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INTRODUCTION

Coronavirus infection has become a global concern since 
the outbreak of Severe Acute Respiratory Syndrome Cor-
onavirus (SARS-COV-1) in 2002-2003.1,2 and the Middle 
East Respiratory Syndrome Coronavirus (MERS-CoV) in 
2012.3,4 In late December 2019, an outbreak of pneumonia 
was reported in Wuhan, China caused by novel corona-
virus 2019-nCoV, currently designated as a severe acute 
respiratory syndrome (SARS-COV-2) by the International 
Committee on Taxonomy of Viruses (ICTV).5 The dis-
ease has now been officially named COVID 19 by World 
Health Organization. On January 7, 2020 a novel coro-

navirus has been identified as a causative agent by viral 
typing.6

Initially, it caused an outbreak of pneumonia in china 
and thereafter had spread globally with nearly 9 million 
confirmed cases and 470,000 deaths till June 23,2020.7 
With the growing global concerns about the COVID-19 
outbreak, it necessitates a comprehensive understanding 
of the hallmark and/ or atypical imaging features for an 
early diagnosis. In a study by Simpson et al. in the year 
2020 imaging findings were categorized into four groups: 
Typical, Atypical, Indeterminate and Negative for COVID 
19.8 It provides a set protocol that can reduce variation in 
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ABSTRACT
Background: Coronavirus Disease 2019 (COVID-19), a severe respiratory syndrome is a pandemic, known to affect patients of 
all age groups with varied imaging features.
Aim and Objective: To identify and categorize the additional Atypical imaging features detected in COVID 19 patients from 
eastern India.
Method: HRCT images of 1300 COVID-19 patients without any known co-morbid conditions and showing positive HRCT find-
ings were analyzed and evaluated for prevalence of atypical imaging features. HRCT images were categorized into typical, 
atypical and indeterminate. Further the additional atypical features were evaluated. 
Results: Out of 1300 patients, 320 (24.6%) patients showed atypical imaging features, 860 patients (64.6%) were in the Typical 
and 140 (10.7%) were in the indeterminate category. Amongst patients with atypical imaging features, we found that isolated 
lobar or segmental consolidation without associated GGO’s prevalent in 5.6% of patients, discrete pulmonary nodules which 
include both centrilobular and tree-in-bud nodular patterns in 42%, mediastinal/hilar lymphadenopathy in 9.3%. About 11% of 
patients had pleural effusion and 1.2% demonstrated pneumothorax and pneumomediastinum. Linear or subsegmental atelec-
tasis was noted in 66% of patients. 
Conclusion: Significantly higher additional atypical features like atelectatic bands & subpleural curvilinear atelectasis (66%), fol-
lowed by discrete nodules (42%) were associated with COVID 19 diagnosis in the absence of any known co-morbid conditions. 
We propose that imaging findings that have not been categorized under any of the existing four groups, be incorporated in either 
a mixed category or added to any of the existing groups, in the current imaging-based classification for COVID 19.
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reporting. The primary findings on chest radiographs and 
CT is that of atypical pneumonia or organizing pneumo-
nia.   

Reverse transcriptase-polymerase chain reactions (RT-PCR), 
which serves as a gold standard, has a sensitivity of about 
71 per cent,9 while High-Resolution Computed Tomography 
(HRCT) Thorax appears to have a much higher sensitivity as 
analysed by Fang et al. who reported a 98 % sensitivity for 
the diagnosis of COVID-19.10 RT PCR for COVID-19 takes 
about 2-3 days for the results to come and hence clinicians 
are dependent on accurate diagnostic imaging for isolation & 
specific management.11 

In this study, we have attempted to analyse HRCT images 
of 1300 COVID-19 and HRCT positive patients and evalu-
ated the prevalence of the atypical imaging features amongst 
our study group. In addition, imaging findings amongst the 
patients from this part of the country, which do not fit under 
any of the existing groups necessitated inclusion in a sepa-
rate category. Hence, we propose a modification of the avail-
able criteria for categorizing COVID 19 based on imaging 
and incorporation of these imaging features.

MATERIALS AND METHODS

Patient population and study design
This is a prospective study conducted in Odisha COVID 
Hospital, KIMS, India. 

1300 consecutive COVID positive (RT-PCR ) patients with-
out known co-morbid conditions with positive imaging fea-
tures on HRCT Thorax were included in our study group.   

Computerised Tomography (CT) Acquisition 
Technique
Chest CT acquisitions were obtained with the patients in the 
supine position during end inspiration. Evaluation is done 
with 64-slice CT Siemens Somatom go. Up having 2.2 cm 
stellar detector with Sinogram Affirmed Iterative Recon-
struction (SAFIRE) software dedicated only to patients of 
COVID 19. The scan was performed with the following 
technical parameters tube voltage 100-120 V; tube current 
modulation 180-400 mAs; automated exposure control; col-
limation width 64 X 0.625 mm; interslice gap 0mm; recon-
struction algorithm: iterative-based reconstruction. Recon-
structions were obtained at a slice thickness of 1.25 mm. 

The scanning range covered the area from the level of the 
thoracic inlet to the diaphragm.

Computerised Tomography (CT) Image Analysis
All the CT images were viewed by two Residents involved in 
the study, followed by two Senior Radiologists. Radiologi-
cal findings were classified into three groups viz. Typical, 

Atypical and Indeterminate for COVID 19 (Table 1), similar 
to an earlier study by Simpson S et.al. Negative for COVID 
19 pneumonia were excluded in our study population. All 
data were anonymized and collected in a shared database. 
In our study the following atypical features were considered 
for analysis: 

Presence of 

a) Soft tissue nodules 
b) Pleural effusion or pleural thickening 
c) Mediastinal or hilar lymphadenopathy (> 10mm in 

short axis diameter) 
d) Isolated consolidation 
e) Presence of atelectasis 
f) Presence subpleural linear or curvilinear opacification 
g) Underlying lung diseases like fibrosis, bronchiectasis 

changes or emphysema
h) Pleural effusion or pleural thickening, lymphadenopa-

thy and pneumothorax or pneumo-mediastinum in ad-
dition to ground glass opacifications (GGO’s).

The nodule is around or irregular opacity of less than 3 cm 
in diameter with sharp or ill-defined margins. They are clas-
sified as centrilobular or tree-in-bud and discrete nodules.12 
GGO represent filling of alveolar space with pus, oedema, 
haemorrhage or cells causing haziness with preserved bron-
cho-vascular marking.13,14 Consolidation refers to opacifica-
tion of the alveolar space with the abutment of broncho-vas-
cular markings.15,16 Sub pleural lines (also known as pleural 
lines) refers to thin linear or curvilinear opacities, 1-3 mm 
in thickness, lying less than 1 cm from and parallel to the 
pleural surface. 

RESULTS

1300 positive COVID-19 patients, with positive imaging 
findings were analysed. We found that 320 patients (24.6%) 
showed atypical imaging features, 860 patients (64.6%) were 
in the Typical and 140 (10.7%) were in the indeterminate 
category (Fig.1). 

We found that of the 24.6% patients having atypical imaging 
findings on HRCT, Isolated lobar or segmental consolidation 
without associated GGO’s was noted in 5.6% of patients, 
42.8% had discrete pulmonary nodules which includes both 
centrilobular and tree-in-bud nodular patterns, 9.3% pre-
sented with mediastinal lymphadenopathy/ hilar lymphad-
enopathy. About 11.2% had pleural effusion and 1.2% dem-
onstrated pneumothorax and pneumomediastinum. Linear 
or subsegmental atelectasis was noted in 66.2% of patients 
(Table 1). 

About 86% of the patients showing atypical imaging features 
on HRCT belonged to the adult age group while 9% and 5% 
belonged to the elderly and paediatric age group respectively. 
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We also found the presence of GGOs in addition to discrete 
nodules in 73, hilar or mediastinal lymphadenopathy in 42, 
pneumothorax or pneumomediastinum in 1 and pleural ef-
fusion in 7 patients and about 212 patients showed linear or 
subsegmental atelectasis (Table 2), probably due to partly 
resolving pneumonia or early fibrosis. 

DISCUSSION

Established guidelines are the need of the hour for a com-
prehensive understanding of Typical & atypical imaging 
features on CT, for an early diagnosis and effective patient 
management.

The commonest imaging findings noted on HRCT in our 
study population were multifocal GGO’s of rounded mor-
phology, GGO’s with associated interlobular septal thicken-
ing termed as “crazy paving appearance” and GGO’s associ-
ated with air space consolidation. There was the involvement 
of multiple lobes especially lower lobes with a peripheral 
distribution and basal zone predilection in the majority of 
the cases. Other features included halo-sign, reverse halo-
sign, non-rounded or non-peripheral GGO’s with or without 
consolidation lacking specific distribution, coarse linear or 
curvilinear opacities or fine subpleural reticulations, isolated 
consolidation without GGO, discrete small nodules (cen-
trilobular or tree in bud), pleural effusion, pneumothorax/ 
pneumomediastinum, bronchiectasis changes and lymphad-
enopathy. 

320 patients showed atypical imaging features which ac-
counts for about 24.6 % of the total study sample. Atypical 
imaging features (Fig. 2) in this study group were, isolated 
lobar or segmental consolidation without GGO’s in 18 pa-
tients, discrete pulmonary nodules, both centrilobular and 
tree-in-bud patterns in 137, hilar or mediastinal lymphad-
enopathy in 30, pleural effusion or pleural thickening in 36 
and pneumothorax or pneumo-mediastinum in 4 patients. 
212 patients showed linear or subsegmental atelectasis.

In a study by Federica Ciccarese et al., it was stated that 7 out 
of 211 (3.3%) COVID positive patients had atypical imaging 
features. However, 60 out of 249 (24 %) patients showed 
atypical imaging features who were negative on RT-PCR17 
indicating that these features have a more common associa-
tion with a non-COVID aetiology. In another study by Sudhir 
Bhandari et al. on 80 COVID patients revealed that about 
2.5% of patients had atypical imaging features on HRCT.18 
In another retrospective study on 96 suspected COVID pa-
tients by de Jaegere et al. (RSNA) found that amongst 45 
RT-PCR positive patients, 2.5-5.3% showed atypical imag-
ing features on HRCT.19 This depicts a significantly higher 
prevalence of atypical imaging features in COVID 19 pa-
tients in our study sample, as compared to the previous stud-
ies. Hence it is felt that atypical imaging features may not be 

such an uncommon association in  COVID 19, as previously 
conceptualized. 

As per the presently available literature, the Chest CT sever-
ity score does not include certain atypical imaging features 
like pleural effusion, pneumothorax or pneumomediastinum 
and lymphadenopathy.20 At present, atypical features on 
imaging is thought to be associated with non- COVID 19 
aetiology, like Tuberculosis or other viral infections, aspira-
tion pneumonia and metastasis.21 But in our study we found 
an association of additional atypical imaging features in a 
significant number of RT-PCR positive patients, without 
any comorbidities like tuberculosis, chronic kidney diseas-
es, hepatitis and immunocompromised conditions like HIV, 
Hepatitis B and patients on immunosuppressants. Hence im-
ages must be analysed meticulously in order not to overlook 
these features that will help in accurate CT staging, stand-
ardisation and enhance the diagnostic efficacy. 

Atypical imaging features were most commonly seen in the 
adult age group and less commonly in the paediatric and el-
derly age groups in our study population. The probable cause 
of this adult involvement could be due to higher exposure to 
the infected population. 

We also found that certain additional imaging findings were 
overlapping and were not categorized under any of the types 
i.e. Typical, Atypical, Indeterminate for COVID as per pre-
sent imaging-based classification. These findings are as fol-
lows:

a) Unaccompanied ground glass opacifications and nod-
ules

b) Ground glass opacifications and pleural effusion/ 
pleural thickening

c) Ground glass opacifications and pneumothorax/ pneu-
momediastinum

d) Ground glass opacifications and hilar/ mediastinal 
lymphadenopathy

e) Linear or Sub-segmental atelectasis

CONCLUSION

In our study group in this part of the country, the Typical fea-
tures were 64.6%, indeterminate 10.7% and Atypical 24.6%. 
Significantly higher atypical features like atelectatic bands & 
subpleural curvilinear atelectasis (66%), followed by discrete 
nodules (42%) were more in favour of COVID 19 in absence 
of any other known co-morbid conditions like tuberculosis, 
chronic kidney diseases, hepatitis and immunocompromised 
conditions like HIV, Hep B and patients on immunosuppres-
sants. It was noted that the prevalence of atypical features 
was more prevalent in the adult population.

We propose that the imaging findings found in our study, 
which have not been categorized under any of the four 
groups, need to be incorporated in either a mixed category 
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or any of the existing groups in the current imaging, based 
classification for COVID 19.

In this pandemic situation, all patients with respiratory tract 
infection, fever, dyspnoea & HRCT features of COVID, in-
cluding these atypical features, may be subjected to RT PCR 
to rule out COVID 19. Faster diagnosis, early isolation to 
restrict the spread of the disease will help society at large, 
besides helping in specific management. 
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Table 1: Imaging findings on HRCT Thorax with atyp-
ical features for COVID-19 (n=320), as per available 
literature
Isolated Atypical Imaging Features Patients (%)

Nodule 137/320 (42.8%)

Pleural effusion/ Pleural thickening 36/320 (11.2%)

Hilar/ Mediastinal lymphadenopathy 30/320 (9.3%)

Linear or Sub-segmental atelectasis 212/320 (66.2%)

Pneumothorax/ Pneumomediastinum 4/320 (1.2%)

Lobar or segmental consolidation 18/320 (5.6%)

Table 2: Imaging findings on HRCT Thorax not clas-
sified under current imaging based classification for 
COVID-19 (n=320)
Mixed Imaging Features Patients (%)

Unaccompanied ground glass opacifica-
tions with nodules

73/320 (22.8%)

Ground glass opacifications with pleural 
effusion/ pleural thickening

7/320 (2.2%)

Ground glass opacifications with pneumo-
thorax/ pneumomediastinum

2/320 (0.6%)

Ground glass opacifications with lymphad-
enopathy

42/320 (13.1%)

Linear subpleural opacities 212/320 (66.2%)

Figure 1: Different CT chest imaging patterns among the 
COVID-19 positive patients.

Figure 2: Axial section through HRCT chest demonstrating 
atypical imaging features. (A) Mediastinal lymphadenopathy; 
(B) Ground glass opacifications, pneumothorax, pneumome-
diastinum and subcutaneous emphysema; (C) Peripheral con-
fluent ground glass opacifications; (D) Subpleural curvilinear 
opacifications; (E) Isolated segmental consolidation; (F) Tree-
in bud nodules.


