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Abstract

Purpose: Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) has proven to be a diagnostic challenge.
Early studies have shown that computed tomography (CT) imaging may be useful in diagnosis of these patients.
We aim to report CT findings in a series of hospitalized patients.

Material and methods: A total of 81 patients were included in this study. All of the patients were hospitalized and had
SARS-CoV-2 infection proven by molecular assay. All patients had a CT scan on the first day of admission. Imaging
results were reviewed by two separate radiologists, and imaging findings were documented.

Results: Seventy-eight patients had abnormal CT imaging, while 3 had normal CT imaging. The sensitivity of CT in
diagnosing coronavirus disease 2019 (COVID-19) was estimated to be 96%. The most common imaging finding was
ground glass opacities, followed by septal thickening. Most lesions were located at the periphery and posterior of the
lungs. Most lesions were multifocal, and involved the right lower lobe more frequently. Chest X-rays were normal in
38 patients, and the sensitivity of chest X-ray in diagnosing SARS-Cov-2 was 54%.

Conclusions: CT scans could be used in diagnosis of patients with a high sensitivity (93%). No common imaging
findings may also be seen alongside ground glass opacities, based on the degree of disease progression.
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Introduction

In December 2019 a new coronavirus emerged from the
Chinese city of Wuhan, which in most cases only caused
mild disease, but in some, especially in subjects with pre-
existing conditions such as hypertension and diabetes,
caused severe viral pneumonia, characterized by promi-
nent lower respiratory tract symptoms and a systemic
inflammatory response to the virus [1]. Currently, the
virus is disseminated in more than 100 countries, and has

caused more than a million cases of infection and at least
50 000 deaths [2]. The virus has a reproduction number
of 2-3, meaning it can easily infect individuals, and has
shown to be contagious even when a subject is asymp-
tomatic. Because of this, health systems worldwide have
focused on the strategy of early detection and isolation of
cases [3]. This in fact has proven to be a major challenge,
as a significant portion of those infected do not show
symptoms and do not seek medical attention [4]. Another
challenge is diagnosing the virus. Currently, accepted au-
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thorities put emphasis on the necessity of frequent and
wide scale testing, which is done by molecular assays
from samples taken from the upper respiratory tract [5].
Countries with underdeveloped health systems and weak
disease surveillance have failed to accommodate the nec-
essary infrastructure needed for such testing. A combi-
nation of these two factors has led to undertreatment of
patients infected with the virus, especially in subjects who
are hospitalized. As early as January 2020, suggestions
were made regarding the possible role of computed tomo-
graphy (CT) imaging in the diagnosis of COVID-19 [6].
Early studies conducted in this regard pointed out the
possible benefit of CT imaging [7]. Most of the initial
studies came from Korea and China, with limited evi-
dence being presented from elsewhere. In this study we
analyze the imaging findings of patients infected with
SARS-CoV-2. We also define the sensitivity of CT imag-
ing in the diagnosis of the disease.

Material and methods

Patients

In this prospective study all of the patients who were
referred to and hospitalized in a tertiary medical cen-
ter affiliated with a medical sciences university between
February 1 2020 and March 29" 2020 were included.
The aforementioned center was the referral center for in-
fectious disease for a population of 6 million, and patients
received medical services from trained specialists. Inclu-
sion criteria consisted of those with a positive polymerase
chain reaction test for COVID-19, being hospitalized in
an infectious disease ward or intensive care unit and will-
ingness to participate in the study. Exclusion criteria con-
sisted of those with concomitant viral or bacterial pneu-
monia (diagnosed by clinical assessments or samples from
the respiratory tract), and pre-existing lung disease, such
as bronchiectasis, cystic fibrosis, pulmonary idiopathic
fibrosis, emphysema and silicosis.

Computed tomography imaging protocol

Subjects were referred to the imaging department based
on the algorithm suggested by evidence presented by
the World Health Organization (WHO) [8]. All patients
had CT imaging with Siemens SOMATOM (Hannover,
Germany) and Toshiba Alexion (Kyoto, Japan) machines
based on the following technical specifications: axial
and sagittal images, automatic tube current modulation
with a voltage of 120 kVp, matrix size of 512 x 512 and
256 x 256, increment and thickness of 1.5-2 mm. Analysis
of the CT imaging and subsequent staging was done by
two separate radiologists with at least 20 years of experi-
ence in thoracic imaging, and was done according to the
latest checklist provided by the Radiological Society of
North America and by Kanne et al. [9,10]. The checklist
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was modified based on the most recent imaging guide-
line issued by the United states Board of Diagnostic Ra-
diology [11]. These guidelines classify imaging findings
into three types (suggestive of COVID-19, inconsistent
with COVID-19, and undetermined findings). Staging of
radiologic imaging was done according to recommenda-
tions from Jin et al. [12]. In this staging, based on disease
progression, 5 stages are determined: the ultra-early stage
(stage 1) characterized by focal ground glass opacities,
the early stage (stage 2) characterized by more dissemi-
nated ground glass opacities and thickened interlobular
septa, the rapid progression stage (stage 3), characterized
by large consolidation and air bronchogram, the consoli-
dation stage (stage 4) characterized by multiple patchy
consolidations, and the dissipation stage (stage 5) charac-
terized by abiding imaging findings, few patchy consolida-
tions and interlobular septa thickening.

Radiologists were not aware of the results of molecular
assays prior to reporting of radiological images.

Radiologists were also not aware of chest X-ray find-
ings of each CT image prior to interpretation of CT imag-
ing. The radiologists reviewed the images separately, and
in case of disagreement, a third radiologist with 14 years
of experience reviewed the images and a consensus was
reached.

Molecular assay

Samples were taken from the oropharynx and naso-
pharynx, with their specimens being processed based on
the guideline issued by the WHO, with primers approved
by the Chinese Center for Disease Control, targeting the
N gene (sequence GAGGAACGAGAAGAGGCTTG -
600-800 nM) per reaction. Storage, collection and ship-
ment of all specimens were done according to interim
guidance issued by the WHO on March 19% 2020 [13].

Statistical analysis

Microsoft Excel was used for data collection and pro-
duction of tables. Statistical analysis was done with SPSS,
version 19.10. Continuous variables were directly ex-
pressed as a range and categorical variables were expressed
as numbers and percentages.

Ethical considerations

This study was approved by the local ethics committee
of the medical sciences university where it was performed
(Ethical code: IR-TBZMED.REC.1398.1275). All of the
patients included in the study had signed pre-designed
inform consent notes. Consent for publication was ob-
tained from all of the patients. Identifying information
was not presented in any way and data were not shared
with any third party. The study was in in compliance with
the Declaration of Helsinki.

© Pol J Radiol 2021; 86: e165-¢171



Computed tomography imaging findings in hospitalized patients with coronavirus disease 2019 (COVID-19): a descriptive study of 81 cases

Results

A total of 81 patients were included in our study. All
of the patients had tested positive for SARS-CoV-2 prior
to inclusion. Forty-one patients were male and 31 were
female. The most common age group was 60-70 years.
The mean age of patients was 58 + 12.1. Table 1 summa-
rizes the demographic information of patients.

Of all the patients 3 had normal CT imaging. 79 had
abnormal imaging. Patients were classified in 5 stages
based on lung involvement. The most common imag-
ing group was group 2 with 25 patients and group 3 with
19 patients. The most common imaging finding was
ground glass opacity, with 76 patients having it (93.8%).
Most patients had bilateral involvement (66-81.4%).
The most common pattern of involvement was multifocal
(61-75.3%), followed by diffuse involvement (11-13.5%).
The peripheral regions of the lungs were involved in
69 patients (85.1%), followed by the posterior regions
(54-66.6%). The most common lobe involved was the
right lower (65-80.2%), followed by the left upper lobe
and right upper and middle lobe.

Table 1. Demographic information of the patients included in the study.
Data represented as frequency (percentage)

Parameter n (%)

Sex
Male 42(51.8)
Female 39 (48.1)

Age
<10 1(1.2)
10-20 0
20-30 2(2.4)
30-40 13(16.0)
40-50 14(17.2)
50-60 11(13.5)
60-70 19(23.4)
70-80 10(12.3)
80-90 8(9.8)

Mediastinal lymphadenopathy was seen in 18 patients
(22.2%), and all of them had peri- and para-tracheal
lymphadenopathy, 5 had aortopulmonary (AP) window
lymphadenopathy and one patient had vascular lympha-
denopathy. Pleural effusion was present in 12 patients
(14.8%). Pericardial effusion was less common and was
only seen in 3 patients (3.7%). Imaging findings are pre-
sented in Tables 2-4 in more detail.

Nine patients had follow-up CT scans on the third day
after admission (based on clinical indications determined
by infectious disease specialists). Out of those, 7 cases had
an increase in radiologic grade, while 2 had no progres-
sion in radiologic staging.

Figures 1-4 demonstrate some of the selected imaging
findings in this study.

Discussion

In this study we found that most patients infected with
Sars-Cov-2 had significant findings in the CT scan. The
most common findings were ground glass opacities, which
were seen in 76 patients, septal thickening in 29 patients,
subpleural line in 28 patients, crazy paving and air broncho-
gram in 15 patients. The least common findings were halo
sign, tree in bud appearance, reverse halo sign and reticulo-
nodular pattern. Most of the patients had bilateral involve-
ment (66 patients) and only 11 had unilateral involvement.
Mediastinal lymphadenopathy was seen in 18 patients.
Three patients included in the study had a normal CT scan.

The COVID-19 epidemic is similar in some aspects to
the previous coronavirus pandemics, such as SARS and

Table 2. Computed tomography radiologic staging of patients included in
the study

Parameter n (%)
Normal findings 3(3.7)
Stage 1 15(18.0)
Stage 2 25(30.8)
Stage 3 19(23.4)
Stage 4 16(19.7)
Stage 5 4(4.9)

Table 3. Pattern of lung involvement in patients with positive imaging findings

Side Unilateral 11(13.5%) Bilateral 66 (81.4%)

Pattern Unifocal 6 (7.4%) Multifocal 61(75.3%) Diffuse 11(13.5%)

of involvement Peripheral 69 (85.1%) Central 15 (18.5%) Anterior 11(13.5%)

Basal 8(9.8%) Posterior 54 (66.6%) No involvement 3(3.7%)

Involved lobes RUL 57 (70.3%) RML 57 (70.3%) RLL 65 (80.2%)
LLL 58 (71.6%) LuL 58 (71.6%)

Chest X-ray Ground glass opacities 24(29.6%) Consolidation |  19(23.4%) None 38 (46.9%)

involvement
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Table 4. Specific radiologic findings in patients with lung involvement

Radiologic findings Radiologic findings

Ground glass 76 (93.8) Fibrotic changes 6(7.4)
(razy paving 15(18.5) Bronchiectasis 6(7.4)
Airspace consolidation 24(29.6) Cavitation 0(0.0)
Septal thickening 29(35.8) Round pneumonia 0(0.0)
Nodular opacities 10(12.3) Air bronchogram 15(18.5)
Reticulonodular pattern 3(3.7) Subpleural line 0(0.0)
Atelectasis 13 (16.0) Subpleural transparent line 28 (34.5)
Tree in bud 1(1.2) Halo sign 1(1.2)
Peri-bronchovascular involvement 13(16.0) Reversed halo sign 3(3.7)
Emphysematous changes 5(6.1) None 33.7)
Peri-tracheal and para-tracheal 18(22.2) AP window lymphadenopathy 5(6.1)
lymphadenopathy

PA thickening 12(14.8) Cardiomegaly 9(11.1)
Pleural effusion 12(14.8) Pericardial effusion 3(3.7)

RUL - right upper lobe, RML — right middle lobe, RLL — right lower lobe, LLL — left lower lobe, LUL — left upper lobe.

MERS [14,15]. Studies done during the previous epidem-
ics have shown that the most common imaging findings
consisted of peripheral multifocal ground glass opacities
and consolidations. Lymphadenopathies, cavitation and
pneumothorax were not common findings. The experi-
ence with the previous epidemics, and the role of CT im-
aging in early diagnosis, prompted the use of this imaging
method in the SARS-Co-V2 epidemic [14,16].

One of the first reports of imaging findings in patients
with COVID-19 was presented by Shi et al. This report
was done on 81 patients who were all hospitalized in
Chinese medical centers. They assigned patients to two
groups, consisting of those with clinical and subclinical
symptoms. The mean age of patients was 49.5 years. In
this study the right lower lobe was the most frequent lung
lobe involved, and patients without clinical symptoms had
the fewest involved lobes, with a statistically significant
difference between symptom-free patients and those with

symptoms. Sixty-four patients (79%) had bilateral lung in-
volvement, 44 patients had peripheral involvement (54%)
and 36 patients had diffuse involvement (44%). The least
common findings were nodules (5 patients, 6%), cystic
changes (8 patients, 10%), bronchiectasis (9 patients,
11%), pleural effusion (4 patients, 5%) and lymphade-
nopathy (5 patients, 6%). Findings such as tree in bud ap-
pearance and cavitation and calcifications were not seen.
Our findings were in accordance with Shi’s study, with the
difference that in almost all of our patients ground glass
opacities were seen (93.8%), 85.1% of patients had periph-
eral involvement, and 80.2% of patients had involvement
in the right lower lobe, followed by the left lower lobe, left
upper lobe, and right upper lobe. Lymphadenopathy and
pleural effusion were less common (22.2% and 14.8% re-
spectively) compared to our other findings, but were still
more common compared to Shi’s study. These differences
could be because of the indications for hospitalization of

Figure 1. A) A 63-year-old woman presented to EM ward with cough and dyspnea. The chest computed tomography (CT) shows bilateral multifocal
centrilobular ground glass opacities. B) A 71-year-old woman presented with dyspnea. The chest CT shows bilateral multiple ground glass opacities with
interlobular septal thickening more prominently at peripheral and posterior regions of both lungs. C) A 39-year-old male patient with multifocal patchy
groundless opacities; note the fine subpleural transparent region between the opacities and pleura
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Figure 2. A) A 54-year-old man. Chest computed tomography (CT) shows both airspace consolidation with air bronchogram at right side and multiple
airspace ground glass opacities. B) A 49-year-old woman. Chest CT shows bilateral fine ground glass opacities and transparent subpleural sign and airspace
consolidation at the posterior. margin right lung. C) A 61-year-old man. (T showed multiple airspace opacities with bronchiectasis at the right side

Figure 3. A) A 41-year-old man. the chest computed tomography (CT) showed nodular opacities surrounded with ground glass opacities at left lower lobe
which is known as halo sign. B) A 53-year-old patient with multiple nodular opacities with halo sign. C) A43-year-old patient. Chest CT shows ground-glass

opacities bilaterally and reversed halo sign at the right upper lobe

Figure 4. All three images (A, B, C) belong to a 62-year-old man. Airspace consolidation with air bronchogram is seen at the right lower lobe and ground
glass opacities at left lower lobe which are associated with right pleural effusion and pre-tracheal lymph node enlargement. This patient had a severe degree

of effusion, not routinely witnessed with viral pneumonia

patients. In Shi’s study a considerable number of patients
with no clinical symptoms or mild symptoms were hos-
pitalized, while in our study only those with moderate to
severe symptoms were hospitalized. Furthermore, in the
early phases of the epidemic case finding was actively be-
ing done in China, and thus patients were hospitalized
in early stages, while in our situation, most patients were
diagnosed after being symptomatic and being referred to
a tertiary care center. This could have caused the increase
in number of positive imaging findings [17]. Further evi-
dence in this regard could be suggested by the fact that

© Pol ) Radiol 2021; 86: e165-e171

most of the atypical and less common findings were seen
in those with higher stages (stages 3-4).

Another early study performed in South Korea focused
on imaging findings of COVID-19. South Korea was one
of the countries which was hit hard by the virus, but was
able to reduce the spread of the disease by active case find-
ing and wide scale testing. In the study done by Yoon et al.
nine patients with proven COVID-19 were included. Eight
patients had bilateral lung involvement, and the median
number of involved lobes was five. The most frequently in-
volved lobes were the right lower lobe and left upper lobe.
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These results were in accordance with our results, and
the extent of involvement was similar to our study. This
could be because of late detection and hospitalization of
these patients in the early stages of the epidemic [18]. Liu
et al. conducted a study on Chinese patients infected with
the virus. They classified the patients in 4 groups based
on disease severity, and compared radiologic findings in
each of the groups. They found that out of 6 patients with
mild symptoms, 3 had normal CT images, while all those
with moderate symptoms had abnormalities in their im-
aging, the most common being ground glass opacities.
Other common findings were paving stone sign, inter and
intralobular septal thickening and air bronchogram. In 21
patients with severe symptoms, ground glass opacities and
consolidations were the most significant findings [19].

Later in the course of the epidemic, more studies were
published from China, this time focusing on early find-
ings of chest CTs. A study done by Ng et al. included CT
images as early as 1 day after symptoms appeared with
the median time being 3 days. They found that out of
21 cases, 2 had normal CT scans, 18 patients had ground
glass opacities (86%), and 13 patients had air space con-
solidation (62%). Of all the 18 patients with abnormal CT
imaging, 11 had dominant ground glass lesions, four had
dominant airspace consolidation and four had mixed in-
volvement. Lower lobes of the lungs were more commonly
involved than the upper lobes (16 vs. 11 respectively). No
cases of pleural effusions, lymphadenopathy, cavitation
or pleural effusion were seen [20]. The major findings of
this study supported our conclusions, except the fact that
we observed the aforementioned findings not seen in this
study. This could be because of the fact that our patients
were hospitalized in late stages of the disease, mostly be-
cause of the fact that the condition was not diagnosed be-
cause of a lack of wide scale testing. Furthermore, we in-
cluded more patients, which could result in less common
findings being seen.

In the present study we also examined chest X-rays
belonging to patients. Most of the cases with positive
findings suggestive of SARS-Cov-2 infection were those
in higher stages (particularly stages 3-4), while those in
stage 1 and 2 had lower numbers of positive findings.

The overall sensitivity was estimated to be 53%. The pre-
vious conclusions could be applicable here as well, which
could justify the normal chest X-rays in early stages.

Opverall it seems that radiologic findings of COVID-19
are sensitive enough to enable a rapid diagnosis amid
an epidemic (most importantly in countries with limited
access to molecular testing). Challenges still remain re-
garding the appropriate interpretation of imaging find-
ings with respect to time of involvement, and the step by
step alterations made in imaging findings. In this study,
we included 81 patients who were hospitalized because
of moderate to severe symptoms, and we did not include
asymptomatic patients, or those with mild symptoms,
who may not have sought medical attention in the first
place. Our study was performed on patients presenting
a single center, and large scale studies may show difter-
ent findings.

Conclusions

The sensitivity of CT imaging in diagnosing COVID-19
was 96%. The most common finding in imaging was bi-
lateral, multifocal ground glass opacities, with other find-
ings such as air bronchogram, consolidation and septal
thickening being also frequently reported. Furthermore,
other non-common imaging findings were witnessed with
an increased rate compared to similar studies. The most
common lobe involved was the right lower lobe, and the
most common region of involvement was posterior and pe-
ripheral regions of the lungs. Nine patients had CT imaging
done one week after hospitalization due to follow-up, and
7 of these had an increase in stage of involvement, while
2 did not show any significant difference. We also found
that chest X-rays had a sensitivity of 53.0%, with ground
glass opacities being more common than consolidations.
Opverall, we report a higher percentage of specific radiolog-
ic findings, which we attribute to our patients being those
hospitalized because of moderate to severe symptoms.
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