
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Respiratory Medicine 168 (2020) 105980

Available online 21 April 2020
0954-6111/© 2020 Elsevier Ltd. This article is made available under the Elsevier license (http://www.elsevier.com/open-access/userlicense/1.0/).

Diagnostic performance between CT and initial real-time RT-PCR for 
clinically suspected 2019 coronavirus disease (COVID-19) patients outside 
Wuhan, China 

Jian-Long He a,b, Lin Luo b, Zhen-Dong Luo b, Jian-Xun Lyu b, Ming-Yen Ng b,c, Xin-Ping Shen b,**, 
Zhibo Wen a,* 

a Department of Radiology, Zhujiang Hospital, Southern Medical University, Guangzhou, 510282, China 
b Department of Medical Imaging, Radiology Center, The University of Hong Kong-Shenzhen Hospital, Shenzhen, 518000, China 
c Department of Diagnostic Radiology, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong, China   

A R T I C L E  I N F O   

Keywords: 
Coronavirus infections 
Pneumonia 
Tomography 
X-ray computed 
Lung diseases 

A B S T R A C T   

Introduction: Chest CT is thought to be sensitive but less specific in diagnosing the 2019 coronavirus disease 
(COVID-19). The diagnostic value of CT is unclear. We aimed to compare the performance of CT and initial RT- 
PCR for clinically suspected COVID-19 patients outside the epicentre—Wuhan, China. 
Materials and methods: Patients clinically suspected of COVID-19 infection who underwent initial RT-PCR and 
chest CT at the same time were retrospectively enrolled. Two radiologists with specific training reviewed the CT 
images independently and final diagnoses of the presence or absence of COVID-19 was reached by consensus. 
With serial RT-PCR as reference standard, the performance of initial RT-PCR and chest CT was analysed. A 
strategy of combining initial RT-PCR and chest CT was analysed to study the additional benefit. 
Results: 82 patients admitted to hospital between Jan 10, 2020 to Feb 28, 2020 were enrolled. 34 COVID-19 and 
48 non-COVID-19 patients were identified by serial RT-PCR. The sensitivity, specificity was 79% (27/34) and 
100% (48/48) for initial RT-PCR and 77% (26/34) and 96% (46/48) for chest CT. The image readers had a good 
interobserver agreement with Cohen’s kappa of 0.69. No statistical difference was found in the diagnostic per-
formance between initial RT-PCR and chest CT. The comprehensive strategy had a higher sensitivity of 94% (32/ 
34). 
Conclusions: Initial RT-PCR and chest CT had comparable diagnostic performance in identification of suspected 
COVID-19 patients outside the epidemic center. To compensate potential risk of false-negative PCR, chest CT 
should be applied for clinically suspected patients with negative initial RT-PCR.   

1. Introduction 

On March 13, 2020, the World Health Organization officially 
announced that the new coronavirus disease (COVID-19) has become a 
global pandemic [1]. By the time of this announcement, the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused more than 
2,000,000 infections and 100,000 deaths worldwide, with a rapidly 
increasing number especially in the United States and Europe. The 
outbreak continues to advance, with cases doubling every 3–4 days that 
threatens medical systems to become overburdened. 

An early and rapid detection method of COVID-19 is crucial for 
breaking trains of community transmission, to initiate contact tracing, 
and provide timely treatment [2]. Viral nucleic acid test by reverse 
transcription–polymerase chain reaction (RT-PCR) is the first line 
screening method of choice [3]. However, the sensitivity of RT-PCR is 
insufficient, ranging from 50 to 62% according to previous large-scale 
reports [4,5]. Some patients may be highly suspicious, based on estab-
lished close contact with confirmed cases, typical clinical manifestations 
and CT image appearance, but may still develop a false negative initial 
RT-PCR, which increases the risk of community transmission and delay 
in treatment. Nonetheless, RT-PCR remains the gold standard tool for 
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confirming COVID-19 infection, incorporating multiple RT-PCR tests to 
make up for its shortcomings. 

CT has been an important imaging modality in the diagnosis and 
management of patients with viral pneumonia, as demonstrated in the 
large-scale outbreaks in severe acute respiratory syndrome (SARS-CoV) 
[6] and Middle East respiratory syndrome (MERS-CoV) [7]. Recent 
studies showed CT of COVID had typical appearance of viral lung 
infection, with a sensitivity of 60–98% [8,9]. Notably, CT changes may 
be identified before patients become symptomatic and RT-PCR positive 
[10–12]. In Hubei, there was a temporary period where diagnoses of 
COVID-19 were based on CT changes even without positive PT-PCR 
result to ensure timely treatment and isolation measures. On the con-
trary, no CT abnormality was found in part of the confirmed cases when 
pneumonia was absent. Other kinds of viral pneumonia can also mimic 
COVID-19 pneumonia, which makes it difficult to differentiate. Few 
studies include non COVID-19 patients as control in the analysis. 
Moreover, most of the study results are from Wuhan or Hubei patients, 
which may potentially cause over estimation by enrolling more severe 
cases. Thus, the diagnostic performance of CT in COVID-19 is less 

clarified. 
We aimed to compare the diagnostic performance of chest CT and 

initial real-time RT-PCR for COVID-19 outside Wuhan, with serial RT- 
PCR tests and observation results as reference standard. 

2. Materials and methods 

2.1. Study design and participants 

This study was approved by our institutional review board and 
informed consent was waived. We retrospectively reviewed the medical 
database in the University of Hong Kong-Shenzhen hospital for patients 
suspected for COVID-19 who underwent high resolution chest CT and 
real-time RT-PCR from January to March 2020, and those who followed 
the national standard for diagnosis, treatment and observation protocol 
were enrolled. Exclusion criteria were incomplete clinical or laboratory 
information, and images with excessive motion artifacts. Clinical in-
formation was collected including travel and exposure history (when 
available), clinical symptoms, and blood test. The RT-PCR of respiratory 
secretion specimens from nasopharyngeal swab, oropharyngeal swab, 
endotracheal aspirate, or bronchoalveolar lavage was performed using 
real-time RT-PCR kits form BGI Genomics (Shenzhen, China) with Na-
tional Medical Products Administration emergency approval. 

The diagnosis and exclusion of COVID was based on national 
mandatory management guideline as shown in Fig. 1. An initial RT-PCR 
in accordance with a previously published protocol [13] was provided to 
clinically suspected COVID-19 patients when they were admitted. Those 
with positive results underwent repeat RT-PCR test for confirmation. 
The cases of negative initial or 2nd RT-PCR results were quarantined for 
an observation period, which was defined as 14 days from the first day of 

Abbreviations 

COVID-19 2019 novel coronavirus disease 
RT-PCR Reverse transcription-polymerase chain-reaction 
MERS Middle East respiratory syndrome 
SARS Severe acute respiratory syndrome 
GGO Ground glass opacities  

Fig. 1. Flowchart of this study 
RT-PCR: reverse transcription polymerase chain reaction 
COVID-19: novel coronavirus disease 2019. 

J.-L. He et al.                                                                                                                                                                                                                                    



Respiratory Medicine 168 (2020) 105980

3

exposure or onset of symptoms (for patients with unknown exposure 
history). Multiple repeat RT-PCR tests were performed during observa-
tion if necessary, any positive results would be repeated to ensure a 
diagnosis. Suspicious patients were categorised as non-COVID-19 cases 
if no positive RT-PCR result was found when the observation ended. The 
local government publishes anonymised detailed reports of newly 
confirmed cases every day, which severed as a cross-reference to find 
missed diagnoses. 

2.2. CT image acquisition and analysis 

Right after the swab sampling, non-contrast high resolution CT 
thorax images were acquired with 1-mm slice thickness following 
acquisition parameters of usual protocol and reformatted with soft tissue 
and lung windows. All images were transferred to a stand-alone work-
station for analysis. Typical chest CT findings were extracted from pre-
viously published reports [14,15] and served as diagnostic reference 
including: ground-glass opacification with or without consolidation, 
crazy paving patten, peripheral and diffuse distribution, and bilater-
al/multilobular involvement. Two experienced general radiologists (LJX 
and LZD, 17 and 14 years of experience), who had specific training of 
COVID-19 presentation on chest CT by online courses and real-life cases, 
independently reviewed the images to determine whether CT findings 
were positive. Image readers were aware of the patients’ epidemiolog-
ical history and clinical characteristic, but blind to personal information 
and RT-PCR results, which is the same as clinical setting. At first, their 
own results were recorded for inter-observer reliability test. Then the 
final CT results were determined by their consensus discussion for 
diagnostic performance analysis. 

To compensate potential false negative of initial RT-PCR, a screening 
strategy by combing initial RT-PCR and CT was once advocated in Hubei 
province (Wuhan is the provincial capital). Patients were confirmed as 
COVID-19 when initial RT-PCR was positive, or initial RT-PCR negative 
but CT positive. When initial RT-PCR and CT were negative, follow up 
procedure was provided to the patient. We also analysed our data to 
explore the diagnostic value of this strategy. 

2.3. Statistical analysis 

Continuous variables were presented as medians and ranges, cate-
gorical variables were presented as counts and percentages. Interob-
server reliability on CT diagnosis of COVID-19 was evaluated using 
Cohen’s kappa calculation (κ < 0.40, poor agreement; 0.40 � κ < 0.60, 
moderate agreement; 0.60 � κ < 0.80, good agreement; and κ � 0.80, 
excellent agreement). The diagnostic performance of initial RT-PCR and 
CT were evaluated by calculating sensitivity, specificity, accuracy, then, 
were compared by McNemar Chi-squared test for paired proportions. 
Statistical analysis was performed using IBM Corp. Released 2013. IBM 
SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp. A P 
value of less than 0.05 indicated a significant difference. 

3. Results 

3.1. Clinical characteristics and laboratory findings 

82 patients admitted to the University of Hong Kong-Shenzhen 
hospital between Jan 10, 2020 to Feb 28, 2020 were retrospectively 
enrolled in our study based on our criteria. The demographic and clin-
ical characteristics of patients by group are summarised in Table 1. 

With multiple RT-PCR results as reference, 34 COVID-19 and 48 non- 
COVID-19 patients were confirmed following our management protocol. 
85% of COVID-19 cases (29/34, p < 0.05) had direct contact with 
COVID-19 patients or Wuhan city. The most common onset symptoms 
were fever and dry cough, and there were no significant differences in 
patient symptoms between the two groups. The incidence of lympho-
penia was significantly higher in COVID-19 patients, where as 

leukocytosis was more common in non-COVID-19 patients, which is 
consistent with previous reports. 

3.2. Diagnostic performance comparison 

The diagnostic performance of initial RT-PCR and CT comparison is 
demonstrated in Table 2. 

Of 34 COVID-19 patients, 27 were positive at initial RT-PCR, and 7 
had positive results in the observation period. All 48 non-COVID-19 
patients had negative result at initial RT-PCR, none was found positive 
during observation with 1–8 RT-PCR tests (median 2). 

Chest CT were reported by the two radiologists as positive for 
COVID-19 in 41% (34/82) and 34% (28/82) of all patients. A good 
agreement between them was observed with a Cohen’s kappa of 0.69. At 
final agreement of CT, 26/34 COVID-19 were correctly diagnosed. 6/34 
(18%) COVID-19 were completely normal in CT. 

The sensitivity to identify COVID-19 was 79% (95% confidence in-
terval [CI], 66-93%) in initial RT-PCR and 77% (95% CI 62-91%) in CT. 
The specificity was 100% (95% CI 100%) in initial RT-PCR and 96% 
(95% CI 90-100%) in CT. The accuracy was 92% (95% CI 91-92%) in 
initial RT-PCR and 88% (95% CI 88%) in CT. There is no statistical 
difference in the abovementioned indicators. Typical false negative CT 
images are shown in Fig. 2. 

With the initial RT-PCR plus CT strategy, 32/34 COVID-19 patients 
were correctly diagnosed, with an improved sensitivity of 94% (95% CI 
86-100%). The specificity, accuracy was 100%, and 98% (95% CI, 98%), 

Table 1 
Demographic and clinical characteristics of 82 included patients in the study.  

Characteristic COVID-19 (n 
¼ 34)  

Non COVID-19 
(n ¼ 48) 

p-value 

Sex, no. (%) of patients 
Male 17 (50)  32 (67) 0.129 
Female 17 (50)  16 (33)  

Age, years 
Median (range) 52 (8-74)  37 (1-76)  

Epidemiologic Contact       
Wuhan/COVID-19 29 (85)  9 (19) <0.001 
Indirect contact or unknown 5 (15)  39 (81)  

Symptoms, no. (%) of patients 
Fever 25 (74)  30 (63) 0.295 
Cough 17 (50)  34 (71) 0.097 
Muscle soreness 7 (21)  6 (13) 0.323 
Sputum production 6 (18)  13 (27) 0.318 
Fatigue 2 (6)  4 (19) 0.675 
Sore throat 2 (6)  9 (19) 0.092 
Headache 3 (9)  5 (10) 0.811 
Blood test, no. (%) of patients 
Leukocytosis 2 (6)  11 (23) 0.037 
Lymphopenia 8 (24)  2 (4) 0.008  

Table 2 
Diagnostic performance of CT and initial RT-PCR in COVID-19.   

Initial RT-PCR only CT only Initial RT-PCR plus CT 

Results (n) 
TP 27 26 32 
TN 48 46 48 
FP 0 8 2 
FN 7 2 0 
Diagnostic Performance (%) 
Sensitivity 79 77 88 
95 CI 66–93 62–91 86–100 
Specificity 100 96 100 
95 CI 100 90–100 90–100 
Accuracy 92 88 98 
95 CI 91–92 88 95 

RT-PCR: reverse transcription polymerase chain reaction. 
TP: true positive; TN: true negative; FP: false positive; FN: false negative. 
CI: confidence interval. 
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respectively. Statistical analysis between this strategy and initial RT- 
PCR, CT was unavailable since it was related to those two methods. 

4. Discussion 

As some countries are struggling with COVID-19 outbreak, Wuhan, 
China has been reporting zero new cases of coronavirus for days. China, 
South Korea and Singapore seemed to have the transmission under 
control by taking early detection and isolation as the most important 
measures. The successful experience of massive drive-through testing in 
South Korea is now accepted by many other countries. 

Indeed, RT-PCR test of throat swab or nasal swab specimens is 
currently the most convenient and efficient method of rapid COVID-19 
screening. The reported sensitivity of RT-PCR for COVID-19 is 
50–62%, which is acceptable but still comes with a moderate proportion 
of missed diagnoses. Our study shows that initial RT-PCR yield a 
sensitivity of 79% and specificity of 100%, which is a little bit higher 
than previous reports. The RT-PCR testing accuracy may be affected by a 
number of factors including viral load in the respiratory tract, specimens 
source, sampling procedures and timing, quality control of the test, and 
inherent performance of the testing kits [16]. Therefore, the RT-PCR is 
unlikely to be a reliable and independent tool for COVID-19 screening. 
Furthermore, in the case of coronavirus pandemic, PCR testing kits are 
in limited supply in many countries, even in developed countries, and 
there may not be enough staff to sample and process the test. 

On the other hand, the ease of access to CT and relatively low cost in 
China makes it an efficient modality in the management of respiratory 
transmitted diseases like SARS and H1N1 flu outbreak [17]. Chest CT 
have played an important role in early detection, evaluation, and 
treatment response monitoring of COVID-19 infection. However, chest 
CT manifestation of COVID-19 pneumonia overlaps with other types of 
viral pneumonia, bringing potential impact on its specificity [18]. 
Although it is just three months from initial outbreak of the disease, our 
result showed that experienced radiologists with special training in the 
diagnosis of COVID-19 had excellent diagnostic accuracy of 88%, and 
good interobserver agreement. No statistical difference was found be-
tween chest CT and initial RT-PCR in terms of sensitivity, specificity and 
accuracy. This result is similar with the study of Harrison X. Bai et al. 
[19], which demonstrated that the accuracy of three Chinese radiolo-
gists to differentiate COVID-19 from non-COVID-19 pneumonia was 
83%, 80% and 60%. Our study is significant by demonstrating that ra-
diologists in low prevalence area are also capable of diagnosing 
COVID-19 in clinical setting with high specificity but moderate sensi-
tivity, even when patients without pneumonia were enrolled. 

The reported sensitivity of CT in COVID-19 is as high as 98% [20]. A 
large group study of Wuhan patients reported a sensitivity of 97% for 
chest CT, with 308/601 patients showing typical CT manifestations 
before RT-PCR test was positive [21]. In our study, the sensitivity of 
chest CT was 77%, which was close to the earliest large group study by 
W. Guan et al. [21] (86.2%, 840/975 CT scans). They also reported that 
more normal CT cases were found in non-severe than severe patients. 
Unlike SARS-CoV or MERS-CoV, the SARS-CoV-2 infection is more likely 

to cause mild respiratory symptoms, fewer severe cases, but more con-
tagious [22]. Pneumonia may be absence in mild patient, resulting in 
normal chest CT [23]. Thus, a possible explanation for the lower 
sensitivity in chest CT is that patients in our study were far from the 
epidemic center, consequently, more mild patients without pneumonia 
were admitted in our hospital. In the 8 cases of false negative CT in our 
study, 6 were completely normal, one presented with a very small pat-
chy subpleural GGO, and a case only presented with bronchiectasis. 
Patients with normal chest CT contributed most of the decrease in 
sensitivity. A multi-center study by Yang, W. et al. [24] also found that 
most of the cases outside Wuhan were mild, 17/149 cases had normal CT 
on admission. 

Consistent with most of the recent literatures, we also found 5 pa-
tients who had characteristic chest CT features with negative initial RT- 
PCR and confirmed by serial RT-PCR test. As mentioned before, COVID- 
19 patient may have false negative initial RT-PCR result caused by 
different factors. Our result demonstrated that the combined strategy of 
initial RT-PCR following with CT yield a remarkably improved sensi-
tivity from 79% to 94%. The top priority of transmission control is to 
screen any clinically suspected case to identify and quarantine the 
infected patients, provide timely treatment and find out all close con-
tacts for further examination. Disease control authorities may pursue 
measures with higher sensitivities while sacrificing a bit of specificity. 
Given the extremely high sensitivity of CT in the epidemic center and 
relatively low sensitivity of RT-PCR, it was once argued that CT should 
had equal importance with RT-PCR for confirming COVID-19 in Hubei 
province, which was later temporarily adopted in the 5th trial edition of 
the national guideline of diagnosis and treatment. In fact, initial RT-PCR 
and chest CT are both provided in the Guangdong province of China 
when symptomatic patients are first admitted. The comprehensive 
screening strategy has been working effectively in China since the 
beginning of outbreak. 

There may be concern about the future cancer risk of ionizing radi-
ation from CT. Low-dose chest CT has been widely applied in lung cancer 
screening, with a typical radiation dose of 1–2 mSv per scan. A recent 
study [25] found that in the 25 studies with higher quality methods, 21 
out of 25 did not support cancer induction by low-dose radiation with a 
cumulative dose up to 100 mSv (approximately 50–100 low-dose chest 
CT scans). However, we should still be cautious about the use of CT 
while assessing children and infants. 

Our study had several limitations. First, the cohort size was relatively 
small due to the clinical setting in single center of a low incidence area. It 
is also possible that the diagnostic accuracy of chest CT may be 
improved with Chinese radiologists working near the epidemic center of 
the disease who have more experience in the diagnosis of COVID-19 
with other lung infection. Future study may include artificial intelli-
gence for images reading to avoid subjective bias and improve diag-
nostic performance. Noteworthy, most of the COVID-19 patients in the 
study had mild to moderate presentation in chest CT, making it easier for 
radiologist to make differentiate diagnosis, and consequently skew the 
specificity. Lastly, most of the RT-PCR kits currently in use were 
developed in short period and may not be adequately tested prior to 

Fig. 2. False negative CT images 
A. Axial CT image of a 64-year-old woman 
shows bronchiectasis (arrow head) without 
any evidence of GGO. Initial RT-PCR was 
negative. She was confirmed COVID-19 at 
the third RT-PCR during quarantine obser-
vation. 
B. Axial CT image of a 32-year-old woman. 
The patchy sub-pleural GGO (red frame) was 
the only positive finding. Her initial RT-PCR 
was positive.   
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application in the context of urgent needs. Better reference standard 
needs to be set up for comparing diagnostic method of COVID-19. 

In conclusion, initial RT-PCR and chest CT had similar and good 
diagnostic performance in rapid screening of clinically suspected 
COVID-19 patients outside the epidemic center. A radiologist with 
proper training can differentiate COVID-19 with other common path-
ogen induced pneumonia in clinical setting. Normal chest CT can be 
found in RT-PCR positive COVID-19 cases, and typical CT manifestations 
can be found in RT-PCR negative cases. To compensate potential risk of 
false-negative in initial screening RT-PCR, chest CT should be applied 
for clinically suspected COVID-19 patients with negative initial RT-PCR. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

CRediT authorship contribution statement 

Jian-Long He: Conceptualization, Methodology, Formal analysis, 
Writing - original draft, Writing - review & editing. Lin Luo: Formal 
analysis, Investigation. Zhen-Dong Luo: Investigation, Data curation. 
Jian-Xun Lyu: Investigation, Data curation. Ming-Yen Ng: Writing - 
review & editing. Xin-Ping Shen: Methodology, Supervision. Zhibo 
Wen: Conceptualization, Methodology, Supervision, Writing - review & 
editing. 

Acknowledgement 

We gratefully acknowledge the assistance of Ms. Jing Dian, Depart-
ment of Biostatistics, School of Public Health, Southern Medical Uni-
versity, Guangzhou, China, for statistical analysis. 

This study has received funding by High Level-Hospital Program, 
Health Commission of Guangdong Province, China (No. 
HKUSZH201901005). 

References 

[1] World Health Organization, Coronavirus Disease 2019 (COVID-19) Situation 
Report-51, World Health Organization, Geneva, 2020. Available via, https://www. 
who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports. 
(Accessed 11 March 2020). Accessed. 

[2] Z. Zhang, W. Yao, Y. Wang, C. Long, X. Fu, Wuhan and Hubei COVID-19 mortality 
analysis reveals the critical role of timely supply of medical resources, J. Infect. 
(2020), https://doi.org/10.1016/j.jinf.2020.03.018. 

[3] W. Wang, Y. Xu, R. Gao, et al., Detection of SARS-CoV-2 in different types of 
clinical specimens, J. Am. Med. Assoc. (2020), https://doi.org/10.1001/ 
jama.2020.3786. 

[4] D. Wang, B. Hu, C. Hu, et al., Clinical characteristics of 138 hospitalized patients 
with 2019 novel coronavirus-infected pneumonia in Wuhan, China, J. Am. Med. 
Assoc. (2020), https://doi.org/10.1001/jama.2020.1585. 

[5] W. Guan, Z. Ni, Y. Hu, et al., Clinical characteristics of coronavirus disease 2019 in 
China, N. Engl. J. Med. (2020), https://doi.org/10.1056/NEJMoa2002032. 

[6] G.C. Ooi, P.L. Khong, N.L. Muller, et al., Severe acute respiratory syndrome: 
temporal lung changes at thin-section CT in 30 patients, Radiology 230 (3) (2004) 
836–844. 

[7] A.M. Ajlan, R.A. Ahyad, L.G. Jamjoom, A. Alharthy, T.A. Madani, Middle East 
respiratory syndrome coronavirus (MERS-CoV) infection: chest CT findings, AJR 
Am. J. Roentgenol. 203 (4) (2014) 782–787. 

[8] M. Ng, E.Y. Lee, J. Yang, et al., Imaging profile of the COVID-19 infection: 
radiologic findings and literature review, Radiology: Cardiothoracic Imaging 
(2020), https://doi.org/10.1148/ryct.2020200034. 

[9] A. Bernheim, X. Mei, M. Huang, et al., Chest CT findings in coronavirus disease-19 
(COVID-19): relationship to duration of infection, Radiology (2020), https://doi. 
org/10.1148/radiol.2020200463. 

[10] X. Xie, Z. Zhong, W. Zhao, C. Zheng, F. Wang, J. Liu, Chest CT for typical 2019- 
nCoV pneumonia: relationship to negative RT-PCR testing, Radiology (2020), 
https://doi.org/10.1148/radiol.2020200343. 

[11] P. Huang, T. Liu, L. Huang, et al., Use of chest CT in combination with negative RT- 
PCR assay for the 2019 novel coronavirus but high clinical suspicion, Radiology 
(2020), https://doi.org/10.1148/radiol.2020200330. 

[12] H. Shi, X. Han, N. Jiang, et al., Radiological findings from 81 patients with COVID- 
19 pneumonia in Wuhan, China: a descriptive study, Lancet Infect. Dis. (2020), 
https://doi.org/10.1016/S1473-3099(20)30086-4. 

[13] J.F. Chan, S. Yuan, K. Kok, et al., A familial cluster of pneumonia associated with 
the 2019 novel coronavirus indicating person-to-person transmission: a study of a 
family cluster, Lancet 2020 (2020), https://doi.org/10.1016/S0140-6736(20) 
30154-9. 

[14] M. Chung, A. Bernheim, X. Mei, et al., CT imaging features of 2019 novel 
coronavirus (2019-nCoV), Radiology (2020), https://doi.org/10.1148/ 
radiol.2020200230. 

[15] Y. Pan, H. Guan, S. Zhou, et al., Initial CT findings and temporal changes in 
patients with the novel coronavirus pneumonia (2019-nCoV): a study of 63 
patients in Wuhan, China, Eur. Radiol. (2020), https://doi.org/10.1007/s00330- 
020-06731-x. 

[16] J.F. Chan, C.C. Yip, K.K. To, et al., Improved molecular diagnosis of COVID-19 by 
the novel, highly sensitive and specific COVID-19-RdRp/Hel real-time reverse 
transcription-polymerase chain reaction assay validated in vitro and with clinical 
specimens, J. Clin. Microbiol. (2020), https://doi.org/10.1128/JCM.00310-20. 

[17] E.Y.P. Lee, M. Ng, P. Khong, COVID-19 pneumonia: what has CT taught us? Lancet 
Infect. Dis. (2020) https://doi.org/10.1016/S1473-3099(20)30134-1. 

[18] Y. Li, L. Xia, Coronavirus disease 2019 (COVID-19): role of chest CT in diagnosis 
and management, AJR Am. J. Roentgenol. (2020), https://doi.org/10.2214/ 
AJR.20.22954. 

[19] H.X. Bai, B. Hsieh, Z. Xiong, et al., Performance of radiologists in differentiating 
COVID-19 from viral pneumonia on chest CT, Radiology (2020), https://doi.org/ 
10.1148/radiol.2020200823. 

[20] Y. Fang, H. Zhang, J. Xie, et al., Sensitivity of chest CT for COVID-19: comparison 
to RT-PCR, Radiology (2020), https://doi.org/10.1148/radiol.2020200432. 

[21] T. Ai, Z. Yang, H. Hou, et al., Correlation of chest CT and RT-PCR testing in 
coronavirus disease 2019 (COVID-19) in China: a report of 1014 cases, Radiology 
(2020), https://doi.org/10.1148/radiol.2020200642. 

[22] S. Salehi, A. Abedi, S. Balakrishnan, A. Gholamrezanezhad, Coronavirus disease 
2019 (COVID-19): a systematic review of imaging findings in 919 patients, AJR 
Am. J. Roentgenol. (2020), https://doi.org/10.2214/AJR.20.23034. 

[23] K. Li, Y. Fang, W. Li, et al., CT image visual quantitative evaluation and clinical 
classification of coronavirus disease (COVID-19), Eur. Radiol. (2020), https://doi. 
org/10.1007/s00330-020-06817-6. 

[24] W. Yang, Q. Cao, L. Qin, et al., Clinical characteristics and imaging manifestations 
of the 2019 novel coronavirus disease (COVID-19):A multi-center study in 
Wenzhou city, Zhejiang, China, J. Infect. 80 (4) (2020) 388–393. 

[25] C.H. Schultz, R. Fairley, L.S. Murphy, M. Doss, The risk of cancer from CT scans and 
other sources of low-dose radiation: a critical appraisal of methodologic quality, 
Prehospital Disaster Med. 35 (1) (2020) 3–16. 

J.-L. He et al.                                                                                                                                                                                                                                    

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.1016/j.jinf.2020.03.018
https://doi.org/10.1001/jama.2020.3786
https://doi.org/10.1001/jama.2020.3786
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1056/NEJMoa2002032
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref6
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref6
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref6
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref7
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref7
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref7
https://doi.org/10.1148/ryct.2020200034
https://doi.org/10.1148/radiol.2020200463
https://doi.org/10.1148/radiol.2020200463
https://doi.org/10.1148/radiol.2020200343
https://doi.org/10.1148/radiol.2020200330
https://doi.org/10.1016/S1473-3099(20)30086-4
https://doi.org/10.1016/S0140-6736(20)30154-9
https://doi.org/10.1016/S0140-6736(20)30154-9
https://doi.org/10.1148/radiol.2020200230
https://doi.org/10.1148/radiol.2020200230
https://doi.org/10.1007/s00330-020-06731-x
https://doi.org/10.1007/s00330-020-06731-x
https://doi.org/10.1128/JCM.00310-20
https://doi.org/10.1016/S1473-3099(20)30134-1
https://doi.org/10.2214/AJR.20.22954
https://doi.org/10.2214/AJR.20.22954
https://doi.org/10.1148/radiol.2020200823
https://doi.org/10.1148/radiol.2020200823
https://doi.org/10.1148/radiol.2020200432
https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.2214/AJR.20.23034
https://doi.org/10.1007/s00330-020-06817-6
https://doi.org/10.1007/s00330-020-06817-6
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref24
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref24
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref24
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref25
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref25
http://refhub.elsevier.com/S0954-6111(20)30120-7/sref25

