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ABSTRACT

Chest imaging is often used as a complementary tool in the evaluation of coronavirus disease 2019 (COVID-19) patients,
helping physicians to augment their clinical suspicion. Despite not being diagnostic for COVID-19, chest CT may help
clinicians to isolate high suspicion patients with suggestive imaging findings. However, COVID-19 findings on CT are
also common to other pulmonary infections and non-infectious diseases, and radiologists and point-of-care physicians
should be aware of possible mimickers. This state-of-the-art review goal is to summarize and illustrate possible etiol-
ogies that may have a similar pattern on chest CT as COVID-19. The review encompasses both infectious etiologies,
such as non-COVID viral pneumonia, Mycoplasma pneumoniae, Pneumocystis jiroveci, and pulmonary granulomatous
infectious, and non-infectious disorders, such as pulmonary embolism, fat embolism, cryptogenic organizing pneu-
monia, non-specific interstitial pneumonia, desquamative interstitial pneumonia, and acute and chronic eosinophilic

pneumonia.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) is a new type
of coronavirus disease caused by SARS-CoV-2, which first
emerged in Wuhan-China in December 2019. There was
a significant spread worldwide, resulting in an increasing
number of cases and deaths in the first half of 2020. By
early June 2020, there were more than 6 million confirmed
cases around the world and almost 400,000 deaths caused
by COVID-19, according to the World Health Organiza-
tion (WHO). Just in the United States in the same timeline,
approximately 1,8 million individuals were infected, with
more than 100,000 deaths.’

Most COVID-19 cases are asymptomatic or demonstrate
mild symptoms, mostly presenting with upper respira-
tory tract symptoms such as sore throat, dry cough, head-
ache, fatigue, and fever.” The disease may also begin with
gastrointestinal symptoms, including diarrhea, nausea,
and vomiting. In a smaller number of cases, patients can
present with dyspnea, ventilatory disfunction, and respi-
ratory failure.** Older adults and patients with multiple

comorbidities have a worse outcome, as they have a higher
risk of developing diffuse alveolar damage requiring
mechanical ventilation.* Laboratory tests commonly show
normal white blood cell or decreased lymphocyte count, as
would be expected in viral infections.

Since COVID-19 has a high community transmission rate,
it is essential to define the diagnosis in order to isolate
infected patients and to monitor their outcome. Real-time
reverse transcription polymerase chain reaction (rRT-
PCR), a nucleic acid amplification test, is considered the
gold-standard test for COVID-19 diagnosis.” However,
this test presents some limitations, such as unavailability in
some countries and significant false-negative rates, mainly
in the first days after the infection.>®

Chest imaging has been used as a complementary tool
in the evaluation of COVID-19 patients, including chest
radiography, lung ultrasound, and chest CT scans. Despite
not being definitively diagnostic for COVID-19, CT
imaging can establish the presence of lung pathology and
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Figure 1. 51-year-old patient presenting with CT findings of
COVID-19 confirmed by RT-PCR. (a) Axial chest CT in lung
windows demonstrates bilateral predominantly peripheral
ground-glass attenuation without consolidation. (b) Coro-
nal reformatted CT shows bilateral ground-glass attenuation
without a significant gradient. RT-PCR, reverse transcription
polymerase chain reaction.
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demonstrate findings deemed typical of COVID-19.° In this way,
patients with suggestive symptoms and imaging of COVID-19
infection can be allocated to a holding room for contagious
disease until RT-PCR test results become available. However,
COVID-19 findings on CT can also overlap other viral infections
and noninfectious etiologies, and radiologists and point-of-care
physicians should be aware of possible mimickers.”

This review aims to discuss the potential differential diagnoses
of COVID-19 on chest CT and clarify the distinguishing clinical
and radiological features.

COVID-19 TYPICAL CT FINDINGS

COVID-19 presentation on CT imaging will change according to
the stage of the disease, which can be divided into early, interme-
diate, and late phases.” Not all patients will go through all these
imaging stages. Although some CT scans during the early phase

Figure 2. 58-year-old male with Influenza A HIN1 pneumo-
nia. Axial CT image demonstrates a predominant pattern of
consolidation with diffuse distribution, air bronchograms, and
sparse ground-glass opacities.
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of the disease (0-5 days after the onset of symptoms) may be
normal, there is a predominance of small areas of ground-glass
opacities (GGOs) with subpleural distribution in one or, most
commonly, both lungs (Figure 1). Less frequently, the chest CT
may show a consolidation pattern.”

In the intermediate phase (about 6-11 days after the onset of
symptoms), there is still a predominance of ground-glass pattern
in most patients. However, there may be an expansion of CT
findings in the pulmonary parenchyma with a higher number of
GGO and bilateral involvement, as well as denser areas (foci of
consolidation).”®

In the late phase (about 12-17 days after the onset of symptoms),
most patients have confluent lesions with mixed consolidation
and GGO in a bilateral distribution. In association, there may
also be inter- and intralobular septal thickening that manifests
as a “crazy-paving” pattern.”® Less frequently, the “reversed halo
sign” can also be seen in COVID-19, mainly in the intermediate
to the late phase of the disease.”®

Some findings, such as atypical GGO distribution (sparing
subpleural areas or unilateral), “tree-in-bud” pattern, moderate
to severe pleural effusion, segmental or lobar consolidation
without ground-glass opacities, diffuse nodules, mediastinal
lymphadenopathy, pneumothorax, pneumomediastinum, and
lung cavitation are rare findings in COVID-19. Those findings
should raise a suspicion of other etiologies.

MIMICKERS OF TYPICAL CT FINDINGS IN
COVID-19

Infectious etiologies that can mimic COVID-19 on
CT

Other viral pneumonia

Viral pathogens are one of most frequent etiology of pneumonia,
accounting for around 25 and 70% of cases of community-
acquired pneumonia in adults and children, respectively.” There
are some characteristics which may help radiologists and clini-
cians to raise their suspicion of a specific virus. The disease patho-
genesis, age group, and immune status can provide some clues on
the diagnosis.'®'2 However, there are several unspecific findings
on CT scans, that may overlap with other lung conditions.

In this context, some viral infections tend to have some partic-
ular characteristics and show a predominant pattern on chest
CT. In general, viral pneumonia presents as multifocal (random
or segmental) findings with GGO and consolidations'®'%"?
(Figures 2 and 3). A recent meta-analysis with 2263 patients
reported overlapping CT findings between COVID-19 and other
viral pneumonia, including high prevalences of a mixed pattern
of GGO and consolidation, bilateral distribution, and involve-
ment of lower lobes."> On the other hand, COVID-19 pneu-
monia presented a higher prevalence of peripheral distribution,
and involvement of upper and middle lobes when compared to
other viral pneumonia.'?

Although rare in COVID-19, bronchial wall thickening, and
pleural effusion are common findings in infections by adenovirus,
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Figure 3. 67-year-old male with adenovirus pneumonia. (a,
b) Axial CT images demonstrate areas of consolidation with
peripheral distribution, lower lobe predominance, and inter-
lobular septal thickening.

parvovirus, paramyxovirus (measles), herpes (HSV), hantavirus,
and phenuivirus.'* Hantaviruses infections and COVID-19
may have a shared CT finding as interlobular septal thickening.
Pulmonary micronodules and larger nodules are predominantly
seen in adenoviruses, herpes (Herpes virus and varicella-zoster),
paramyxovirus (measles), pneumovirus, and orthomyxovirus,
and are uncommon in COVID-19 patients.'?

Mycoplasma pneumoniae infection

Mycoplasma pneumoniae is a frequent cause of pneumonia, espe-
cially in children and young adults. However, it may affect all
ages, regardless of the patient’s immune status. Pneumonia is the
most common clinical manifestation in school-aged children,
and common symptoms include fever, non-productive cough,
fatigue, dyspnea, headache, and sore throat.'* In a study with more
than 2200 children hospitalized with radiographically confirmed
community-acquired pneumonia in the United States, M. pneu-
moniae was the most prevalent bacterial pathogen, affecting
around 8% of cases.” In adults, upper respiratory tract symptoms
and acute bronchitis are the most common syndromes, while M.
pneumoniae pneumonia is less common, affecting from 2 to 12%
of adults with community-acquired pneumonia.’

Figure 4. 48-year-old female with non-Hodgkin lymphoma
and Mycoplasma pneumoniae infection. (a-d) Axial CT images
demonstrate random centrilobular nodules with ground-glass
and solid attenuation, bronchial wall thickening and consoli-
dations predominantly in the lower lobes.

Hochhegger et a/

Figure 5. 32-year-old male with acquired immunodeficiency
syndrome and Pneumocystis jiroveci pneumonia. (a, b) Axial
CT images demonstrate ground-glass opacities and intralob-
ular septal thickening in the periphery of the upper lobes and
the superior segments of the lower lobes.

Typical CT findings include bronchial wall thickening and centri-
lobular nodules, as well as GGO and consolidations, commonly
affecting more than one lobe (Figure 4). Less frequently, it
demonstrates reticular or linear opacities, lymphadenopathy,
and pleural effusion.'”® Centrilobular nodules and bronchial
wall thickening are commonly seen in Mycoplasma pneumo-
niae infections but are uncommon in COVID-19. The presence
of such findings could help to differentiate M. pneumoniae and
COVID-19, as the clinical presentation of both diseases might
overlap.

Pulmonary Pneumocystis jiroveci infection

Pneumocystis jiroveci pneumonia (PJP) is an opportunistic
disease usually affecting immunocompromised patients with
CD4 lymphocyte counts lower than 200cells mm™ and espe-
cially under 100cells mm™. There are few patients (around
10-15%) with CD4 lymphocyte count above 200cells mm™
presenting PJP.'® Despite being historically associated with HIV-
infected patients, PJP can also occur in HIV-uninfected patients
with immunosuppression due to malignancies, organ transplant,
or autoimmune diseases. Incidence rates of PJP between HIV-
infected patients are around 3.9 to 7.7 per 100,000 person-years.'”

When immunosuppression is known, there is a higher chance of
distinguishing PJP from COVID-19, although CT scans may be
similar. Sometimes immunocompromised patients may be first
aware of their diagnosis due to respiratory symptoms onset as a
result of pulmonary pneumocystis infection. While COVID-19
has a CT predominance of multifocal and peripheral GGOs, the
main pattern of PJP is represented as a central and diffuse distri-
bution with relative subpleural sparing (Figure 5).'® Both condi-
tions can present with some degree of consolidations, interlobular
septal thickening, and “crazy paving pattern” Around one-third
of PJP cases present pulmonary cysts with variable shape, wall
thickness, and size,'® findings that have not been reported in
COVID-19. Nodules and tree-in-bud opacities are uncommon
in both PJP and COVID-19.°

Infectious pulmonary granulomatous disease

There are a considerable number of etiologies for granuloma-
tous pulmonary disease, both infectious or noninfectious, and
therefore chest CT scans can show different patterns of presenta-
tion.'® Some of these findings are commonly seen in COVID-19
CT scans and may confound radiologists and clinicians in
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Figure 6. 58-year-old male with paracoccidioidomycosis.
(a-c) Axial and (d) coronal CT images demonstrate diffuse
ground-glass lesions in a random distribution, some with a
peripheral rim of consolidation yielding the reversed halo sign
and some solid nodules.

determining the correct diagnosis. As demonstrated in COVID-
19, CT finding in granulomatous diseases include GGOs, espe-
cially in paracoccidioidomycosis (Figure 6). A reversed halo sign
may also be present in tuberculosis, among others.'® Clinical,
laboratory and immune status details are indispensable for inves-
tigating the etiology in order to differentiate from COVID-19.

Non-infectious etiologies that can mimic COVID-19
on CT

Pulmonary embolism

CT pulmonary angiography (CTPA) is one of the most accu-
rate methods for the diagnosis of pulmonary embolism (PE)."’
The diagnostic criteria for acute PE include the direct visual-
ization of the emboli causing arterial occlusion with failure to
enhance the entire lumen due to a filling defect."*** Pulmonary
infarct due to acute PE can present on CTPA as wedge-shaped
peripheral lung opacities, often with central ground glass and a
rim of consolidation: the reversed halo sign'®'**" (Figure 7). In
COVID-19, the reversed halo sign is uncommon, found in only
4% of patients in the late phase in one study.® Therefore, when
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this sign is present, pulmonary infarct should be included in the
differential diagnosis.

Nevertheless, the association of PE and COVID-19 appears
to be common, with an incidence in CT angiography scans of
COVID-19 patients ranging from 22 to 30%.*"** Before the
COVID-19 pandemics, respiratory viruses had already been
associated with procoagulant activity in human endothelial
cells.” Likewise, the SARS-CoV-2 has also been associated with
thrombotic events in macro- and micro-circulation. Severe stages
of COVID-19 may induce a proinflammatory and hypercoagu-
lable state, which could increase the risk of PE development.”®

In patients with a clinical suspicion of COVID-19 infection, pres-
ence of additional findings in non-enhanced CT scans such as
dilatation of pulmonary trunk, enlargement of the right cardiac
chamber, and presence of pleural effusion could indicate the
concomitant presence of PE.” Likewise, some clinical param-
eters, such as high D-dimer levels, hemoptysis, and sudden
worsening of respiratory function or chest pain, should also be
considered.”’” When these other findings are present, comple-
menting the investigation with a CTPA scan may be helpful.

Fat embolism

Fat embolism usually occurs as a rare complication of long bone
fracture with a prevalence of 1-3% of patients with tibial or
femoral fractures and 20% in more severe osseous polytrauma.*®
The classical clinical triad consists of respiratory distress, cere-
bral abnormalities, and petechial hemorrhages. Pulmonary fat
embolism can present at CT as areas of GGO with interlobular
septal thickening, ground-glass changes with patchy distribu-
tion resulting in a geographic appearance, or as nodular opac-
ities without any zone predominance® (Figure 8). Therefore,
some CT findings may overlap with COVID-19 presentation.
However, the clinical history of recent long bone fracture,
trauma, or surgical fixation can assist the differentiation, and the
use of Gurd’s and Wilson’s criteria for fat embolism syndrome
might be helpful.*

Non-infectious organizing pneumonia

The organizing pneumonia pattern is the imaging representation
of a healing process. Pathology shows loose plugs of connective
tissue in airspaces and distal airways, sometimes progressing

Figure 7. 48-year-old male with pulmonary embolism. (a) Axial CT image demonstrate a wedge-shaped peripheral lung opacity
in the right lower lobe with a ground-glass core and a peripheral rim of consolidation yielding the reversed halo sign. (b) CT angi-

ography evidencing the thrombus in the right interlobar artery.

v
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Figure 8. 27-year-old male victim of a motorcycle accident with multiples injuries and developed respiratory distress a couple of
days after the trauma due to fat embolism. (a) Three-dimensional rendering reconstruction of CT images demonstrates tibial and
fibular fracture. (b) Axial CT image and (c) coronal maximum intensity projection reconstruction demonstrate patchy ground-

glass opacities in the lower lobes with subpleural sparing.

with filled bronchial endoluminal spaces by granulation mate-
rial, known as Masson bodies.>’** There may also be interstitial
inflammatory involvement.

Cryptogenic organizing pneumonia is an interstitial lung disease
that represents the idiopathic form of this CT pattern. The
reported annual incidence varies from 1.1 to 7 cases per 100,000
hospital admissions.”"** Patients are usually between 50 and 60
years old, equally affecting males and females. They may present
with subacute symptoms, such as cough, mild dyspnea, fever,
malaise, and sometimes weight loss.***> Therefore, the assess-
ment of clinical and epidemiological presentation and progres-
sion is essential for differential diagnoses.

CT imaging is mostly polymorphic, characterized by a mixed
pattern of consolidation and GGO, that may be single or
multiple, with a focal, bronchocentric, or subpleural distribu-
tion (Figure 9).! Moreover, there may be a nodular or crazy
paving pattern and reversed halo sign. Due to its several forms
of presentation, organizing pneumonia may have a considerable
number of differential diagnoses other than infections, such as
drug toxicity, immune diseases, actinic lesions, among others
(Figure 10).

Figure 9. 57-year-old female with cryptogenic organizing
pneumonia. (@) Axial and (b) coronal CT images shows bilat-
eral perilobular opacities, interlobular septal thickening, and
the reversed halo sign (arrow).

Non-specific interstitial pneumonia

Non-specific interstitial pneumonia (NSIP) is one of the most
common interstitial lung disease patterns in chest CT. NSIP is
usually associated with connective tissue diseases (CTD), such
as systemic sclerosis, Sjogren syndrome, polymyositis, and
dermatomyositis. NSIP can also be due to HIV infection or be
idiopathic.***® Clinical history commonly includes dyspnea and
cough that develop subacutely over weeks to months.*® About
one-third of cases present fever or flu-like symptoms. NSIP asso-
ciated with CTD has a similar distribution between males and
females, while idiopathic NSIP affects more middle-aged females
who are never smokers.”’

Chest CT often demonstrates a subpleural, bilateral, and lower
lobe predominance of ground glass with or without reticular
abnormalities and mild subpleural fibrosis (Figure 11). There-
fore, the ground-glass component can be considered an alterna-
tive diagnosis for COVID-19.%® However, the ground glass areas
are less geographic, and there are nearly always some component
of subpleural fibrotic findings, such as subpleural reticulation,
with fibrotic subtype also having traction bronchiectasis and
volume loss of the affected lobe. Likewise, clinical symptoms,
the time course of the disease symptoms, and other associated
underlying conditions can guide the diagnosis. Identifying this
non-acute lung differential diagnosis is essential as these patients
do need outpatient follow-up at an appropriate time to have full

Figure 10. 61-year-old male with amiodarone-induced organ-
izing pneumonia. (a, b) Axial CT images with peripheral and
bilateral areas of ground-glass lesions in random distribution
and with some reticular opacities.
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Figure 11. 49-year-old female with non-specific interstitial
pneumonia. (a-c) Axial and (d) coronal CT images demon-
strate reticulations in the subpleural zones, predominantly in
the lower lobes, with some ground-glass opacities and bron-
chiectasis.

workup to confirm the diagnosis and medication management to
reduce lung involvement and symptoms.

Desquamative interstitial pneumonia

Desquamative interstitial pneumonia (DIP) is seen predomi-
nantly in smokers, with few additional conditions associated
with its presentation such as autoimmune diseases and HIV. In
pathology analysis, there is an interstitial reaction caused by the
tobacco, showed by pigmented macrophages conglomerates in
the alveoli and various degrees of interstitial fibrosis.** DIP is
rare, occurring in less than 1% of ILD. More than 90% of patients
are smokers, in their fourth and fifth decades, in a 2:1 male to
female ratio with insidious onset symptoms, such as dry cough
and dyspnea.***’

Chest CT shows subpleural and bilateral ground-glass opacities
frequently associated with irregular linear opacities predomi-
nantly involving the lower lobes® (Figure 12). Due to the periph-
eral, diffuse, and bilateral involvement of pulmonary parenchyma
in chest CT, generally with GGO, desquamative interstitial pneu-
monia may also be considered a COVID-19 differential diagnosis
in early stages, even though, as other pathologies, the disease’s
course and tobacco use can help in the diagnosis.

BJR

Figure 13. 40-year-old male with acute eosinophilic pneumo-
nia. Axial CT demonstrates bilateral and peripheral ground-
glass opacites with interlobular septal thickening.

a

Acute and chronic eosinophilic pneumonia
Eosinophilic lung diseases are a heterogeneous group of disor-
ders marked by lung opacities with tissue or peripheral eosin-
ophilia. The diagnosis of eosinophilic lung disease can be made
when the following features are encountered: (1) pulmonary
opacities with peripheral eosinophilia, (2) tissue eosinophilia
confirmed at lung biopsy, or (3) increased eosinophils in bron-
choalveolar lavage fluid.*! Regarding the disease onset, they can
be divided into acute and chronic eosinophilic pneumonia.

In the acute form, patients present with acute/subacute onset
of fever and hypoxemia. The exact prevalence is unknown, and
some series reported an incidence of 9.1 per 100,000 person-
years.*? All age groups can be affected, with an average of 30
years. Tobacco smoking is the most frequently implicated trigger.
Males and females equally affected. On chest CT imaging, acute
EP present patchy areas of GGO accompanied by consolidation
opacities and smooth interlobular septal thickening (Figure 13),
findings that overlap with COVID-19 pneumonia.* Thickening
of bronchovascular bundles, lymph node enlargement, and
pleural effusions are also common findings.

On the other hand, patients with chronic eosinophilic pneumonia
present with an insidious onset of symptoms and show not only
bronchoalveolar lavage fluid eosinophilia but also peripheral

Figure 12. 44-year-old male, smoker, with desquamative interstitial pneumonia. (a-c) Axial CT images demonstrate ground-glass
and reticular opacities in the periphery of the lower lobes and the middle lobe.

6 of 8 birpublications.org/bjr

Br J Radiol;94:20200703


http://birpublications.org/bjr

BJR

eosinophilia and frequently increased IgE serum levels.*! Chest
CT in chronic eosinophilic pneumonia mostly demonstrates
nonsegmental areas of airspace consolidation with peripheral
predominance. GGO, nodules, reticulation, and pleural effusions
are rare findings in the chronic phase.*!

CONCLUSION

Due to COVID-19 high infectivity rates and the significant spread
around the world in early 2020, it is essential not only to prepare
health-care systems in order to manage all infected patients but
also to conclude the right diagnosis. The latter will reduce acute

Hochhegger et a/

care burden when diseases are identified as chronic or guide
alternative management in other acute infections. Despite not
being diagnostic for COVID-19, CT may help clinicians to isolate
high suspicion patients with suggestive image findings. There is
a large number of differential diagnoses for COVID-19 on chest
CT scans, and clinicians and radiologists must be aware of these
conditions. The careful consideration of acuity of symptoms
and patient history with the knowledge of chest CT patterns in
COVID-19 and its primary clinical confounders is indispensable
for making the right diagnosis.
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