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The novel coronavirus named “severe acute respiratory syndrome coronavirus-2" 
(SARS-CoV-2) was first reported in Wuhan, China in December 2019 and spread all 
around the world (1). World Health Organization (WHO) named the disease caused 

by SARS-CoV-2 as coronavirus disease 2019 (COVID-19) and declared this global outbreak 
as a pandemic (2). As of April 23, 2020, in Turkey, there are 101 790 confirmed cases, with 
2491 cases of mortality (3).

Early diagnosis and isolation are important to control the spread due to easy transmission 
from person to person through close contact, droplets, and aerosols (4). Confirmation of the 
diagnosis is made by the real-time reverse transcription-polymerase chain reaction (RT-PCR) 
test as the reference standard, and in a meta-analysis, the pooled sensitivity of RT-PCR was 
reported to be 89% (5). Computed tomography (CT) is a simple and readily available imag-
ing modality that can quickly detect lung lesions at the early stage with a high sensitivity 
rate, especially in cases with high clinical suspicion and negative RT-PCR test results at initial 

PURPOSE 
We aimed to demonstrate the computed tomography (CT) findings observed at the initial pre-
sentation of coronavirus disease 2019 (COVID-19) pneumonia and reveal the most frequent infil-
tration and distribution patterns of the disease.

METHODS
A total of 185 patients (87 men, 98 women; mean age, 48.7 years), who underwent RT-PCR sam-
pling and high-resolution CT examination at our hospital between March 15, 2020, and April 15, 
2020, and got a definitive diagnosis of COVID-19 disease via initial or follow-up RT-PCR test, were 
included in the study. We comprehensively analyzed the most common and relatively rare CT 
imaging features (e.g., distribution pattern, density of the lesions, additional CT signs) in patients 
diagnosed with COVID-19 pneumonia.

RESULTS
Thirty-eight patients (20.6%) had no evidence of pneumonia on their initial high-resolution CT 
images. Among 147 patients (79.4%) who had parenchymal infiltration consistent with pneu-
monia, 10 (6.8%) had a negative baseline RT-PCR test, and positivity was detected as a result 
of repeated tests. Most of the patients had multifocal (89.1%) and bilateral (86.4%) lesions. The 
most common location, right lower lobe, was affected in 87.8% of the patients. Lesions were dis-
tributed predominantly at peripheral (87.1%) and posterior (46.3%) areas of lung parenchyma. 
Most of the patients had pure ground glass opacity (GGO) (82.3%) followed by GGO with con-
solidation (32.7%) and crazy paving pattern (21.8%). Pure consolidation, solid nodules, halo sign, 
reverse halo sign, vascular enlargement, subpleural line,  air-bronchogram, and bronchiectasis 
were the other findings observed in at least 15% of the cases. Halo sign, acinar nodules, air-bub-
ble sign, pleural thickening and effusion, mediastinal and/or hilar lymphadenopathy were seen 
rarely (2%–12.9%). Pericardial effusion, pneumothorax, cavitation, and tree-in-bud pattern were 
not detected in our study group. 

CONCLUSION
Multifocal and bilateral GGO infiltration predominantly distributed in peripheral, posterior, and 
lower lung areas was the most common infiltration pattern. 
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presentation (6–8). By now, a diverse range 
of CT findings that can guide radiologists in 
the diagnosis of the disease have been an-
alyzed and some of them were defined as 
more typical for COVID-19 pneumonia (9).

In our study, we aimed to demonstrate 
the CT findings observed at the initial pre-
sentation of COVID-19 pneumonia and re-
veal the most frequent infiltration and dis-
tribution patterns of the disease.

Methods
Patients

This study was approved by the medical 
ethics committee of our institution (Ap-
proval Number: 20-4.2T/19) and the Repub-
lic of Turkey Ministry of Health, COVID-19 
Scientific Research Committee. All patients 
gave informed consent. We retrospectively 
reviewed 206 patients who underwent RT-
PCR sampling and CT examination in our 
hospital between March 15, 2020, and April 
15, 2020, and got a definitive diagnosis of 
COVID-19 disease by initial or follow-up 
positive RT-PCR test result. The inclusion 
criteria were as follows: 1) initial RT-PCR test 
performed on admission day; 2) chest CT 
examination done within 24 hours after RT-
PCR testing; 3) images taken with high-res-
olution CT protocol. Being under the age of 
18 was determined as the exclusion criteri-
on. A total of 185 patients (87 men and 98 
women; age range, 18–95 years; mean age, 
48.7 years) who met the above criteria were 
included in our study group (Fig. 1).

CT imaging and evaluation
Images were taken via a 160-slice CT 

scanner (Aquilion Prime, Toshiba Medical 
Systems). The axial images were acquired 
craniocaudally at shallow inspiration and 
included the body part from the thoracic 
inlet to the diaphragm. Images were tak-
en at high-resolution CT protocol with 120 
kVp, 100–200 mA, 80×0.5 mm collimation 

and reconstructed at 0.5 mm slice thickness 
with a sharp reconstruction kernel. 

CT images were evaluated independent-
ly by two radiologists with 6 and 16 years 
of experience in thoracic imaging. Final de-
cisions were reached by consensus. For the 
cases causing disagreement between the 
two primary radiologists, a third thoracic ra-
diologist with 25 years of experience made 
a final decision. Following CT characteristics 
were evaluated: 1) location and distribution 
of the lesions, i.e., focality, laterality, lobar, 
transverse, craniocaudal, anteroposterior, 
and peribronchovascular distributions; 2) 
density of the lesions, i.e., pure ground glass 
opacity (GGO), GGO with consolidation, cra-
zy paving pattern, pure consolidation, solid 
nodules, halo sign, reverse halo sign, acinar 
nodules, cavitation, tree in bud; 3) other CT 
features, i.e., air bronchogram, air bubble 
sign, subpleural line, parenchymal distor-
tion, vascular enlargement, bronchiectasis, 
pleural thickening, pleural effusion, medi-
astinal-hilar lymphadenopathy, pericardial 
effusion, pneumothorax.

Statistical analysis
Continuous data were expressed 

as  mean and standard deviation, while cat-
egorical data were expressed as counts (n) 
and percentages (%). All statistical analyses 

were performed with SPSS software (ver-
sion 25.0, IBM).

Results 
We evaluated CT images of RT-PCR test 

positive 185 patients with the final diagno-
sis of COVID-19 disease. Of these patients, 
147 (79.4%) had parenchymal infiltration 
consistent with pneumonia. Ten patients 
(6.8%) had a negative initial RT-PCR test re-
sult; however, infiltration was present on CT. 
The mean interval time between the initial 
negative and follow-up positive RT-PCR re-
sults was 1.7±0.8 days (Table 1). 

A diverse range of CT findings of 147 
COVID-19 pneumonia patients (70 men and 
77 women; age range, 19–85 years; mean 
age, 51 years) were analyzed in our study. 
We evaluated the location, distribution, and 
opacification pattern of the infiltration. Ad-
ditional CT findings and signs reported in 
the literature were also evaluated. Most of 
the patients had multifocal lesions (89.1%). 
Bilateral involvement was identified in 127 
cases (86.4%). Lower lobes were the most af-
fected lobes, and only 8 patients (5.4%) had 
both lower lobes preserved. Compared to 
the left lower lobe (85.7%), there was a slight 
tendency for right lower lobe involvement 
(87.8%). Two or more lobes were affected 
in 131 cases (89.1%), and 54 cases (70.9%) 

Main points

•	 A diverse group of chest CT findings can be 
seen in COVID-19 pneumonia.

•	 Pure ground glass opacities were present in 
most of our cases.

•	 Lung involvement tended to be bilateral with 
multifocal lesions distributed mainly at periph-
eral areas of the lower lobes.

•	 Chest CT has a complementary role in the di-
agnosis of the disease.

Figure 1. Flowchart of patient selection. RT-PCR, reverse transcription-polymerase chain reaction; CT, 
computed tomography; HRCT, high-resolution CT.

206 patients who underwent both RT-PCR sampling
and CT examination between March 15, 2020, and
April 15, 2020, and got a final diagnosis via RT-PCR.

21 patients excluded: 
• 2 patients; <18 years old; 
• 18 patients, initial CT not performed  
   within 24 hours after RT-PCR; 
• 1 patient, images taken with CT  
   angiography protocol

10 patients with
negative initial RT-PCR
(positivity demonstrated  
at follow-up tests)

185 RT-PCR positive patients
with initial HRCT

137 patients with
positive initial RT-PCR

147 patients with
positive initial HRCT38 patients with

negative initial HRCT
positive initial RT-PCR



had diffuse infiltration involving all of the 
lung lobes. Lesions were distributed mainly 
at peripheral (87.1%) and posterior (46.3%) 

areas of lung parenchyma (Fig. 2). Peribron-
chovascular distribution was a rare finding 
observed in 35 cases (23.8%). Considering 

these location and distribution characteris-
tics in our study group, a solitary lesion locat-
ed in the upper lobe was a rare finding, seen 
only in 4 of 147 cases. 

Of 147 patients with abnormal CT, the 
vast majority (97.3%) had at least one lesion 
with GGO component. Among these, pure 
GGO (patchy and/or nodular) was the most 
common pattern (82.3%), followed by GGO 
with consolidation (32.7%) and crazy pav-
ing pattern (21.8%). Pure GGO was the only 
finding in 60 cases (40.8%). Pure consolida-
tion was relatively rare and observed in 22 
cases (15%). Although these infiltrations 
had different shape and margin features, 
peripheral infiltrations with the long axis 
running parallel to pleura were observed in 
a considerable amount of the cases (41.5%). 
Multifocal solid nodules were seen on the 
CT images of 27 patients (18.4%), and nod-
ules with peripheral GGO halo (halo sign) 
were present in 15 of them. Another CT 
finding, “reverse halo sign”, described as a 
central rounded GGO surrounded by a ring-
like consolidation (10), was observed on 
22 CT scans (15%). Additional CT findings 
accompanying all these different infiltra-
tion patterns were also present. Of these, 
the most common finding was vascular 
enlargement defined as the dilatation of 
pulmonary vessels around and within the 
lesions (9) and was seen on 50 CT scans 
(34%). A thin curvilinear opacity parallel to 
the pleural surface with a 1–3 mm thick-
ness named “subpleural line” (10) was an-
other frequent finding (27.9%) followed by 
air-bronchogram (23.1%), bronchiectasis 
(19%), parenchymal distortion (17.7%). As 
a relatively rare finding, we observed small 
air-containing spaces in some of the infiltra-
tions, named “air-bubble sign” (10.2%) (9). 
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Figure 2. HRCT image of a 59-year-old female 
COVID-19 patient presenting with fever and 
dry cough for 3 days. Bilateral GGOs distributed 
predominantly at peripheral and posterior areas 
of lower lobes (arrows). This pattern was defined 
as typical for COVID-19 pneumonia and was 
present with a high incidence among our cases.

Table 1. Patient characteristics

RT-PCR positive patients (n=185) Pneumonia (+) (n=147) Pneumonia (-) (n=38)

Age (years), mean±SD 51.0±15.8 39.9±14.0

Gender 70 men, 77 women 17 men, 21 women

RT-PCR positivity at first test, n (%) 137 (93.2) 38 (100)

RT-PCR positivity at second test, n (%) 8 (5.4) -

RT-PCR positivity at third test, n (%) 2 (1.4) -

Interval to RT-PCR positivity* (days), 
mean±SD 

1.7±0.8 -

RT-PCR, reverse transcription - polymerase chain reaction.
*The time interval between the initial negative and follow-up positive test.

Table 2. CT imaging findings of COVID-19 pneumonia (n=147)

Location / Distribution n % Density n %

Focality Pure GGO 121 82.3

   Unifocal 16 10.9 GGO with consolidation 48 32.7

   Multifocal 131 89.1 Crazy paving pattern 32 21.8

Laterality Pure consolidation 22 15.0

   Unilateral 20 13.6 Solid nodules 27 18.4

   Bilateral 127 86.4

Lobar distribution Other CT findings

   Right lower lobe 129 87.8    Halo sign 15 10.2

   Right middle lobe 105 71.4    Reverse halo sign 22 15.0

   Right upper lobe 114 77.6    Air-bronchogram 34 23.1

   Left lower lobe 126 85.7    Air-bubble sign 15 10.2

   Left upper lobe 119 81.0    Acinar nodules 15 10.2

Transverse distribution    Subpleural line 41 27.9

   Central predominant 3 2.0    Vascular enlargement 50 34.0

   Peripheral predominant 128 87.1    Bronchiectasis 28 19.0

   No predominancy 16 10.9    Pleural thickening 19 12.9

Craniocaudal distribution    Pleural effusion 3 2.0

   Upper lung predominant 14 9.5    Mediastinal and/or hilar  
   LAP

18 12.2

   Lower lung predominant 76 51.7

   No predominancy 57 38.8 Findings not detected

Anteroposterior distribution    Cavitation

   Anterior lung predominant 13 8.8    Tree-in-bud 

   Posterior lung predominant 68 46.3    Pericardial effusion

   No predominancy 66 44.9    Pneumothorax

Other location / distribution 
features

   Peribronchovascular distribution 35 23.8

   Peripheral lesions with long axis   
   parallel to pleura

61 41.5

CT, computed tomography; COVID-19, coronavirus disease 2019; GGO, ground glass opacity; LAP, lymphadenopathy.
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In our study group, no tree-in-bud pattern 
or cavitation was observed. As for extrapa-
renchymal findings, pleural thickening was 
more common (12.9%) than pleural effu-
sion (2%). Mediastinal and/or hilar lymph-
adenopathy were seen on 18 CT scans 
(12.2%). Pneumothorax and pericardial 
effusion were not detected in our cases. Ta-
ble 2 summarizes the CT imaging findings 
mentioned above. Examples of CT findings 
are shown in Figs. 3 and 4. 

Discussion
We comprehensively analyzed the chest 

CT characteristics in patients diagnosed 
with COVID-19 pneumonia. This is the ini-
tial report of radiologic findings detected in 
our country, Turkey. A total of 185 patients 
with a final diagnosis of COVID-19 infection, 
whose initial RT-PCR test was performed on 
the day of admission to our hospital and 
whose high-resolution CT images were 
taken within 24 hours after RT-PCR testing, 
were evaluated. Lung infiltration consistent 

with pneumonia was seen on CT images of 
147 patients. Ten of them (6.8%) had a neg-
ative baseline RT-PCR test result, and posi-
tivity was detected as a result of repeated 
tests. Therefore, CT imaging enabled early 
diagnosis in this group of patients. Ai et al. 
(6) mentioned the complementary role of 
CT in patients with false-negative RT-PCR 
test results. Using RT-PCR as the reference, 
they reported the sensitivity of chest CT 
imaging as 97%. Failure in sample collec-
tion, transportation, or kit performance can 
be listed as factors limiting the accuracy of 
RT-PCR testing (11). In addition, interpreta-
tion of CT images can be easily done with-
in minutes after the scan, whereas getting 
RT-PCR test results generally takes longer. 
Given the need for early diagnosis and iso-
lation, this can be seen as the advantage 
of CT imaging. However, in addition to the 
high sensitivity of CT, low specificity should 
also be taken into consideration. Kim et al. 
(5) mentioned the high sensitivity, but low 
specificity of chest CT in their meta-analy-

sis, in which the positive predictive value of 
RT-PCR was reported to be ten times higher 
than that of CT in low-prevalence countries. 
Also, it should be kept in mind that a chest 
CT may be normal in the early period of the 
disease. Bernheim et al. (12), in their study 
with 121 confirmed COVID-19 cases, report-
ed that 56% of patients imaged early, at 0–2 
days after symptom onset, had a normal CT 
with complete absence of GGOs and con-
solidation. Of our patients, 20.6% (38/185) 
had no parenchymal infiltration consistent 
with pneumonia, whereas all had an initial 
positive RT-PCR test. 

In our study, the most common and rel-
atively rare CT findings of the disease were 
evaluated based on the location of the le-
sions, distribution, and opacification pat-
terns. Pure GGO was the most common 
imaging finding (82.3%). Multifocal (89.1%), 
bilateral (86.4%), and multilobar (89.1%) 
involvement, predominant distribution at 
peripheral (87.1%), posterior (46.3%), and 
lower (51.7%) lung areas were the other 

Figure 3. a–f. HRCT images demonstrate examples of different infiltration patterns of COVID-19 pneumonia: (a), peripheral pure GGOs (arrow); (b), GGO 
(arrow) with consolidation (arrowhead); (c), GGO with interlobular septal, intralobular interstitial thickening defined as ‘‘crazy-paving pattern’’ (arrows); 
(d), pure consolidation (arrow) with ‘‘air-bronchogram’’ (arrowhead); (e), ‘‘reverse halo sign’’ described as a central rounded GGO surrounded by a ring-like 
consolidation (arrow); and (f), solid nodule with peripheral GGO ‘‘halo sign’’ (arrow).
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CT findings observed with high incidences. 
These features have been demonstrated as 
typical CT findings in several recent studies 
regarding COVID-19 pneumonia (7, 9, 13–
16). Consistent with our study, Song et al. 
(16) reported pure GGO infiltration, involve-
ment of multiple lobes, particularly the 
lower lobes with a peripheral or posterior 
distribution to be the main CT findings seen 
in the majority of patients. They revealed 
that the time period between the onset of 
symptoms and the CT scan was decisive on 
the density of lung lesions and there were 
more consolidated lung lesions in patients 
with 5 or more days from symptom onset to 
CT scan. There are other studies regarding 
the temporal course of CT findings (17–20). 
Pan et al. (20) reported GGO as the early 
stage finding (0–4 days after onset of the 
initial symptom), and bilateral, multilobar 
distribution with diffuse GGO, crazy paving 
pattern and consolidation as progressive 
stage CT findings (5–8 days after onset of 
the initial symptom). In our study, findings 

indicating progression, such as GGO with 
consolidation (32.7%), crazy paving pat-
tern (21.8%), reverse halo sign (15%), and 
pure consolidation (15%), were less com-
mon than pure GGO. However, two or more 
lobes were affected in 131 cases (89.1%) 
and of them, 54 (70.9%) had diffuse infil-
tration involving all of the lung lobes. We 
included CT images taken within a short 
time after hospitalization. But this is not an 
indication for early disease, as the time be-
tween symptom onset and hospitalization 
varies patient to patient. Imaging findings 
suggest that our study group consisted of 
patients predominantly at the early and 
progressive stages of the disease. Howev-
er, this observation needs to be confirmed 
with clinical data and patient history. As 
an additional finding, we observed a slight 
tendency to right lower lobe involvement. 
Of 147 patients, 129 (87.8%) had right lower 
lobe infiltration and 7 had infiltration limit-
ed only to the right lower lobe. This might 
be related to the anatomical structure of 

the airways. Short and straight course of the 
right bronchus might be the reason for this 
tendency (17). 

Solid nodules with halo sign, air-bron-
chogram, air-bubble sign, subpleural line, 
parenchymal distortion, vascular enlarge-
ment, bronchiectasis, pleural thickening 
were the other CT features observed in our 
study at rates not to be underestimated. 
Among these, vascular enlargement was 
the most frequent finding and was present 
in 50 patients (34%). Ye et al. (9) emphasized 
that it was a common finding in their series 
and might be attributed to the damage 
and swelling of the capillary wall caused 
by pro-inflammatory factors. Subpleural 
line, described as a thin curvilinear opacity 
parallel to the pleural surface with 1–3 mm 
thickness, was another finding that might 
be related to pulmonary edema or fibrosis. 
Wu et al. (15) and Li et al. (21) both reported 
around 20% of patients, similar to our study 
(27.9%). Air-bubble sign was observed in 15 
patients (10.2%). Air-bubbles cannot be seen 
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Figure 4. a–f. Other CT findings accompanying lung infiltration in COVID-19 pneumonia: (a), dilatation of pulmonary vessel within the GGO lesion 
consistent with ‘‘vascular enlargement’’ (arrow); (b), GGO with bronchial dilatation (bronchiectasis) (arrows); (c), a thin curvilinear opacity parallel to the 
pleura ‘‘subpleural line’’ (arrow); (d), consolidation with air-bubble sign (arrow); (e), pleural thickening (arrow) adjacent to the infiltration; and (f), subcarinal 
LAP (arrow) and parenchymal infiltration (arrowhead).
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easily on the source images, and this may be 
the reason for this relatively low rate. How-
ever, creating minimum intensity projection 
(MinIP) images with a slab thickness of 4–5 
mm is a way to make them noticeable (22). 
We rarely observed extraparenchymal find-
ings such as mediastinal lymphadenopathy 
and pleural effusion, which show higher in-
cidences among severe and critical patients 
(21). Other findings indicating severity, such 
as pneumothorax and pericardial effusion 
were not detected in our patient group.

Even though most of the COVID-19 pa-
tients share CT findings defined as typical, 
these findings are known to be nonspe-
cific and can be seen in other infectious 
diseases. Li et al. (23) in their review arti-
cle, focused on imaging characteristics of 
COVID-19 pneumonia and also made a 
comparison between COVID-19 and other 
diseases that have similar CT findings. Viral 
pneumonia (influenza pneumonia, respi-
ratory syncytial virus pneumonia, rhinovi-
rus pneumonia, adenovirus pneumonia), 
non-viral infectious pneumonia such as 
mycoplasma pneumonia, non-infectious 
pneumonia (hypersensitivity pneumonia, 
pulmonary alveolar proteinosis, interstitial 
pneumonia) should be considered in the 
differential diagnosis. CT findings such as 
bilateral reticulonodular opacities, tree-
in-bud pattern, and cavitation that would 
suggest these alternative diagnoses were 
not present in our study group. However, 
overlapping of imaging features should not 
be underestimated and imaging findings 
should be supported with clinical findings. 
When we reviewed final radiologic reports 
of patients in our study, we realized that 
131 of 147 CT examinations were reported 
as highly suspicious and/or consistent with 
COVID-19 pneumonia. However, the re-
maining 16 CT examinations were reported 
as low probability based on less common 
CT findings such as unilateral and unifocal 
involvement, multiple acinar nodules dis-
tributed along bronchovascular bundles, 
and others. It should be also reminded that 
COVID-19, severe acute respiratory syn-
drome (SARS), and Middle East respiratory 
syndrome (MERS), are caused by infectious 
agents which are members of coronaviri-
dae family. Given the fact that viruses in the 
same viral family share a similar pathogen-
esis, imaging features are expected to be 
similar as well. Supporting this expectation, 
the most common CT findings in patients 
with MERS infection are predominantly 
subpleural and basilar infiltration, with 
more extensive GGO than consolidation 

(24). At presentation, CT of SARS patients 
shows unilateral or bilateral GGO or con-
solidation, and in hospitalized patients, the 
abnormalities tend to progress to bilateral 
air-space consolidation (25). A comprehen-
sive list of differential diagnoses including 
all these infectious and non-infectious dis-
eases increases the responsibility of the 
radiologist. However, diagnosis, treatment, 
and follow-up of COVID-19 pneumonia is a 
teamwork in which, departments of emer-
gency, microbiology, radiology, chest and 
infectious disease take part (26). 

This study had two limitations. First, in 
our setting we did not have enough infor-
mation about the clinical history of patients, 
e.g., the duration of the symptoms. Second, 
we did not include follow-up CT images 
of the patients. Therefore, the relationship 
between CT findings and the course of the 
disease could not be evaluated and it was 
not possible to make a classification based 
on the stage of the disease.

In conclusion, we demonstrated a diverse 
group of CT findings that can be seen in 
COVID-19 pneumonia. Multifocal and bilat-
eral GGO infiltration, predominantly distrib-
uted in peripheral, posterior, and lower lung 
areas was the most common infiltration 
pattern. Findings compatible with non-viral 
infectious pneumonia, such as tree-in-bud 
pattern and cavitation, were not detected. 
Given the complementary role of chest CT 
in the early diagnosis, radiologists should 
be familiar with the CT findings suggestive 
of COVID-19 pneumonia.  
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