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In December 2019, an outbreak of coronavirus infection emerged in Wuhan, Hubei Province of China, which
is now named Coronavirus Disease 2019 (COVID-19). The outbreak spread rapidly within mainland China and
globally. This paper reviews the different imaging modalities used in the diagnosis and treatment process of
COVID-19, such as chest radiography, computerized tomography (CT) scan, ultrasound examination, and pos-
itron emission tomography (PET/CT) scan. A chest radiograph is not recommended as a first-line imaging mo-
dality for COVID-19 infection due to its lack of sensitivity, especially in the early stages of infection. Chest CT
imaging is reported to be a more reliable, rapid, and practical method for diagnosis of COVID-19, and it can
assess the severity of the disease and follow up the disease time course. Ultrasound, on the other hand, is
portable and involves no radiation, and thus can be used in critically ill patients to assess cardiorespiratory
function, guide mechanical ventilation, and identify the presence of deep venous thrombosis and secondary
pulmonary thromboembolism. Supplementary information can be provided by PET/CT. In the absence of vac-
cines and treatments for COVID-19, prompt diagnosis and appropriate treatment are essential. Therefore, it is
important to exploit the advantages of different imaging modalities in the fight against COVID-19.
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Background

On 29 December 2019, a cluster of severe acute respiratory
infections of unknown etiology was first reported in Wuhan,
Hubei province, China [1]. Later, the infection rapidly spread
to other regions of China and several other countries [2,3].
Scientists in China were able to quickly identify that the new
coronavirus, which was later named severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2) by the International
Committee on Taxonomy of Viruses (ICTV), was responsible for
the outbreak of novel coronavirus pneumonia (NCP) [4]. On 11
January 2020, the World Health Organization (WHO) officially
named the disease Coronavirus Disease 2019 (COVID-19) [5].
By 18 March 2020, COVID-19 had spread to many countries
around the world, resulting in 191 127 confirmed cases and
7807 deaths [6]. However, after numerous efforts by the Chinese
government, public health agencies, and clinicians, the epidem-
ic curve of the new cases in China peaked on February 12-13,
after which it began to decline, suggesting that the number
of new cases was falling [7]. Now, the number of new daily
cases is lower than the number of daily discharged cases in
China. Imaging plays an important role in the management of
COVID-19. This paper aims to provide a timely review of vari-
ous imaging modalities in use in the diagnosis and treatment
process of COVID-19, including chest radiographs, computer-
ized tomography (CT) scan, ultrasound examination, and pos-
itron emission tomography (PET/CT) scan.

Diagnosis of COVID-19

The National Health Commission of the People’s Republic of
China recommends a set of clinical criteria requiring that sus-
pected patients meet at least 1 of the 4 epidemiological histo-
ries and 2 clinical manifestations. However, if there is no clear
epidemiological history, the case must meet at least 3 of the fol-
lowing clinical manifestations [8]: (1) Epidemiological history of
travel or residence in Wuhan City, Hubei Province, China with-
in 14 days before the onset of signs and symptoms; (2) History
of exposure to confirmed cases within 14 days before the on-
set of symptoms; (3) History of contact with people who have
fever/respiratory symptoms from Wuhan or surrounding dis-
tricts or clustered onsets; (4) Clinical manifestations of fever
and/or respiratory symptoms; (5) Typical imaging characteris-
tics of COVID-19 pneumonia; and (6) Normal or reduced white
blood cell counts and reduced lymphocyte counts in the early
stages of onset. Suspected cases are confirmed based on the
presence of coronavirus nucleic acid with positive real-time
fluorescent RT-PCR detection or viral gene sequencing that is
highly homologous to the new coronaviruses.

RT-PCR is recognized as the criterion standard for the molecu-
lar diagnosis of COVID-19, but it produces many false-negative
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results. In the detection of COVID-19 infection, lower-respiratory
tract samples have higher diagnostic value than upper-respiratory
tract samples [9], but lower-respiratory tract sampling (e.g., using
alveolar lavage fluid) is difficult. Sampling errors and low viral
load limit the accuracy of RT-PCR [10]. In addition, it is time-con-
suming and a shortage of viral testing kits due to the epidemic
also limit the application of RT-PCR [11]. Some patients may be
unable to get timely diagnosis and treatment in the early stage,
which may increase the spread of the epidemic. Therefore, some
Chinese experts recommend use of imaging in the diagnosis of
COVID-19 [12], which allows early identification, isolation, and
intervention for infected patients, which could help control the
sources of infection and reduce the infection rate.

Pathological Findings

Pathological changes form the basis of imaging in diagnosis.
Biopsy samples taken from the lungs of patients with COVID-19
infection show diffuse pulmonary alveolar damage. The inflam-
matory lesions revealed alveolar edema and hyaline membrane
formation, which are associated with acute respiratory distress
syndrome (ARDS) [13]. The pathological findings of COVID-19
are similar to those previously reported in severe acute respi-
ratory syndrome (SARS) and Middle Eastern respiratory syn-
drome (MERS) coronavirus infections [14,15]. However, gross
anatomical observations showed that pulmonary fibrosis and
consolidation in COVID-19 patients were not as severe as
those reported in SARS patients, but the exudation response
in COVID-19 is more obvious [16]. The pathological findings
are consistent with the image changes. At the early stage of
COVID-19 infection, a wide range of pulmonary interstitial in-
flammation with numerous infiltrating plasma cells and mac-
rophages may be the pathological basis for ground-glass opac-
ities (GGOs) [17]. With the progression of the lesions, a large
amount of inflammatory exudate accumulates in the alveo-
lar cavity, which increases the alveoli and interstitial edema.
Cellulose-like exudate connects the alveolar and form consol-
idation. Type Il pneumocyte hyperplasia and inflammatory
cell infiltration of the alveolar wall lead to reticular interlobu-
lar septal thickening in CT examination [18]. Pathological find-
ings provide new insights into the pathogenesis of COVID-19
infection, which can be useful in developing novel therapeu-
tic strategies aimed at reducing the mortality rate.

Chest Radiography

Chest radiography showed no abnormalities in early-stage
COVID-19 infection (Figure 1A). Therefore, radiography was
not recommended as the first-line modality in screening sus-
pected COVID-19 patients [19]. However, chest radiography
in mild COVID-19 infections showed local patchy shadows in
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Figure 1. Chest radiography image of a COVID-19-infected patient. A 50-year-old man with a 2-day history of fever and cough. At first,
there was no abnormality in the chest radiography image except for a mild enlarged cardiac shadow (A). Two days later,
a local patchy shadow was found in the outer band of the left lung (arrow) (B).

the outer band and subpleural area of the lungs (Figure 1B).
Multiple consolidations were found in severe cases, where
some fused into large patches, with small amounts of pleu-
ral effusion detected. In critically ill patients, diffuse consoli-
dation shadows present as “white lung” [20]. For critically ill
patients (especially those who had endotracheal intubation),
a bedside digital radiography can be used as an important re-
view tool to determine the severity of infection [12].

Chest CT Images

Imaging features

Chest CT examination, especially chest CT volume scanning with
thin-layer reconstruction, is currently being used as the first-line
imaging modality in the diagnosis of COVID-19 in China [12,20].
The most commonly reported CT findings in COVID-19 include:
(1) GGOs, consolidation, or both, with a peripheral and basal
distribution in the bilateral lungs and often with reticular in-
terlobular septal thickening (known as crazy-paving pattern)
(Figure 2); (2) Bronchial wall thickening and air bronchogram
signs occur in a proportion of patients (Figure 3); and (3) Signs
of pleural effusion, pericardial effusion, and lymphadenopathy
are relatively rare [19,21-23]. There were notable differences
in CT findings between COVID-19-infected children and adults.

Most pediatric lesions were relatively limited and GGOs were
smaller [24]. A paving pattern is rarely seen in children, but
there may be bronchopneumonia-like changes in the lungs.
Epidemiological history and clinical manifestations were more
helpful in the diagnosis of COVID-19 infection in children ver-
sus chest CT [25].

Differentiating between COVID-19 pneumonia and other
kinds of pneumonia

It is important to distinguish COVID-19 pneumonia from other
viral pneumonia (such as influenza pneumonia, parainfluen-
za pneumonia, SARS and adenovirus pneumonia), mycoplas-
ma pneumonia, and bacterial pneumonia. CT manifestations
of bacterial pneumonia are patchy shadows distributed along
the bronchi, which can be merged into a large-lobe lesion or
consolidation. Coupled with the increase in white blood cells,
laboratory tests can be used to distinguish COVID-19 pneumo-
nia [19]. Pneumonias caused by different viruses share similar
CT features, so differential diagnosis by CT images is difficult.
Table 1 summarizes CT findings in different viral pneumo-
nias [26]. Compared with non-COVID-19 pneumonia, COVID-19
pneumonia was more likely to have a peripheral distribution
GGOs and reticular interlobular septal thickening, but less like-
ly to have central distributions, pleural effusion, and lymph-
adenopathy [27]. Travel or residence in Wuhan or close contact
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Figure 2. CT images of confirmed COVID-19-infected patients. (A) A 37-year-old man with a 3-day history of fever and cough.
The chest CT image showed GGOs with peripheral distribution in the lung. (B) Local amplification of the GGOs.
(C) A 70-year-old man with a history of type 2 diabetes mellitus and hypertension. On the seventh day after coming back
from Wuhan, he had fever and cough. Reticular interlobular septal thickening and typical crazy-paving pattern were shown
by chest CT images. (D) Local amplification of crazy-paving pattern.

with confirmed/suspected patients can provide an essential clue
for the diagnosis of COVID-19 pneumonia. The diagnosis must
be confirmed by nucleic acid testing or viral gene sequencing.

Clinical application values

RT-PCR testing was reported to have high specificity but its sen-
sitivity was low, at only 59-70% [11,28]. This means that ex-
cluding a suspected case of COVID-19 infection requires mul-
tiple negative results. RT-PCR testing is time-consuming and
this increases the risk of spread in the population due to the
highly contagious nature of COVID-19. CT examination is rela-
tively easy to perform and can thus provide a quick diagnosis.
In most COVID-19 confirmed cases, typical CT imaging findings
were reported [11]. Typical CT imaging findings were observed
in symptomatic patients with negative RT-PCR results [29,30].
Even asymptomatic patients could have positive CT images
and these could be the basis for imaging assist in early diag-
nosis [31]. Jiang et al. reported the CT imaging features of 17
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asymptomatic health care workers diagnosed with COVID-19
infection by RT-PCR. The study revealed that all the health care
workers had a history of close contact with COVID-19 patients
and their CT images were positive for COVID-19 [32]. The le-
sions in patients receiving treatment reduced in size while
those in patients not receiving treatment were enlarged. In a
study of 1014 patients, the results showed that 59% had pos-
itive RT-PCR results and 88% had positive CT results. The sen-
sitivity of CT in identifying COVID-19 was 97% [28], which in-
dicates that CT examination is a reliable, practical, and rapid
method in the diagnosis of COVID-19, especially in epidemic
areas where the focus is rapid detection with high sensitivity.

In addition to aiding in diagnosis at an early stage, CT exami-
nation can also be used to assess the severity of the disease.
Patients with RT-PCR-confirmed COVID-19 and normal chest CT
were usually mild cases rather than severe cases, suggesting
that CT images can predict the outcome of patients. Wu et al.
performed a semi-quantitative analysis of the pulmonary
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Figure 3. CT images of confirmed COVID-19-infected patients. (A) A 70-year-old man with fever (38.5°C), cough for three days, and
had a travel history of Wuhan City. Chest CT displayed patchy GGOs with bronchial wall thickening in the left upper field.
(B) Local amplification of the bronchial wall thickening. (C) A 50-year-old male with a residence history of Wuhan City. He
had his first visit to our hospital on January 25, 2020, because he had a fever and cough for two days. Chest CT acquired on
February 1, 2020, showed multiple subpleural distributed GGOs with consolidation lesions. An air bronchogram sign could be
found in the right lung lobe. (D) Local amplification of the air bronchogram sign.

lesions in patients with COVID-19 and found that the pulmo-
nary lesion index values were significantly correlated with the
values of the main clinical symptoms and inflammatory mark-
ers [23]. There was a significantly higher incidence rate of con-
solidations, crazy-paving pattern, and bronchial wall thicken-
ing in severe and critical patients than in mild patients [33].

Also, during the treatment process, CT can be used to follow
the disease time course and quickly detect lung complications.
The number, range, and density of GGOs are reported to in-
crease as the disease progresses [29,34], while smaller size,
range, and absorption of GGOs or consolidation indicated im-
proved disease condition [35, 36]. CT manifestations can be
divided into early stage, advanced stage, critical stage, and
involuted stage based on lesion extension and severity [12].
Pan et al. revealed that in early-stage disease, CT images in
approximately 50% of patients had peripheral lung opacities.
The GGOs developed rapidly, demonstrating crazy-paving and/or

consolidation involving multiple lobes (Figure 4). In patients
without ARDS, chest CT showed that lesions were most se-
vere about 10 days after the onset, which then began to im-
prove [37]. A subset of patients whose CT imaging showed
multiple lobular lesions or progression of lesion focus within
48 h >50% indicated critical stage and the need for Intensive
Care Unit (ICU) monitoring and treatment [38].

CT imaging has specific limitations. Because COVID-19 patients
with RT-PCR-confirmed infection can also have normal CT find-
ings, constant vigilance is needed to identify COVID-19 patients
who may be asymptomatic with normal chest CT findings and/or
even negative initial PR-PCT results [39]. Considering the fi-
nancial cost and repeated exposure to ionizing radiation in-
volved in CT examination, a more thorough analysis is needed.
A dedicated CT scanner room, examination waiting area, and
a special pathway for COVID-19-infected patients is essential
to avoid cross-infection [40].

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€924582-5




REVIEW ARTICLES

Jiang Z. et al.:
Imaging techniques in management of COVID-19
© Med Sci Monit, 2020; 26: €924582

Table 1. CT findings of COVID-19 pneumonia and other viral pneumonia.

Cause of pneumonia

Consolidation

Nodules/
micronodules, and

Bronchial and/or
bronchiolar wall

Interlobular septal

thickening

RNA viruses

Coronavirus (COVID-19 e.g.) ++++ o
Influenza +H++ ++
Parainfluenza +++ ++
RSV 4+ +
HMPV +++ +
Measles +++ ++
Hantavirus +++
DNA viruses

Adenovirus ++ 4+
HSV +++

Varicella ++

TBOs thickening

Relative frequency of the features from lowest level (+) to highest level (++++). (Data adapted from Ref. [26]). GGOs — ground-glass
opacities; TBOs — tree-in-bud opacities; RSV — respiratory syncytial virus; HMPV — human metapneumovirus; HSV — herpes simplex

virus.

Figure 4. A 37-year-old man with a 3-day history of fever and cough. He had a history of close contact with COVID-19 confirmed cases
and later he was confirmed to be COVID-19-infected by RT-PCR. (A) The first chest CT acquired on February 12, 2020, showed
small GGOs in the bilateral lungs. (B) Eight days later, follow-up chest CT showed the GGOs developed rapidly. The size and
range of the lesions increased, which indicated the deterioration of the disease.

Ultrasound Examination

Foundation for clinical applications

Ultrasound is one of the most commonly used imaging mo-
dalities in clinical practice, providing systematic and rapid ex-
aminations of multiple organs at the bedside without use of

radiation. Initially, ultrasound was thought to be incapable
of detecting lung lesions. However, since the 1990s, lung ul-
trasound has been applied in a wide range of clinically criti-
cal conditions [41]. Basic signs of lung ultrasound can be de-
scribed as A-lines, B-lines, subpleural consolidation, and lung
sliding sign [42]. For COVID-19-infected cases, pulmonary le-
sions predominantly appeared in peripheral areas of the lung
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and subpleural regions of both lungs [30]. This makes it possi-
ble for an ultrasound to detect subpleural abnormalities [43].
However, deeply located lung lesions cannot be detected by
ultrasound, and it is difficult for ultrasound to be used in the
differential diagnosis of pneumonia. Ultrasound is not rec-
ommended in the diagnosis of mild cases. It can be used as a
supplementary method in pulmonary and cardiac evaluation,
especially in critically ill patients who should not be moved
and for whom CT examination is impossible [44].

Applications of critical ultrasonography

Some COVID-19-infected patients progress to severe or critical
condition [45]. Ultrasonography is particularly important in ex-
amining critically ill patients and in determining the direction
of treatments, especially hemodynamic therapy [46,47]. It fo-
cuses on functional imaging rather than anatomical imaging
and its applications can be summarized as follows.

Firstly, an ultrasound examination can be used as an imaging
modality in the rapid assessment of illness. A critical consulta-
tion ultrasonic examination (CCUE) is recommended in COVID-
19-infected patients with symptoms of dyspnea or circulation
fluctuation, for prompt analysis of possible complications. An in-
crease in the number of B-lines and the area of the consolida-
tion may suggest progression of the lung disease. Otherwise,
changes in the heart size and ventricular wall thickness, seg-
mental wall motion abnormalities, and decreased ventricular
contractile function could indicate heart injury [48].

Secondly, respiratory support is essential in severe and critical
cases, but the time point to switch from noninvasive ventila-
tion to invasive mechanical ventilation is a major issue among
clinicians [49]. Lung ultrasound showing progressive diffuse
fusion B-line and the presence of significantly enhanced dia-
phragm activity can be an indication of severe lung damage.
Combined with the oxygenation index, shifting from nonin-
vasive ventilation to invasive mechanical ventilation is like-
ly to occur earlier [50]. After invasive ventilation, ultrasound
can help monitor the process of lung recruitment maneuver
while preventing lung injuries caused by mechanical ventila-
tion [51]. Weaning is a critical part of mechanical ventilation for
COVID-19-infected patients. Systematic ultrasound evaluation
of lung, heart, and diaphragm function before and after wean-
ing can help to avoid weaning failure or even re-injury caused
by failed extubation, which can reduce the mortality rate and
the risk of medical staff infection [52]. When mechanical venti-
lation cannot improve oxygenation, extracorporeal membrane
oxygenation (ECMO) can be a treatment option [53]. Ultrasound
enables visual management in the process of ECMO.

Thirdly, echocardiography can be used to assess circula-
tion functions. The most commonly reported complication of

REVIEW ARTICLES

COVID-19 critical patients is ARDS, followed by acute heart
injury and secondary infection [38]. Elevated troponin levels
occur in COVID-19 patients at the early stages of onset, sug-
gesting viral myocardial damage [50], but this needs to be con-
firmed by additional study, such as monitoring hemodynam-
ic changes. The use of floating catheters and central venous
pressure monitoring is limited by the environment of epidem-
ic areas. The 7% Diagnosis & Treatment Scheme published in
China has recommended Doppler ultrasound and echocardiog-
raphy as noninvasive means for the evaluation of hemodynam-
ics [8]. Echocardiography can quickly evaluate hemodynamics
and identify whether there are segmental wall motion abnor-
malities [54], stress-induced cardiomyopathy, or acute right
heart dysfunction [55], which could guide treatment.

Finally, coagulation abnormalities have been reported in ap-
proximately 20% of severe and critically ill COVID-19 pa-
tients [35,38]. Sudden deterioration in condition, often ac-
companied by a dramatic elevation in D-dimer, suggests a
hypercoagulable state [56]. For patients who stay in bed for
more than 3 days, the symptom of asymmetrical pain, swelling,
or discomfort of unilateral/bilateral lower limbs can indicate
the risk of lower-limb deep vein thrombosis (DVT). For patients
with central venous catheters, local swelling of the catheterized
limbs can indicate the risk of upper-limb DVT. Secondary pul-
monary thromboembolism should also be watched for [57]. It
is proposed that all hospitalized patients undergo ultrasound
examinations of the circulation (including intermuscular veins)
to detect a thrombus and define its scope and nature [44]. This
way, effective and timely interventions can be provided for pa-
tients who are at high risk for embolism.

PET/CT Examination

18F-FDG PET/CT is not recommended for routine diagnosis in
emergency settings, but in early-stage COVID-19, PET/CT has
potential clinical utility in the differential diagnosis of complex
cases. A case series illustrated the PET/CT findings of patients
with ARDS caused by COVID-19 infection [58]. The study report-
ed that all patients had peripheral GGOs and/or lung consoli-
dations in multiple pulmonary lobes. Pulmonary lesions were
characterized by high 8F-FDG uptake, which reflected the in-
flammatory burden. It is similar to PET/CT images of respi-
ratory syndrome and MERS coronaviruses infections [59,60].
18F-FDG uptakes were higher in involved lymph nodes, which
was not revealed by other imaging modalities [20,61]. There
were no disseminated lesions in other body parts, indicating
that this coronavirus exhibited pulmonary tropism. It was also
reported that PET/CT lung ventilation and perfusion scanning
can provide accurate imaging of regional lung function [62].
Radioisotope scanning could possibly be used in the evalua-
tion of lung function in COVID-19 pneumonia. However, it is
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worth noting that a long PET/CT procedure might increase the
risk of virus spreading [63].

Diagnostic Performance of Various Imaging
Modalities in Detecting COVID-19 Pneumonia

Jiang Z. et al.:
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relatively low for mild to moderate cases but high for severe
cases. There is no relevant research reported on the diagnos-
tic performance of chest radiography and PET/CT examination.

Conclusions

The reported sensitivities and specificities of CT in detecting
COVID-19 pneumonia varied from 67-98% and 24-94%, re-
spectively [11,28,64-66]. As reported by Raptis et al., the sen-
sitivities may be overestimated by patient selection bias and
the lack of detailed definition of positive CT findings [67].
The specificities may also be overestimated due to the lack of
singular image features unique to COVID-19 and lack of ob-
jective criteria for the definition of positive CT results [64].
There is little research on the diagnostic performance of de-
tecting various stages of COVID-19 infection. However, a re-
cent study showed the sensitivity and specificity of CT visual
quantitative analysis in diagnosing severe-critical cases were
82.6% and 100%, respectively, indicating its potential to re-
flect the clinical classification of COVID-19 [68].

Regarding the diagnostic performance of lung ultrasonography,
the ultrasound scores in diagnosis of mild, moderate, and se-
vere lung lesions exhibited a sensitivity of 68.8%, 77.8%, and
100.0%, a specificity of 85.7%, 76.2%, and 92.9%, and diag-
nostic accuracy of 76.7%, 76.7%, and 93.3%, respectively [69].
These results indicate that ultrasound diagnostic efficacy is
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In summary, this paper compares various imaging modalities
being used in the management of COVID-19 in China. The ad-
vantage and disadvantage of each imaging modality in detect-
ing lesions can be summarized as below: (1) Chest radiography
shows no abnormalities in early-stage COVID-19 but could be
used as a screening tool in patients who are not allowed to be
transferred for CT examination; (2) Chest CT is a reliable, fast,
and practical imaging modality for management of COVID-19
in China, although the financial cost and repeated exposure
to ionizing radiation should be considered; (3) Deeply located
lung lesions cannot be detected by ultrasound, but it could be
used in critically ill patients to assess cardiorespiratory func-
tion, help in respiratory support, and identify the presence of
deep venous thrombosis; and (4) PET/CT provides supplemen-
tary information beyond that provided by other imaging mo-
dalities. It is important to exploit the advantages of various
imaging modalities in the fight against COVID-19.
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