
Introduction 
The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic has affected millions of people 
worldwide, with devastating impact on the world in 
general and the medical science in particular. To date it 
continues to baffle human minds as well as science and 
medical authorities as it spreads across the globe 
unabated. Continuous work on this disease is required to 
understand the nature and course of this disease, its long-
term effects on the lungs and health in general. 

High-resolution computer tomography (HRCT) of the 
chest remains a very effective imaging tool for 
confirmation of lung involvement in coronavirus disease-
2019 (COVID-19), detecting its progression and predicting 

the nature and outcome for individual patients. Due to 
the heavy burden of patients worldwide with laboratory 
testing under strain, it is replacing the reverse 
transcription-polymerase chain reaction (RT-PCR) test in 
the initial diagnosis to its easy availability and early 
results. It is imperative to be familiar with all types of 
imaging features that can be seen on HRCT chest in 
COVID-19 pneumonia. Initial findings described in the 
literature were ground glass opacities (GGOs) following a 
subpleural, peripheral and basal distribution.1 
Progression of disease was seen with the confluence of 
these GGOs resulting in the formation of consolidations. 
In the early days of the disease around the beginning of 
2019, most radiological findings were limited to GGOs, 
consolidation, nodules and pleural effusion.2 However, 
with the passage of time owing to evolution of the 
disease process and after larger studies, multiple signs are 
seen as part of the imaging spectrum on HRCT of the 
lungs. These include vacuole sign, halo sign, reverse halo 
sign, subpleural white line, subpleural translucent line, 
microvascular dilatation, fibrotic streaks, bronchial 
changes and mediastinal changes. 
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Abstract 
Objective: To determine the frequency of ancillary pulmonary signs and their relation to the severity of disease seen 
on high-resolution computed tomography of chest in patients of coronavirus disease-2019 pneumonia. 
Methods: The observational descriptive study was conducted at the Armed Forces Institute of Radiology and 
Imaging, Rawalpindi, Pakistan, from March to July 2020, and included in place of comprised all coronavirus disease-
2019 patients who were found positive on reverse transcription-polymerase chain reaction-and were referred to 
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subpleural white line, subpleural translucent line, microvascular dilatation, fibrotic streaks and bronchiectasis. 
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computed tomography severity score. Data was analysed using SPSS 26. 
Results: Of the 1645 patients, 1286(78.2%) were males and 359(21.8%) were females. The overall mean age was 
47.5±15.7 years (range: 1-92). High-resolution computed tomography was normal in 418(25.4%) patients, typical 
findings for coronavirus disease-2019 were seen in 1110(67.5%), indeterminate in 113(16.9%) and atypical in 
4(0.2%). Vacuole sign, subpleural white line, subpleural translucent sign, microvascular dilatation and fibrotic 
streaks were more commonly seen in severe disease (p<0.001), while discrete pulmonary nodule was identified 
more in the milder form (p<0.05). Halo and reverse halo signs as well as bronchiectatic changes demonstrated no 
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The Radiological Society of North America (RSNA) 
proposed a classification based on HRCT findings, 
categorising them as negative (normal lungs), typical 
(specific pattern of bilateral, peripheral well-defined 
GGOs / consolidations), indeterminate (if the findings 
were typical but unilateral), and atypical (if no commonly 
reported findings of COVID-19 were found).3 To have a 
quantitative assessment of the lung involvement, CT 
severity score (CTSS) was devised which helps in 
providing a baseline for patient's follow-up and also 
assists in providing prognosis of the disease. The CTSS is 
determined by dividing both lungs into 10 segments 
(considering apical and posterior segments of the left 
upper, and anterior and medial segments of the left lower 
lobes as separate segments). If the diseased part of the 
segment is <50% it is assigned a score of 1, and >50% is 
scored 2; making a maximum of 20 points on each side, or 
40 for both lungs.4 

It is vital for the radiologists to identify different 
radiological signs in patients of COVID-19 pneumonia, 
and to be aware of their correlation with the disease 
duration and severity to help predict the disease 
progression and prognosis. The current study was 
planned to determine the frequency of ancillary 
pulmonary signs and their relation to the severity of the 
disease seen on HRCT chest in patients of COVID-2019 
pneumonia. 

Patients and Methods 
The observational descriptive study was conducted at the 
Armed Forces Institute of Radiology and Imaging (AFIRI), 
Rawalpindi, Pakistan, from March to July 2020 after 
approval from the Institutional Ethical Review Board. The 
sample size was calculated with confidence interval (CI) 

99.9% and standard deviation (SD) 0.5, keeping the 
COVID-19-positive population as per the official figures of 
Pakistan government5, utilizing stratified random 
sampling technique. All COVID -2019 patients who were 
found positive on RT-PCR and were referred to have HRCT 
of chest were included (informed consent not required), 
while suspected patients with negative RT-PCR were 
excluded (Figure-1). 

All the patients underwent 16-slice HRCT chest (Toshiba 
Alexion CT scanner). Type of predominant lung 
abnormality was classified into GGOs, consolidation, 
interlobular septal thickening or mixed type. Ancillary 
signs were defined as features other than typical findings 
of GGOs / consolidation which could be seen in patients of 
COVID-19 pneumonia. These included vacuole sign, halo 
sign, reverse halo sign, subpleural white line, subpleural 
translucent line, microvascular dilatation, fibrotic streaks, 
discrete pulmonary nodule and bronchial changes. 
Mediastinal findings, like pleural effusion, 
pneumomediastinum and mediastinal lymphadenopathy, 
were not considered. 

HRCT findings were categorised using RSNA 
classification.3 Disease severity of lungs was assessed 
according to the CTSS,4 and the frequency of occurrence 
of the ancillary signs was calculated and its relation to 
disease severity was determined. 

Data was analysed using SPSS 26. Qualitative data was 
expressed as frequencies and percentages, while 
quantitative data was expressed as mean ± SD. Odds ratio 
(OR) with 95% CI was also calculated. Chi-square test was 
applied to determine the preponderance of the signs in 
mild versus severe COVID disease. P<0.05 was considered 
statistically significant. 

Results 
Of the 1645 patients, 1286(78.2%) were males and 
359(21.8%) were females. The overall mean age was 
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Figure-1: Flow chart depicting the number of patients undergoing high-resolution 
computed tomography (HRCT) for coronavirus disease-2019 (COVID-19) pneumonia/ 
screening, with exclusion and inclusion criteria.

Table-1: Ancillary pulmonary findings in coronavirus disease-2019 (COVID-19) 
pneumonia on high-resolution computed tomography (HRCT). 
 
CT finding                                                                                 Relative frequency (n=1645) 
 
Discrete pulmonary nodule                                                                         151 (9.2%) 
Fibrotic streaks                                                                                              568 (34.5%) 
Subpleural line                                                                                              588 (35.7%) 
Subpleural translucent line                                                                        300 (18.2%) 
Microvascular dilatation                                                                              103 (6.3%) 
Bronchiectasis                                                                                                  36 (2.2%) 
Vacuole sign                                                                                                    146 (8.9%) 
Halo sign                                                                                                            47 (2.9%) 
Reverse halo sign                                                                                             74 (4.5%)



47.5±15.7 years (range: 1-92). HRCT was normal in 
418(25.4%) patients, typical findings for COVID-19 were 
seen in 1110 (67.5%), indeterminate in 113(16.9%) and 
atypical in 4 (0.2%). Out of the patients demonstrating 
pneumonia on HRCT (n=1227), bilateral lung involvement 
was seen in 1105 (90%) while only 122 (10%) showed 
unilateral disease. Predominant pattern seen on HRCT 
chest was that of GGOs 847(51.5%). The commonest 
detected sign was subpleural lines 588 (35.7%), followed 
by fibrotic streaks 568(34.5%) (Table-1). 

Vacuole sign, subpleural white line, subpleural 
translucent sign, microvascular dilatation and fibrotic 
streaks were more commonly seen in severe disease 
(p<0.001), while discrete pulmonary nodule was 
identified more in the milder form (p<0.05). Halo and 
reverse halo signs as well as bronchiectatic changes 
demonstrated no significant propensity to the degree of 
disease severity (p>0.05) (Table-2). 

Though mediastinal findings were not considered in the 
study, lymphadenopathy was identified in 193(11.7%) 
patients, pleural findings, including effusion, were seen in 
52(3.2%), pleural retraction in 23(1.4%), pneumothorax 
<7(0.4%) patients. 

Discussion 
The current study included RT-PCR-positive patients of 
COVID-19 for HRCT chest. None of the patients was 
vaccinated as data was collected in the pre-vaccination 
era of COVID-19 pneumonia. 

Vacuole sign is described as a small lucency (<5mm) within 
an air space opacification likely representing partially-filled 
alveolar space within a lesion6 (Figure-2). This sign was 
earlier described in the 1990s in peripheral tumours of the 
lung, in particular the adenocarcinomas, differentiating it 

from tuberculomas.7 It also helped in differentiating 
atypical adenomatous hyperplasia from adenocarcinoma 
in situ.8 The current study noticed this sign in 146(8.9%) 
patients. In comparison, this sign was more commonly 
seen in a study in Egypt (39.5%).9 Another earlier study 
from Wuhan reported the incidence of this sign even 
higher (54.8%).10 It was seen in advanced disease more 
than the earlier stage, as was noted in the current study. 
The reason behind frequency disparity could be due to the 
difference in the sample size of the studies. The study in 
Wuhan categorised features like vacuole sign, subpleural 
translucency, air bronchogram and pleural changes as 
secondary findings, while subpleural white line, fibrotic 
streaks and bronchus distortion were placed in the 
category of reparative signs.10 

Subpleural lines are defined as linear opacities lying parallel 
to the pleura, between 2-5cm in length and up to 1mm in 
thickness. These lines indicate the organisation stage of the 
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Table-2: Pulmonary ancillary signs in mild versus severe coronavirus disease-2019 (COVID-19) disease. 
 
CT Finding                                                                                                                     CTSS Grade                                         Chi Squared Statistic                    p Value                               OR (95% CI) 
                                                                                                                        Mild                                      Severe 
 
Discrete Pulmonary Nodules                   Present                           133 (10.7%)                             18 (4.4%)                                    14.68                                      < 0.001                        0.384 (0.232, 0.637) 
                                                                          Absent                          1105 (89.3%)                         389 (95.6%)                                                                                                                                               
Fibrotic Streaks                                            Present                           353 (28.5%)                           215 (52.8%)                                 80.09                                      < 0.001                        2.807 (2.230, 3.535) 
                                                                          Absent                           885 (71.5%)                           192 (47.2%)                                                                                                                                               
Sub-pleural White Line                             Present                           339 (27.4%)                           249 (61.2%)                                152.33                                     < 0.001                        4.179 (3.303, 5.288) 
                                                                          Absent                           899 (72.6%)                           158 (38.8%)                                                                                                                                               
Sub-pleural Translucent Line                  Present                           147 (11.9%)                           153 (37.6%)                                135.87                                     < 0.001                        4.471 (3.432, 5.823) 
                                                                          Absent                          1091 (88.1%)                         254 (62.4%)                                                                                                                                               
Microvascular Dilatation                           Present                             54 (4.4%)                              49 (12.0%)                                  30.76                                      < 0.001                        3.001 (2.003, 4.497) 
                                                                          Absent                          1184 (95.6%)                         358 (88.0%)                                                                                                                                               
Bronchiectasis                                              Present                             22 (1.8%)                               14 (3.4%)                                     3.96                                          0.047                           1.969 (0.998, 3.885) 
                                                                          Absent                         1216 (98.2%)                         402 (96.6%)                                                                                                                                               
 

CTSS: Computed tomography severity score OR: Odds ratio, CI: Confidence interval.

Figure-2: Axial high-resolution computed tomography (HRCT) of a patient with 
coronavirus disease-2019 (COVID-19) pneumonia showing: (a) Vacuole seen as a small 
lucency within a focus of consolidation in posterobasal segment of the right lower lobe 
(b) vacuole within a ground glass opacity (GGO) in the apical segment of the left lower 
lobe.



disease as found in one study of 130 patients from different 
medical centres of China,11 and, hence, is noted in 
progressive disease as was seen in the current study. In 62 
patients of COVID-19 in Wuhan, this sign was detected in 
33.9%, more commonly noted in advanced stage of the 
disease.12 Interestingly, one of the review papers comparing 
the frequency of findings in COVID-19 patients found that 
this was one of the few signs of COVID-19 which was seen 
more in the older age group.13 The current study reflected 
this finding as these were seen more in age group >40 years 
(47.3%) compared to those aged <40 years (15.5%). 

Subpleural translucent line refers to a thin translucent line 
adjacent to the deep surface of consolidation or GGOs in 
subpleural location. This sign was noted in 18.2% of 300 
patients, with significant number occurring in severe 
pneumonia compared to mild disease (p<0.001) as per 
CTSS. One study had almost similar frequency of its 
occurrence at 20%.14 

Discrete pulmonary nodule was taken as a focal lesion 
<3cm in diameter, with solid density and well-defined 
margins, without associated halo. It was found more in 
the milder form of COVID-19 pneumonia than in the 
severe degree. Contrary to the findings, Yang et al. 
considered a pulmonary nodule an indicator of 
progressive disease.15 

Microvascular dilatation implies the dilatation of the 
capillaries coursing through or around the consolidations 
/ GGOs (Figure-3) attributed to inflammatory response of 
the capillary walls to hyperaemia. In the current study, a 

significant number occurred in severe form of the disease, 
implying capillary damage in progressive disease 
(p<0.001). One study quoted the presence of this sign in 
up to 23.8% patients.16 Fibrotic streaks is another sign 
noted commonly in the delayed phase of the disease, and 
represents residue of pneumoniac changes. 

Halo and reverse halo signs are also associated with COVID-
19 pneumonia. Halo sign is the presence of haze around a 
focus of consolidation or a nodule. It is described in viral and 
fungal infections representing alveolar haemorrhage 
around focal infection, like angioinvasive aspergillosis.17 The 
current study did not find it specific to mild or severe degree 
of pneumonia. In one study, halo sign was seen in larger 
number of patients (26%), but was considered non-specific 
as it was seen in 21% of other viral pneumonias.18 Halo sign 
was also found to be more common in children, with almost 
50% seen in paediatric patients of COVID-19.19 

Reverse halo is the presence of GGO surrounded by 
consolidation more than 2/3rds of its circumference (Figure-
4). This sign was initially described in cryptogenic organising 
pneumonia, but it is also seen in a variety of other infections, 
autoimmune diseases and, lately, in COVID-19 pneumonia.20 
A study comprising 51 patients considered reverse halo as a 
sign of progressive disease in COVID-19 pneumonia.21 In the 
current study, this sign along with additional finding of 
bronchiectasis were not specific to severity of the lung 
disease. COVID-19 pneumonia is an evolving disease, and 
the presence of ancillary findings in addition to characteristic 
features described require documentation and further work-
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Figure-3: Axial high-resolution computed tomography (HRCT) of a patient with 
coronavirus disease-2019 (COVID-19) pneumonia showing microvascular dilatation in 
a small ground glass opacity (GGO) apicoposterior segment of left upper lobe; 
subpleural lines can be appreciated in apical segment of left lower lobe.

Figure-4: Axial high-resolution computed tomography (HRCT) of a patient with 
coronavirus disease-2019 (COVID-19) pneumonia demonstrating reverse halo sign: 
internal ground glass opacity (GGO) surrounded by a thick rim of consolidation in the 
posterior basal segment of the right lower lobe.



up to identify their significance to determine prognosis and 
course of the disease. 

The current study has the limitation that it did not follow 
up the patients to determine the contribution of these 
signs in overall prognosis. 

Conclusion 
Multiple radiological signs were seen in COVID-19 
pneumonia in addition to typical GGOs and consolidations. 
Radiologists should be aware of different signs, their 
relation to disease severity and duration, to determine 
prognosis and disease progression in COVID-19 pneumonia. 
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