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The coronavirus disease 2019 (COVID-19) outbreak originated in Wuhan Province of 
China, in December 2019. The disease is caused by the severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) (1). COVID-19 is a rapidly spreading viral disease. 

Clinically, the disease can be asymptomatic or present as an upper respiratory tract infec-
tion; it can lead to extremely serious conditions such as pneumonia, encephalitis, pulmo-
nary or systemic emboli formation, acute respiratory distress syndrome, respiratory failure, 
systemic inflammatory response, and sepsis (2–4). The definitive diagnosis of COVID-19 is 
made by the reverse transcription polymerase chain reaction (RT-PCR) test (5). However, 
this test lacks high sensitivity and specificity, and the results come rather late, after several 
hours and sometimes even days (6, 7). In addition, the RT-PCR test can give false-negative 
results during the early phases of the disease and in cases with a low viral load. In such 
conditions, computed tomography (CT) findings of the lungs may still indicate a COVID-19 
infiltration (8, 9). On the other hand, CT findings of pulmonary involvement are not specific 
for COVID-19, so a COVID-19 diagnosis based solely on CT scan is not always practical. This 
is why The Radiological Society of North America and the Dutch Radiological Society have 
developed diagnostic systems with the sole purpose of evaluating the chest CT findings of 
patients with suspected COVID-19 infections. The American system is called the Expert Con-
sensus Statement on Reporting Chest CT Findings Related to COVID-19, and the Dutch sys-
tem is called COVID-19 Reporting and Data System (CO-RADS) (10, 11). The literature lacks 
a sufficient number of studies to properly audit and evaluate the utility of either diagnostic 

PURPOSE 
We aimed to evaluate the use of the COVID-19 reporting and data system (CO-RADS) among 
radiologists and the diagnostic performance of this system.

METHODS
Four radiologists retrospectively evaluated the chest CT examinations of 178 patients. The study 
included 143 patients with positive reverse transcriptase-polymerase chain reaction (RT-PCR) 
test results and 35 patients whose RT-PCR tests were negative but whose clinical and/or radio-
logical findings were consistent with COVID-19. Fleiss’ kappa (κ) values were calculated, and indi-
vidual observers’ scores were compared. To investigate diagnostic efficiency, receiver operating 
characteristic (ROC) curves were calculated for each interpreter.

RESULTS
The interpreters were in full agreement on 574 of 712 (80.6%) evaluations. The common Fleiss’ 
κ value of all the radiologists combined was 0.712 (95% confidence interval [CI] 0.692–0.769). A 
reliable prediction on the basis of RT-PCR and clinical findings indicated the mean area under the 
curve (AUC) of Fleiss’ κ value as 0.89 (95% CI 0.708–0.990). General interpreter agreement was 
found to range from moderate to good.

CONCLUSION
The interpreter agreement for CO-RADS categories 1 and 5 was reasonably good. We conclude 
that this scoring system will make a valuable contribution to efforts in COVID-19 diagnosis. CO-
RADS can also be of significant value for the diagnosis and treatment of the disease in cases with 
false-negative PCR results.
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system at this point. The aim of this study 
was to evaluate the diagnostic accuracy 
and interrater agreement rates of the Dutch 
CO-RADS system on the basis of develop-
ing a common language for the definition 
of chest CT findings in patients suspected 
of having COVID-19 infection. 

Methods
COVID-19 reporting and data system

The CO-RADS system defines a level of 
suspicion ranging from 1 to 5 to explain 
the CT findings of lung involvement in 
COVID-19 infections. Apart from this nu-
merical assessment, the CO-RADS scoring 
system also has definition extensions such 
as CO-RADS category 0 for technically inad-
equate imaging and CO-RADS category 6 
for the proven presence of disease through 
RT-PCR testing (11). The CO-RADS catego-
ries and definitions are shown in Table 1 
(10, 11). There are a few important details 
to note. CO-RADS 3 also contains small 
ground-glass opacities that are not centri-
lobular (called CO-RADS 2) or that are not 
located near the visceral pleura (called CO-
RADS 4). The findings of CO-RADS 4 are sim-
ilar to CO-RADS 5, but the most important 
distinguishing feature is that it is unilateral.

Patient election and CT examination
Patients who presented at our hospital 

with suspicion of COVID-19 infection and 
underwent an RT-PCR test with non-con-
trast chest CT scan between March 11 and 
May 11, 2020, were screened for the study. 
COVID-19 is based on the presence of at 
least one of the symptoms of respiratory 
tract infection: high fever (>37.5°C); cough 
and clinically relevant shortness of breath, 
with or without a history suggesting expo-
sure to SARS-CoV-2; and confirmed close 
association with a positive person, high 
prevalence of disease, or contact with per-
sons with fever or respiratory symptoms 

from these areas within 14 days prior to the 
CT scan. The exclusion criteria were RT-PCR 
deficiency test results, time interval greater 
than one day between CT scan and RT-PCR 
and uninterpretable CT scans due to move-
ment disorders or incomplete scanning. 
All patient data and RT-PCR results such as 
age, sex, multidisciplinary clinical diagnosis 
and follow-up were obtained from digital 
hospital records. The patients’ clinical infor-
mation such as fever, cough, shortness of 
breath and need for oxygen at the time of 
admission to the emergency department 
was obtained from electronic information 
cards. The study group consisted of 143 
patients with positive RT-PCR tests and 35 
patients whose RT-PCR tests were negative 
but whose clinical and radiological findings 
were compatible with COVID-19. Patient se-
lection was made by the clinician to avoid 
selection bias. Ethics committee and Turkish 
Ministry of Health approvals were obtained 
for the study (2020/877). The requirement 
for informed consent from the patients was 
waived due to the retrospective nature of 
the study.

CT studies were performed by a 128 
multidetector CT (MDCT) system (Ingenu-
ity 128, Philips). The technical parameters 

used during the CT examinations were as 
follows: 120 kvP, 75–400 mAs, rotation time 
0.4 s, pitch 1.49 and slice thickness 1 mm. 
All raters performed their evaluations us-
ing separate individual Intellispace Service 
Healthcare (IPS) workstations.

Evaluation of images
All CT examinations were retrospectively 

evaluated by four general radiologists. The 
radiologists had not previously seen the CT 
images. Interpreters 1, 2, 3 and 4 had 10, 7, 
6 and 4 years of experience, respectively. 
The interpreters were blinded against all 
patient data except age and sex. These rat-
ers were asked to conduct a CO-RADS scor-
ing for each patient. The radiologists were 
additionally blinded against all information 
about the cohort, medical histories and the 
prevalence of COVID-19 cases under clinical 
follow-up. 

Statistical analysis
The SPSS 23.0 software package (IBM 

Corp.) was used for the statistical analy-
sis of the data. The categorical variables 
were stipulated as numbers and percent-
ages, and the continuous variables were 
defined as mean, standard deviation and 

Main points

•	 COVID-19 Reporting and Data System (CO-
RADS) demonstrated good diagnostic ac-
curacy for lung involvement by COVID-19 
with an average AUC of 0.893 (95% CI 0.708–
0.997).

•	 Agreement between radiologists was moder-
ate using the CO-RADS classification.

•	 While CO-RADS 3 is the most frequently mis-
interpreted score, CO-RADS 1 and 5 are the 
most likely scores to be agreed upon.

Table 1. Definitions of CO-RADS categories (The Dutch Radiological Society and RSNA consensus)

Category The Dutch Radiological Society 

CO-RADS 0 Technically insufficient imaging 

CO-RADS 1 Very low suspicion. Normal CT or some findings such as emphysema, perifissural 
nodule, tumor, and fibrosis

CO-RADS 2 Low suspicion.  Typical CT findings specific to infectious etiology that are not 
considered to be compatible with COVID-19. Bronchitis, infectious bronchiolitis, 
bronchopneumonia, lobar pneumonia, pulmonary abscess, cavitation 

CO-RADS 3 Suspicious.  Findings  for pulmonary involvement of COVID-19 based on CT 
characteristics, which can also be found in other viral pneumonias or non-
infectious etiologies. Conditions such as GGOs with diffuse homogeneous, 
interlobular septal thickening with or without pleural effusion. CO-RADS 3 also 
contains small GGOs that are not centrilobular (otherwise called CO-RADS 2) or 
are not found near the visceral pleura (otherwise called CO-RADS 4)

CO-RADS 4 High suspicion. Typical for COVID-19 but may have some overlap with other 
(especially viral) pneumonias. Findings can be defined as unilateral GGOs 
that are not in contact with the visceral pleura and show a predominant 
peribronchovascular distribution. Findings are similar to CO-RADS 5 but being 
unilateral is the most important differentiating feature  

CO-RADS 5 Very high suspicion. Typical CT findings. The main findings are bilateral, 
multifocal, GGOs close to visceral surfaces, with or without consolidation. 
Besides these, other findings may include reverse halo sign, large subpleural 
consolidations, air bronchograms, subpleural curvilinear bands, arching pattern 
with small connections to the pleura

CO-RADS 6  Proven presence of COVID-19 by means of RT-PCR

CO-RADS, COVID-19 Reporting and Data System; RSNA, Radiological Society of North America; CT, computed 
tomography; COVID-19, coronavirus disease 2019; GGOs, ground-glass opacities; RT-PCR, reverse transcriptase 
polymerase chain reaction.



minimum and maximum values. Pearson’s 
chi-squared test was used to compare the 
categorical variables. A 5×5 confusion ma-
trix was structured for each rater, and the 

CO-RADS score of each rater was plotted 
against the median CO-RADS score of the 
other three raters. A similar matrix was cre-
ated by means of using the sum of the 5×5 
matrix tables. The reference standard was 
determined as the score agreed on by all 
readers for each patient. Fleiss’ kappa (𝜅) 
was used in order to determine the agree-
ment level among raters, and the 𝜅 values 
were obtained by comparing the CO-RADS 
scores of every individual interpreter with 
the median score of the other three inter-
preters. The interrater agreement levels 
were graded on the basis of the Fleiss’ 𝜅 
values as follows: 0.01–0.20, nonsignifi-
cant; 0.21–0.40, weak; 0.41–0.60, moderate; 
0.61–0.80, good; and 0.81–1.00, very good 
(12). The receiver operating characteristics 
(ROC) curve was structured for each inter-
preter, and the area under the curve (AUC) 
model was used to evaluate the CO-RADS 
performances according to the reference 
standards set for the diagnosis of COVID-19. 
A reference guide was established combin-
ing the PCR (+)ve and PCR (-)ve/ Clinic (+)ve 
COVID-19 diagnoses. AUCs were calculated 
by using the method developed by Delong 
et al. (13). For each reader, the highest Youd-
en index (J = sensitivity + specificity − 1) 
was calculated to select the optimal thresh-
old to discriminate between CO-RADS 1, 2 
or 3 and CO-RADS 4 or 5 participants, and 
the corresponding sensitivity, specificity, 
positive predictive value (PPV) and nega-
tive predictive value (NPV) were computed. 
The mean AUC and 95% confidence interval 
(CI) values among the interpreters were cal-
culated. In addition, the mean percentages 
of cases appointed to each of the CO-RADS 

categories on the basis of the 95% CI seg-
mentations were determined for each pa-
tient group. 

Results
A total of 178 patients (female/male, 

76/102, 42.7%/57.3%) were included in the 
study. The mean age of the patients was 
47.1±16.3 years (min–max, 14–86 years). 
All patients were assigned to one of two 
groups: group 1 included patients with CO-
RADS scores of 1, 2 or 3 and group 2 those 
with CO-RADS scores of 4 or 5. Relation-
ships with age, sex, fever, cough, dyspnea 
and oxygen support among the two groups 
were evaluated. Cough and dyspnea were 
more common in group 2 compared with 
group 1 (p  <  0.001 and p  =  0.017, respec-
tively). Similarly, patients in group 2 needed 
more oxygen support than those in group 1 
(p < 0.001) (Table 2). As to RT-PCR positivity, 
120 patients tested positive at initial diag-
nosis, while 23 patients tested positive on 
their second and third RT-PCR tests. Thus, a 
total of 143 patients demonstrated RT-PCR 
test positivity. The remaining 35 patients 
tested negative on two successive RT-PCR 
tests. However, these patients were hospi-
talized in spite of test negativity because 
their clinical and CT findings were consis-
tent with COVID-19.

There was full agreement among 574 
(80.6%) of the 712 observations. Individual-
ly, the agreement rates based on CO-RADS 
categorizations were as follows: CO-RADS 
1 (153/712, 21.4%), CO-RADS 2 (36/712, 
5%), CO-RADS 3 (36/712, 5%), CO-RADS 4 
(75/712, 10.5%) and CO-RADS 5 (274/712, 
38.8%). The highest agreement rates were 
found in CO-RADS 1 and 5. Four of the CO-
RADS 1 cases were categorized as CO-RADS 
5, whereas only 1 CO-RADS 5 case was eval-
uated as CO-RADS 1. All findings are listed 
in detail in Table 3, and sample cases of CO-
RADS categories 2 through 5 are shown in 
Figs. 1–4. 

The Fleiss’ 𝜅 values of each interpreter 
were compared with the median Fleiss’ 𝜅 
value of the other three raters. The common 
Fleiss’ 𝜅 value of all interpreters combined 
was 0.732 (0.692–0.769). The AUCs and CIs 
for each patient group are presented in Ta-
ble 4. The interpreter agreement level was 
perfect between interpreters 2 and 4 and 
moderate between interpreters 2 and 3. 

When mixing all data sets from each ra-
diologist, an optimal diagnostic threshold 
of CO-RADS ≥ 4 was obtained. Individual re-
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Table 2. Demographic data and symptoms of patients

Characteristics

All participants 
(n=178 )  

n (%)

CO-RADS 1,2,3 
(n=71)  
n (%)

CO-RADS 4,5 
(n=107) 

n (%) p

Sex    0.60

Male 102 (57.3) 39 (55.0) 63 (59.0)

Female 76 (42.7) 32 (45.0) 44 (41.0)

Age, years * 47±16 (14–86) 43±18 (18–85) 49±16 (14–86) 0.041

Symptoms     

Fever 105 (58.9) 47 (66.2) 58 (54.2) 0.12

Cough 140 (78.6) 40 (56.3) 100 (58.5) <0.001

Dyspnea 53 (29.8) 14 (19.7) 39 (36.5) 0.017

Oxygen support 31 (17.4) 3 (4.2 ) 28 (26.1) <0.001

CO-RADS, COVID-19 Reporting and Data System.
*Age is presented as mean±standard deviation and range.

Figure 1. CO-RADS 2. A 29-year-old woman 
presenting with a 5-day history of cough and 
fever. Axial CT image at parenchymal window 
shows a lobar consolidated area in the middle 
lobe of the right lung. The patient’s RT-PCR test 
was positive.

Figure 2. CO-RADS 3. A 33-year-old woman with 
a history of 5 days of cough, fever, and dyspnea. 
Axial chest CT shows ground-glass opacities 
(GGOs) with superimposed consolidations in 
a centrilobular pattern in the right lung. The 
patient’s RT-PCR test was positive.
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sults were as follows: interpreter 1 had 98% 
sensitivity and 94% specificity (AUC 0.962, 
95% CI 0.923–0.985); interpreter 2 had 89% 
sensitivity and 98% specificity (AUC 0.942, 
95% CI 0.896–0.971); interpreter 3 had 
93% sensitivity and 94% specificity (AUC 
0.939, 95% CI 0.893–0.969) and interpreter 
4 had 87% sensitivity and 91% specificity 
(AUC 0.897, 95% CI 0.843–0.937). Diagnos-
tic accuracy values for all interpreters are 
presented in Table 5. The ROC curve for all 

interpreters estimating pulmonary involve-
ment with COVID-19 using the CO-RADS 
scoring system is shown in Fig. 5.

Discussion
COVID-19 may be asymptomatic in some 

individuals, while it may lead to severe con-
ditions including devastating lung disease 
in others (2–4). The CO-RADS classifica-
tion is a categorical system developed for 
the standardized evaluation of chest CT 

findings in patients suspected of having 
COVID-19. This scoring scale was created to 
use a common diagnostic language among 
radiologists and clinicians, which is of ut-
most importance because the world may 
face further waves of COVID-19 pandemic, 
and a rapid and common response to such 
a development will be crucial (11).

The interpreters showed agreement 
in 80.4% of the ratings, with the highest 
scores in CO-RADS categories 1 and 5. No 
serious disagreement was seen in cases 
with characteristic chest CT findings, but 
in patients with atypical findings the level 
of agreement dropped to a moderate level. 
In our study, the diagnostic performance 
of all interpreters was notably high when 
a CO-RADS ≥4 threshold was set (Table 4). 
A consensus of 68.2% was found in a study 
where 105 patients were evaluated by 8 
interpreters (11). In that study, as in ours, 
the highest agreements were obtained 
in CO-RADS categories 1 and 5. Another 
important outcome of our study was the 
placement of 39 of the CO-RADS cate-
gory 4 patients into CO-RADS category 5 
during the 5×5 table evaluations. Based on 
this finding, it may be concluded that CO-
RADS category 4 patients can be defined 
as COVID-19 positive cases in the presence 
of a high clinical likelihood. It must be kept 
in mind that there may not be a pulmonary 
finding in the early phases of mild cases of 
the disease designated as CO-RADS 1 and 2 
(14). CO-RADS 3, on the other hand, is the 
category that harbors atypical findings, and 
this group is rather difficult to evaluate by 
CT findings alone (10). Evaluating patients 
with CO-RADS category 3 scores in the light 
of clinical information may increase diag-
nostic accuracy.

The common Fleiss’ 𝜅 value of the en-
tire group of raters was 0.732, indicating 
a good congruence among the raters. The 
agreement coefficient should increase as 
the system becomes more widespread and 
is better understood by practitioners. The 
AUC value was 0.89 when the CO-RADS 
performance score, RT-PCR result, and clini-
cal findings were evaluated in combination. 
Both the CO-RADS performance score and 
the interpreter agreement demonstrate the 
utility and reliability of the CO-RADS sys-
tem. Based on interrater congruences, the 
least experienced interpreter had a mild 
degree of agreement with the other inter-
preters, while the other three interpreters 
demonstrated a notably high degree of 
mutual agreement.

Figure 3. CO-RADS 4. A 28-year-old man 
presenting with a clinical history of cough and 
fever in the last 4 days. Axial chest CT image 
shows GGOs with unilateral centrilobular 
dissemination in the right lung. The patient’s 
RT-PCR test was positive.

Figure 4. CO-RADS 5. A 40-year-old man 
presenting with fever and cough that had been 
going on for a week. Axial chest CT image 
demonstrates bilateral multifocal subpleural 
GGOs and consolidations. The patient tested 
negative on RT-PCR test.

Figure 5. Receiver operating characteristic curves of all interpreters predicting lung involvement in 
COVID-19 using the COVID-19 Reporting and Data System (CO-RADS). 
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Our study has certain limitations. First, it 
is a single-center retrospective study, and 
the patient population was not large. Pro-
spective, multicenter studies are needed 
to evaluate and perhaps refine our results. 
In addition, the sample was made up of 
patients admitted to the hospital’s emer-
gency department in the acute phase of 
COVID-19 who were hospitalized based 

on clinical findings and do not include 
asymptomatic patients. We think that this 
may have biased patient selection against 
participants with a more severe disease 
spectrum and thus affect the CO-RADS 
accuracy estimate. Another limitation was 
that the RT-PCR tests were not positive in 
all cases. PCR tests of 35 evaluated patients 
were negative despite at least two repeti-

tions. Although this raises concerns about 
the reliability of the reference standard in 
this subset of participants, significant rates 
of false-negative RT-PCR tests have been 
reported at baseline (7, 15, 16). The dura-
tion of onset and extent of symptoms are 
unknown, which is also a limitation of our 
study. It is known that pulmonary findings 
vary according to the stage of the disease 
(17). Since the signs and symptoms will 
change over time according to the stage 
of the disease, CO-RADS scores will also 
change. This problem may be overcome 
by keeping a highly detailed account of 
clinical histories and the use of intensity 
scales. Other limitations of the CO-RADS 
system are lack of information about any 
underlying lung disease and the inability 
to evaluate possible vascular pathologies. 
However, it should be emphasized that 
if a vascular pathology is suspected, a 
contrast-enhanced CT study can be per-
formed, thus helping to confirm or refute 
the suspicion. Finally, a definitive diagnosis 
was lacking for patients with false-positive 
CT findings. Therefore, we were unable to 
evaluate the prevalence of comorbidities 
or other respiratory infections whose im-
aging findings could coincide with those 
typically observed in COVID-19. Additional 
studies addressing this issue are recom-
mended to further refine the CO-RADS 
algorithm, as its performance is affected 
by the prevalence of other conditions with 
overlapping CT findings. 

In conclusion, the number of COVID-19 
cases worldwide are declining, but there is 
still a global concern that the pandemic will 
recur. At present, the number of COVID-19 
cases worldwide appears to be out of control 
in some parts of the world and substantially 
under control in other parts (18). An accurate 
and rapid approach is crucial to the diagno-
sis and treatment of the disease. CO-RADS is 
a very practical and reliable system in diag-
nosing COVID-19. The results of our study re-
vealed good agreement among interpreters, 
especially in CO-RADS categories 1 and 5. 
However, we believe that future multicenter 
studies with larger populations could add a 
great deal of value to the CO-RADS system.
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