albumin, total 25(OH)D,
free 25(0OH)D and VDBP.

The levels of total 25(OH)D were measured with the
ELISA method by the kit DIAsource ImmunoAssays

e

with an intra and inter-assay coefficient of variation
of 5.7%.

Free or unbound concentrations of 25(OH)D in serum
were quantified by ELISA with intra and inter-assay co-
efficient of variation of 5.9%.

Vitamin D binding protein (DBP) was also measured
with ELISA method with intra and inter-assay coeffi-
cient of variation 12.7%.

Statistical analysis

Descriptive analysis of univariate predictors used cat-
egorization of 25(OH)D: sufficient (230 pg/L), insuffi-
cient (20-29 pg/L), or deficient (<20 pg/L). Mean and
standard deviation (SD) were calculated for variables,
and groups were compared using Student’s t-test. A p
value <0.05 indicated statistical significance.

RESULTS

A lower level of 25(OH)D was found in asthmat-
ic individuals compared to non-asthmatics (mean
values: 24.6 + 8.2 ng/ml vs. 29.6 £ 11.7 ng/ml, p <
0.03). Similarly, the level of free 25(OH)D in asth-
matic subjects was lower than in non-asthmatic sub-
jects (mean values: 3.2 + 2 ng/ml vs. 6.4 + 4.5 ng/
ml, p < 0.0001) (Figure 1). The value of VDBP was
similar between asthmatic children (mean values:
239.28 + 25 pg/ml) and non-asthmatic children (250
+ 30 yg/ml VDBP; p = ns) (Table 2). None of the
90 children exhibited PTH values outside the normal
range (4.6-58.1 pg/ml).

| ..L.hlmtﬂ

Study population

mVit. D mVit. D Free

Figure 1. Total and free vitamin D in the study population.
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Table 2. Differences of 25(0OH)D, free 25(0OH)D and value of VDBP in asthmatic individuals compared to non-asthmatics.

Group A asthmatic children

Group B non-asthmatic children

MALE/FEMALE 27/23
TOTAL VIT. D (ng/ml) 24682
FREE VIT. D 3212

VITAMIN D-BINDING
PROTEIN (DBP) (microgr/ml)

239.28 £ 25

2317
296117
6.4+45
250 + 30

Regarding asthma control, no statistically significant
differences were found in total 25(OH)D levels (mean
values: 25.76 + 6.2 ng/ml vs. 21.82 + 7.4 ng/ml, p
> 0.05) and free 25(0OH)D levels (mean values: 3.76
+ 1.9 ng/ml vs. 2.8 £ 1.8 ng/ml, p > 0.05) between

Table 3. Differences in total 25(OH)D levels and free 25(0OH)D lev-
els between children with well-controlled asthma (ACT score >19)
and those with uncontrolled asthma (ACT score <19).

ACT =20-24 ACT <20

No. PATIENTS 16 34

) ) TOTALVIT.D (ng/ml) 25.76+6.2  21.82+7.4
children with well-controlled asthma (ACT score >19)
) FREE VIT. D (ng/ml) 3.76 + 1.9 28+1.8
and those with uncontrolled asthma (ACT score <19).
o VITAMIN 235.08 £ 24 24154 £ 194
The value of VDBP was similar in both groups (mean D-BINDING
values: 235.08 + 24 pg/ml vs. 241.54 £ 19.4 ug/ml, p PROTEIN (DBP)
> 0.05) (Table 3, Figures 2, 3). {microgr/ml)
50
25 A
20 A
= B ACT 20-40
15
c B ACT<20
10
5 -
0 T 1

VIT. D TOT.

VIT. D FREE

Figure 2. There are no statistically significant differences between total and free vitamin D levels in patients with partially controlled asthma and
patients with uncontrolled asthma (mean values total vitamin D: 25.76 + 6.2 ng/ml vs. 21.82 + 7.4 ng/ml, p > 0.05; mean values free vitamin D: 3.76

+ 1.9 ng/ml vs. 2.8 + 1.8 ng/ml, p > 0.05).
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242

m VDBP

microgr/ml
N
w
[e)}
1

230 T .
ACT 20-24 ACT<20

Figure 3. VDBP values in patients with partially controlled asthma are similar to VDBP values in subjects with uncontrolled asthma (mean values:
235 + 24 ug/ml vs. 241.54 + 19.4 ug/mi).

Asthmatic children were divided into two groups Table 4. Differences of 25(0OH)D, free 25(0OH)D and value of VDBP
based on a positive or negative bronchodilation test. in asthmatic children with positive or negative bronchodilation test.
No significant differences were found in 25(OH)D lev- AFEV1 > 8% FEV1 < 8%

els (mean values: 24.8 + 9.1 ng/ml vs. 22.32 + 4.7 ng/ No. PATIENTS 22 28

ml, p > 0.05) and free 25(OH)D levels (mean values: TOTALVIT. D 24.8 +9.1 2232 +4.7
2.98 + 1.9 ng/ml vs. 3.1 + 2 ng/ml, p > 0.05) between (ng/mi)

these groups. The value of VDBP showed no sta- FnZI/ErEI)VIT' D 298+1.9 3.1+2

tistical difference between the two groups, although VITAMIN 4664 15.8 2304 £ 22
patients with a positive bronchodilation test exhibited D-BINDING

slightly higher VDBP levels (mean values: 246.6 + 15 PROTEIN (DBP)

(microgr/ml)

pg/ml vs. 239.4 + 22 pyg/ml) (Table 4, Figures 4, 5).

15 A B AFEV1>8%

B AFEV1<8%

ng/ml

10 A

VIT. D TOT. VIT. D FREE

Figure 4. The values of total and free vitamin D in patients with a positive bronchodilation test are similar to those of patients with a negative bron-
chodilation test (mean values total vitamin D: 24.8 + 9.1 ng/ml vs. 22.32 + 4.7 ng/ml; mean values free vitamin D: 2.98 + 1.9 ng/ml vs. 3.1 £ 2 ng/
ml, p > 0.05).
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235 1
AFEV1>8%
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Figure 5. Children with positive bronchodilatation tend to have higher VDBP values (mean values: 246.6 + 15.8 ug/ml vs. 239.4 + 22 ug/mi).

Concerning lung function, we divided the patients into
two groups based on FEV1 levels: children with FEV1
< 80% and children with FEV1 > 80%. The VDBP level
was higher but not statistically significant in patients
with FEV1 < 80% compared to those with FEV1 > 80%
(mean values: 247.36 + 12.8 pg/ml vs. 233.4 + 28.7
pg/ml). There were no significant differences between
the two groups in total 25(OH)D levels (mean values:
25.9 £ 9.4 ng/ml vs. 23 £ 7.1 ng/ml, p > 0.05) and free
25(0OH)D levels (mean values: 2.96 + 2.3 ng/ml vs 3.37
1+ 1.7 ng/ml, p > 0.05) (Table 5).

DISCUSSION

Numerous studies suggest an association between
low serum 25(OH)D levels and asthma (23) Our data
confirms these findings, with the mean 25(OH)D level
significantly lower in the asthmatic group. Recent data
underscores that vitamin D metabolism is not well-reg-
ulated in asthmatics (24) Powe et al. suggested that

Table 5. Differences of 25(0OH)D, free 25(0OH)D and value of VDBP
in children with FEV1 < 80% and children with FEV1 > 80%.

FEV1<80% FEV1>80%
No. PATIENTS 18 32

TOTAL VIT. D (ng/ml) 25.9+9.4 23+7.1
FREE VIT. D (ng/ml) 2.96 +2.3 3.373+1.7
VITAMIN D-BINDING 247.36 + 12.8  233.43 +28.7

PROTEIN (DBP)
(microgr/ml)

VDBP gene polymorphisms might affect total 25(OH)
D levels, while free 25(OH)D levels seem more related
to vitamin D effects (25) Zhao et al. proposed that the
Fokl VDBP gene polymorphism might be linked to pe-
diatric asthma in Caucasian populations (26) Further-
more, our data demonstrates that free 25(OH)D values
do not differ from total 25(OH)D values in Caucasian
Italian children, yet free vitamin D levels are lower in
asthmatics compared to the control group.

The majority of vitamin D is carried by VDBP (27) More-
over, VDBP serves several immunomodulatory func-
tions in the lung. Speculation exists that high levels of
VDBP in bronchoalveolar lavage fluid (BALF) after al-
lergenic challenges activate alveolar macrophages and
induce bronchial inflammation in asthmatics (28) VDBP
in BALF might be a marker of airway inflammation (29)
Gupta et al. discovered an inverse relationship between
VDBP levels in BALF and asthma control as assessed
by ACT and lung function (30) Additionally, children with
severe therapy-resistant asthma (STRA) displayed in-
creased VDBP levels in BALF but not in serum, sug-
gesting upregulation of VDBP exclusively in the lungs.
However, the mechanism by which VDBP promotes
asthmatic inflammation remains unclear. Chalmers et
al. observed higher VDBP levels in sputum analysis in
bronchiectasis patients with 25(0H)D deficiency (31)
Our study did not find a significant correlation between
VDBP levels and lung function, although we were unable
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to evaluate VDBP levels in BALF or sputum. In children
with a positive bronchodilation test, VDBP serum levels
were slightly increased but without statistical significance.
Additionally, in assessing asthma control using ACT,
children with well-controlled asthma did not show dif-
ferent levels of total and free 25(OH)D compared to
those with uncontrolled asthma (32) According to our
data, Gergen et al. did not find an association between
25(0OH)D levels and asthma control assessed by ACT
score (33) Conversely, Chinellato et al. demonstrated
that children with well-controlled asthma had higher
serum 25(OH)D levels than children with lower ACT
scores (34) There is a lack of consensus among stud-
ies on this subject, and moreover, none of these stud-
ies evaluated free 25(OH)D serum levels in compari-
son to total 25(OH)D serum levels.

Lastly, we did not find a correlation between lung
function assessed by FEV1 and 25(OH)D levels.
Larose et al. demonstrated that 25(OH)D serum lev-
els <50 nmol/L were associated with decreased FEV1
in asthmatic adults 35 Another study demonstrated
a significant dose-response effect between 25(0OH)D
serum levels and lung function in children within the
community (36).

A limitation of this study is the relatively small number
of patients; however, the strength of our study is that it
is currently the only study to assess both total and free
25(OH)D levels in children with asthma.

In conclusion, our study confirms that a vitamin D de-
ficiency is related to asthma. Both total and free se-
rum levels of 25(OH)D are lower in asthmatic children
compared to healthy ones. Despite expectations, in
patients with less controlled asthma symptoms and
worse respiratory function, total and free vitamin D lev-
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els are not significantly lower. Free vitamin D is rarely
investigated in this type of patients; therefore, further
studies are needed to evaluate the relationship be-
tween free vitamin D and lung inflammation.
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ABSTRACT

Parents often question why one of their children would have asthma while their
siblings do not. With twins, this is especially perplexing. The gene-environment
interaction hypothesis suggests that early-life environmental exposures interact
with genes, leading to asthma and atopic diseases. This study sought to investi-
gate twins for potential early-life risk factors that modify the risk of asthma, allergic
rhinitis, and eczema. A paired population-based open cohort study was conducted
using health administrative data between April 1, 2004 and March 31, 2019 from
Ontario, Canada. The study population consisted of Ontario twins born between
2004-2017. Multivariable logistic regression was used to estimate adjusted odds
ratios (aOR) and 95% confidence intervals (Cl) for associations between discor-
dance of allergic conditions and early-life factors. 24,392 twin-pairs from Ontario
Canada aged 1 to 15 years were included. 15.7%, 17.9%, and 31.9% of twin-pairs
had discordant asthma, allergic rhinitis, and eczema, respectively. Compared to
female-female twin-pairs, male-female and male-male twin-pairs had 69% (95%
Cl:1.54-1.84) and 35% (95% Cl:1.23-1.49) higher odds of asthma discordance,
respectively. Twins delivered by Caesarean-section, compared to vaginal deliv-
eries, had significantly higher odds of asthma (aOR:1.09, 95% Cl:1.01-1.18) and
allergic rhinitis (aOR:1.11, 95% CI:1.04-1.20), while associations were strongly
suggested for eczema discordance (aOR:1.05, 95% CI:1.00-1.12). This popula-
tion-based study found associations of various early-life factors and discordances
of asthma, allergic rhinitis, and eczema between twins, though we lacked data
for control of zygosity and variance. While early-life factors were associated with
disease risks in children, other factors played an underlying role.

HIGHLIGHTS BOX

What is already known about this topic? Genetic factors play a key role in twin
discordance of asthma and atopic disease but knowledge of early life environ-
ment is limited. What does this article add to our knowledge? Preterm births,
older mothers, urban settings at birth, higher income, birthweight difference, and
early childhood air pollution play significant roles in twin discordance of atop-
ic diseases. How does this study impact current management guidelines?
Future research should explore the differences between twins, especially hered-
itary factors, that could address gene-environment interaction, leading to better
management and atopic disease prevention.
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INTRODUCTION

Parents often question why one of their children would
have asthma while their siblings do not. For parents,
this is especially perplexing with twins. Monozygotic
twins fully share their genetic makeup and dizygotic
twins share half their genetics, on average (1). Addi-
tionally, twins often strongly share an early-life environ-
ment. Despite these similarities, asthma discordance
between twins, where one twin has asthma and the
other does not, still occurs.

The “gene-environment” interaction hypothesis pro-
poses that early-life environmental exposures (or
lack thereof) interact with genes, leading to asth-
ma and atopic diseases (2). Previous twin studies
of asthma have found a strong genetic component,
with estimates ranging up to 60-90% (3, 4). One twin
study over ten years suggested that environmental
factors played an increasing role in modified gene
expression for asthma and asthma heritability (5).
Previous singleton and twin epidemiologic studies
have also found various maternal, environmental,
and perinatal predictors for childhood asthma and
atopic disease including maternal smoking, paren-
tal asthma history, air pollution, urban areas, and
preterm birth (6-9). Twin births differ from single-
ton births as twins are often born earlier, to older
mothers, at lighter birthweights (10), and have fac-
tors of atopic disease risk. By using twins for co-
twin matching, twin studies can underestimate the
effects of shared environment (11), but better control
for potential confounding that may not be effectively
controlled for in non-twin studies.

Thus, the objective of this study is to examine early-life
risk factors that modify the risk of asthma, allergic rhi-
nitis, and eczema in twins.

METHODS

Study Design and Population

A paired population-based open cohort study was
conducted using health administrative data between
April 1, 2004 and March 31, 2019 from Ontario, Can-
ada. The study population consisted of Ontario twins
born between 2004-2017 with a gestational age of
28-42 weeks to mothers aged between 13-45 years
(inclusive). Individuals were excluded if they had
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missing or inconsistent birth data, had less than one
year of follow-up, had no valid Ontario health card
number or Ontario residence code, did not have a
sibling after other exclusions, or were part of a family
with more than one set of twins. Individuals were fol-
lowed from birth until they moved out of the province,
died, or reached the end of study period.

Data Sources

This study used routinely gathered health adminis-
trative data linked through unique coded identifiers,
collected through Ontario’s publicly funded universal
single-payer healthcare system and stored at ICES
(formerly the Institute for Clinical Evaluative Scienc-
es). Health administrative databases used in this study
included: hospital admissions (Canadian Institute for
Health Information Discharge Abstract Database),
emergency department visits (National Ambulatory
Care Reporting System), outpatient physician visit
claims (Ontario Health Insurance Plan Claims Data-
base), sociodemographic information (Provincial Reg-
istered Persons Database, Ontario Marginalization
Index), asthma (Ontario Asthma Surveillance Informa-
tion System), and maternal and newborn hospital birth
abstracts (MOMBABY).

Environmental data was also obtained from the Cana-
dian Urban Environmental Health Research Consor-
tium (12). Annual nitrogen dioxide (NO,), ozone (O,),
fine particulate matter of <2.5 um diameter (PM, ),
and normalized difference vegetation index (NDVI)
data were obtained for each Ontario Local Health In-
tegration Network (LHIN). Data on population counts
for each LHIN were obtained from the 2016 Canadian
census from Statistics Canada (13).

Outcome Definitions

In this study, discordance was defined as a difference
in disease outcome between twins (i.e., one twin was
diagnosed with asthma and the other was not). Indi-
viduals with physician diagnosed asthma were identi-
fied using a validated health administrative definition
of at least one hospitalization for asthma or at least
two outpatient visits for asthma in two consecutive
years. This case definition has been validated (14)
and used in previous studies (15-17). Allergic rhinitis
and eczema were physician diagnosed and identified
by a single health-service use claim.
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Statistical Analysis

In this paired cohort study, logistic regression mod-
els were used to estimate adjusted odds ratios (aOR)
and 95% confidence intervals (CI) for associations
between discordance of conditions (asthma, allergic
rhinitis, and eczema) and early-life factors. Individu-
als were paired with their twin and each twin-pair was
treated as a single observation unit. Income and On-
tario marginalization indices, NO,, O,, PM, ;.and NDVI
data were linked to twin-pairs by postal code and year
of birth. Covariates for models were selected a prio-
ri and assessed using a forward building method. All
models were controlled for sex pair (Male-Male (MM),
Male-Female (MF), Female-Female (FF)), birthweight
difference (g), LHIN, population, age (years), rurality
at birth (rural, urban), preterm birth (yes, no), mode
of delivery (vaginal, Caesarean-section (C-section)),
mother's age at birth (13-20, 21-25, 26-30, 31-35,
36-38, 39-45), ethnic concentration (quintile), income
(quintile), dependency (quintile), residential instabili-
ty (quintile), NO, (ppb), O, (ppb), PM,, (ug/m?), and
NDVI. Table S1 has further definitions.

Interactions between sex pair and age, sex pair and
NO,, sex pair and O,, and sex pair and PM,, were
assessed. Age was also assessed for a non-linear
relationship using a 3-, 4-, and 5-knot restricted cu-
bic spline for each model. Tests for linear trend used
the Wald test with x2 where categories of intake were
modelled as a continuous variable. Model differenc-
es were assessed using likelihood ratio tests. Model
fitting was also assessed by plotting residuals and
fitted values and assessed for multicollinearity with
variance inflation factors. All covariates had <1.5%

Table S1. Variable definitions

missing. Sensitivity analyses were conducted with
those with missing values removed. Statistical signifi-
cance was defined where p-values were <0.05. All re-
gression analyses were performed in SAS Enterprise
Guide software (v7.15; SAS Institute Inc., Cary, NC).
Graphics were created using R software (v.4.0.2) (18)
and SAS Enterprise Guide software (v7.15).

RESULTS

Descriptive Results

Among the 24,392 twin-pairs, 3,817 (15.5%), 4,362
(17.9%), and 7,779 (31.9%) twin-pairs were asthma,
allergic rhinitis, and eczema discordant respective-
ly. Approximately half of all twins were male, where
32.6% of twin-pairs were male-male and 35.4% were
male-female. Table 1 shows a summary of character-
istics by chosen covariates used in multivariate mod-
els. The average age of the twin-pairs was 8.2 years,
they were more likely at higher income quintiles, to be
born pre-term, and delivered by C-section.

Univariate Regression Results

Univariate analysis between asthma discordance and
early-life factors found several significant associations
including sex pair, rurality at birth, birth type, pre-term
,5 and NDVI. Similar
univariate associations were found for allergic rhinitis

at birth, and exposures to O,, PM

and eczema discordance.

Multivariate Regression Results — Demographic
Factors

After adjusting for covariates, asthma discordance
was significantly associated with the sexes of twins.

Variable Definition
Pre-term birth Birth before 37 weeks of gestational age.
Rurality An area with a population of less than 10.000 people.

Ontario Marginalization Indices *

Residential Instability
housing instability.

Dependency
Ethnic Concentration

Area-level concentrations of people who experience high rates of family or

Area-level concentrations of people who do not have income from employment.
High area-level concentrations of people who are recent immigrants and/or people

belonging to a “visible minority” group (defined by Statistics Canada as “persons,
other than aboriginal peoples, who are non-Caucasian in race or non-white in colour”).

T Matheson FI, van Ingen T. 2016 Ontario marginalization index: user guide. Toronto, ON: St. Michael’'s Hospital; 2018.

Joint publication with Public Health Ontario.

| 159



PEDIATR RESPIR J

Vol. 1(4), 157-166, 2023

Table 1. Descriptive statistics of Ontario twin-pairs by chosen co-
variates.

All

N 24392

Age of diagnosis 8.2 (3.7)

(Years) (mean(SD))

Sex pair (n(%)) Male-Male 7958 (32.6)
Male-Female 8638 (35.4)
Female- 7796 (32)
Female

BIRTH FACTORS

Birthweight 293 (253)

difference (g) (mean

(SD))

Preterm birth (n(%)) Yes 13178

(54.0)

Mode of delivery C-section 15251

(n(%)) (62.5)

Mother’s age at birth  13-20 495 (2.0)

(n(%)) 21-25 2314 (9.5)
26-30 6575 (27.0)
31-35 9330 (38.3)
36-38 3548 (14.6)
39-45 2130 (8.7)

DEMOGRAPHIC

FACTORS

Income quintile (n(%)) 1 (lowest) 4391 (18.0)
2 4586 (18.8)
3 4939 (20.3)
4 5603 (23.0)
5 (highest) 4793 (19.7)

Rurality at birth(n(%)) Rural 2216 (9.1)

ENVIRONMENTAL

FACTORS

NDVI (mean (SD)) 0.4 (0.1)

NO, (ppb) (mean (SD)) 11.5 (6.2)

O, (ppb) (mean (SD)) 259 (3.4)

PM, . (ug/m?®) (mean 8.1(1.6)

(SD))

Compared to FF twin-pairs, MF and MM twin-pairs
had 69% (95% CI: 1.54-1.84) and 35% (95% CI: 1.23-
1.49) higher odds of asthma discordance, respectively.
Similarly, after adjusting for covariates, MF twin-pairs

were significantly associated with 29% (95% CI: 1.19-
1.40) and 13% (95% CI: 1.04-1.24) increased odds of
allergic rhinitis and eczema discordance, respectively,
while MM twin-pairs were significantly associated with
higher odds of allergic rhinitis discordance (aOR: 1.16,
95% CI: 1.09-1.24) but not for eczema discordance
(aOR: 1.04, 95% CI: 0.97-1.11), compared to FF twin-
pairs (Figure 1).

Outcome Sex Pair aOR  95% CI
Asthma MF 1.68* 1.54-1.84 -
MM 1.35% 1.23-1.49 ——
FF Ref | |
Allergic Rhinitis MF 1.29* 1.19-1.40 ——
MM 1.13* 1.04-1.24 -
FF Ref | |
Eczema MF 1.16* 1.09-1.24 -
MM 1.04 0.97-1.11 -
FF Ref n

[ I T I T 1

075 1 125 15 175 2
Odds Ratio

Figure 1. Adjusted odds ratios of discordant atopic conditions by sex
pair. Adjusted for age, birthweight difference, LHIN, population, rurality
at birth, preterm birth, mode of delivery, mother’s age at birth, ethnic
concentration, income, dependency, residential instability, NO,, Og,
PM, , and NDVI. *p < 0.01.

Age was found to have a significant non-linear asso-
ciation where each year of increase in age increased
discordance odds before age eight (aOR: 1.17, 95% Cl:
1.13-1.20; aOR: 1.38, 95% CI: 1.33-1.43; aOR: 1.07,
95% CI: 1.05-1.10) and decreased odds after age eight
(aOR: 0.99, 95% CI: 0.99-0.99; aOR: 0.98, 95% CI:
0.98-0.99; aOR: 0.995, 95% CI: 0.99-1.00) for asthma,
allergic rhinitis, and eczema discordances, respective-
ly, after adjusting for covariates (Figure 2). Additional-
ly, twin-pairs who lived in urban areas had significantly
increased odds of allergic rhinitis and eczema discor-
dances by 21% (95% CI: 1.03-1.43) and 28% (95% ClI:
1.14-1.45), respectively, compared to twin-pairs who
lived in rural areas, after adjusting for covariates.
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Figure 2. Odds of twin-pair discordance by disease outcome and age for asthma (purple), allergic rhinitis (orange), and eczema (dark blue). Adjusted
for sex pair, birthweight difference, LHIN, population, age, rurality at birth, preterm birth, mode of delivery, mother’s age at birth, ethnic concentration,

income, dependency, residential instability, NO,, O,, PM, ., and NDVI.

Multivariate Regression Results — Birth and
Environmental Factors

Twins who were delivered via C-section had signifi-
cantly higher odds of asthma (aOR: 1.09, 95% CI:
1.01-1.18) and allergic rhinitis (aOR: 1.11, 95% CI:
1.04-1.20) discordances, compared to pairs who were
delivered vaginally, after adjusting for covariates. An
association with eczema discordance (aOR: 1.05,
95% CI: 1.00-1.12) was also suggested (p = 0.067).
Preterm birth was also a significant factor where twins
that were born preterm had 23% (95% CI: 1.15-1.33)
increased odds of asthma discordance compared to
twins who were not, adjusting for covariates. O, lev-
els at birth were negatively associated with asthma
discordance and PM,, levels at birth were strongly
suggested to be positively associated with asthma
discordance (p = 0.051) (Table 2). Mother’s age at
time of birth (p-trend: <0.01) was also a significant-

ly associated factor for allergic rhinitis discordance
while higher income quintiles (p-trend: 0.09) and
birthweight difference were significantly and positive-
ly associated with eczema discordance (Table 2).

Multivariate Regression Results — Interactions
and Splines

No significant interactions between sex pairs and NO,,
O,, or PM,  were found in any of the models. Non-lin-
ear models with a 3-knot spline for age were found to
be a better fit than the linear, 4-knot, and 5-knot mod-
els in full multivariate analysis. Sensitivity analyses
showed our findings to be robust.

DISCUSSION

This study, comprised of 16 years of population-based
data, examined over 24,000 twin-pairs and associat-
ed asthma, allergic rhinitis, and eczema discordance
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Table 2. Adjusted odds ratios and 95% confidence intervals of chosen variables for atopic discordance. Adjusted for sex pair, age, LHIN, popula-
tion, ethnic concentration, dependency, residential instability, and other variables listed.

Allergic Rhinitis

Asthma Discordant Discordant Eczema Discordant
aOR 95% CI aOR 95% Cl aOR 95% CI

Birthweight
difference Per 100g 1.01 0.99-1.02 1.00 0.99-1.02 1.012 1.00-1.02
Rurality at birth Urban 1.12 0.95-1.32 1.212 1.03-1.43 1.282 1.14-1.45
Preterm birth Yes 1.232 1.15-1.33 1.04 0.97-1.11 0.96 0.91-1.02
Mode of delivery C-section 1.092 1.01-1.18 1.112 1.04-1.20 1.05 1.00-1.12

13-20 Ref - Ref - Ref -

21-25 1.32 0.98-1.78 1.22 0.90-1.65 1.02 0.82-1.28
Mother’s age at birth 26-30 1.26 0.94-1.68 1.442 1.08-1.91 1.12 0.91-1.38

31-35 1.25 0.94-1.67 1.61° 1.21-2.14 1.01 0.90-1.35

36-38 1.20 0.90-1.62 1.582 1.18-2.12 1.00 0.81-1.24

39-45 1.20 0.88-1.63 1.60° 1.19-2.18 1.14 0.91-1.42

1 (lowest) Ref - Ref - Ref -

2 0.98 0.87-1.11 1.10 0.98-1.24 1.102 1.00-1.21
Income quintile 3 1.00 0.88-1.14 0.99 0.87-1.12 1.112 1.01-1.23

4 1.04 0.91-1.19 1.12 0.98-1.27 1.142 1.03-1.27

5 (highest) 1.04 0.90-1.20 1.12 0.97-1.28 1.07 0.96-1.20
NDVI 0.76 0.55-1.07 0.86 0.62-1.19 1.01 0.78-1.30
NO, Per ppb 0.99 0.98-1.00 1.01 0.997-1.02 0.99 0.99-1.00
o, Per ppb 0.98° 0.96-0.99 0.99 0.97-1.00 1.01 0.996-1.02
PM, Per ug/m?® 1.04 1.00-1.09 1.02 0.98-1.07 1.02 0.99-1.06

ap <0.05.

with early-life factors including newborn, maternal, so-
cial, and environmental factors. To our knowledge, this
study is one of few that used population-based data to
examine twins’ discordance of diseases as a primary
point of analysis and the first population-based Cana-
dian cohort study that examined factors associated
with differences in asthma and atopic disease risks
between twins. Our study found strong and significant
positive associations between sexes, birth type, age,
and discordance of atopic diseases in multivariate
analysis. Preterm births were positively associated
with asthma discordance, older mothers, and urban
settings at birth with allergic rhinitis discordance, and
higher income, urban settings at birth, and birthweight
difference with eczema discordance. O, levels at birth
had significant negative associations on asthma dis-
cordance and PM, , levels at birth had a strongly sug-
gested positive association with asthma discordance.

For the discordance of atopic conditions, MM and MF
sex pairs displayed significant associations, with op-
posing sexes having a stronger effect. Previous stud-
ies have established similar findings that male gender
is a larger risk factor compared to females at young
ages (10, 19-21). While this study could not account
for differences in zygosity between twin-pairs, it has
been shown that dizygotic twin-pairs are more likely
to be disease-discordant than monozygotic pairs with
certain risk factors (22). This could explain some of
the differences of associations between MF and MM/
FF since MF twin-pairs are dizygotic, but MM and FF
pairs can be monozygotic. Hence, sex may be a po-
tential confounder for disease.

Similar patterns of change over age have been found
in other studies. One Danish study on twins aged
3-71 found that hereditary factors of asthma suscep-
tibility decreased with age while another on Danish
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twins aged 20-70 showed that onset of asthma in one
twin led to the decreased risk of asthma in the co-twin
(4, 23). Another twin study in Puerto Rico also found
that asthma had a more significant genetic compo-
nent at age three than age one (24).

The perinatal risk factors of atopic disease discor-
dance observed in this study are largely in line with
previous findings of atopic conditions. In particular,
this study found that birth by C-section was a signif-
icant factor for discordance of asthma and allergic
rhinitis but not eczema. In agreement, meta-analyses
have found C-sections increased risk by 20% for asth-
ma (25, 26) and allergic rhinitis, but not eczema (26).
Some (27, 28), but not all (6), twin studies have found
similar increases in risk of asthma. While this study
could not explore this interaction further, it is suggest-
ed that there was a strong interaction between mode
of delivery and genetic factors (family allergy history)
that modifies the risk of asthma (29).

Our study also found that twins born preterm had
higher chances of asthma discordance. While preterm
birth is a risk factor for atopic disease in singleton
studies (9), our findings contrast those of Rasanen
et al. (21). Finnish twin study which found no signif-
icant association with asthma. However, Kahr et al.
(6). Danish twin study also found a similar association
with asthma among twins born prematurely (gesta-
tional age <32 weeks). Evidence suggests that ma-
ternal genetic makeup may causally link preterm birth
and children’s asthma, where some mothers with
asthma have shorter pregnancies, or that preterm
birth may result in underdeveloped lungs either an-
atomically or immunologically, possibly causing chil-
dren to be more susceptible to risk factors of asthma
later in life (9). However, birthweight difference be-
tween twins was not found to be significant factor for
discordant asthma or allergic rhinitis in this study, only
eczema. One previous twin study found similar re-
sults with discordant asthma (21). Another contrasts
our finding, where there was a significant association
with higher birthweight differences and higher asthma
risk in monozygotic twins than dizygotic twins (10).
Environmental factors had mixed results in this study.
Twins born in urban settings had greater odds of aller-
gic rhinitis and eczema discordance but not asthma.
However, two Canadian studies previously found that

PEDIATR RESPIR J

farming environments reduced the risk of childhood
asthma (7, 20). O, was found to reduce the chance
of asthma discordance while PM, , was strongly sug-
gested to be associated with increased chances of
asthma discordance. It is unclear whether environ-
mental factors in a shared environment can contrib-
ute to discordance between twins. Previous works
have found that NO,, O,, and PM, ; are risk factors
for asthma (8), allergic rhinitis (30), and eczema (8)
incidence, though evidence is inconsistent (31, 32).
There may be unmeasured or residual confounding
that contributes to the differences in odds of out-
comes in twins that is beyond the shared genetics
and environment.

The strength of this study is the use of popula-
tion-based health administrative data, allowing this
study to collect information on atopic conditions,
healthcare use, and births on all Ontario twin res-
idents over a 15-year period with minimal missing
data. The use of this data source created a large pop-
ulation set that also minimized selection or response
bias. However, this study has limitations. This study
could not examine and control for certain factors,
such as maternal smoking and parental asthma histo-
ry, as data were not available. Most notably, the lack
of genetic data prevented this study to stratify by zy-
gosity, to further control for genetic variance, and to
detect gene-environment modifications from early life
exposures. As such, there is a risk that each twin may
have significantly different life habits. Furthermore,
this study only had environmental data based on the
birth year of each twin-pair and had no location-based
data in twin-pairs’ older years, limiting this study’s
ability to examine the cumulative effects of the en-
vironment on health outcomes. Moreover, given that
the air pollution data used was by LHIN, the distance
from the measurement station to children’s schools
and homes may lead to potential measurement bias.
While there are regional variations in air quality, a pre-
vious study by To et al. suggested that the variation
is relatively small across Ontario (33). Therefore, we
do not expect a significant level of measurement bias.
Finally, comparison of this study’s results to previous
research was limited given that there have been only
a few publications on early-life factors and atopic dis-
ease discordance.
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CONCLUSIONS

In summary, this study associated various early-life
factors with: 1) the incidence of asthma and atopic
conditions and 2) the differences in condition out-
comes between twins. Although early-life factors
were associated with asthma and atopic condition
discordance, genetic factors played a strong under-
lying role, though we lacked the genetic data to fur-
ther control for zygosity and variance. Despite strong
overlaps in genetic and environmental factors, resid-
ual factors remained to create condition discordance
between twins. Future research should continue to
examine twin discordance to further explore and iden-
tify risk factors of disease.
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ABSTRACT

The recent SARS-CoV2 pandemic has brought back to the attention of the sci-
entific community the issue of respiratory viruses. In both the adult and pediatric
population, respiratory viruses still represent an important cause of morbidity and
mortality, representing the third leading cause of death among children under 5
years of age worldwide.

In this review we report the latest epidemiologic and clinical updates regarding
respiratory viruses with a particular focus on the most important among them in
pediatrics such as respiratory syncytial virus, rhinoviruses, enteroviruses, and
adenoviruses, highlighting how and why the COVID-19 pandemic has changed
the epidemiological panorama of respiratory viruses globally.

IMPACT STATEMENT: Respiratory viruses represent an important cause of
morbidity and mortality. COVID-19 pandemic has changed the epidemiological
panorama of respiratory viruses globally.

INTRODUCTION

The recent worldwide outbreak of the COVID-19 pandemic has once again
brought the unsolved problem of respiratory viruses and related diseases to the
attention of the scientific community. Although it is in the field of virology that
modern medicine has reported some of its most important successes, with the
eradication of smallpox in 1979 and the discovery of vaccines for many viral dis-
eases, the COVID-19 pandemic has shown how unpredictable viruses are and
how poorly understood are still the mechanisms behind the emergence of new
genotypes and viral variants resulting in unpredictable outbreaks.

To date, as communicated by the Institute for Health Metrics and Evaluation,
respiratory infections represent the fourth leading cause of burden of disease
globally, only surpassed by cardiovascular diseases, cancers, and neonatal dis-
orders; in particular, in ltaly they represent the first cause of burden of disease
among all infectious diseases (1).

In the pediatric population, respiratory infections have always been a major clin-
ical concern. In fact, the global burden of disease study in 2016 included acute
respiratory diseases as the third leading cause of death under the age of 5 world-
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wide, responsible for about 15 percent of under-five
mortality and surpassed only by prematurity-related
issues, also pointing out that they still represent the
leading cause of death under the age of 5 in many de-
veloping countries (2).

To date, many viruses that can replicate within the re-
spiratory tree resulting in respiratory symptoms have
been isolated; influenza viruses, respiratory syncytial
virus (RSV), rhinoviruses but also adenoviruses, coro-
naviruses, bocaviruses, enteroviruses, parainfluenza
viruses and metapneumoviruses are just some of the
respiratory viruses identified to date.

Through the years increasing knowledge has been
acquired regarding the genetic and molecular charac-
teristics of respiratory viruses, and even novel viruses
have been isolated. Despite this, the clinical diagno-
sis of a viral infection remains difficult because of the
overlapping symptoms of different viral diseases and
of bacterial respiratory infections, causing inappropri-
ate prescription of antibiotics with the increasing risk of
antibiotic resistance (3).

In this review, we will report the latest updates about
the epidemiology and characteristics of respiratory vi-
ruses, with a focus on those most commonly isolated
in the pediatric population (influenza virus, respiratory
syncytial virus, rhinoviruses, respiratory enterovirus-
es, and adenoviruses), highlighting how and why the
COVID-19 pandemic has changed the epidemiological
panorama of respiratory viruses globally.

INFLUENZA VIRUS

For many years the influenza virus has been consid-
ered the major cause of viral infections and of mor-
tality and morbidity in all age groups being able to in-
fect children as well as adults and elders (4). Globally,
about 3-5 million severe influenza virus infections are
estimated annually; these are responsible for about
300,000-650,000 deaths each year and account for
about 13% of deaths caused by respiratory infection.
In the pediatric population, the virus is also responsi-
ble for an important mortality rate, and it is estimated
that among the countries with the highest mortality due
to respiratory viruses, 10,000 to 100,000 deaths under
age 5 are due to influenza virus (5).

In Europe in particular, the ECDC lists influenza as the
leading infectious disease in terms of incidence and
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mortality, estimating the disease burden at 81.8 DALYs
per 100,000 population (6).

This RNA virus of the Orthomyxoviridae family, thanks
to its rapid antigenic variation, results in annual sea-
sonal epidemics mainly during the winter months, in
both the Southern and Northern hemispheres. The two
main surface proteins, hemagglutinin, and neuramin-
idase, of which 18 and 11 antigenic variants are re-
spectively known (7) undergo antigenic shift and anti-
genic drift mechanisms through which new viral strains
originate every year (8). To date, 4 different types of in-
fluenza viruses have been identified: influenza A, B, C,
and D, the last of which exclusively infects pigs (9). Of
these, influenza A virus is the most frequently respon-
sible for outbreaks during the annual influenza season.
Type B influenza, on the other hand, is characterized
by less variability than type A influenza and is therefore
less frequent and responsible for minor epidemic out-
breaks (10).

In the pediatric population, influenza viruses continue
to be a major challenge being responsible for about
870,000 hospitalizations of children under the age of
5 worldwide (11) and a cause of concern because of
the difficulty in predicting the emergence of new vi-
ral subtypes capable of leading to new pandemics
as in the case of H1N1 in 2009, especially in light
of the changed global viral ecosystem following the
COVID-19 pandemic.

OTHER RESPIRATORY VIRUSES

While influenza virus represents a virus of major rele-
vance in the context of respiratory viruses affecting all
ages, it is only one of the isolated respiratory viruses.
To date, at least 12 viruses belonging to different fam-
ilies, both DNA and RNA viruses, capable of causing
respiratory infections, have been identified (12).
Among them, according to a CDC report, RSV, rhinovi-
ruses, enteroviruses, and influenza virus are the most
frequently isolated respiratory viruses in children with
acute respiratory disease between 2016 and 2021,
followed by parainfluenza virus 1-3, adenovirus and
metapneumovirus (13).

RSV in particular is a major concern in pediatrics be-
cause of the potential severity of infection and the most
affected age group (infants). To understand the rele-
vance of the problem, in the pre-COVID-19 pandemic
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era, there were an estimated 33 million RSV infections
among children under 5 years of age, 3 to 4.5 million
hospitalizations, and more than 100,000 annual deaths
attributable to the virus with particular susceptibility of
newborns and infants under 6 months of age (14).
The diagnosis of acute viral infections often remains
based on clinical and epidemiological criteria, and a
precise etiologic diagnosis is not always made. Dis-
tinguishing the type of infection and the virus involved
on the basis of clinical and epidemiological data alone
is not possible. In the absence of a precise etiological
diagnosis, however, an opportunity is missed to imple-
ment isolation measures when necessary or to use ap-
propriate antiviral drugs (15, 16).

The scale of the challenge is such that the implementa-
tion of virologic surveillance programs in the communi-
ty and in the hospital and the establishment of national
and international surveillance programs and incentivize
etiologic research during acute respiratory infection can
be an important step in the management of infections.
These programs can now be carried out thanks to the
introduction of new laboratory methods. In fact, more
and more laboratories are adopting in addition to the
real-time PCR assay, long used for isolation of viral
samples, a nucleic acid amplification multiplex tests with
specific respiratory panels. The use of these multiplexes
allows a rapid simultaneous analysis of a single sample
for multiple viral species, and a high concordance rate
with real-time PCR results has been reported (17).
Thus, these multiplexes may provide an opportunity to
facilitate and accelerate the diagnosis of viral infection.
It has also been observed that these multiplex assays
may sometimes appear more sensitive than traditional
diagnostic methods and more frequently detect coin-
fections. However, the clinical relevance as well as the
role of subclinical infections or viral persistence or re-
activation remains unknown. Moreover, these systems
are exclusively qualitative and not quantitative, and it
is not possible to determine which virus among those
isolated is the predominant and etiological cause of the
acute respiratory syndrome. Likewise, it is not possible
to date to establish a cut-off of clinical relevance (18).
Overcoming these problems and a rapid and certain vi-
rologic diagnosis could help to better understand respi-
ratory viruses and their associated clinical syndromes
with important clinical implications inside and outside
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the hospitals: limitation in the need for diagnostic tests,
reduction in the use of inappropriate antibiotics, the
possibility of appropriately prescribing antiviral drugs,
or the possibility of building virologic prevention pro-
grams represent only some of the possible benefits
(19). The greatest benefits are likely to be seen with a
faster diagnosis and integration with other clinical and
laboratory data (20).

A recent meta-analysis showed in almost all the
high-quality studies that rapid virologic diagnosis re-
sulted in a reduction in the length of hospitalizations,
a reduction in the use of chest radiography, and an in-
crease in the appropriate use of Oseltamivir in influen-
za virus-positive patients. In contrast, a smaller effect
was observed on antibiotic use, duration of antibiotic
therapy, and number of hospitalizations (21, 22).

Respiratory syncytial virus

RSV is a single-stranded RNA virus with negative
polarity. Classified until 2016 as part of the family
Paramyxoviridae, it was recently reclassified and in-
cluded within a newly formed family, the Pneumo-
viridae (23). Recognized in 1956, it was so called
because of its ability to form host cell syncytia when
placed in culture. RSV is a capsular envelope-coated
virus whose genome encodes for 11 proteins, of which
the fusion protein F and the attachment glycoprotein
G are the major ones. Based on the variability of the
G protein, the virus is divided into the two subgroups
A and B and with respect to sequencing the second
half of the hypervariable region of the G protein into
different genotypes. (24, 25). The two viral subgroups
circulate simultaneously during epidemic periods so
that multiple genotypes of subtype A and B may circu-
late simultaneously in the same epidemic season with
not yet fully elucidated clinical relapses, thus explain-
ing the short-lasting genotype-specific immunity (26).
The virus represents a major concern in pediatrics being
responsible for more than 20% of acute lower respirato-
ry tract infections in the first 5 years of life (27, 28). It is
estimated that about 70% of infants will be infected with
RSV in the first year of life, more than 20% will develop
symptoms, about 2% will be hospitalized, and about 2%
of these will require invasive respiratory care (29).
Moreover, the virus represents a ubiquitous virus of all
ages, particularly for patients older than 65 years. In
this age group, RSV infection is burdened with a high
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mortality rate, especially in immunocompromised or
fragile patients (30).

Moreover, the acute infection is not the only factor de-
termining its health and economic burden. Growing ev-
idence supports the association between RSV infection
in early life and the development of preschool wheezing
and in some cases, over the years, with the develop-
ment of asthma. However, it is unclear to date whether
there is a causal relationship between RSV infection and
the development of wheezing and asthma or whether
genetic and anatomical factors of the subject, in them-
selves predisposing for preschool wheezing and asth-
ma, may also facilitate RSV infection in early life (31). In
this regard, the fact that it is to date possible to isolate
the different virus genotypes has made it possible to hy-
pothesize that the genetic diversity between the various
genotypes may in part allow the recognition of disease
endotypes and more accurately predict the severity of
acute infection and eventually the likelihood of develop-
ing wheezing or asthma in the future. For example, some
studies have shown a tendency for the RSV-A NA1 to
affect younger infants and cause more severe infection
than the emerging RSV-A ON1. On the other hand, in-
fants hospitalized for bronchiolitis in whom RSV-B was
isolated had a greater number of risk factors for asthma
(family history of asthma, eosinophilia) (32). Underlying
these differences could be a different immune response
elicited by the virus, with mainly activation of the IFN
I/lll system in the case of RSV-A NA1 infection, which
would allow better control of viral replication but could
contribute to worsening the acute disease, or with a re-
duced IFN but rather Th2-oriented immune response in
the case of RSV-B or RSV-A ON1 infections, which are
responsible for milder acute infections but are associ-
ated with a higher risk of respiratory sequelae (33). In
any case, immune and viral factors together contribute
to disease severity, as shown by the recent progressive
increase over the years in the severity of RSV-A ON1
infections probably as a result of the increasing number
of amino acid substitutions in the second hypervariable
region of the G protein resulting in increased virulence
or in facilitation of immune escape (34).

Rhinovirus

The rhinoviruses were the only viruses belonging to
the genus of rhinovirus until 2008, when they were re-
classified within the genus of enterovirus, of the family
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of Picornaviridae (35). It is a single-stranded positive
polarity RNA similar to that of the other enterovirus-
es so that recent molecular assays have verified the
similarity between the genotypes of some serotypes
such as Rhinovirus 87 and Enterovirus D68 recogniz-
ing them as a single genetic identity now classified as
Enterovirus D68 (36).

To date, more than 160 viral genotypes have been recog-
nized and grouped into 3 species: Rhinovirus A, B and C,
the last of which was only recognized in 2006 (37).

The presence of such a high number of genotypes and
the fact that 20 to 30 genotypes are usually circulating
during an epidemic season explains why the rhinovi-
ruses infections and the common cold can recur fre-
quently during a season and over a lifetime.

Like RSV, rhinovirus also affects all ages from new-
borns to the elderly with clinical manifestations varying
from the common cold to sinusitis, otitis media or lower
respiratory tract infection with bronchiolitis, pneumo-
nia and wheezing (38). It also represents an important
cause of asthma, chronic obstructive pulmonary dis-
ease, and cystic fibrosis bronchopulmonary exacerba-
tions (39, 40). In the pediatric population, the virus is
a frequent cause of bronchiolitis, being responsible for
about 20% of cases (41).

Although several studies have shown a lower severity
of rhinovirus bronchiolitis compared with RSV bron-
chiolitis with a shorter length of stay and lower clinical
score, (42, 43) it has also been reported that rhinovirus
infection is associated with long-term sequelae and in
particular an increased risk of asthma (44, 45). This
risk may be partly explained by the fact that the virus
appears to alter the epithelial barrier by disrupting the
integrity of tight junctions during viral replication there-
by increasing epithelial permeability and facilitating
contact with airborne allergens (46). Furthermore, it
has been hypothesized that immunological factors may
also determine the increased risk of asthma. Indeed,
some studies have identified in infants with rhinovirus
bronchiolitis a polarization of the T2 immune response
associated with other atopic markers such as eosino-
philia and increased IgE and low activation of the in-
terferon (INF) system (47-49). Likewise, it is not yet
possible to discriminate whether rhinovirus bronchiolitis
contributes to the development of asthma or represents
itself a marker of genetic susceptibility to atopy (50).
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Respiratory enteroviruses

The Picornaviridae family also includes other viral
species besides rhinoviruses namely Enterovirus spe-
cies A-L, belonging to the genus Enterovirus (51). The
name derives from the tropism of some of them for the
gastro-intestinal system; these viruses are all charac-
terized by a single-stranded RNA genome with positive
polarity and all of them lack an envelope.

Among the known enterovirus species, Enteroviruses
A-D are the only ones that infect humans with very dif-
ferent clinical presentations. Indeed, infections mostly
run mildly with fever, rhinitis, pharyngitis, and in some
infants with vomiting or diarrhea but some viral species
have demonstrated a marked tropism for the central
nervous system following systemic dissemination with
possible encephalitis, meningitis, or flaccid paralysis
as well as sepsis, myocarditis, and pericarditis (52,
53). Indeed the 15 genera of entroviruses currently
known include those formerly classified as Poliovirus-
es, Coxachieviruses A and B, and Echoviruses.
Among respiratory viruses, Enterovirus D-68 rep-
resents the emerging serotype of greatest interest and
concern. First isolated in 1962 in California, this virus
has been the cause over the past decade of large out-
breaks in America and Europe with biannual peaks in
2014, 2016, and 2018 (54, 55).

This serotype initially considered to cause mild to mod-
erate respiratory symptoms has recently been identified
as a cause of severe asthma exacerbations and se-
vere acute respiratory disease, sometimes complicated
by neurological symptoms, in particularly by a severe
acute flaccid myelitis (56). Respiratory symptoms main-
ly affect the pediatric population with symptoms ranging
from common cold to cough to wheezing and respiratory
distress with the need for respiratory support, especially
in individuals with a history of asthma or wheezing (57).
A study conducted in Sweden in 2016 showed in-
creased circulation of the virus during that epidemic
season and greater severity of the virus compared to
other enteroviruses with increased need for hospital-
ization and medication, both in children above and be-
low 5 years of age (58). During the 2014 United States
outbreak, the clinical symptoms appeared to be even
more severe with 59% of hospitalized patients requir-
ing intensive care unit admission and often invasive or
noninvasive ventilation (57).
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The following epidemic seasons appear to have been
clinically milder but the true incidence of EV-D68 in-
fection may be underestimated due to the inability of
standard diagnostic panels to discriminate between
rhinovirus and EV-D68.

Today, after the reduction in the detection of respiratory
viruses during the 2020 epidemic season because of
the COVID-19 pandemic restrictions, the incidence of
the virus appears to have increased again with similar
levels of isolation as in 2018 and higher than in 2017
and 2019 with concomitant increase in the number of
children visited in emergency departments for acute
respiratory symptoms and asthma exacerbations (59).
In this regard, given the virulence of the virus and its
associated neurological complications and given the
possible immunological changes in the population be-
cause of measures to contain COVID-19 infection, a
careful surveillance will be necessary in the near future.

Adenovirus

Human adenoviruses (AdV) are a group of viruses re-
sponsible for a wide and broad range of symptoms in-
volving multiple organs and systems. Of these viruses
belonging to the mastadenovirus genus of the Adeno-
viridae family, more than 50 serotypes classified into
7 species are known to date, all characterized by a
double-stranded DNA genome (60).

The clinical symptoms caused by these viruses are
very broad, and different serotypes demonstrate differ-
ent tissue tropism and therefore different clinical man-
ifestations of variable severity. The respiratory system
is most frequently involved with infections with a pre-
dominantly moderate course involving the upper and
lower airways, but the clinical phenotype also depends
on the characteristics of the host and the viral serotype
involved (61). Gastrointestinal tract infections, conjunc-
tivitis and, especially in immunocompromised patients,
hepatitis, pancreatitis, or meningoencephalitis are also
possible as a result of virus dissemination (62).

From a respiratory perspective, adenoviruses are re-
sponsible for about 5% of acute respiratory infections
in the pediatric population including bronchiolitis and
pneumonia, and several deaths have been reported
among both immunocompetent and immunocompro-
mised children following Adenovirus pneumonia (63,
64). The infection also appears to cause long-term
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complications such as bronchiectasis, bronchiolitis ob-
literans, or Swyer-James syndrome (65).

The most frequent serotypes involved in respiratory in-
fections of children are AdV1-2 and 7, with serotypes
1 and 7 accounting for more than 50 percent of the se-
rotypes globally identified although the epidemiology
of the virus varies widely depending on the considered
geographic region (60). Clinical severity also appears
to change with serotype: for example, AdV-7 appears
to be apparently more virulent than the other serotypes
and responsible for fatal pneumonia among immuno-
competent patients (66).

Moreover, in 2007 a life-threatening form of AdV-14
pneumonia emerged in the United States. In the early
months of that year, more than 140 cases were con-
firmed in several states in the United States. Of these
24 required intensive care unit admission and 9 pa-
tients died (67).

Although representing a widespread virus among re-
spiratory viruses, adenoviruses have recently gained
interest in the scientific community for their possible
etiologic role in the development of severe hepatitis
of unknown etiology. In fact, the World Health Or-
ganization reported in the first half of 2022 the out-
breaking of a new form of hepatitis, negative for the
most common infectious agents causing hepatitis, in
previously healthy children aged 1 month to 16 years
(68). More than 500 cases of these hepatitis were re-
ported in an ECDC report; 404 of these were tested
for adenovirus, and more than 50 percent of those
tested were positive. When subtyping was possible,
serotype 41 was the most frequently detected (69). To
date, it is considered unlikely a direct virus-induced
liver damage, as demonstrated by histological find-
ings, but rather it is speculated that viral and immune
factors and perhaps either COVID infection or COVID
period immunity changes related together with ade-
novirus infection may represent the cause of this new
hepatitis (69).

WHAT’S NEW

To date, the global respiratory virus scenario has been
radically changed since the outbreak of the COVID-19
pandemic. The first SARS-CoV-2 outbreak was de-
scribed in Wuhan, China, in December 2019. Since
then, the virus has spread across the 5 continents, and
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the World Health Organizatoin (WHO) declared the
pandemic on March 11, 2020 (70).

The COVID-19 pandemic dramatically demonstrat-
ed the unpredictability of the virus behavior and how
poorly we still know about them, but it also provided an
opportunity to better understand them and the impact
that the emergence of a new virus and/or the imple-
mentation of specific infection preventive non-pharma-
cological interventions (NPIs) can have on a complex
viral ecosystem.

Several virologists and epidemiologists have referred
to the implementation of NPIs on a global scale as a
large-scale natural experiment involving many respi-
ratory viruses, and they predicted that this experiment
could have increased our knowledge regarding virus
transmission and the behavior of seasonal viruses and
their impact on chronic diseases.

A strict lockdown in the early 2020 in many states
around the world along with the implementation of NPIs
such as careful handwashing with appropriate soaps or
the use of face masks have not only contributed to con-
taining SARS-CoV-2 infection but have also changed
the epidemiology of the most common respiratory virus-
es globally among both adult and pediatric populations.
For example, as reported by the WHO the influenza
virus almost disappeared globally in the 2020-2021
epidemic season in both the Northern and Southern
hemisphere precisely during the implementation of the
tightest prevention strategies of viral contagion (71, 72).
Influenza virus circulation was not the only one to
change during the pandemic period. A recent sin-
gle-center study showed that during the 2020-2021 ep-
idemic season the number of hospitalizations for acute
respiratory tract infections were reduced by more than
80 percent compared with the same pre-pandemic
period, and also that respiratory viruses were isolated
more infrequently during that epidemic season, and
thus the circulation of all respiratory viruses and RSV
in particular was reduced, with the only exception of
rhinovirus (73). However, the same phenomenon was
not observed during the subsequent epidemic season.
With the relaxation of NPIs and the cessation of lock-
down in the winter of 2021-2022, there was an unex-
pected increase in respiratory diseases in the pediatric
population and in particular RSV bronchiolitis. In con-
trast to previous years, hospitalizations began to in-
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crease in the second half of October 2021 with a peak
in early November 2021 and thus much earlier than
in previous epidemic seasons during which the high-
est number of infections was recorded in the northern
hemisphere between December and February. It is
also interesting to note that during that season there
was an opposite trend between the number of RSV
and COVID-19 infections that increased as the number
of RSV infections decreased (74) (Infobox 1).

Infobox 1. Hypothesis on the unseasonal RSV epidemiology.

- COVID-19 restrictive measures

- Decline in population immunity

- Increase in the susceptible population (immunity
debt)

- Viral interference:

— Competition between SARS-CoV-2 and other
respiratory viruses

— Innate antiviral response induced by viruses

The past two years have thus allowed us to make
some observations about the behavior of respiratory
viruses in the pediatric population and to make some
hypothesis and draw some conclusions about what we
have observed.

First, it was understood that the implementation of hy-
giene and social distancing measures can be effective
in reducing the circulation of multiple respiratory viruses
simultaneously even though some viruses may be more
resistant as in the case of rhinovirus. It has been hy-
pothesized that rhinovirus may behave differently from
other viral species due to some of its characteristics that
make it more resistant to hygienic containment mea-
sures: 1) the absence of a lipid envelope would make
it more resistant to soaps and lipophilic solutions; 2)
a compact icosahedral virion structure would make it
more stable on surfaces; and the fact that it could be
spread, unlike other viruses, by aerosols of 4-5 microm-
eters would make it more contagious (75) (Infobox 2).

Infobox 2. Rhinovirus has some features that make it more resis-
tant to hygienic containment measures.

- The absence of a lipid envelope would make it more
resistant to soaps and lipophilic solutions

- The compact icosahedral structure of the virion
make it more stable on surfaces

- ltis small and can be spread by aerosols of 4-5
micrometers

- It causes mild symptoms that are often overlooked
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Furthermore, it was understood that the viral ecosystem
should always be considered in its entirety and in regard
to its interaction with the immune system. The earlier and
more violent re-emergence of respiratory viruses after
the relaxation of containment measures could in fact rep-
resent a consequence of the increased susceptibility of
the population to viral infection following the decline of
population immunity and thus represent the immunolog-
ical debt to be paid after a period of immune isolation.
Finally, the observation of the increase in the number of
SARS-CoV?2 infections as the number of RSV infections
declined has allowed us to speculate that the already
known viral interference phenomenon may have played
an important role in virus transmission and susceptibility.
Already in the past, epidemiological and experimental
studies have emphasized the possibility that in specific
ecological niches virus-virus interaction has the poten-
tial to trigger immunological mechanisms capable of
influencing individual and population risk of infection
so that a first infection may prevent superinfection by a
second virus through activation of the immune system
and in particular the INF system (76).

In this regard, it has been hypothesized that Sars-
CoV2 and particularly the Omicron variant contributed
to the reduced RSV circulation explaining the early in-
terruption of RSV spread among newborns and infants
in winter 2021 (77).

This yet incompletely understood mechanism of viral inter-
ference, together with the inability to predict the actual im-
pact that infection containment measures have had at the
immune and epidemiological scale, make it difficult to date
to predict how respiratory viruses will behave in the near
future and whether new viral variants might be selected.
This unpredictability is, for example, evidenced by recently
acquired data about the course of the influenza season in
Australia during the summer of 2022 and in Europe during
the winter of 2022-2023. In Australia, the peak of infec-
tions occurred in mid-June, earlier than observed in pre-
vious epidemic seasons but its length was short, and the
clinical severity was mild (78). Also, in Italy the influenza
epidemic peak occurred earlier than in any other epidemic
season in the past 10 years with the highest number of
infections during the first days of December. Interestingly,
in contrast to Australia, the recorded incidence was also
the highest of the past 10 years, and the most affected
age group was children under 4 years old (79).
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It is important, therefore, that the knowledge that the
scientific community has always had about the sea-
sonality of respiratory infections be considered with
caution in the future, especially in the light of the new
viral ecosystem that could represent an opportunity
for the emergence of new viruses and variants. In this
global context, a careful epidemiological surveillance
of respiratory infections may be the only strategy for
a prompt intervention (Infobox 3).

Infobox 3. Conclusions.

- Respiratory infections continue to account for a
significant burden on the health system

- The knowledge we have always had about
seasonality of respiratory infections must be
consider with caution in the future

- The viral ecosystem, altered in the last two years
could be breeding ground for new viruses and/or
variants

- Careful surveillance of respiratory infections can
allow for rapid action
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ABSTRACT

Machine learning (ML) is an emerging area of interest, and it can represent use-
ful tool in cystic fibrosis (CF) to improve a personalized patient-centered care.
It can help to evaluate and treat each patient in a specific and appropriate way
according to his clinical needs.

The aim of this narrative review is to describe how ML can help and support
clinical evaluations and decisions in CF patients, regarding medical aspects, re-
habilitation approach, microbiology dimension.

It represents an original and primary evaluation of ML-approach connected with
cystic fibrosis; indeed, artificial intelligence (Al) can predict risks with high preci-
sion, based on multidimensional clinical and biological datasets. Al gives a great
opportunity to tailor early treatments or interventions to each patient with CF.

IMPACT STATEMENT: The review proposed has the aim to underline prelimi-
nary the status quo of machine learning in cystic fibrosis, a sort of map trying to
clarify hidden aspects of the world of artificial intelligence.

INTRODUCTION

Artificial intelligence (Al) has become a popular interest field both within and
outside of the scientific community; a large number of articles in technology and
non-technology-based journals have covered the topics of Al, machine learning
(ML) and deep learning (DL) (1-6).

ML techniques can facilitate clinical workflows by making individual-level predictions
for a patient’s prognosis that are tailored to their specific traits, features and medical
history (7). Last years showed high levels of ML use: chronic diseases’ management
starts to use these approaches, so we need to underline the necessary aspects to
know about ML. This technology has demonstrated a great ability to extract useful in-
formation from large samples of data in a variety of application domains (1). ML mod-
els can address patient heterogeneity by learning the underlying complex patterns
that govern how individual patient features and traits map to different prognoses.
ML-based models can guide personalized decisions through individual-lev-
el predictions on: 1) whether the patient is likely to have an exacerbation, 2)
whether a specific new treatment is likely to be effective for that patient, 3)
what is the most likely sequence of clinical events that the patient might expe-
rience, and 4) what is the relative likelihood of their different competing risks.
Moreover, ML-based models trained on patient-generated data recorded on
digital devices, in the context of macro-intelligence extracted from registries,
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can inform whether a proactive clinical intervention is
needed, and even whether a clinic visit is necessary.
This care model could help inform the health econom-
ics of the high-priced disease-modifying therapies
that target specific genotypes within the population
of people with cystic fibrosis (CF). It could also help
the CF healthcare system as the population of pa-
tients grows due to better survival. A CF patient faces
a variety of health risks, for instance, infections or de-
terioration of lung function. Currently, risk evaluation
for CF patients, and more generally in the medicine
domain, does not fully integrate the wealth of infor-
mation available about the patient. It is usually done
on the basis of a linear model, such as a Cox propor-
tional hazards model (7) (e.g., see (8)), and using a
relatively small number of hand-picked features, often
chosen by clinical judgment. ML methods would allow
us to take such work one step forward by learning
patient-specific information that might influence treat-
ment decision. Recent methods have been proposed
to extract patient-specific risk factors from ML models
using symbolic regression approaches (1) (Figure 1).

METHODOLOGIC QUALITY

ML, with the use of digital devices, can transform this
model of care. Digital sensors and wearable devices
can enhance care in (at least) three ways:

— collecting information that can be used by the treat-
ing clinicians (especially in tracking patients’ key
health indicators and progress);

— collecting information that can be used by the pa-
tient to monitor and manage their own progress;

— providing actionable intelligence to the patients in-
cluding early warnings, reminders, and suggestions
for achieving success with medication, exercise,
and treatment regimen (1).

Methods

The proposed narrative review will be conducted with
no structured and systematic protocol. Narrative re-
views have no predetermined research question or
specified search strategy. This research is a prelim-
inary step to understand the power of ML in CF. An
initial limited search of PubMed was undertaken to
identify articles on this topic. We also used databases
like Google Scholar and CINHAL. In each database we
put the term “machine learning” connected with “cystic
fibrosis” through the Boolean operator “and”; we also
used the word “rehabilitation” with “machine learning”
always linked with “and”.

APPLICATION OF ML IN CYSTIC FIBROSIS

There are a lot of studies that underline the necessity
to use ML in pulmonary pathologies; CF represents one

Deep learning

Data mining

Machine learning

Neural networks

Text mining

Figure 1. Machine learning and derivations.
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of the most important respiratory panel, but it was also
characterized by a disaffection about multiple organ. In
fact, diabetes is the most common complication of CF,
affecting at least half of the adult population (8). Early
identification and treatment are crucial, as the symp-
toms are usually not immediately recognized. ML meth-
od was also used in this field to optimize the diagnosis
of CFRD (Cystic Fibrosis Related Disorders). Accord-
ing to scientists, ML approach represents a good tool
and facility to be understood by non-machine learning
experts (physicians and other health professionals).
ML algorithms were applied to develop classification
models in order to suggest a possible antibiofilm ac-
tion for each chemical component of the studied EOs
(Essential oils). In the present study, we assessed the
biofilm growth modulation exerted by 61 commercial
EOs on a selected number of P. aeruginosa strains
isolated from CF patients. Furthermore, ML has been
used to underline the EO chemical components likely
responsible for the positive or negative modulation of
bacterial biofilm formation (9). About data set General
Methods Binary classification models development and
validation were carried out by an in-house python script
based on the scikit-learn machine learning library.
Personalized treatment in CD and in the other chron-
ic diseases could represent a way to reach the goal to
build an accurate patient-specific plan, based on a sys-
tematic and reproducible approach to obtain values that
are necessary to understand the evolution of patholo-
gy, and also to analyze small clinical aspects referred
to each patient. ML approach could give the correct
instruments to apply healthcare protocols based on al-
gorithms, realized thanks to proven statistical analysis.
Deep learning (DL) may also represent a good tool an-
alyze in chronic disease. The huge collected data and
related models can be used to establish new possible
ways to evaluate strategies to create excellent models,
standardized following CF guidelines of care. From one
side personalized-medicine represents the true solution
to realize a standard of care expression of high-quali-
ty health care-related; on the other side the aspect of
longitudinal trajectory is the way to collect and measure
biomarkers and risk factors repeatedly. Regarding the
clinical approach we really get a big opportunity thanks
to machine learning, a real and ontologic opportunity to
build a consistent new idea of healthcare.
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In addition to the therapeutic effects, the big world of
deep learning could give a real opportunity to the diag-
nostic area; for example, it was known the importance
of imaging scoring systems in CF lung severity-dis-
ease. Brasfield scores are routinely requested by pe-
diatric pulmonologists (10). Moreover, in recent years,
studies underling the role of deep learning were pub-
lished, showing this form of machine learning based on
neural networks, often applied for image recognition
or classification (11). So, we noticed that deep convo-
lutional neural network (DCNN) model for automated
Brasfield scoring was a good tool, but further studies
of validation are needed to establish the complete role
of this computational approach (Table 1).

Table 1. Possible uses of machine learning in cystic fibrosis
(respiratory domain).

Role of Machine Learning Clinical implications

Predict the pulmonary
exacerbation

Anticipate the lung
damage

Improve specific and
personalized medicine
(medical treatments)

Try a new possible treatment
for each patient

Imagine the trajectory of
pathology starting from
patient issues

Prevent systemic
and multi-organ
involvement

ML IN MANAGEMENT OF REHABILITATION IN
CYSTIC FIBROSIS

ML in physiotherapy practice is becoming a new form
of patient measurement data and also it represents a
clinical decision support increasingly used. ML could
play an important role also as a component of profes-
sional development. For physiotherapists this technol-
ogy system will be an excellent resource, for which all
health professionals could improve their knowledge
and experiences to change their rehabilitation-ap-
proach in fieri. There are for example new strategies
to assess physical activity in CF (12). Another fron-
tier is virtual respiratory therapy delivered through a
smartphone app (13) (Baxter BMJ open research) that
allows to make respiratory rehabilitation funnier. New
platforms for remote rehabilitation have been tested by
some authors, for example Tomlinson et al. (Tomlin-
son et al. Journal of Telemedicine and Telecare) pro-
posed Zoom like new tool for tele-rehabilitation for CF
patients. In the literature we found Gaming Console
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Home-Based Exercise for adult patients with CF to
transform standard physical activity in something to-
tally revolutionized, where patients thanks to home-
based exergames could improve their physical fitness
and respiratory function (14).

In this field ML will be a sort of bridge between tech-
nologies and therapists. The target and goal for this
approach is to create a new tool for all health pro-
fessional who are called to change completely their
working-mind.

DISCUSSION

ML is a way to build a new dimension of medicine
and also rehabilitation. New technology strategies, in-
cluding ML and DL, are the possible answers to per-
sonalized medicine and to rehabilitation. In Table 2
we list some examples of machine learning and deep
learning applications in medicine.

Despite standardization of protocols and a lot of
guidelines for therapeutic approaches, it's becoming
evident that all areas of medicine need to have a sin-
gular development, and also through big data it will
be possible to manage a lot of information about a
big number of patients; this represents a new fron-
tier for all clinicians. We are at the point of change,
where tools like ML, big data, deep learning are the
present, but especially they will be the future also for
rehabilitation.

All therapists and physicians must understand the
completely change set in the way to provide rehabil-
itation for lot of patients for example with respiratory
and cardiological aspects, for neurological approach,
to establish a modified pathway building a new idea
of medicine.

Computational intelligence (Cl) has become a true
necessity in the last years, an essential element to

Table 2. Examples of machine learning and deep learning in medicine.

build a sort of new world which must be followed by
figures trained to use these “new” instruments also
in their clinical practice. Using these strategies, we
think that all processes around the patients will have
a deep change, where clinical practice is supported
by Cl. However, it's necessary to realize for health-
care professionals to learn the use, in better way, of a
lot of instruments provided by ICT to create a modern
possibility to reach a multimodal-care system.

CONCLUSIONS

CF in the era of ML is called to transform itself also
thanks to these technologies that represent an import-
ant part of the care pathway. We will assist a complete
upheaval of the approach in the field of chronic dis-
ease. We hope that all aspects of artificial intelligence
will become an integral part of healthcare, and all cli-
nicians and health professionals will be able to modi-
fy their approach to be near at the transformations of
health culture that we are experiencing. Further stud-
ies are necessary to underline the role of ML in a new
era of personalized medicine, where patient will be the
center of a global and multidisciplinary approach to de-
velop a real model with mathematical and biological
aspects linked together.
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ABSTRACT

Cystic fibrosis (CF) is an autosomal recessive disease caused by a deficiency of
expression of a chloride channel. Children with CF seem to be more protected
than the general population from SARS-CoV2 infection. The interferon system
(IFN) plays an important role in the susceptibility and resolution of infections. The
aim of this study was to evaluate the interferon system response in patients with
CF compared to a control group. The expression levels of genes coding for IFN
types | and Il and of some interferon-induced genes in the respiratory mucosa of
CF patients compared to a control group were analyzed.

16 patients affected by CF and 15 healthy controls, aged between 2 and 18 years
were enrolled. The expression of genes coding for IFN types | and Il and of some
interferon-induced genes ISG15 and ISG56 was studied in nasal swab cells.

We found an increase expression of the following genes in cases compared to
controls: IFN-B (p = 0.002), IFN-¢ (p = 0.002) and ISG56 (p = 0.001).

This study suggests that in patients with CF the innate immune response is more
active than in the healthy population and it may explain why these patients are
less exposed to SARS-CoV2 infection.

IMPACT STATEMENT: CF patients’ innate immune response is more active than
in the healthy population; it may explain why these patients are less exposed to
SARS-CoV?2 infection.

INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive disease caused by a deficiency of
expression of a chloride channel, a cystic fibrosis transmembrane conductance
regulator (CFTR), expressed in several human tissues (1).

Subjects with CF have a particular predisposition to respiratory infections (2).
Measures to prevent the transmission of pathogens among people with CF are
recommended: isolation of patients, frequent hand hygiene, use of personal pro-
tective equipment and cleaning of medical devices. These control measures,
adopted in this historical period but already known to this class of subjects, may
have contributed to saving them from coronavirus disease (3, 4).

The immune system enables organisms to fight infections and eliminate threats
from the cell (5, 6). Interferons (IFNs) are a class of soluble proteins with a
pleiotropic effect that can regulate many biological activities: cell cycle, cell
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differentiation, innate and adaptive immunity, and an-
giogenesis (7).

IFNs are divided into three groups: type | IFN (IFN-q,
IFN-B, IFN-¢, IFN-w, IFN-K) with an antiviral activity (8);
type Il IFN (IFN-y) who is a potent macrophage activa-
tor (9); type Il IFN (IFN-A1, IFN-A2, IFN-A3 and IFN-A4)
with an antiviral activity limited to epithelial tissues (10).
During viral infection, the initial host response is mediat-
ed by IFN-a and IFN-B. Type I IFNs are also responsible
for the development of the adaptive immune response
following infection through the upregulation of cytokines,
chemokines and intermediary molecules that induce the
activation of the immune system, or directly on dendritic
cells (DC), natural killer cells (NK) and lymphocytes. IFN
type lll (IFN-A) signal through a heterodimeric receptor
consisting of two subunits, IFNAR1 (or IL-28Ra) which
forms the ligand binding chain and a second subunit
shared with the interleukin IL-10 receptor which forms
an accessory chain, and they encode proteins (ISG15,
ISG56) that mediate antiviral activities (11).

Several studies have shown that IFN | can upregulate
the expression of mMRNA and angiotensin-converting
enzyme 2 (ACE2), a mediator protein of the Severe
Acute Respiratory Syndrome CoronaVirus 2 (SARS-
CoV2) (12, 13). In fact, to infect the cells of the respi-
ratory system, the virus uses a protein present on the
capsid, the SARS-CoV2 Spike (S) protein, which binds
to the ACE2 enzyme; the virus also employs two prote-
ases’ cells, furin and transmembrane serine protease
2 (TMPRSS2) (14). Oropharyngeal cells from CF pa-
tients have been shown to have reduced expression
levels of ACE2, furin and TMPRSS2.

Based on previous studies, it has been hypothesized
that CF patients may have a more active innate im-
mune response than the general population and that
this could reflect on the subject’s ability to protect
themselves from viral infections. We therefore turned
our thesis to the analyze the interferon system in pa-
tients with CF compared to a control group.

MATERIALS AND METHODS

We enrolled 16 patients with CF (6 males, median age
11.79 (2.4-18.1)) and 15 healthy children (11 males,
median age 9.7 (2.13-16.09)) as controls between Oc-
tober 2021 and January 2022. Inclusion criteria were:
presence of F508del mutation and clinical stability.
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Patients with pulmonary exacerbation in the previ-
ous three months and patients treated with modulator
drugs were excluded. None of controls had respiratory
symptoms at the time of collection (3).

Patients and controls underwent a nasopharyngeal
washing (NPW) (15) that were transported immediate-
ly on ice to the Virology Laboratory for the molecular
analyses (16). NPWs were centrifuged, cell pellet re-
suspended in guanidine isothiocyanate reagent and
frozen at 80 °C for gene expression analysis (17).
Quantitative gene expression of type | and Il interfer-
ons (IFNs), their receptors and interferon stimulated
genes (ISGs) was measured by Real-Time PCR as-
say, using TagMan 5’ exonuclease probes in the Light
Cycler 480 machine (Roche Diagnostics).

A descriptive analysis was performed. Non-paramet-
ric univariate statistics tests were used for discrete
variables (X, test and Fischer’'s exact test), while
non-parametric tests (Mann-Whitney U test and Kru-
skal-Wallis) for continuous ones p < 0.05 were consid-
ered statistically significant. Data were analyzed with
SPSS version 27.0 (SPSS Inc., Chicago, USA).

The work has been approved by our Ethical Commit-
tee and parents’ patients gave informed consent.

RESULTS

16 CF patients and 15 controls were enrolled. No sta-
tistically significant differences were found for demo-
graphic data.

There are some inducible genes with significantly dif-
ferent expression between the two groups (Table 1); in
particular, our study demonstrated that ISG56, INF-3

Table 1. Gene expression in the two groups of patients.

CF groups Controls p-value

ISG15°  1.591 (4.586) 0.901 (0.57) 0.80

ISG56°  0.264 (0.346) 0.460 (0.147) 0.010
IFN - 02" 2.445(1.372) 2.158 (0.765) 0.363
IFN —B° 2.099 (0.776) 1.094 (0.746) 0.002
IFN —¢" 3.227 (1.532) 1.986 (0.867) 0.002
IFN - A1° 0.0268 (0.049) 0.0278 (0.0142) 0.980
IFN -A2° 0.346 (1.586) 2.121(0.696)  0.310
IFN -A3 " 4.408 (4.898) 4.0278 (1.255) 0.367
IFN —w "~ 2.889 (4.962) 2,042 (0.875) 0.095

" Target gene levels were calculated by the comparative Ct method
(2-ACt) with respect to the housekeeping gene B-glucuronidase/GUS.
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and IFN-¢ were significantly more express in CF pa-
tients compared to controls (Figure 1). No difference
was observed for 1ISG15, IFN-a2, IFN-A1, IFN-A2,
IFN-A3, IFN-w between the two groups.
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Figure 1. ISG56, IFN-B, IFN-¢ expression levels in the two patient
groups.

DISCUSSION

We evaluated the innate immune response of the inter-
feron system, in particular the expression levels of the
genes encoding type | and type Ill IFN and two induced
genes (ISG15 and ISG56), in patients with cystic fibro-
sis compared to a control group.

The finding of a lower incidence of SARS-CoV2 infection
and a reduction in the severity of the infection compared
to the general population (4) led us to ask whether a differ-
ent modulation of immunity could intervene on this factor.

From the analyses it was found that CF patients, com-
pared to controls, show a different activation of the IFN
system, in particular IFN- and IFN-¢ and one of the
genes induced by it, ISG56. Gibbert et al. showed that
type | interferons were the first type to be activated in
the initial stages of the viral infection, unlike type Il
IFNs which are more active in the resolution phase of
a viral infection (18).

The results of this study show how IFN-$ and IFN-¢ are
more expressed than in controls. This aspect could in
part contribute to limiting the spread of the virus in this
category of patients, as SARS-CoV-2 is highly sensi-
tive to the antiviral action of type I IFN, upregulation of
IFN response in the airways of CF patients could be
involved in mediating protection against SARSCoV-2
infection.

In a previous study conducted by our group, we studied
the expression of ACE2 receptors in oropharyngeal cells
in pediatric patients with CF by comparing with a control
group (19).

Our results are consistent with the previous study, there-
fore an increase in type | IFN expression could contribute
to a reduction of infections in these patients.

The main methodological limitation of this study is due
to the limited number of patients enrolled. In part, this
is attributable to the narrow and selective inclusion cri-
teria adopted, and in particular to the selection of pa-
tients on the basis of the mutation they carry. We only
selected patients who had F508del (to make the sam-
ple more homogeneous) and only patients who didn’t
use therapy with CFTR gene modulators because the
effects on the immune system are not yet fully known.
These patients would have started therapy soon or the
parents refused the new drugs.

This study suggests that in patients with CF the innate
immune response is more active than in the healthy
population. This evidence may, in part, explain why the
incidence and severity of SARSCOV-2 infection in CF
patients is low.
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ABSTRACT

Pediatric tracheobronchial foreign bodies (PTBFBs) remain a significant cause
of childhood morbidity and mortality. Because physicians do not always obtain
a history of aspiration and the signs and symptoms of a PTBFB are nonspecific,
diagnosis may be delayed, increasing the risk of complications when the foreign
body is removed. Flexible fiberoptic and rigid bronchoscopy are often used in
tandem to identify and remove PTBFBs. A 9-year-old boy comes to our obser-
vation because of persistent shortness of breath at rest and easy fatigability in
the last 3 months. The symptom’s onset was traced back to a febrile episode
two months ago. At that time, the child was admitted to another hospital and
discharged with the diagnosis of right bronchopneumonia with radiographic evi-
dence of a radiopaque oval formation referred to a calcified hilar lymph node. By
performing a chest CT scan, we posed the suspicion of an endobronchial foreign
body, which was confirmed and therefore a stone from seashore was removed
by rigid bronchoscopy with rapid improvement in the child’s clinical conditions.

IMPACT STATEMENT: This case report underlines the importance of clinical
history in diagnosing aspirated foreign bodies, despite unusual age and negative
first-level investigations, and bronchoscopy’s diagnostic and therapeutic role.

INTRODUCTION

Foreign body aspiration (FBA) is a potentially fatal and quite frequent event in
childhood. 80% of cases occur in children under 3 years of age, with a peak
incidence between the first and second year of life. From a pathophysiological
point of view, children’s airways are more susceptible to obstruction due to their
small caliber. Most pediatric tracheobronchial foreign bodies (PTBFBs) are or-
ganic materials, and most settle in one of the bronchi (1). The most frequently
encountered foreign bodies are peanuts and plant seeds (2). Small, spherical,
compressible objects with smooth surfaces are those most commonly inhaled.
Once inhaled, the foreign body achieves the right main bronchus (50% of cases),
the left lung (23%), and, rarely, bilateral involvement is reported (2%).

Larger and irregularly shaped objects, on the other hand, mainly stop in the up-
per airways, especially at the laryngeal level. The time between inhalation and
diagnosis depends on several factors, including the degree of airway obstruction,
size, shape, and location of the foreign body (3). Diagnosis is crucial as near-to-
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tal or total airway obstruction may cause asphyxia and
death if no immediate intervention is adopted. Symp-
toms can range from respiratory distress with cyanosis
in the most severe forms, requiring rapid clearance,
to cases where the object becomes wedged distally.
In this last occasion there will be few symptoms such
as coughing, wheezing, and choking and it can be of-
ten masquerade as asthma, causing misdiagnosis and
treatment delay. Most of the time, the actual aspiration
event is unnoticed. Despite antibiotic therapy, patients
may remain asymptomatic until they present with re-
current infections and persistent radiographic changes
in specific chest segments. Aspirated objects migrate
distally, and organic objects may induce edema and
inflammation. To diagnose the presence of a PTBFB,
a detailed anamnesis, physical examination, chest
X-ray and computed tomography (CT) are required
to identify the exact site and possible complications
such as pneumonia and atelectasis; although in some
unclear cases radiological investigations are carried
out, bronchoscopy should be performed as soon as
possible especially in the case of a high suspicion
of foreign body aspiration due to the patient’s histo-
ry told. In fact, guidelines recommend that CT scan
should not delay bronchoscopy, which still represents
the diagnostic-therapeutic gold standard on the field.
The most appropriate treatment for managing the tra-
cheobronchial foreign body varies in type and prompt-
ness based on the location of the inhaled object. A
complete and proximal obstruction causes an acute
presentation and requires immediate intervention and
life-saving measures. In contrast, a distal and partially
obstructing obstruction can remain undetected for sev-
eral days and, in rare cases, even for months/years,
as symptoms tend to be nonspecific. In line with the
recommendations of the American Thoracic Society
(4), there is a clear preference for rigid bronchoscopy
for foreign body removal. A rigid instrument provides
a good visualization of airways and allows the use of
a large variety of instruments, with adequate manipu-
lation of the foreign body and the possibility of prompt
management in case of mucous hemorrhages.

CASE PRESENTATION

A 9-year-old male patient was referred to our hospi-
tal for investigation of three-month history featured
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by shortness of breath and fatigability. His medical
history was unremarkable for accidental aspiration of
foreign bodies. Three months before our admission,
the patient was hospitalized for fever and underwent
chest X-ray showing a ‘diffuse reinforcement of the
bronchial vascular plot in the right basal site’ and
‘radiopaque oval formation with clear margins of 14
mm, referring to the first hypothesis to a calcified hilar
lymph node’. In parallel, blood samples were taken
including blood counts, inflammation indexes (CRP,
LDH, procalcitonin), blood gas analyses, hepatic
and renal function indexes, serology for Mycoplasma
pneumoniae and Chlamydia pneumoniae antibod-
ies, biofire respiratory filmarray on nasal swab and
Mantoux test, but none of these define the etiology
of the radiological findings. A diagnosis of right bron-
chopneumonia was posed, and antibiotic therapy was
started. However, in the following weeks, due to the
persistence of easy fatigue, tachypnea and coughing,
the child was conducted to our unit. Three months
after the first hospitalization, the child came to our
observation. Clinically, the patient showed 95% oxy-
gen saturation at ambient air, a heart rate of 90 beats/
minute, a stable hemodynamic status, and a con-
served level of consciousness. Feverish temperature
and tachypnea were noted on physical examination.
On chest auscultation, there were decreased breath
sounds in the right hemithorax and respiratory si-
lence on the basis. The patient also underwent a full
spirometry with negative bronchodilator reversibility
test, thus ruling out concomitant asthma. Blood tests
performed on admission revealed high inflammation
indexes. The chest X-ray showed an opacity of about
15 mm of non-univocal interpretation, suspected of an
endobronchial foreign body in the right hilar site (Fig-
ure 1). For this reason, a chest CT was performed,
and it confirmed the presence of a radiopaque foreign
body (15 x 7 x 10 mm) affecting the secondary trib-
utary bronchus of the lower lobe with partial obstruc-
tion of the emergence of the tributary bronchus of the
middle lobe, inhomogeneous parenchymal thickening
affects the right lower lobe and the middle lobe (Fig-
ure 2A, B, C).

The child underwent a rigid bronchoscopy, and the
foreign body turned out to be a stone (Figure 3).
The culture of the bronchial lavage revealed multiple
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Figure 1. Chest X-ray taken on patient admission, showing a diffuse
reinforcement of the bronchial vascular plot in the right basal site and
radiopaque oval formation with clear margins of 14 mm, referring to
the first hypothesis to a calcified hilar lymph node.

bacterial colonization. It was started corticosteroid
anti-inflammatory treatment and large-spectrum an-
tibiotic therapy with cefotaxime metronidazole and
amikacin. This consistent antibiotic therapy was start-
ed in consideration of the purulent aspect of the bron-
choalveolar lavage fluid (waiting for the culture which
subsequently showed the presence of gram positive
and negative bacteria), in turn due to the long period
of the semi-obstructed bronchus and therefore poor
ventilation of the underlying parenchyma.

High flows-oxygen therapy was also started for a few
hours as the child began to show slight tachypnea

Figure 3. The foreign body removed at bronchoscopy: a beach pebble
(15x 7 x 10 mm,).

and desaturation a few minutes after the bronchos-
copy’s end. The day after the bronchoscopic remov-
al, a control chest X-ray was performed with evi-
dence of the complete absence of the foreign body
(Figure 4). Respiratory physiotherapy was started
with post-operative alveolar recruitment. During a
retrospective anamnesis, it emerged that the patient
accidentally inhaled a stone while playing soccer on
the beach last summer. A follow-up chest X-ray with
complete resolution of the right mid-baseline thick-
ening was performed one month after discharge
(Figure 5).

Figure 2. (A) Chest computed tomography taken on patient admission: cross section and (B) coronal section. Radiopaque foreign body (15 x 7x 10
mm) affecting the secondary tributary bronchus of the right lower lobe with partial obstruction of the emergence of the tributary bronchus of the mid-
dle lobe, inhomogeneous parenchymal thickening affects the right lower lobe and the middle lobe. (C) 3D Computed Tomography: an oval-shaped

foreign body is indicated in the red circle.
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Figure 4. Chest x-ray performed the day after bronchoscopy, with evi-
dence of the complete absence of the foreign body and persistence of
the underlying inflammatory process.

DISCUSSION

AFBs are common in children, especially in the 1-3
years age group (5) and usually present as emergen-
cies, mainly due to the anatomy of the child’s upper
airways, the morphology of the larynx and the frequent
habit of carrying small objects such as toys (e.g., balls)
and foods (e.g., peanuts) in the mouth driven by curi-
osity towards the surrounding world. In older children
and adolescents, neurological diseases or loss of con-
sciousness are the most common causes of FB aspi-
ration. The diagnosis of inhalation of AFBs can be de-
leted because symptoms are not specific, patients and
families tend to forget the event, and not all AFBs result
in radiographic abnormalities. On the other hand, the
sudden onset of transient cyanosis, cough and dys-
pnea or tachypnea in a previously healthy child, with-
out a history of malaise or fever, should raise alarms
for the presence of an inhaled foreign body. Chronic
lodgement of foreign bodies in the trachea is rarer than
in the bronchial tree; moreover, most of the AFBs in
children are organic materials (6). FB aspiration should
always be considered in the differential diagnosis of
chronic or recurrent respiratory diseases, even in the
absence of a previous choking event. In fact, clinical
and radiological findings should be carefully evaluated
because delays in diagnosis and treatment of foreign
bronchial bodies should be avoided to prevent long-
term complications of prolonged retention such as

‘,
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Figure 5. One month post discharge, control chest x-ray is performed:
complete resolution of the right mid-basal thickening, inflammatory
state in resolution phase.

pneumonia, atelectasis, bronchiectasis, or lung ab-
scess. Chest X-Ray is not specific for diagnosis of for-
eign body aspiration and a normal chest X-Ray does
not always rule out the diagnosis of foreign body aspi-
ration in patients with a history suggestive (7). Although
CT occasionally demonstrates an opacity not visual-
ized on the chest x-ray, it should not be considered as
one of the initial diagnostic methods for FBA. CT may
help with the differential diagnosis of suspected cas-
es having atypical histories. The differential diagnosis
in such cases include tracheobronchial obstructions
caused by external compression of airways (e.g., en-
larged lymph node) or intraluminal obstructions (e.g.,
tumors; granulomatous tissue) (7).

In children with a witnessed choking event, even with
normal physical and radiographic findings, FBA should
be excluded by endoscopy; in fact, negative radiogra-
phy findings should not preclude bronchoscopy in pa-
tients with a strong history. According to a recent study
on 130 patients (8), the cough was the most frequent
symptom (76.1%), and unilateral air trapping was the
most common radiological finding (48.8%). Suggestive
symptoms and/or suggestive physical and/or radiolog-
ical findings, even in the absence of a history of chok-
ing, may also indicate bronchoscopy. Bronchoscopy
has a dual role in this setting: diagnostic and therapeu-
tic. Rigid bronchoscopy is considered the intervention
of choice for FB extraction in children (9).
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CONCLUSIONS

The age of accidental inhalation of a foreign body
(9 years), the type of FBA, and the dynamics of the
event — the object is probably not penetrated by the
nostrils but by the mouth due to its size makes this
case interesting. To the best of our knowledge, this
is the only case of accidental aspiration of a stone
of dimension of 15 x 7 x 10 mm reported in a 9-year
child. This case report underlines the importance of
clinical history in diagnosing aspirated foreign bodies,
despite unusual age and normal radiological findings.
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