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I n December 2019, coronavirus disease 2019 (COVID-19) pneumonia occurred in Wuhan 
of China, and the virus spread quickly. By January 2020, the epidemic had spread to 
the whole nation and multiple countries and areas in the world. According to the 2019 

Novel Coronavirus Pneumonia Diagnosis and Treatment Scheme (6th edition) released by 
the National Health Commission (1), the diagnostic criteria should be determined based 
on epidemiology, clinical manifestations, computed tomography (CT) findings, and 
COVID-19 nucleic acid test. Nucleic acid test has been considered as the gold standard for 
confirming COVID-19, which is in line with the latest opinion published by the American 
College of Radiology (ACR) (2). Throat swab is adopted as the routine specimen collec-
tion mode at present, which has false negatives to some extent (3); as a result, COVID-19 
should be confirmed through repeated detection, and this process is time-consuming. 
Chest CT examination has the features of convenience, efficiency, and being able to in-
tuitively display the lesion, which can make up for the lack of nucleic acid testing effec-
tively, but the value of CT for early diagnosis of suspected patients is unclear. Therefore, 
this paper aimed to summarize and explore the CT findings of COVID-19, as well as the 
application value of CT in the early diagnosis of suspected cases, so as to achieve early 
segregation and treatment for COVID-19. 

PURPOSE 
We aimed to explore the imaging findings of computed tomography (CT) in diagnosing coro-
navirus disease 2019 (COVID-19) and its clinical value for further evaluation of suspected cases. 

METHODS
Files of 155 patients visiting the fever clinics at our hospital and affiliated hospitals from Janu-
ary 20th to February 9th, 2020 were searched. Among them, 140 cases (including 82 males and 
58 females) were included as suspected COVID-19 cases based on clinical and epidemiological 
history; the CT image features of 70 cases with suggestive findings on CT, confirmed by positive 
nucleic acid test were analyzed and evaluated. The sensitivity and specificity of CT in diagnosing 
COVID-19 were evaluated in patients with epidemiological history. 

RESULTS
Of the 70 patients, 84.3% showed bilateral lung involvement on CT; 27 cases (38.6%) showed 
ground-glass opacity (GGO), which was mostly distributed in the subpleural area (55.7%), and this 
sign was mainly observed in early COVID-19 patients. In addition, 41 cases (58.6%) manifested GGO 
combined with focal consolidation opacity, 2 (2.8%) had flake-like consolidation opacity, with in-
volvements of the periphery of lung field and the central zone (44.3%), and this sign was mostly 
observed in severe or critical patients. Concomitant signs such as pleural effusion and mediastinal 
lymph node enlargement were rare. Among patients with epidemiological history, the sensitivity 
of CT in diagnosing COVID-19 was 89.7% (70/78), and the specificity was 88.7% (55/62). 

CONCLUSION
CT shows high sensitivity and specificity in diagnosing COVID-19. CT is an important examina-
tion method in evaluation of suspected cases and assessment of disease severity. 
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Methods
This investigation was a retrospective 

study and was approved by our institution-
al review board (protocol number: 2020-
013). The informed consent requirement 
was waived.

Patients
A total of 155 patients visiting the fever 

clinics at our hospital and affiliated hospi-
tals from January 20th to February 9th, 2020 
were screened. Among the 155 patients, 92 
cases showed positive sign on CT examina-
tion and were suspected with COVID-19; 
finally, 70 of them were confirmed using 
the nucleic acid test (Fig. 1). The patient 
inclusion criteria were as follows: contact 
history with the epidemic area or COVID-19 
patients; chest CT examination before treat-
ment; presence of COVID-19 nucleic acid 
detection results; no other infectious dis-
ease; no artifact in CT images; and satisfying 
the observation conditions.

Finally, 140 cases were included in this 
study, including 82 males and 58 females, 
with the age of onset of 19–79 years, and the 
median age of 49 years. Of 140 cases, 8 were 
diagnosed as positive by nucleic acid test, 
but CT showed no positive signs; 7 were di-
agnosed as negative by first-time nucleic acid 
test, but had positive signs on CT, and repeat 
nucleic acid tests confirmed COVID-19.

CT examination
Chest CT examinations were performed 

using the Siemens 64 slice and Philips 128 
slice spiral CT scanners. CT examination was 
performed with all patients wearing surgi-
cal masks, in head-first supine position, un-
der breath-hold. The scanned area was from 
the superior aperture of thorax to the base 
of the lung. The scanning parameters were 
as follows: tube voltage 120 kV, automatic 
tube current, layer thickness 2 mm, interla-
mellar spacing 1 mm, matrix 512×512.

For the examination of patients with 
COVID-19, the Radiology department has set 
a dedicated CT scan machine and opened a 
dedicated examination access. All patients 
were required to wear medical protective 
masks during examinations, and technicians 
adopted second-level protection (dispos-
able working caps, protective glasses, med-
ical protective masks, protective clothing, 
disposable latex gloves, disposable shoe 
covers and strict hand hygiene). Position-
ing technicians worked in the contaminat-
ed area and could not enter the clean area 
before changing jobs in a specified time. To 
prevent cross-infection, the equipment and 
surfaces were disinfected after every exam-
ination. We used 75% ethanol to wipe and 
disinfect the CT scanner. The floor of the 
scan room was disinfected with 2000 mg/L 
chlorine. When there were visible contami-
nants, disposable absorbent materials were 
used to completely remove stains before 
disinfecting. The air disinfection machine 
was used for continuous disinfection in the 
equipment room. In addition, the air disin-
fection used ultraviolet radiation under un-
manned state, which needed to be contin-
uously irradiated for more than 30 minutes, 
followed by opening the window to venti-
late for at least another 30 minutes.

Image analysis
The images were analyzed and evaluated 

by two senior physicians in the cardio-tho-
racic section at the radiology department, 
and any disagreement was settled through 
mutual negotiation. The following CT find-
ings were recorded for each patient: scope 

of lesion involvement (unilateral or bilateral 
lungs); lesion distribution (peripheral zone, 
central zone or both); lesion number (sin-
gle, double, or multiple lesions); lesion den-
sity (ground-glass density, consolidation 
density or mixed density); other thoracic 
signs (mediastinal and lung hilar lymph 
node enlargement, pleural thickening and 
pleural effusion). 

The sensitivity and specificity of CT in di-
agnosing COVID-19 were calculated. 

Results
Patients were clinically categorized into 

light, normal, heavy, and critical condition 
according to the 2019 Novel Coronavi-
rus Pneumonia Diagnosis and Treatment 
Scheme (6th edition) released by the Na-
tional Health Commission. Among the 78 
cases confirmed as COVID-19 by nucleic 
acid testing, 8 were categorized as light, 36 
as normal, 23 as heavy, and 11 as critical. Ex-
cept for 3 patients who were identified as 
close contacts of confirmed cases and had 
no obvious clinical symptoms at the time 
of isolation and screening, the other 75 pa-
tients had different clinical symptoms at the 
time of consultation (Table 1). At the time of 
writing, 35 of the 78 COVID-19 patients had 
been cured, 40 were still under observation 
and treatment in the hospital, and 3 died 
(Table 2).

Seventy patients suspected with COVID-19 
upon CT and finally confirmed through nu-
cleic acid test were analyzed. The detailed CT 
findings are displayed in Table 3. 

According to the Imaging Diagnosis Guide-
lines for Novel Coronavirus Pneumonia (1st 

Main points

•	 COVID-19 pneumonia shows typical signs on 
CT, and CT has high sensitivity and specificity 
in diagnosis.

•	 In the severe situation of epidemic, CT can 
effectively make up for the problem of insuf-
ficient nucleic acid detection ability.

•	 Strict implementation of protective mea-
sures can effectively prevent cross-infection 
during the process of CT examination.

Figure 1. Flowchart of nucleic acid detection and CT diagnosis in 155 patients.

A total of 155 suspicious patients 
were included according to the 

inclusion criteria

78 were positive for nucleic acid 
test and were confirmed to have 

SARS-CoV-2

CT showed no positive signs of 
SARS-CoV-2 among 63 cases

Nucleic acid test persisted as negative, CT
showed lesion absorption and

disappearance after treatment, these 7 cases
were diagnosed with general pneumonia

70 cases were confirmed by
nucleic acid test

confirmed

excluded

77 cases wer diagnosed as 
SARS-CoV-2 based on CT positive signs

140 cases were finally enrolled

Negative nucleic acid test, no
changes in lesions during

treatment, 15 cases have not been
clinical diagnosed



edition in 2020) released by the Infectious 
Disease Section of Radiology Society of Chi-
nese Medical Association, COVID-19 can be 
divided into early, progressive, critical and 
termination stages based on the onset and 
course of disease. There are overlaps in the 
imaging findings between different stages. 

Early CT findings include multiple flake-like 
ground-glass opacities in bilateral lungs, 
accompanying with or without local consol-
idation opacity, which is mainly distributed 
along the bronchovascular bundle and sub-
pleural area, and the thickened blood vessel 
opacity or bronchus meteorology (Fig. 2). At 

progressive stage, the lesion manifests with 
enlarged lesion scope and co-existence of 
multiple properties; meanwhile, ground-
glass opacity, consolidation, nodule and 
strip opacities are also observed, which are 
mainly distributed in central and peripher-
al lung zones, subpleural area and base of 
lung, and fibrosis may also be seen (Figs. 3, 
4). At critical stage, the lesion can progress 
into bilateral diffuse consolidation, and 
flake-like ground-glass opacity can be seen 
in non-consolidation area. In 4 of our cases, 
the majority of the lungs were involved bi-
laterally, and the “white lung” manifestation 
(Fig. 5) was observed, while pleural effusion 
(5.7%) and mediastinal lymph node enlarge-
ment (2.8%) were rare. 

Among the 140 patients included in this 
study, 77 were initially diagnosed with 
COVID-19 based on CT, and 70 of them were 
confirmed with COVID-19 through nucleic 
acid test, while the remaining 7 cases had 
lesion disappearance after treatment and 
were discharged after recovery. The nucle-
ic acid tests for these 7 patients remained 
negative during this process, and they were 
clinically diagnosed with common pneu-
monia (Fig. 6). Consequently, the positive 
and negative predictive values of CT in di-
agnosing COVID-19 were 90.9% (70/77) and 
87.3 (55/63), the sensitivity and specificity 
of CT in diagnosing COVID-19 were 89.7% 
(70/78) and 88.7% (55/62), respectively, 
in patients with epidemiological history 
during the epidemic period (Table 4). 
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Table 1. Clinical characteristics of COVID-19 patients (n=77)

Disease 
condition

Number  
of cases

Clinical manifestation Laboratory inspection

Fever Cough Sore throat Fatigue Diarrhea
Difficulty 
breathing

White blood cell count Lymphocyte ratio

Reduced Normal High Reduced Normal

Light 8 5 4 2 2 0 0 2 6 0 6 2

Normal 36 32 28 19 32 9 0 10 26 0 20 16

Heavy 23 23 23 11 16 0 3 18 5 0 19 4

Critical 11 11 11 0 11 3 11 6 0 5 11 0

COVID-19, coronavirus disease 2019.

Table 2. Diagnostic findings and outcome according to the condition of COVID-19 patients (n=77)

Disease 
condition Number of cases

First PCR test CT findings PCR test after CT Outcome

Positive Negative Positive Negative Positive Negative Cured Hospitalized Death

Light 8 8 0 0 8 8 0 7 1 0

Normal 36 29 7 36 0 36 0 22 14 0

Heavy 23 23 0 23 0 23 0 6 17 0

Critical 11 11 0 11 0 11 0 0 8 3

COVID-19, coronavirus disease 2019; PCR, polymerase chain reaction; CT, computed tomography.

Table 3. CT findings of COVID-19 patients confirmed by nucleic acid test (n=70)

Imaging features n (%)

Lung involvement 

   Unilateral 11 (15.7)

   Bilateral 59 (84.3)

Distribution 

   Peripheral 39 (55.7)

   Peripheral and central 31 (44.3)

Number 

   Single lesion 14 (20.0)

   Two lesions 9 (12.9)

Multiple lesions 47 (67.1)

Density 

   Ground glass density 27 (38.6)

   Consolidation density 2 (2.8)

   Mixed density 41 (58.6)

Other signs

   Pleural thickening 12 (17.1)

   Pleural effusion 4 (5.7)

   Mediastinal lymph node enlargement 2 (2.8)

CT, computed tomography; COVID-19, coronavirus disease 2019.
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Discussion
The novel coronavirus belongs to the 

β-genus coronavirus, which is shown in 
current research to share over 85% homol-
ogy with the severe acute respiratory syn-
drome (SARS) coronavirus carried by bats. 
At present, the source of infection is mainly 
the COVID-19 patient, and respiratory tract 
droplet transmission is the major route of 
transmission, with general susceptibility. 
COVID-19 exhibits an extremely potent 
transmission capacity, and cases are report-
ed in all countries around the world (4, 5). 
Early discovery, early diagnosis and early 
segregation are important means to sup-
press the spread of epidemic; in this regard, 
chest CT is a convenient and simple method 
that displays the lesion features intuitively, 
making it a vital examination tool.

The imaging findings of COVID-19 are 
similar to those of SARS and Middle East re-
spiratory syndrome (MERS) induced by oth-
er coronaviruses. The lesion is dominated 
by pulmonary interstitial inflammation (6–
8), with the major manifestations of flake-
like or nodule-like ground-glass opacities 
and local consolidation opacity in the lung. 
The main CT finding of the 70 COVID-19 
patients included in this study was involve-
ment of bilateral lungs (84.3%); 27 cases 
(38.6%) showed ground-glass opacities 
mostly distributed in the subpleural area 
(55.7%), with thickening lung vessel opac-
ity or “slabstone” sign seen inside. This sign 
was mainly seen in early COVID-19 patients 
or those with mild symptoms. Currently, the 
pathogenesis of COVID-19 remains unclear. 
Based on analysis of SARS coronavirus with 
85% homology, the virus is colonized in 
alveolus and respiratory bronchial epithe-
lium (9) at the early stage, which results in 
alveolar wall swelling, serous inflammatory 
exudation in the alveolus, thus manifesting 
as ground-glass opacity on imaging, and 
the “slabstone” sign is seen at the time of 
alveolar interstitial inflammatory thicken-
ing. In this study, 41 cases (58.6%) showed 
ground-glass opacities combined with local 
consolidation opacity, while 2 cases (2.8%) 
exhibited flake-like consolidation opacity, 
which was mainly seen in severe or critical 
patients. Upon analysis, these different im-
aging findings may be related to the fact 
that disease aggravation can lead to acute 
diffuse lung injury to various degrees (10) 
and the inflammatory exudation increases 
in the alveolus, which results in the co-ex-
istence of ground-glass opacity, consolida-

Table 4. Sensitivity and specificity of CT in diagnosing COVID-19 (n=140)

Diagnosis based on nucleic acid test 

TotalPositive Negative 

Possible diagnosis based on CT Positive 70 7 77

Negative 8 55 63

Total 78 62 140

CT, computed tomography; COVID-19, coronavirus disease 2019.

Figure 2. a, b. Early stage CT findings of COVID-19. Axial CT image (a) of a 46-year-old female 
presenting with fever for 3 days. Flake-like ground-glass opacities are observed in the subpleural 
areas of upper lobes of bilateral lungs, in which thickened small vessels (black arrows) are seen. Axial 
CT image (b) of a 34-year-old male presenting with fever and cough for 6 days. A large sheet-like 
ground-glass opacity is seen in the upper lobe of left lung, in which the grid opacities are observed 
with the slabstone sign (black arrows). 

a b

Figure 3. a, b. Progressive stage CT findings of COVID-19. Axial CT images (a, b) of a 28-year-old 
female presenting with fever and cough for 7 days. Multiple flake-like ground-glass opacities and 
consolidation opacity are observed in bilateral lungs, most remarkably in the lower lobes; bronchial 
meteorology (black arrow) is seen in local lesion. 

a b

Figure 4. a, b. Progressive stage CT findings of COVID-19. Axial CT images (a, b) of a 52-year-old 
male presenting with fever for 5 days and diarrhea. Multiple sheet-like ground-glass opacities are 
observed in both lungs, which are more obvious in the right lung.

a b



tion and strip opacities on CT images. In 
addition, signs such as pleural effusion and 
mediastinal lymph node enlargement are 
rare, which are only seen in critical elderly 
patients, and this may be related to under-
lying comorbidities usually present in the 
elderly patients. 

Routine use of CT in this pandemic is still 
controversial due to difficulties in its disin-
fection process. In order to prevent cross-in-
fection during the epidemic, protection 
measures must be strictly implemented 
in the hospital. The radiology department 
should establish an independent medical 
imaging examination area or special radio-
logical examination equipment, and clearly 
define the contaminated area, semi-con-
taminated area and clean area according to 
the requirements of nosocomial infection 
control, and each area should be strictly 
disinfected. During examination, follow-
ing points should be minded: 1) Patients 
should wear a medical protective mask 
throughout the examination; 2) The posi-
tioning technician should strictly imple-
ment second-level protection, instruct the 

patient to lie on the examination bed and 
operate the rack to complete the position-
ing work; 3) CT technician should operate 
the machine to complete the examination 
and then perform rapid hand disinfection 
after the examination is completed before 
opening the shielding door; 4) and the 
medical personnel who escort the patient 
should return the patient back to the ward 
or clinic according to the designated route; 
5) After the examination is completed, the 
machine, the ground and the air should be 
disinfected. The escort of patients should 
be coordinated with the Infection Depart-
ment, Radiology Department, medical 
services and wards to establish a path for 
sending and returning COVID-19 confirmed 
patients. Before the examination starts, 
there should be no unnecessary person 
around the designated CT and the trans-
portation path in cooperation with the 
hospital security and logistics staff, and the 
transportation personnel should use 75% 
alcohol or 1000 mg/L chlorine disinfectant 
spray as necessary. Under these strict pro-
tective measures, no cross-infection caused 

by CT examination was found in this study 
during the epidemic.

Additionally, there are some circumstanc-
es in which CT use is not suitable: patients 
who cannot strictly implement hospital 
protective measures, patients who are rest-
less, patients with critical illnesses such as 
major bleeding, and pregnant women.

In this study, 8 patients were diagnosed 
positive by nucleic acid tests, but no pos-
itive signs were found on chest CT. These 
patients had mild clinical symptoms such 
as low fever, cough or fatigue. According 
to the sixth COVID-19 diagnosis and treat-
ment guidance, these patients are clinically 
classified as mild cases. Therefore, CT has no 
positive signs in patients with mild clinical 
symptoms and positive nucleic acid test 
for COVID-19, so CT scan may not be per-
formed at an early stage. CT scan can be 
used to detect the progress of the disease, 
which is consistent with the views of ACR 
and Fleischner Society (2, 11).

Initial nucleic acid tests were negative for 
7 patients, but chest CT showed positive 
signs, and COVID-19 was confirmed on sub-
sequent nucleic acid tests. Four of these pa-
tients had clinical symptoms such as fever 
and respiratory symptoms, while the other 
three had no obvious clinical symptoms, 
but chest CT showed a patchy ground glass 
density lesion under pleura, suggesting 
that such patients can be easily missed.  
Therefore, for patients with high suspicion 
of epidemiological contact history but neg-
ative nucleic acid test, chest CT scan can fur-
ther assist diagnosis, effectively isolate the 
infected person at an early stage, and con-
trol the spread of the epidemic. Sverzellati 
et al. (12) and other recent studies pointed 
out that during the pandemic, CT scan can 
be used for classifying patients with symp-
toms of respiratory tract infection into non-
COVID-19 infection, suspected COVID-19 
and confirmed COVID-19, which has im-
portant significance in the outpatient and 
emergency settings, alleviating the stress of 
isolation treatment for COVID-19 patients in 
the hospital. This is similar to our research.

According to our results, the sensitivity 
and specificity of CT in diagnosing COVID-19 
were 89.7% and 88.7%, respectively, among 
patients with epidemiological history, which 
is of vital clinical application value. 

There are some limitations to this study. 
The sample size included in the study is 
limited, and can be expanded in a later 
stage. This study summarizes the clinical 
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Figure 5. a, b. Critical stage CT findings of COVID-19. Axial CT images (a, b) of a 69-year-old male 
presenting with fever and dry cough for 6 days. Multiple diffuse ground-glass opacities and 
consolidation opacity are observed in both lungs, which show “white lung” sign.

a b

Figure 6. a, b. CT findings of common pneumonia. Axial CT image (a) of a 34-year-old female 
presenting with fever and cough for 4 days. Strip-like ground-glass opacities are observed in the 
subpleural areas of the upper lobes of bilateral lungs (black arrows), and thickened small vessels 
are observed inside. Axial CT image (b) from re-examination after 5 days of treatment. The lesion 
in subpleural areas of the upper lobes of bilateral lungs are obviously absorbed. The patient was 
clinically diagnosed with common pneumonia. 

a b
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features and the main CT imaging findings 
of COVID-19 patients at the initial diagnosis, 
and does not summarize the follow-up im-
ages after treatment.

In conclusion, the CT findings of COVID-19 
are specific, and CT represents an important 
examination method to aid diagnosis in the 
presence of COVID-19 suspicion and assess 
the severity of disease. Detailed knowledge 
on CT features of COVID-19 contributes to 
early diagnosis, segregation, and treatment 
of patients, as well as limiting the spread of 
COVID-19.
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