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Coronavirus disease 2019 (COVID-19) is a newly emerging respiratory disease originat-
ing from the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which 
was first identified in 2019 in Wuhan, the capital of China’s Hubei province (1, 2). 

Although control precautions have been applied to prevent further spread, the number of 
patients has been rapidly increasing worldwide (3, 4). The World Health Organization (WHO) 
declared the outbreak to be a public health emergency of international concern and rec-
ognized it as a pandemic on 11 March 2020 (5). Since 31 December 2019 and as of 26 May 
2020, 5  459  528 cases of COVID-19 (in accordance with the applied case definitions and 
testing strategies in the affected countries) have been reported, including 345 994 deaths 
(6). Evidently, there is need for better diagnosis and treatment of COVID-19 to overcome this 
pandemic, since the number of infected patients continues to increase rapidly (4).

The current diagnostic test for COVID-19 is real-time fluorescence reverse transcrip-
tion-polymerase chain reaction (RT-PCR) of samples collected via nasopharyngeal swabs (7). 
The RT-PCR test is highly specific but has a low sensitivity (37%–71%), meaning that the test 
can be negative even if the patient is infected (8–11). False negative RT-PCR tests have been 
reported in patients with computed tomography (CT) findings of COVID-19 who eventually 
tested positive with serial sampling (12). Moreover, there is a waiting period of up to 2 days for 

PURPOSE 
Because of the widespread use of computed tomography (CT) in the diagnosis of COVID-19, 
indeterminate presentations such as single, few or unilateral lesions amount to a considerable 
number. We aimed to develop a new classification and structured reporting system on CT imag-
ing (COVID-19 S) that would facilitate the diagnosis of COVID-19 in the most accurate way.

METHODS
Our retrospective cohort included 803 patients with a chest CT scan upon suspicion of COVID-19. 
The patients’ history, physical examination, CT findings, RT-PCR, and other laboratory test results 
were reviewed, and a final diagnosis was made as COVID-19 or non-COVID-19. Chest CT scans 
were classified according to the COVID-19 S CT diagnosis criteria. Cohen’s kappa analysis was 
used.

RESULTS
Final clinical diagnosis was COVID-19 in 98 patients (12%). According to the COVID-19 S CT diag-
nosis criteria, the number of patients in the normal, compatible with COVID-19, indeterminate 
and alternative diagnosis groups were 581 (72.3%), 97 (12.1%), 16 (2.0%) and 109 (13.6%). When 
the indeterminate group was combined with the group compatible with COVID-19, the sensi-
tivity and specificity of COVID-19 S were 99.0% and 87.1%, with 85.8% positive predictive value 
(PPV) and 99.1% negative predictive value (NPV). When the indeterminate group was combined 
with the alternative diagnosis group, the sensitivity and specificity of COVID-19 S were 93.9% 
and 96.0%, with 94.8% PPV and 95.2% NPV.

CONCLUSION
COVID-19 S CT classification system may meet the needs of radiologists in distinguishing 
COVID-19 from pneumonia of other etiologies and help optimize patient management and dis-
ease control in this pandemic by the use of structured reporting. 
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the test result to be available. For this reason, 
in daily practice, physicians appear to be ap-
plying chest CTs for prompt diagnosis and to 
decide whether to perform testing in cases 
where RT-PCR testing is difficult to provide 
(13). Thus, chest CT plays an important role in 
the diagnosis and management of COVID-19 
although it is not recommended to be used 
as a screening tool or as a first-line test to di-
agnose COVID-19. 

British Society of Thoracic Imaging, 
Fleischner Society and American College 
of Radiology recommend CT only for the 
diagnosis of seriously ill patients with un-
certain or normal chest X-ray findings and 
if any complication is suspected during the 
follow-up (14–16). Additionally, chest CT is 
reported to contribute to the early detec-
tion of lung abnormality, suggest disease 
severity and identify possible co-infections 
in hospitalized patients (14–16). Since CT 
has such an important place in the diagno-
sis and management of COVID-19, work-
load in the radiology departments during 
the pandemic has significantly increased 
(13). Also, the workload of physicians work-
ing with this group of patients has signifi-
cantly increased. It is suggested that using 
structured reporting templates may be an 
effective way of reducing workload and 
combating the pandemic (16). It would 
facilitate accurate radiologic diagnosis 
and reduce radiologists’ variability in the 
reporting of chest CT as well as variability 
in the interpretation of CT reports by cli-
nicians (16). This would prevent the waste 
of precious time and misunderstandings 
caused by uncertainty or variation in the CT 
reports. For this reason, various viable di-
agnostic criteria and structured reports for 

COVID-19 have emerged in the literature, 
typically classifying CT findings as classic 
COVID-19, probable COVID-19, indetermi-
nate and non-COVID-19 (14, 16). Because of 
the widespread use of CT imaging, indeter-
minate presentations of the disease, such 
as single, few or unilateral lesions, have 
reached a considerable number. This uncer-
tainty causes difficulties in patient manage-
ment and management of the pandemic. 
We suggest that a more accomplished clas-
sification system be developed, given that 
experiences of COVID-19 and its imaging 
findings are rapidly increasing. 

The purpose of this study was to devel-
op a new classification and structured re-
porting system on CT imaging that would 
facilitate the diagnosis of COVID-19 in the 
most accurate way, according to the data 
obtained from the current literature.

Methods
We performed a retrospective, sin-

gle-center study. This study was approved 
by the ethics committee of our institu-
tional board (2020/09-39/11.05.2020) and 
the Repub lic of Turkey Ministry of Health, 
COVID-19 Scientific Research Committee. 
The requirement for informed consent was 
waived since the study had no risk and 
would not adversely affect the subjects’ 
rights or welfare. Patient selection was per-
formed consecutively. 

Patient selection
The present study included 803 patients: 

416 men (51.8%) and 387 women (48.2%); 
age range, 19−94 years; mean age ± standard 
deviation, 45.43±17.6 years. Patients included 
in the study had been admitted to the pan-
demic clinic of our hospital between March 
21, 2020, and April 3, 2020, and had had a 
chest CT scan upon suspicion of COVID-19-as-
sociated pneumonia because of high fever 
(>38°C) and respiratory system symptoms 
such as dyspnea and cough. Patients under 
the age of 18 were not included in the study. 
The patients’ history, physical examination 
findings, RT-PCR, white blood cell count and 
other laboratory test results, such as serum 
procalcitonin, C-reactive protein and D-dimer, 
were extracted from the patients’ electronic 
medical records in the hospital information 
system. Then, the final diagnosis was made by 
consensus of two physicians as COVID-19 or 
non-COVID-19 based on the medical records 
and CT scans. For patients with multiple RT-
PCR results, a positive result was recorded as 

confirmation of diagnosis. No exclusion crite-
ria were applied in this study.

Chest CT image acquisition
A 64-channel multidetector CT scanner 

(Brilliance, Philips Medical Systems) reserved 
for COVID-19 suspected patients was used for 
imaging. To minimize cross-contamination, 
CT scans were performed by two radiology 
technicians, one managing the CT scanner 
and the other in contact with the patient. Sus-
pected  patients wore medical mask, while 
radiology technicians donned medical mask, 
gown, gloves, and face shield. CT room was 
decontaminated by thorough cleaning of 
surfaces with sodium hypochlorite solution, 
allowing  at least 10 min of contact time and 
maintaining proper ventilation and airflow.

CT examinations were performed with 
the patient in the supine position during 
end-inspiration without intravenous con-
trast medium. CT imaging protocol was 
as follows: 120  kVp, 80  mA, slice thickness 
1  mm, and high-spatial-frequency recon-
struction algorithm (bone algorithm). Axial 
scans were reconstructed with a slice thick-
ness of 1.5  mm and reconstruction incre-
ment of 0.75  mm to obtain coronal plane 
images. Lung window setting was with a 
window level of -600 Hounsfield units and 
window width of 1500 Hounsfield units.

Interpretation of chest CT scan 
The typical chest CT findings seen in 

COVID-19 pneumonia, change of these 
findings over time in the course of the dis-
ease and atypical findings are described in 
the current literature (16–20). Also, findings 
that are incompatible with COVID-19 pneu-
monia have been clearly defined (16, 17, 
21). In this study, initial chest CT images of 
all patients in axial and coronal reformated  
slices were evaluated by two experienced 
(14 years each) radiologists (R1 and R2), 
board-certificated in radiology, in consen-
sus. For patients with multiple CT scans, 
only the first one with pathologic findings 
was included in the study. 

CT scans were reviewed for elementary 
COVID-19 lesions and radiologically classi-
fied according to the following criteria, which 
were created in the light of the current litera-
ture and our experiences: 1) normal, 2) com-
patible with COVID-19, 3) indeterminate and 
4) alternative diagnosis. Figs.1–6 and Table 1 
give a detailed description of the CT charac-
teristics of an elementary COVID-19 lesion 
and explanation of the structured reporting 
system, COVID-19  S, used for CT classifica-

Main points

• When the indeterminate group was combined 
with the group compatible with COVID-19, the 
sensitivity and specificity of the COVID-19 S CT 
classification were 99.0% and 87.1%, respec-
tively.

• When the indeterminate group was combined 
with the alternative diagnosis group, the sensi-
tivity and specificity of COVID-19 S were 93.9% 
and 96.0%, respectively.

• The negative predictive value (99.1%) was 
higher when the indeterminate group was 
combined with the group compatible with 
COVID-19, while the positive predictive value 
(94.8%) was higher when the indeterminate 
group was combined with the alternative di-
agnosis group.



tion in this study. Ground-glass opacification 
(GGO) was defined as hazy, increased lung at-
tenuation with preservation of the bronchial 
and vascular margins, and consolidation was 
defined as opacification with obscuration of 
the margins of vessels and airway walls (22).

The CT scans were also evaluated for 
the following characteristics of the lesions: 
1)  location of the infiltration: the right up-
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Figure 1. a–d. Axial images of unenhanced chest CT show common characteristics of elementary 
COVID-19 lesion. In image (a), peripheral ground glass opacity (GGO) located at posterior basal 
segment of right lower lobe with lobulated contours, internal reticulations, bronchial dilatation 
(black arrow) and vascular enlargement (white arrow) demonstrates crazy paving pattern. Image (b) 
shows a bronchocentric GGO with rounded contours, air bronchogram (black arrow) and vascular 
enlargement (white arrow). Image (c) shows a peripheral rounded GGO with internal reticulations 
and central consolidation (arrowhead). Image (d) shows peripheral rounded consolidation with a 
peripheral GGO demonstrating the halo sign.

c

a

d

b

Figure 4. Axial image of unenhanced chest CT 
of the same patient in Fig. 3 obtained four days 
after the initial CT shows bilateral coalescent 
GGOs with geographic contours, perilobular 
sparing (arrowheads) and air bronchogram 
(arrows).

Figure 5. Axial image of unenhanced chest CT 
of the same patient in Figs. 3 and 4 obtained 
eleven days after the initial CT shows bilateral 
posteriorly located geographic infiltration 
predominantly in the form of consolidation 
with perilobular sparing (arrowheads) and air 
bronchogram (circle). 

Figure 3. Axial image of unenhanced chest CT 
obtained five days after the onset of symptoms 
shows bilateral peripheral and bronchocentric 
discrete GGOs with round contours and internal 
reticulations which are predominantly located 
posteriorly. 

Figure 2. a, b. Axial images of unenhanced chest CT show less common characteristics of elementary 
COVID-19 lesion. Image (a) shows peripheral patchy GGOs with curvilinear irregular thick lines 
(arrows). Image (b) shows GGOs with peripheral rim consolidation demonstrating the reverse halo 
sign.

a b
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per, middle, right lower, left upper or left 
lower lobes, or any combination of these; 
2) dominant location of the infiltration: the 
upper, middle or lower zones, or any com-
bination of these; and 3) distribution of the 
infiltration: the central 2/3, peripheral 1/2 or 
bronchocentric (along the bronchovascular 
bundles) or any combination of these. 

Statistical analysis
The statistical analysis was performed us-

ing the SPSS 23.0 for Windows software (IBM 

Corp.). Continuous data were expressed as 
mean ± standard deviation, while categorical 
data were presented as number of patients 
and percentage. Cohen’s kappa analysis was 
done to compare the concordance of the 
CT diagnosis with the final clinical diagno-
sis. We calculated the sensitivity, specificity, 
positive predictive value (PPV) and negative 
predictive value (NPV) of the COVID-19 S CT 
classification, to offer a better management 
strategy for the disease. A P value < 0.05 indi-
cated statistical significance.

Results 
In our retrospective cohort of 803 pa-

tients, final clinical diagnosis was COVID-19 
in 98 patients. Among all patients, RT-PCR 
results were available for 347, and 104 of 
them indicated COVID-19. Among 222 pa-
tients with pulmonary infiltrates on chest 
CT, 77 had positive RT-PCR result and 68 
had negative RT-PCR result; RT-PCR results 
were not available for 77 patients. The num-
ber of patients with a final clinical diagnosis 
of COVID-19 were 75 and 16 in RT-PCR pos-
itive and RT-PCR negative groups respec-
tively. Among 77 patients whose RT-PCR re-
sults were not available, 7 had a final clinical 
diagnosis of COVID-19 (Fig. 7).

According to the COVID-19  S CT diag-
nosis criteria, CT findings were normal in 
581 (72.3%), compatible with COVID-19 
in 97 (12.1%), indeterminate in 16 (2.0%), 
and alternative diagnosis in 109 (13.6%). 
The distribution of the patients in the in-
determinate group (n=16) and those in 
the alternative diagnosis group with non-
COVID-19 elementary lesions (15), and the 
clinical diagnoses of these are shown in 
Fig.  8. Among 581 patients with a normal 
chest CT, 26 (4.5%) had a positive RT-PCR 
test result and 175 (30.1%) had a negative 
one. The average number of days between 
CT and RT-PCR test was 2.13±3.2 days. 

CT scans of 98 patients whose final clin-
ical diagnosis was COVID-19 showed that 
the disease affected all five lobes in 63 pa-
tients (64.3%) ; both upper and lower lobes 
in seven patients (7.1%); both lower and 
middle lobes in five patients (5.1%); both 
lower lobes in three patients (3.1%); left 
upper and both lower lobes in three pa-
tients (3.1%); right upper, middle and both 
lower lobes in five patients (5.1%); middle 
and left lower lobes in two patients (2.0%); 
only right or left lower lobe in two patients 
(2.0%); left lower and both upper lobes in 
two patients (2.0%); left upper and right 
lower lobes in one patient (1.0%); right 
upper and both lower lobes in one patient 
(1.0%); left upper, middle and left lower 
lobes in one patient (1.0%); both upper, 
middle and right lower lobes in one patient 
(1.0%); left upper, middle and both lower 
lobes in one patient (1.0%); and left upper 
and right lower lobes in one patient (1.0%). 
The CT scan of a patient who was clinically 
diagnosed as COVID-19, but classified as al-
ternative diagnosis upon imaging findings 
showed segmental consolidation and ac-
companying atelectasis in the right lower 

Figure 6. Diagram of COVID-19 S CT classification system. Divisions in triangles represent zones of the 
lung. Empty circles indicate that predominance of the lesions is insignificant. Darkness of the circles 
indicate dominancy of the lesions.

Figure 7. Distribution of the patients in indeterminate group (n=16) and the patients in alternative 
diagnosis group with non-COVID elementary lesions (n=15) and final clinical diagnosis of those 
patients are shown on diagram of COVID-19 S CT classification system. Ratios indicate the number of 
patients with final clinical diagnosis of COVID-19 / total number of patients presenting the pattern. 
Divisions in triangles represent zones of the lung. Empty circles indicate that predominance of the 
lesions is insignificant. Darkness of the circles indicate dominancy of the lesions. N/A, not available.



lobe, acinar nodular infiltrations in the su-
perior segment of the left lower lobe and 
peripheric patchy GGO in both upper lobes. 
Other than this patient, the predominant 
distribution of the lesions were the middle 
and lower zones in 44 patients (44.9%), low-
er zones in 29 patients (29.6%), and upper 
and middle zones in three patients (3.1%), 
while 21 (21.4%) of the CT scans demon-
strated an equal distribution in upper, mid-
dle and lower zones. The locations of lesions 
were peripheral and bronchocentric in 65 
(66.3%) patients, peripheral in 32 patients 
(32.7%) and central and bronchocentric in 
one patient (1.0%). 

Among 222 chest CT scans with pul-
monary infiltration, 97 (43.7%) were clas-
sified as compatible with COVID-19 upon 
chest CT findings under COVID-19  S and 
92 (41.5%) of them had a final diagnosis 
of COVID-19. Out of 109 (49.1%) patients 
who were classified as alternative diagno-
sis under COVID-19 S, only one (0.5%) was 
COVID-19. Out of 16 patients (7.2%) who 
were classified as indeterminate, five (2.2%) 
were COVID-19 and 11 (5.0%) were non-
COVID-19. The final clinical diagnoses of 
each group are shown in Table 2. 

Among the alternative diagnosis group, 
43 patients (39.4%) were diagnosed with 
bronchopneumonia, 20 (18.3%) with bron-
chiolitis, 18 (16.5%) with non-COVID-19 ele-
mentary lesions, 10 (9.2%) with pulmonary 
edema, nine (8.3%) with lobar pneumonia, 
four (3.7%) with bronchiolitis and bron-

chopneumonia, two (1.8%) with interstitial 
pneumonia, two (1.8%) with aspiration 
pneumonia, and one (0.9%) with pulmo-
nary embolism.

When the indeterminate group was 
combined with the alternative diagnosis 
group, the sensitivity and specificity of the 
COVID-19 S were 93.9% and 96.0%, respec-
tively, with 95.0% accuracy, 94.8% PPV and 
95.2% NPV (Table 3). 

When the indeterminate group was 
combined with the group compatible with 
COVID-19, the sensitivity and specificity of 
the COVID-19 S CT classification were 99.0% 
and 87.1%, respectively, with 92.3% accura-
cy, 85.8% PPV and 99.1% NPV (Table 3).

Discussion
COVID-19 has been spreading at a rap-

id rate across the world, causing the WHO 
to declare it a pandemic. Every day, large 
numbers of patients with infection or sus-
pected infection present at hospitals. Since 
adequate testing capacity for SARS-CoV-2 
is lacking worldwide, pandemic clinics are 
having difficulties with management, tri-
age or therapy of these patients. In daily 
practice, radiology departments encounter 
a growing number of patients suspected of 
infection, even though chest CT is not rec-
ommended as the first-line diagnostic test. 

Structured reporting is recommended as 
a solution to this excessive demand during 
the COVID-19 pandemic, since it facilitates 

radiological diagnosis, improves report 
quality by standardizing reporting lan-
guage and reduces variability in the inter-
pretation of CT reports by clinicians (14, 23). 
Still, radiologists are having difficulty with 
decision-making and reporting because the 
diversity of imaging findings is increasing 
with the number of cases and widespread 
use of CT. In particular, the high number of 
patients accumulating in the indeterminate 
group of the previously recommended clas-
sifications is a major problem; this leads to a 
delay in disease management. For this rea-
son, a recent editorial by Kay et al. (24) en-
couraged researchers to focus on the many 
faces of COVID-19, for its better recognition 
and accurate diagnosis. 

Based on the current literature, Radio-
logical Society of North America proposed 
a standardized CT reporting language 
when radiologists are specifically asked 
to address whether findings of COVID-19 
pneumonia are present in an endemic area. 
Typical appearances of COVID-19 pneu-
monia described in this proposed report-
ing are bilateral, peripheral GGOs with or 
without consolidation or visible intralob-
ular lines and multifocal GGOs of rounded 
morphology with or without consolidation 
or visible intralobular lines. Unilateral GGO 
with or without consolidation lacking a 
specific distribution and are non-rounded 
or non-peripheral and few very small GGO 
with a non-rounded and non-peripheral 
distribution are described as indeterminate 
appearance. Consistent with the literature, 
most typical CT characteristics detected 
had involvement of all five lobes (64.3%), 
and predominant distribution in the mid-
dle and lower zones (44.9%), followed by 
lower zone predominance (29.6%), and 
peripheral and bronchocentric location of 
the lesions (66.3%) (17). However, our study 
demonstrated that although COVID-19 le-
sions are mostly bilateral and multilobar, 
they may be unilateral in the early stage 
of the disease, presenting especially in the 
form of GGO. In this study, five patients had 
unilateral elementary lesions, four in the 
lower zone only, and one in the middle and 
lower zones. Out of these five patients, two 
with elementary lesions in the lower zone 
were COVID-19. For this reason, single or 
multiple elementary COVID-19 lesions in 
a single middle-lower zone were classified 
as indeterminate in this study. On the oth-
er hand, radiologists should be aware that 
unilateral lesions related with COVID-19 are 
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Figure 8. Flowchart of the patients with a chest CT upon suspicion of COVID-19 associated 
pneumonia. CT, computed tomography; COVID-19, coronavirus disease 2019; RT-PCR, real-time 
fluorescence reverse transcription-polymerase chain reaction.

803 patients had a chest CT upon suspicion of
COVID-19 associated pneumonia

77 patients had
positive RT-PCR result

for COVID-19

68 patients had
negative TR-PCR result

for COVID-19

Final clinical diagnosis was COVID-19 in 98 patients

RT-PCR results were 
not available in 77 

patients

Final clinical 
diagnosis was 

COVID-19 in 75 
patients

Final clinical 
diagnosis was 
COVID-19 in 7 

patients

Final clinical 
diagnosis was 

COVID-19 in 16 
patients

222 patients had pulmonary infilrates on chest CT
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predominantly in the form of GGO since the 
disease is in an early stage. Thus, we rec-
ommend unilateral lesions in middle-lower 
zones to be classified as alternative diagno-
sis if consolidation is more extensive.

Another important finding of this study 
was that two of the COVID-19 patients 
demonstrated bilateral multilobar involve-
ment in all zones, with upper zone predom-
inance, and one of the COVID-19 patients 
demonstrated bilateral upper and middle 
zone involvement without predominance. 

Although studies report that COVID-19 is 
predominant in the middle and lower zones, 
this study demonstrated that upper zone 
predominance does not exclude diagnosis 
of COVID-19 if the lesions are bilateral. Based 
on these data, the lesions of these features 
were categorized as indeterminate group in 
this study. Still, by using the COVID-19 S CT 
diagnosis criteria, the proportion of indeter-
minate cases was only 7.2% (n=16).

When the indeterminate group was 
combined with the group compatible with 

COVID-19, the sensitivity (99.0%) and NPV 
(99.1%) were higher. On the other hand, the 
specificity (96.0%) and PPV (94.8%) were 
higher when the indeterminate group was 
combined with the alternative diagnosis 
group. Either way, the COVID-19  S showed 
superior performance to findings in previ-
ous literature. A recent study reported that 
the accuracies of three different radiologists 
in identifying COVID-19 from non-COVID-19 
pneumonia were 83%, 80%, and 60%, and 
their sensitivities ranged from 72%–94% (11). 

Table 1. Description of the CT characteristics of an elementary COVID-19 lesion and explanation of the COVID-19 S CT classification system used in this study

COVID-19 S CT classification CT findings

Normal No CT features suggesting pneumonia 

Compatible with COVID-19 • Bilateral elementary COVID-19 lesions* only / predominantly in lower 
zones (lower zones ± upper and middle zones)

• Bilateral elementary COVID-19 lesions* in all zones without predomi-
nance

Indeterminate • Bilateral elementary COVID-19 lesions* located predominantly in 
upper or middle zones

• Single/multiple elementary COVID-19 lesions* in single lower zone 
unless consolidation is dominant

• Unilateral elementary COVID-19 lesions* predominantly in lower zone

• GGO which does not have the characteristic of elementary COVID-19 
lesion but does not exactly fit any other diagnosis

Alternative diagnosis • Elementary COVID-19 lesions* (single/multiple) in upper zones only

• Unilateral elementary COVID-19 lesions* located predominantly in 
upper or middle zones

• Absence of typical features of elementary COVID-19 lesion and pres-
ence of:

o Infiltration that affects a large and continuous area of a lobe (lo-
bar pneumonia) or infiltration of one or more secondary lobules 
of a lung presenting segmental consolidation (bronchopneu-
monia)

o Bronchiolitis (tree-in-bud sign/centrilobular nodularity)

o Cavitating infection

o Bronchial wall thickening

o Lymphadenopathy, pleural effusions

o Smooth interlobular septal thickening

*Elementary COVID-19 lesion is defined as: 

Pure GGO or GGO with consolidation (consolidation may be smaller in the central region of the lesion or may occupy most of the lesion [halo sign]) that 
has the fallowing characteristics:

• Rounded or lobulated or geographic contours (not diffuse)

• Discrete or coalescent  

• Peripheral ± bronchocentric (not central)

• Predominantly posterior localization

• Accompanying intralesional intralobular reticulations (crazy paving) / bronchial dilatation / air bronchogram / vascular enlargement / air bubble/ 
curvilinear irregular thick lines / perilobular sparing / reverse halo sign

CT, computed tomography; COVID-19, coronavirus disease 2019; COVID-19 S, coronavirus disease 2019 structured reporting; GGO, ground glass opacity.



Another study reported that chest CT has ap-
proximately 56%−98% sensitivity in detect-
ing COVID-19 at initial presentation (12, 25). 

In this study, among 97 patients who 
were classified as compatible with COVID-19 
upon chest CT findings under COVID-19  S, 
92 (94.9%) had COVID-19 as a final clinical 
diagnosis. Despite this satisfactory accuracy 
in diagnosis, we re-evaluated these patients’ 
CT scans. Surprisingly, we found that all of 
them had the most typical imaging charac-
teristics of COVID-19 but were clinically not 
diagnosed as COVID-19 due to inconsis-
tencies in the history, physical examination 
findings and RT-PCR and other laboratory 
test results. This finding is consistent with a 
previous study by Bai et al. (11), in which it 
was demonstrated that radiologists are ca-
pable of distinguishing COVID-19 from other 
types of pneumonia on chest CT with mod-
erate sensitivity but high specificity. Similar-
ly, in this study, out of 109 patients who were 
classified as alternative diagnosis under 
COVID-19 S, only one (0.9%) was COVID-19 
and had atypical imaging findings described 
previously in the results. 

Guan et al. (26) reported 230 out of 1099 
cases (20.1%), Chuang et al. (27) reported 
three out of 21 cases (14.3%) and Yang et 

al. (4) reported 17 out of 149 cases (11.4%) 
having normal CT scans despite having  
COVID-19 diagnosis based on symptoms 
and RT-PCR test. In our study, among 581 
patients with a normal chest CT scan, only 
26 (4.5%) had a positive RT-PCR test result, 
since RT-PCR tests were not repeated for all 
of the patients in our study group because 
of the limited number of those tests at that 
time. Still, this finding demonstrates that a 
normal chest CT scan cannot exclude the 
diagnosis of COVID-19. Therefore, physi-
cians should suspect patients with typical 
symptoms, laboratory test results, and ex-
posure history, and consider RT-PCR testing.

One of the advantages of our study is that 
the patients were included consecutively re-
gardless of the RT-PCR result. To our knowl-
edge, most of the studies about imaging 
findings of COVID-19 include only RT-PCR-
confirmed cases. Although the RT-PCR test 
is the standard diagnostic method of test-
ing for COVID-19, it has a lower sensitivity 
of 65%–95%, meaning that the test can be 
negative even when the patient is infect-
ed (10, 11). The sensitivity of testing likely 
depends on the precise assay, the type of 
specimen obtained, the quality of the spec-
imen, and duration of illness at the time of 

testing (28). For this reason, WHO declared 
that, one or more negative results do not 
rule out the possibility of COVID-19 virus 
infection in suspected cases (29). Hence, we 
suggest that the absence of a control group 
or lack of RT-PCR-negative cases may lead to 
a methodologic bias for a radiologic study, 
since an RT-PCR result may be false negative 
at the early stage of the disease, when im-
aging findings may be subtle, or at the late 
stage, when imaging findings may be ob-
scure. Thus, we have included these types of 
patients who are difficult to classify. 

Another advantage of this study, relating 
to the diagnosis, is that all the patients were 
evaluated by two physicians for the final 
diagnosis of COVID-19. Since it is known 
that the CT findings of COVID-19 may over-
lap with other diseases, such as other viral 
pneumonias including influenza, organized 
pneumonia, drug toxicity and connective 
tissue diseases, a differential diagnosis can 
only be made by the consultant physician. 
The evaluation of the patients by two physi-
cians for the final diagnosis and comparison 
of the results showed us how accurately our 
classification system worked.

To our knowledge, this study is the first to 
use “elementary COVID-19 lesion” as the ter-
minology for describing typical COVID-19 
lesions detected by CT. Also, the COVID-19 S 
used in this study is the first CT classification 
presenting a figurative description for diag-
nosis of COVID-19.

The small cohort size was a limitation of 
our study. We suggest that conducting this 
study with a larger cohort may help with 
developing a better CT classification of di-
agnosis and reduce the number of cases 
with an indeterminate CT diagnosis. We 
would like to emphasize that SARS-CoV-2 is 
a novel virus with lots of unknowns, and the 
current knowledge on COVID-19 is subject 
to change. In cases where RT-PCR tests are 
negative and there is a strong suspicion of 
COVID-19 infection, paired serum samples 
could support diagnosis. Another limitation 
of this study is that serological data on clin-
ical samples of the patients was not known 
since validated serology tests were not avail-
able in our hospital when this research was 
done. Finally, pediatric patients were not 
included in the study since symptomatic 
infection in children appears to be uncom-
mon. However, lack of information on how 
the disease presents on CT in pediatric pa-
tients may be considered as a limitation of 
the study.
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Table 2. Distribution of patients according to final clinical diagnosis and COVID-19 S CT classifica-
tion system diagnosis

COVID-19 S CT diagnosis

Final clinical diagnosis

TotalCOVID-19 Non-COVID-19 

Compatible with COVID-19 92 (41.5) 5 (2.2) 97 (43.7)

Indeterminate 5 (2.2) 11 (5.0) 16 (7.2)

Alternative diagnosis 1 (0.5) 108 (48.6) 109 (49.1)

Total 98 (44.1) 124 (55.9) 222 (100.0)

Values are expressed as n (%). 
COVID-19 S, coronavirus disease 2019 structured reporting; COVID-19, coronavirus disease 2019; CT, computed 
tomography. 

Table 3. Sensitivity, specificity, predictive values and accuracy of the COVID-19 S CT classification 
system 

COVID-19 S CT diagnosis Sensitivity Specificity PPV NPV Accuracy

Compatible with  
COVID-19a

93.9%  
(92/98)

96.0%  
(119/124)

94.8%  
(92/97)

95.2%  
(119/125)

93.9%  
(211/222)

Compatible with COVID-19 
and Indeterminateb

99.0%  
(97/98)

87.1%  
(108/124)

85.8%  
(97/113)

99.1%  
(211/222)

92.3%  
(205/222)

Values are expressed as % (n/N).
COVID-19 S, coronavirus disease 2019 structured reporting; CT, computed tomography; PPV, positive predictive 
value; NPV, negative predictive value.
ª Kappa = 0.899, P < 0.001; bKappa = 0.847, P < 0.001.
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In conclusion, COVID-19  S, which was 
used as the classification system for CT find-
ings of COVID-19 in this study, may meet 
the needs of radiologists in distinguishing 
COVID-19 from pneumonia of other etiol-
ogies and help optimize patient manage-
ment and disease control in this pandemic 
by the use of structured reporting.  
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