Chest Imaging Appearance of COVID-19 Infection
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Key Points:

In

1. It is important for all radiologists to be aware of the imaging spectrum of the disease and
contribute to effective surveillance and response measures.
2. Ground-glass opacities and consolidation can demonstrate an organizing pneumonia
pattern.
3. Cavitation can also occur in areas of airspace disease.
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Abstract:
COVID-19 (previously known as novel coronavirus [2019-nCoV]), first reported in China, has
now been declared a global health emergency by World Health Organization. As confirmed
cases are being reported in several countries from all over the world, it becomes important for all
radiologists to be aware of the imaging spectrum of the disease and contribute to effective

Introduction:
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surveillance and response measures.

The outbreak of COVID-19 was first reported from Wuhan, China, in December 2019, and has
quickly spread to other regions in China, as well as other countries in the last few weeks. The

estimates continue to be updated, and on Feb 4, 2020, the number of confirmed cases reached
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20,630 globally in 24 countries, most of which occurring in China (20,471 cases)1. The clinical

severity ranges from asymptomatic individuals to death. So far, 425 deaths have been reported in
China and 1 death in the Philippines1. In the United States, there are confirmed cases in 5 states
(CA, WA, AZ, IL, MA), and as many as 36 states have people under investigation2.
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While literature on clinical presentation3 and modes of transmission have started to emerge, there
is a paucity of reports describing radiological appearance of this entity4,5. As the disease has

evolved into a global concern, it becomes important for radiologists to be familiar with the
imaging appearance and have a basic understanding about the clinical course and current
magnitude of the COVID-19 infection.
We present a series of 3 confirmed cases of COVID-19 infection from China.

Case 1:
A 59-year-old female from Sichuan Provincial People’s Hospital presented with fever and chills.
She had no history of sick contacts in the family, but she referred a plane ride 5 days prior to
onset of symptoms from London, U.K., to Chengdu, China. Chest radiograph (Fig 1a) and chest
CT (Fig 1b,c) at presentation showed patchy right lower lobe ground-glass opacities. Follow-up
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chest CT images (Fig 1d, e) obtained 2 days later showed improvement of the ground-glass
opacities, with development of subpleural curvilinear lines.

Case 2:

A 62-year-old female from Sichuan Provincial People’s Hospital presented 7 days after contact

Pr

with relative who had recently traveled from Wuhan, China. Symptoms at presentation included
paroxysmal cough, productive sputum, and fever. Chest CT showed a small solitary nodular
ground-glass opacity in the left upper lobe (Fig 2a), which progressed in 3 days to multifocal
nodular and peripheral ground-glass opacities involving both upper lobes (Fig 2 b,c). Another
follow-up CT done 5 days from presentation showed a new tiny cavity (Fig 2d) and increasing
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component of consolidation (Fig 2e) admixed with ground-glass opacities and crazy-paving
pattern.

Case 3:

A 45-year-old female from Sichuan Provincial People’s Hospital presented with fever, cough,
and chest pain after recent travel to Japan. Her CT at presentation showed extensive peripheral

predominant ground-glass opacities in bilateral upper lobes (Fig 3a). A reversed halo sign was
also noted in the left upper lobe (Fig 3a). Follow-up CT 2 days later showed organizing changes
with decrease in extent of the ground-glass opacities and increasing parenchymal density (Fig 3
b, c).

Infectious agent
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Discussion:

Coronaviruses are named for their crown-like appearance due to surface spikes and are

categorized into 4 major groups (alpha, beta, gamma, and delta). Most coronaviruses affect

animals, although they are zoonotic and can be transmitted between animals and humans. To

date, 7 types of human coronaviruses are known. These typically lead to a mild illness, but in the

last 2 decades, 2 human coronaviruses have been known to cause severe respiratory illnesses and
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even death. These viruses included Severe Acute Respiratory Syndrome Coronavirus (SARSCoV) that was first recognized in China in 2002 (transmitted from civet cats) and the Middle

East Respiratory Syndrome Coronavirus (MERS-CoV) which was first reported in 2012 in Saudi
Arabia (transmitted from dromedary camels). The COVID-19 is the latest addition to this group
and has been reported to affect patients who worked at or lived around the local Huanan seafood
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wholesale market; where live animals on sale indicate possible animal-to-human transmission2.

More recently, cases have been confirmed with no exposure to animal markets, indicating
person-to-person spread of virus.

Clinical course and Management
The most common clinical manifestations include fever (83%), cough (82%) and shortness of
breath (31%)3. The combination of clinical findings and epidemiological risk factors that fulfill

Centers for Disease Control and Prevention (CDC) criteria for a person under investigation (PUI)
are provided in table 12. These cases need to be notified to the institutional infection control as
well as local or state health authorities.
For laboratory confirmed cases, no specific treatment is available, and care is primarily
supportive with appropriate precautions to stop person-to-person transmission. The severity of

death.3
Imaging Findings:
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disease can range from asymptomatic and mild cases to acute respiratory distress syndrome and

Reports on imaging findings are now emerging4,5. The largest case series of chest imaging in 21

patients described multilobar involvement and rounded as well as peripheral airspace opacities.4

The opacities most commonly were described to have ground glass (57%) and mixed attenuation
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(29%), similar to our presented cases. Given the predominance of ground-glass opacities, chest
CT is more sensitive and findings can be missed on radiographs. Notably, confirmed cases can
have normal chest CTs as well4. Imaging findings share several similarities with previously
described findings in SARS-CoV and MERS-CoV5, 6, 7.
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In our case series, we noted an organizing pattern characterized by peripheral predominant
distribution and reversed halo or atoll sign in some cases. Additionally, one of our cases also
developed a small focus of cavitation, which has not been previously described4; although one of
the 99 patients in the study by Chen et al. had a pneumothorax3. As larger case series become
available, new imaging patterns may emerge.

In conclusion, imaging findings can be nonspecific for a particular infection, but in the context of
a travel history or exposure, the presence of nodular and peripheral ground glass opacities should
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alert the radiologists to this possibility.
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Table 11:
Criteria for person under investigation

Subjective or confirmed fever or signs/symptoms of lower respiratory illness
AND
EITHER close contact with a laboratory-confirmed 2019-nCoV patient within 14 days of
symptom onset
OR A history of travel from Hubei Province, China within 14 days of symptom onset
Subjective or confirmed fever or signs/symptoms of lower respiratory illness requiring
hospitalization
AND
A history of travel from mainland China within 14 days of symptom onset

In

Pr

es

s

Figures

Fig 1a. Chest radiograph in a patient with COVID-19 infection demonstrates right infrahilar
airspace opacities.
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Fig 1b, c. Axial (1b) and sagittal (1c) chest CT images demonstrate peripheral right lower lobe
ground-glass opacities.
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Fig 1b, c. Axial (1b) and sagittal (1c) chest CT images demonstrate peripheral right lower lobe
ground-glass opacities.
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Fig 1d, e. Follow-up axial (1d) and sagittal (1e) chest CT images 2 days later show improvement
in the extent of ground-glass opacities, with more subpleural curvilinear lines (arrows).
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Fig 1d, e. Follow-up axial (1d) and sagittal (1e) chest CT images 2 days later show improvement
in the extent of ground-glass opacities, with more subpleural curvilinear lines (arrows).
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Fig 2a: Axial chest CT image at presentation shows a small solitary nodular ground-glass opacity
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in left upper lobe (arrow).

s
es
Pr

Fig 2b,c: Note the progression of airspace disease 3 days later, with new foci of ground-glass
opacities (black arrows 2b, c), as well as developing consolidation (white arrow). Additionally,
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there is higher peripheral attenuation with ground-glass opacities more centrally representing the
reversed halo sign (curved arrow, 2c)
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Fig 2b,c: Note the progression of airspace disease 3 days later, with new foci of ground-glass
opacities (black arrows 2b, c), as well as developing consolidation (white arrow). Additionally,
there is higher peripheral attenuation with ground-glass opacities more centrally representing the
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reversed halo sign (curved arrow, 2c)
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Fig 2d, e. Further increase in extent of ground glass changes with new cavity in right lung
(arrow, 2d) as well as new areas of consolidation (arrow, 2e) are seen on CT 5 days after
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presentation.
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Fig 2d, e. Further increase in extent of ground glass changes with new cavity in right lung
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(arrow, 2d) as well as new areas of consolidation (arrow, 2e) are seen on CT 5 days after
presentation.
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Fig 3 a. Note the peripheral predominant airspace opacities with a reversed halo pattern in the
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left upper lobe (arrow)
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Fig 3b, c. Organizing changes with increasing attenuation are noted on follow-up CT
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Fig 3b, c. Organizing changes with increasing attenuation are noted on follow-up CT

