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Scientific  Letter

Impact of CT Scan Phenotypes in Clinical
Manifestations, Management and Outcomes
of Hospitalised Patients With COVID-19

Impacto de los fenotipos de TC en las manifestaciones clínicas, el
manejo y el resultado de los pacientes hospitalizados con
COVID-19

Dear Editor,

COVID-19 is such a heterogeneous disease that a one-size-fits-
all approach is not recommended, so the management of patients
has been based on their clinical and laboratory characteristics.1

We  therefore investigated possible homogeneous groups present-
ing similar features of lung involvement based on chest CT and
laboratory results.

Marini and Gattinoni2 developed a model of two different phe-
notypes to explain lung injury in Covid-19: “Type L” and “Type H”.3

Robba et al. described three different radiological phenotypes of
COVID-19 pneumonia, which is useful in preventing disease pro-
gression and improving outcome.4

On this basis we designed a study to identify a possible correla-
tion between CT scan phenotypes, laboratory exams, and clinical
outcomes. We retrospectively analysed 120 adult patients with
COVID-19 5who underwent chest CT scan during hospitalisation,
between March and December 2020 at our COVID-19 Hospital in
two different wards: Respiratory Intensive Care Unit (RICU) and
Intensive Care Unit (ICU).

The analysis of CT scans resulted in the identification of three
radiological phenotypes by two blinded pulmonologists (Cohen’s
� = 0.9 for Phenotype 1, 0.9 for Phenotype 2 and 0.89 for Pheno-
type 3), in accordance with what previously described by Robba
et al.4 “Phenotype 1” (PH1) is characterised by modest interstitial
oedema with presentation on chest CT of diffuse ground glass opaci-
ties (GGO). “Phenotype 2” (PH2) shows predominant consolidation
at lung lobes. “Phenotype 3” (PH3) shows a typical CT pattern of
moderate-to-severe ARDS, with alveolar oedema.

Table 1 shows demographic and clinical characteristics of the
120 patients enrolled in the study.

Chest CT scans were acquired on average at 5 (±6 SD) days
after hospital admission. Based on the results of CT scans, 51 out of
120 were classified as phenotype 1, 30 as phenotype 2 and 39 as
phenotype 3.

The analysis of laboratory exams at admission, 14 and 28
days showed no difference among the groups, except D-dimers
that showed a statistically significant higher level for PH2
(3423± 6564 ng/ml, at admission; 3058.6 ± 5466 at 14 days and

1037.9 ± 794 at 28 days) than in PH1 and PH3 at all time points,
while there was not statistical difference between PH3 and any
other phenotype.
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This could be explained by the different pathophysiological
echanisms underlying each phenotype, specifically according to a

ifferent prevalence of coagulopathy. The high prevalence of coagu-
opathy and venous thromboembolism in Covid-19 may contribute
o respiratory deterioration. In critically ill COVID-19 patients, a
ocal direct vascular and endothelial injury produces microvas-
ular clot formation and angiopathy In the microcirculation of
he lung and potentially other organs. In the initial phase of the
nfection, D-dimer and fibrinogen levels are increased, while acti-
ated partial prothrombin time, prothrombin time, and platelet
ounts are often relatively normal. Increased D-dimer levels three
imes the upper limit of normal may trigger screening for venous
hromboembolism.6 Therefore, according to our results, it is pos-
ible that patients with phenotype 2 (showing a higher level of
-dimer) have a higher burden of vascular damage than the others
here alveolar injury seems to be more prevalent as shown by the
revalence of ground glass.

Blood gas analysis showed statistically different PaO2/FiO2 ratio
etween PH1 with both other phenotypes (P < .01 each), at baseline,
hile no difference between PH2 and PH3 (P = .08) was  observed.

At hospital admission the severity of disease was  measured by
even-category ordinal scale and showed significant differences
etween the various phenotypes; in particular, PH1 showed the
ighest percentage (52.5%) of subjects who  did not require supple-
ental oxygen on hospital admission. Ordinal Score was monitored

uring hospitalisation: in PH3 the majority of patients underwent
on-invasive ventilation (72%, 28/39, vs 60%, 18/30 of PH2, and
1%, 26/51 of PH1). In PH2 and PH3 groups, all patients required
t least O2 supplementation, while most of PH1 patients did not
eed O2 supplementation or ventilation. Considering the need for
xygen therapy throughout the hospitalisation, 11 patients in the
H1 group (21.5%) never needed oxygen therapy (40 patients did,
nstead), while all PH2 and PH3 patients were treated with oxy-
en at a certain point. More precisely, in PH1 group, 14/40 patients
ere treated with low flow oxygen therapy, while 26/40 (65%

f oxygen-treated) needed HFO/NIV/IMV. In PH2, 12/30 patients
ere treated with low flow oxygen, while 18/30 (60%) needed
FO/NIV/IMV. In PH3, 11/39 patients needed low flow oxygen,
hile 28/30 (72%) needed HFO/NIV/IMV. This difference in ventila-

ory support needed by the various phenotypes could be explained
y the different pathophysiological mechanism underlying the
hree patterns, with PH1 and PH3 apparently related to alveolar
edema and PH2 to the dead-space effect.

The outcome of all phenotypes was evaluated at 28-day, as
hown in Fig. 1A.

The largest number of discharged patients was  from PH1 (29/51)
n contrast to the PH2 (16/30) and PH3 (16/39) groups. At 28 days, 7

ospitalised patients of PH3 did not require supplemental oxygen
ersus 10 PH1 and 5 PH2, while none of PH3 required HFO or NIV
n contrast to 3 of PH1 and 1 of PH2.

ct of CT Scan Phenotypes in Clinical Manifestations, Management
ronconeumología, https://doi.org/10.1016/j.arbres.2021.07.008

https://doi.org/10.1016/j.arbres.2021.07.008
http://www.archbronconeumol.org
https://doi.org/10.1016/j.arbres.2021.07.008
https://doi.org/10.1016/j.arbres.2021.07.008


ARTICLE IN PRESSG Model
ARBRES-2887; No. of Pages 3

G. Scioscia, L. Mirabella, P. Tondo et al. Archivos de Bronconeumología xxx (xxxx) xxx–xxx

Table  1
Demographic and Clinical Characteristics of Population.

Variables Total PH1 PH2 PH3
(n  = 120) (n = 51) (n = 30) (n = 39)

Age, yrs 62.9 ± 14.79 63.082 ± 14.69 60.86 ± 15.12 64.24 ± 14.87

Sex,  n (%)
Male 83 (69) 36 (70.5) 17 (57) 30 (77)
Female 37 (30) 15 (29.5) 13 (43) 9 (23)

Symptoms, n (%)
Fever 94 (78) 38 (74) 21 (71) 36 (91)
Cough 42 (35) 16 (31) 10 (33) 17 (44)
Dyspnoea 66 (55) 22 (43) 20 (67) 24 (61)
Fatigue 35 (29) 16 (31) 7 (25) 12 (30)
Anosmia 9 (7) 4 (9) 0 (0) 5 (13)
Ageusia  6 (5) 4 (9) 0 (0) 2 (4)
Onset,  mean – d 9.539 ± 8.167 10.419 ± 9.546 9.522 ± 7.982 8.318 ± 6.214

Parameters, mean ± SD
BPs (mmHg) 128.9 ± 15.05 127.06 ± 12.74 127.6 ± 17.96 133 ± 14.9
BPd  (mmHg) 74.25 ± 11.42 73.971 ± 9.11 72.39 ± 14.68 76.52 ± 10.92
RR  24.58 ± 6.223 22.118 ± 4.922* 26.7 ± 5.165 26.09 ± 7.722

Laboratory tests, mean ± SD
WBC  (103̂/�L) 9.491 ± 6.865 9.0588 ± 8.786 9.573 ± 4.136 10.014 ± 5.624
Lymphocytes (cell/�L) 1025 ± 577.4 1149.8 ± 550.2 771.4 ± 429.6 1072 ± 691
CD4  + (cell/�L) 554.5 ± 342.6 635.15 ± 347.4 395.6 ± 253.2 585.5 ± 375.4
CD8  + (cell/�L) 253.8 ± 143.3 297.03 ± 179.1 197.7 ± 83.31 241.4 ± 106.2
CD19  + (cell/�L) 230.5 ± 411.6 199.74 ± 201.5 313.8 ± 730.9 196.2 ± 157.5
CD16  + (cell/�L) 154.8 ± 128.6 198.63 ± 161.9 112.4 ± 60.21 127.5 ± 99.38
TH/TS  2.51 ± 1.50 2.77 ± 1.57 2.16 ± 1.72 2.46 ± 1.11
IL-6  (pg/ml) 39.25 ± 54.42 33.82 ± 39.73 44.55 ± 64.08 41.78 ± 65.65
D-dimer(ng/ml) 1798 ± 3545 1250 ± 1131* 3423 ± 6564 1229 ± 1218
CRP  (mg/L) 80.33 ± 79.61 82.90 ± 88.42 69.23 ± 72.6 86.9 ± 74.28
Urea  (mg/dl) 52.71 ± 28.16 48.436 ± 25.9 56.16 ± 28.26 55.29 ± 30.92

Blood  gas analysis, mean ± SD
pH 7.47 ± 0.044 7.47 ± 0.047 7.45 ± 0.038 7.48 ± 0.043
PaO2 (mmHg) 77.94 ± 20.94 78.63 ± 18.95 72.87 ± 18 81.34 ± 24.96
PaCO2 (mmHg) 35.65 ± 5.70 35.31 ± 5.91 37.24 ± 6.20 34.73 ± 4.90
P/F(mmHg) 232.3 ± 103.8 283.83 ± 109* 191.8 ± 68.86 205.3 ± 99.04

Viral  load of 28 collected specimens, mean ± SD
CtE  gene 22.43 ± 6.86 24.35 ± 6.58 23.11 ± 7.92 16.90 ± 3.53
CtRdRp  gene 25.42 ± 7.22 27.58 ± 6.14 24.92 ± 8.04 22.66 ± 9.21
CtN  gene 30.60 ± 7.46 29.88 ± 5.93 30.59 ± 8.58 31.87 ± 9.22

Score  on ordinal scale§ , n (%)
2  40 (33) 27 (51)* 6 (15) 7 (22)
3  35 (30) 10 (22) 15 (50) 10 (25)
4  45 (37) 14 (27) 9 (35) 22 (53)

Pneumonia signs at CXR (ER)‡ , n (%)
99 (83) 34 (68)* 30 (100) 34 (87)

Delay  between hospital admission and CT scan, mean ± SD
Days 5.4 ± 6 5 ± 6 6.5 ± 6.9 4.9 ± 5.5

Hospitalisation, mean ± SD
Days 22.8 ± 12.5 22 ± 13 26.9 ± 13.8 20.4 ± 10

Dead  at 28-days, n (%)
18 (15) 5 (10) 3 (10) 10 (25.6)*

Notes. All numerical data are presented as mean ± SD, while categorical data as number (n) and percentage (%).
BPs:  systolic blood pressure; BPd: diastolic blood pressure; CRP: c-reactive protein; IL-6: interleukin 6; PaCO2: partial pressure of carbon dioxide; P/F: ratio of the partial
pressure of oxygen to the fraction of inspired oxygen; PaO2: partial pressure of oxygen; RR: respiratory rate; WBC: white blood cell.

* A P-value less than .05.
‡ CXR (chest X-ray) performed in ER (Emergency Room) before hospitalisation in our Units.
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§ Seven-category ordinal severity scale: no hospitalisation or discharged = 1; hospi
oxygen by mask or nasal cannula = 3; hospitalisation, requiring high-flow oxygen (H
ventilation = 5; hospitalisation, ventilation and additional organ support – pressors,

Most patients who showed PH1 (24%, 29/120 patients) were dis-
charged from hospital and did not require supplemental oxygen
(22.5%, 27/120 patients) on admission to hospital. Therefore, this
phenotype might be associated with better outcomes. In PH1 lung

compliance is preserved or even elevated and the amount of the gas
in the lung is nearly normal, while the amount of non-aerated tissue
is very low.7 Gattinoni et al. hypothesised that the primary cause
of hypoxaemia in type-L is perfusion defects presumably caused

s

t

2

ion, not requiring supplemental oxygen = 2; hospitalisation, requiring supplemental
r non-invasive ventilation (NIV) = 4; hospitalisation, requiring invasive mechanical
CMO = 6; death = 7.

y vasoconstriction and high shunt fraction. In contrast, the high
lastance in type-H is thought to be induced by lung oedema.3

Deaths were 25.6% (10/39) in PH3 versus 10% (5/51) in PH1 and
0% (3/30) in PH2 at 28 days.
The mortality rate of the population is estimated at 15% with a
ignificantly worse trend in the PH3 group (P = .04) (Fig. 1B).

At 28 days, 18 patients had died. Phenotype 3 had higher mor-
ality (8% overall, 10/120) than the group showing only GGOs (4%,



ARTICLE ING Model
ARBRES-2887; No. of Pages 3

G. Scioscia, L. Mirabella, P. Tondo et al. 

Fig. 1. Outcomes of three radiological phenotypes at 28 days. (A) Chord diagram
illustrates the ordinal severity scale of the three phenotypes: phenotype 1 is red,
phenotype 2 is blue, and phenotype 3 is green. For each phenotype, the severity
scale was assessed at admission and after 28 days and is connected by a ribbon
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whose width is dependent on the number of patients who  are different from those
in  the derivation cohort. (B) Kaplan–Meier curves of each phenotype survival at 28
days after hospital admission.

5/120) or only consolidations (2.5%, 3/120) at CT scan. This pheno-
type is characterised by an increased oedema with a decreased gas
volume and an increased amount of non-aerated tissue and for this
reason they require more ventilatory support.7 As Most patients
who died required already HFO or NIV (55.5%, 10/18) at admis-
sion, we cannot exclude a possible link between these deaths and
ventilator-induced lung injury (VILI)8 as in the “baby lung” model.9

Based on our results, we could hypothesise that phenotype 2
shows a different trend from all the others and would seem to
be more related to a coagulopathy, although we  cannot exclude
the hypothesis that one phenotype evolves from the other. Further
studies might focus on the predictive role of D-dimer, and its cut-
offs, in delineating the PH2 patients, that could require an early
CT scan to avoid excessive pressure support and finally prevent

VILI. To further understand the exact basis of the different CT scan
phenotype, a longer longitudinal analysis of clinical and laboratory
features (e.g., timing of weaning, pressures and FiO2 delivered) in
each phenotype and a comparison among them is needed.

∗

E
♦

3

 PRESS
Archivos de Bronconeumología xxx (xxxx) xxx–xxx

unding

The authors did not receive any funds to disclose.

onflict of Interests

The authors have no conflict of interests to declare.

cknowledgments

The authors would like to thank Dr. E.V.M. Sassani for his work
n reporting the radiological investigations of our practice. Thanks
lso to all the health professionals at the U.H. Policlinico Riuniti
n Foggia who  have been involved in the care and assistance of
OVID-19 patients for over a year.

eferences

. Fan E, Beitler JR, Brochard L, Calfee CS, Ferguson ND, Slutsky AS, et al. COVID-
19-associated acute respiratory distress syndrome: is a different approach
to  management warranted? [Internet]. The Lancet Respiratory Medicine.
Lancet Publishing Group;. 2020;8:816–21 [cited 2021 Jun 27]. Available from:
https://pubmed.ncbi.nlm.nih.gov/32645311/.

. Marini JJ, Gattinoni L. Management of COVID-19 Respiratory Distress [Internet].
JAMA - Journal of the American Medical Association. American Medi-
cal  Association;. 2020;323:2329–30 [cited 2021 Jun 27]. Available from:
https://pubmed.ncbi.nlm.nih.gov/32329799/.

. Gattinoni L, Chiumello D, Caironi P, Busana M,  Romitti F, Brazzi L, et al. COVID-19
pneumonia: different respiratory treatments for different phenotypes? [Inter-
net]. Intensive Care Medicine. Springer;. 2020;46:1099–102 [cited 2021 Jun 27].
Available from: https://pubmed.ncbi.nlm.nih.gov/32291463/.

. Robba C, Battaglini D, Ball L, Patroniti N, Loconte M,  Brunetti I, et al. Distinct
phenotypes require distinct respiratory management strategies in severe COVID-
19  [Internet]. Respiratory Physiology and Neurobiology. Elsevier B.V.;. 2020;279
[cited 2021 Jun 27]. Available from: https://pubmed.ncbi.nlm.nih.gov/32437877/.

. Wang W,  Xu Y, Gao R, Lu R, Han K, Wu  G, et al. Detection of SARS-CoV-2 in Different
Types of Clinical Specimens [Internet]. JAMA - Journal of the American Medical
Association. American Medical Association;. 2020;323:1843–4 [cited 2021 Jun
28].  Available from: https://pubmed.ncbi.nlm.nih.gov/32159775/.

. Iba T, Levy JH, Levi M,  Connors JM,  Thachil J. Coagulopathy of Coron-
avirus Disease 2019 [Internet] Critical Care Medicine. Lippincott Williams
and Wilkins;. 2020;48:1358–64 [cited 2021 Jun 27]. Available from:
https://pubmed.ncbi.nlm.nih.gov/32467443/.

. Gattinoni L, Coppola S, Cressoni M,  Busana M,  Rossi S, Chiumello D. COVID-19
does not lead to a “typical” acute respiratory distress syndrome [Inter-
net]  American Journal of Respiratory and Critical Care Medicine. American
Thoracic Society;. 2020;201:1299–300 [cited 2021 Jun 27]. Available from:
https://pubmed.ncbi.nlm.nih.gov/32228035/.

. Slutsky AS, Ranieri VM.  Ventilator-Induced Lung Injury. New England Journal of
Medicine [Internet]. 2013;369:2126–36. Nov 28 [cited 2021 Jun 27];Available
from: http://www.nejm.org/doi/10.1056/NEJMra1208707.

. Gattinoni L, Meissner K, Marini JJ. The baby lung and the COVID-19 era [Internet].
Intensive Care Medicine. Springer;. 2020;Vol. 46:1438–40 [cited 2021 Jun 27].
Available from: https://pubmed.ncbi.nlm.nih.gov/32451579/.

iulia Scioscia a,b, Lucia Mirabella a,c, Pasquale Tondo a,b,∗,
ederica Maci a,b, Giulio Giganti b, Livio Tullo a,c,
ichela Rauseo a,c, Guido Gambetti a,c,

rancesco P. Padovano a,c, Crescenzio Gallo d,
ilda Cinnella a,c,♦, Maria Pia Foschino Barbaro a,b,♦,
onato Lacedonia a,b,♦

Department of Medical and Surgical Sciences, University of Foggia,
oggia, Italy
Respiratory Medicine Unit, COVID-19 Center, University Hospital
Policlinico Riuniti”, Foggia, Italy
Anesthesia and Intensive Care Unit, COVID-19 Center, University
ospital “Policlinico Riuniti”, Foggia, Italy
Department of Clinical and Experimental Medicine, University
f Foggia, Foggia, Italy
Corresponding author.
-mail address: pasquale.tondo@unifg.it (P. Tondo).
Co-last authors.

http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0050
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0055
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0060
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0065
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0070
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0075
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0080
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0085
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
http://refhub.elsevier.com/S0300-2896(21)00211-8/sbref0090
mailto:pasquale.tondo@unifg.it

