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Abstract
Purpose: Coronaviruses (CoV) are single-stranded RNA viruses that transmit from animal species to humans, causing 
a threat to global health. We aim to summarize common imaging findings of 3 betacoronaviruses (b-CoVs) and the 
common clinical manifestation, to provide a better understanding of the courses of the disease.

Material and methods: The Pubmed and Google Scholar databases were searched for the terms “SARS-CoV” OR 
“COVID-19” OR “MERS-CoV”. Imaging-specific searches included keyword searches for “CT” AND “imaging”. 
Clinical presentation-specific searches included keyword searches for “clinical” AND “manifestation” AND “cardio
vascular” OR “neurology” OR “gastrointestinal” OR “hematology”. In total, 77 articles were selected for discussion 
in the current literature review.

Results: Human b-CoVs infection presented consistent indications of ground-glass opacities (GGO), consolidation, 
and interlobular septal thickening. Pleural effusion was also common in all 3 b-CoVs, but it was least present in 
SARS-CoV-2 infection. Bilateral lung involvement was common to both MERS-CoV and SARS-CoV-2 infection. 
Cardiovascular, neurological, haematological, and gastrointestinal were common clinical presentations found in 
patients infected with b-CoVs.

Conclusions: The comparison of imaging findings can be applied in clinical practice to distinguish the 3 CoV through 
different imaging modalities. It is crucial to understand the possible imaging findings and clinical presentations to 
better understand the course of the disease as well as prepare for future variants.
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Introduction 
Coronaviruses (CoV) are single-stranded RNA viruses that 
repeatedly cross between species and emerge into human pa-
thologies [1]. Betacoronaviruses (b-CoVs) – SARS-CoV-1, 
MERS-CoV, SARS-CoV-2 – are grouped together based 
on their genetic makeup and antigenic cross-reactivity, and 

they have the unique tendency to be transmitted from bats 
to humans [2]. The emergence of SARS-CoV-1 in 2002 
and MERS-CoV in 2012 resulted in zoonosis from bats 
as a threat to global health [3]. In December 2019, a novel  
b-CoVs identified as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) emerged in Wuhan, China.  
The constellation of symptoms caused by SARS-CoV-2 is 
called COVID-19. Studies have identified SARS-CoV-2 as  
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the same b-CoVs lineage as SARS-CoV-1 and MERS-CoV [1]. 
However, when comparing there are significant differences 
in the genomic sequences among the 3 b-CoVs. The major  
difference is found in the sequence for the receptor-binding 
domain between SARS-CoV-2 and SARS-CoV-1. The great-
er infectivity of SARS-CoV-2 may be due to the new muta-
tions and the acquisition of the furin cleavage site that en-
hances the ability of the virus to internalize into the cells [4]. 

COVID-19 is the new infectious disease caused by  
SARS-CoV-2. The virus is easily transmitted human-to- 
human by the spread of respiratory droplets or aerosols from 
actions such as coughing and sneezing [5]. Most COVID-19 
patients present flu-like symptoms; however, few patients 
develop respiratory failure, multiple organ failure, and even 
death. By the end of 2021, there were over 300 million con-
firmed cases globally, including over 5 million deaths [6]. 

Diagnostic techniques

Reverse transcription polymerase chain reaction (RT-PCR) 
is one of the detection techniques for SARS-CoV-2 RNA. 
However, RT-PCR specificity for SARS-CoV-2 is subject 
to limitations including insufficient viral load, failure in 
diagnostic kits, and nonstandard sampling techniques [7].  
Treanor et al. observed that limited use of computed tomo
graphy (CT) at the onset of the COVID-19 pandemic 
was due to the low specificity of chest CT scanning for  
COVID-19 [8], which has since improved [9]. Specifically, 
Shao et al. reported that chest CT specificity for COVID-19 
increased from September 2020 (specificity = 18.1%, sen-
sitivity = 86.2%) to March 2021 (specificity = 80.1%, sen-
sitivity = 87.9%) (n = 2346, n = 16,133, respectively) [9].  
The improvement in specificity and sensitivity can be attrib-
uted to the increasing knowledge surrounding COVID-19, 
and the implementation of formal scoring systems that 
clearly indicate positive findings [9]. Moreover, deep 
learning neural networks may improve the specificity of  
COVID-19 imaging, although they are not ready for clini-
cal application at the time of writing. Many other studies 
have also suggested the potential of convolutional neural 
networks to aid in distinguishing COVID-19 pneumonia 
from other viral pneumonia and normal lungs based on 
X-ray imaging. Nikolaou et al. described the use of a CNN 
algorithm that differentiated COVID-19 from other viral 
pneumonia and normal lungs using chest radiography, 
with 93% accuracy, 94% sensitivity, and 95% specificity  
(n = 15,153) [10]. For instance, Chaudhary et al. (95% ac-
curacy and 100% sensitivity) and Luz et al. (90% accuracy 
and 93.5% sensitivity) described high accuracy and sensi-
tivity in differentiating COVID-19 from non-COVID-19 
using normal X-rays with the aid of CNN [11,12]. Chaddad  
et al. employed CNN architectures to achieve 82.3% accu-
racy in differentiating between COVID-19 and normal lung 
CT images from 60 patients infected with SARS-CoV-2 [13]. 
Polsinelli et al. also discriminated COVID-19 CT images 
with CNN with 83% accuracy and 85% sensitivity [14]. 

Considering the findings from these studies, the advent  
of deep learning neural networks may improve the accu-
racy and sensitivity of the chest X-ray and chest CT scans 
and increase the utility of chest X-rays in the early diagnosis 
of COVID-19. 

Similar imaging findings exist between the 3 viral 
strains. For example, ground-glass opacities (GGOs), con-
solidation, and interlobular septal thickening are common 
to the 3 b-CoVs [15-19]. The presence of key distinctions, 
such as the predilection of bilateral lung involvement in 
SARS-CoV-2 and MERS-CoV infection [20], and mark-
edly common unilateral involvement associated with 
SARS-CoV-1 infection, are also extensively described in 
the available literature [18,21]. Damage to the lungs and 
the occurrence of cardiovascular disease were common 
in all 3 b-CoVs. Common sequelae involved the gastro-
intestinal system, nervous system, and the haematological 
presentation of those infected. 

The purpose of this review was to present a compre-
hensive understanding of the similarities and differences 
that are known to exist between b-CoVs that have caused 
pandemics, with a focus on imaging characteristics.  
The researchers intend for this to provide clinicians with 
useful insight into the clinical and imaging features of 
different b-CoVs and to provide a framework for future 
comparative studies.

Material and methods 
We searched the PubMed and Google Scholar databases for 
articles published between May 2003 and December 2021. 
All conducted keyword searches included the keyword 
query “SARS-CoV” OR “COVID-19” OR “MERS-CoV”. 
Imaging-specific searches included keyword search que-
ries for “CT” AND “imaging”. Clinical presentation-specific 
searches included keyword search query “clinical” AND 
“manifestation” AND “chest” OR “lungs” OR “neurology” 
OR “gastrointestinal” OR “hematology”. We decided to also 
include non-English sources because the outbreaks relat-
ed to all b-CoVs affected populations globally, especially 
in non-English populations in past b-CoVs outbreaks.  
Exclusion criteria included original research articles with 
a sample size smaller than 10 and other systematic reviews 
comparing the 3 b-CoVs. Seventy-seven articles were select
ed for discussion in the current literature review. The au-
thors WS and IJ searched and selected referenced studies, 
and MD resolved any article selection disputes. 

Results 

Chest imaging findings

Tables 1 and 2 report the hallmark and frequency, respec-
tively, of chest CT imaging findings for SARS-CoV-1, 
SARS-CoV-2, and MERS-CoV infection. Human b-CoV 
infection consistently revealed GGOs and consolidation. 
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Wang et al. reported GGO in 82% (92/112) and mixed 
air-space opacities with irregular consolidation in 21% 
(24/112) of SARS-CoV-1-infected patients [22]. Das et al. 
identified GGO in 66% (36/55), with consolidation in  
18% (10/55) of MERS-CoV-infected patients [23]. By 
comparison, Xu et al. reported GGO in 72% (65/90), with 
consolidation in 13% (12/90) of SARS-CoV-2-infected 
patients [19]. A sister review of SARS-CoV-2 infection 
reported 94.5% incidence of GGO with or without con-
solidation (n = 55) [24]. 

Pleural effusion was identified among cases for all de-
scribed b-CoVs, but it was least common in SARS-CoV-2 
infection [25]. Das et al. and Hsieh et al. reported that  
15% of SARS-CoV-1 and 30% of MERS patients devel-
oped pleural effusion, respectively (n = 26, n = 55) [23,26].  
Interestingly, Xu et al. reported pleural effusion in only  
4% of SARS-CoV-2-infected patients (n = 90) [19].  
Wong et al. also corroborated its rarity, observing pleu-
ral effusion in a mere 3% (2/64) of SARS-CoV-2 patients  
(n = 64) [27]. 

Crazy-paving pattern [17,19] was uniquely identified 
in SARS-CoV-2 infection cases. One study found crazy-
paving patterns in 36% of SARS-CoV-2-infected patients 
(30/n = 83) compared to another study that reported 12% 
of patients (11/n = 90) [17,19]. Although the literature is 
sparse, a comparable difference is described for the find-
ing of air bronchogram between patients infected with 
SARS-CoV-2 and MERS-CoV. Song et al. reported that 
80% of SARS-CoV-2-infected patients had air broncho-
gram (n = 51) [28]. Das et al. reported air bronchogram 
in only 11% of MERS-CoV-infected patients (n = 55) [23].

Bilateral lung involvement is common to both MERS-
CoV and SARS-CoV-2 infection. According to Ajlan et al., 
86% (6/7) of MERS-CoV-infected patients experience bi-
lateral lung involvement [20]. Huang et al. reported 97.5% 
of the initial chest radiographs from patients infected with 
SARS-CoV-2 presented with bilateral involvement (n = 41), 
as shown in Figures 1 and 2 [18]. One of the common 
findings that distinguished SARS-CoV-1 from both 
MERS-CoV and SARS-CoV-2 is the predominance of 

Table 1. Comparative chest imaging findings of patients infected with SARS-CoV-1, MERS-CoV, and SARS-CoV-2

Author Beta-CoV type Imaging modality Findings

Sotoudeh H, Gity M 
(2021) [7]

SARS-CoV-2 Chest radiograph (CXR) Multiple foci GGOs, consolidations in peripheral and lower lungs

Sotoudeh H, Gity M 
(2021) [7]

SARS-CoV-2 Chest CT GGOs, consolidation, crazy paving pattern, pulmonary vascular enlargement, air 
bronchograms, thickening of interlobular septa, pleural effusion and thickening, 
diffuse pulmonary involvement, lung cavitary lesions, parenchymal calcification

Li et al. (2020) [17] SARS-CoV-2 Chest CT GGOs, linear opacities, consolidation, interlobular septal thickening, crazy 
paving pattern, bronchial wall thickening

Song et al. (2020) [28] SARS-CoV-2 Chest CT GGOs, consolidation, air bronchograms, reticulation, small pleural effusion, 
small pericardial effusion, lymphadenopathy

Lan et al. (2015) [21] MERS-CoV CXR Bilateral lung involvement, large patchy consolidation, lower lung lesions

Ajlan et al. (2014) [20] MERS-CoV Chest CT Unilateral and bilateral abnormalities, GGOs consolidation, centrilobular 
nodules, septal thickening, peri-lobular opacities, reticulation, architectural 
distortion, subpleural bands, traction bronchiectasis, bronchial wall thickening, 
and pleural effusions

Das et al. (2015) [23] MERS-COV CXR GGOs, consolidation, irregular linear airspace disease, air bronchogram, 
multicentric cavitation, pleural effusion

Hsieh et al. (2004) [26] SARS-CoV-1 CXR Multifocal and unifocal involvement, consolidations, GGOs, pleural effusion

Muller et al. (2004) [15] SARS-CoV-1 Chest CT Unilateral and bilateral GGOs, consolidation, thickening of interlobular septa
GGOs – ground-glass opacities

Table 2. Frequency of radiological findings at presentation

Radiological features SARS-COV-1 SARS-CoV-2 MERS-CoV

Ground glass opacities 82.0% [21] 72.0-94.5% [15,26] 66.0% [22]

Interlobular septal thickening N/A 15.1%-62.7% [9,12] 26.0-40.0% [11,13]

Unilateral lung involvement 50.0% [14] 21.8-50.0% [3,15] 14.0% [10]

Crazy paving pattern 36.4% [11] 12.0-36.1% [9,11,12,15] 27.0% [11]

Pleural effusion 15.0-22.7% [11,22,23] 3.0-4.0% [15,20] 30.0%-60.0% [11,22,23]
N/A – not applicable, i.e. lack of data in a form or table.
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unilateral lung involvement [15,29]. According to Wong 
et al., based on chest radiographs, unifocal involvement 
(54.5%) was more prevalent compared to bilateral in-
volvement (38.0%) in patients infected with SARS-CoV-1  
(n = 108) [29]. In another study conducted by Müller et al., 
during the initial presentation of the disease, CT findings 
showed more prevalent unilateral GGOs than bilateral 
(50% vs. 16.7%) among a sample size of 12 [15]. However, 
as the disease progressed, follow-up CT scans obtained 
after 2-27 days (median, 9 days) of hospitalization showed 
a greater percentage of bilateral involvement compared to 
unilateral for GGOs (52% vs. 8%) and consolidation (20% 
vs. 8%) (n = 25) [15]. 

Cardiovascular imaging findings

Clinical features include hypertension [30-32], acute myo-
carditis [33-35], and coronary heart disease [34]. Abnor-
mal echocardiography was found in 55% (667/n = 1216) of 
SARS-CoV-2-infected patients [36]. Left (39%) and right 
(33%) ventricular abnormalities, myocardial infarction 
(3%), and myocarditis (3%) were reported (n = 1216) [36]. 
When comparing the echocardiographic findings of 
SARS-CoV-1 patients in the acute stage of infection 

compared to 30 days later, patients exhibited diastolic 
impairment with left ventricular systolic involvement 
upon infection [37]. Patients reported with lower mean 
left ventricular ejection fraction (65.3 ± 12.8% vs. 71.4 
± 5.7%, p = 0.03) and higher mean index of myocardial 
performance (0.51 ± 0.11 vs. 0.40 ± 0.12, p = 0.017) [37].

Common cardiac magnetic resonance (CMR) findings 
in patients infected with SARS-CoV-2 include myocardial 
oedema, pericardial effusion, late gadolinium enhance-
ment (LGE) in the myocardium, global higher T1 and T2 
relaxation time, and elevated extracellular volume (ECV) 
percentage [33-35]. Participants of the study conducted by 
Luetkens et al. were infected with SARS-CoV-2 and were 
suspected myocarditis cases experiencing dyspnoea and 
fever, exhibiting positive radiographic findings of COVID 
pneumonia on chest CT or radiograph [33]. 38% of partici-
pants had small pericardial effusions, and 88% of patients 
had LGE present in the sub-epicardium of the lateral wall or 
in the basal septal midmyocardium [33]. Higher T1 and T2 
relaxation times were seen in patients compared to healthy 
controls (T1, 1046 vs. 953 ms; T2, 61.7 vs. 52.9 ms) [33]. 
The ECV for COVID-19 patients was elevated compared 
to healthy controls (29.2% vs. 28.1%); however, the data 
were not significantly different (p-value 0.25) [33]. Simi-

Figure 1. Non-contrast axial chest computed tomography (CT) of a 60-year-
old female patient diagnosed with COVID-19. Presentation of multilobar 
and bilateral ground-glass opacities with lobular and rounded morphology 
mostly in the periphery of both lungs. Case courtesy of Dr Bahman Rasuli, 
Radiopaedia.org, rID: 74560

Figure 2. Chest computed tomography (CT) of a 40-year-old female patient 
diagnosed with COVID-19. Presentation of multifocal bilateral patchy and 
confluent ground-glass opacities with crazy paving on both lungs. Case 
courtesy of Dr Bahman Rasuli, Radiopaedia.org, rID: 93230

Figure 3. Cardiac magnetic resonance of a 60-year-old male COVID-19 patient 2 months after the onset of palpitations. A) Short-axis short tau inversion 
recovery (STIR) sequence shows no signs of myocardial oedema. However, (B) phase-sensitive inversion recovery (PSIR) image shows evidence of focal late 
gadolinium enhancement (LGE) in left ventricular septal and inferior segments (black arrows). Increased native T1 (1434 ± 43 ms), extracellular volume (ECV) 
(30 ± 2%), and normal T2 values (38 ± 2 ms) were shown in the corresponding location of focal LGE on the T1 (C), T2 (D), and ECV maps (E) (black arrows)
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larly, in another study conducted by Huang et al. (2020), 
CMR findings consisted of myocardial oedema (54%), posi-
tive LGE (58%), and elevated T1, T2, and ECV (n = 26), as 
shown in Figure 3 [35]. 60% of the patients observed with 
positive late gadolinium enhancement exhibited lesions 
located sub-epicardium of the inferior and inferior-lateral 
segments at the base and mid-chamber [35]. Comparing 
patients with positive CMR findings to patients without 
positive findings and healthy controls, T1, T2, and ECV 
values were elevated (T1, 1,271 vs. 1,237 vs. 1,224 ms; T2, 
42.7 vs. 38.1 vs. 39.1 ms; ECV, 28.2% vs. 24.8% vs. 23.7%) 
[35]. In an observational cohort study, researchers reported 
that CMR revealed cardiac involvement in 78% of patients 
and ongoing myocardial inflammation in 60% of COVID 
patients who recovered from lower left ventricular ejection 
fraction (LVEF), higher left ventricle volumes, and raised 
native T1 and T2 (n = 100) [38]. It is important to note that 
this data are obviously a representation of the COVID pa-
tients who presented with heart failure with low LVEF and 
left ventricular chamber dilation, and they are not appli-
cable to all COVID patients. Compared to healthy controls, 
patients exhibited raised myocardial native T1 (73/100) and 
T2 (60/100), myocardial LGE (32/100), and pericardial en-
hancement (22/100) [38]. In comparison, not enough lit-
erature exists on the cardiac magnetic resonance imaging 
(MRI) findings of the remaining 2 b-coronaviruses. 

Contrast-enhanced CT pulmonary angiograms (CTPA) 
in patients infected with SARS-CoV-2 exhibited dilated 
pulmonary vasculature in 85% of cases (41/45) [39]. Venous 
thromboembolism, including pulmonary pmbolism (PE) 
and deep vein thrombosi (DVT), are frequent findings 
in SARS-CoV-2-infected patients. Patients infected with 
SARS-CoV-2 are likely to have venous and arterial throm-
boembolism due to excessive inflammation, hypoxia, im-
mobilization, and diffuse intravascular coagulation [40].  
In a study conducted by Cui et al., 25% (20/81) of SARS-
CoV-1-infected patients were diagnosed with venous 
thromboembolism (VTE) [41]. Similarly, a study conduct-
ed by Klok et al. reported a composite outcome of 31% of 
which CTPA confirmed VTE (27%) [42]. Noncompressible 
veins, echogenic clots, and minimal or absent flow within 
a swollen vein were common imaging findings for DVT 
among these patients, and not different from patients with 
DVT from any aetiology [43]. 

Contrarily to SARS-CoV-2 cases, reports of PE are less 
frequent for SARS-CoV-1 cases, which may suggest a lower 
incidence of thromboembolic phenomena among those vi-
ruses; however, insufficient literature currently exists to reach 
this conclusion.  Although coagulation abnormalities are 
common in SARS-CoV-1 patients, thromboembolic events 
are rarely detected. Ng et al. reported the first case of pulmo-
nary artery thrombosis for a SARS-CoV-1-infected patient. 
CT angiogram of the thorax showed GGOs in the left upper 
and right lower lobes, and a blood clot in the right main pul-
monary artery that extended to the segmental artery of the 
right lower lobe [44]. 

Neurological presentation

Neurological manifestation in the described b-CoVs 
included, but was not limited to, fatigue, headache, and 
reduced consciousness [45-47]. Acute cerebrovascular 
complications, specifically acute ischaemic stroke, are 
the most common COVID-19 manifestations of neuro-
logical pathologies [48]. In contrast, a study conducted 
by Umapathi et al. reported that 5 patients (2%) infected 
with SARS-CoV-1 experienced stroke (n = 206) [49]. 
However, researchers suggest that a correlation between 
SARS-CoV-1 and stroke may be coincidental because the 
patients who experienced a stroke were diagnosed with 
multiple co-morbidities such as cardiac dysfunction, DIC, 
and hypertension [49]. Figure 4 shows images of non-
contrast head CT from COVID-19 patients with common 
neuroimaging findings including multifocal ischaemic in-
farcts (25%), acute white matter encephalopathic changes 
(37.5%), and cortical or intracranial haemorrhage (6%) 
(n = 16) [50]. Again, the contribution of the confounding 
factors here remains unclear. 

In the comparison, brain MRIs for 3 MERS-CoV in-
fected patients presented bilateral hyperintense lesions 
in the subcortical white matter of the frontal, temporal, 
and parietal lobes, basal ganglia, and corpus callosum, 
as shown in Figure 5 [51]. Another case study involving 
CT scans of a MERS-CoV-infected patient showed right 
frontal lobe intracerebral haemorrhage with massive brain 
oedema and midline shift [52]. For patients infected with 
SARS-CoV-1, there were limited abnormalities found 
through neuroimaging. A case study reported that an MRI 
examination of a SARS-CoV-1-infected patient’s brain 
during the acute stage of SARS-CoV-1 showed no definite 
lesion [53]. Again, the literature is limited regarding these 
findings among the setting of comparison of b-CoVs. 

Haematological presentation

SARS-CoV-1, MERS-CoV, and SARS-CoV-2 have all been 
associated with haematological abnormalities [54-57]. For 
example, thrombocytopaenia incidence was reported at 
rates greater than 35%; a retrospective analysis reported 
an incidence of 55% (87/157) in SARS-CoV-1-infected 
patients (n = 157) and an incidence of 58% (7/12) among 
critically ill patients infected with MERS-CoV (n = 12) 
[55,58]. Disseminated intravascular coagulation (DIC) 
represented another shared consequence of b-CoV infec-
tion [52,54,59].  

As the pandemic has progressed more information has 
been obtained on the incidence and imaging characteris-
tics of SARS-CoV-2-associated DVT and DIC. Suh et al. 
performed a meta-analysis of 3342 SARS-CoV-2 patients 
and found the incidence of PE and DVT to be 16.5% and 
14.8 %, respectively [60]. In the study it was noted that in-
cidence rates were elevated among ICU-admitted patients 
(PE = 24.7%; DVT: 21.2%), and the studies that used 
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CTPA to screen all ICU admitted patients reported high-
er incidence rates than studies that sparingly used CTPA 
[60]. A sufficiently large study uniformly using CTPA to 
screen PE and DVT has yet to be completed, leaving the 
true incidence unknown. Espallargas et al. completed 
a study to describe the laboratory and imaging findings in 

confirmed PE-diagnosed SARS-Cov-2 patients [61]. On 
CTPA, the incidence of lobar PE was 25% of total cases, 
purely segmental in 31.25%, and subsegmental in 25%, 
with the right lung being affected in 93.75% of cases [61]. 

The available literature on both SARS-CoV-2 and 
SARS-CoV-1 infection corroborates findings of increased 

Figure 4. Non-contrast head computed tomography (CT) shows bilateral thalamic and scattered subcortical white matter hypodensities (arrowhead). 
Evidence of nonconfluent scattered subcortical and patchy white matter hypodensities with asymmetric involvement of the left temporal lobe (arrows)

Figure 5. Axial FLAIR images of a 57-year-old male patient with MERS-CoV. Results showed bilateral confluent subcortical areas and deep white matter 
hyperintense lesions in the frontal lobes, basal ganglia, and corpus callosum
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D-dimer plasma levels and fibrinogen [62]. Elevated  
D-dimer can be related to deep vein thrombosis (DVT) and 
acute pulmonary embolism (PE) [63]. However, D-dimer 
levels alone cannot be an indicator of PE because cancer, 
peripheral vascular disease, pregnancy, inflammatory dis-
eases, and other medical conditions can elevate levels [63]. 
Therefore, CTPA is an effective imaging technique to detect 
PE and its severity [64].  

Gastrointestinal presentation

All 3 b-CoV infections reported viral replication in in-
testinal epithelial cells and detection of viral RNA in the 
stool of patients with MERS-CoV and SARS-CoV-1 infec-
tion [64-67]. Infection with any of the primary b-CoVs 
manifested symptoms of gastrointestinal abnormality 
including diarrhoea, nausea, and abdominal pain dur-
ing illness. Contrast-enhanced CT scans showed diffuse, 
circumferential, homogeneously enhancing bowel wall 
thickening [68]. A case study conducted with a SARS-
CoV-2-infected patient showed severe colonic inflam-
mation characterized by circumferential wall thickening 
in CT scan with IV contrast, as shown in Figure 6 [69]. 
Another retrospective cross-sectional study also reported 
bowel wall thickening (29%), colon or rectal thickening 

(17%), and small-bowel thickening (12%) (n = 42) on CT 
scans with IV contrast [70]. 

Discussion 
The zoonotic action of beta-CoVs implicated concern for 
global health. With the recent COVID-19 pandemic, stud-
ies show how SARS-CoV-2 generates similar chest imag-
ing abnormalities (Table 1) to its familial predecessors. 
However, despite its shared lineage with SARS-CoV-1 and 
MERS-CoV, key presentation and imaging differences do 
indeed exist. These differences represent opportunities for 
unique treatment plans, diagnostic criteria, and prepara-
tion for sequelae to avoid delayed or inappropriate care. 
Herein, we contrasted the available clinical and imaging 
features of the most notable b-CoVs to date.

The current review primarily focused on the similari-
ties and differences in radiological findings for various 
known clinical presentations. Chest CT scans noted in 
the SARS-Cov-2 infection may appear similar to other 
infections including influenza virotypes, connective tis-
sue diseases, acute lung injuries from drug reactions, and 
especially pathologies caused by other coronaviruses [71]. 
Regardless, several studies have demonstrated notable 
imaging findings apparent on chest CT and radiographs.  

Figure 6. Initial computed tomography (CT) scan of the abdomen and pelvis of patients infected with SARS-CoV-2. A) Axial CT image of the lower thorax 
shows no airspace disease in the lungs. A small, right pleural effusion is present (arrow). B-D) Intravenous contrast-enhanced CT scan of the abdomen and 
pelvis in the coronal (B and D) and axial (C) planes shows severe inflammation of the ascending colon (B), transverse colon (C), and descending colon (D) 
characterized by circumferential wall thickening, mural hyperenhancement, mesenteric hypervascularity, and pericolic fat stranding (arrows)
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In the early stages of the disease course, findings of chest 
radiography and CT may range from a normal appearance 
to unilateral or bilateral lung opacities, which can have 
a basilar or peripheral distribution [72]. Several char-
acteristics including higher incidences of bilateral lung 
involvement, multifocal consolidation, and crazy-paving 
pattern were uniquely noted in the presentation of SARS-
CoV-2 infection [15,18,19,24,25,27]. While there was 
relatively little documentation of bilateral lung involve-
ment in CT findings of SARS-CoV-1 infection [18], it was 
described markedly earlier and less frequently compared 
to the SARS-CoV-2 disease course [15,17-19,24,25,27]. 
Early lung involvement, bilateral and symmetric GGOs 
and consolidations and crazy-paving pattern, which is as-
sociated with ARDS on chest CT, may be consistent with 
a more severe presentation of SARS-CoV-2 infection 
compared to other beta-CoVs. As the number of patients 
post-hospitalization with SARS-CoV-2 continues to rise 
more is being uncovered, such as the presence of orga-
nizing pneumonia patterns following more prolonged or 
complicated disease courses [73-75]. Studies are showing 
the presence of common radiographic findings of orga-
nizing pneumonia (peripheral subpleural consolidations 
or GGOs, peri-bronchovascular opacities or thickening, 
nodules, masses, and interstitial opacities/septal wall 
thickening in similar distribution) alongside the needed 
histological sample that confirms its presence in SARS-
CoV-2 cases [73-76]. 

There are similar extra-pulmonary clinical presenta-
tions across the 3 b-CoVs. Notably, patients infected with 
the b-CoVs exhibited cardiovascular, gastrointestinal, 
neurological, and haematological presentation among 
other systems involved. 

Reports of abnormal echography are reported for 
patients infected with SARS-CoV-1 and SARS-CoV-2 
for cardiovascular presentation [36,37]. In SARS-CoV-1 
infection, results show that there are significant diastolic 
impairments compared to systolic [37]. Pericardial effu-
sion, myocardial scar represented by delayed gadolinium 
enhancement, and abnormal T1 and T2 relaxation time, 
were common findings of cardiac MRI in patients infected 
with SARS-CoV-2. Venous thromboembolism was fre-
quently reported in patients infected with SARS-CoV-2 
with incompressible veins, echogenic clots, and minimal 
or absent flow within a swollen vein as common imaging 
findings [40-43]. CT pulmonary angiogram in patients 
infected with SARS-CoV-2 reported high rates of dilated 
pulmonary vasculature. Reports of thromboembolism 
were less frequent in SARS-CoV-1 [44]. Common cardiac 
MRI findings in patients infected with SARS-CoV-2 in-
clude myocardial oedema, pericardial effusion, LGE, and 
elevated T1, T2, and ECV. Even after recovery, patients 
who experienced cardiac symptoms continuously exhibit-
ed myocardial scar represented by LGE, and raised T1, T2, 
and ECV levels. At the time of writing, findings on cardiac 
MRI for SARS-CoV-1 and MERS-CoV are limited.

With gastrointestinal manifestation, imaging results 
exhibit bowel wall thickening in SARS-CoV-2 infection 
[64,68,69]. Although patients infected with SARS-CoV-1 
and MERS-CoV reported gastrointestinal clinical mani-
festations, there are limited reports on the imaging find-
ings [64-67]. Neuroimaging findings identified white 
matter changes and lesions common to SARS-CoV-2 and 
MERS-CoV [50-52]. Lastly, haematological abnormali-
ties were present in all b-CoVs, such as thrombocytopae-
nia, disseminated intravascular coagulation, and venous 
thromboembolism [52,54,59]. Notably, SARS-CoV-1 and 
SARS-CoV-2 were associated with increases in acute phase 
reactants such as D-dimer and fibrinogen [68]. However, 
only SARS-CoV-2 infections reported thrombotic com-
plications such as PE and venous thromboembolism [44].

Current challenges in diagnosing SARS-CoV-2 infection 
and its evolving nature could potentially lead to increased 
disease complications and poorer prognosis amongst cases 
with delayed diagnosis. Because it is difficult to differentiate 
SARS-CoV-2 pneumonia from many other viral respirato-
ry infections using thoracic imaging alone, a combination  
of clinical manifestations, laboratory testing, and contact 
history should be considered in the final diagnosis. 

Limitations

The chief limitation of the current study is the consistency 
of available literature. Herein we examined numerous ret-
rospective studies (e.g. systematic reviews and epidemio-
logical data), which naturally lent themselves to method-
ological bias, selection bias, and confounding variables 
previously described by Waller et al. [77]. For example, 
many studies reported radiological evidence of SARS-
CoV-2 infection only from strictly clinically symptomatic 
patients. Furthermore, analysis of imaging findings repre-
senting beta-CoV infection captures only a snapshot of the 
disease course. 

Future directions

The recent emergence of novel SARS-CoV-2 variants 
further underscores the need for improvements in the 
diagnostic methods for detecting SARS-CoV-2 infection, 
given its continuous evolution in the setting of a pro-
longed pandemic. Future investigations should examine 
the role of imaging in the screening of SARS-CoV-2 in-
fection of both clinically asymptomatic and symptomatic 
patients, coupled with assessment of the disease course. In 
line with the above discussion, detection of SARS-CoV-2 
infection by RT-PCR alone may still be limited. While  
RT-PCR kits improve, clinicians may need to interpret 
SARS-CoV-2 test results in the overall context of the pa-
tient’s clinical presentation, aided by laboratory results 
and imaging findings. 
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Conclusions
As of January 2022, more than 300 million cases of 
SARS-CoV-2 infection have been verified, and 5.5 mil-
lion SARS-CoV-2-infected persons have died [6]. The key 
to understanding and increasing diagnostic accuracy for 
current and future b-CoV strains is having the best pos-
sible understanding of their clinical courses and pertinent, 
although subtle, imaging differences. Herein we reviewed 

the properties unique to and shared among the primary 
b-CoV – SARS-CoV-1 (2002), MERS-CoV (2012), and 
SARS-CoV-2 (2019) in the context of commonly involved 
organ systems and pertinent imaging findings.
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