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Abstract

Coronavirus disease 2019 (COVID-19) has transformed into a worldwide challenge, since its outbreak in December 2019.
Generally, patients with underlying medical conditions are at a higher risk of complications and fatality of pneumonias.
Whether patients with systemic autoimmune diseases or vasculitides, are at increased risk for serious complications asso-
ciated with COVID-19, is not established yet. Computed tomography (CT) has been employed as a diagnostic tool in the
evaluation of patients with clinical suspicion of severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) infection
with a reported sensitivity of higher than reverse transcription polymerase chain reaction (RT-PCR) test. Multifocal bilateral
ground-glass opacities (GGOs) with peripheral and posterior distribution and subsequent superimposition of consolidations
are considered the main imaging features of the disease in chest CT. However, chest CT images of underlying rheumatologic
or autoimmune diseases or vasculitides, such as systemic sclerosis, systemic lupus erythematosus, rheumatoid arthritis,
Behget disease, and granulomatosis with polyangiitis, especially those with extensive lung involvement can overshadow
or obliterate features of COVID-19. In addition, CT findings of such diseases may resemble manifestations of COVID-19
(such as ground glass opacities with or without superimposed consolidation), making the diagnosis of viral infections, more
challenging on imaging. Comparing the imaging findings with prior studies (if available) for any interval change is the most
helpful approach. Otherwise, the diagnosis of COVID-19 in such patients must be cautiously made according to the clinical
context and laboratory results, considering a very high clinical index of suspicion on imaging.
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equally to the work. e The risk of COVID-19 and its associated complications
is considered to be increased in patients with preexist-
ing medical conditions such as rheumatic autoimmune
disease or vasculitis.

e Chest CT with about 97% sensitivity has been extensively

employed in the diagnosis and follow-up of patients with
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COVID-19, while RT-PCR with high specificity is the
confirmative test. Chest CT has been playing a key role in
many healthcare settings due to the inadequacy of labora-
tory kits for diagnosis and more availability of CT.
Chest CT images of underlying rheumatologic conditions
with pulmonary involvement, such as systemic sclero-
sis, systemic lupus erythematosus, rheumatoid arthritis,
Behget disease, and granulomatosis with polyangiitis,
can obliterate or resemble features of COVID-19.
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e Diagnosis of COVID-19 in patients with underlying
rheumatic autoimmune disease or vasculitis should be
cautiously made according to the clinical context and
RT-PCR results, considering a high clinical index of sus-
picion on imaging.

e We discussed chest CT features in a number of patients
with COVID-19 and underlying rheumatic diseases or
vasculitis. There is a paucity of similar studies in the
literature.

Introduction

Infection with severe acute respiratory syndrome corona-
virus 2 (SARS-Cov-2) has transformed into a worldwide
challenge, since its outbreak in December 2019. By March
11, World Health Organization (WHO) characterized coro-
navirus disease 2019 (COVID-19) as a pandemic [1], and
as of July 21, over 14,500,000 confirmed cases have been
recorded globally, claiming more than 607,000 lives [2].
COVID-19 presents with a range of clinical symptoms,
including, but not limited to, dyspnea, cough, and consti-
tutional symptoms. The intensity of symptoms and clinical
manifestation of the disease varies from mild to severe, con-
tingent on several factors, including but not limited to age,
comorbidities, and integrity of the immune system as well as
virological factors [3—6]. Like other chronic diseases, such
as coronary heart disease, diabetes mellitus, hypertension,
malignancies, chronic lung disease, asthma, human immuno-
deficiency virus (HIV) infection, liver disease, and chronic
kidney disease [7], patients with rheumatic diseases are con-
sidered to be at an increased risk of respiratory infections
and their complications [8, 9]. This may be due to disability
and immune dysregulation. Immune modulating treatments
and steroids also predispose patients to infection [10, 11];
however, some articles are against increased infection rate,
higher risk of acute respiratory distress syndrome (ARDS),
or other life threatening complications related to COVID-19
in rheumatologic patients [12, 13].

In a more severe type of COVID-19, uncontrolled and
overwhelming release of cytokines, known as cytokine
release syndrome (CRS) can lead to many pathologi-
cal processes, suggesting that a severe immune reaction
in the body can also be accountable for tissue damage, in
addition to viral virulence. Cytokine release syndrome
can also be induced by macrophage activation in patients
with immune-related diseases and can be responsible for
the immune pathogenesis of many pathological processes
in these patients. Based on the similarity of the underlying
pathogenesis of cytokine release in patients with COVID-19
and rheumatologic diseases, some overlap in imaging find-
ings of these patients can be expected [14].
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Clinical presentation, exposure history, reverse transcrip-
tion polymerase chain reaction (RT-PCR) testing, and com-
puted tomography (CT), each has their own diagnostic role
in COVID-19, especially in the early stages of the disease
[15]. Chest CT with about 97% sensitivity has been exten-
sively employed in the diagnosis and follow-up of patients
with COVID-19, while RT-PCR with high specificity is the
confirmative test for the diagnosis. Although some scientific
advisors do not agree with the role of chest CT as a routine
screening modality in this setting, it has been playing a key
role in many healthcare settings due to the inadequacy of
laboratory kits for diagnosis and more availability of CT
[16—-19]. More recently, with the wide availability of RT-
PCR kits, CT is mainly used for the evaluation of COVID-19
complications and suspect alternative diagnoses [20].

Chest CT findings in COVID-19 has been extensively
discussed in literature. Multifocal bilateral ground-glass
opacities (GGOs) with a peripheral and posterior distribu-
tion and later superimposition of consolidations are consid-
ered as the dominant radiologic picture of the disease [21,
22]. Less common findings of SARS-CoV-2 infection in CT
include, CT halo sign, interlobular septal thickening, crazy
paving pattern, bronchiectasis, pleural effusion, pericardial
effusion, mediastinal lymphadenopathy [15, 23, 24], airway
changes, reversed halo, vascular change as increased mural
thickness or dilatation in involved region of parenchyma,
and focal pleural thickening [25, 26]. In spite of numerous
studies attempting to draw the map of CT characteristics in
COVID-19, articles studying image characteristics in the
patients with preexisting rheumatologic disease are of great
scarcity [19].

Chest CT images of underlying rheumatologic condi-
tions, especially those with pulmonary involvement, can
overshadow or obliterate features of COVID-19, especially
in the early stages of the infection. Radiologic features of
lung involvement in rheumatic immune disease or vasculitis
(usually as nonspecific interstitial pneumonitis-NSIP) can
also simulate CT manifestations of COVID-19, considering
numerous potential atypical manifestations of COVID-19.
To address these issues, as an IRB approved retrospective
cases series, we go over a number of cases of our tertiary
hospital system with serologically confirmed COVID-19
pneumonia and underlying rheumatologic conditions or vas-
culitis and discuss their imaging picture. As the case series
was performed retrospectively, the institutional review board
waived informed consent.

Rheumatoid arthritis

While immunosuppressive medications, comorbidities, and
immune dysregulation, in patients suffering from rheuma-
tologic diseases lead to an increased risk of infection [10],
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there is still uncertainty about the increased rate of COVID-
19 and greater risk of complications in patients with rheu-
matoid arthritis (RA) [12]. Furthermore, the increasing
knowledge about the pathological process of SARS-CoV-2
infection has resulted in some anti-rheumatoid medications
such as Chloroquine and Hydroxychloroquine to be consid-
ered as a potentially effective option in the management of
COVID-19 pneumonia [11].

Pulmonary involvement is a frequent extra-articular fea-
ture in RA. Among the radiologic findings of RA-related
lung disease, GGOs and reticulations are the most common
CT features. Other pulmonary findings include lung nodules,
bronchiectasis, bronchiolitis, and those related to intersti-
tial involvement, such as nonspecific interstitial pneumonia
(NSIP), usual interstitial pneumonia (UIP), and organizing
pneumonia. Pericardial and pleural effusion are also fre-
quently seen [27, 28].

Figure 1 demonstrates the chest CT images of a known
case of rheumatoid arthritis with typical clinical symptoms
and serological confirmation of COVID-19. The resem-
blance of CT findings in acute COVID-19 pneumonia and
RA-related pulmonary disease indicates that diagnosis of
COVID-19 in this group of patients should be cautiously
made based on clinical context and mainly serologic data. In

Fig.1 A 40-year-old woman
with a history of rheumatoid
arthritis for over 5 years pre-
sented with fever, dry cough,
shortness of breath, and fatigue.
Reverse transcription polymer-
ase chain reaction was positive
for SARS-CoV-2 infection.
Axial chest CT a—c shows bilat-
eral multifocal GGOs (arrows;
a—c) and early consolidation

in right middle lobe (dotted
arrow; ¢), likely due to the
patient’s known COVID-19.
There is peribronchovascular
thickening (arrowhead; a) and
some subpleural reticulation
(thin arrow; ¢) suggestive of
interstitial pulmonary involve-
ment secondary to underlying
rheumatoid arthritis versus early
superimposition of consolida-
tion due to COVID-19. Dif-
ferentiation is difficult and may
need follow-up post-treatment
imaging or comparison with any
prior (pre-COVID-19) imaging,
if available

such cases, comparing the recent CT with any prior imaging,
if available, can be most beneficial.

Systemic lupus erythematosus

While some articles argue against the increased risk of infec-
tion and a higher rate of ARDS or other severe complica-
tions associated to COVID-19 in patients suffering from sys-
temic lupus erythematosus (SLE) [29], other studies are in
favor of a more severe and complicated course of COVID-19
in this setting [30]. Further studies are needed to clarify the
effect of SLE in the morbidity and mortality of COVID-19.

Pulmonary parenchyma is frequently involved in the
course of SLE. Lung disease in SLE can be a notable
cause of morbidity and mortality [31]. In a study by
Li et al. the most common manifestations of thoracic
involvement in SLE were interstitial pulmonary changes
(including GGOs, honeycombing, subpleural lines,
interstitial septal thickening, and emphysema) (66.67%),
pleural disease (61.54%), parenchymal changes (includ-
ing consolidation and patchy infiltration) (25.64%) and
vascular changes (12.82%) [32]. Due to potential resem-
blance of presentations of COVID-19 pneumonia in chest
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CT, with features of pulmonary involvement in SLE, dif-
ferentiating these two entities can be challenging.

Figures 2 and 3 demonstrate the chest CT images of
two known cases of SLE with clinical features and sero-
logical confirmation of COVID-19 pneumonia. Although
Fig. 2 shows an atypical presentation of COVID-19 on
imaging, Fig. 3 demonstrates a more typical imaging
manifestation of the disease. Pleural thickening in Fig. 2
is more likely suggestive of SLE-related disease; how-
ever, pleural effusion and thickening can be infrequently
seen in COVID-19 pneumonia.

Systemic sclerosis

Lung parenchyma is among the most important visceral
organs that can be affected by the fibrotic process of collagen
accumulation in systemic sclerosis (SSc). Pulmonary hyper-
tension and Interstitial Lung Disease (ILD) are common
manifestations of SSc and develop in near 75% of patients
[33]. Patients with preexisting SSc, infected with SARA-
CoV-2, can be at higher risk for fatal pulmonary complica-
tions, comparing to other autoimmune diseases, because of
higher prevalence of pulmonary disease and common use of
immune suppressive treatments [34].

Involvement of the heart in patients with SSc, due
to primary cardiomyopathy or secondary to pulmonary

Fig.2 A 25-year-old woman with a history of systemic lupus ery-
thematosus for over 4 years, presented with 3 days of fever, myalgia,
and dry cough. Reverse transcription polymerase chain reaction was
positive for SARS-CoV-2. Axial chest CT a, b shows patchy airspace
opacity (early consolidation versus atelectasis) (arrows; a) in the

right lower lobe, which may or may not represent the patient’s known
COVID-19 pneumonia. Presence of pleural and pericardial thickening
(arrows; b) is mostly suggestive of pleuropericardial disease due to
underlying SLE

Fig.3 A 30-year-old woman with a history of well-controlled SLE,
presented with dyspnea, dry cough, and fever. Reverse transcription
polymerase chain reaction was positive for SARS-CoV-2. Axial chest
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CT a—c shows bilateral multifocal GGO (arrows; a—c), consistent
with the patient’s known COVID-19 pneumonia
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hypertension, is associated with an increased rate of mor-
bidity and mortality. Moreover, according to WHO, patients
with underlying cardiovascular disease have increased sus-
ceptibility to SARS-CoV-2 infection and are prone to more
severe disease with worse prognosis [32]. These facts call
for more attention to dealing with SSc patients with respect
to SARS-CoV-2 infection. In our search, there were only few
articles dealing with COVID-19 in patients suffering from
SSc and ILD, with only one providing chest CT information
[35, 36].

Classically, SSc affects posterior, subpleural, and basilar
portions of lungs, initially with subtle GGOs and reticu-
lar interstitial thickening in chest CT, which makes it very
difficult to differentiate it from COVID-19. Many reported
cases of COVID-19 pneumonia have resembled nonspecific
interstitial pneumonitis (NSIP), as both tend to have periph-
eral and basilar ground glass opacities [24, 34]. However,
in advanced stages of SSc, changes of scleroderma intersti-
tial lung disease (SILD) may appear in CT, manifesting as
fibrotic changes with decreased lungs volume, honeycomb
cystic changes, traction bronchiectasis, and bronchiolectasis
[37].

Figures 4 and 5 demonstrate the chest CT images of two
known cases of systemic sclerosis and ILD with clinical
manifestations, in favor of COVID-19 pneumonia. In the first

Fig.4 A 62-year-old woman
with a history of known
scleroderma for over 6 years,
presented with fever, dry cough,
fatigue, and dyspnea of 3 days
duration. Reverse transcrip-
tion polymerase chain reaction
was positive for SARS-CoV-2.
Axial chest CT shows bilat-

eral multifocal patchy GGOs,
predominantly involving the left
lung (thick arrows; a—c) consist-
ent with COVID-19 pneumonia.
There are subpleural curvilinear
and peribronchovascular reticu-
lation and interstitial fibrosis
(thin arrows; b, ¢ suggestive

of interstitial lung disease due
to scleroderma. Evidence of
esophageal dilatation (dotted
arrow; a) and cardiomegaly
(dotted arrow; d) may be sug-
gestive of scleroderma related
esophageal and cardiac involve-
ment, respectively

case, chest CT findings of subpleural reticulation mostly in
posterior segments of the lungs, traction bronchiectasis, and
peribronchovascular thickening are mostly consistent with
ILD in SSc. Bilateral patchy GGOs are nonspecific in this
setting and may represent superimposed acute COVID-19
pneumonia versus secondary to the patient’s known inflam-
matory disease with possible pulmonary involvement. In the
second case, there are some subpleural reticulation mostly
consistent with interstitial involvement in SSc and sizeable
bilateral pleural and pericardial effusion. Based on current
literature, critically ill COVID-19 patients with preexisting
comorbidities show a higher incidence of pericardial and
pleural effusion, compared to the general population [38].

Behcget disease

Behget disease is a rare multisystem and inflammatory dis-
order with an unknown cause. It is more common in young
men, and in the Mediterranean descent. Uveitis and recur-
ring genital and mouth ulcers are the typical triad of this dis-
ease. Joints, central nervous system, gastrointestinal system,
pulmonary parenchyma, and cardiovascular system can also
be affected in Behget disease [39]. Both veins and arteries
can be affected in the form of vasculitis, though veins are
involved more frequently. Thoracic vascular involvement is
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Fig.5 A 49-year-old woman with a history of well-controlled scle-
roderma and uncomplicated pregnancy and delivery 3 months ago,
presented with fever, dry cough, and myalgia for 2 days. O, saturation
was 81%. Reverse transcription polymerase chain reaction was nega-
tive for SARS-CoV-2. Axial chest CT a-d shows bilateral pleural
effusion (thin arrows; b—d) and pericardial effusion (dotted arrow; d)
which are uncommon findings of COVID-19 in general population,
but can be more common in patients with preexisting disease. Small
focal patchy GGO in the left lower lobe (thick arrow; b) is noted,
which can be related to COVID-19 or secondary to compressive ate-
lectasis. Although the RT-PCR test was negative in this patient, due
to high clinical suspicion, living in an epidemic region, suboptimal

the most frequent cause of mortality. It happens in about
25-30% of cases and can display as pulmonary artery
embolism, aneurysm of pulmonary artery, or thrombosis of
vena cava [40]. Pleura and lung parenchyma are involved in
1-10% of cases. Pulmonary artery thrombosis and occlu-
sion, because of vasculitis, may lead to hemorrhage and
infarction. Parenchymal disease can manifest as pulmonary
nodules, bronchiectasis, atelectasis, and interstitial lung dis-
ease. Less common manifestations of pulmonary involve-
ment are fibrotic bands, emphysema, eosinophilic pneumo-
nia, bronchitis, and small airway disease [39].

Behget disease has been included in different classifica-
tion systems ranging from vasculitis to rheumatic autoim-
mune, and spondyloarthropathies. Although few patients
with vasculitis [41] or spondyloarthritis [42], infected with
SARS-CoV-2 have been reported sporadically, we have

@ Springer

sensitivity of serologic test and recuperation after 2 weeks, COVID-
19 was the clinical diagnosis for this patient. Subpleural interstitial
reticulation in left upper lobe is suggestive of scleroderma-related
lung involvement (thin arrow; a). A soft tissue opacity in left anterior
mediastinum (dotted arrow; c) is noted, suggestive of thymus hyper-
plasia, which can be related to underlying scleroderma. Evidence of
esophageal dilatation (arrowhead; a) may be suggestive of sclero-
derma related esophagus involvement and warrants further evalua-
tion. Cutaneous thickening of the right breast (arrowhead; d) is noted,
which can be due to infectious/inflammatory diseases of lactation
phase versus SSc-related skin change or neoplastic in etiology and
warrants correlation with physical exam findings

not found any published report, dealing with COVID-19
in Behcet disease.

Figure 6 demonstrates the chest CT images of a known
case of Behcet disease with clinical findings in favor of
COVID-19 and laboratory-confirmed COVID-19 pneu-
monia. A patch of GGO is noted in the left upper lobe,
consistent with COVID-19 pneumonia. There is a nodu-
lar density in central lingula, which can be suggestive of
nodular involvement of pulmonary parenchyma in Behget
disease. As mentioned before, nodular opacity can be a
sign of vasculitis and parenchymal involvement in Behget
disease. However, interpretation of COVID-19 CT findings
in Behget disease, like other multisystem chronic disor-
ders, should be made in the setting of clinical context, lab
results, with considering possible differential diagnosis.
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Fig.6 A 35-year-old man with a known history of Behget disease for
6 years, presented with fever and dyspnea. Reverse transcription poly-
merase chain reaction was positive for SARS-CoV-2. Axial chest CT
a—c shows a faint patchy GGO in anterior segment of left upper lobe
(arrow; a), which can be due to known SARS-Cov-2 infection or sec-

Granulomatosis with polyangiitis (wegener’s
granolumatosis)

Granulomatosis with polyangiitis (GPA), is an uncommon
necrotizing vasculitis that was previously known as Wegen-
er’s granulomatosis. It presents with a clinical and pathologi-
cal manifestations of upper airway, pulmonary, vascular, and
renal system involvement. Many organs in the body can be
involved; however, thoracic involvement in the course of the
disease is the main problem. Poor or well-defined nodules
of varying size, GGOs, consolidations, masses, and cavities
are among common radiologic manifestations. Trachea and
bronchial structures are also frequently involved. Tracheal
involvement is usually seen as focal wall thickening or seg-
mental stenosis. Distal airway involvement can present with
bronchial wall thickening and bronchiectasis and may lead
to pneumonia and atelectasis [43].

In Wegener’s granulomatosis, pleura, mediastinum, and
heart are not affected commonly; however, pleural involve-
ment most frequently manifests as pleural effusion. This can
be due to affected pleura itself in the course of GPA or sec-
ondary to renal involvement. In up to 50% of lung nodules,
cavitation can occur, especially in larger nodules with sizes
over 2 cm. Hemorrhage in surrounding tissue of a nodule or
cavity, can cause “halo sign” or “atoll sign” (reverse halo),
respectively. Widespread ground-glass opacity and con-
solidation are also common findings in patients with GPA.
Bilateral perihilar or peribronchovascular distribution is the
most common pattern of GGOs. Ground-glass opacities and
consolidations can disappear by time, similar to pulmonary
nodules, regardless of therapy [43, 44].

Although our GPA patient in Fig. 7 demonstrates some
nonspecific features that can be attributed to either COVID-
19 or underlying autoimmune inflammatory disease, he also
demonstrates typical findings of sino-nasal involvement in

ondary to pulmonary involvement of Behchet. Small nodular opacity
involving the paracardiac lingula is noted (arrow; b), most likely sug-
gestive of parenchymal nodular disease of Behget, as nodular disease
is an uncommon manifestation of COVID-19. In mediastinal window,
evidence of mild cardiomegaly is noticeable (arrow; c)

GPA, as an erosive osseous defect of nasal septum due to
necrotizing vasculitis and signs of sinusitis. Nasal cavity
and paranasal sinuses are involved in the course of GPA
frequently. Due to decreased blood flow in the setting of vas-
culitis, tissue damage and nasal bone destruction can happen
[45]. Due to resemblance of common pattern of pulmonary
involvement in Granulomatosis with polyangiitis with typi-
cal findings of COVID-19 pneumonia, interpretation of chest
CT of these patients should be made with special attention to
distinctive patterns of each disease, consideration of clinical
context, and emphasis on RT-PCR.

Conclusion

The risk of COVID-19 and its associated complications are
increased in patients with preexisting medical conditions.
Patients with rheumatologic diseases and vasculitis can be at
an increased risk of infection, due to underlying impairment
of immunity and adverse effects of corticosteroids or other
immunosuppressive therapies on the immune system. Some
imaging features of pulmonary involvement in these patients
can mimic COVID-19. CT images of underlying morbidities
may overshadow or obliterate features of COVID-19, espe-
cially in the early stages of the infection. Therefore, differ-
entiation of superimposed infection with SARS-Cov-2 from
underlying autoimmune pulmonary disease can be challeng-
ing, and the interpretation should be made in the context
of serological data and clinical setting. Correlation of the
imaging finding with those of the prior studies is most use-
ful, if available.

However in majority of rheumatologic conditions,
such as RA and SLE, there is no indication for pulmonary
screening in asymptomatic patients. In these cases (like
our reported patients), usually there is no prior/baseline
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Fig.7 A 22-year-old man with a known history of granulomatosis
with polyangiitis for over 1 year, presented with fever, dry cough,
and shortness of breath. Reverse transcription polymerase chain reac-
tion was positive for SARS-CoV-2. Axial chest CT shows ground
glass opacities in lingula (thick arrows; a, ¢), which can be due to the
patient’s known COVID-19 pneumonia versus pulmonary involve-
ment by the underlying autoimmune disease. Diffuse central bron-
chiectasis (thin arrow; a), subpleural soft tissue density, non-calcified
mass of 3525 mm in the paravertebral basal segment of right lower

imaging for comparison and the diagnosis should mainly
rely upon clinical and serological data. In some other
rheumatologic conditions, that the primary pulmonary
involvement resembles NSIP (such as scleroderma) or
patchy ground glass appearance due to alveolar hemor-
rhage in Granulomatosis with Polyangiitis, sometimes
differentiation is confusing. Therefore, differentiation of
superimposed infection with SARS-Cov-2 from underly-
ing autoimmune pulmonary disease can be challenging,
and the interpretation should be made in the context of
serological data and clinical setting. Correlation of the
imaging finding with those of the prior studies is most
useful, if available.

Follow-up imaging is another useful tool to differenti-
ate pulmonary infiltrations of rheumatologic disorders from
infectious opacities of coronavirus pneumonia, as the former
has a slow progression without appropriate therapy, while
the latter (like most other infectious pneumonias) is more
rapidly progressing or regressing. On the other hand, fol-
low-up imaging to complete resolution of the inflammatory
infiltrations is recommended, as this population is prone to
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lobe (arrows; b, e), pericardial effusion (dotted arrow; d), nasal septal
osseous defect (thin arrow; f), and suggestive signs of sinusitis such
as soft tissue opacity in left maxillary sinus, as well as fluid level in
right maxillary sinus (thick arrows; f) are noted. These findings are
suggestive of involvement of lower airways, pulmonary parenchyma,
pericardial, and sino-nasal structures related to granulomatosis with
polyangiitis. However, pericardial effusion can also be a rare finding
in COVID-19

long-term consequences of the coronavirus infection and
residual pulmonary scarring [46, 47].
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