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A B S T R A C T   

Purpose: To examine the performance of radiologists in differentiating COVID-19 from non-COVID-19 atypical 
pneumonia and to perform an analysis of CT patterns in a study cohort including viral, fungal and atypical 
bacterial pathogens. 
Methods: Patients with positive RT-PCR tests for COVID-19 pneumonia (n = 90) and non-COVID-19 atypical 
pneumonia (n = 294) were retrospectively included. Five radiologists, blinded to the pathogen test results, 
assessed the CT scans and classified them as COVID-19 or non-COVID-19 pneumonia. For both groups specific CT 
features were recorded and a multivariate logistic regression model was used to calculate their ability to predict 
COVID-19 pneumonia. 
Results: The radiologists differentiated between COVID-19 and non-COVID-19 pneumonia with an overall ac-
curacy, sensitivity, and specificity of 88% ± 4 (SD), 79% ± 6 (SD), and 90% ± 6 (SD), respectively. The per-
centage of correct ratings was lower in the early and late stage of COVID-19 pneumonia compared to the 
progressive and peak stage (68 and 71% vs 85 and 89%). The variables associated with the most increased risk of 
COVID-19 pneumonia were band like subpleural opacities (OR 5.55, p < 0.001), vascular enlargement (OR 2.63, 
p = 0.071), and subpleural curvilinear lines (OR 2.52, p = 0.021). Bronchial wall thickening and centrilobular 
nodules were associated with decreased risk of COVID-19 pneumonia with OR of 0.30 (p = 0.013) and 0.10 (p <
0.001), respectively. 
Conclusions: Radiologists can differentiate between COVID-19 and non-COVID-19 atypical pneumonias at chest 
CT with high overall accuracy, although a lower performance was observed in the early and late stage of COVID 
19 pneumonia. Specific CT features might help to make the correct diagnosis.   

1. Introduction 

Nucleic acid tests, most commonly via reverse transcription 

polymerase chain reaction (RT-PCR) assay, represent the standardized 
test for the detection of SARS-CoV-2 RNA from respiratory clinical 
specimens with a specificity reaching 100% [1,2]. Besides RT-PCR, chest 
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CT has turned out to be a helpful and fast tool in diagnosing COVID-19 
pneumonia, with a moderate to high overall sensitivity of 75–88% 
[3–5]. 

However, compared to the highly specific RT-PCR, the specificity of 
chest CT in diagnosing COVID-19 is lower, with a reported overall 
specificity of 46–80% (95% CI: 29–63%) [3,5]. This can be explained by 
the fact, that typical signs of COVID-19 pneumonia partially overlap 
with that of other acute and chronic pulmonary conditions. Some of the 
findings frequently encountered in COVID-19 pneumonia are: ground 
glass opacities (GGO), consolidation, crazy paving and enlargement of 
subsegmental vessels (diameter greater than 3 mm) in areas of GGO 
[6–10]. A peripheral and posterior distribution of abnormalities is 
commonly present [6–10]. The time course of these findings was 
investigated by Pan et al. and four stages of COVID-19 pneumonia were 
reported: early stage (0–4 days after symptom onset) with GGO as main 
finding, progressive stage (5–8 days after symptom onset) with diffuse 
GGO, crazy-paving pattern, and consolidation, peak stage (9–13 days 
after symptom onset) with consolidation becoming more prevalent, and 
late stage (≥14 days after symptom onset) with gradually absorption of 
the abnormalities [11]. However, atypical pneumonias other than 
COVID-19 may have similar patterns. Recent studies have compared the 
CT findings of COVID-19 pneumonia to that of other viral pneumonias 
[12,13], as well as specifically to that of influenza A pneumonia [14,15]. 
One of these studies also examined the performance of radiologists in 
differentiating COVID-19 from non-COVID-19 viral pneumonia, 
revealing an accuracy between 60 and 83% [12]. 

The aim of this study was to investigate the diagnostic performance 
of radiologists with different level of experience in differentiating 
COVID-19 pneumonia from other atypical bacterial, fungal and viral 
pneumonias. Furthermore, the ability of radiologists to correctly classify 
infiltrates as COVID-19 pneumonia was tested for every one of the 
described CT stages of the disease. In addition, this study contains a 
detailed analysis of infiltrate patterns of all pneumonias included, 
aiming at identifying those atypical pneumonias most similar to COVID- 
19 pneumonia and defining imaging markers that might help distinguish 
COVID-19 pneumonia from its top differential diagnoses. 

2. Material and methods 

Approval of the institutional ethics commission was obtained for this 
study (S-293/2020). 

2.1. Patients 

The patient registry of the department of infectious diseases was 
searched for the patients with positive RT-PCR for SARS-CoV-2 between 
January and June 2020 or one of the most common pathogens causing 
atypical pneumonia between January 2016 and June 2020. Subse-
quently, the set of identified, positive tested patients was searched for 
those patients, who in addition underwent a chest CT scan two weeks 
prior or after the test. Non-COVID-19 pathogens included in this study 
were: influenza virus, parainfluenza virus, respiratory syncytial virus 
(RSV), cytomegalovirus (CMV), herpes simplex virus type 1 (HSV1), 
Mycoplasma pneumoniae, Legionella pneumophila, and Pneumocystis jir-
oveci (PJP). 

For both groups, the identified CT scans were reviewed by a 
consultant radiologist with three years of experience in thoracic imag-
ing, and a radiology resident in the fourth year of training. Excluded 
were scans showing a) no acute pulmonary disease, b) acute pneumonia 
and a positive test result for more than one pathogen, c) acute pulmo-
nary disease other than pneumonia (e.g., pulmonary oedema), d) 
extensive acute or chronic thoracic pathologies not allowing a certain 
confirmation of acute pneumonia (e.g., lobar atelectasis). Examples of 
excluded CT scans are presented in Supplementary Fig. 1. 

The electronic medical records were reviewed to collect information 
about the symptom onset and the type of symptoms of the included 

patients. 

2.2. Clinical specimens and pathogen testing 

In both groups, nasopharyngeal and oropharyngeal swabs were the 
most commonly collected clinical specimens. Further clinical specimens 
were sputum, tracheal aspirate, bronchial secretion and bronchoalveo-
lar lavage (BAL). PCR represented the diagnostic test used in every pa-
tient, both in the COVID-19 and the non-COVID-19 group. Details about 
the pathogen testing are shown in Supplementary Table 1. 

2.3. CT imaging 

Imaging of COVID-19 patients was performed using 16- to 256-detec-
tor row CT scanners (Siemens Healthcare, Philips Medical Systems). 
Intravenous contrast agent was used in 13 patients (14%), mainly 
because of suspected pulmonary embolism. 

Non-COVID-19 patients were examined using 6- to 256-detector row 
CT scanners (Siemens Healthcare, Philips Medical Systems). The CT 
examinations in this group were performed when pneumonia was sus-
pected or as part of examinations in another acute or non-acute setting. 
92 (31%) CT scans were performed after application of intravenous 
contrast agent. For details regarding imaging see Supplementary Table 
2. 

2.4. Reader study 

CT scans were anonymised and all relevant information, including 
scan-date, was removed from the images. Four board certified radiolo-
gists (R1, R2, R3 and R4 with 33, 28, 10 and 4 years of experience in 
thoracic imaging, respectively) and a radiology resident in the last year 
of training (R5) reviewed the CT scans independently and blinded to the 
pathogen test results. The CT scans had to be classified as COVID-19 or 
non-COVID-19 pneumonia. 

2.5. Pattern analysis 

Two other board-certified radiologists with two and six years of 
experience in thoracic imaging, blinded to the results of pathogen tests, 
performed a consensus reading of the entire cohort, in order to record 
specific CT features. The CT features were defined based on the latest 
glossary of terms of the Fleischner society [16]. 

2.6. Statistical analysis 

Means and standard deviations (SD), as well as absolute and relative 
frequencies were calculated for patients’ characteristics. Continuous and 
categorical variables were then compared by using 2-sided student-t 
tests (tt2) and chi-squared tests (chi2), respectively. Diagnostic perfor-
mance was analyzed by calculating sensitivity, specificity, accuracy, 
positive and negative predictive value with associated 95% CI for each 
reader. Furthermore, mean sensitivity, specificity and accuracy with 
associated SD for the five readers are presented. For each atypical 
pathogen in the non-COVID-19 group the percentage of correct ratings 
as “non-COVID-19 pneumonia” was calculated and the average per-
centage of correct ratings is presented as mean with associated SD. 

Interrater agreement was described by calculating the percentage of 
agreement as a raw measure and Krippendorff’s alpha coefficient as an 
adjusted measure. The K-alpha values were interpreted as: 0.00–0.20 =
slight agreement, 0.21–0.40 = fair agreement, 0.41–0.60 = moderate 
agreement, 0.61–0.80 = substantial agreement and 0.81–1.00 = almost 
perfect agreement [17,18]. 

All ratings in the COVID-19 group were stratified by early, progres-
sive, peak and late CT stage of COVID-19 pneumonia [11]. For each 
disease stage, the percentage of correct ratings with associated (bino-
mial) 95% CI, as well as the associated chi-squared p-value, were 
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calculated. 
A multivariate logistic regression model was used to model the 

probability of having COVID-19 pneumonia, including the covariables: 
axial distribution, craniocaudal distribution, rounded GGO, band like 
subpleural opacities, subpleural curvilinear lines, reversed halo sign, 
perilobular pattern, centrilobular nodules, vascular enlargement, and 
bronchial wall thickening. A combination of forward and backward 
variable selection procedure (the FAMoS algorithm) based on the Akaike 
information criterion (AIC) was used to select the most relevant of the 
above-mentioned variables starting with the model including all pre-
selected variables [19]. Here, odds ratios with associated 95% CI are 
given. Furthermore, we conducted a cluster analysis (by Gower’s dis-
tance) including the same variables in order to identify the atypical 
pneumonias which demonstrate CT features most similar/dissimilar to 
COVID-19 pneumonia [20]. The quality of clustering is given by the 
silhouette width (sw, interpretation: 0 < sw ≤ 0.25 no structure, 0.25 <
sw ≤ 0.5 weak, 0.5 < sw ≤ 0.75 middle, 0.75 < sw ≤ 1 strong). We 
define observations within one cluster more “similar” to each other that 
observations between clusters (“dissimilar”). 

The statistical analysis was performed by an independent statistician 
using the statistical programming language R [21]. All p values are to be 
interpreted in a descriptive manner. 

3. Results 

3.1. Demographic and clinical data 

92 consecutive patients tested positive for SARS-CoV-2 and 2390 
consecutive patients tested positive for atypical pathogens other than 
SARS-CoV-2 were identified. As demonstrated in the flowchart of patient 
enrolment (Fig. 1), a total of 90 patients with COVID-19 pneumonia and 
294 patients with non-COVID-19 pneumonia were included in the study, 
resulting in the final cohort of 384 patients. Pie charts demonstrating the 
size of the COVID-19 and non-COVID-19 group, as well as the distri-
bution of the different pathogens in the non-COVID-19 group are shown 
in Fig. 2. 

There was no significant difference in patient age between the 

COVID-19 and non-COVID-19 group (mean age 62 years in both groups, 
p = 0.894tt2). The COVID-19 group comprised slightly more men (67% 
vs 59%; p = 0.228chi2). In terms of the time of CT-imaging in relation to 
the symptom onset, patients in the COVID-19 group were examined later 
compared to the patients in the non-COVID-19 group (mean of 9.3 vs 
7.1 days, p = 0.011tt2). Regarding the time interval between pathogen 
testing and CT imaging, on average patients in the COVID-19 group were 
examined two days after pathogen testing, whereas patients in the non- 
COVID-19 group 0,8 days prior to the test (p < 0.001tt2). The de-
mographics and clinical symptoms of all patients, as well as the time of 
the CT-imaging in relation to symptom onset and pathogen testing are 
listed in Table 1. 

3.2. Diagnostic performance of radiologists and interrater agreement 

The readers ́ diagnostic accuracy in differentiating COVID-19 pneu-
monia from non-COVID-19 pneumonia was 92% (R5), 90% (R2 and R4), 
85% (R1), and 82% (R3). Sensitivity ranged from 72 to 87% and spec-
ificity from 80 to 95% (Table 2). The average diagnostic accuracy, 
sensitivity, and specificity was 88% ± 4 (SD), 79% ± 6 (SD), and 90% ±
6 (SD), respectively. 

A moderate interrater agreement was observed in classifying the CT 
scans as COVID-19 or non-COVID-19 pneumonia (percent agreement =
0.84, Krippendorff’s α = 0.58, 95% CI: 0.52–0.65). 

PJP, Influenza A H1N1, CMV, and HSV1 were the atypical pneu-
monias most often misdiagnosed as COVID-19 with an average per-
centage of false ratings of 19%, 15%, 15% and 13% respectively 
(Table 3). 

Exemplary cases, which all radiologists or the majority of them 
misdiagnosed as COVID-19 or non-COVID-19 pneumonia are shown in 
Figs. 3 and 4. 

The diagnostic performance of the radiologists was analysed for each 
one of the four described CT stages of COVID-19 pneumonia [11]. The 
average percentage of correct ratings was 68% (95% CI: 58–77) in the 
early, 85% (95% CI: 79–90) in the progressive, 89% (95% CI: 82–95) in 
the peak, and 71% (95% CI: 63–78) in the late stage. For details see 
Supplementary Table 3. 

Fig. 1. Flowchart of patient enrolment.  
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3.3. Analysis of CT features 

All recorded CT-features both for the COVID-19 and the non-COVID- 
19 group are illustrated in detail in Table 4. 

Based on the AIC, the variables reversed halo sign and perilobular 

pattern were removed from the final multivariate analysis. A peripheral 
distribution of pathologic findings was associated with a 2.13-fold risk of 
COVID-19 pneumonia, when compared to a distribution with no zonal 
predilection (p = 0.116). The presence of rounded GGO, band like 
subpleural opacities, and subpleural curvilinear lines was associated 
with a 1.96-, 5.55-, and 2.52-fold risk of COVID-19 pneumonia, 
respectively (p = 0.099, p < 0.001, and p = 0.021). Supplementary Fig. 
2 illustrates the difference between band like subpleural opacities and 
subpleural curvilinear lines. Enlargement of subsegmental vessels 
(diameter greater than 3 mm) in areas of lung abnormalities was asso-
ciated with a 2.63-fold risk of COVID-19 pneumonia (p = 0.072). 

When compared to a distribution of pathologic findings with no 
zonal predilection, a lower- or an upper-zone preference was associated 
with decreased risk of COVID-19 pneumonia with odds ratio (OR) of 
0.26 and 0.35, respectively (p = 0.054 and p < 0.01). The presence of 
signs primarily indicating airway disease, namely bronchial wall thick-
ening and centrilobular nodules, was also associated with decreased risk 
of COVID-19 pneumonia with OR of 0.30 and 0.10 respectively (p =
0.013 and p < 0.001,). The results of the multivariate analysis are 
demonstrated in Table 5. 

When identifying two clusters in the data (silhouette width = 0.30), 
most of the pneumonias in Cluster 1 (“COVID-19-cluster”) were cases of 
COVID-19 pneumonia (86/90 = 96%). Furthermore, PJP, HSV1 and 
CMV pneumonia were often assigned to this cluster (86%, 81% and 74%, 
respectively). On the other hand, Mycoplasma and Influenza B pneu-
monia were most often assigned to cluster 2 (the “non-COVID-19-clus-
ter”, 100% and 71%, respectively). For details about the cluster analysis 
see Supplementary Table 4. 

CT-scans of COVID-19 patients, demonstrating signs suggestive of 

Fig. 2. Pie charts demonstrating the size of the COVID-19 and non-COVID-19 group, as well as the distribution of the different pathogens in the non-COVID- 
19 group. 

Table 1 
Patient characteristics and information about the time of the CT-imaging in 
relation to symptom onset and pathogen testing.  

Variable COVID 
19 

Non-COVID- 
19 

P value 

N 90 294  
Age, mean (SD), years 62 (14) 62 (13) 0.894tt2 

Sex, n (%)   0.228chi2 

Female 30 (33) 121 (41)  
Male 60 (67) 173 (59)  

Time from symptom onset to CT, mean 
(SD), days* 

9,3 (6) 7,1 (9,7) 0.011tt2 

Time CT after test, mean (SD), days 2 (4.3) − 0.81 (5.3) <0.001tt2 

Symptoms, n (%) **    
Fever 70 (78) 181 (62) 0.007chi2 

Cough 68 (76) 131 (45) <0.001chi2 

Shortness of breath 62 (69) 133 (45) <0.001chi2 

Other 58 (64) 85 (29) <0.001chi2 

N = absolute number of cases, SD = standard deviation, chi2 = Pearson’s chi- 
squared test, tt2 

= Welch’s two-sample t-test. 
*Information available for all the patients in the COVID-19 group (n = 90) and 
for 79% of the patients in the non-COVID-19 group (n = 232). 
** Information available for 99% of the patients in the COVID-19 group (n = 89) 
and for 92% of the patients in the non-COVID-19 group (n = 271). 

Table 2 
Years of experience and performance of radiologist in differentiating COVID-19 from non-COVID-19 pneumonia.  

Reader Experience in Thoracic 
Radiology, years 

Rated as COVID-19 pneumonia, n / Rated 
as non-COVID-19 pneumonia, n 

Accuracy, % 
(95% CI) 

Sensitivity, % 
(95% CI) 

Specificity, % 
(95% CI) 

PPV, % 
(95% CI) 

NPV, % 
(95% CI) 

R1 33 101/283 85 (81–89) 74 (64–83) 88 (84–92) 66 (56–75) 92 (88–95) 
R2 28 93/291 90 (86–93) 80 (70–88) 93 (89–96) 77 (68–85) 94 (90–96) 
R3 10 136/248 82 (78–86) 87 (78–93) 80 (75–85) 57 (49–66) 95 (92–97) 
R4 4 80/304 90 (86–92) 72 (62–81) 95 (92–97) 81 (71–89) 92 (88–95) 
R5 Radiology resident in last 

year of training 
88/296 92 (89–95) 82 (73–89) 95 (92–97) 84 (75–91) 95 (91–97) 

N = absolute number of cases, 95% CI = 95% confidence intervals. 
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COVID-19 pneumonia are illustrated in Fig. 5. 

4. Discussion 

Our study proved that the radiologists were able to differentiate 
COVID-19 from non-COVID-19 pneumonia with high overall accuracy 
(88% ± 4 SD) and specificity (90% ± 6 SD), but somewhat lower 
sensitivity (79% ± 6 SD). The radiologists ́ performance did not directly 

correlate with their level of experience. With this study, we were able to 
identify those atypical pneumonias that look most similar to COVID-19 
pneumonia in CT images and are therefore most frequently mis-
diagnosed as COVID-19 pneumonia. Furthermore, correlation between 
the CT stage of COVID-19 pneumonia and the readers ́ diagnostic per-
formance was analysed, revealing that in the early and late stage the 
number of correct ratings was lower. Our analysis indicated that there 
are patterns suggestive of COVID-19 pneumonia (e.g., subpleural 

Table 3 
Percentage and number of correct ratings as non-COVID-19 pneumonia for every pathogen in the non-COVID-19 group.  

Pathogen, n Cases correctly rated as non-COVID-19 Pneumonia, % (n) Mean percentage of correct rating for all readers, % (SD) 

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 

Influenza virus (all included types and subtypes), 90 91 (82) 90 (81) 83 (75) 93 (84) 92 (83) 90 (4) 
Influenza A (except H1N1), 36 94 (34) 92 (33) 89 (32) 92 (33) 89 (32) 91 (2) 
Influenza A H1N1, 33 85 (28) 82 (27) 73 (24) 90 (30) 94 (31) 85 (8) 
Influenza B, 21 95 (20) 100 (21) 90 (19) 100 (21) 95 (20) 96 (4) 
Parainfluenza virus (all included types), 68* 96 (65) 96 (65) 94 (64) 96 (67) 93 (63) 95 (2) 
Parainfluenza 1 or 3, 57 97 (55) 97 (55) 93 (53) 98 (56) 93 (53) 95 (2) 
Parainfluenza 2 or 4, 11 91 (10) 91 (10) 100 (11) 100 (11) 91 (10) 95 (5) 
RSV (all included types), 42 93 (39) 88 (37) 88 (37) 100 (42) 98 (41) 93 (5) 
RSV A, 12 100 (12) 83 (10) 92 (11) 100 (12) 100 (12) 95 (7) 
RSV B, 30 90 (27) 90 (27) 87 (26) 100 (30) 97 (29) 93 (5) 
CMV, 23 70 (16) 96 (22) 70 (16) 96 (22) 96 (22) 85 (14) 
HSV 1, 21 81 (17) 95 (20) 67 (14) 90 (19) 100 (21) 87 (13) 
Pneumocystis jiroveci, 32 78 (25) 94 (30) 47 (15) 84 (27) 100 (32) 81 (21) 
Legionella pneumophila, 9 89 (8) 100 (9) 67 (6) 100 (9) 100 (9) 91 (14) 
Mycoplasma pneumoniae, 9 89 (8) 100 (9) 100 (9) 100 (9) 100 (9) 98 (5) 

N = absolute number of cases, SD = standard deviation, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, RSV = respiratory syncytial virus, CMV =
Cytomegalovirus, HSV 1 = herpes simplex virus 1. * two kinds of RT-PCR tests used, one for simultaneous detection of parainfluenza 1 and parainfluenza 3 genomes 
and one for simultaneous detection of parainfluenza 2 and parainfluenza 4 genomes. 

Fig. 3. CT scans of non-COVID-19 atypical pneumonia misinterpreted as COVID-19 pneumonia (a) Only CT scan misdiagnosed by all five radiologists: 52-year-old 
man with influenza A pneumonia, 7 days after symptom onset, showing subpleural curvilinear lines (arrows). (b, c) Examples misdiagnosed by four of five radi-
ologists: (b) 66-year-old woman with CMV-pneumonia, 3 days after symptom onset, with ground glass opacities and peripheral crazy paving (arrow), (c) 57-year-old 
man with influenza A H1N1 pneumonia, 20 days after symptom onset, demonstrating extensive, mostly subpleural ground glass opacities. (d) Example misdiagnosed 
from three of five radiologists: 50-year-old-man with RSV B pneumonia, 2 days after symptom onset, with solitary rounded ground glass opacity in left upper lobe 
(arrow). Note the complete atelectasis of the left lower lobe. 
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curvilinear lines, band like subpleural opacities, vascular enlargement). 
Additionally, our study suggested that the presence of signs primarily 
indicating airway disease (bronchial wall thickening and centrilobular 
nodules) was associated with non-COVID-19 pneumonia. 

The diagnostic accuracy of radiologists in our study was higher 
compared to that reported by Bai et al. [12]. This is, most likely, the 
result of the continuous growing experience of radiologists with the 
imaging findings of COVID-19 pneumonia since the detection of SARS- 
CoV-2 in December 2019. Most commonly mistaken for COVID-19 
pneumonia were PJP and viral pneumonias due to influenza A virus 
H1N1, CMV, and HSV1. These findings are in line with the results of the 
cluster analysis, showing that CT patterns of PJP, HSV1 and CMV 
pneumonia are most similar to those of COVID-19 pneumonia. This can 
be explained by the fact that GGO represents the main pattern of the 
above-mentioned atypical pneumonias, similarly to COVID-19 pneu-
monia [22]. COVID-19 pneumonia was more frequently misdiagnosed 
as non-COVID-19 pneumonia in the early and late CT stage of the dis-
ease. This possibly reflects the fact that GGO is the main pathologic 
finding in the early stage, and that the absorption of the typical findings 
of COVID-19 pneumonia in the late phase is commonly accompanied by 
signs of organising pneumonia or early signs of fibrosis. These features 
can be encountered in multiple infectious diseases of the lung, making 
the CT appearance somewhat unspecific [22,23]. 

The chest CT findings of COVID-19 pneumonia in our study were 
very similar to previous studies [6–11]. In contrast to previous studies, 
which compared the CT findings between COVID-19 and viral pneu-
monias [12,13], our study included well balanced subgroups of viral as 
well as fungal and atypical bacterial pneumonias. Including convincing 
case numbers of influenza pneumonia in particular, is crucial, as influ-
enza pneumonia represents the main differential diagnosis of COVID-19 
pneumonia during the cold months in temperate regions. Moreover, the 

number of COVID-19 patients was intentionally chosen to be compara-
ble to that of the subgroups of atypical pneumonias. This was done to 
create a more realistic setting, possibly simulating the incidence and 
prevalence of COVID-19 pneumonia after the end of its pandemic phase. 
To our knowledge, this study is the first to examine the radiologists’ 
performance in relation to the stage of the COVID-19 pneumonia and the 
first to search for the atypical pneumonias most often misdiagnosed as 
COVID-19. Furthermore, as far as we know, our study is the first to work 
out pattern-based top differential diagnoses for COVID-19 pneumonia. 

The results of the presented work need to be seen in light of the study 
design and its limitations. The readers had to assess the CT images 
without any additional information about the patients ́ symptoms or 
medical background. This might be a potential bias, as precise clinical 
information usually helps the radiologist make the correct diagnosis 
[24]. This study showed that even less experienced radiologists in 
training are able to reliably differentiate COVID-19 from other atypical 
pneumonias. As only one of the five readers was a radiologist in training, 
the performance of this reader might not be representative and therefore 
should not be generalized. However, the authors of this study strongly 
believe that due to the tremendous research activities as well as the 
educational activities focusing on diagnosing COVID-19, a notable in-
crease in knowledge was obtained within the last year, independent of 
the level of experience in radiology. Due to its retrospective character, 
the CT protocols used in this study were not standardized. This can be 
seen as a flaw in study design. However, it reflects the daily routine 
when, for example, pulmonary embolism is suspected, but pneumonic 
infiltrates are diagnosed [25]. A selection bias, also associated with the 
retrospective character of this study, represents the fact that, in com-
parison to the suspected cases of COVID-19 pneumonia, the CT scans of 
atypical pneumonias were not ordered according to fixed criteria. One of 
the initial steps in this study was to identify different pathogens forming 

Fig. 4. CT scans of COVID-19 pneumonia mistaken for non-COVID-19 pneumonia (a) Only case misdiagnosed by all five radiologists: 64-year-old woman with 
COVID-19 pneumonia, 14 days after symptom onset, showing nodules of ground glass opacity (arrows). (b-d) Examples misdiagnosed by four of five radiologists: (b) 
79-year-old man, 2 days after symptom onset, demonstrating diffuse ground glass opacities, (c) 67-year-old woman, 20 days after symptom onset, demonstrating 
consolidation in the right lower lobe (arrow). (d) Example misdiagnosed by three of five radiologists: 70-year-old man, 4 days after symptom onset, demonstrating a 
solitary rounded ground glass opacity in the left upper lobe (arrow). 
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the group of non-COVID-19 pneumonias. As inclusion of all known 
atypical pneumonias is not possible, the choice had to be narrowed 
down, resulting in a possible bias. The selection process was performed 
taking into account the characteristic patterns of COVID-19 pneumonia, 
and aimed at including atypical pneumonias most similar to it. This is 
why, for example, comparatively more common fungal pneumonias that 
look quite different from COVID-19 pneumonia on chest CT, such as 
aspergillosis, were not included in this study. The multivariate regres-
sion analysis revealed highly clinically relevant results regarding the CT 
features suggestive of COVID-19 pneumonia, although not all results 
were statistically significant (interpreted as “p ≤ 0.05”). The statistical 
significance of the variables “peripheral distribution of abnormalities” 
(OR = 2.13, p = 0.116), “rounded GGO” (OR = 1.96, p = 0.099) and 
“vascular enlargement in areas of GGO” (OR = 2.63, p = 0.072) might be 

shown in future confirmatory clinical studies with a greater number of 
patients, providing for higher statistical power to detect the relevant 
effects. 

In conclusion, this study showed that radiologists are capable of 
differentiating between COVID-19 and non-COVID-19 atypical pneu-
monia on chest CT. The fact that reliable and confident differentiation 
between COVID-19 and other atypical pneumonias is possible, appar-
ently independent from the level of experience, might serve as an indi-
cator for successful education during the pandemic. Our work reveals 
the most important COVID-19 differential diagnoses within the studied 
patient cohort. This indicates atypical pneumonias a radiologist should 
take into account when being asked to assess a suspected COVID-19 
case. Last but not least, the presented study is meant to provide assis-
tance to radiologists, focusing on pattern analysis of atypical pneumo-
nias most similar to COVID-19 pneumonia, presenting pitfalls in 
diagnosing atypical pneumonias and developing reliable distinguishing 
criteria. 
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Table 4 
Recorded CT features of the entire cohort.  

Parameter COVID- 
19 

Non- 
COVID-19 

p value 

N 90 294  
Laterality, n (%)   0.391chi2 

Unilateral 3 (3) 19 (6)  
Bilateral 87 (97) 275 (94)  

Axial direction, n (%)   <0.001chi2 

Central 2 (2) 13 (4)  
Peripheral 40 (44) 28 (10)  
No predilection 48 (53) 253 (86)  

Craniocaudal direction, n (%)   <0.001chi2 

Upper 7 (8) 35 (12)  
Lower 20 (22) 132 (45)  
No predilection 63 (70) 127 (43)  

Anteroposterior direction, n (%)   0.806chi2 

Anterior 1 (1) 3 (1)  
Posterior 27 (30) 78 (27)  
No predilection 62 (69) 213 (72)  

Subpleural sparing, n (%) 6 (7) 20 (7) >0.999chi2 

Extent, n (%) *   <0.001chi2 

Mild 13 (14) 107 (36)  
Moderate 46 (51) 107 (36)  
Severe 31 (34) 80 (27)  

Number of pulmonary segments 
involved, mean (SD) 

13 (4.6) 11 (5.2) <0.001tt2 

Decreased attenuation pattern, n (%)   <0.001chi2 

GGO 39 (43) 121 (41)  
Consolidation 3 (3) 26 (9)  
Crazy paving 2 (2) 1 (0)  
GGO and consolidation 29 (32) 83 (28)  
GGO and crazy paving 5 (6) 10 (3)  
Consolidation and crazy paving 0 (0) 1 (0)  
GGO, consolidation and crazy paving 11 (12) 11 (4)  

Rounded GGO, n (%) 37 (41) 33 (11) <0.001chi2 

Band like subpleural opacities, n (%) 57 (63) 27 (9) <0.001chi2 

Reversed halo sign, n (%) 22 (24) 10 (3) <0.001chi2 

Perilobular pattern, n (%) 17 (19) 16 (5) <0.001chi2 

Halo sign, n (%) 3 (3) 13 (4) 0.880chi2 

Solid and/or GGO centrilobular nodules, 
n (%) 

4 (4) 172 (59) <0.001chi2 

Tree-in-bud, n (%) 0 (0) 12 (4) 0.109chi2 

Subpleural curvilinear lines, n (%) 40 (44) 33 (11) <0.001chi2 

Septal thickening, n (%) 11 (12) 101 (34) <0.001chi2 

Irregular reticulation, n (%) 4 (4) 8 (3) 0.621chi2 

Air bronchogram, n (%) 14 (16) 58 (20) 0.464chi2 

Bronchial wall thickening, n (%) 8 (9) 143 (49) <0.001chi2 

Vascular thickening, n (%) ** 29 (32) 13 (4) <0.001chi2 

Bronchiectasis/Bronchiolectasis, n (%) 9 (10) 20 (7) 0.437chi2 

Pleural effusion, n (%) 18 (20) 104 (35) 0.009chi2 

Enlarged mediastinal lymph nodes, n 
(%) 

9 (10) 16 (5) 0.197chi2 

N = absolute number of cases, SD = standard deviation, chi2 
= Pearson’s chi- 

squared test, tt2 = Welch’s two-sample t-test, GGO = ground glass opacity. 
* Based on the percentage of affected lung parenchyma: mild < 25%, mod-

erate 25 – 50%, severe >50%. 
** Enlargement of subsegmental vessels (diameter greater than 3 mm) in areas 

of lung abnormalities. 

Table 5 
Results of the multivariate analysis.  

Variable OR (95% CI) p value 

Axial direction (“no predilection” as reference 
category)   
Peripheral distribution 2.13 (0.83–5.49)  0.116 

Craniocaudal direction (“no predilection” as 
reference category)   
Upper distribution 0.35 (0.11–0.97)  0.054 
Lower distribution 0.26 (0.11–0.61)  0.003 

Rounded GGO 1.96 (0.88–4.33)  0.099 
Band like subpleural opacities 5.55 

(2.55–12.42)  
< 0.001 

Subpleural curvilinear lines 2.52 (1.15–5.54)  0.021 
Centrilobular nodules 0.10 (0.03–0.28)  < 0.001 
Bronchial wall thickening 0.30 (0.11–0.74)  0.013 
Vascular enlargement 2.63 (0.94–7.73)  0.072 

95% CI = 95% confidence interval, OR = odds ratio, GGO = ground glass 
opacity. 
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