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OBJECTIVE. The purpose of this article is to systematically review and meta-analyze the
diagnostic accuracy of chest CT in detecting coronavirus disease (COVID-19).
MATERIALS AND METHODS. MEDLINE was systematically searched for publications on the diagnostic performance of chest CT in detecting COVID-19. Methodologic quality was assessed using the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2)
tool. Meta-analysis was performed using a bivariate random-effects model.
RESULTS. Six studies were included, comprising 1431 patients. All six studies included
patients at high risk of COVID-19, and five studies explicitly reported that they included only
symptomatic patients. Mean prevalence of COVID-19 was 47.9% (range, 27.6–85.4%). High
or potential risk of bias was present throughout all QUADAS-2 domains in all six studies.
Sensitivity ranged from 92.9% to 97.0%, and specificity ranged from 25.0% to 71.9%, with
pooled estimates of 94.6% (95% CI, 91.9–96.4%) and 46.0% (95% CI, 31.9–60.7%), respectively. The included studies were statistically homogeneous in their estimates of sensitivity
(p = 0.578) and statistically heterogeneous in their estimates of specificity (p < 0.001).
CONCLUSION. Diagnostic accuracy studies on chest CT in COVID-19 suffer from
methodologic quality issues. Chest CT appears to have a relatively high sensitivity in symptomatic patients at high risk of COVID-19, but it cannot exclude COVID-19. Specificity is
poor. These data, along with other local factors such as COVID-19 prevalence, available realtime reverse transcriptase–polymerase chain reaction tests, staff, hospital, and CT scanning
capacity, can be useful to healthcare professionals and policy makers to decide on the utility
of chest CT for COVID-19 detection in the hospital setting.
oronavirus disease (COVID-19)
has spread throughout the world
and caused a pandemic [1–6].
Overall mortality rate based on
Chinese data has been estimated to be approximately 3.6% [7]. Currently, there is no
vaccine or definite treatment available [1, 5].
The social, healthcare, and economic consequences of the COVID-19 pandemic are immense [2]. Healthcare systems throughout
the world are threatened to or have already
become overloaded [8]. Protecting vulnerable patients (e.g., older individuals with comorbid conditions) and healthcare workers in
hospitals from being infected with severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the virus that causes
COVID-19. COVID-19 is optimized to

spread widely [9]. Infected persons are contagious even when minimally symptomatic
or asymptomatic [9]. Just one hospitalized
patient with occult COVID-19 can infect oth-

C

er patients, healthcare workers, and visitors,
which in turn can infect many other people
in the hospital. Hospitals need to ensure that
all infected patients are placed in strict isolation to prevent an uncontrollable outbreak of
COVID-19. The Centers for Disease Control
and Prevention recommend rapid safe triage
and isolation of patients suspected to have
SARS-CoV-2 or other respiratory infection
who come to the hospital [10]. At present,
real-time reverse transcriptase–polymerasechain reaction (RT-PCR) assay of nasal and
pharyngeal swab specimens is considered
the reference standard to detect SARSCoV-2 [11–15]. However, given the incubation period of the infection (estimated as
2–14 days), an initial negative RT-PCR result
does not rule out infection with SARS-CoV-2
[16]. Furthermore, false-negative results may
be due to sampling error or laboratory error
[17, 18]. Therefore, in patients with a negative
RT-PCR test result but persistent clinical
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Assessment of Study Quality

Two reviewers independently assessed study
quality with use of the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) checklist [25]. Any discrepancies were solved by consensus with a third reviewer.

Statistical Analyses

A

B

Fig. 1—CT findings of coronavirus disease (COVID-19) pneumonia with diagnosis confirmed by reverse
transcriptase–polymerase chain reaction testing.
A and B, Axial unenhanced CT images of 57-year-old man (A) and 78-year-old woman (B) show multifocal
bilateral ground-glass opacities (arrows). Both patients had presented with fever, cough, and dyspnea.

suspicion, tests should be repeated [19, 20].
RT-PCR testing is relatively time-consuming, which puts pressure on the limited number of isolation rooms in hospitals [18, 21]. In
addition, RT-PCR testing capacity remains
limited with respect to the total number of
eligible patients [1]. Several recent studies,
which were published in rapid succession,
have suggested that chest CT may be used as
a tool to detect COVID-19 [17, 18, 22, 23]
(Fig. 1). However, individual studies may
suffer from relatively low sample sizes, concerns with respect to demographic applicability, methodologic errors, or a combination
of those shortcomings. The danger lurks that
clinically relevant decisions are made on the
basis of incomplete or flawed data. Critical
appraisal of the literature is necessary to
make evidence-based decisions on the use of
chest CT as a diagnostic tool in clinical practice. Therefore, the purpose of our study was
to systematically review and meta-analyze
the literature examining the diagnostic performance of chest CT in detecting COVID-19.
Materials and Methods

This study followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guidelines [24].

Literature Search

MEDLINE was searched to find original studies on the diagnostic performance of chest CT in
the detection of COVID-19 using the following
query: (Corona OR Coronavirus OR Covid-19 OR
SARS-Cov-2 OR 2019nCoV OR Wuhan-virus)
AND (CT OR Computerized tomography OR CT
OR CT OR CAT OR HRCT). When only an abstract was available, the study authors were contacted to request the full text version. In addition,

2

the journal Radiology: Cardiothoracic Imaging
(articles published by this journal are not yet listed
in MEDLINE) was manually searched for potentially relevant articles. Reference lists of included
studies were also searched. The search was updated until April 12, 2020.

Selection of Studies

Original studies that investigated the diagnostic
performance of chest CT in detecting C
 OVID-19
were eligible to be included. Studies with insufficient data to construct a 2 × 2 contingency table (i.e., numbers of true-positive, true-negative,
false-positive, and false-negative cases) to calculate sensitivity and specificity were excluded. Sensitivity and specificity are inherently related; both
values are necessary to determine the overall test
performance of chest CT. Therefore, by definition,
studies that only enrolled patients with proven
SARS-CoV-2 infection by RT-PCR testing were
excluded. Reviews, conference abstracts, editorials, and studies with fewer than 10 patients were
excluded. Using the selection criteria, titles and
abstracts of studies that were found through the
search strategy were reviewed. Full-text versions
of potentially eligible articles were retrieved and
reviewed. There were no language restrictions.

Extraction of Data From Included Studies

Two reviewers independently extracted principal study characteristics (date of submission,
acceptation, and publication; country of origin;
number, age, and sex of included patients; inclusion criteria, time between symptom onset and
chest CT; CT interpreters; diagnostic CT criteria;
reference standard; and COVID-19 prevalence)
and true-positive, false-positive, false-negative,
and true-negative values of chest CT in detecting COVID-19. Any discrepancies were solved by
consensus with a third reviewer.

For each study, sensitivity and specificity of
chest CT in detecting COVID-19 were calculated,
along with 95% CIs. Heterogeneity between studies was assessed using a chi-square test (heterogeneity was defined as p < 0.1). Meta-analysis was
performed using a bivariate random-effects model [26]. Individual studies were plotted in ROC
space, as were summary estimates with a 95%
confidence ellipse. The Meta-analysis of Diagnostic Accuracy Studies package in R software (R
Foundation for Statistical Computing) was used
for statistical analyses.

Results
Literature Search
Figure 2 sets out the study selection process. Seventy-one studies were potentially eligible for inclusion (Appendix 1). One
study could not be retrieved in full text. After review of the full text of the remaining
70 studies, 57 were excluded because they investigated only patients with proven SARSCoV-2 infection, five because they did not
provide sufficient data to construct a 2 × 2
contingency table to calculate sensitivity and
specificity, and two because they investigated fewer than 10 patients. Six studies were
eventually included [23, 27–31]. Principal
study characteristics are displayed in Table
1. The median number of patients per study
was 110 (range, 19–1014), with a total of 1431
patients. All six studies included patients at
high risk of SARS-CoV-2 infection, and five
studies explicitly reported that they included
only patients with symptoms of COVID-19.
The mean prevalence of COVID-19 was
47.9% (range, 27.6–85.4%).
Study Quality
Figure 3 summarizes the results of
QUADAS-2 quality assessments. Risk of bias
regarding patient selection was deemed high
in the study by Himoto et al. [29] because it
excluded patients who underwent chest CT
within 3 days after symptom onset. Risk of
bias regarding patient selection was deemed
unclear in the study by Xie et al. [31] because
whether patients were enrolled consecutively or randomly assigned was unclear. Risk
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Studies in
Radiology: Cardiothoracic Imaging
(n = 1)

Studies excluded by screening
titles and abstracts
(n = 1128)

Potentially eligible studies
(n = 71)
Studies not retrievable in full text
(n = 1)
Studies retrieved in full text
(n = 70)
Studies excluded after
full text review
(n = 64)
Studies included
(n = 6)

Fig. 2—Flowchart shows study selection process.

of bias regarding index test was also deemed
high in the study by Himoto et al. because no
prespecified diagnostic threshold was used.
Risk of bias regarding index test was deemed
unclear in the other five studies, because they
did not report whether a prespecified threshold for positivity was used [22, 27, 30, 31] or
whether chest CT was interpreted without
knowledge of RT-PCR results [28, 31]. Risk
of bias regarding reference standard was
deemed high in Himoto et al. because careful observation for more than 2 weeks was
the only reference standard (rather than RTPCR or gene sequencing) in some patients.
In addition, that study did not report the location where swab sampling was performed or
whether all patients with an initial negative
RT-PCR result and persistent high index of
suspicion of COVID-19 underwent repeated
RT-PCR testing. Risk of bias regarding reference standard was deemed unclear in two
other studies; in the study by Ai et al. [22],
it was not clear whether all patients with an
initial negative RT-PCR result and persistent high index of suspicion of COVID-19
underwent repeated RT-PCR testing, and in
the study by Zhu et al. [30], the location of
the swab sampling was not reported. Risk of
bias regarding flow and timing was deemed
high in the study by Ai et al. because the
time interval between CT and RT-PCR exceeded 72 hours (maximum, 7 days). Risk of
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bias regarding flow and timing was deemed
unclear in another four studies because the
time interval between chest CT and RT-PCR
testing was not reported [28–31]. Two studies involved applicability concerns regarding
patient selection; the study by Caruso et al.
[28] included patients with a previously positive RT-PCR result, and the study by Himoto
et al. excluded patients who underwent chest
CT within 3 days after symptom onset. There
were no other applicability concerns.

Discussion
Early and accurate diagnosis may be an essential step toward controlling the C
 OVID-19
pandemic. Chest CT has been proposed as
a rapid diagnostic tool for the detection of
COVID-19. Our study systematically reviewed
the literature with regard to the diagnostic performance of chest CT in detecting this disease.
Our literature search found an abundance of studies on chest CT in COVID-19.
However, 57 of 70 (81.4%) potentially eligible studies had to be excluded, because
they only investigated patients with SARSCoV-2 infection proven by RT-PCR, which
does not allow an assessment of the overall test performance of chest CT in terms
of both sensitivity and specificity. This reason for study exclusion applied to many of
the articles that have been widely circulated among the scientific community. A total of six studies remained for inclusion in

Flow and Timing
QUADAS-2 Domain

Downloaded from www.ajronline.org by 71.62.174.241 on 06/01/20 from IP address 71.62.174.241. Copyright ARRS. For personal use only; all rights reserved

Studies in MEDLINE
(n = 1198)

Diagnostic Performance
The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of each included study
are displayed in Table 2. Sensitivity ranged
from 92.9% to 97.0% and specificity ranged
from 25.0% to 71.9%, with pooled estimates
of 94.6% (95% CI, 91.9–96.4%) and 46.0%
(95% CI, 31.9–60.7%), respectively. The corresponding ROC plot is shown in Figure 4.
The area under the summary ROC curve was
0.92. The included studies were statistically
homogeneous in their estimates of sensitivity (p = 0.578) but statistically heterogeneous
in their estimates of specificity (p < 0.001).

Reference Standard

Index Test

Patient Selection
0

20
40
60
80
Studies With Low, Unclear, or High Risk of Bias (%)

100

A
Fig. 3—Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) assessments of included studies.
A and B, Graphs show performance of included studies with respect to QUADAS-2 domains addressing risk of
bias (A) and concerns regarding applicability (B). Light gray = low risk, dark gray = level of risk unclear, black =
high risk.
(Fig. 3 continues on next page)
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March 18
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March 13
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March 13
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Himoto [29]

158

P

Italy

April 3

Caruso [28]

Total no.

Patients

103

Wen [27]
Study Characteristic

Article datea

First Author [Reference]

clinical observation (rather than RT-PCR or
gene sequencing) was used as the only reference standard in some patients. In addition,
three studies showed potential risk of bias
regarding reference standard, because it was
not clear whether all patients with an initial
negative RT-PCR result and persistent high
index of suspicion of COVID-19 underwent
repeat RT-PCR testing and because the location of the swab sampling was not reported [22, 29, 30]. These potential flaws regarding reference standard may have resulted in
incorrect diagnosis of COVID-19 in some
patients. One study had a high risk of disease progression bias because the time interval between CT and RT-PCR exceeded 72
hours [22]. All the aforementioned methodologic quality issues should be the topic of
improvement in future studies.
Within the bounds of the aforementioned
limitations, our meta-analysis found that
chest CT achieves pooled sensitivity and
specificity values of 94.9% (95% CI, 90.2–
97.4%) and 30.9% (95% CI, 22.6–40.6%),
respectively, in detecting COVID-19 in patients at high risk of being infected with
SARS-CoV-2. Although overall sensitivity
appears to be high, a normal chest CT does
not exclude COVID-19.
There are two reasons why chest CT may
suffer from false-negative results. First, patients experiencing symptoms may not have
lung abnormalities in the early course of
the disease [12, 32]. Second, a considerable
number of patients with symptomatic upper
respiratory tract infections do not develop
pneumonia [11, 33]. Overall specificity of
chest CT can be considered poor. False-positive chest CT findings can be encountered
in patients with other viral pneumonias that

TABLE 1: Principal Characteristics of Six Included Studies

our systematic review and meta-analysis.
Importantly, all of these six studies included patients at high risk of SARS-CoV-2 infection. Not surprisingly, the prevalence of
COVID-19 in patients in these studies was
relatively high, with a mean of 47.9%. The
majority of included studies explicitly reported that they included only patients with
symptoms. The results of our systematic review and meta-analysis are therefore not
applicable to a screening setting that aims
to detect COVID-19 in apparently healthy
people with no symptoms. Such evidence is
currently lacking.
Furthermore, the six available studies
that investigated the use of chest CT for
COVID-19 suffered from several other methodologic flaws. There was high risk of selection bias in one study that excluded patients
who underwent chest CT within 3 days after
symptom onset [29]. This may have resulted in a relative overestimation of sensitivity,
because patients with recent symptoms may
not have lung abnormalities yet [12, 32]. All
six studies had high or potential risk of bias
regarding index test, because they either did
not report whether a prespecified diagnostic
threshold was used, because no prespecified
diagnostic threshold was used, or because
they did not report whether chest CT was interpreted without knowledge of RT-PCR results [22, 27–31]. A biased post hoc selection of a diagnostic threshold to optimize
sensitivity, specificity, or both may lead to
overestimation of diagnostic performance
of chest CT [25]. Diagnostic performance is
likely to be poorer in an independent sample
of patients in whom the same threshold is
used [25]. One study [29] had a high risk of
bias regarding reference standard, because

China

February 17

Xie [31]

B
Fig. 3 (continued)—Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) assessments of
included studies.
A and B, Graphs show performance of included studies with respect to QUADAS-2 domains addressing risk of
bias (A) and concerns regarding applicability (B). Light gray = low risk, dark gray = level of risk unclear, black =
high risk.
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Radiologist

Type

88 (85.4)

No. (%) of patients
with COVID-19

6 (28.6)

9 (47.4)

3 d (consecutive)

Oropharyngeal swab,
blood, urine, and stool

601 (59.3)

Note—R = retrospective, P = prospective, WHO = World Health Organization, COVID-19 = coronavirus disease, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, GGO = ground-glass opacity,
RT-PCR = reverse transcriptase–polymerase chain reaction.
a All dates were in 2020.
bReadings were performed in consensus.
cPatients with initially negative RT-PCR results underwent repeated RT-PCR testing (up to four tests).
dPatients were considered negative after two consecutive negative RT-PCR results.
ePatients with a positive initial result were considered infected. Patients with a negative initial result underwent repeated RT-PCR testing. Patients with a negative second test were considered noninfected.
fIf initial results were negative, RT-PCR of oropharyngeal swab samples were repeated for three consecutive days.
gFor patients with multiple RT-PCR tests up to 3 days after the initial test, diagnosis of COVID-19 was confirmed when any of the test results was positive.

62 (39.2)

24 h
32 (27.6)

1–3 d

Testing interval

Nasopharyngeal and
oropharyngeal swabs

Throat swab

Throat swab, sputum, or
alveolar lavage fluid

RT-PCR f

Specimen type or
location

RT-PCRe

RT-PCRg

RT-PCR, observation
for > 2 wk, or both

RT-PCRc

Chest CT

12, 4

Radiologist

Twob

Reference standard

RT-PCRd

Ai [22]

Suspected SARS-CoV-2
infection, chest CT,
RT-PCR

< 7 days

Bilateral patchy
shadows and GGOs

Suspected COVID-19

51

547

467

< 3 days

GGOs and predominantly
peripheral lesions

General radiology

3

Chest radiologist

Two

5 d (median)

Suspected SARS-CoV-2
infection

33

11

8

Xie [31]

Time between CT and
reference standard

Diagnosis of viral pneumonia

Thoracic imaging

15, 25

Senior radiology resident

Two

4–26 d

Clinically suspected
COVID-19 pneumonia

27–53

40

65

56

Zhu [30]

Abnormalities on CT

Chest CT

Type

Radiologist

Twob

Fever and respiratory symptoms,
mild respiratory symptoms and
close contact with a patient with
confirmed COVID-19, or positive
test result

Himoto [29]

First Author [Reference]

Diagnostic CT criteria

8–15

Amount (y)

Experience

Three

WHO Interim Guidance
[39]

No.

CT interpreters

Time from symptom
onset to chest CT

Inclusion criteria

28–87

18–89

66

9

12

58.5

12–98

57

75

83

Caruso [28]

Range

Wen [27]

Median

Mean

46

55

Female

Age (y)

48

Male

Study Characteristic

TABLE 1: Principal Characteristics of Six Included Studies (continued)
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Fig. 4—ROC plot for
included studies.
Black line denotes
summary ROC curve;
gray oval shows
confidence region (95%
confidence ellipse of
pooled sensitivity and
specificity). Triangles
represent data points,
and circle denotes
summary estimate.
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0.8

0.4

0.2

0.0
0.0

0.2

0.4
0.6
False-Positive Rate

0.8

1.0

TABLE 2: Diagnostic Value of Chest CT in the Diagnosis of Coronavirus
Disease (COVID-19) in the Included Studies
First Author [Reference]

Performance
Measure

Wen [27]

Sensitivity

93.2 (82/88)

96.8 (60/62)

92.2 (6/6)

Specificity

53.3 (8/15)

56.3 (54/96)

71.9 (11/15)

PPV

92.1 (82/89)

58.8 (60/102)

59.1 (6/10)

NPV

42.9 (6/14)

96.4 (54/56)

95.8 (54/56)

Caruso [28]

Himoto [29]a,b

Xie [31]b

Ai [22]

93.8 (30/32)

95.0 (9/9)

96.5 (580/601)

33.3 (28/84)

50.0 (5/10)

25.4 (105/413)

34.9 (30/86)

63.3 (9/14)

65.3 (580/888)

93.3 (28/30)

91.7 (5/5)

83.3 (105/126)

Zhu [30]

Note—Values are percentages with raw numbers in parentheses. PPV = positive predictive value, NPV =
negative predictive value.
aDiagnostic performance values from reader 1, using the diagnostic criterion with the highest Youden index
(i.e., ground-glass opacities and peripheral-predominant lesions).
bA standard correction of adding 0.5 to all cells of the 2 × 2 contingency table was applied because one or more
of the four cells contained the number 0.

show similar imaging features [22]. This further limits the use of chest CT as a diagnostic
tool for COVID-19 in regions with a higher
prevalence of diseases such as various forms
of flu. Interstitial lung diseases and pulmonary edema from cardiogenic and noncardiogenic causes may also have chest CT features
that overlap those of COVID-19 [34]. Sensitivity values were statistically homogeneous
across included studies, but specificity values
were not. The latter may be due to methodologic differences between studies, including the use of different diagnostic criteria
and observer variability effects, with higher
specificity attained by experienced and dedicated chest radiologists than those with less
experience and training.
When the use of chest CT is being considered in a hospital setting, NPV can be regarded as the most important test characteristic.
A nearly perfect NPV is desired to eliminate
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the risk that patients with COVID-19 remain
undetected and that protective measures to
prevent nosocomial spread of this disease
are not undertaken. Because NPV depends
on disease prevalence, the utility of chest CT
for C
 OVID-19 detection may vary by region
and season. For example, assuming a simplified situation in which the pooled sensitivity
and specificity values that were estimated in
this study remain fixed and considering variable prevalences of COVID-19 of 10%, 20%,
40%, and 60%, the corresponding NPVs of
chest CT would be 98.7%, 97.1%, 92.7%,
and 85.0%, respectively. Notably, some studies were not included in this systematic review and meta-analysis because they only
enrolled patients with SARS-CoV-2 infection proven by RT-PCR testing; they reported normal chest CT findings in up to 18–39%
of cases [12, 35–37]. This indicates that the
NPV of chest CT may be substantially low-

er. Furthermore, even when relatively high
NPVs are achieved in a low disease prevalence setting, PPV may decrease to an unacceptably low level, unless future research is
able to identify more specific chest CT findings of COVID-19. Other variables that need
to be taken into account before embarking
on any chest CT–based diagnostic algorithm
in a hospital are the availability of RT-PCR
tests, staff, and hospital capacity (including
the number of isolation rooms). Another relevant issue is that if CT scanners are used
to diagnose suspected COVID-19, thorough
cleaning and disinfection of equipment and
the CT examination room are necessary after
each use, which may limit a high throughput
of patients [10, 38].
Our study has some limitations. First, the
number of included studies was relatively
low. However, this underlines the fact that
most of the numerous chest CT studies on
COVID-19 that are currently available are
of too poor quality to allow even an extraction of both sensitivity and specificity estimates. We hope that this systematic review
and meta-analysis will shed scientific light
on the matter and enable healthcare professionals and policy makers to make rational
decisions on the value and use of chest CT
for COVID-19 detection. It also emphasizes
the need for more high-quality studies. Second, several factors may have affected the estimates of diagnostic performance, including
chest CT criteria for COVID-19 and observer experience and skill. However, the included studies did not provide sufficient details to
permit corresponding subanalyses to determine their effects on diagnostic performance.
These issues are relevant for clinical practice
and should be a focus of future studies.
In conclusion, diagnostic accuracy studies
on chest CT in COVID-19 suffer from methodologic quality issues. Chest CT appears to
have a relatively high sensitivity in patients
experiencing symptoms of COVID-19 who
are at high risk of infection, but it cannot exclude COVID-19. Specificity is poor. These
data, along with other local factors such as
COVID-19 prevalence, available RT-PCR
tests, staff, hospital, and CT scanning capacity, can help healthcare professionals and policy makers to decide on the utility of chest CT
for C
 OVID-19 detection in the hospital setting.
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