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n INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a 
highly infectious disease of zoonotic origin 

caused by Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) [1, 2]. This disease 
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was firstly described in Wuhan, Hubei Province, 
China, and has rapidly spread to other countries 
[3, 4]. The World Health Organization (WHO) de-
clared the outbreak to be a public health emergen-
cy on 30 January 2020 and recognized it as pan-
demic on 11 March 2020.
Fever is often the major and initial symptom of 
COVID-19, which may be accompanied by oth-
er aspecific symptoms such as dry cough, mus-
cle ache, headache, sore throat, rhinorrhea [3-5]. 
Some patients experienced dyspnea and/or hy-

Purpose. The aim of this study was to report the ra-
diological features of chest CT scan of patients with 
coronavirus disease 2019 (COVID-19) living in a town 
in Southern Italy where a significant outbreak of the 
disease occurred.
Methods. We revised the CT scan of 62 patients (34 
male, 28 female, mean age 71+/-14 years) with clinical 
and laboratory signs of COVID-19, as assessed by pos-
itive SARS-CoV-2 RT-PCR testing. All patients under-
went chest CT at the time of admission to the hospital. 
A semi-quantitative scoring system was used to evalu-
ate the extension of the disease.
Results. Out of the 62 patients the main radiological 
findings were reticular pattern (29%), ground-glass 
opacities (24%), crazy paving pattern (11%) and consol-
idation (35%). Most of the lesions were bilateral (97%), 
posterior (95%) and located near pleura (50%) or lung 
fissures (45%), mainly involving the lower right lobe 

SUMMARY

(56%) and lower left lobe (23%). Pleural thickening was 
observed in 72.6% of patients and pleural effusion in 
18%. Median value of the score was 7.0 and was signif-
icantly higher in male than female (8.5 vs 6.0, p=0.03) 
and in patients with pleural thickening compared to 
those without this finding (8.0 vs 5.0, p=0.03)
Conclusions. We have observed patients with differ-
ent stages of the disease. Lung score was significantly 
higher in male than female confirming the clinical ob-
servation of a worst prognosis in male subjects. Pleural 
thickening was frequently observed and significantly 
associated with a higher lung score suggesting a possi-
ble association with a more severe disease. 

Keywords: COVID-19, Severe Acute Respiratory Syn-
drome Coronavirus 2, pneumonia, Tomography, X-Ray 
Computed.
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poxemia usually one week after the onset of the 
disease and in severe cases quickly progressed de-
veloping an acute respiratory syndrome. In many 
cases, radiologic findings are the main precocious 
manifestation of the diseases and can give a great 
support for diagnosis, as reported in a wide range 
of infections [6-11]. 
SARS-CoV-2 has been reported to utilize an-
giotensin-converting enzyme-2 (ACE2) as cell 
receptor in humans [12], causing pulmonary 
interstitial damages followed by parenchymal 
changes. Chest imaging plays a pivotal role in 
the diagnosis and management of patients with 
COVID-19 and it has been reported that chest 
computed tomography (CT) examination has a 
sensitivity of 98% [13]. Chest CT images could 
show different imaging features or patterns in 
COVID-19 patients with a different time course 
and disease severity. The radiological findings 
of COVID-19 pneumonia have been reported in 
several papers mainly involving Chinese popu-
lation. For these patients, a radiologic score able 
to precociously identify those with the highest 
risk of an unfavorable outcome can be useful, as 
we demonstrate in patients with other patholog-
ic conditions [15-20].
Italy was the first western county to be extensive-
ly involved by COVID-19 pandemic. The disease 
has mainly diffused in the Northern regions of the 
country, but “hot spots” have also been detected 
in other regions. In this study we report the ra-
diological findings detected at CT scan of COV-
ID-19 patients living in Ariano Irpino, a town in 
Southern Italy where a significant outbreak of the 
disease occurred.

n PATIENTS AND METHODS

We reviewed the chest CT scan of patients with 
suspected COVID-19 pneumonia evaluated at the 
Radiology Unit of Sant’Ottone Frangipane Hos-
pital in Ariano Irpino (Italy) between March 5th 
2020 and April 3th 2020. The study was approved 
by local ethics committee (Comitato Etico Campa-
nia Nord-Ovest)
The study group included 62 patients (34 male, 
28 female, mean age 71 +/- 14 years) evaluated 
at the time of admission to the hospital. All pa-
tients presented the clinical and laboratory signs 
of COVID-19 infection, as assessed by positive 
SARS-CoV-2 RT-PCR testing. All patients under-

went High Resolution Chest CT using the GE OP-
TIMA 64 Slice Tomograph and the images were 
examined by three independent radiologists with 
more than 10-year experience on chest CT imag-
ing.
The lesions detected at CT scan were described as 
follow:
– ground-glass opacities (GGO, hazy areas with 

slightly increased density in lungs without ob-
scuration of bronchial and vascular margin);

– reticular pattern (thickened pulmonary intersti-
tial structures such as interlobular septa and 
intralobular lines that present as a collection of 
small linear opacities on CT images);

– crazy paving (thickened interlobular septa and 
intralobular lines with superimposition on a 
GGO background, resembling irregular pav-
ing stones);

– consolidation (homogeneous increased intensi-
ty of lung parenchyma that obscures the mar-
gins of underlying vessels); in some cases, an 
air bronchogram (pattern of air-filled bronchi on 
a background of opaque airless lung) was vis-
ible in the context of an area of consolidation;

– vascular enlargement sign (dilated small vessels 
around and within the lesions due to the dam-
age and swelling of the capillary wall caused 
by pro-inflammatory factors);

– air bubble sign (small air-containing space in 
the lung which might be the pathological dila-
tion of a physiological space, or a cross section 
of the bronchiolectasis, or associated with the 
process of consolidation resorption).

– Bronchiectasis 
– Pleural effusion 
– Pleural thickening
Distribution of the lung lesions was classified as 
pleural (involving mainly the peripheral region 
near to pleura), close to lung fissures and paren-
chymal (involving mainly the central region of 
the lung).
A semi-quantitative scoring system was used to 
quantify the extension of the disease [15,16]. Each 
of the 5 lung lobes was visually evaluated and 
scored from 0 to 5 according to its involvement: 0, 
no involvement; 1, <5% involvement; 2, 6-25% in-
volvement; 3, 26%-49% involvement; 4,50%-75% 
involvement; 5, >75% involvement. The total CT 
score was the sum of the individual lobe scores 
and ranged from 0 (no involvement) to 25 (maxi-
mum involvement).
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Statistical Analysis
Data were analyzed using statistical software 
(SPSS, version 22.0, IBM). Continuous variables 
were expressed as median and percentile distri-
bution (25° and 75° percentile) and were analyzed 
using the Mann-Whitney U test. 

n RESULTS

Radiological lesions
The CT features of COVID-19 pneumonia are 
summarized in Table 1. The most frequent lesion 
was the reticular pattern (Figure 1a) detected in 
50/62 patients (81%). Other lung radiological 
lesions observed at CT scan were GGO (Figure 
1b) in 42/62 patients (68%), crazy paving pattern 
(Figure 1c) in 15/62 (24%) and consolidation in 
33/62 (53%). In these last cases an air broncho-
gram (Figure 1d) within the consolidation area 
was visible in 15/33 (45%). Only in few patients 
a single lung lesion was present (only GGO in 6 
patients, only reticular pattern in 5, only crazy 
paving in 5 and only consolidation in 3). In most 
patients (43/62, 69 %) more than one lesion was 
present, so we grouped the patients according 
to the main radiological findings (Table 2). Out 
of the 62 patients, the main radiological lesions 
were consolidation in 22 (35%), reticular pattern 
in 18 (29%), GGO in 15 (24%) and crazy paving 
pattern in 7 (11%). Most patients presented bi-
lateral lesions (60/62, 97%) that were mainly de-

tected in the posterior area of the lungs (59/62, 
95%). Lesions were located frequently close to 
pleura (31/62, 50%) or lung fissures (28/62, 45%) 
and in only 3 cases (5%) the lesions were main-
ly parenchymal. The main lung lobes involved 
were the lower right lobe (35/62, 56%) and low-
er left lobe (14/62, 23%). In 8 patients (13%) the 
distribution of lesions was ubiquitous and in the 
remaining patients the main lung lobes involved 
were the upper right lobe (in 3 subjects, 5%) and 
middle lobe (in 2 subjects, 3%).
Other radiological lesions were air bubble sign 
(12/62, 19%, Figure 1e), brochiectasis (21/62, 
34%), and vascular enlargement (55/62, 89%, 
Figure 1f). CT scan showed also pleural lesions. 
Out of the 62 patients pleural thickening (Fig-
ure 1a) was observed in 45 (73%) and pleural 
effusion in 11 (18%). Small mediastinal nodes 
(< 1 cm) were detected in all patients. Only a 
minority of patients presented other lung dis-
eases. Chronic bronchitis was observed in 3 
patients (5%), emphysema in 5 (8%) and lung 
nodule in 1 (2%). No patient presented pericar-
dial effusion.

Lung score 
Lung score was used to quantify the severity of 
lung involvement. Median value of lung score 
was 7.0 (IQR 5.0-10.0) ranging from 1 to 22. As 

Table 1 - Radiological lesions detected at chest CT scan.

Total patients 62

Parenchimal 
Lesions

Ground Glass Opacity 42 (67.7%)

Reticular Pattern 50 (80.6%)

Crazy Paving Pattern 15 (24.2%)

Consolidation 33 (53.2%)

Pleural 
Lesions

Pleural Effusion 11 (17.7%)

Pleural Thickening 45 (72.6%)

Other 
Radiological 
Findings

Air Bubble Sign 12 (19.4%)

Bronchiectasis 21 (33.9%)

Vascular Enlargment 55 (88.7%)

Node <1 cm 62 (100%)

Other Lung 
Disease

Chronic Bronchitis 3 (4.8%)

Emphysema 5 (8.1%)

Lung Nodules 1 (1.6%)

Table 2 - Radiological lesions detected at chest CT scan 
grouped according to prevalent lesions and to lung 
distribution.

Total patients 62

Main 
Radiological 
Lesion

Consolidation 22 (35.5%)

Reticular Pattern 18 (29.0%)

Ground Glass Opacity 15 (24,2%)

Crazy Paving Pattern 7 (11.3%)

Distribution 
of Lesions

Bilateral 60 (96.8%)

Posterior 59 (95.2%)

Pleural 31 (50.0%)

Lung Fissures 28 (45.2%)

Parenchyma 3 (4.8%)

Main 
Lung Lobe 
Involved

Lower Right Lobe 35 (56.4%)

Lower Left Lobe 14 (22.6%)

Ubiquitous 8 (12.9%)

Other Lobes 5 (8%)
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shown in Figure 2a, lung score was significantly 
higher in male than female [respectively, median 
8.5 (IQR 6.0-13.0) and median 6.0 (IQR 3.5-9.0); 
p=0.03)] Lung score was higher, even if not sta-
tistically significant in right lung compared to left 
lung [respectively, median 4.5 (IQR, 3.0-6.0) and 
median 3.0 (IQR 2.0-5.0); p=NS].
Pleural thickening was significantly associated 
with a higher lung score (Figure 2b). This score 
was significantly higher in subjects with pleural 
thickening than in those with no pleural lesion 
[respectively, median 8.0 (IQR 6.0-11.0) and medi-
an 5.0 (IQR 2.0-9.0; p=0.03).

n DISCUSSION

Imaging plays a pivotal role in the diagnosis of 
COVID-19 and chest CT is strongly recommend-
ed  in the early diagnosis, representing a tool to 
monitor the disease  progression as assessed on 
the basis of a number of studies on the argument 
[21-31]. 
In the early phase, lesions are distributed along 
the sub-pleural areas or bronchi indicating the 
spreading of the lesions along the airway, start-
ing with invasion of the alveolar epithelium of 
the cortical lung tissues, and extending gradually 

Figure 2 - Box-whiskers plot of CT lung score. Results 
are reported as median values (black lines), interquar-
tile (25th-75th percentiles) range (boxes) and 10th-
90th percentiles (whiskers). The statistical difference 
between groups was evaluated using the Mann-Whit-
ney test. 2a) lung score was significantly higher in 
male than female; 2b) pleural thickening was signifi-
cantly associated with a higher lung score.
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Figure 1 - Radiological lesions observed at chest CT 
scan of patients with COVID-19 pneumonia; 1a) retic-
ular pattern associated with pleural thickening; 1b) 
GGOs; 1c) crazy paving; 1d) consolidation pattern with 
air bronchogram; 1e) consolidation with air bubble 
sign; 1f) crazy paving associated with vascular enlarge-
ment.
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from the periphery to the center. In this stage, sin-
gle or multiple small GGOs infiltration, consoli-
dation, and interstitial thickening could be seen. 
In the progressive phase, the number of lesions 
increases significantly and the GGOs and the con-
solidations coexisted and air bronchograms may 
appear [18].
In this study we have analyzed the CT scan of pa-
tients living in a small town where a significant 
outbreak of COVID-19 occurred. This town was 
immediately lockdown and considered red zone 
and all patients living in this area have been eval-
uated at our Hospital. We have reviewed all CT 
scan performed at the time of admission of the 
patients to the hospital and we have observed dif-
ferent stages of the disease. Only in few patients 
a single lung lesion was present, while in the ma-
jority of them we found mixed patterns that have 
classified according to the main lesion observed. 
The GGO pattern is believed to be the earliest le-
sion visible at CT scan and in the first radiologi-
cal study of 21 patients by Chung et al. [32] was 
found in 57% of the patients. In other studies, this 
lesion has been described with a frequency rang-
ing between 14% and 91% [18]. In our series we 
have observed the GCOs be the prevalent pattern 
in 67% of patients, in line to what reported in lit-
erature. The most frequent lesion observed in our 
series was the reticular pattern, which was detect-
ed in 50/62 patients (80%). Reticular pattern is an-
other common lesion found at CT scan of patients 
with COVID-19 pneumonia [18]. Consolidation 
is another radiological sign frequently found and 
detected in 53 % of patients in our series. Consol-
idation is considered as an indicator of disease 
progression. It has been shown that lung involve-
ment gradually increases to consolidation up to 2 
weeks after disease onset [25].
In keeping with data reported in literature, in our 
series the lesions were bilateral in the majority of 
the patients (60/62, 96%) and located in the pos-
terior area of the lungs (59/62, 95%). Although 
all lung segments can be affected, the lower lobes 
were mainly involved, with a significant prefer-
ence for the lower right lobe compared to the left 
one (56% vs 22%). This may be due to the ana-
tomic position of the right bronchus that is wider, 
shorter, and more vertical in direction than the left 
one and so in the early phase of the disease, the 
virus is more likely to invade the branches of the 
right inferior lobar bronchus.

We have evaluated the severity of lung involve-
ment using a semi-quantitative scoring [24] al-
ready used to study patients recovering from se-
vere acute respiratory syndrome (SARS). The total 
CT score could range from 0 (no involvement) 
to 25 (maximum involvement) and in this study, 
where chest CT scans were performed at the time 
of admission of patients, we observed values 
ranging from 1 to 22, with a median value of 7.0. 
These data indicate that we observed subjects with 
different stages of the disease, even if the majority 
presented a limited lung involvement at the time 
of the observation. Lung score was higher, even if 
not statistically significant in right lung compared 
to left lung (respectively median value 4.5 and 3.0) 
indicating a more severe involvement of the right 
site as discussed before. It was significantly high-
er in male than female (respectively median value 
8.5 and 6.0, p value 0.03) and this data confirm the 
clinical observation of more severe disease and 
worst prognosis in male subjects. 
Pleural thickening has been reported as radio-
logical sign of COVID 19 pneumonia [31]. In this 
study we found that pleural thickening was ob-
served in 45/62 (72 %) and was significantly as-
sociated with a higher lung score compared with 
subjects with no pleural thickening (respectively 
median value =8.0 and 5.0 Mann Whitney p val-
ue 0.03). These results suggest the possibility that 
this radiological sign may be associated with a 
more severe disease.
We have had the possibility to evaluate the radi-
ological features of all cases of COVID-19 pneu-
monia occurred in a relatively small “red zone” 
at the time of admission to a single hospital and 
this represents the main strength of this work. On 
the other hand, now we do not know the clinical 
evolution of these patients and this represents the 
main limitation of the work
In conclusion we have reported the radiological 
findings observed at chest CT scan of patients 
with COVID 19 pneumonia living in a small town 
of Southern Italy, where a significant outbreak 
of the disease occurred. Reticular pattern, GGOs 
and consolidation were the main radiological 
signs with a prevalent bilateral extension and 
mostly located near pleura or lung fissures. Pleu-
ral thickening was also frequently observed and 
significantly associated with a higher lung score 
suggesting the possibility that may be associated 
with a more severe disease
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