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Abstract

Background: Novel coronavirus disease (COVID-19) pneumonia is caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which is highly contagious and threatens human health. Chest computed tomography (CT) is an accurate imaging modality
for diagnosis and follow-up.
Objectives: To investigate early CT features of COVID-19 pneumonia.
Methods: Retrospective study. Sixty-three patients with COVID-19 pneumonia (28 men, 35 women; age range, 21 - 85 years; mean,
59 years) confirmed by reverse transcription-polymerase chain reaction (RT-PCR) were enrolled in this retrospective study and CT
findings were evaluated. Patients were classified into three groups for estimating COVID-19 pneumonia, according to CT features.
Results: Nineteen (30%) patients classified as out of COVID-19 pneumonia had normal CT findings. Twenty-eight (44%) patients, clas-
sified as highly suggestive for COVID-19 pneumonia, had typical findings for COVID-19 pneumonia. In highly suggestive for COVID-19
pneumonia group most common CT features were peripheral (64%), multilobar (96%), patchy, and round (54%) ground-glass opacity
(GGO) (57%). Air bronchogram (93%), crazy-paving patterns (79%), and vascular thickening (61%) were the most common special find-
ings. We only detected these rare findings such as halo sign, reverse halo sign, lymphadenopathy, pleural and pericardial effusion,
pleural thickening, and fibrotic lines in patients with COVID-19 with chronic diseases.
Conclusions: The early CT findings are peripheral, multilobar, patchy, and round ground glass opacities accompanied by vascular
thickening, crazy-paving pattern, or air bronchogram sign. Rare findings are only seen in the presence of concomitant diseases.
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1. Background

Novel coronavirus disease 2019 (COVID-19), a highly
contagious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), was first reported in
Wuhan, China, then spread to worldwide (1). While many
countries initially could not predict that the disease would
spread so rapidly, the world health organization (WHO)
soon identified the virus and declared a pandemic after
a quick time after its rapid contamination worldwide (2).
Following the findings of upper respiratory tract infection
and pneumonia, the entire world faced serious infections
resulting in death due to acute respiratory distress. Al-
though it would be limited in China, the mysterious virus,
which spread to neighboring countries in a brief time,
even showed trans-oceanic spread.

Besides antigen tests and antibody tests, polymerase

chain reaction (PCR) plays an important role in COVID-
19 diagnosis. In the diagnosis of COVID-19, getting viral
nucleic acid by real-time PCR (RT-PCR) is considered the
standard gold diagnosis (3). However, PCR test positivity
in COVID-19 patients is approximately 60% - 65%. Besides
PCR, additional tests can need to diagnose COVID-19 in pa-
tients with one or more of symptoms such as fever, dry
cough, shortness of breath, respiratory distress. Lympho-
cyte count, lactate dehydrogenase, ferritin, and d-dimer
values can be useful in both COVID-19 diagnosis and follow-
up its prognosis. The PCR test was negative in many symp-
tomatic and asymptomatic patients with COVID-19 pneu-
monia. However, these patients were detected early by
computed tomography (CT). The PCR test was found to be
positive when these patients were screened for the 2nd or
3rd time. CT sensitivity is 98% in these patients (4, 5), CT
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frequently accomplished early diagnosis of COVID-19.

2. Objectives

In this study, we aimed to investigate the CT findings
of patients with COVID-19 pneumonia and positive RT-PCR
results.

3. Methods

We obtained ethics approval for this study from the lo-
cal Ethics Committee in April 2020. Sixty-three patients
with the diagnosis of COVID-19 confirmed by the labora-
tory by RT-PCR were included in the study. Two experi-
enced thoracic radiologists examined initial CT images of
patients with typical clinical symptoms such as fever, dry
cough, fatigue, muscle pain, and chest trouble.

All chest CT examinations were performed with So-
matom Drive (Siemens Healthineers) scanner. Unen-
hanced CT scans were obtained from bilateral apex to base
for all patients. Scanning parameters were: tube voltage,
120 kV; tube current-time product, 50 - 100 mAs; pitch, 0.6;
matrix, 512× 512; slice thickness, 3 mm, reconstructed slice
thickness, 1.5 mm. Images were viewed on Syngo Via Work-
station (Siemens Healthineers) in lung window settings
(width: 1000 - 1500 HU, level:700 to -550 HU) and mediasti-
nal window settings (width: 300 - 350 HU, level: 30 - 40 HU).

We classified the lung changes as follows;

Distribution (peripheral, central, or peripheral and
central), the number of affected lobes (one lobe or multi-
lobar), the shapes of lesions (patch, round, or patchy and
round), the appearance of lesions (ground-glass opacity
[GGO], consolidation, or GGO and consolidation).

We examined specific findings (crazy-paving pattern,
air bronchogram, vascular thickening, halo sign, reverse
halo sign, and fibrotic lines), and other findings (lym-
phadenopathy [LAP], pleural thickening, pleural effusion,
and pericardial effusion).

Images with typical findings for COVID-19 pneumo-
nia, according to the Radiological Society of North Amer-
ica Expert Consensus, March 2020 (6), were classified as
highly suggestive for COVID-19 pneumonia. Images with
nonspecific imaging features of COVID-19 pneumonia were
classified as suspicious for COVID-19 pneumonia, and CT
findings of patients without COVID-19 pneumonia were
recorded as normal.

3.1. Statistical Analysis

Statistical analysis was performed with SPSS Version
20.0. Whether the data showed, a homogeneous distribu-
tion was evaluated with the Kolmogorov-Smirnov test. Cat-
egorical data were evaluated by chi-square and Fisher’s ex-
act test. Homogeneously distributed data were evaluated
by student t-test and nonhomogeneous data were evalu-
ated by the Mann-Whitney U-test. A P value < 0.05 was con-
sidered significant.

4. Results

Sixty-three patients with laboratory-confirmed for
COVID-19 pneumonia (28 men, 35 women; age range, 21 - 85
years; mean, 59 years) were included in the study. Classi-
fication of estimating for COVID-19 pneumonia according
to CT findings is shown in Table 1. Nineteen (30%) patients,
classified as out of COVID-19 pneumonia, had normal CT
findings. Twenty-eight (44%) patients, classified as highly
suggestive for COVID-19 pneumonia, had typical findings
for COVID-19 pneumonia. When the patients were divided
into three groups as < 40 years old, 40 - 60 years old and
< 60 years old, the number of patients highly suggestive
COVID-19 pneumonia in the 40 - 60 age group was higher
than the other groups (P = 0.022). Suspicious and highly
suggestive COVID-19 pneumonia numbers were similar in
patients with hypertension and diabetes. All results are
summarized in Table 1.

Thirty-two (73%) patients had lesions in peripheral dis-
tribution (Figure 1), and 31 (70%) patients had multilobar in-
volvement (Table 2). The most common lung parenchyma
changes on CT were patchy and round (39%) shaped, GGO
(61%) lesions (Figures 2 and 3). Specific and other findings
in the initial CT of patients with COVID-19 pneumonia are
shown in Table 2. Twenty-seven (61%) patients had air bron-
chogram signs (Figure 4), 22 (50%) had the crazy-paving
pattern (Figure 5). Vascular thickening (Figures 6 and 7)
was found in 17 (39%) patients. Halo sign, reverse halo sign,
LAP (Figure 8), and pleural effusion was seen only by one pa-
tient (2%). Pericardial effusion and pleural thickening were
visualized in 2 (5%) patients. Four (9%) patients had fibrotic
lines.

When highly suggestive for the COVID-19 pneumonia
group was evaluated, the most common CT features (Ta-
ble 3) were peripheral (64%), multilobar (96%), patchy, and
round (54%) GGO (57%). Air bronchogram (93%), crazy-
paving patterns (79%), and vascular thickening (61%) were
the most common special findings.
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Table 1. Classification of Estimating for COVID-19 Pneumonia According to Computed Tomography Findingsa

No pneumonia (N = 19) Suspicious COVID-19 Pneumonia (N = 16) Highly Suggestive COVID-19 Pneumonia (N = 28)

Age, yb

20 - 40 (n = 6) 3 (15.8) 2 (12.5) 1 (3.6)

40 - 60 (n = 26) 4 (21.0) 4 (25.0) 18 (64.3)

> 60 (n = 31) 12 (63.2) 10 (62.5) 9 (32.1)

Gender

Male (n = 28) 8 (42.1) 6 (37.5) 14 (50.0)

Female (n = 35) 11 (57.9) 10 (62.5) 14 (50.0)

Hypertension 5 (26.3) 4 (25.0) 11 (39.3)

Coronary artery disease 3 (15.8) 1 (6.3) 3 (10.7)

Diabetes mellitus 3 (15.8) 3 (18.8) 14 (22.2)

Hypothyroidism 1 (5.3) 0 2 (7.1)

Behçet’s disease 0 1 (6.3) 1 (3.6)

Chronic renal failure 0 0 1 (3.6)

aValues are expressed as No. (%).
bP = 0.022.

Table 2. Early Computed Tomography Features of Lung Parenchyma in Patients with COVID-19 Pneumoniaa

Findings All Pneumonia Groups (N = 44) Highly Suggestive COVID-19 Pneumonia (N = 28)

Distribution of lesions

Peripheral 32 (73) 18 (64)

Central 2 (4) 1 (4)

Peripheral and central 10 (23) 9 (32)

Number of lobes

One lobe 13 (30) 1 (4)

Multilobes 31 (70) 27 (96)

Shapes of lesions

Patchy 11 (25) 11 (39)

Round 16 (36) 2 (7)

Patchy and round 17 (39) 15 (54)

Appearance of lesions

GGO 27 (61) 16 (57)

Consolidation 4 (9) 1 (4)

GGO and consolidation 13 (30) 11 (39)

aValues are expressed as No. (%).

When we examine the CT findings according to chronic
diseases; One patient with pleural effusion had a chronic
renal failure (CRF), hypertension (HT), and diabetes melli-
tus (DM) and was older than 60 years. Pleural thickening
was present in two patients. One of these patients was the
CRF, and the other was a patient with Behcet’s disease (BD).
Pericardial effusion was present in two female patients.

One patient had DM and HT, but the other patient had no
chronic disease. These patients were over 60 years old. LAP
was present in only one BD patient. We detected the halo
sign in a patient with diabetes and hypertension. One of
the two patients with fibrotic lines had DM and HT, and the
other had BD. In the other two patients with the fibrotic
line, there was no chronic disease. However, it was over 75
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Figure 1. A 39-year-old man with dry cough and fatigue. The black arrow on the axial
CT of the right lung shows ground-glass opacity with the peripheral distribution.

Figure 2. A 65-year-old man with fever and myalgia. Axial CT scan shows bilateral
patch and round ground-glass opacities.

years old in four patients with the fibrotic line.

The mean age of patients with HT (n = 20) was greater
than patients without HT (65.4 ± 9.0 vs 56.5 ± 12.9 years,
P = 0.003). However, there was no difference between the
two groups in terms of CT findings. When the age range of
40 - 60 was examined, two patients had HT, two patients
had DM, two patients had DM, and HT, one patient, had
Behcet’s disease, and HT, one patient, had hypothyroidism
and HT. Although only 6 (23.0%) out of 26 patients in this
age range had a chronic disease, 18 (67.0%) cases had CT
findings (highly suggestive for COVID-19 pneumonia). In
this age group, four patients had CT findings for suspicious

Figure 3. 43-year-old man with fever and dry cough. Axial CT image shows bilateral,
multilobar, patchy ground-glass opacities.

Figure 4. A 56-year-old man with fever and cough. Axial CT shows bilateral, multilo-
bar, ground-glass opacities with air bronchogram (White arrow).

COVID-19 pneumonia despite the absence of chronic dis-
ease. In the group, 16 patients had COVID-19 CT findings
(suspicious and highly suggestive); however, there were no
chronic diseases. Interestingly, there were findings related
to COVID-19 pneumonia in three patients who did not have
any chronic diseases between the ages of 20 - 40 years.

5. Discussion

Today, COVID-19 is considered in all patients who admit
to hospitals with the complaint of fever, cough, and dysp-
nea. It has been reported in many studies that the RT-PCR
test has low sensitivity, but the CT examination is very sen-
sitive for COVID-19 infection (5). Therefore, it is important
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Figure 5. A 55-year-old woman with fever, cough, and myalgia. Axial CT of the right
lung shows peripheral ground-glass opacity with a crazy-paving pattern (Arrow).

Figure 6. A 45-year-old man with a cough. Axial CT of left lung shows ground-glass
opacity with vascular thickening (Arrow).

to define CT findings. Our results suggest that COVID-19
pneumonia is common in adults (mean age = 59), as pub-
lished before (7).

Nineteen of 63 patients (30%), laboratory-confirmed
with RT-PCR for COVID-19 pneumonia, had normal CT find-
ings and classified as out of COVID-19 pneumonia. Patients
diagnosed with COVID-19 by PCR were included in this
study. We tested the CT findings of the patients diagnosed
with COVID-19 with PCR. We thought initial CT should not

Table 3. Specific and Other Findings in Initial Computed Tomography of Patients
with COVID-19 Pneumoniaa

Findings All Pneumonia
Groups (N = 44)

Highly Suggestive
COVID-19 Pneumonia

(N = 28)

Crazy-paving pattern 22 (50) 22 (79)

Air bronchogram 27 (61) 26 (93)

Vascular thickening 17 (39) 17 (61)

Halo sign 1 (2) 1 (4)

Reverse halo sign 1 (2) 1 (4)

Fibrotic lines 4 (9) 0

lymphadenopathy
(LAP)

1 (2) 1 (4)

Pleural effusion 1 (2) 1 (4)

Pleural thickening 2 (5) 2 (7)

Pericardial effusion 2 (5) 2 (7)

aValues are expressed as No. (%).

use as a screening method for asymptomatic patients and
combined with RT-PCR tests in patients with typical clini-
cal symptoms. Patients having negative PCR but thorax CT
findings are frequently encountered during the COVID-19
pandemic. In these patients, the COVID-19 diagnosis can be
confirmed by the 2nd or 3rd PCR test. To avoid confusion,
we tested patients diagnosed with PCR by COVID-19.

We classified patients into three groups, according to
typical CT features of COVID-19 pneumonia. CT findings
of 28 patients (44%) were highly suggestive for COVID-19
pneumonia. Using this classification may speed up com-
munication with clinicians and radiologists. CT findings
of patients with COVID-19 are bilateral, multilobar GGO,
mostly in the lower lobe and right middle lobe (8-10). Less

Figure 7. A 45-year-old man with fever, dry cough, and fatigue. Axial CT shows
ground-glass opacity with vascular thickening (Arrow).
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Figure 8. 46-year-old man with fever and cough. Axial CT scans in mediastinal (left) and lung (right) window settings show bilateral, multilobar patchy ground-glass opacities.
Arrow shows lymphadenopathy, not a typical finding in Covid 19 pneumonia.

frequently, these findings may be GGO with a peripheral
or posterior distribution (or both) (8-10). In our study, we
found the most common CT findings of COVID-19 pneu-
monia as peripheral (64%), multilobar (96%), irregular and
round (54%) GGO (57%). Air bronchogram (93%), crazy-
paving patterns (79%), and vascular thickening (61%) were
the most common special findings. Halo sign, reverse
halo sign, LAP, pleural and pericardial effusion, pleural
thickening, and fibrotic lines were rare findings. We de-
tected these rare findings in patients with COVID-19 with
chronic diseases such as DM, HT, BD, and CRF. The presence
of chronic disease affects the prognosis of COVID-19 pneu-
monia, and may also affect CT findings. These rare find-
ings were not present in patients with COVID-19 pneumo-
nia without chronic disease. Only two people without a
chronic disease had a fibrotic line, but these patients were
very old. We thought these rare findings may be due to
chronic disease rather than COVID-19 pneumonia. These
rare findings have not been associated with COVID-19 pneu-
monia in the literature (11).

Interestingly, we found that patients with no chronic
disease between the ages of 40 - 60 years might have
COVID-19 pneumonia. Our patients under 40 old were very
few, but half of them had signs of COVID-19 pneumonia.
Our patients in the age group had no chronic illness or
drug abuse. Although COVID-19 is seen with all ages, it is
more severe in the elderly and those with chronic diseases
(12). The presence of COVID-19 pneumonia in younger and
patients without chronic disease complicates when and to
whom radiological tests will be performed. We used low
dose thorax CT in radiological shots. However, patients

are still exposed to radiation. A general and comprehen-
sive guideline on COVID-19 pneumonia CT findings has oc-
curred. However, what is the role of CT in young patients
with PCR negative but symptoms? Since the mortality rate
of COVID-19 pneumonia is very low in young patients. Most
of our patients under the age of 60 with COVID-19 pneumo-
nia did not have a chronic disease. We followed up none of
our patients in the intensive care unit. All of our patients
recovered with no complications. In COVID-19 pneumonia,
it should be specified whether younger patients’ thorax CT
should be evaluated.

We had some limitations in this study. Only the first
CT findings of the patients were evaluated. Subsequent CT
evaluation of patients is not included in the study. Imag-
ing features of different periods of the disease can be de-
termined using follow-up CTs. The number of young pa-
tients (under 40 years) is low. Since there is no chronic dis-
ease in young patients, the findings of COVID-19 pneumo-
nia can be better determined. In this study, the sensitivity
and specificity of CT or PCR for the diagnosis of COVID-19
pneumonia was not studied.

5.1. Conclusions

A part of patients referred to CT at the onset of the dis-
ease has normal CT findings. Early CT features in COVID-19
pneumonia are peripheral, multilobar, patchy, and round
ground-glass opacities, often with air bronchogram, crazy-
paving patterns, and vascular thickening. Rare findings
such as LAP, pleural effusion, pericardial effusion, pleural
thickening, and fibrotic lines are seen in the presence of
concomitant disease.
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