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Abstract 

 

In December 2019, a cluster of patients with emerging pneumonia of unknown 

etiology were discovered in Wuhan city, China. Laboratory examination 

identified a novel coronavirus which was tentatively named as 2019 novel 

coronavirus (2019-nCoV) by the World Health Organization (WHO) in January 

2020. The WHO has more recently formally named the 2019-nCoV as 

coronavirus Diseases 2019 (COVID-19). Within one month, the novel 

coronavirus rapidly spread across the whole of China through droplet 

transmission and contact transmission, and the reported number of confirmed 

COVID-19 cases demonstrated a rising trend. Radiological examinations, 

especially computed tomography CT, were confirmed as effective methods for 

the screening and diagnosis of infected cases. Reports stated that many 

radiologists and technologists were being infected when examining patients 

with COVID-19. In order to clarify the imaging features of COVID-19 and 

reduce the infection risk of medical personnel in radiology departments, we 

summarized the experience on radiological examinations and infection 

prevention for COVID-19, aiming to guide virus prevention, diagnosis and 

control within radiology departments. 
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1. Introduction 
 

Since December 2019, a number of patients with pneumonia of unknown 

etiology have been reported in Wuhan, Hubei province, China [1-2]. It was 

reported that most of these patients worked at or lived in the vicinity of the local 

Huanan Seafood Wholesale Market. Severe acute respiratory infection 

symptoms occurred in most patients, with some patients rapidly developing 

acute respiratory distress syndrome and acute respiratory failure [3]. On 

January 7, 2020, a novel coronavirus was identified from the throat swab 

sample of a patient. The virus was temporarily termed as 2019-nCoV by the 

World Health Organization (WHO) which on February 11 formally named the 

pneumonia caused by 2019-nCoV as COVID-19 [4]. 

The novel coronavirus rapidly spread across the whole of China mainly 

through the droplet transmission and contact transmission [5, 6]. By February 23, 

2020, the number of confirmed cases exceeded 77 thousand according to a 

report from China’s National Health Commission (NHC). China has now legally 

classified COVID-19 as a class B infectious disease in China, but one which 

requires the highest level of prevention and control measures according to the 

Law of the People's Republic of China on the Prevention and Treatment of 

Infectious Diseases. 

On February 18, 2020, China’s NHC published Diagnosis and Treatment of 

the Novel Coronavirus Pneumonia (Trial Version Six) [6]. It indicated that 

radiological examinations, including computed tomography (CT) and digital 

photography (DR), were effective methods for the screening, diagnosis and 

progress assessment of COVID-19 [6,7]. However, most radiologists and 

technologists in radiology departments had little experience of dealing with 

patients with COVID-19. In one regard, rare differential diagnosis guidelines 

were present for COVID-19; and in another, nonstandard prevention of 

COVID-19 when giving radiological examinations had reportedly caused many 

infections in radiologists and technologists in China.  

In order to make clear the imaging features of COVID-19 and effectively 

reduce the infection risk of medical personnel in radiology departments, we 

summarized the experience of radiological examinations and infection 



 

prevention for COVID-19, under the help of many radiologists and 

technologists from different hospitals, aiming to guide COVID-19 prevention 

and control in radiology departments. 

 

2. Characteristics, clinical symptoms, diagnosis and reporting of COVID-19 

2.1 Etiological and epidemiological characteristics 

The new coronavirus belongs to the new coronavirus of the genus β, which 

has an envelope, the particles are round or oval, often polymorphic, and the 

diameter is about 60-140nm. Its genetic characteristics are significantly 

different from both Severe Acute Respiratory Syndrome coronavirus 

(SARS-CoV) and Middle East Respiratory Syndrome Coronavirus 

(MERS-CoV). Current research shows that it has more than 85% homology 

with bat SARS-like coronavirus (bat-SL-CoVZC45). Most understanding of the 

physical and chemical properties of coronavirus comes from research into 

SARS-CoV and MERS-CoV. The virus is sensitive to ultraviolet rays and heat. 

Kept at 56°C for 30 minutes, lipid solvents such as ether, 75% ethanol, 

chlorine-containing disinfectant, peracetic acid, and chloroform can effectively 

inactivate the virus. Chlorhexidine, however, cannot effectively inactivate the 

virus [6]. 

At present, patients with COVID-19 are the main source of infection. 

Respiratory droplets and contact transmission are the main routes of 

transmission, and people are generally susceptible [6]. 

 

2.2 Clinical symptoms 

Based on current epidemiological data, the incubation period may last for 

1-14 days, mostly 3-7 days [6, 8]. The main manifestations are fever, fatigue and 

a dry cough. A few patients have also had nasal obstruction, a runny nose, 

diarrhea and other symptoms. More serious cases are often followed by 

breathing difficulties 7 days later and severe cases will rapidly develop to acute 

respiratory distress syndrome, septic shock and intractable metabolic acidosis 

and coagulation dysfunction. The severe cases developed rapidly into acute 

respiratory distress syndrome, septic shock, metabolic acidosis and 

coagulation dysfunction. Serious and severe cases may be indicated by low or 



 

mild fever, or even no fever at all. Some patients may have no pneumonia, 

only low fever and slight asthenia. These patients mostly recover after 7 days. 

From the current cases, deaths are mostly found in the elderly and those with 

chronic basic diseases. 

 

2.3 Diagnosis and reporting 

NHC of China formulated the Diagnosis and Treatment Program of 2019 New 

Coronavirus Pneumonia (Trial Version Six) in which cases with a confirmed 

history of exposure to Wuhan, close contact with people from Wuhan or 

confirmed patients during the past 14 days were firstly considered [6]. For 

suspected case, it presents at least two of the following conditions: ① fever 

and/or respiratory symptoms (eg, cough, myalgia, fatigue); ②  imaging 

features of viral pneumonia; ③ normal or low white blood cell count or 

reduced lymphocyte in early onset. However, the number of the patients with 

unknown exposure history is reportedly increasing. If suspected cases have at 

least one of the following pieces of etiological evidence, they will be confirmed 

as having COVID-19: ① positive real-time fluorescence polymerase chain 

reaction of patient’s respiratory or blood specimen for COVID-19 nucleic acid; 

② viral gene sequences in the respiratory or blood specimen are highly 

homologous to COVID-19. 

Doctors or nurses should isolate suspected and confirmed cases as soon as 

they are identified, and should be reported to the centers for disease control 

within 2 hours [8]. Suspected case will be excluded if two consecutive 

respiratory virus nucleic acid tests are negative (sampling interval time≥1d) [6, 8]. 

Continuous nucleic acid detection is necessary in cases of highly clinical 

suspicion. 

 

3. Radiological examinations 

China’s NHC has indicated that radiological examinations, including CT 

and DR, are of great important for the screening, diagnosis and progress 

assessment of COVID-19 [6]. In comparison with laboratory examinations, 

radiological examinations are fast and highly efficient. However, since DR 

is not sensitive for the detection of ground-glass opacity (GGO), it was not 



 

recommended as the first-line imaging modality for COVID-19, thin-slice CT 

examination is optimally suggested [9, 10]. For most critical patients, however, 

DR is a necessary and optimal imaging approach. 

 

3.1 DR examination 

For chest DR, the scanning settings and parameters for patients with 

COVID-19 are nearly the same as the patients with other pneumonia. High 

kV (120 kV) is suggested for adults and low kV (55-65 kV) for children. For 

severe patients in isolation yard, clinical photography is suggested. 

Generally, bilateral multifocal consolidation can be seen in severe patients 

(Figure 1), partially fused into massive consolidation with small pleural 

effusions and even presenting with “white lung” [11].  

 

Figure 1 Chest X-ray findings of a male confirmed COVID-19 patient. The 

chest X-ray shows multiple patchy shadows, large GGO and condensation 

shadows in both lungs, and the lungs have progressed to the “white lung” 

stage. 

 

3.2 CT examination 



 

For chest CT, the scanning settings and parameters for patients with 

COVID-19 are nearly the same as the patients with other pneumonia, and 

high-resolution CT, and thin-slice reconstruction are very helpful, especially for 

the differential diagnosis of COVID-19 from other pneumonia. Spiral 

scanning with automatic tube voltage or patient body mass index (BMI) 

based tube voltage (BMI: <19kg/m², 100kV; BMI: 19-24 kg/m², 120kV; BMI: > 

24 kg/m², 140 kV) is suggested. Low-dose (80kV, 15mAs) scanning should 

be taken for children. 

The features of COVID-19 are nonspecific and varied. It has been reported 

that multifocal patchy GGOs with subpleural distribution were found in many 

patients with mild COVID-19, and diffuse heterogeneous consolidation with 

GGO was found when being in severe conditions [11,12]. Our experience 

classifies four stages as follows. 

3.2.1 Early stage 

Multiple or pure GGO(s) with inhomogeneous density are often found in the 

peripheral lung or subpleural area, accompanied by thickening blood vessels 

and thickening bronchus. During this period, the consolidation lesion is always 

small and limited, often with irregular or fan-shaped distributions (Figure 2). 

 

Figure 2: CT findings of a female confirmed COVID-19 patient. An axial 

unenhanced chest CT shows GGO in the right lower lobe (see the black 



 

arrow). 

 

3.2.2 Progressive stage 

The lesions enlarge and multiple lesions are merged into one or more large 

complex lesions in a form of fusion. During this period, the lesions progress 

and change rapidly, and air bronchogram is always found (Figure 3). 

 
Figure 3: CT findings of a male confirmed COVID-19 patient. An axial 

unenhanced chest CT shows diffuse bilateral confluent and patchy 

ground-glass in both lungs (see the black arrow). Bright bronchogram, which is 

also a known sign of bronchoinflation, is seen in the lung tissue area of the 

lesion. 

 

3.2.3 Resolution stage 

Shrinking lesions with decreased density are always observed. The lesions 

can be completely absorbed with the exception of some cases where irregular 

fibrotic streaks remain. Generally, the change of imaging features is observed 

later than improvement of clinical symptoms. However, for some special cases, 

the lesions may be enlarged or new lesions may appear (Figure 4). 



 

 

Figure 4: CT findings of a male confirmed COVID-19 patient. An axial 

unenhanced chest CT shows the inflammation has been absorbed, leaving the 

lung fiber cord focus (see the black arrows). 

 

3.2.4 Severe or critical stage 

Bilateral multifocal consolidation accompanied by GGO and air bronchogram 

are generally observed in the severe or critical stage, mainly fused into 

massive consolidation, and partially even presenting with “white lung”. During 

this period, lesions enlarged or progressed rapidly within 48 hours, and the 

imaging findings are consistent with clinical progress (Figure 5). 

 



 

 

Figure 5: CT findings of a male confirmed COVID-19 patient. An axial 

unenhanced chest CT shows diffuse bilateral confluent and patchy 

ground-glass and consolidative pulmonary opacities in both lungs with a 

peripheral distribution (see the black arrow).  

 

4. Prevention and control measures in radiology department 

4.1 Protection levels 

According to the working areas and the possibility of contacting with patients 

with COVID-19, four levels of protection have been established for medical 

personnel (include radiologists, technologists and nurses) working in radiology 

departments (Table 1) [6, 8]. For each level of protection, hand hygiene is 

necessary [13, 14]. 

 

Protection 

level 

Applicable personnel Measures 

General 

protection 

Those working in the cleanrooms who 

have no contact with patients. 

Wear working clothes, disposable medical 

masks, and working caps. 

Primary 

level of 

protection 

Those working in the registration room, 

operation room, report room and waiting 

regions who have little or no contact 

with patients. 

Wear working clothes, medical masks (N95 

type mask is optimal), working caps, and 

isolation gowns and disposable latex gloves if 

coming into contact with patients with 

COVID-19. 



 

Secondary 

level of 

protection 

Those who give examinations to or 

have other close contact with patients 

suspected or confirmed as having 

COVID-19. 

Wear working clothes, medical masks (N95 

type mask is optimal), working caps, protective 

goggles, disposable shoe covers and 

disposable latex gloves, and isolation gowns if 

coming into contact with patients with 

COVID-19. 

Third level 

of 

protection 

In case of work that may cause spraying 

or splashing of patients’ respiratory 

secretions, such as sputum aspiration, 

or respiratory sampling. 

On basis of secondary level of protection, wear 

protective face shields (full respirator or positive 

pressure headgear is recommended). 

 

4.2 Requirements for working areas and workflow 

4.2.1 The strict separation of the three areas of polluted area, semi-polluted 

area and clean area must be enforced [15]. In the pollution area, it is suggested 

that double restricted-passageway (patients’ passageway and medical 

personnel passageway) be established. 

4.2.2 To prevent cross-infection between patients with or without COVID-19, 

independent medical imaging inspection regions and dedicated radiological 

devices (including DR and CT devices) for infected patients should be 

established [16]. 

4.2.3 Any smart computerized system, such as operation of examination bed, 

localization of scanning and others, is preferable, and a paperless workflow is 

recommended. 

4.2.4 For patients who are unable to move freely, the person accompanying 

them should take the secondary level of protection when helping patients to 

move. 

 

4.3 Working mode of radiographers in key areas (trial) 

The radiographers for clinical photography, DR and CT examinations are 

recommended to be quarantined for a 14-day period in a specific dedicated 

isolation ward to undergo medical observation after working for days working 

in the isolation area and before returning to their normal work [16]. 

 



 

4.4 Disinfection in radiology department 

4.4.1 Wipe disinfection: It is appliable to device or floor disinfection, and 75% 

alcohol or 500-1000 mg/L chlorine-containing disinfectant is suggested[17]. The 

DR or CT devices should be rigorously disinfected after each examination of 

patients with COVID-19. 

4.4.2 Air disinfection: Ultraviolet irradiation (no less than 70 μW/cm2) lasting for 

30-60 minutes is suggested for the examination rooms after each examination. 

Spraying disinfection is also optional, by using 400-600 mg/L chlorine dioxide, 

5000 mg/L peracetic acid or 1000 mg/L chlorine-containing disinfectant [18]. 

4.4.3 Soak disinfectant: Reusable protective products, such as protective 

goggles, are suggested to be given a soak disinfection with 500 mg/L 

chlorine-containing disinfectant or 75% alcohol for at least 30 min. 

 

4.5 Medical waste in radiology departments 

All waste from patients with COVID-19 is considered as infectious medical 

waste, which shall be managed in strict accordance with the following process: 

① the infectious waste must be placed in the medical waste collection bag 

(double layer, no more than 3/4 full); ② the bag must be sealed with a 

gooseneck knot and sprayed with 5000mg/L chlorine-containing disinfectant; 

③ paste special identifications in the outer layer, and store it in the specialized 

site for medical waste[19]. 

 

5. Conclusion 

In conclusion, radiological examination, especially chest CT, plays an 

irreplaceable role in the diagnosis of patients with COVID-19. Radiologists, 

technologists and nurses understand correctly individual protection and 

disinfection requirements when working in radiological departments. 
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