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Introduction

In December 2019, a novel coronavirus pneumonia 
emerged in Wuhan, Hubei, China, and spread rapidly 
over the world (1). On January 20, 2020, China included 
the disease as a Class B infectious disease under the Law 
of the People’s Republic of China on the Prevention 
and Control of Infectious Diseases, with prevention and 
control measures for Class A (highest level) infectious 
diseases (2). On February 11, 2020, the virus which 
caused the epidemic was officially named as severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) by the 
International Committee on Taxonomy of Viruses. On the 
same day, the disease caused by SARS-CoV-2 was named as 
coronavirus disease 2019 (COVID-19) by the World Health 
Organization (WHO) (3).

In February 2020, the Chinese Society of Radiology 
issued “a recommendation for Radiological Diagnosis 
of COVID-19 Pneumonia (first edition)”, in which the 
radiological examination protocol, imaging findings, staging 
and evolutions were stated, the essential roles of radiology 
in the diagnosis (suspected and clinically confirmed cases), 
patient follow-up and discharge were highlighted (4). 
Due to its easy availability, chest CT is emerging with 
significant advantages in implementing “early detection, 
early reporting, early isolation, early diagnosis, and early 

treatment” measures of COVID-19 control (5). However, 
there is still a lack of unified understanding and standards 
on CT based COVID-19 probability classification nor an 
objective and quantifiable interpretation of the result.

By adopting a series of aggressive prevention and control 
measures (6-8), the epidemic situation of COVID-19 in 
Ningbo, Zhejiang Province, China, has been effectively 
curbed. However, the city epidemic control is now 
challenged with the overall work resumption and the 
ongoing immigration (imported) cases. Therefore, 
aiming to provide a guidance for disease prevention and 
treatment at various medical institutions, and to generate 
a standardized radiological diagnosis, this “chest CT based 
Viral Pneumonia Imaging Reporting and Data System 
(VP-RADS)” was initiated by radiology experts from the 
designated hospital for COVID-19 control in Ningbo, 
i.e., Hwa Mei Hospital, University of Chinese Academy of 
Sciences, and Ningbo Society of Radiology.

Background of VP-RADS 1.0

In recent years, the world has witnessed several major 
infectious diseases outbreaks, such as Severe Acute 
Respiratory Syndrome (SARS), Middle East Respiratory 
Syndrome (MERS), avian influenza A (H7N9) and 
COVID-19, all of which caused by viruses and posted a 
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great threat to human life and health (9,10). A common 
character in major respiratory infectious disease is 
pulmonary inflammation. For COVID-19, nucleic acid 
testing and virus gene sequencing are recognized as the 
gold standard (11). The accuracy of SARS-CoV-2 testing 
has not been systematically evaluated, and the sensitivity of 
testing likely depends on the precision of RT-PCR assay, 
the type of specimen obtained, and the quality of specimen. 
In a study of 51 patients who were hospitalized in China 
with fever or acute respiratory symptoms and ultimately 
had a positive SARS-CoV-2 RT-PCR test (mainly on throat 
swabs), 15 patients (29%) had a negative initial test and only 
were diagnosed by serial testing (12). In a similar study of 
70 patients in Singapore, initial nasopharyngeal testing was 
negative in 8 patients (11%) (13). In addition, the sensitivity 
of SARS-CoV-2 testing is related to the duration of illness 
at the time of testing (14). Recently, some studies suggested 
that chest CT could be a supplemental screening or 
diagnostic tool for COVID-19 in epidemic area and found 
the positive rate of chest CT scan was 86.2–98% in patients 
on the first visit (15,16). However, the positive rate of chest 
CT scan in asymptomatic COVID-19 cases or COVID-19 
cases with mild symptoms might be much lower (17,18). 

VP-RADS 1.0 is a classification system of CT imaging 
reporting on acute pulmonary exudative lesions, which is 
dedicated for a standardization on diagnostic reporting, 
risk classification, and providing imaging evidences for the 
epidemic containment. The benefits of VP-RADS 1.0 are as 
the following: (I) standardizing the radiologist’s recognition of 
acute pulmonary exudative lesions suggested by CT images 
and the estimation of patients’ risk of contracting COVID-19; 
(II) reducing the variation and uncertainty of clinicians’ 
interpretation of a chest CT report, narrowing the knowledge 
gap between radiologists and clinicians; (III) providing the 
basis for risk classification and patient triage to optimize the 
protocol of epidemic prevention and treatment in medical 
institutions and reduce the incidence of nosocomial infections.

VP-RADS 1.0 fundamental

All acute pulmonary exudative lesions are objectively and 
effectively categorized, incorporating CT imaging features, 
epidemiology history, clinical manifestations and laboratory 
findings to determine the likelihood of COVID-19.

VP-RADS 1.0 lexicon

VP-RADS 1.0 consists of five categories including 12 

indicators, covering epidemiological history, clinical 
manifestations, chest imaging, clinical exclusion items, 
pathogenic or serological basis of COVID-19 pneumonia. 
Low-dose CT (LDCT) scan mode should be used in the 
radiological follow-up and clinical screening. Historically, 
standard dose chest CT was superior for the detection 
of subtle ground-glass opacities (GGOs) as compared 
to low-dose technique (19). With the advent of iterative 
reconstruction algorithms to reduce the visibility of image 
noise and maintain image quality, low-dose chest CT is 
appropriate in assessing GGOs (20,21).

Epidemiological history

	 History of travel to or residence in epidemic areas, or 
in other communities where cases have been reported 
within 14 days prior to the onset of the disease;

	 In contact with SARS-CoV-2 infected individuals 
(with positive results of the nucleic acid testing) 
within 14 days prior to the onset of the disease;

	 In contact with patients who have fever or respiratory 
symptoms from epidemic areas, or from communities 
where confirmed cases have been reported within  
14 days before the onset of the disease; 

	 Clustered cases (2 or more cases with fever and/or 
respiratory symptoms in a small area such as families, 
offices, schools, etc. within 2 weeks).

Clinical manifestations

	 Fever and/or respiratory symptoms;
	 Normal or decreased WBC count, normal or decreased 

lymphocyte count in the early stage of onset.

Chest imaging findings

	 CT imaging indicates acute pulmonary exudative 
lesions, usually showing small patchy GGOs and 
interstitial changes in the early stage, infiltration 
and consolidation in the progressive stage. Typical 
imaging findings are characterized with scattered GGO 
involving multiple lobes in a non-anatomic pattern and 
more apparent in the peripheral zone of lungs (22,23).

Clinical exclusion 

	 Clear clinical evidence of bacterial pneumonia or 
other pathogens;
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	 Unchanged GGOs or consolidation for the past two 
weeks (although this kind of imaging findings are 
helpful to exclude COVID-19 lesions, COVID-19 
diagnosis can’t be excluded for this patient).

Pathogenic and serological evidences

	 Real-time fluorescent RT-PCR indicates positive for 
SARS-CoV-2 nucleic acid; 

	 Viral gene sequence is highly homologous to known 
novel coronaviruses;

	 Specific IgM and IgG of SARS-CoV-2 are detectable 
in serum; specific IgG of SARS-CoV-2 is detectable 
or reaches a titration of at least 4-fold increase during 
convalescence compared with the acute stage.

Classification of VP-RADS 1.0

Assessed with the indicators above, patient risk of 
contracting COVID-19 is classified into five categories 
(category 0, 1, 2, 3, 4). The follow-up CT scan of a 
confirmed case is labeled as COVID-19 F (Covid-19 
follow-up). The detailed categories are as following (Table 1).

VP-RADS category 0

Definition
Chest CT imaging cannot be fully recognized or assessed 
(Figure 1), classified as uncertain category.

Imaging reporting and recommendations
If the partial or a full lung cannot be evaluated due to 
artifacts, CT technicians should determine immediately 
whether an additional scan is necessary. For conditions that 
artifacts cannot be eliminated, an explanation should be 
presented in the CT report.

VP-RADS category 1

Definition
No acute pulmonary exudative changes detected on chest 
CT (Figure 2).

Suggestions for clinical management
One should note that a VP-RADS category 1 is not a 
definite exclusion for COVID-19. Further investigations 
and treatment should be determined according to the 
epidemiological history and clinical manifestations.

Reporting and recommendations
Considering the time interval between disease onset and 
CT imaging findings, we should constantly keep an eye 
on patients with confirmed epidemiological history and 
clinical manifestations, and a short-term follow up should 
be suggested in the report. Notably, GGOs without any 
changes for over 2 weeks should be classified as VP-RADS 
category 1 (Figure 2C,D,E,F).

VP-RADS category 2

Definition
Acute pulmonary exudation is found on chest CT scan. 
Combined with clinical manifestations, COVID-19 
contraction can be excluded in most cases (Figure 3).

Suggestions for clinical management
Appropriate measures should be taken on the basis of 
etiology, other screening items and a recent chest LDCT 
should be considered. Most of VP-RADS category 2 cases 
are consequences of the following two types of lesions: (I) 
the acute exudation is limited in a single lobe or segment. 
Yellow sputum and a blood test showing bacterial infection 
are found at the first visit. (II) There are distinct clinical 
etiologies for the acute exudation, such as pulmonary edema, 
pulmonary hemorrhage, pulmonary contusion, pulmonary 
infarction, radioactive pneumonia, etc. At this situation, 
epidemiological history is regarded as a secondary indicator.

Reporting and recommendations
An anatomical pattern of the acute exudation on chest CT 
should be noted, and clinical manifestations and laboratory 
findings should be taken into account. A VP-RADS 
category 2 with an explicit etiological diagnosis would be 
appropriate for those with evident bacterial pneumonia or 
etiology. A follow-up of chest LDCT is recommended after 
treatment.

VP-RADS category 3

Definition
Acute pulmonary exudation is found on chest CT scan 
without known COVID-19 epidemiological history. 
However, COVID-19 cannot be excluded according to 
imaging findings and clinical manifestations (Figure 4).

Suggestions for clinical management
During the epidemic outbreak, a VP-RADS category 3 
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Table 1 Description of VP-RADS Classification (COVID-19 Version) and diagnostic & therapeutic suggestions

VP-RADS Definition Indicator
Imaging reporting and  
recommendations

Suggestions for clinical  
management

Category 0 Cannot be  
classified,  
defined as  
uncertain  
category

CT images cannot be fully  
recognized or assessed

Technicians should determine 
immediately whether an additional 
scan is necessary. For conditions 
that artifacts cannot be eliminated, 
an explanation should be  
presented in the CT report

None

Category 1 cannot be  
excluded 
definitely for 
COVID-19

(I) No acute pulmonary exudative 
changes detected on chest CT. (II) 
Ground-glass opacities without any 
changes for over 2 weeks

If epidemiological history of 
COVID-19 is confirmed, short-term 
follow-up should be recommended 
in the report

Further investigations and 
treatment should be determined 
according to the  
epidemiological history and 
clinical manifestations

Category 2 COVID-19  
contraction can 
be excluded in 
most conditions

Acute pulmonary exudation is found 
on chest CT, combined with clinical 
manifestations

Imaging features, clinical  
manifestations and laboratory  
findings should be taken into 
account comprehensively. Imaging 
report should give a definite  
diagnosis and recommend an  
appropriate time for follow-up

Appropriate measures should 
be taken on the basis of  
etiology, other screening items 
and a recent chest LDCT should 
be considered

Category 3 COVID-19  
cannot be  
excluded

Acute pulmonary exudation is found 
on chest CT without typical imaging 
findings, without known COVID-19 
epidemiological history, and with 
clear clinical evidences for bacterial 
pneumonia or other definite  
pathogenic factors

The reporting should be included in 
hospital critical values for a timely 
react, expertise consultation and a 
LDCT recheck

During the epidemic outbreak, 
a VP-RADS category 3 patient 
should receive an emergency 
consultation by clinical  
specialists, and the subsequent 
screening and treatment could 
be determined afterwards

Category 4 Suggesting a 
high possibility 
of COVID-19

Acute pulmonary exudation is found 
on chest CT, with known COVID-19 
epidemiological history and clinical 
manifestations

Critical values reporting protocols 
must be adhered and hospital 
emergency response for prevention 
and control should be initiated

Activate hospital prevention 
and treatment expert group for 
an immediate multi-disciplinary 
consultation, and take measures 
afterwards

Category F Follow-up Serial chest radiography for  
confirmed cases

Give an objective assessment on 
the treatment effect, including 
disease progression, no significant 
changes, and absorption

There should be a continuous 
assessment on therapeutic 
effect in confirmed cases

LDCT, low-dose CT. 

patient should receive an emergency consultation by clinical 
specialists, and the subsequent screening and treatment 
could be determined afterwards. One should note that a VP-
RADS category 3 should be a comprehensive perception 
after a thorough reviewing of CT imaging and clinical 
evidences, and no specific etiology nor epidemiological 
history. Timely detection of virus specific antibody, RT-
PCR and common respiratory pathogens are imperative. 
LDCT follow-up is recommended.

Reporting and recommendations
All the following conditions are indispensable for the 
identification of VP-RADS category 3: (I) imaging findings 
suggest neither bacterial pneumonia nor COVID-19, which 
is characterized with scattered GGOs involving multiple 
lobes in a non-anatomic pattern and more apparent in the 
peripheral zone of lungs; (II) no clear clinical evidences for 
bacterial pneumonia or other definite pathogenic factors; 
(III) no epidemiological history. The hospital should 
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Figure 1 Illustration of VP-RADS category 0. (A) Chest CT images reveal metal artifacts caused by pacemaker. The image cannot be 
evaluated comprehensively. (B,C) A 68-year-old man had a cough for four days. Because of lung motion artifacts caused by coughing, chest 
CT shows multiple ground-glass opacities in bilateral lungs, radiologist cannot evaluate the condition comprehensively (B). Images were 
evaluated immediately by the technician, so repeat CT scan was performed after breath training, and no lesion was found (C).

Figure 2 Illustration of VP-RADS category 1. (A,B) A 57-year-old man with close contact history of COVID-19 patient had a fever for 
half a day, and normal range of blood routine test was found. Findings on chest CT images are normal. (C,D) A 58-year-old male with 
bronchiectasis (arrowhead) for more than 10 years had a low fever and a cough for 6 days. He denied epidemiological contact history with 
COVID-19 patient. Chest CT images show multiple ground-glass opacities in the subpleural area of left lower lobe (C, arrow). Compared 
with the CT images one year ago, there are no significant changes in the left lung (D, arrow). (E,F) A 69-year-old female had a cough for 2 
days without any epidemiological contact history of COVID-19 patient. Chest CT images show ground-glass opacities in the left upper lobe 
(E, arrow). Compared with the CT images two years ago, there are no significant changes (F, arrow).

A B C

A

C

B

D

E F
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Figure 3 Illustration of VP-RADS category 2. (A,B) A 36-year-old male had a fever and cough with yellow sputum for three days. He denied 
epidemiological contact history with COVID-19 patient. Blood routine test showed: WBC 8.2×109/L, leukomonocyte 1.0×109/L (11.8%), 
neutrophil granulocyte 6.8×109/L (82.7%); hypersensitive C reactive protein (CRP) 89.73 mg/L. Chest CT shows irregular ground-glass 
opacities with partial consolidation in an anatomic pattern in the left lower lobe (arrow). The patient was diagnosed as lobar pneumonia. (C,D) 
A 47-year-old male had a cough and hemoptysis for four days. He denied epidemiological contact history with COVID-19 patient. Chest 
CT images show multiple ground-glass opacities in both lungs (arrows). The patient was diagnosed as bronchiectasis. (E,F) A 45-year-old 
female was re-examined after breast conserving surgery due to left breast cancer, and was performed radiotherapy 3 months ago. She had 
a cough occasionally without fever, and denied epidemiological contact history with COVID-19 patient. Blood routine test is in a normal 
range. Chest CT shows multiple ground-glass opacities in the subpleural area of left upper lobe, the margin of the focus was straight, 
consistent with the radiation field. The patient was diagnosed as radiation induced pneumonia.
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C

E

B

D

F

maintain highest vigilance for VP-RADS category 3 cases, 

and the reporting should be included in hospital critical 

lists for a timely react, expertise consultation and a LDCT 

recheck. 

VP-RADS category 4

Definition
Acute pulmonary exudation is found in chest CT scan, with 
known COVID-19 epidemiological history and clinical 
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manifestations, suggesting a high possibility of COVID-19 
(Figure 5).

Suggestions for clinical management
During the epidemic outbreak, a VP-RADS category 
4 confirmation should activate hospital prevention and 
treatment expert group for an immediate multi-disciplinary 
consultation, and take measures afterwards. 

Reporting and recommendations
During the epidemic outbreak, an acute pulmonary 
exudation, combined with any of the following would 
confirm a VP-RADS category 4: (I) there is a definite 
epidemiological history without clinical evidence for 
bacterial pneumonia or other etiology; (II) there are 
imaging characteristics of COVID-19, with or without 
epidemiological evidence.
Once VP-RADS category 4 is identified, critical values 
reporting protocols must be adhered and hospital 
emergency response for prevention and control should be 

initiated.

COVID-19 F

Definition
Follow-up of confirmed COVID-19 cases.

Suggestions for clinical management
There should be a continuous assessment on therapeutic 
effect in confirmed cases. A chest CT scan can provide 
imaging evidences for the treatment especially when patient 
condition changes.

Reporting and recommendations
Radiologists should be proficient in the classification 
system, and give an objective assessment on the treatment 
effect, including disease progression, extensive consolidation 
(white lung), no significant changes, partial absorption 
and completely resolved (Figure 6), as well as detection 
of complications and other secondary diseases. When 

Figure 4 Illustration of VP-RADS category 3. (A,B) A 23-year-old male had a fever for four days. He denied epidemiological contact history 
with COVID-19 patient. Chest CT images show multiple ill-defined ground-glass opacities in the lower lobe of bilateral lungs (arrows). 
The patient was diagnosed as influenza A. (C,D) A 66-year-old female had a fever and cough for seven days. He denied epidemiological 
contact history with COVID-19 patient. Chest CT images show multiple ground-glass opacities in bilateral lungs, and partial consolidation 
in the right middle lobe (arrows). The patient was diagnosed as COVID-19.

BA

C D
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chest imaging shows obvious lesion progression within  
24–48 hours >50%, the patient shall be managed as a severe 
case (11). Moreover, considering the high radiation of CT, 
serial chest radiography may be taken in the places of CT 
for monitoring disease regression or progression of severe 
or critical COVID-19 cases on clinical demand (24,25).

Notes for VP-RADS 1.0 application

(I)	 VP-RADS categories 1 and 2 are defined as negative 
chest CT results, while VP-RADS categories 3 and 
4 as positive chest CT results for viral pneumonia. 
However, a negative result is no definite exclusion 
of COVID-19 (18). An epidemiological history and 

Figure 5 Illustration of VP-RADS category 4. (A,B) A 56-year-old male with close contact history of COVID-19 patient had a headache 
for four days and got a fever for one day. At the first visit, chest CT shows irregular ground-glass opacities with partial consolidation in 
the subpleural area of left upper lobe (arrow). Throat swab sample was tested positive for SARS-CoV-2 nucleic acid, and the patient was 
diagnosed as COVID-19. (C,D) A 54-year-old male had a fever and cough for ten days. At the first visit, chest CT shows multiple ill-defined 
ground-glass opacities (arrows) with local linear changes (arrowhead) in a non-anatomical pattern in the subpleural area of bilateral lungs. 
The samples were tested negative for SARS-CoV-2 on RT-PCR assay until the 8th time, then the patient was diagnosed as COVID-19. (E,F) 
A 71-year-old male complained of breath shortness for four days and fever for one day. Chest CT shows multiple ground-glass opacities with 
partial consolidation in an anatomical pattern in the subpleural area of bilateral lungs (arrows). In February 2019, the patient was diagnosed 
as viral pneumonia caused by influenza H1N1 virus.
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Figure 6 Illustration of COVID-19 F. (A,B) Progressive stage, a 70-year-old female diagnosed as COVID-19. Chest CT scan on 29 
January, 2020 shows multiple ground-glass opacities in bilateral lungs (A, arrows). During treatment, repeat CT scan on 2 February, 2020 
reveals increasing number of lesions obviously, enlarged areas and partially fusion (B, arrows). (C,D) Obvious absorption, a 65-year-old 
male diagnosed as COVID-19. Chest CT scan on 31 January, 2020 shows multiple ground-glass opacities with partial consolidation in the 
right lung (C, arrows). During treatment, repeat CT scan on 4 February, 2020 shows lesions were absorbed obviously with a small amount 
of residual linear opacities (D, arrows). (E,F) Complete absorption, a 34-year-old female diagnosed as COVID-19. Chest CT scan on 7 
February, 2020 shows multiple ground-glass opacities in bilateral lungs (E, arrows). With the treatment accomplished, repeat CT on 2 
March, 2020 shows lesions were resolved completely (F).
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clinical manifestations should both be taken into 
account in clinical screening.

(II)	 In the early stage of COVID-19, chest CT images 
show multiple GGOs and interstitial changes. The 
thin-section CT (1–2 mm) reconstruction and lung 
window observation are necessary for confirmation.

(III)	 When interpreting images,  a  comprehensive 

decision-making logic is necessary for a rational 
analysis, considering epidemiological history, clinical 
manifestations, laboratory tests and other relevant 
data. 

(IV)	 In the epidemic outbreak, the principle of “early 
detection, early reporting, early isolation, early 
diagnosis, early treatment” should always be followed. 
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The first diagnosis of the imaging should be the VP-
RADS classification, in order to optimize clinician 
understanding and risk estimation, which eventually 
could facilitate the epidemic containment and clinical 
treatment. 

(V)	 Respiratory infectious diseases tend to be more active 
in winter and spring. For VP-RADS category 2 
cases, it is necessary to test the common respiratory 
pathogens before clinical treatment; for VP-RADS 
category 3 cases, a virus-specific antibody and/or 
nucleic acid test should be provided timely, as well 
as tests on common respiratory pathogens before 
etiological treatment; for VP-RADS category 4 cases, 
consecutive viral specific antibody and nucleic acid 
tests should be performed. 

VP-RADS critical in epidemic prevention and 
treatment 

The definition of VP-RADS critical 

(I)	 G i v e n  t h a t  S A R S - C o V- 2  h a s  v e r y  h i g h  
transmissibility (26), we include VP-RADS category 
3 and VP-RADS category 4 as critical, for an efficient 
management of high-risk patients and to minimize 
patient gathering, uncontrolled mobilization and 
nosocomial infection.

(II)	 System Inflammatory Reaction Syndrome may be 
the reason for the sudden deterioration in some 
COVID-19 patients (27). Therefore, for a timely 
clinical treatment, disease progression, diffused 
consolidation (white lung) and other possible critical 
conditions found on follow-up should also be included 
in the criticals.

Precise engagement of radiological examination and 
critical value reporting

In the epidemic outbreak,  al l  designated medical 
institutions of epidemic prevention and treatment should 
take “interval time between chest CT application and the 
diagnostic results completed” as a hospital-level patient 
safety indicator. We implemented the principle of “real-
time imaging reading, oral reporting first”. In this way, we 
successfully shortened the time from outpatient reception 
to observation or isolation, and putting forward the hospital 
epidemic prevention and control (5,8).

Limitations and expectations of VP-RADS 1.0

The imaging manifestations of COVID-19 are diverse on 
chest CT, with acute pulmonary exudation and interstitial 
changes being the main features (28). GGOs, consolidation, 
linear opacities in the pulmonary peripheral area are the 
predominant imaging findings of COVID19. However, they 
are not exclusive in COVID-19, bacterial, mycoplasma, 
chlamydia, and other viral pneumonia may have similar 
imaging changes (29). Meanwhile, there is a time interval 
between radiological changes and symptom onset and 
nucleic acid results in some cases. 

Despite the shortcoming, we believe up until now VP-
RADS 1.0 is an important documentation for a standardized 
imaging diagnosis and reports. The employment of the 
system makes it possible to objectively assess the patient’s 
COVID-19 risk, and to quickly issue critical reports for 
timely epidemic containment. VP-RADS helps to set 
up triage in waiting areas, and is able to recognize high-
risk patient and severe cases efficiently, leading to well 
deployment of medical resources. 

The knowledge on imaging evolution of COVID-19 
is still in need of more data to evaluate; meanwhile, we 
are also challenged with certain problems raised upon, 
including potential risk of cross-infection, radiation hazards 
by CT scans, the false positive and false negative results, all 
of which are worth further exploring and investigating. 
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