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Background: Even though Real-Time Polymerase Chain Reaction (RT-PCR) is a gold standard for confirming
COVID-19, it continues to be plagued by a lack of RT-PCR kits and the potential of false-negative results. Hence,
during the second wave of COVID-19 in India, Computed Tomography (CT) scan is an emerging diagnostic tool in
evaluating the severity of illness in COVID-19 pneumonia. The present study endeavored to assess chest CT features

Methods: This was a single-center, retrospective, observational study conducted in 300 consecutive adults RT-PCR
confirmed COVID-19 patients from 1, Jan 2021 to 31, March 2021 at a private radio diagnostic center. Data regarding
baseline demographics, clinical and laboratory characteristics, extent, pattern, and type of abnormal CT findings were

Results: The study population (204 males and 108 females) had mean age of 43.18 + 8.27 years. Our study's most
common clinical presentation was cough (48.1%) and fever (47.1%), respectively. Lung parenchymal abnormalities
were found in 294 (94.2%) patients. Abnormal CT findings revealed the involvement of bilateral (45.6%) and multilobar
(42.9%) with a predominant peripheral (92.3%) and posterior (80.8%) distribution. According to the type of opacity,
Ground Glass Opacity (GGO) was the dominant abnormality found in 270 (91.8%) patients, in which pure GGO
(36.7%), GGO with crazy paving pattern (39.8%), and GGO mixed with consolidation (52.0 %) were noted. Peri-
lesional or intralesional segmental or subsegmental pulmonary vessel enlargement was found in 192 (65.3 %)

Conclusion: During the second wave of COVID-19, a chest CT scan is a modality of choice in diagnosing COVID-19
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Background

In late December 2019, a novel enveloped single-stranded RNA
virus, known as Severe Acute Respiratory Syndrome
CoronaVirus 2 (SARS-CoV-2), caused a highly infectious
disease called CoronaVirus Disease (COVID-19) in Wuhan
City, Hubei province, China [1]. The second wave of COVID-
19 continues to increase its effect worldwide [2] and more so in
India. The COVID-19 has been diagnosed in more than 156
million patients worldwide, and more than 3 million infected
people have died, whereas, especially in India, more than 21
million confirmed patients with more than 2 lakh deaths have
been reported [3]. Clinical presentation of COVID-19 modifies
from asymptomatic through symptomatic to critically ill
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patients [4, 5]. Timely and accurate detection of COVID-19
patients are essential to seclude afflicted patients from not
infected individuals and restrain its spread. Real-Time Reverse
Transcription Polymerase Chain Reaction (RT-PCR) is a
standard laboratory technique used for the diagnosis of COVID-
19 infection; nevertheless, the sensitivity of this technique
varies from 42-71% due to its associated limitations, as such,
suboptimal sampling technique, low viral load in the
nasopharyngeal region, or impediments in assay performance
[6-9]. Importantly, in the second wave of COVID-19, the
number of false-negative RT-PCR results has increased
dramatically due to a virus mutation; the virus in the current
wave of infection has a shorter incubation period and a higher
tendency to involve the lungs rather than the upper respiratory
tract during incubation period [10, 11]. However, recent studies
have revealed the significance of chest Computed Tomography
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(CT) in the detection and diagnosis of COVID-19; chest CT is
an excellent diagnostic tool to confirm the lung pathology in
suspected COVID-19 patients due to its higher sensitivity
(97%) as opposed to RT-PCR [12-14]. Interestingly, chest CT
features of COVID-19 are closely similar to other viral
pneumonia, which consist of the following features: Ground
Glass Opacities (GGO), crazy paving pattern, and
consolidations with peripheral and basal predominance. These
chest CT features are observed in peak stage [9-13] days after
the onset of COVID-19 infection) [13, 14]. Even though India
has been reporting a spike in COVID-19 cases, there is a
scarcity of studies describing the chest CT findings in COVID-
19 patients in India [15, 16]. Hence, uncertainty thrives
concerning the chest CT features of COVID-19 in India. Given
this context, we sought to investigate the chest CT features of
COVID-19 pneumonia in the Indian population.

Methods

Study population

A single-center retrospective, observational study was
conducted in 312 consecutive adult COVID-19 patients from 1
January 2021 to 31 March 2021 at Shukla Diagnostic Center,
Balaghat, Madhya Pradesh, India.

Inclusion and exclusion

Irrespective of gender and availability of RT-PCR report,
patients (more than 18 years of age) with typical symptoms of
COVID-19 such as fever, cough, fatigue, sore throat, and
dyspnea were included. All the patients referred to our private
radio diagnostic center were subjected to high-resolution
computed  tomography  (HRCT) chest.  Malignancy,
immunodeficiency, pregnancy, and absence of all medical
records were the exclusion criteria.

Sample size

A sample size calculation was computed using Raosoft
software.  (http://www.raosoft.com/samplesize.html?nosurvey)
on the assumption of a prevalence of disease of 50%, and
marginal error of 5.62% with a population of 20,000 and
confidence interval of 95%. The minimum sample size required
would be at least 300.

Clinical and laboratory data collection

The following data were recorded using a predefined proforma;
a) baseline demographics, b) clinical and laboratory
characteristics and c) extent, pattern, and type of abnormal CT
findings. RT-PCR was performed on nasopharyngeal swabs or
aspiration, using RealStar® SARS-CoV-2 RT-PCR Kit (Altona
Diagnostics) or Cobas® SARS-CoV-2 Test (Roche).

Chest CT protocols

Patients were subjected to chest CT after collection of a
nasopharyngeal swab. Chest CT was done on an average of 5.8
days (range 3-9 days) after symptom onset. All the chest CT
scans were acquired on a 32 slice multi-detector CT unit
(Siemens Somatom Go Now) without contrast medium
injection. The scanning parameters were as follows: tube
voltage of 110kVp, tube current of 90-130 mAs, and
collimation of 16 x 0.6, and a beam pitch of 1.5. The CT images
were obtained in a single inspiratory breath-hold. Using a high-

frequency reconstruction algorithm, images were reconstructed
using a reconstruction increment of 0.7-1 mm thick slices. All
the images were viewed at lung (window width: 1200-1500
HU; window center: 500-600HU) and mediastinal (window
width: 300—400HU; window center: 40 HU) window settings.
Decontamination of the CT suite was done using surface
disinfectants (70% ethanol or 0.1% sodium hypochlorite)..

Image interpretation

All CT images presented in the current study belong to our
center (Shukla Diagnostic Center, Balaghat, Madhya Pradesh,
India). CT images were analyzed on an Osirix MD workstation
(Apple Mac). All chest CT images, including presence or
absence of pulmonary opacities, location, type of opacities, and
extent, were independently examined by two primary
interpreting radiologists, who were not aware of any clinical or
laboratory findings or patient outcomes. A third senior
radiologist resolved any disagreement between two primary
interpreting radiologists with discussion. The lung lesions were
categorized into 1) right lung left lung, or bilateral, and 2)
peripheral predominant (defined as outer one-third of the lung),
central predominant (defined as the inner two-third of the lung
tissue), or diffuse. The number of lobes involved was recorded.
The lung abnormalities were also classified into anterior and
posterior locations. The lung tissue anterior to a line drawn
midway on axial CT and the portion behind it was defined as
anterior and posterior, respectively. According to the Fleischner
Society Glossary [17] for thoracic imaging, Lung lesions were
enumerated for each patient. A semi-quantitative CT score was
used to quantify the extent of pulmonary abnormalities by
visually enumerating the percentage of the total lung
involvement.

Statistical analysis

Discrete variables are expressed as frequencies, while
continuous variables are expressed as mean = SD. The
agreement between two interpreting radiologists for CT
findings was evaluated with the Kappa method. According to
Landis and Koch, an inter-observer agreement was considered
poor for a kappa value of 0.01-0.20, slight for 0.21-0.40, fair for
0.41-0.60, moderate for 0.61-0.80, and substantial for 0.81-1.0.
There was almost a perfect agreement (Cohen’s Kappa of 0.91)
in reading CT images between the two primary radiologists. All
analyses were performed using the Statistical Package for
Social Sciences, version15 (SPSS, Chicago, IL, USA).

Results

Sociodemographic factors

Three hundred and twelve patients with a mean age of 43.18 (%
8.27 years) were enrolled in the study. Most of the examined
patients were males (65.4%). Of the 312 patients, 228 (73.1%)
patients had a history of contact with RT-PCR confirmed
COVID-19 or travel to a high-risk area within or outside the
country. In our study population, males (65.4%) were
predominately infected with COVID-19. Cough was the most
frequent (48.1%) clinical presentation, followed by fever
(47.1%). The mean WBC count was 6.53(£1.57),
whereasincreased lymphocyte and CRP count were found in 69
(22.1%) and 270 (86.5%) patients, respectively (Table 1).
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Table 1 Demographics, clinical characteristics, and laboratory

Table 2 Distribution of lung findings on chest CT (n=312)

data for COVID-19 infected patients (N =312) Lung parenchymal abnormalities on CT | N (%)
Characteristics N (%) Normal CT 18/312(5.8)
Mean age, years 43.18 +8.27 Abnormal CT 294/312(94.2)
Male 204 (65.4) Laterality of lung involvement
History of contact with a COVID-19 | 228 (73.1) Bilateral 134/294(45.6)
patient or travel to a high-risk zone Right lung 84/294(28.6)
Comorbidities Left lung 76/294(25.8)
Hypertension 51 (16.3) Lobar involvement
Diabetes mellitus 24 (7.7) Right upper lobe 126/312(40.4)
Chronic liver disease 18 (5.8) Right middle lobe 72/312(23.1)
Rheumatoid arthritis 21 (6.7) Right lower lobe 108/312(34.6)
Clinical presentation Left upper lobe 132/312(42.3)
Fever 147 (47.1) Left lower lobe 102/312(32.7)
Cough 150 (48.1) Number of lobes involved
Sore throat 51 (16.3) Five lobes 126(42.9)
Dyspnea 117 (37.5) Four lobes 54(18.4)
Malaise/Fatigue 117 (37.5) Three lobes 46(15.6)
Increased respiratory rate (> 30 /min) 51 (16.3) Two lobes 32(10.9)
Reduced oxygen saturation (< 90%) 57 (18.3) One lobe 36(12.2)
Laboratory parameter Axial location of the opacity
Mean WBC count (normal value 4-11 x | 6.53 +1.57 Central (inner 2/3rd of the lung) 0
109/L) Peripheral (outer 1/3rd of the lung) 288(92.3)
Lymphocyte count (normal value 1.1-3x Central and Peripheral 207(66.3)
109 /L) Antero-posterior location
Increased 69 (22.1) Anterior 0
Decreased 243 (77.9) Posterior 252(80.8)
Increased CRP (normal value < 10 mg/L) 270 (86.5) Anterior and posterior 108(34.6)

COVID-19, coronavirus disease; CRP: C- reactive protein; WBC, White blood
cells, WBC: white blood cells

Distribution of lung findings on chest CT

A perfect agreement (Cohen’s Kappa of 0.91) was observed in
reading CT images between the two primary interpreting
radiologists. Regarding the distribution of lung findings on
chest CT examination, lung parenchymal abnormalities were
reported in 294 (94.2%) and normal chest CT in 18 (5.8%)
COVID-19 patients. The laterality of lung involvement was
recorded in 294 (94.2%) patients, and bilateral lung
involvement (45.6%) was the commonest among the patients
with abnormal CT findings. The involvement of multiple lobes
was the most common in patients with lung parenchymal
abnormalities. Of the 312 patients, 126 (42.9%) patients had
involvement of five lobes. Concerning axial distribution,
peripheral distribution was the most frequent axial location of
opacity in 288 (92.3%) patients (Figure 1), whereas none of the
patients showed purely central distribution. Likewise, posterior
distribution was found in 252 (80.8%) patients in terms of
anterior-posterior distribution (Table 2).

The type of lung opacities

The type of lung opacities and additional findings on CT are
summarized in Table 3. GGO was the dominant abnormality
observed in 270(91.8%) patients. Pure GGO was seen in
108(36.7%) patients. GGO with interlobular septal thickening
and intralobular lines producing crazy-paving pattern was
reported in 117(39.8%) patients, while GGO mixed with
consolidation was observed in 153(52.0%) patients (Figure 2, 3,
and 4).

CT: computed tomography

Figure 1: HRCT lung showing extensively peripheral subpleural involvement of

lungs on both sides with thickening of interlobular interstitium within ground-

glass opacity in both lungs

Reticulation was observed in 126 (42.9%) patients. A relatively
smaller number of cases showed subpleural curvilinear lines in
45 (15.3%) patients (Figure 5), air bronchogram sign in
90(30.6%) patients (Figure 6), halo sign in 15 (3.1%) patients
(Figure 7a), atoll or reverse halo sign in 45 (15.3%) patients
(Figure 7b), perilesional /intralesional vessel enlargement in
192 (65.3%), and air bubble sign in 18 (6.1%) patients. Forty-
five patients (15.3%) showed bronchial wall thickening,
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whereas eighteen patients (6.1%) showed bronchodilatation.
Vasculopathy was found in 45 (15.3%) patients (Figure 8).
Spontaneous pneumomediastinum and spontaneous
pneumothorax (Figure 9) was found in 18(6.1%) patients and
15(5.1%) patients, respectively. CT findings revealed that none
of the patients showed pure consolidation, cavitation, pleural
effusion, pericardial effusion, and mediastinal
lymphadenopathy. A higher number [126 (42.9%)] of patients
with sequelae of old healed tuberculosis were observed in CT
findings of existing lung disease, followed by emphysema
18(6.1%) and fibrosis/interstitial lung disease 18(6.1%).

Table 3 Type of lung opacities and additional findings on CT

(N=312)
Lung opacities N (%)
GGO 270(91.8)
Pure GGO 108(36.7)
GGO with crazy paving pattern 117(39.8)
Pure consolidation 0
Mixed pattern (GGO with consolidation) 153(52)
Sub pleural linear/curvilinear lines 45(15.3)
Nodules 15(5.1)
Reticulations 126(42.9)
Halo sign 15(5.1)
Reverse halo sign 45(15.3)
Cavitation 0
Perilesional /Intralesional vessel enlargement 192(65.3)
Bronchial wall thickening 45(15.3)
Bronchial dilatation 18(6.1)
Air bronchogram sign 90(30.6)
Air bubble sign 18(6.1)
Additional findings
Pleural effusion 0
Pericardial effusion 0
Mediastinal lymphadenopathy 0
Vasculopathy 45(15.3)
Spontaneous pneumomediastinum 18(6.1)
Spontaneous pneumothorax 15(5.1)
Findings of existing lung disease
Emphysema 18(6.1)
Sequelae of old healed tuberculosis 126(42.9)
Fibrosis/ Interstitial Lung Disease 18(6.1)

GGO: ground-glass opacities

Figure 2: Crazy paving appearance: Image showing ground-glass opacity with
thickening of the interlobular interstitium.

Figure 3: CT image of patients having symptoms of cough and fever showing early stages of
COVID-19 infection in the form of multifocal peripheral subpleural and perivascular opacities
with ground-glass attenuation in both lung

il

Figure 4: HRCT showing evolving nodular areas of consolidation in the subpleural and
bronchogenic location in both lungs

Figure 6: HRCT thorax of a patient with severe COVID Image showing diffuse ground-glass
opacity intermixed with areas of consolidation in both lungs involving both subpleural and
bronchogenic region with air bronchogram and dark bronchus sign
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Figure 7: COVID -19 pneumonia simulating an organizing pneumonia pattern with the following signs: a) Halo sign: Image shows consolidation surrounded by ground-
glass opacity in the right lower lobe. Arrow indicated the ground glass opacity surrounding the consolidation, and b) Reverse Halo sign: Image shows the crescent of
consolidation surrounding ground-glass opacity in the lower lobe of the left lung.

Figure 8: HRCT chest showing diffuse ground-glass opacity in upper lobes of both lungs with dilated subsegmental vessels within s/o vasculopathy

a

Figure 9: Coronal reformatted Image showing changes of covid pneumonitis in bilateral lung parenchyma with right-sided small pneumothorax (b) axial HRCT scan of the
chest showing right-sided small pneumothorax with mild pneumomediastinum and changes of COVID pneumonitis in both lungs (c) axial HRCT scan of thorax showing
mild right-sided pneumothorax with changes of COVID pneumonitis in both lungs (d) HRCT coronal reformatted Image showing mild right-sided pneumothorax with
minimal pneumomediastinum with changes of COVID pneumonitis
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Discussion

Chest CT is a feasible modality to assess the severity of
COVID-19 by evaluating lung pathology in COVID-19 patients
[10]. The majority of the COVID-19 patients are asymptomatic
during the early phase of the disease. CT scanning can identify
the patients with minimal symptoms and those who were
asymptomatic at admission. Positive chest CTs are found in
asymptomatic patients, whereas, in contrast, negative chest CTs
are found in symptomatic patients during the early phase of the
disease [13, 15, 16]. In the present study, no lung parenchymal
abnormalities were observed in the majority of the RT-PCR
confirmed COVID-19 patients. Controversially, the higher
percentage (66.3%) of negative CT in the present study refute
from previous results who have found lung parenchymal
abnormalities in 71.8% [17], 96.6% [18], 100% [19], 88.7%
[20], 89.7% [21], 57.8% [22], and 65.3% [13] RT-PCR
confirmed COVID-19 patients. The discrepancy of the low
incidence of CT findings in the present study with the previous
studies may be due to the following reasons: 1) a Low number
of comorbidities was found in the population. 2) The study was
performed in all consecutive symptomatic RT-PCR confirmed
COVID-19 patients, irrespective of the severity of symptoms;
and 3) There is a high proportion of young patients (43.18 =+
8.27 years) in our study. Pulmonary parenchymal abnormalities
in crazy paving patterns and coalescing consolidations are
associated with poor clinical outcomes. Pathologically, it may
increase alveolar damage in the COVID-19 patients. The
present study revealed the predominance of GGOs with
posterior and peripheral predilection with a bilateral and
multilobar distribution of pulmonary opacities among the
patients with lung parenchymal abnormalities on chest CT.
GGO was the dominant abnormality found in 45 (44%)
patients, in which pure GGO (11.5%), GGO with superimposed
crazy paving pattern (12.5%), or GGO admixed with
consolidation (16.3%) were noted. The findings are consistent
with the previous studies [22, 24]. The bilateral and mixed
involvement of posterior and peripheral may be the lurking
enemy behind the poor clinical outcomes in COVID-19
patients. The presence of vascular enlargement may be
beneficial to differentiate COVID-19 pneumonia from non-
COVID-19 pneumonia, as vascular enlargement arises due to
the vasodilatory effect of proinflammatory cytokines, small
vessel pulmonary embolism, and infection-induced pulmonary
vasculitis [22, 25]. In concordance with the previous studies
[17, 18, 22], our study also found the segmental or
subsegmental intra-lesional or peri-lesional pulmonary vessel
enlargement. Certain limitations of this study are worthy of
mention. Firstly, it was a single-center study with small sample
size, so this result should be cautiously used to extrapolate CT
predictive values, which may differ based on the disease
prevalence, different populations, and periods. Secondly, we
emphasized examining initial or baseline CT findings without
follow-up and did not conduct follow-up to check for temporal
modifications (progression, stability, or dissipation) in
pulmonary abnormalities. Lastly, valuable information such as
the presence or absence of underlying respiratory or cardiac
comorbidities (or both) in the study population were not
examined; thus, GGO, interlobular septal thickening, and
pleural effusion could be due to the presence of underlying
cardiac disease. Future controlled studies that segregate the

direct pulmonary effects from the COVID-19 from those caused
by the underlying medical diseases could prove beneficial for
the future treatment of such patients.

Limitation of study

Certain limitations of this study are worthy of mention. Firstly,
it was a single-center study with small sample size, so this
result should be cautiously used to extrapolate CT predictive
values, which may differ based on the disease prevalence,
different populations, and periods. Secondly, we emphasized
examining initial or baseline CT findings without follow-up and
did not conduct follow-up to check for temporal modifications
(progression,  stability, or dissipation) in  pulmonary
abnormalities. Lastly, valuable information such as the presence
or absence of underlying respiratory or cardiac comorbidities
(or both) in the study population were not examined; thus,
GGO, interlobular septal thickening, and pleural effusion could
be due to the presence of underlying cardiac disease. Future
controlled studies that segregate the direct pulmonary effects
from the COVID-19 from those caused by the underlying
medical diseases could prove beneficial for the future treatment
of such patients.

Conclusion

This study can conclude that a higher incidence (94.2%) of
abnormal chest CTs in mildly symptomatic RT-PCR confirmed
COVID-19 patients. Of note, CT findings revealed the
manifestation of GGOs in a bilateral and multilobar distribution
with posterior and peripheral predilection in COVID-19
pneumonia patients. However, this finding should be confirmed
by more extensive studies.

Abbreviation

RT-PCR: Real-Time Polymerase Chain Reaction; CT:
Computed Tomography; GGO: Ground Glass Opacity; Severe
Acute Respiratory Syndrome Coronavirus 2: SARS-CoV-2,
COVID-19: Coronavirus Disease
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