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En conclusién, la localizacién radioguiada de lesiones ocultas
es, en nuestra experiencia, una técnica segura y eficaz que per-
mite resecar lesiones de pequefio tamaifo e intraparenquimatosas
con margenes adecuados por cirugia convencional o minimamente
invasiva.
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Respiratory Manifestations in Primary
Immunodeficiencies: Findings From a Pediatric
and Adult Cohort

Manifestaciones respiratorias en las inmunodeficiencias
primarias: hallazgo de una cohorte pedidtrica y adulta

Dear Editor,

Primary immunodeficiencies (PIDs) are a heterogeneous group
of more than 400 inherited immune system disorders, with over-
all prevalence 1/1000-1/5000." At any age, recurrent-to-persistent
respiratory infections are often the first presenting sign of PIDs.?
Poor defense from opportunistic or non-opportunistic pathogens,
as well as non-infectious complications may significantly impact
morbidity and mortality of the conditions, even when early
detected.?

In PIDs, type, outcome and severity of the underlying defect
might influence type and severity of patients’ respiratory pheno-
types, but only few studies documented this.*

In this report, we compared the respiratory manifestations and
the chest imaging findings from a cohort of pediatric and adult
patients from a tertiary level hospital, a major referral for PID,
located in Campania region, in Southern Italy. In order to describe
the respiratory phenotypes in different PID groups and to inves-
tigate their prevalence, we conducted a retrospective study over
a three-year period, from mid-2018 to mid-2020 and created a
database of 269 patients with PID including 182 children (mean
age, 9 +4 years; 67% of the total) and 87 adults (mean age, 20 + 6.5
years; 33% of the total). According to the underlying diagnosis,
patients were allocated to three groups: cellular immunity defects
[Group 1,n=48,17.9% of the total, including Ataxia-Teleangiectasia
(A-T), partial DiGeorge syndrome (pDGS), or Severe Combined
Immune-deficiencies (SCID) before treatment]; humoral immunity
defects [Group 2, n=203, 75.5% of the total, including Common
Variable Immune-deficiency (CVID), X-linked Agammaglobuline-
mia (XLA), or selective IgA Deficiency (sIgAD)]; innate immunity
defects [Group 3, n=18, 6.6% of the total, including Chronic

Granulomatous Disease (CGD), STAT1 gain of function, hyper IgE
Syndrome, MYD88 Deficiency, or congenital neutropenia]. We ana-
lyzed variables including gender, type of PID, age at diagnosis,
age at onset of respiratory symptoms, diagnostic delay (the time
elapsed between the onset of respiratory symptoms and the diag-
nosis of PID), history of upper (i.e. rhinosinusitis and/or otitis)
or lower (i.e. bronchitis and/or pneumonia) airway infections,
chest imaging phenotypes (at X-ray or Computed Tomography or
Magnetic Resonance Imaging).” In our study population, Groups
1 and 3 included only children, while Group 2 was composed
of both pediatric and adult patients with humoral immunity
defects.

Comparisons between groups were performed applying t-test
for numerical variables and chi-test for categorical variables.

The age at onset of respiratory symptoms was significantly
higher in Group 2 than Groups 1 and 3 (P<.001; Fig. 1A). In more
than half of the cases, a diagnosis of cellular immunity defect was
established, in nearly 90%, of cases in the first decade (Fig. 1B). A
wide variability of age at diagnosis was found in cases with humoral
immunity defects, while patients with defects of innate immunity
were diagnosed always before adolescence. The diagnostic delay
was lower in patients with cellular immunity defects than in other
groups (P<.01; Fig. 1C). Rhinosinusitis was more common in Group
2, with a significant difference when compared to Groups 1 and 3
(P<.05), and otitis was more frequent in Group 1. No significant
difference in the prevalence of lower airway infections was found
among all groups (Fig. 1D).

In order to investigate whether a different localization of air-
way infections in each disease group was associated with a specific
immunological defect, we compared the prevalence within sub-
groups. In Group 1, upper airway infections were more frequent
in A-T patients, while lower airway infections were more preva-
lent among SCID patients (Fig. 1E-F). Within the pediatric patients
from Group 2, we compared the prevalence among XLA, CVID and
slgAD, and found that rhinosinusitis was more prevalent in the
CVID subgroup (P<.05) (Fig. 1G). Within Group 3, patients with CGD
or other innate immunity disorders showed higher prevalence of
pneumonia in the CGD subgroup (Fig. 1H).


https://doi.org/
http://www.archbronconeumol.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbres.2021.01.019&domain=pdf
dx.doi.org/10.1016/j.athoracsur.2011.04.033
dx.doi.org/10.1016/s0003-4975(98)00958-8
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
dx.doi.org/10.1002/ccr3.2294
dx.doi.org/10.1378/chest.90.3.321
dx.doi.org/10.1016/j.chest.2017.02.020
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
dx.doi.org/10.1055/s-2003-38981
dx.doi.org/10.1513/AnnalsATS.201212-126OT
http://dx.doi.org/10.1097/LBR.0b013e3180679e46
dx.doi.org/10.1097/LBR.0000000000000102
mailto:navarretehpc@gmail.com
https://doi.org/10.1016/j.arbres.2020.10.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbres.2021.01.019&domain=pdf
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0075
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0080
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0085
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0090
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0095
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0100
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0105
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0110
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0115
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0120
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0125
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0130
mailto:eva.polverino@vhir.org
https://doi.org/10.1016/j.arbres.2020.10.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbres.2021.01.019&domain=pdf
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0040
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0045
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0050
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0055
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0060
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0065
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
http://refhub.elsevier.com/S0300-2896(20)30386-0/sbref0070
mailto:sgreina@gmail.com
https://doi.org/10.1016/j.arbres.2021.01.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arbres.2021.01.019&domain=pdf

Scientific letter / Arch Bronconeumol. 2021;57(11):706-725 713

Q

Cc

Age distribution at diagnosis

dokkk  dekkk 100% —_
% 501 1 " 25— o
2 & I l M —
s o 0% g
é 0% s 20+
=1 0% &z
%30 - o 15
820320_ 0% % 16
g g
o 19
8 10 f: § 5 T
. 5 - [ ol mm | wm
<< Y T T T 02y 39 1020y 2040y >40y
d Group1 Group2 Group3 e #Group 1 Group2 #Group3 f Group1 Group2 Group3
80
S e X 80~ g 07
» * » 0
60
E A E
O o n 5}
{0} ] o 40
£ 404 £ £
2 g 40 g
2 g 20 §
14 1 o 3
Rhinosinusitis  Otitis Bronchitis Pneumonia =} - 0-
0-
i g AT DGS SCID Al DesSGID
== Group3
* == CGD
- -
80 N I _100 Others
— S
S o 80 .
£ 60- 5
8 B
3 g 60
E 40+ >
@
g 5 A
¥ 204 S
3 20
i ]
0-

CVID XLA slgAD

Rhinosinusitis Otitis Bronchitis Pneumonia

Fig. 1. (a) Age of onset of respiratory symptoms. (b) Age distribution at diagnosis according to different IEI. (c) Diagnostic delay. (d) Distribution of respiratory infections
among the three groups. (e) Upper respiratory tract infections within Group 1. (f) Lower respiratory tract infections within Group 1. (g) Prevalence of rhinosinusitis in Group
2. (h) Distribution of respiratory infections within Group 3. *P-value <.05, ** P-value <.01, *** P-value <.0001.

Of 269 patients, 197 (72.3%) underwent chest imaging exam-
inations at the time of database creation. Four major categories
of radiological changes were analyzed: consolidation, bronchiecta-
sis, interstitial lung disease and Granulomatous and Lymphocytic
Interstitial Lung Disease (GLILD).

Consolidation was more common among patients with cellular
and innate immunity defects than in those with humoral immu-
nity defects (P<.05). Prevalence of bronchiectasis was significantly
higher in patients with humoral immunity defects compared to
cellular immunity defects (P<.05). As the only group including
both pediatric and adult patients is Group 2, we compared the
general characteristics, clinical manifestations and chest imaging
findings between the two age subgroups (Table 1). As expected,
adults with humoral immunity defects had a straightforward delay
in the diagnosis of PID (6.1 versus 1.3 years in the pediatric pop-
ulation; P<.00001), while children showed a fairly higher rate of
otitis than adults (55% versus 6.8%, respectively; P<.00001). Finally,
no noteworthy difference was found in the prevalence of radio-
logical findings between the two age subgroups, except for GLILD

that was found in 28 CVID patients of which 93% were adults
(Table 1).

Overall, our report reveals, as expected, that in cases with
the most severe PID, such as cellular or innate immunity
defects, respiratory symptoms start early.” This resulted in a
prompt immunological diagnosis. Patients with humoral immu-
nity defects usually present with mild upper respiratory tract
infections which might be, indeed, overlooked, thus delaying the
referral to the immunology center. The association with other
non-immunological features may also reduce the diagnostic delay
in selected cases (A-T or DGS). Moreover, the finding that rhinos-
inusitis is the most prevalent respiratory manifestation in CVID
(Group 2) or A-T patients (Group 1) might be explained by the
long-lasting T-cell defect in both disorders, rather than by the
severity of T-cell impairment or the selective humoral immunity
defects. While we did not find any significant difference in lower
respiratory tract infections distribution among all groups, rhinos-
inusitis associated with GLILD appeared a distinctive feature of
the respiratory phenotype of CVID. Early recurrent sinopulmonary
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Table 1

General Characteristics, Clinical Manifestations and Chest Imaging Findings of Group 2 Including Pediatric and Adult Patients With Humoral Immunity Defects; the Comparison
Between the Two Age Groups, Calculated Using Either t-test or chi-test, Are Shown on the Right Column.

Whole Group Children Adults P
General characteristics
Patients, N 203 116 87 N.A.
Gender, % males 52 79 44 .017
Mean age at last clinical follow-up, years 30 16 44 <.00001
Diagnostic delay, years 9.6 1.3 6.1 <.00001
Clinical manifestations
Rhinosinusitis, % 62 63 60 .78
Otitis, % 34 55 6.8 <.00001
Bronchitis, % 50 48 60.9 24
Pneumonia, % 56 43 57 .059
Chest imaging findings
Patients who underwent imaging, N 145 93 52 .002
Collapse/consolidation, % 33 30 38 41
Bronchiectasis, % 24 22 28 .52
Interstitial lung disease, % 9 8.6 9 92
GLILD, % 19 2 50 <.00001

Abbreviations: GLILD, granulomatous lymphocytic interstitial lung disease.

infections are extremely common in CVID, and a high proportion
of cases may develop chronic lung disease with bronchiectasis.?
A host of other systemic manifestations, including autoimmune
disorders and lymphoproliferation may also occur which signifi-
cantly worsen patients’ morbidity and mortality. Prognosis of CVID
is largely affected by GLILD, a lymphoproliferative disorder charac-
terized by progressive lung damage including airway disease and
the need for continuous chest treatment.8

Although the hallmarks of respiratory manifestations in the
different groups of PID are already known, our report, through
a stratified sampling method on a single-center cohort including
both pediatric and adult patients, highlights that rhinosinusitis and
GLILD are almost exclusively found in CVID, suggesting that the
contextual presence of a cell-mediated defect of long duration in
association with the humoral defect is necessary for its develop-
ment. Hopefully, the precocious identification of the lung disease
may help improve the final outcome of the disease and more impor-
tantly may significantly impact the quality of life of patients with
PID.
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