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The coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) first appeared in Wuhan, China in December 2019, 
spread to the whole world in a short time, and was declared as a pandemic by the 

World Health Organization (WHO) on March 11, 2020. According to the WHO data, as of 
April 11, 2020, the number of confirmed COVID-19 cases has exceeded 1.5 million and the 
total loss of life caused by the virus has exceeded 100 000, worldwide. In Turkey, in the last 
one month, since the first case was declared on March 10th, the total number of confirmed 
cases has gone over 50 000, and loss of life exceeded 1000 (1–3).

PURPOSE 
This study aims to identify chest computed tomography (CT) characteristics of coronavirus dis-
ease 2019 (COVID-19), investigate the association between CT findings and laboratory or demo-
graphic findings, and compare the accuracy of chest CT with reverse transcription-polymerase 
chain reaction (RT-PCR).

METHODS
Overall, 120 of 159 consecutive cases isolated due to suspected COVID-19 at our hospital be-
tween 17 and 25 March 2020 were included in this retrospective study. All patients underwent 
both chest CT and RT-PCR at first admission. The patients were divided into two groups: laborato-
ry-confirmed COVID-19 and clinically diagnosed COVID-19. Clinical findings, laboratory findings, 
radiologic features and CT severity index (CT-SI) of the patients were noted. The sensitivity, spec-
ificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of chest CT 
were calculated for the diagnosis of COVID-19, using RT-PCR as reference.

RESULTS
The laboratory-confirmed and clinically diagnosed COVID-19 groups consisted of 69 (M/F 43/26, 
mean age 50.9±14.0 years) and 51 patients (M/F 24/27, mean age 50.9±18.8 years), respective-
ly. Dry cough (62.3% vs. 52.9%), fever (30.4% vs. 25.5%) and dyspnea (23.2% vs. 27.5%) were 
the most common admission symptoms in the laboratory-confirmed and clinically diagnosed 
COVID-19 groups, respectively. Bilateral multilobe involvement (83.1% vs. 57.5%), peripheral 
distribution (96.9% vs. 97.5%), patchy shape (75.4% vs. 70.0%), ground-glass opacities (GGO) 
(96.9% vs. 100.0%), vascular enlargement (56.9% vs. 50.0%), intralobular reticular density (40.0% 
vs. 40.0%) and bronchial wall thickening (27.7% vs. 45.0%) were the most common CT findings in 
the laboratory-confirmed and clinically diagnosed COVID-19 subgroups, respectively. Except for 
the bilateral involvement and white blood cell (WBC) count, no difference was found between 
the clinical, laboratory, and parenchymal findings of the two groups. Positive correlation was 
found between CT-SI and, lactate dehydrogenase (LDH) and C-reactive protein (CRP) values in 
the laboratory-confirmed COVID-19 subgroup. Chest CT and RT-PCR positivity rates among pa-
tients with suspected COVID-19 were 87.5% (105/120) and 57.5% (69/120), respectively. The sen-
sitivity, specificity, PPV, NPV and accuracy rates of chest CT were determined as 94.2% (95% con-
fidence interval [CI], 85.8–98.4), 21.57% (95% CI, 11.3–35.3), 61.90% (95% CI, 58.2–65.5), 73.3% 
(95% CI, 48.2–89.1) and 63.3% (95% CI, 54.1–71.9), respectively.

CONCLUSION
Chest CT has high sensitivity and low specificity in the diagnosis of COVID-19. The clinical, labo-
ratory, and CT findings of laboratory-confirmed and clinically diagnosed COVID-19 patients are 
similar.
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The incubation period after exposure to 
the virus is between 1 and 14 days, and lasts 
an average of 5 days, until the occurrence 
of the most common symptoms such as 
dry cough, fever, dyspnea, and fatigue (4, 
5). Early diagnosis of COVID-19 cases is nec-
essary for timely isolation and treatment of 
the patients. In the diagnosis of COVID-19, 
the demonstration of viral nucleic acid by 
RT-PCR is considered to be the reference 
standard. However, because of delays in ob-
taining the test results, the need for expe-
rienced personnel, inaccessibility and high 
false negativity of the RT-PCR test, methods 
that will obtain faster results are required. 
In recent studies, the importance of chest 
CT in the diagnosis of COVID-19 has been 
emphasized and CT sensitivity has been re-
ported as above 90% (6–10). Due to the rel-
atively easy accessibility and high accuracy 
of CT, it can be used to quickly confirm pa-
tients with COVID-19  and to have detailed 
information about disease involvement. 

The aim of this study is to identify the 
chest CT characteristics of COVID-19, inves-
tigate the association between CT-SI and 
laboratory or demographic findings, and 
compare the accuracy of chest CT with RT-
PCR at first admission. 

Methods
Patient population and study design

This retrospective study was approved by 
our hospital board (protocol no: 2020.3/08-
303) and written informed consent was 
obtained from all participants. This study 
included all 159 consecutive adult cases 
isolated due to suspected COVID-19 at our 
hospital between the dates of 17–25 March, 
when the first COVID-19 cases were appear-

ing in Turkey. Among these, 36 patients with 
less than 2 RT-PCR tests and 3 patients with 
nondiagnostic chest CT were excluded. In 
total, 120 of 159 patients were included in 
the study. Of these 120 patients, those with 
RT-PCR test positivity were considered labo-
ratory-confirmed COVID-19, and those with 
a negative result were accepted as clinically 
diagnosed COVID-19. 

Clinical data
All patients were evaluated in pandemic 

outpatient clinics established in the emer-
gency department. Clinical symptoms 
of cases such as fever (≥37.3 °C), cough, 
dyspnea, sore throat, fatigue, and the in-
ternational travel history of the patient or 
their relatives were noted. Subsequently, 
all patients adhering to the possible case 
definition were subjected to laborato-
ry-blood tests and non-contrast chest CT, 
at the time of initial admission. To verify 
SARS-CoV-2 positive patients, RT-PCR test 
was performed in the Republic of Turkey 
Ministry of Health, General Directorate 
of Public Health Microbiology Reference 
Laboratory. For the test, a combined swab 
sample was taken from the oropharynx 
and nasopharynx. The first laboratory tests 
and chest CT examinations of the cases 
were done 1–3 days before the RT-PCR 
test. Patients with negative first RT-PCR 
were examined for the second time after 
an interval of 3–5 days. At least 2 RT-PCR 
tests were performed on each patient, and 
cases that were negative two times in a 
row were considered negative. The demo-
graphic characteristics, clinical signs and 
symptoms, and laboratory results of the 
patients were obtained from the patient 
files.

CT scanning
Chest CT was performed for all patients, 

by using a 16-slice CT scanner (Optima 520 
CT, General Electric (GE) company). CT im-
ages were obtained with the patient in the 
supine position at full inspiration and with-
out contrast medium by using standard 
clinical protocols. The following parameters 
were used: tube voltage, 120 kV; automat-
ic tube current modulation, 100–250 mAs; 
slice thickness, 1.25 mm without interslice 
gap. Images were reconstructed with a slice 
thickness of 5 mm. The reconstructed im-
ages were transmitted to the workstation 
and picture archiving and communication 
systems (PACS, Extreme PACS co.) for multi-
planar reconstruction post-processing.

CT image analysis
CT images were evaluated blinded to 

the RT-PCR results, by two radiologists. 
In case of conflict, a result was reached 
by consensus. CT findings were evaluat-
ed according to the Thoracic Imaging in 
COVID-19 Infection version 2 of the British 
Society of Thoracic Imaging (BSTI) (11). Ac-
cording to BSTI, non-COVID-19 cases were 
categorized as CT negative; indeterminate 
COVID-19, probable COVID-19 and clas-
sic COVID-19 cases were categorized as 
CT positive. Lung involvement, number of 
involved lobes, shape (patchy, nodular or 
patchy, and nodular), location (peripheral, 
central, or peripheral and central), appear-
ance (ground-glass opacity [GGO], GGO and 
consolidation, or consolidation alone) and 
the size of the largest lesion were record-
ed. In addition, parenchymal findings such 
as vascular enlargement, intralobular retic-
ular density, air bronchogram, subpleural 
curvilinear lines, bronchial wall thickening, 
fibrous bands, halo sign, reversed halo sign, 
presence of cavitation, and extrapulmonary 
findings such as pleural effusion, pleural 
thickening, and enlarged lymph nodes (de-
fined as a lymph node with short axis >10 
mm) were recorded. Also, as Xie et al. (6) de-
scribed, we calculated the CT-SI according 
to the degree of lesion distribution. For cal-
culation, the lungs were divided into three 
zones: upper (above the carina), middle 
(below the carina up to the inferior pulmo-
nary vein), and lower (below the pulmonary 
vein). Separate scoring was done for each 
zone. They were scored as follows: 0 for 0% 
involvement, 1 for <25% involvement, 2 for 
25%–50% involvement, 3 for 50%–75% in-
volvement and 4 for >75% involvement. To-
tal score of 1–5 was considered to indicate 
mild involvement, 6–11 moderate involve-
ment, and ≥12 severe involvement.

Statistical analysis
Descriptive statistics were used to sum-

marize the characteristics of the patients. 
Categorical data were presented as n (%) 
and, normal distributions were shown as 
mean ± standard deviation (SD). Indepen-
dent t-test was used in the comparison of 
normally distributed variables between the 
groups and chi-square test or Fisher’s exact 
test were used to compare categorical vari-
ables. When the contingency table is larger 
than 2×2 with more than 20% of expected 
values lower than 5 lattice points, the Fish-
er–Freeman–Halton test was performed. 
The sensitivity, specificity, positive predic-

Main points

• For the diagnosis of COVID-19, the sensitivi-
ty, specificity, PPV, NPV and accuracy rates of 
chest CT are 94.2%, 21.6%, 61.9%, 73.3%, and 
63.3% respectively, using RT-PCR as reference.

• Bilateral multilobe involvement, peripheral 
(including peripheral and central) distribution, 
patchy shape, and GGO appearance are the 
most common CT findings of COVID-19. 

• CT severity index correlated with maximum 
lesion diameter, LDH and CRP values in the lab-
oratory-confirmed and CT positive COVID-19 
patient subgroup.

• The clinical, laboratory, and CT findings of lab-
oratory-confirmed and clinically diagnosed 
COVID-19 patients are similar.



tive value (PPV), negative predictive value 
(NPV), and accuracy of chest CT were calcu-
lated for the diagnosis of COVID-19, using 
RT-PCR as reference. The relations between 
clinical variables and CT variables were 
evaluated by the Spearman’s correlation co-
efficient. p values were calculated for two-
tailed comparisons and p < 0.05 values were 
accepted as statistically significant. SPSS 
17.0 was used for the statistical analyses.

Results
While the RT-PCR test of 69 of the 120 

patients included in the study was posi-
tive (laboratory-confirmed COVID-19), the 
RT-PCR test of 51 patients was negative 
(clinically diagnosed COVID-19). The labora-
tory-confirmed COVID-19 group consisted 
of 69 patients between the ages of 22 and 
88 years (mean ± SD, 50.9±14.0 years), and 
the clinically diagnosed COVID-19 group 
consisted of 51 adult patients between the 

ages of 19 and 89 years (50.9±18.8 years) 
(p = 0.997). There were 43 male and 26 fe-
male patients in the laboratory-confirmed 
COVID-19, and 24 male and 27 female pa-
tients in the clinically diagnosed COVID-19 
group (p = 0.139) (Table 1).

During their first admission, symptoms 
of laboratory-confirmed COVID-19 patients 
were fever (30.4%), dry cough (62.3%), dys-
pnea (23.2%), sore throat (33.3%), and fa-
tigue (29.0%). Symptoms of clinically diag-
nosed COVID-19 patients were fever (25.5%), 
dry cough (52.9%), dyspnea (27.5%), sore 
throat (35.3%), and fatigue (33.3%). There 
was no difference between the symptoms of 
the laboratory-confirmed COVID-19 and clin-
ically diagnosed COVID-19 patients during 
their first admission (Table 1). Two (2.9%) 
of the laboratory-confirmed COVID-19 pa-
tients had a history of being abroad in the 
last 14 days, and 18 (26.1%) had a suspicious 
contact history. Of the clinically diagnosed 

COVID-19 patients, 2 (3.9%) had internation-
al travel history and 11 (21.6%) had suspi-
cious contact history.

Laboratory findings of the cases are shown 
in Table 1. WBC count was low in 17.6% 
and high in 5.9% of laboratory-confirmed 
COVID-19 patients, while it was  low in 8.0% 
and high in 34.0% of clinically diagnosed 
COVID-19 patients (p < 0.001). Lymphocyte 
count and mean neutrophil to lymphocyte 
ratio (NLR) were not statistically different be-
tween the laboratory-confirmed and clinical-
ly diagnosed groups. CRP (76.8% vs. 64.6%) 
and LDH (70.4% vs. 65.9%) values were found 
to be relatively higher in the laboratory-con-
firmed COVID-19 group compared with the 
clinically diagnosed COVID-19 group, but 
the difference was not statistically significant 
(p = 0.216 and p = 0.799, respectively). 

In our study, chest CT and RT-PCR test 
positivity rates were 87.5% (105/120) and 
57.5% (69/120), respectively, among pa-
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Table 1. Comparison of demographic, clinical, and laboratory characteristics of laboratory-confirmed and clinically diagnosed COVID-19 patients

Laboratory-confirmed 
COVID-19 (n=69)

Clinically diagnosed 
COVID-19 (n=51) P

Patient demographics

   Age (years), mean±SD 50.9±14.0 50.9±18.8 0.997

   Gender (M/F) 43/26 24/27 0.139

Clinical findings

   Fever (≥37.3°C ) 21/69 (30.4) 13/51 (25.5) 0.697

   Dry cough 43/69 (62.3) 27/51 (52.9) 0.399

   Sore throat 23/69 (33.3) 18/51 (35.3) 0.977

   Fatigue 20/69 (29.0) 17/51 (33.3) 0.757

   Dyspnea 16/69 (23.2) 14/51 (27.5) 0.749

History of suspicious contact 18/69 (26.1) 11/51 (21.6) 0.722

History of travel abroad 2/69 (2.9) 2/51 (3.9) 1.000

Laboratory tests

WBC count (normal range, 4–10 ×10³/uL) Low 12/68 (17.6) 4/50 (8.0) < 0.001

Normal 52/68 (76.5) 29/50 (58.0)

High 4/68 (5.9) 17/50 (34.0)

Lymphocyte count (normal range, 1–4 ×10³/mm³) Low 19/68 (27.9) 12/50 (24.0) 0.882

Normal 47/68 (69.1) 36/50 (72.0)

High 2/68 (2.9) 2/50 (4.0)

Neutrophil to lymphocyte ratio, mean±SD 2.69±1.84 4.74±4.44 0.112

CRP (normal range, 0.00–0.50 mg/L) Normal 16/69 (23.2) 17/48 (35.4) 0.216

High 53/69 (76.8) 31/48 (64.6)

LDH (normal range, 125–220 U/L) Normal 16/54 (29.6) 15/44 (34.1) 0.799

High 38/54 (70.4) 29/44 (65.9)

Data are presented as n/N (%) unless otherwise noted.
M/F, Male/Female; WBC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase.
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tients suspected of having COVID-19. In 
the evaluation of CT findings, 4 of 69 pa-
tients with RT-PCR positivity (5.8%) was 
evaluated as non-COVID-19, 3 (4.4%) as 
indeterminate COVID-19, 14 (20.3%) as 

probable COVID-19 and 48 (69.6%) as clas-
sic COVID-19. In the clinically diagnosed 
COVID-19 group, 11 of 51 patients (21.6%) 
were evaluated as non-COVID-19, 4 (7.8%) 
as indeterminate COVID-19, 15 (29.4%) as 

probable COVID-19, and 21 (41.2%) as clas-
sic COVID-19 (Fig. 1). Accordingly, there was 
a statistically significant difference between 
the laboratory-confirmed COVID-19 and 
clinically diagnosed COVID-19 groups in 
terms of CT positivity (p = 0.021).

When RT-PCR is accepted as the refer-
ence standard, the sensitivity, specificity, 
PPV, NPV and accuracy rates of chest CT 
were determined to be 94.2% (95% CI, 
85.8%–98.4%), 21.6% (11.3%–35.3%), 61.9% 
(58.2%–65.5%), 73.3% (48.2%–89.1%) and 
63.3% (54.1%–71.9%), respectively (Table 2).

We performed a subgroup analysis of 
65 patients with laboratory-confirmed 
COVID-19 and CT positivity, and 40 patients 
with clinically diagnosed COVID-19 and CT 
positivity (Table 3). In the laboratory-con-
firmed COVID-19 subgroup (n=65), there 
was bilateral lung involvement in 83.1% 
of the cases, and unilateral involvement in 
16.9% (9.2% right, 7.7% left). While single 
lobe was involved in 10.8% of cases, multi-
ple lobe involvement was present in 89.2%. 
Maximum lesion size was less than 1 cm in 
one case, and more than 3 cm in more than 
half of the cases. In more than half of the 
cases, the lesions were located both cen-
trally and peripherally, and approximately 
half of them were only located peripher-
ally, while only 2 (3.1%) were located only 
centrally. In 75.4% of the cases, lesions 
were observed as patchy, and in 15.4% 
they were observed in nodular form. In the 
evaluation of CT parenchymal findings, the 
following features were observed: vascular 
enlargement (56.9%), intralobular reticu-
lar density (40.0%), bronchial wall thick-
ening (27.7%), subpleural curvilinear lines 
(24.6%), air bronchogram (27.7%), fibrous 
band (26.2%), subpleural sparing (21.5%), 
halo sign (20.0%), and reversed halo sign 
(6.2%). Cavitation and tree-in-bud were not 
observed in any cases. Pleural thickening 
in 11 cases (16.9%), lymphadenopathy in 
5 cases (7.7%) and pleural effusion in one 
case (1.5%) were observed in the evaluation 
of extrapulmonary findings. Examples of 
chest CT findings are shown in Figs. 2 and 3. 

In the clinically diagnosed COVID-19 
subgroup (n=40), there was bilateral lung 
involvement in 57.5% of the cases, and uni-
lateral involvement in 42.5% (15.0% right, 
27.5% left) of the cases. While single lobe 
was involved in 25.0% of cases, multiple 
lobe involvement was present in 75.0%. 
Maximum lesion size was less than 1 cm in 
one case, and more than 3 cm in more than 
half of the cases. In approximately two-

Figure 2. a, b. Non-contrast chest CT images in a 52-year-old male COVID-19 patient presenting with dry 
cough. Coronal CT image (a) shows bilateral patchy ground-glass opacities in multiple lung segments. 
Axial image (b) shows central and peripheral distribution.

a b

Figure 1. The flowchart of patients according to RT-PCR and chest CT classification.

Table 2. Diagnostic performance of chest CT for COVID-19 disease, with RT-PCR as the reference standard 

TP TN FP FN

n 65 11 40 4

Percentage (95% CI)

Sensitivity (65/69) 94.2 (85.8–98.4)

Specificity (11/51) 21.6 (11.3–35.3)

Positive predictive value (65/105) 61.9 (58.2–65.5)

Negative predictive value (11/15) 73.3 (42.8–89.1)

Accuracy (76/120) 63.3 (54.1–71.9)

CT, computed tomography; COVID-19, coronavirus 2019; RT-PCR, reverse transcription polymerase chain reaction; CI, 
confidence interval; TP, true positive; TN, true negative; FP, false positive; FN, false negative.



thirds of the cases, the lesions were locat-
ed both centrally and peripherally, and in 
approximately one-third of the cases they 
were only located peripherally, while in 
only one case (2.5%), they were located only 
centrally. Lesions were observed as patchy 
in 70.0% of the cases, and in nodular form 
in 15.0%. In the evaluation of CT parenchy-
mal findings, the following features were 
observed: vascular enlargement (50.0%), 
intralobular reticular density (40.0%), bron-
chial wall thickening (45.0%), subpleural 
curvilinear lines (10.0%), air bronchogram 
(22.5%), fibrous band (20.0%), subpleu-
ral sparing (17.5%), and halo sign (12.5%). 
Reversed halo sign, cavitation and tree-
in-bud were not observed in any cases. 
Pleural thickening and lymphadenopathy 
were observed in 5 cases each (12.5%) and 
pleural effusion was observed in two cases 
(5.0%) in the evaluation of extrapulmonary 
findings. In the comparison of CT paren-
chymal findings, no statistically significant 
difference was found between the two sub-
groups, except for bilateral lung involve-
ment (Table 3).

According to CT-SI, 47.7% of laborato-
ry-confirmed COVID-19 subgroup was 
classified as mild, 40.0% as moderate and 
12.3% as severe; 47.5% of clinically diag-
nosed COVID-19 subgroup was classified 
as mild, 40.0% as moderate, and 12.5% as 
severe. There was no significant difference 
between the mean CT-SI of subgroups 
(p = 0.893). The mean CT-SI was 6.2±3.6 
in patients with laboratory-confirmed 
COVID-19 subgroup; it was significantly 
higher in patients over 40 years of age 
(mean±SD, 6.6±3.7) compared with those 
under 40 years of age (4.6±2.3) (p = 0.019). 
Similarly, the average of CT-SI was 6.3±4.9 
in the clinically diagnosed COVID-19 sub-
group, and it was significantly higher in 
patients over 40 years of age (7.9±5.2) 
compared with those under 40 years of 
age (3.4±2.8) (p = 0.001).

In the laboratory-confirmed COVID-19 
subgroup, no difference was detected be-
tween the mean CT-SI of male (6.4±3.8) and 
female (5.7±3.2) patients (p = 0.425). Simi-
larly, no difference was detected between 
the mean CT-SI of male (5.2±4) and female 
(7.5±5.7) patients in the clinically diagnosed 
COVID-19 subgroup (p = 0.157). While CT-SI 
correlated with maximum lesion diameter, 
LDH, CRP, neutrophil/lymphocyte ratio in 
laboratory-confirmed COVID-19 subgroup, 
no correlation was detected in clinically 
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Table 3. Chest CT features of patients with laboratory-confirmed and clinically diagnosed COVID-19

CT feature analysis

Laboratory-confirmed 
and CT positive subgroup 

(n=65)

Clinically diagnosed and 
CT positive  subgroup 

(n=40) p

Lung involvement

   Bilateral 54 (83.1) 23 (57.5) 0.010

   Right 6 (9.2) 6 (15.0)

   Left 5 (7.7) 11 (27.5)

Number of lobes involved

   1 7 (10.8) 10 (25.0) 0.420

   2 6 (9.2) 4 (10.0)

   3 11 (16.9) 6 (15.0)

   4 6 (9.2) 3 (7.5)

   5 35 (53.8) 7 (17.5)

Max diameter of lesion (cm)

   <1 cm 1 (1.5) 1 (2.5) 0.782

   1–3 cm 29 (44.6) 15 (37.5)

   >3 cm 35 (53.8) 24 (60.0)

CT severity index 

   Mild (≤5) 31 (47.7) 19 (47.5) 1.000

   Moderate (6–11) 26 (40.0) 16 (40.0)

   Severe (≥12) 8 (12.3) 5 (12.5)

Distribution of lesions 

   Peripheral and central 33 (50.8) 26 (65.0) 0.327

   Peripheral 30 (46.2) 13 (32.5)

   Central 2 (3.1) 1 (2.5)

Shape of lesions 

   Patchy 49 (75.4) 28 (70.0) 0.663

   Nodular 10 (15.4) 6 (15.0)

   Patch and nodular 6 (9.2) 6 (15.0)

Appearance of lesions

   GGO 42 (64.6) 20 (50.0) 0.128

   GGO and consolidation 21 (32.3) 20 (50.0)

   Consolidation 2 (3.1) 0 (0.0)

CT parenchymal findings

   Vascular enlargement 37 (56.9) 20 (50.0) 0.624

   Intralobular reticular density 26 (40.0) 16 (40.0) 1.000

   Bronchial wall thickening 18 (27.7) 15 (45.0) 0.293

   Subpleural curvilinear lines 16 (24.6) 4 (10.0) 0.110

   Air bronchogram 18 (27.7) 9 (22.5) 0.718

   Fibrous band 17 (26.2) 8 (20.0) 0.629

   Subpleural sparing 14 (21.5) 7 (17.5) 0.802

   Halo sign 13 (20.0) 5 (12.5) 0.469

   Reversed halo sign 4 (6.2) 0 (0.0) 0.295

Extrapulmonary manifestation

   Pleural thickening 11 (16.9) 5 (12.5) 0.739

   Lymphadenopathy 5 (7.7) 5 (12.5) 0.500

   Pleural effusion 1 (1.5) 2 (5.0) 0.556

CT, computed tomography; COVID-19, coronavirus disease 2019; GGO, ground-glass opacity. 
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diagnosed COVID-19 subgroup except age 
and maximum lesion diameter (Table 4).

Discussion
In our study, the most common com-

plaints of patients were dry cough, sore 
throat and fatigue, while dyspnea and fe-
ver were observed less commonly. In the 
literature, the most common symptoms 
in COVID-19 patients were fever, cough, 
and dyspnea (12–14). Although the clinical 
symptoms in our study are similar to those 

in the literature, fever and dyspnea symp-
toms were found less frequently, which 
may be because of the early admission of 
patients due to the pandemic. 

In the literature, there are studies re-
porting lymphocytopenia in up to 60% of 
COVID-19 patients, and in our study, this 
rate was 27.9% (10, 15). In our study, the 
lymphocyte counts of the laboratory-con-
firmed COVID-19 and clinically diagnosed 
COVID-19 groups were similar. Similar to 
the other studies, WBC count was normal or 

low in a high percentage of both groups. In 
this study, LDH and CRP values were found 
to be high in both groups, similar to the lit-
erature (14, 16). We found no significant dif-
ference between the admission symptoms 
and laboratory findings of laboratory-con-
firmed COVID-19 and clinically diagnosed 
COVID-19 patients. Considering the similar-
ity of the clinical and laboratory findings, as 
well as the limitations of the molecular test, 
there may have been false-negative cases 
among the clinically diagnosed COVID-19 

Figure 3. a–i. CT features of COVID-19 disease. Axial unenhanced chest CT images show: (a), pure peripheral ground-glass opacities (GGOs) with vascular 
enlargements (black arrows); (b), bilateral GGOs and fibrous bands in the lower lobes (black arrows); (c), GGO with intralobular reticular densities in the 
left lower lobe (black frame); (d), subpleural curvilinear lines in the right lower lobe (black arrows); (e), consolidation with air bronchograms surrounded 
by a ground-glass halo representing halo sign in the anterobasal segment of the right lower lobe (black frame), with another focal consolidation also 
seen in the medial part of the posterobasal segment of the right lower lobe; (f), bilateral (dominantly in the right lung) GGOs in the lower lobes and air 
bronchogram in the right subpleural area (black arrow); (g), relative sparing of the lung periphery indicating subpleural sparing sign (black arrows); (h), 
bilateral patchy GGOs and bronchial wall thickening in the anterior segment of the right upper lobe (black arrows); and (i), reversed halo sign defined as 
central GGO surrounded by denser consolidation in the left lower lobe (black frame).
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group despite two negative RT-PCR tests. 
In subgroup analysis, a positive correlation 
was found only between CT-SI and, LDH 
and CRP values in the laboratory-confirmed 
COVID-19 subgroup. Therefore, high LDH 
and CRP values could be used as a param-
eter to inform the prevalence of lung in-
volvement.

Bilateral multilobe involvement, pe-
ripheral (including peripheral and central) 
distribution, patchy shape and GGO ap-
pearance were the most common chest 
CT findings of COVID-19 in the entire study 
population. These findings are very similar 
to the CT findings of COVID-19 reported in 
the literature (10, 12, 17–20). 

The incidence of certain parenchymal 
findings described in chest CT in COVID-19 
pneumonia was evaluated in the performed 
studies. In this study, when the laborato-

ry-confirmed COVID-19 group was evaluat-
ed, vascular enlargement (56.9%) was the 
most common parenchymal finding. Simi-
larly, high rates (71.3%–82.9%) were found 
in many studies (15, 21, 22). Intralobular 
reticular density (40.0%) is the second most 
common finding and has been reported in 
the literature ranging from 14% to 89% (9, 
19, 23). Bronchial wall thickening was ob-
served in 27.7% of our cases and this rate 
is slightly higher compared to the other 
studies (11%–23%) (18, 24, 25). Subpleural 
curvilinear lines were 24.6% in our study, 
consistent with the literature (18, 25). The 
incidence of air bronchogram sign varies 
widely in the literature from 21% to 80%, in 
our study this rate was 27.7% (12, 23, 24). 
Although pleural thickening has mostly not 
been reported in the literature, it was found 
to be 16.9% in our study. Mediastinal-hilar 

lymph node enlargement has been report-
ed in the literature ranging from 4% to 8% 
and was observed in 7.7% (5/65) of our lab-
oratory-confirmed COVID-19 cases (12, 18, 
23, 26). In our study, the clinically diagnosed 
COVID-19 group exhibits similar parenchy-
mal findings as the laboratory-confirmed 
COVID-19 group. This may be related to the 
low specificity of chest CT or false negativi-
ty of the RT-PCR test. 

Identification of parenchymal findings 
of COVID-19 pneumonia will help increase 
the diagnostic performance of chest CT. 
Particularly in false-negative RT-PCR cases, 
chest CT will make an important contribu-
tion to diagnosis when evaluated together 
with history, clinical findings, and labora-
tory results. In addition, recognizing these 
findings is valuable in distinguishing other 
viral pneumonia types, other infectious pro-
cesses such as organizing pneumonia and 
noninfectious processes (such as hypersen-
sitivity pneumonia, vasculitis or connective 
tissue disease) from COVID-19 pneumonia. 

Early diagnosis and timely isolation of 
COVID-19 is important because it is highly 
contagious. In the diagnosis of COVID-19, 
it is essential to show the virus by molec-
ular methods, but RT-PCR test has its lim-
itations. Chest CT has an important place 
in the evaluation of COVID-19 patients 
since it is easily accessible compared with 
RT-PCR, gives faster results, and provides 
information about the severity of disease 
involvement (13, 27). Furthermore, there 
are studies showing that chest CT is more 
sensitive than RT-PCR test in the diagnosis 
of COVID-19 (27). As in the systematic re-
view of 1014 patients by Ai et al. (28), in our 
study, positive chest CT (87.5% vs. 88%) ra-
tio was higher than positive RT-PCR (57.5% 
vs. 59%) for the diagnosis of COVID-19. 
Chest CT sensitivity for COVID-19 detection 
ranges from 47% to 100%, and pooled sen-
sitivity was reported as 94% in a meta-anal-
ysis (27). Similarly, chest CT sensitivity was 
found as 94.2% in our study.

In the same meta-analysis including 5 
studies, chest CT specificity ranged from 
25% to 56% in COVID-19 detection and 
pooled specificity was found as 37% (8–10, 
27, 28). In our study, the specificity was 
found to be 21.6%, similar to studies by Ai et 
al. (25%) and Cheng et al. (26%) (28, 29). The 
reason for the low specificity in our study 
may be that the cases with two consecutive 
RT-PCR negativity were considered negative; 
it has been shown that RT-PCR repeated 3 
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Table 4. Correlation of clinical and laboratory variables with CT severity index in laboratory-con-
firmed and clinically diagnosed COVID-19 subgroups

Variables
CT-SI of laboratory-confirmed 

COVID-19 patients (n=65)
CT-SI of clinically diagnosed 

COVID-19 patients (n=40)

Age (years)

   r 0.251 0.662

   p 0.144 0.001

Max diameter of lesion (cm) 

   r 0.627 0.380

   p 0.001 0.019

WBC count 

   r -0.035 0.058

   p 0.781 0.720

Neutrophil count 

   r 0.098 -0.311

   p 0.480 0.084

Lymphocyte count 

   r -0.187 -0.012

   p 0.139 0.940

Neutrophil to lymphocyte ratio 

   r 0.336 -0.197

   p 0.013 0.280

CRP

   r 0.438 0.270

   p 0.001 0.101

LDH 

   r 0.318 -0.049

   p 0.023 0.782

CT, computed tomography; COVID-19, coronavirus disease 2019; CT-SI, computed tomography severity index; 
WBC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase.
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or 4 times increased the COVID-19 positivity 
rate by 20%–25%, due to the relatively low 
sensitivity of the RT-PCR test (10, 28). This 
shows that two consecutive negative RT-PCR 
tests are not sufficient to exclude COVID-19. 
If COVID-19 is suspected clinically or radio-
logically, the RT-PCR test should be repeated. 

In studies conducted in countries with 
different COVID-19 prevalence before April 
2020, PPV of chest CT in the diagnosis of 
COVID-19 varied between 1.5% and 30.7%, 
and NPV varied between 95.4% and 99.8% 
(27). In our study, the high PPV (61.9%) can 
be explained by not using CT as a screening 
method and the patients included in the 
study being isolated in the hospital with 
a high suspicion of clinically diagnosed 
COVID-19. The low rate of NPV (11/15; 73.3%) 
in our study can be explained by the number 
of patients included in the study and the dif-
ference in disease prevalence between coun-
tries. Additionally, three out of four RT-PCR 
positive CT negative cases had follow-up CT, 
and no finding compatible with COVID-19 
was detected in follow-up imaging. This may 
be due to the fact that some cases experi-
ence this disease without lung involvement 
or due to early initiation of treatment. 

COVID-19 has a higher mortality in 
male and elderly patients (30). Clinically 
severe COVID-19 cases were reported to 
have higher chest burden on CT imaging 
(31). In another study, a significant cor-
relation was observed between the chest 
X-ray score for COVID-19 and age. There 
is an increased risk of developing severe 
COVID-19 in men over 50 and women over 
80 years of age (32). In our study, when 
the CT-SI scores were evaluated, severe 
involvement was not observed in any of 
the patients under 40 years of age. At the 
time of first admission, CT-SI score was 
higher in patients ≥40 years old compared 
with those <40 years old in both labora-
tory-confirmed and clinically diagnosed 
COVID-19 subgroups. However, there was 
no difference between sex and CT-SI in ei-
ther group. In line with this information, as 
stated in the literature, it can be thought 
that the disease progresses more seriously 
in elderly patients than young people (17, 
18). Similarly, it is thought that CT-SI and 
disease severity may be related, and more 
detailed studies are needed in this regard.

The limitations of our study are the ac-
ceptance of two consecutive RT-PCR tests 
as negative and not performing further re-
peat tests, the absence of other viral panel 

tests in RT-PCR negative patients, and the 
relatively low number of patients. 

In conclusion, chest CT has high sensi-
tivity and low specificity in the diagnosis of 
COVID-19. The clinical, laboratory and CT 
findings of the laboratory-confirmed and 
clinically diagnosed COVID-19 patients are 
similar. Laboratory findings correlate with 
CT-SI in COVID-19.
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