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Imaging in coronavirus disease 2019 (COVID-19) pneumonia
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Abstract

In December 2019, an outbreak of coronavirus disease 2019 (COVID-19) (formerly known as 2019-nCoV)
pneumonia began in Wuhan (Hubei Province, China). The COVID-19 spread rapidly across China and many
other countries and assumed a pandemic proportion. As of January 30, 2020, the World Health Organization
(WHO) has designated this outbreak as a global health emergency. Respiratory droplets and direct contact
are likely to be the most important routes of transmission. Therefore, early diagnosis and isolation becomes
essential against novel coronavirus. Reverse transcriptase polymerase chain reaction (RT-PCR) is the reference
standard to confirm the diagnosis of COVID-19 infection. However, more and more false negative RT-PCR
results have been reported recently making the diagnosis rather challenging. Currently, HRCT is one of the best
tools for screening, primary diagnosis, estimation of disease severity, and prediction of the prognosis. HRCT
manifestations of COVID-19 pneumonia have not been well known. Recent studies showed that typical HRCT
findings included bilateral pulmonary parenchymal ground glass and consolidative opacities, with a peripheral
lung distribution However, the HRCT features of COVID-19 are very diverse, and it is difficult to differentiate
it from other kinds of viral pneumonia. This article describes the salient features of COVID-19 pneumonia in
lung and the temporal progression of the changes and also the common and important imaging differential

diagnoses to be considered.
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Introduction

Since the initial spread of this new illness, known
as coronavirus disease 2019 (COVID-19), many
patients, have been hospitalized with respiratory
symptoms [1]. The clinical spectrum is broad,
including asymptomatic infection, mild upper
respiratory tract disease and severe interstitial
pneumonia with respiratory failure requiring
oxygenation support or intubation [2, 3].

High resolution computed tomography (HRCT)
is the most sensitive radiological technique for
the diagnosis of COVID-19, showing diffuse lung
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alterations ranging from ground-glass opacities to
parenchymal consolidations; several radiological
patterns are observed at different times throughout
the disease course [4, 5].

Pathophysiology

Structural and functional analysis showed that
the spike for SARS-CoV-2 bound to ACE2. ACE2
expression was high in lung, heart, ileum, kidney
and bladder. In lung, ACE2 was highly expressed on
lung epithelial cells [6-8].

The symptom of patients infected with SARS-
CoV-2 ranges from minimal symptoms to severe
respiratory failure with multiple organ failure. On
HRCT scan, the characteristic pulmonary ground
glass opacification can be seen even in asymptomatic
patients. Because ACE2 is highly expressed on the
apical side of lung epithelial cells in the alveolar
space, this virus can likely enter and destroy them.
This matches with the fact that the early lung injury
was often seen in the distal airway. Epithelial cells,
alveolar macrophages and dendritic cells (DCs)
are three main components for innate immunity in
the airway. DCs reside underneath the epithelium.
Macrophages are located at the apical side of the
epithelium. DCs and macrophages serve as innate
immune cells to fight against viruses till adaptive
immunity is involved [8-12].

In addition to respiratory symptoms, thrombosis and
pulmonary embolism have been observed in severe
diseases. This is in line with the finding that elevated
d-dimer and fibrinogen levels were observed in
severe disease. The function of the endothelium
includes promotion of vasodilation, fibrinolysis,
and anti-aggregation. Because endothelium
plays a significant role in thrombotic regulation,
hypercoagulable profiles seeninsevere disease likely
indicate significant endothelial injury. Endothelial
cells also express ACE2. Of note, the endothelial
cells represent one third of lung cells. Microvascular
permeability as a result of the endothelial injury can
facilitate viral invasion [13-15].

Imaging evolution of COVID -19

Chest x-ray

Chest x-ray alterations were defined according to
the Fleischner Society’s nomenclature, available in
the Glossary of Terms for Thoracic Imaging [16]:

° Reticular alteration, as a collection of
innumerable small linear opacities that, by
summation, produce an appearance of a net;

° Consolidation, as a homogeneous increase
in pulmonary parenchymal attenuation that
obscures the margins of the vessels and airway
walls (Figure 1);

. Ground-glass opacity (GGO), as an area of
hazy, increased lung opacity, usually extensive,
within which margins of pulmonary vessels
may be indistinct (Figure 2a,b).

Figure 1: Chest x-ray showing consolidation bilaterally,
predominantly in bilateral lower lobes.

Early changes of COVID-19 pneumonia may not
be always evident on the chest x-ray. However in,
moderate to severe disease, chest x-ray is helpful for
follow-up to see the disease progression.

HRCT chest

The two main and common signs of COVID-19
on HRCT images are: (1) Ground glass opacities
(GGO'’s), (2) Consolidation, with or without vascular
enlargement, interlobular septal thickening, air
bronchogram sign, and air trapping, and the lesions
are predominantly peripheral and subpleural.

In the first 5 days from the onset of the symptoms,
reticular alteration is slightly more frequent than
GGO, while after this period, GGOs become the
predominantfinding. Consolidationis constantly less
frequent than the other two alterations, especially in
the early phase of the disease. Early alterations are
predominantly reticular, intermediate alterations
are predominantly GGO with a period of overlap
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between these two, whereas consolidations increase
in the late phase [17-19].

Consolidations are more common in patients with
severe progressive disease. These CT findings may
correspond to viscous secretions seeping through
the pulmonary alveoli described in the autopsy
reports [20] and suggest acute respiratory distress
syndrome (ARDS).

Figure 2a: A 80-year-old patient with chief complaints
of cough, First chest x-ray was done which shows subtle
subpleural opacities bilaterally which on HRCT chest
confirmed as subpleural GGO typical of COVID-19 (Figure
2b).

Figure 2b: On HRCT chest confirmed as subpleural GGO
typical of COVID-19.

ARDS characterized by an acute, diffuse,
inflammatory lung injury, leading to an increased
alveolar capillary permeability, is a strong predictor
of mortality, reflecting the severity of respiratory
failures [21].

Early changes in HRCT

The early CT findings (3 days after onset) are
characterized as predominately subpleural GGO’s
with posterior basal predominance for patients
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with different disease severity. There is a tendency
of subpleural distribution for pulmonary opacities,
consistent with the underlying pathogenic pattern
that distal bronchioles as well as alveolar epithelial
cells are impaired in viral pneumonia [17-19]. The
posterior basal predominance shown in the heat map
may due to the predilection of atelectasis posteriorly,
corresponding to heterogeneous pulmonary opacity
distribution in patients with acute respiratory
distress syndrome [22]. Among all subpleural areas,
the posteroinferior area of the lung shows leading
frequency of opacity distribution which may due to
the anatomical characteristics of the bronchus: more
vertical for lower lobes compared with the other
lobes. This makes the lower lobes more susceptible
to pathogen attack.

As the disease progresses, more inflammatory cells
infiltrate the alveoli and interstitial space, followed
by diffuse alveolar damage and hyaline membrane
formation.

In the early stage of the disease, (2-5 days) HRCT
images predominantly show unilateral or bilateral
ground-glass opacities accompanied with enlarged
small vessels. Sometimes, ground-glass with focal
consolidation can be seen. In terms of distribution,
the lower lobe and peripheral (i.e., sub-pleural area)
are most commonly affected. The early involvement
of the peripheral and sub pleural regions (Figure
4a, b) is related to the pathological mechanism of
viral pneumonia, which causes early involvement of
bronchiolesand parenchymaaroundthebronchioles,
and then involves the whole pulmonary lobule and
causes diffuse alveolar damage [24, 25].

Late changes

As the disease progresses, (5-9 days ) CT images
show enlargement of opacities and an increased
number of new ground-glass opacities affecting
more and larger regions of multiple lung lobes
(Figure 5a, b). Reticular interstitial thickening which
is due to thickening of the pulmonary interstitium
and the inter and intralobular septae may be seen.
The prominently thickened interlobular septal lines
superimposed on the GGO’s and /or consolidation
give the appearance of irregularly paved stones
termed as “Crazing paving” appearance. This pattern
is commonly seen in subacute and chronic phase of
infection.
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Dynamic evolution of COVID-19 on chest computed China - Wang YC et al [23] (Figure 3).
tomography: experience from Jiangsu Province of

Figure 3: Three-dimensional heat maps show the frequency of location of pulmonary opacities in COVID-19 from the onset of
symptoms (day 1) to beyond day 15. Asymptomatic/ mild patients have trace opacities, resolving partially after 15 days (top row).
Moderately ill patients have more opacities and peaked on days 13-15, predominantly located in the posteroinferior subpleural
area (middle row). Severe/ critically ill patients have the most prominent opacities and continue to progress beyond day 15 (bottom
row). Axial frequency map shows a typical pattern of posterior subpleural distribution of the opacities with decreased frequency in
the anterior and medial subpleural areas.

distal air space. This appearance may also be seen
in the recovery phase of COVID-19 pneumonia
[5]. Airway changes including bronchial wall
thickening, bronchiectasis and brochiolectasis
have been described in 10-20% of cases in few
studies [26]. Development of pleural effusions and
lymphadenopathy is rare and if present suggests
worsening of disease or superimposed heart
failure.

Figure 4a: HRCT chest showing subpleural GGO with
mild reticulations in mild phase.

Furthermore (9-15 and more) some of the original
ground-glass opacities begin to consolidate. Thus,
ground-glass opacities and consolidation are
commonly seen. A reverse Halo sign or Atoll sign is
described in this phase when there is central GGO
surrounded by denser peripheral consolidation.
Pathologically this correlates with central alveolar
inflammation and debris with peripheral areas of Figure 4b: HRCT chest showing subpleural GGO with
organising inflammation in the interstitium and increased reticulation in initial phase.
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Figure 5a: HRCT CHEST showing subpleural and
peribronchial GGO with increased reticulations and thick
atelectatic bands in early late phase.

Figure 5b: HRCT chestshowssubpleuraland peribronchial
ground glass densities with increased reticulations and
consolidation in moderate disease.

At this stage, if the patients does not receive
effective treatment promptly or if the immunity is
low, COVID-19 pneumonia may be life-threatening.
HRCT images may show diffuse opacities in both
lungs (Figure 6).

In severe cases so-called white lung manifestation
(Figure 7) is seen. If the patient receives effective
treatmentorifimmunityisenhanced, pneumoniawill
be gradually absorbed and the opacity diminishes.
The disease will improve, possibly leaving the lung
with fibrous stripes and thickened pleura [24, 27]
(Figure 8).

On follow up after about 4 weeks HRCT chest shows
resolving phase as there is decrease in the ground
glass opacities and changes of fibrosis seen as
subpleural bands are present.
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Figure 6a, b: A 48-year-old patient HRCT chest shows
subpleural and peribronchial ground glass opacities with
increased reticulations and consolidation suggestive of
COVID-19 pneumonia- with moderate changes.

Figure 7: Severe changes of COVID-19 pneumonia on
HRCT chest also called white lungs.

COVID-19 CO-RADS classification

In March 2020, the "COVID-19 standardized
reporting working group" of the Dutch Association
for Radiology (NVVR) proposed a CT scoring system
for COVID-19 (Table 1). They called it CO-RADS
(COVID-19 Reporting and Data System) to ensure
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CT reporting is uniform and replicable. This assigns
a score of CO-RADS 1 to 5, dependent on the HRCT
findings. In some cases a score of 0 or 6 may need
to be assigned as an alternative. If the HRCT is
uninterpretable then it is CO-RADS 0, and if there is
a confirmed positive RT-PCR test then it is CO-RADS
-6 [28, 29].

Figure 8: HRCT chest - Severe changes of COVID-19
pneumonia seen as extensive multifocal GGO’s and
consolidation with air bronchogram in subpleural and
peribronchial distribution in critically ill patient.

Table 1: CT scoring system - CO-RADS (COVID-19 reporting
and data system).

Level of suspicion for
pulmonary involvement
of COVID-19

Summary

Scan technically
insufficient for
assigning a score

CO-RADS 0 Notinterpretable

Normal or Non-

CO-RADS 1 Very low infectious

Typical for other
infection but not
COVID-19

CO-RADS 2 Low

Features
compatible
with COVID-19,
but also other
diseases

CO-RADS 3 Equivocal/ unsure

Suspicious for

CO-RADS 4 High COVID-19

Typical for

CO-RADS 5 Very high COVID-19

RT-PCR positive

CO-RADS 6 Proven for SARS-CoV-2

CT severity index [30]

A semi-quantitative CT severity scoring proposed by

Panetal [31] can be calculated per each of the 5 lobes
considering the extent of anatomic involvement, as
follows: 0, no involvement; 1, <5% involvement; 2,
5-25% involvement; 3, 26-50% involvement; 4, 51—
75% involvement; and 5, > 75% involvement.

The resulting global CT score is the sum of each
individuallobarscore (0to25).When present, related
features such as fibrosis, subpleural lines, reversed
“halo sign,” pleural effusion, and lymphadenopathy
are also described.

A CT score =218 has shown to be highly predictive of
patient’s mortality in short-term follow-up.

Differential diagnosis for ground glass and
crazy paving [32, 33]

Pulmonary edema

It is the abnormal accumulation of fluid in the
extravascular compartments of the lung, and, may
be classified as increased hydrostatic pressure
edema seen in heart failure, permeability edema
with diffuse alveolar damage (DAD) as seen in
ARDS, drug induced lung injury or ingestion of or
mixed edema seen in patients with stroke, status
epilepticus and subarachnoid hemorrhage (Figure
9). Findings of interstitial pulmonary edema are
GGO, bronchovascular and interlobular septal
thickening. Alveolar edema may manifest as airspace
consolidation in addition to the above findings.
Pleural effusions are a frequent accompanying
finding in cardiogenic pulmonary edema, which is
rarely seen in COVID-19 pneumonia.

Figure 9: HRCT chest showing extensive ground-glass
opacities predominantly in perihilar region suggestive of
pulmonary edema.
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Pulmonary hemorrhage syndromes

This includes a wide spectrum of diseases,
including idiopathic pulmonary hemosiderosis,
Wegener granulomatosis, Churg-Strauss syndrome,
Goodpasture syndrome, collagen-vascular disease
(systemic lupus erythematosus, rheumatoid
arthritis, systemic sclerosis, polymyositis, and mixed
connective-tissue disease. HRCT manifestations are
symmetric acinar and ground-glass opacities or
attenuation and the crazy-paving pattern (Figure
10).

Figure 10: HRCT chest showing diffuse ground glass
attenuation and crazy paving pattern bilaterally in a
patient with Goodpasture syndrome.

Diffuse alveolar hemorrhage (DAH)

It occurs due to passage of blood into the alveoli.

. Imaging findings depend upon the chronicity
of the process.

. Initially DAH may present with GGOs. After
two to three days intralobular and smooth
interlobular septal thickening superimpose on
areas of GGOs and may sometimes give rise to
a crazy-paving pattern (Figure 11).

. In the chronic stages, the GGOs typically
recede and there maybe residual centrilobular
nodules.

Hypersensitivity pneumonitis (HP) or extrinsic
allergic alveolitis (EAA)

In acute phase homogeneous ground-glass
opacity: bilateral and symmetric but sometimes
patchy and concentrated in the middle part and
base of the lungs or having a bronchovascular
distribution may be seen. Ground-glass opacity
usually represents chronic interstitial inflammation
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but occasionally may be caused by fine fibrosis or
organizing pneumonia.

@) (b)

Figure 11: HRCT chest showing patchy ground glass
densities with interlobular septal thickening in bilateral
lungs secondary to diffuse alveolar haemorrhage.

In the fibrotic stage there is bilateral predominantly
perihilar fibrosis with mid zone predominance. The
distinct feature of HP is mosaic attenuation of the
lungs. This pattern represents geographical areas
of high attenuation interspersed with areas of low
attenuation due to air trapping (Figure 12).

Figure 12: HRCT chest showing diffuse peribronchial
ground glass opacities with perihilar fibrosis.

Nonspecific interstitial pneumonia (NSIP)

Bilateral pulmonary opacities, which are mainly
localized in the middle and lower zones, are the
predominant feature. The most common HRCT
abnormality (80% of cases) is ground-glass
attenuation. The ground-glass attenuation is usually
bilateraland symmetricwithatendencytosubpleural
and basal predominance (Figure 13). Other findings
include consolidation and irregular reticular lines
that can be superimposed on a background of
ground-glass attenuation. Honeycombing is typically
absent.
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among hospitalized patients with COVID-19. The
effect of COVID-19 on pulmonary coagulation and
the resulting development of PTE could be due to
proinflammatory cytokines, endothelial dysfunction
and hypoxia. Several papers report high incidence
of PTE in COVID-19, ranging from 22% to 39%.
Pulmonary thromboembolism (PTE) is frequently

@) ®) observed in COVID-19 patients, mainly involving the

segmental (90%) and sub-segmental arteries (61%)
Figure 13a, b: HRCT Chest showing diffuse subpleural of pulmonary segments affected by a consolidation
and peribronchial ground glass attenuation bilaterally pattern (67.6%) (Figure 16). Patients with more

with increased reticular bands in a case of NSIP.

severe COVID-19 lung disease (higher CT lesion
score, d-dimer, LDH and CRP) tend to be more
affected by PTE [35].

Pneumocystis carinii pneumonia (PCP)

PCPis acommon pulmonary infection in the severely
immunocompromised patient. Symptoms include
dry cough, dyspnea, and low-grade fever. CT usually
reveals scattered ground-glass attenuation that can
be associated with interlobular septal thickening
(Figure 14).

Figure 15: HRCT in a case of pulmonary alveolar
proteinosis. Chest showing increased reticulations with
interlobar septal thickening seen bilaterally.

Figure 14: HRCT chest showing extensive ground
glass attenuation with interlobular septal thickening
predominantly in right lung in a post - renal transplant
patient.

Protein alveolar proteinosis

Bilateral, symmetric alveolar consolidation or
ground-glass opacity, particularly in a perihilar or
hilar distribution resembling pulmonary edema.
High-resolution CT typically shows diffuse ground-
glass attenuation with superimposed intra- and
interlobular septal thickening, often in polygonal
shapes representing the secondary pulmonary
lobule (Figure 15).

Extrapulmonary manifestations of COVID- ) _ _
Figure 16: CT pulmonary angiogram showing thrombus

19 [34] in the left lower lobe artery extending into segmental and
subsegmental arteries in COVID-19 positive patient.

Blood hypercoagulability is a common finding
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Gastrointestinal complications [34]

Feco-oral transmission is an alternative route for
COVID-19 spread. The radiologic manifestation of
these findings can be diarrhea state and ileus pattern
on abdominal radiographs and distended fluid
filled small and large bowel loops with mural post-
contrast enhancement and surrounding stranding
on CT (Figure 17).

(d)

Figure 17: CECT abdomen (a-c) showing fluid distended
bowel loops and wall thickening at ileocecal junction in
COVID-19 positive patient. (d) Patchy areas of subpleural
and peribronchial GGO’S in the posterior basal segment
of both lungs.

Vascular abnormalities

Vascular enlargement on patients' chest HRCT is
the major finding referring to luminal dilation/
engorgement or mural thickening of pulmonary
vessels.

Neurological findings

Coronaviruses may enter the CNS through the
bloodstream or neuronal retrograde route. This may
lead to meningitis and encephalitis with associated
morbidity and risk of mortality. Although viral
encephalitis may remain undiagnosed due to subtle
or no symptoms. Due to hypercoagulable state
incidence of stroke are reported in some cases, even
in young population.

Cardiac manifestations [34]

ACE1 as a target receptor for SARS-CoV-2
is significantly expressed in the heart. This
transmembrane aminopeptidase involved in
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the development of hypertension and heart
function performs an extremely critical role in the
cardiovascular system. Therefore, the possibility
of cardiovascular injury or myocarditis should be
considered in COVID-19 patients presenting with
cardiovascular symptoms. Cardiac MRI is a helpful
investigation to look for changes of myocarditis,
which when present, are seen as patchy areas of mid
myocardial enhancement on late gadolinium scans.

Conclusions

In conclusion, HRCT findings in patients with
COVID-19 pneumonia are mixed and have a diverse
pattern with both lung parenchymal and interstitial
involvement. GGO’s with reticular pattern with
bilateral, multilobar involvement and peripheral
distribution and predilection for the posterior
lobes are the hallmark of early disease. HRCT signs
of aggravation and repair co-exist in patients with
advanced disease. HRCT plays an important role
in triage of patients with suspected COVID-19
pneumonia and also in determining the severity of
disease. It helps in prediction of disease outcome
and is a problem solver in patients with multiple
comorbidities.
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