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A B S T R A C T

Background

Our March 2021 edition of this review showed thoracic imaging computed tomography (CT) to be sensitive and moderately specific in
diagnosing COVID-19 pneumonia. This new edition is an update of the review.

Objectives

Our objectives were to evaluate the diagnostic accuracy of thoracic imaging in people with suspected COVID-19; assess the rate of positive
imaging in people who had an initial reverse transcriptase polymerase chain reaction (RT-PCR) negative result and a positive RT-PCR result
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on follow-up; and evaluate the accuracy of thoracic imaging for screening COVID-19 in asymptomatic individuals. The secondary objective
was to assess threshold eMects of index test positivity on accuracy.

Search methods

We searched the COVID-19 Living Evidence Database from the University of Bern, the Cochrane COVID-19 Study Register, The Stephen B.
Thacker CDC Library, and repositories of COVID-19 publications through to 17 February 2021. We did not apply any language restrictions.

Selection criteria

We included diagnostic accuracy studies of all designs, except for case-control, that recruited participants of any age group suspected to
have COVID-19. Studies had to assess chest CT, chest X-ray, or ultrasound of the lungs for the diagnosis of COVID-19, use a reference standard
that included RT-PCR, and report estimates of test accuracy or provide data from which we could compute estimates. We excluded studies
that used imaging as part of the reference standard and studies that excluded participants with normal index test results.

Data collection and analysis

The review authors independently and in duplicate screened articles, extracted data and assessed risk of bias and applicability concerns
using QUADAS-2. We presented sensitivity and specificity per study on paired forest plots, and summarized pooled estimates in tables. We
used a bivariate meta-analysis model where appropriate.

Main results

We included 98 studies in this review. Of these, 94 were included for evaluating the diagnostic accuracy of thoracic imaging in the evaluation
of people with suspected COVID-19. Eight studies were included for assessing the rate of positive imaging in individuals with initial RT-PCR
negative results and positive RT-PCR results on follow-up, and 10 studies were included for evaluating the accuracy of thoracic imaging
for imagining asymptomatic individuals.

For all 98 included studies, risk of bias was high or unclear in 52 (53%) studies with respect to participant selection, in 64 (65%) studies
with respect to reference standard, in 46 (47%) studies with respect to index test, and in 48 (49%) studies with respect to flow and timing.
Concerns about the applicability of the evidence to: participants were high or unclear in eight (8%) studies; index test were high or unclear
in seven (7%) studies; and reference standard were high or unclear in seven (7%) studies.

Imaging in people with suspected COVID-19

We included 94 studies. Eighty-seven studies evaluated one imaging modality, and seven studies evaluated two imaging modalities. All
studies used RT-PCR alone or in combination with other criteria (for example, clinical signs and symptoms, positive contacts) as the
reference standard for the diagnosis of COVID-19.

For chest CT (69 studies, 28285 participants, 14,342 (51%) cases), sensitivities ranged from 45% to 100%, and specificities from 10% to
99%. The pooled sensitivity of chest CT was 86.9% (95% confidence interval (CI) 83.6 to 89.6), and pooled specificity was 78.3% (95% CI
73.7 to 82.3). Definition for index test positivity was a source of heterogeneity for sensitivity, but not specificity. Reference standard was
not a source of heterogeneity.

For chest X-ray (17 studies, 8529 participants, 5303 (62%) cases), the sensitivity ranged from 44% to 94% and specificity from 24 to 93%.
The pooled sensitivity of chest X-ray was 73.1% (95% CI 64.1 to 80.5), and pooled specificity was 73.3% (95% CI 61.9 to 82.2). Definition
for index test positivity was not found to be a source of heterogeneity. Definition for index test positivity and reference standard were not
found to be sources of heterogeneity.

For ultrasound of the lungs (15 studies, 2410 participants, 1158 (48%) cases), the sensitivity ranged from 73% to 94% and the specificity
ranged from 21% to 98%. The pooled sensitivity of ultrasound was 88.9% (95% CI 84.9 to 92.0), and the pooled specificity was 72.2% (95%
CI 58.8 to 82.5). Definition for index test positivity and reference standard were not found to be sources of heterogeneity.

Indirect comparisons of modalities evaluated across all 94 studies indicated that chest CT and ultrasound gave higher sensitivity estimates
than X-ray (P = 0.0003 and P = 0.001, respectively). Chest CT and ultrasound gave similar sensitivities (P = 0.42). All modalities had similar
specificities (CT versus X-ray P = 0.36; CT versus ultrasound P = 0.32; X-ray versus ultrasound P = 0.89).

Imaging in PCR-negative people who subsequently became positive

For rate of positive imaging in individuals with initial RT-PCR negative results, we included 8 studies (7 CT, 1 ultrasound) with a total of
198 participants suspected of having COVID-19, all of whom had a final diagnosis of COVID-19. Most studies (7/8) evaluated CT. Of 177
participants with initially negative RT-PCR who had positive RT-PCR results on follow-up testing, 75.8% (95% CI 45.3 to 92.2) had positive
CT findings.

Imaging in asymptomatic PCR-positive people
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For imaging asymptomatic individuals, we included 10 studies (7 CT, 1 X-ray, 2 ultrasound) with a total of 3548 asymptomatic participants,
of whom 364 (10%) had a final diagnosis of COVID-19. For chest CT (7 studies, 3134 participants, 315 (10%) cases), the pooled sensitivity
was 55.7% (95% CI 35.4 to 74.3) and the pooled specificity was 91.1% (95% CI 82.6 to 95.7).

Authors' conclusions

Chest CT and ultrasound of the lungs are sensitive and moderately specific in diagnosing COVID-19. Chest X-ray is moderately sensitive
and moderately specific in diagnosing COVID-19. Thus, chest CT and ultrasound may have more utility for ruling out COVID-19 than for
diMerentiating SARS-CoV-2 infection from other causes of respiratory illness. The uncertainty resulting from high or unclear risk of bias and
the heterogeneity of included studies limit our ability to confidently draw conclusions based on our results.

P L A I N   L A N G U A G E   S U M M A R Y

How accurate is chest imaging for diagnosing COVID-19?

Why is this question important?

People with suspected COVID-19 need to know quickly whether they are infected, so they can receive appropriate treatment, self-isolate,
and inform close contacts.

Currently, a formal diagnosis of COVID-19 requires a laboratory test (RT-PCR) of nose and throat samples. RT-PCR requires specialist
equipment and takes at least 24 hours to produce a result. It is not completely accurate, and may require a second RT-PCR or a diMerent
test to confirm diagnosis.

Clinicians may use chest imaging to diagnose people who have COVID-19 symptoms, while awaiting RT-PCR results or when RT-PCR results
are negative, and the person has COVID-19 symptoms.

This is the fourth version of this review.

What did we want to find out?

We wanted to know whether chest imaging is accurate enough to diagnose COVID-19 in people with suspected infection; we included
studies in people with suspected COVID-19 only and excluded studies in people with confirmed COVID-19. We also wanted to assess the
accuracy of chest imaging for screening asymptomatic people.

The evidence is up to date to 17 February 2021.

What are chest imaging tests?

X-rays or scans produce an image of the organs and structures in the chest.

- X-rays (radiography) use radiation to produce a 2-D image. Usually done in hospitals, using fixed equipment by a radiographer; they can
also be done on portable machines.

- Computed tomography (CT) scans use a computer to merge 2-D X-ray images and convert them to a 3-D image. They require highly-
specialized equipment and are done in hospital by a specialist radiographer.

- Ultrasound scans use high-frequency sound waves to produce an image. They can be done in hospitals or other healthcare settings, such
as a doctor’s oMice.

What did we do?

We searched for studies that assessed the accuracy of chest imaging to diagnose COVID-19 in people of any age with suspected COVID-19.
We included studies with ‘symptomatic' or 'mixed populations'.

What did we find?

We found 94 studies with 37,631 participants (of whom 19,768 (53%) had a final diagnosis of COVID-19) for evaluating the diagnostic
accuracy of thoracic imaging in the evaluation of people with suspected COVID-19. Eighty-seven studies evaluated one imaging modality,
and seven studies evaluated two imaging modalities. All 94 studies used RT-PCR either alone or in combination with other criteria (such
as clinical signs and symptoms, or positive contacts) as the reference standard for the diagnosis of COVID-19.

Chest CT: suspected people

Pooled results showed that chest CT (69 studies) correctly diagnosed COVID-19 in 87% of people who had COVID-19. However, it incorrectly
identified COVID-19 in 21% of people who did not have COVID-19.

Thoracic imaging tests for the diagnosis of COVID-19 (Review)
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Chest X-ray: suspected people

Pooled results showed that chest X-ray (17 studies) correctly diagnosed COVID-19 in 73 % of people who had COVID-19. However, it
incorrectly identified COVID-19 in 27% of people who did not have COVID-19.

Lung ultrasound: suspected people

Pooled results showed that lung ultrasound (15 studies) correctly diagnosed COVID-19 in 87% of people with COVID-19. However, it
incorrectly diagnosed COVID-19 in 24% of people who did not have COVID-19.

Screening asymptomatic people

We included 10 studies (7 CT, 1 X-ray, 2 ultrasound) with 3548 asymptomatic participants, of whom 364 (10%) had a final diagnosis
of COVID-19. Pooled results of seven studies, showed that CT correctly diagnosed COVID-19 in 56% of people who had COVID-19, and
incorrectly identified COVID-19 in 8% of people who did not have COVID-19.

How reliable are the results?

The studies diMered from each other and used diMerent methods to report their results. Very few studies directly compared one type of
imaging test with another. Also, the risk of bias was high or unclear in about half of all included studies. Therefore, it is diMicult to draw
confident conclusions.

What does this mean?

The evidence suggests that chest CT and ultrasound are better at ruling out COVID-19 infection than distinguishing it from other respiratory
problems. So, their usefulness may be limited to excluding COVID-19 infection rather than diMerentiating it from other causes of lung
infection. In addition, chest CT imaging had poor sensitivity and high specificity for detecting asymptomatic individuals.

Thoracic imaging tests for the diagnosis of COVID-19 (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Summary of findings table 1

Question What is the diagnostic accuracy of chest imaging (computed tomography (CT), chest X-
ray and ultrasound) in the evaluation of people suspected of having COVID-19?

Population Children or adults suspected of having COVID-19

Index test Chest imaging tests used for the diagnosis of COVID-19, including:

• chest CT;

• chest X-rays;

• ultrasound of the lungs.

Target condition COVID-19, the illness following acute infection with SARS-CoV-2

Reference standard A positive diagnosis for COVID-19 by one or a combination of the following.

• A positive RT-PCR test for SARS-CoV-2 infection, from any manufacturer in any country,
from any source, including nasopharyngeal swabs or aspirates, oropharyngeal swabs,
bronchoalveolar lavage fluid (BALF), sputum, saliva, serum, urine, rectal or faecal samples.

• Positive on WHO criteria for COVID-19 which includes some testing RT-PCR negative.

• Positive on China CDC criteria for COVID-19 which includes some testing RT-PCR negative.

• Positive serology in addition to consistent symptomatology.

• Positive on study specific list of criteria for COVID-19 which includes some testing RT-PCR
negative.

• Other criteria (symptoms, other tests, infected contacts).

A negative diagnosis for COVID-19 by one or a combination of the following.

• People with suspected COVID-19 with negative RT-PCR test results, whether tested once or
more than once.

• Currently healthy or with another disease (no RT-PCR test)

Limitations in the evidence

Risk of bias • Participant selection: high in 10 (10%) studies and unclear in 42 (42%) studies

• Application of index tests – chest CT: high in 6/73 (8%) studies and unclear in 27/73 (36%)
studies

• Application of index tests – chest X-ray: unclear in 7/17 (41%) studies

• Application of index tests – ultrasound of the lungs: unclear in 6/16 (37.5%) studies

• Reference standard: high in 25 (26%) studies and unclear in 39 (39%) studies

• Flow and timing: high in 9 (9%) studies and unclear in 39 (41%) studies

• Repeat RT-PCR testing objective: participant selection was high in 2/8 (25%) and unclear
in 6/8 (75%) studies.

Concerns about applicability of the
evidence

• Participants: high in 3 (3%) and unclear in 5(5%) studies

• Index test – chest CT: high in 1/73 (1.4%) and unclear in 2/73 (2.7%) studies

• Index test – chest X-ray: high in 2/17 (12%) and unclear in 1/17(5.9%)

• Index test – ultrasound of the lungs: unclear in 1/16 (6%) study

• Reference standard: high in 2 (2%) and unclear in 5(5%) studies

Findings

• We included 94 studies for primary objective (37,631 participants suspected of COVID-19, 19,768 (53%) cases).

Thoracic imaging tests for the diagnosis of COVID-19 (Review)
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• Most studies (n = 69) evaluated the accuracy of chest CT scans. Chest X-ray was evaluated in 17 studies and ultrasound of the lungs
was evaluated in 15 studies.

• Chest CT was sensitive and moderately specific in the diagnosis of COVID-19 in suspected cases.

• Chest X-ray was moderately sensitive and moderately specific in the diagnosis of COVID-19 in suspected cases.

• Ultrasound of the lungs was sensitive and moderately specific in the diagnosis of COVID-19 in suspected cases.

• There was no statistical evidence indicating that reference standard conduct was a source of heterogeneity for chest CT studies.
The definition used for index test positivity in chest CT studies appeared to impact sensitivity, as studies that used radiologists'
impressions showed higher sensitivities than those that used formal scoring systems.However, the definition of index test positivity
was not found to be a source of heterogeneity for chest CT specificity, chest X-ray accuracy or ultrasound accuracy.

• The ‘threshold’ effect in chest CT studies that used the CO-RADS scoring system, or the RSNA scoring system demonstrated a trade-
oM between sensitivity and specificity; as the threshold for index test positivity increased, sensitivity decreased, and specificity in-
creased.

• Indirect test comparisons showed that chest CT (69 studies) and ultrasound (15 studies) both gave higher sensitivity estimates than
chest X-ray (17 studies). Chest CT and ultrasound gave similar sensitivities. All modalities had similar specificities.

• The rate of positive CT imaging in repeat RT-PCR positive results (where initial RT-PCR was negative), was 75.8% (95% CI 45.3 to 92.2).

• Chest CT imaging had poor sensitivity and high specificity for detecting asymptomatic individuals.

Quantity of evidence for participants suspected of having COVID-19

Imaging modality Sensitivity (95% CI) Specificity (95% CI) Number of participants
(cases)

Chest CT 86.9% (83.6 to 89.6) 78.3% (73.7 to 82.3) 28,285 (14,342)

Chest X-ray 73.1% (64.1 to 80.5) 73.3% (61.9 to 82.2) 8529 (5303)

Ultrasound of the lungs 88.9% (84.9 to 92.0) 72.2% (58.8 to 82.5) 2410 (1158)

Predicted outcomes

Given various prevalence settings, predicted outcomes for the number of individuals receiving a false positive result or a false nega-
tive (missed) result per 1000 people undergoing chest CT, chest X-ray, and ultrasound of the lungs are outlined as follows.

Predicted outcomes per 1000 people undergoing chest CT

Prevalence of
COVID-19

True positive CT
result, n (95%
CI)

False positive CT result, n
(95% CI)

True negative CT result, n
(95% CI)

False negative CT result,
n (95% CI)

50% 435 (418 to 448) 109 (89 to 132) 392 (368 to 411) 65 (52 to 82)

20% 174 (167 to 179) 174 (142 to 210) 626 (590 to 658) 26 (21 to 33)

5% 43 (42 to 45) 206 (168 to 250) 744 (700 to 782) 7 (5 to 8)

Predicted outcomes per 1000 people undergoing chest X-ray

Prevalence of
COVID-19

Positive CT re-
sult

n (95% CI)

False positive CT result

n (95% CI)

Negative CT result

n (95% CI)

False negative CT result

n (95% CI)

50% 366 (321 to 403) 133 (89 to 190) 367 (310 to 411) 134 (97 to 179)

20% 146 (128 to 161) 214 (142 to 305) 586 (495 to 658) 54 (39 to 72)

5% 37 (32 to 40) 254 (169 to 362) 696 (588 to 781) 13 (10 to 18)
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Predicted outcomes per 1000 people undergoing ultrasound of the lungs

Prevalence of
COVID-19

Positive CT re-
sult

n (95% CI)

False positive CT result

n (95% CI)

Negative CT result

n (95% CI)

False negative CT result

n (95% CI)

50% 434 (397 to 459) 118 (66 to 194) 382 (306 to 434) 66 (41 to 103)

20% 174 (159 to 184) 190 (106 to 310) 610 (490 to 694) 26 (16 to 41)

5% 43 (40 to 46) 225 (126 to 369) 725 (581 to 824) 7 (4 to 10)

Abbreviations: CI: confidence interval; CT: computed tomography; n: number; RT-PCR: reverse transcription polymerase chain reaction.
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B A C K G R O U N D

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection and resulting coronavirus disease 2019 (COVID-19)
pandemic continue to present diagnostic evaluation challenges.
While the World Health Organization (WHO) reports laboratory
confirmation of COVID-19 infection, such as a positive reverse
transcriptase polymerase chain reaction (RT-PCR) result as the
standard for diagnosing COVID-19, the value of imaging tests in
the diagnostic pathway remains undefined (WHO 2020). Research
on the role of imaging in COVID-19 patients is evolving and
more refined assessment methods for imaging tests, such as
the COVID-19 Reporting and Data System (CO-RADS), are being
investigated (Prokop 2020). Also, asymptomatic transmission of
COVID-19 is one of its biggest diagnostics challenges, with the
WHO recently reminding the public of the distinction between
asymptomatic patients and presymptomatic patients (Walker
2020). The role of imaging in the screening of asymptomatic
patients remains undefined.

Decisions about patient and isolation pathways for COVID-19 vary
according to health services and settings, available resources,
and outbreaks in diMerent settings. They will change over
time, as accurate tests, eMective treatments, and vaccines are
identified. The decision points between these pathways vary,
but all include points at which knowledge of the accuracy of
diagnostic information is needed to inform medical decisions.
Therefore, it is essential to understand the accuracy of tests
and diagnostic features to develop eMective diagnostic and
management pathways for diMerent settings. This supports
strategies aiming to identify those who are infected, and
consequently the management of patients either through isolation
precautions, contact tracing, quarantine, hospital admission or
admission to a specialized facility, admission to the intensive care
unit, or initiation of specific therapies, and implementation of
mitigation strategies to limit the spread of the disease.

This review from the suite of Cochrane ‘living systematic reviews’
summarizes evidence on the accuracy of diMerent imaging tests and
diagnostic features in participants regardless of their symptoms.
Estimates of accuracy from this review will help inform diagnostic,
screening, isolation, and patient-management decisions. We have
included an explanation of terminology and acronyms in Appendix
1.

Target condition being diagnosed

The target condition being evaluated is COVID-19, the illness
following acute infection with SARS-CoV-2 (Datta 2020). People
Infected with SARS-CoV-2 can be asymptomatic and can have a
wide variety of symptoms, including fever, sore throat, diarrhoea,
dyspnoea, headache, chest pain, stomach-ache, nausea, loss
of taste, loss of smell, myalgia (muscle pain), fatigue, runny
nose, cough, aches, and lethargy (either without diMiculty
breathing at rest or with shortness of breath and increased
respiratory rate potentially requiring supplemental oxygen or
mechanical ventilation). Furthermore, in people diagnosed with a
pulmonary condition (e.g. pulmonary embolism), symptoms could
be indicative of COVID-19, or could be a manifestation of the pre-
existing condition.

Index test(s)

Chest computed tomography (CT)

Chest CT refers to the acquisition of images of the chest using
computed tomography. Typical imaging protocols would not use
intravenous (IV) contrast; however, in this review we considered
all variations of imaging protocols with the exception of studies
specifically targeted at evaluating the coronary arteries or the
heart, which did not include the entire lungs in the field of view.
This includes, but is not limited to, non-contrast chest CT, low-dose
chest CT (with or without contrast), high-resolution chest CT, and
chest CT with IV contrast (routine or pulmonary angiogram).

Chest radiographs/chest X-rays

Chest radiography refers to the evaluation of the lungs using X-
rays. This o*en involves two orthogonal views, posterior-anterior
(PA) and lateral, but may be done by a portable machine and
only acquire an anterior-posterior (AP) view. In this review, we
considered any and all variations of chest radiography protocols
that evaluated the lungs. We did not include protocols that did not
include the entire thorax and were done for reasons other than
for assessment of pulmonary status (e.g. assessment of feeding
tube position, which typically only includes the lower thorax, or
dedicated evaluation of the ribs).

Ultrasound of the lungs

Ultrasound of the lungs refers to any ultrasound of the thorax
done with the intention of evaluating the status of the lungs. This
includes, but is not limited to, point-of-care ultrasound, done at the
bedside by a physician, as well as what is o*en termed consultative’
ultrasound, which is done by a technologist and subsequently
interpreted by a physician (typically a radiologist).

We considered all possible technical parameters (e.g. type of
probe, transducer frequency, use of contrast). This did not include
ultrasound done with the intended purpose of evaluating only the
heart or vessels of the chest.

Clinical pathway

The optimal diagnostic pathway and the role of thoracic imaging
for identifying people with COVID-19 is unclear. Compared to RT-
PCR testing, a potential major advantage of thoracic imaging is
that results are available faster and that it provides a better insight
into the status of the lungs. However, chest CT imaging is typically
only available in secondary and tertiary healthcare settings, and
availability varies across these settings.

Role of index test(s)

1. Thoracic imaging may play an integral role in ‘ruling out’
COVID-19 pneumonia when RT-PCR is unavailable, pending or
negative, or when clinical suspicion is 'low' based on other signs,
symptoms and routine laboratory tests. Role of test: triage for
RT-PCR, to make decisions about performing additional tests
such as RT-PCR.

2. Thoracic imaging is used to rule in or rule out COVID-19 when
results from other tests (e.g. RT-PCR) are not available in a timely
manner.

3. Concurrent/combination testing with other diagnostic tests (as
part of a pair or group of tests) to improve diagnostic accuracy.
For example, thoracic imaging could be used to identify false

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

8



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

negatives of other tests (e.g. RT-PCR), and to improve the overall
accuracy of the testing strategy.

4. Thoracic imaging used to detect COVID-19 in asymptomatic
patients.

Several diagnostic pathways have been proposed that provide
guidance for physicians to identify people with COVID-19. The order
and components of these pathways diMer with varying dependence
on pre-test probability, physical examination, laboratory tests
and findings based on RT-PCR results and availability. However,
some professional organizations recommend imaging for patients
with moderate or severe features of COVID-19 (Rubin 2020). In
some hospitals, the results of low-dose chest CT are one of the
many parameters (among molecular test results, routine laboratory
results and clinical signs and symptoms) used to categorize
patients as low risk, moderate to high risk, and proven COVID-19
cases (China National Health Comission 2020).

Given the rapid progression of COVID-19 and the constantly
evolving evidence base, the diagnostic accuracy to inform the utility
of thoracic imaging in these pathways is diMicult to estimate. This
‘living systematic review' aims to identify and summarize evidence
regarding the diagnostic accuracy of thoracic imaging in people
with suspected COVID-19. This represents our fourth version of this
‘living systematic review' (Islam 2021).

Alternative test(s)

Other Cochrane diagnostic test accuracy (DTA) reviews in the suite
of reviews address the following tests.

1. Signs and symptoms, which will be mainly used in primary care,
including when presenting at the emergency department (Struyf
2020).

2. Routine laboratory testing, such as for C-reactive protein (CRP)
and procalcitonin (PCT) (Stegeman 2020).

3. Antibody tests (Deeks 2020).

4. Laboratory-independent point-of-care and near-patient
molecular and antigen tests (Dinnes 2020; Dinnes 2021).

5. Electronic and animal noses (Leeflang 2021).

Summary of previous versions of the review

In Salameh 2020a, studies that only included confirmed cases
of COVID-19 reported high pooled sensitivities for chest CT and
X-ray: 93.1% (95% CI 90.2 to 95.0) and 82.1% (95% CI 62.5 to
92.7), respectively (Salameh 2020a). Thirteen studies that assessed
chest CT in participants with suspected COVID-19 demonstrated
sensitivity of 86.2% (95% CI 71.9 to 93.8) but a low specificity of
18.1% (95% CI 3.71 to 55.8). This indicated a lack of discrimination,
as the chances of getting a positive chest CT result are 86%
in patients with a SARS-CoV-2 infection and 82% in patients
without. We did not evaluate accuracy estimates for chest X-ray and
ultrasound of the lungs in participants with suspected COVID-19 in
the initial review as these data were not available.

Islam 2020 focused on people suspected of having COVID-19 and
excluded studies evaluating only confirmed cases of COVID-19
(Islam 2020). Thirty-one studies that evaluated chest CT in
suspected participants demonstrated a pooled sensitivity of 89.9%
(95% CI 85.7 to 92.9) and a pooled specificity of 61.1% (95% CI 42.3
to 77.1). We were not able to evaluate pooled accuracy estimates
for chest X-ray and ultrasound of the lungs in participants with

suspected COVID-19 due to limited data. We explored the value
of formal scoring systems for the evaluation of index tests, and
‘threshold’ eMects of index test positivity, however, we could not
perform formal analyses due to the limited number of included
studies.

Compared to Islam 2020, Islam 2021 had stricter inclusion criteria,
excluding studies of case-control design and those that reported
an overview of index test findings without explicitly classifying the
imaging test as either COVID-19 positive or negative. Forty-one
studies evaluated chest CT in suspected participants, nine studies
evaluated X-ray and five studies evaluated ultrasound of the lungs
in suspected participants. The pooled sensitivity of chest CT was
87.9% (95% CI 84.6 to 90.6) and the pooled specificity was 80.0%
(95% CI 74.9 to 84.3). The pooled sensitivity of chest X-ray was 80.6%
(95% CI 69.1 to 88.6) and the pooled specificity was 71.5% (95% CI
59.8 to 80.8). The pooled sensitivity of ultrasound was 86.4% (95%
CI 72.7 to 93.9) and the pooled specificity was 54.6% (95% CI 35.3
to 72.6). Definition of index test positivity and reference standard
conduct were not found to impact accuracy of chest CT. Based on
an indirect comparison using all included studies, chest CT had a
higher specificity than ultrasound.

For this current update (fourth version of the review), we have
further refined the inclusion criteria, excluding studies that used
imaging as a reference standard and studies that excluded
participants with normal index test results. We have also formally
assessed the impact of definition of index test positivity on the
accuracy of X-ray and ultrasound, along with chest CT. We also
assessed the rate of positive imaging in people who had an initial
RT-PCR negative result and a positive RT-PCR result on follow-
up, and the accuracy of imaging for screening for COVID-19 in
asymptomatic individuals.

We do not have immediate future plans for this 'living systematic
review'. Updates to the review and modifications to the protocol are
made a*er discussion with many stakeholders including the author
team, the Cochrane DTA COVID group, and the Cochrane Infectious
Diseases Group (CIDG).

Changes in the evidence base since previous versions

Evolving research on imaging tests in COVID-19 patients includes
the use of formal scoring systems to evaluate imaging tests, which
oMer the potential for improved specificity. Formal scoring systems
include CO-RADS (Prokop 2020), the British Society of Thoracic
Imaging (BSTI) COVID-19 Reporting Templates (BSTI 2020), and the
Radiological Society of North America (RSNA) Expert Consensus on
Reporting Chest CT Findings for COVID-19 (Simpson 2020). In Islam
2020, we explored the value of formal scoring systems, but we could
not formally analyze them due to a limited number of studies that
used these systems. In Islam 2021 we evaluated the value of formal
scoring systems on accuracy estimates of imaging tests (Irwig 1995)
and threshold eMects of the CO-RADS scoring system for chest CT
studies. Since Islam 2021, more studies with comparative designs
that compare diMerent imaging modalities are available, as well as
more studies that evaluate the rate of positive imaging in those
with initial RT-PCR negative results and positive RT-PCR results on
follow-up, and the accuracy of imaging for screening asymptomatic
individuals.
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O B J E C T I V E S

The primary objectives are 1) to evaluate the diagnostic accuracy
of thoracic imaging (computed tomography (CT), chest X-ray and
ultrasound) in the evaluation of people with suspected COVID-19,
2) to assess the rate of positive imaging in individuals with initial
RT-PCR negative results and positive RT-PCR results on follow-up,
and 3) to evaluate the accuracy of thoracic imaging for screening
asymptomatic individuals. The secondary objective is to evaluate
threshold eMects of index test positivity on accuracy.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We kept the eligibility criteria broad to be able to include all settings
and all variations of a test. We included studies of all designs,
with the exception of case-control studies. Studies had to include
participants suspected of having the target condition and produce
estimates of test accuracy or provide 2x2 data (true positive (TP),
true negative (TN), false positive (FP), false negative (FN)), from
which we could compute estimates for the primary objective.

Studies with fewer than 10 participants who underwent the index
test and reference standard were excluded.

Participants

Our focus was on studies that recruited participants
suspected of having COVID-19 as outlined in the Target
condition being diagnosed section. We included studies with
‘symptomatic populations’ or 'mixed populations' (asymptomatic
and symptomatic participants). There were no age or gender
restrictions. We also included ‘asymptomatic populations’ for the
objective on imaging of asymptomatic individuals in this review

To reduce the eMect of selection bias, we excluded studies that
excluded participants who had normal index test results.

Index tests

The index tests were chest CT, chest X-ray, or ultrasound of the
lungs, meeting the criteria described in the Index test(s) section.
The roles of the test could have been a replacement of RT-PCR, an
add-on test, a triage test, rapid testing, or used concurrently with
other diagnostic tests.

We included only index tests interpreted by humans, and not
an algorithm (machine learning/artificial intelligence (AI)). We
included studies involving interpretation by an algorithm only if
they provided data pertaining to diagnostic accuracy of human
interpretation.

Definitions of imaging test positivity

Inclusion was limited to ‘diagnostic test accuracy studies’ in
which the study authors explicitly indicated that the index test
aims to distinguish between patients with and without COVID-19.
Specifically, studies with index test readers either (1) using
a radiological scoring system (e.g. CO-RADS), or (2) explicitly
classifying patients as having a positive or negative imaging test
were included. Studies that reported an overview of index test
findings without explicitly classifying the imaging test as either
COVID-19 positive or negative were excluded.

There has been considerable heterogeneity and changes over time
in the definitions used for positive imaging findings. Some groups
have used constellations of specific findings (such as multiple
peripheral ground-glass opacities on CT), some have used an
approach in which they consider the combined eMect of specific
findings (a ‘gestalt’ approach), and some have used formal scoring
systems, such as CO-RADS (5 categories Prokop 2020), the BSTI
COVID-19 Reporting Templates (four categories; BSTI 2020), and
the RSNA Expert Consensus on Reporting Chest CT Findings for
COVID-19 (four categories; Simpson 2020). As such, we did not
limit ourselves to a predefined definition or threshold for positivity.
Instead, we extracted the definition for positivity used in each
study, and the constellation of imaging features used to inform this
definition. This oMers an opportunity to determine if the definition
of positivity contributes to variability in accuracy.

Target conditions

As explained above, our target condition is COVID-19. However,
we included all studies reporting data on COVID-19 or COVID-19
pneumonia that might provide data relevant to our objective.

Reference standards

A positive diagnosis for COVID-19 by one or a combination of the
following:

1. a positive RT-PCR test for SARS-CoV-2 infection, from any
manufacturer in any country, and from any sample type,
including nasopharyngeal swabs or aspirates, oropharyngeal
swabs, bronchoalveolar lavage fluid, sputum, saliva, serum,
urine, rectal or faecal samples;

2. positive on WHO criteria for COVID-19;

3. positive on China CDC criteria for COVID-19;

4. positive serology for SARS-CoV-2 antibodies in addition to
consistent symptomatology;

5. positive on study-specific list of criteria for COVID-19 which
includes other criteria (symptoms, other tests, infected
contacts).

A negative diagnosis for COVID-19 by one or a combination of the
following:

1. suspected COVID-19 with negative RT-PCR test results, whether
tested once or more than once;

2. currently healthy or with another disease (no RT-PCR test).

Studies that used imaging as a part of the reference standard were
excluded because of a risk of incorporation bias.

We assessed methodological quality based on our judgement of
how likely it was that the reference standard definition used in each
study would correctly classify individuals as positive or negative
for COVID-19. All reference standards are likely to be imperfect in
some way; details of reference standard evaluation are provided
in Appendix 2. We used a consensus process to agree on the
classification of the reference standard as to what we regarded
as good, moderate and poor. 'Good' reference standards need to
have very little chance of misclassification; 'moderate', a small but
acceptable risk; and 'poor', a larger and probably unacceptable risk.
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Search methods for identification of studies

Electronic searches

We used three diMerent sources for our electronic searches
through 17 February 2021, which were devised with the help
of an experienced Cochrane Information Specialist with DTA
expertise (RSp). These searches aimed to identify all articles related
to COVID-19 and SARS-CoV-2 and were not restricted to those
evaluating imaging tests. Thus, the searches used no terms that
specifically focused on an index test, diagnostic accuracy or study
methodology.

Due to the increased volume of published and preprint articles,
we used artificial intelligence text analysis from 25 May 2020 and
onwards to conduct an initial classification of documents, based
on their title and abstract information, for relevant and irrelevant
documents. See Appendix 3.

1. Living search from the University of Bern

We used the COVID-19 living search results of the Institute of Social
and Preventive Medicine (ISPM) at the University of Bern. This
search includes PubMed, Embase and preprints indexed in bioRxiv
and medRxiv databases. The strategies as described on the ISPM
website (ispmbern.github.io/covid-19), are shown in Appendix 4.

2. Cochrane COVID-19 Study Register searches

We also included searches undertaken by Cochrane to develop the
Cochrane COVID-19 Study Register. These include searches of trials
registers at ClinicalTrials.gov and the World Health Organization
International Clinical Trials Registry Platform (WHO ICTRP), as well
as PubMed (see Appendix 4 for details). Search strategies were
designed for maximum sensitivity, to retrieve all human studies on
COVID-19. We did not apply any language limits.

3. The Stephen B. Thacker CDC Library, COVID-19 Research
Articles Downloadable Database

We included Embase records within the CDC library on COVID-19
research articles database (see Appendix 4 for details) and
deduplicated these against the Cochrane COVID-19 Study Register.

Searching other resources

We checked repositories of COVID-19 publications against these
search results including the following.

1. EPPI centre eppi.ioe.ac.uk/COVID19_MAP/covid_map_v4.html.

2. The Norwegian Institute of Public Health 'NIPH systematic
and living map on COVID-19 evidence www.nornesk.no/
forskningskart/NIPH_diagnosisMap.html.

3. From these websites we searched company and product
websites for studies about test accuracy.

4. We contacted companies to ask for further information about
studies.

5. We also contacted research groups that we were made
aware of who are completing test evaluations (e.g. UK Public
Health England-funded studies, Foundation for Innovative New
Diagnostics (FIND) studies).

Data collection and analysis

Selection of studies

The review authors screened studies independently, in duplicate.
A third, experienced review author resolved disagreements about
initial title and abstract screening. We resolved disagreements
about eligibility assessments through discussion between three
review authors.

Data extraction and management

The review authors performed data extraction independently, in
duplicate. Three review authors discussed any disagreements to
resolve them.

For each study, we extracted 2x2 contingency tables of the number
of true positives, false positives, false negatives and true negatives.
If a study reported accuracy data for more than one index test
reader, we took the average of the data from all readers to
compute the average 2x2 contingency table (McGrath 2017). If
a study reported accuracy data for both an AI algorithm and
one or more radiologists, we extracted only the 2x2 contingency
table corresponding to the radiologist accuracy data. If a study
used multiple reference standards, but we could determine 2x2
contingency tables that included only RT-PCR as the reference
standard, we extracted and analyzed these data. If a study reported
accuracy data for multiple thresholds of index test positivity (e.g.
studies that used the CO-RADS scoring system, and/or the RSNA
scoring system), we extracted the 2x2 contingency table for all
available thresholds.

Two of the 11 studies that used the CO-RADS scoring system did
not report the 2x2 data for all five CO-RADS thresholds. For these
two studies, we contacted the corresponding authors but could not
obtain the complete data; thus, we were only able to extract data
for a CO-RADS threshold of 3. One of the five studies that used the
RSNA scoring system did not report the 2x2 data for all four RSNA
thresholds. For this one study, we contacted the corresponding
authors but could not obtain the complete data; thus we were only
able to extract data for RSNA thresholds from 3 to 4 for this study.

In addition, we extracted the following items.

1. Study setting (including country), age of study participants,
study dates, disease prevalence at the time of acquisition (as
reported in the study), number of participants, participant
symptoms, number of imaging studies (and if more than one
study was done per participant), participant outcomes and other
relevant participant demographic parameters.

2. Study design.

3. Imaging timing relative to disease course.

4. CT, chest X-ray and ultrasound findings.

5. Criteria for ‘positive’ diagnosis of COVID-19 on imaging.

6. Index test technical parameters.

7. Reference standard results and details. If RT-PCR was performed,
timing of test, number of tests and method of acquisition (or
similar details regarding other reference standards used).

8. Details regarding interpretation of the index test (level of
training, number of readers, the inter-observer variability).

9. The number of true positives, false positives, false negatives and
true negatives or summary statistics from which they can be
computed.
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10.Participant co-morbidities as described in the studies.

Assessment of methodological quality

The review authors assessed the risk of bias and applicability
concerns independently, in duplicate, using QUADAS-2. Three
review authors resolved any disagreements through discussion.
See Appendix 2 for an explanation of the operationalization of
the four QUADAS-2 domains: participant selection, index test(s),
reference standard(s), flow and timing.

Statistical analysis and data synthesis

We presented sensitivities and specificities per study using paired
forest plots and we summarized pooled estimates in tables. We
analyzed the data on a participant level, not a lesion on lung
segment level, since this is what determines care.

We used a bivariate model for meta-analyses, taking into account
the within- and between-study variance, and the correlation
between sensitivity and specificity across studies (Chu 2006;
Reitsma 2005). We performed meta-analyses when four or more
studies evaluated a given modality. We also performed sensitivity
analyses by limiting inclusion in the meta-analysis to studies
published in peer-reviewed journals. We undertook meta-analyses
using metandi in STATA (Harbord 2009; StataCorp 2019).

If a study reported accuracy data at multiple thresholds of index test
positivity, we used the 2x2 contingency table corresponding to the
threshold producing the highest Youden’s Index (YI) (YI = sensitivity
+ specificity – 1) for inclusion in the meta-analysis. In addition, for
studies that evaluated positive imaging chest CT imaging in repeat
RT-PCR positive results, we presented rates of positive imaging per
study using forest plots. We used the same meta-analysis methods
for all primary and secondary objectives (metandi and meqrlogit in
STATA, specifically).

Investigations of heterogeneity

We investigated heterogeneity by visual inspection of paired forest
plots and summary receiver operating characteristics (SROC) plots.
For chest CT studies, we evaluated the impact reference standard
conduct (RT-PCR performed at least twice in all participants with
initial negative results versus RT-PCR not done twice). For chest
CT, chest X-ray and ultrasound of the lungs, we evaluated the
definition for index test positivity (radiologist impression versus
formal scoring system). To investigate the impact of these factors on
accuracy estimates, we used meta-regression with the variable of
interest added as a covariate to a bivariate model. Using the model
parameters, we used a post estimation command to compute
absolute diMerences in pooled sensitivity and specificity and we
obtained their 95% CI using the delta method. We obtained P values
using the Wald test. We performed meta-regression when variables
of interest consisted of subgroups with five or more studies in each
subgroup, an arbitrary threshold chosen to facilitate convergence
of the analyses using the bivariate model. We undertook meta-
regression using meqrlogit in STATA (StataCorp 2019).

Threshold eJects

We performed meta-analyses using a bivariate model for studies
that used common thresholds for test positivity. (i.e. chest CT
studies at CO-RADS thresholds 2, 3, 4 and 5 and chest CT studies at
RSNA thresholds 2, 3 and 4)

We used ggplot2 and ggforce in R to generate a plot displaying
pooled accuracy estimates at varying CO-RADS and RSNA
thresholds (Wickham 2016; Pedersen 2020; R Core Team 2021).

Indirect test comparisons

We performed this using meta-regression with modality type (i.e.
chest CT, chest X-ray, and ultrasound of the lungs) added as a
covariate to a bivariate model. We obtained P values using the Wald
test.

In future updates, as more data become available, we will also
perform test comparisons that are restricted to only comparative
studies (i.e. direct comparisons). It should be noted that there were
not enough studies for direct comparisons.

We also generated a plot displaying meta-analysis results across
Salameh 2020a, Islam 2020, Islam 2021 and this version of this
review (i.e. pooled sensitivity and specificity estimates from the
Salameh 2020a published in September 2020, Islam 2020 published
in November 2020, Islam 2021 published in February 2021, and this
current version) using ggplot2 and ggforce in R (Wickham 2016;
Pedersen 2020; R Core Team 2021).

Assessment of reporting bias

For this review, we did not undertake tests for publication bias and
made no formal assessment of reporting bias.

Summary of findings

We provided a summary of the key findings of this review in
Summary of findings 1, indicating the certainty of evidence for
each finding and emphasizing the main gaps in our current level of
available evidence.

Updating

Islam 2020 and Islam 2021 contained studies up to 22 June 2020 and
up to 30 September 2020 respectively. This fourth version contains
the results of an updated search performed on 17 February 2021.

R E S U L T S

Results of the search

We identified 7734 search results and imported 976 studies for
screening. Subsequently, we removed 11 duplicates. We then
screened a total of 965 unique references (published or preprint
studies) for inclusion; this is inclusive of the 773 references we
screened in Salameh 2020a, Islam 2020, and Islam 2021. Of the 188
records selected for full-text assessment, we included 98 studies in
this review for all objectives. Of these 98 studies, 94 were included
for evaluating the diagnostic accuracy of thoracic imaging in the
evaluation of people with suspected COVID-19; of these 94 studies,
four have been included since our initial review(Salameh 2020a)
and 12 have been included since the first update of this review
(Islam 2020) and 29 have been included since the first update of this
review (Islam 2021). Furthermore, 10 studies of the 98 included in
this review were included for evaluating the accuracy of thoracic
imaging for imagining asymptomatic individuals, and eight were
included for assessing the rate of positive imaging in individuals
with initial RT-PCR negative results and positive RT-PCR results on
follow-up.
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Refer to Figure 1 for the PRISMA flow diagram of search and
inclusion results (Salameh 2020b; Moher 2009). Exclusions were

mainly due to ineligible study design, ineligible study outcomes, or
ineligible patient populations; see Figure 1.
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Figure 1.   Study flow diagram
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Figure 1.   (Continued)

 
Description of included studies (diagnostic accuracy in
suspected participants)

We included 94 studies (64 CT, 12 X-ray, 11 ultrasounds, three both
CT and X-ray, two both CT and ultrasound, and two both X-ray and
ultrasound) with a total of 37,631 participants suspected of having
COVID-19, of whom 19768 (53%) had a final diagnosis of COVID-19.
This could be on the basis of symptoms or epidemiological risk
factors such as close contact with confirmed case.

The median sample size was 234 (interquartile range (IQR) 101.25
to 478.75). Sixty-five studies were conducted in Europe (Italy 19,
the Netherlands 9, France 9, Belgium 5, Turkey 6, Germany 7, UK
4, Switzerland 2, Czech Republic 1, Ireland 1, Spain 1, Denmark
1), 19 were conducted in Asia (China 9, Korea 1, India 4, Iran 2,
Japan 1, Pakistan 1, United Arab Emirates 1), and the remaining
studies were conducted in North America (USA 6, Canada 1) and
South America (Brazil 3). Index test readings were performed by
radiologists in 49 studies (52%), radiology residents in two studies
(2%), both radiologists and residents in three (4%) study, and
radiographers and radiologist in one study (1%); 39 studies (37%)
did not clearly report the level of training of readers. Technical
parameters regarding the protocol of chest CT used in 69 studies
were not clearly reported in 31 (44%) studies, while non-contrast CT
was used in 25 (36%) studies, high-resolution chest CT was used in
eight (11%) studies, low-dose CT with or without contrast was used
in 11 (15%) studies and CT with IV contrast was used in five (7%)
studies. Manuscripts of three (3%) of the studies were available
only as preprints at the time of the search. Characteristics of the
included studies are summarized in Table 1, and outlined in detail
in the Characteristics of included studies.

Participant characteristics (diagnostic accuracy in suspected
participants)

All participants were suspected of having COVID-19. Seventy (74%)
studies involved only symptomatic participants, 20 (21%) studies

involved both symptomatic and asymptomatic participants, and
four (4%) studies did not clearly report participants’ symptom
status. Fi*y-seven studies included only adult participants (aged
16 years and over), 32 studies included both children and adults
(although in most cases, only a minority of included patients were
children), one study included only children, one study included
participants aged 70 years and older, and the remaining three
studies did not clearly report the age range of participants.

All 94 studies used RT-PCR as the reference standard for the
diagnosis of COVID-19, with 82 studies using only RT-PCR as the
reference standard and seven studies using a combination of
RT-PCR and other criteria (laboratory tests 2, clinical signs and
symptoms 2, clinical signs on follow-up 1, positive contacts 1, and
follow-up phone calls 1) as the reference standard.

With respect to RT-PCR testing, eight studies tested each participant
once, 42 studies tested some participants with initial negative RT-
PCR results at least twice, 19 studies tested all participants with
initial negative RT-PCR results at least twice, and 25 studies did not
report on the frequency of testing per participant.

Seventeen studies included inpatients, 65 studies included
outpatients, one study included both in- and outpatients,
while the remaining 23 studies were conducted in unclear
settings. Thirty-three (35%) studies described the co-morbidities
of the study population, which commonly included hypertension,
cardiovascular disease, and diabetes; however, the overall
presence of co-morbidities in the participant groups of these
studies was unclear.

Description of included studies (positive imaging in repeat RT-
PCR positive results)

We included eight studies (Besutti 2020; Bollineni 2021; Debray
2020; Giannitto 2020; Herpe 2020; Pivetta 2021; Reginelli 2021;
Song 2020a) (seven CT, and one ultrasound), with a total of 198

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

15



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

participants suspected of having COVID-19, all of whom had a
final diagnosis of COVID-19. All studies were also included for the
primary objective.

Seven studies were conducted in Europe (Italy 4, France 2, Belgium
1), and one was conducted in Asia (China). Index test readings were
performed by radiologists in five studies (62%), while three studies
(37%) did not clearly report the level of training of readers.

Technical parameters regarding the protocol of chest CT used in
seven studies were not clearly reported in two (29%) studies, while
non-contrast CT was used in four (57%) studies, low-dose CT with or
without contrast was used in one (14%) study. Characteristics of the
included studies are summarized in Table 2, and outlined in detail
in the Characteristics of included studies.

Participant characteristics (positive imaging in repeat RT-PCR
positive results)

Five studies included only adult participants (aged 16 years and
over), three studies included both children and adults. This covers
the fact that most were symptomatic and so relatively high pre-
test probability of COVID-9. All the studies used RT-PCR as the
reference standard for the diagnosis of COVID-19. With respect
to RT-PCR testing, one study tested all participants with initial
negative RT-PCR results at least twice, and seven studies tested
some participants with initial negative RT-PCR results at least twice.

Five studies included outpatients, two studies included inpatients,
while the remaining one study was conducted in an unclear
setting. Three (37%) studies described the co-morbidities of the
study population, which included hypertension, cardiovascular
disease, diabetes, and asthma. However, the overall presence of co-
morbidities in the participant groups of these studies was unclear.

Description of included studies (imaging asymptomatic
individuals)

We included 10 studies (Dafydd 2021; De Smet 2020; Dini 2020;
Dogan 2020; Gumus 2020; Hernigou 2020; Hwang 2020; Ooi 2021;
Puylaert 2020; Yassa 2020) (seven CT, one X-ray, two ultrasound)
with a total of 2007 participants suspected of having COVID-19, of
whom 127 (6%) had a final diagnosis of COVID-19. For example,
patients who had preoperative chest CT included in a study (Gumus
2020). Of these 10 studies, six were also included for the primary
objective. Eight studies were conducted in Europe (Italy 1, UK 2,
Belgium 2, the Netherlands 1, Turkey 3), and one was conducted in
Korea.

Index test readings were performed by radiologists in three studies
(30%), one study by radiologist and resident (10%) and other six
studies (60%) did not clearly report the level of training of readers.

Technical parameters regarding the protocol of chest CT used in
three studies were not clearly reported in six (60%) studies, while
non-contrast CT was used in two (20%) studies, low-dose CT with or
without contrast was used in one (10%) study and high resolution
in one (10%) study. Characteristics of the included studies are

summarized in Table 3, and outlined in detail in the Characteristics
of included studies.

Participant characteristics (imaging asymptomatic
individuals)

Six studies included only adult participants (aged 16 years and
over), three studies included both children and adults, and one
study included 70 years of age and older. All the studies used RT-
PCR as the reference standard for the diagnosis of COVID-19. With
respect to RT-PCR testing, two studies tested each participant once,
one study tested all participants with initial negative RT-PCR results
at least twice, five studies tested some participants with initial
negative RT-PCR results at least twice, and two studies did not
report on the frequency of testing per participant.

Three studies included outpatients, five studies included
inpatients, while the remaining two studies were conducted in
unclear settings. One study (10%) described the co-morbidities
of the study population, which included hypertension, kidney
disease, heart failure, and diabetes; however, the overall presence
of co-morbidities in the participant groups of these studies was
unclear

Index tests

Our primary objective was to evaluate the diagnostic accuracy
of thoracic imaging (computed tomography (CT), X-ray and
ultrasound) in people with suspected COVID-19. Also, we assessed
the rate of positive imaging in people who had an initial RT-PCR
negative result and a positive RT-PCR result on follow-up, and the
diagnostic accuracy of thoracic imaging for screening COVID-19 in
asymptomatic individuals

With respect to the primary objective, 87 studies evaluated
a single imaging modality and seven studies evaluated two
imaging modalities. In total, the 94 studies reported a total of
101 imaging modality evaluations for the diagnostic accuracy of
thoracic imaging in people with suspected COVID-19. Chest CT was
evaluated in 69 studies, chest X-ray was evaluated in 17 studies, and
ultrasound of the lungs was evaluated in 15 studies.

For the objective for positive imaging in repeat RT-PCR positive
results, all studies evaluated a single imaging modality. Chest CT
was evaluated in seven studies and ultrasound of the lungs was
evaluated in one study.

For the objective for asymptomatic screening, all studies evaluated
a single imaging modality. Chest CT was evaluated in seven studies,
chest X-ray was evaluated in one study, and ultrasound of the lungs
was evaluated in two studies.

Methodological quality of included studies

Figure 2 provides a summary of the overall methodological quality
assessment using the QUADAS-2 tool for all 98 included studies.
Figure 3 displays a study-level quality assessment (see Figure 3 for
details).
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Figure 2.   Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies (n = 98).
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Figure 3.   Risk of bias and applicability concerns summary: review authors' judgements about each domain for each
included study.
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Figure 3.   (Continued)
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Figure 3.   (Continued)
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Figure 3.   (Continued)

 
Across all 98 included studies, we found risk of bias based on
concerns about the selection of participants to be high in 10 (10%)
and unclear in 42 (42%) studies; the main concern in this domain
was high risk of bias due to inappropriate exclusions (n = 10).

Risk of bias for chest CT (73 studies) was high in six (8%) and unclear
in 27 (36%) studies; risk of bias because of concerns regarding
application of chest X-ray (17 studies) was unclear in seven (41%)
studies, and risk of bias because of concerns regarding application
of ultrasound of the lungs (15 studies) was unclear in six (37%)
studies. The six CT studies with a high risk of bias did not predefine
the positivity criteria for index tests or did not blind index test
readers to reference standard results (n = 1).

Risk of bias based on concerns about the reference standard was
high in 25 (26%) and unclear in 39 (39%) studies; the 25 studies with
a high risk of bias used an single RT-PCR protocol that was not likely
to correctly classify the target condition.

Risk of bias based on concerns related to participant flow and
timing was high in nine (9%) and unclear in 39 (41%) studies; the
nine studies with a high risk of bias did not provide the same
reference standard to all participants (n = 3), or did not have

an appropriate time interval between the reference standard and
index test (n = 6).

Concerns about the applicability of the evidence to participants
were high in three studies (3%) and unclear in five (5%) studies.
Concerns about the applicability of the evidence to the index test
were high in one (1.4%) and unclear in two (2.7%) studies in 73 chest
CT studies, high in two (12%) and unclear in one (6%) chest X-ray
study (17 studies), and unclear in one (6%) ultrasound studies (15
studies). Concerns about the applicability of the evidence to the
reference standard were high in two (2%) studies and unclear in five
(5%) studies. Additional details about risk of bias and applicability
assessment are presented in Figure 3.

For rate of positive imaging in repeat RT-PCR positive results (eight
studies), most studies had selection bias when describing the
implications of this finding, so strength of these results is limited.
For selection of participants, there was high risk of bias in 2/8 and
unclear risk of bias in 6/8 studies. For chest CT (seven studies),
2/7 had a high risk of bias and 5/7 had an unclear risk of bias for
participant selection.
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Findings

Pooled estimates in suspected individuals

The sensitivity of CT in 69 studies (involving 14,342 (51%) cases in
28,285 participants) ranged from 45% to 100%, and the specificity

ranged from 10% to 99% (Figure 4). The pooled sensitivity for chest
CT was 86.9% (95% CI 83.6 to 89.6), and the pooled specificity was
78.3% (95% CI 73.7 to 82.3). The scatter of the study points in ROC
space on the SROC plot (Figure 5) shows substantial variability in
sensitivity and specificity.

 

Figure 4.   Forest plot of chest CT in suspected cases.
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Figure 5.   Summary ROC plot of chest CT in suspected cases.The summary point is indicated by the solid black circle,
individual studies are indicated by outlined circles (scale=study sample size). The dotted border and the dashed
border represent 95% confidence regions and 95% prediction regions, respectively.

 
The forest plots for chest X-ray and ultrasound of the lungs are
presented in Figure 6. The sensitivity of chest X-ray in 17 studies
(including 5303 (62%) cases in 8529 participants) ranged from 44%
to 94% and the specificity ranged from 24% to 93%. The pooled

sensitivity for chest X-ray was 73.1% (95% CI 64.1 to 80.5) and the
pooled specificity was 73.3% (95% CI 61.9 to 82.2). The scatter of
the study points in ROC space on the SROC plot (Figure 7) shows
substantial variability in sensitivity, and specificity for chest X-ray.
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Figure 6.
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Figure 7.   Summary ROC plot of chest X-ray in suspected cases.The summary point is indicated by the solid black
circle, individual studies are indicated by outlined circles (scale=study sample size). The dotted border and the
dashed border represent 95% confidence regions and 95% prediction regions, respectively.

 
The sensitivity of ultrasound of the lungs in 15 studies (including
1158 (49%) cases in 2410 participants) ranged from 73% to 94%
and the specificity ranged from 21% to 98%. The pooled sensitivity
for ultrasound was 88.9% (95% CI 84.9 to 92.0), and the pooled

specificity was 72.2% (95% CI 58.8 to 82.5). The scatter of the study
points in ROC space on the SROC plot (Figure 8) shows substantial
variability in sensitivity and specificity for ultrasound of the lungs.

 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

25



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 8.   Summary ROC plot of ultrasound of the lungs in suspected cases.The summary point is indicated by the
solid black circle, individual studies are indicated by outlined circles (scale=study sample size). The dotted border
and the dashed border represent 95% confidence regions and 95% prediction regions, respectively.

 
Sensitivity analyses

For CT studies with suspected participants, we excluded the three
studies published as preprints and found this did not aMect
summary sensitivity and specificity; studies published in peer-
reviewed journals (n = 66) had a pooled sensitivity of 87.5% (95%
CI 84.3 to 90.1) and a pooled specificity of 78.0% (95% CI 72.9 to
82.4). These results are outlined in Table 4. The publication status
of studies has been updated as of 17 February 2021.

Investigations of heterogeneity

Investigations of heterogeneity found that reference standard
conduct did not have an impact on accuracy of chest CT. Definition
for index test positivity impacted the sensitivity, but not specificity,
of chest CT. Definition for index test positivity did not impact
the accuracies of chest X-ray or ultrasound. The results of the
investigations of heterogeneity are outlined in Table 5.

Stratification by reference standard for chest CT studies resulted in
pooled sensitivity of 88.4% (95% CI 79.4 to 93.8) for studies that
performed RT-PCR testing at least twice for all participants with
initial negative results versus 86.9% (95% CI 82.9 to 90.2) for studies
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that did not perform twice for all participants with initial negative
results versus (P = 0.71). Pooled specificity estimates were 72.7%
(95% CI 62.0 to 81.3) for studies that performed RT-PCR testing at
least twice for all participants with initial negative results versus
81.2% (95% CI 75.8 to 85.6) for studies that did not perform repeat
RT-PCR testing for all participants with initial negative results (P =
0.13).

Stratification by definition used for index test positivity for chest
CT studies gave pooled sensitivity estimates of 90.4% (95% CI
84.9 to 94.0) for studies that defined index test positivity based
on radiologist's impressions versus 84.3% (95% CI 80.3 to 87.5)
for studies that used a formal scoring system to define index test
positivity (P = 0.037). Pooled specificity estimates were 72.4% (95%
CI 62.8 to 80.3) for studies that used radiologist's impressions
versus 81.5% (95% CI 76.8 to 85.4) for studies that used a formal
scoring system (P = 0.070). For studies that used a formal scoring
system, we used the threshold demonstrating the highest Youden’s
index in each study (or as in the cases of two studies that did not
report data at all thresholds, the only threshold that was available)
in the analysis.

Stratification by definition used for index test positivity for chest
X-ray studies gave pooled sensitivity estimates of 76.2% (95% CI
62.5 to 85.9) for studies that defined index test positivity based
on radiologist's impressions versus 71.8% (95% CI 59.7 to 81.4)

for studies that used a formal scoring system to define index test
positivity (P = 0.60). Pooled specificity estimates were 64.5% (95%
CI 44.0 to 80.8) for studies that used radiologist's impressions
versus 77.7% (95% CI 65.0 to 86.7) for studies that used a formal
scoring system (P = 0.24).

Stratification by definition used for index test positivity for
ultrasound studies gave pooled sensitivity estimates of 88.6% (95%
CI 77.9 to 94.4) for studies that defined index test positivity based
on radiologist's impressions versus 80.7% (95% CI 74.3 to 85.9)
for studies that used a formal scoring system to define index test
positivity (P = 0.12). Pooled specificity estimates were 73.8% (95%
CI 49.0 to 89.1) for studies that used radiologist's impressions
versus 79.9% (95% CI 64.8 to 89.6) for studies that used a formal
scoring system (P = 0.62).

Threshold eJects (CO-RADS)

Eleven studies that evaluated CT used the CO-RADS scoring system
to define index test positivity. We obtained the 2x2 data at all five
CO-RADS thresholds for nine studies; two studies only reported
2x2 data at a CO-RADS threshold of 3, and the authors could not
provide any additional data. The forest plots of chest CT studies
that used CO-RADS and reported 2x2 data for CO-RADS thresholds
>=2, >=3, >=4 and = 5 are presented in Figure 9Table 6 and Figure 10
summarize the results.
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Figure 9.   Forest plot of chest CT studies in suspected cases that used the CO-RADS scoring system at varying
thresholds: A) CO-RADS 5, B) CO-RADS 4, C) CO-RADS 3, and D) CO-RADS 2.
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Figure 10.   Pooled sensitivity and specificity estimate and 95% confidence intervals at varying CO-RADS thresholds:
CO- RADS 2 (n = 9), CO-RADS 3 (n = 11), CO-RADS 4 (n = 9), and CO-RADS 5 (n = 9).

 
• At a CO-RADS threshold of 5 (9 studies), the sensitivity ranged

from 42% to 80% and the specificity ranged from 84% to 99%;
the pooled sensitivity was 67.3% (95% CI 57.9 to 75.6) and the
pooled specificity was 92.2% (95% CI 89.3 to 94.3).

• At a CO-RADS threshold of 4 (9 studies), the sensitivity ranged
from 56% to 90% and the specificity ranged from 68% to 91%;
the pooled sensitivity was 83.3% (95% CI 76.1 to 88.7) and the
pooled specificity was 84.0% (95% CI 81.3 to 86.4).

• At a CO-RADS threshold of 3 (11 studies), the sensitivity ranged
from 65% to 95% and the specificity ranged from 54 % to 87%;
the pooled sensitivity was 90.3% (95% CI 85.9 to 93.5) and the
pooled specificity was 69.7% (95% CI 64.3 to 74.6).

• At a CO-RADS threshold of 2 (9 studies), the sensitivity ranged
from 75% to 100% and the specificity ranged from 11% to 57%;

the pooled sensitivity was 94.0% (95% CI 89.8 to 96.6) and the
pooled specificity was 45.4% (95% CI 38.4 to 52.5).

• We did not perform meta-analysis for a CO-RADS threshold of 1,
since at this threshold, all sensitivity values are equal to 1, and
all specificity values are equal to 0.

Threshold eJects (RSNA)

Five studies that evaluated CT used the RSNA scoring system to
define index test positivity. We obtained the 2x2 data at all four
RSNA thresholds for four studies; one study did not report 2x2 data
at a RSNA threshold of 1 or 2, and the authors could not provide any
additional data. The forest plots of chest CT studies that used RSNA
and reported 2x2 data for RSNA thresholds 2, 3, and 4 are presented
in Figure 11. Table 7 and Figure 12 summarize the results.
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Figure 11.   Forest plot of chest CT studies in suspected cases that used the RSNA scoring system at varying
thresholds: A) RSNA 4, B) RSNA 3, and C) RSNA 2.

 
 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

30



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 12.   Pooled sensitivity and specificity estimate and 95% confidence intervals at varying RSNA thresholds:
RSNA 3 (n = 4), and RSNA 4 (n = 4).

 
• At an RSNA threshold of 4 (5 studies), the sensitivity ranged

from 34% to 88% and the specificity ranged from 74% to 97%;
the pooled sensitivity was 68.9% (95% CI 47.1 to 84.7) and the
pooled specificity was 90.1% (95% CI 79.4 to 94.4).

• At an RSNA threshold of 3 (5 studies), the sensitivity ranged
from 50% to 97% and the specificity ranged from 57% to 80%;
the pooled sensitivity was 87.6% (95% CI 69.4 to 95.7) and the
pooled specificity was 63.4% (95% CI 57.1 to 69.2).

• At an RSNA threshold of 2 (4 studies), the sensitivity ranged from
55% to 100% and the specificity ranged from 10.7% to 43.6%;
the pooled sensitivity was 91.6% (95% CI 67.1 to 98.3) and the
pooled specificity was 27.9% (95% CI 17.0 to 42.1).

• We did not perform meta-analysis for a RSNA threshold of 1,
since at this threshold, all sensitivity values are equal to 1, and
all specificity values are equal to 0.

Indirect test comparisons in suspected individuals

Indirect comparisons of modalities evaluated across all 94 studies
in suspected participants indicated that chest CT (69 studies) and
ultrasound (15 studies) gave higher sensitivity estimates than X-ray

(P = 0.0003 and P = 0.001, respectively). Chest CT and ultrasound
gave similar sensitivities (P = 0.42). All modalities had similar
specificities (CT versus X-ray P = 0.36; CT versus ultrasound P = 0.32;
X-ray versus ultrasound P = 0.89).

Pooled rates of positive imaging in individuals with initial RT-
PCR negative results

For rate of positive imaging in repeat RT-PCR positive results
(where initial RT-PCR was negative), we included eight studies for
rate of positive imaging in repeat RT-PCR positive results (7 CT, 1
ultrasound) with a total of 198 participants suspected of having
COVID-19, who had an initial negative RT-PCR test result, and a
positive result on repeat RT-PCR testing. For chest CT (7 studies,
177 participants), rate of positive imaging in repeat RT-PCR positive
results (where initial RT-PCR was negative) ranged from 21% to
100%, and the pooled rate was 75.8% (95% CI 45.3 to 92.2). For
ultrasound of the lungs (one study, 21 participants), the sensitivity
was 90.4%. The forest plot of chest CT studies for repeat RT-PCR
positive results where initial RT-PCR was negative is presented in
Figure 13.
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Figure 13.   Forest plot of positive chest CT imaging in participants with repeat RT-PCR positive results where initial
RT-PCR was negative. N positive = number of participants with an initial negative RT-PCR test and a positive result
on repeat RT-PCR testing, who had chest CT imaging positive for COVID-19. N negative = number of participants
with an initial negative RT-PCR test result and a positive result on repeat RT-PCR testing, who had chest CT imaging
negative for COVID-19. Rate = N positive / (N positive + N negative).

 
Pooled estimates in asymptomatic individuals

We included 10 studies for imaging asymptomatic individuals (7 CT,
1 X-ray, 2 ultrasound).

For chest CT (7 studies, 3134 participants, 315 (10%) cases), the
sensitivity ranged from 20.7% to 80%, and specificity ranged from
68.4% to 100%. The pooled sensitivity of chest CT was 55.7%
(95% CI 35.4 to 74.3) and the pooled specificity was 91.1% (95%

CI 82.6 to 95.7). For chest X-ray (one study, 85 participants, 4
cases) the sensitivity was 75.0% and the specificity was 74.0%. For
ultrasound of the lungs (2 studies, 329 participants, 45 cases) the
sensitivity was 50.0% and 69.7%, and specificity was 98.8% and
68.0%, respectively. The SROC and forest plots of chest CT studies
for asymptomatic screening are presented in Figure 14 and Figure
15.

 

Figure 14.   Forest plot of positive chest CT imaging in asymptomatic participants.
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Figure 15.   Summary ROC plot of chest CT in asymptomatic cases.The summary point is indicated by the solid black
circle, individual studies are indicated by outlined circles (scale=study sample size). The dotted border and the
dashed border represent 95% confidence regions and 95% prediction regions, respectively.

 
Changes across review versions

Figure 16 displays the pooled sensitivity and specificity estimates
with 95% CIs from all four versions of this review (i.e. Salameh
2020a published in September 2020, Islam 2020 published in
November 2020, Islam 2021 published in March 2021, and this

current version). The sensitivity estimates of chest CT appear to
be similar across McInnes 2020, Islam 2020, Islam 2021 and this
current version, while the specificity estimates of chest CT appear
to increase from Salameh 2020a to Islam 2021, and then remain
similar between version 3 and the current version.
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Figure 16.   Pooled sensitivity and specificity estimate and 95% confidence intervals across all review versions
(Salameh 2020a (Version 1); Islam 2020 (Version 2); Islam 2021 (Version 3); and this review update version (Version
4)) for chest CT, chest X-ray and ultrasound of the lungs.

 
With respect to chest X-ray, which was evaluated only in Islam 2021
and the current version, the specificities appear to be similar, while
the sensitivity appears to slightly increase in the current version.
With respect to ultrasound of the lungs, which was evaluated only
in Islam 2021 and the current version, the sensitivities appear to
be similar, while the specificity appears to increase in the current
version.

D I S C U S S I O N

This is the fourth version of a Cochrane living systematic review
evaluating the diagnostic accuracy of thoracic imaging (computed
tomography (CT), chest X-ray and ultrasound) in the evaluation of
people suspected to have COVID-19. This version of the review is
based on published studies and preprints up to 17 February 2021.

Summary of main results

Chest CT (69 studies, 28,285 participants, 14342 (51%) cases)
demonstrated a sensitivity of 86.9% (95% CI 83.6 to 89.6), and
a specificity of 78.3% (95% CI 73.7 to 82.3) for the diagnosis of
COVID-19 in suspected participants. Compared with the findings of
Islam 2021 in which we determined that chest CT had a sensitivity
of 87.9% (95% CI 84.6 to 90.6), and specificity of 80.0% (95% CI 74.9
to 84.3), our current update demonstrates similar sensitivity and
specificity of chest CT for diagnosing suspected patients. It should
be mentioned that changes to inclusion criteria mean that while
summary results are not vastly diMerent, confidence in results has
further improved on the prior version.

There was no statistical evidence of the eMect of reference standard
conduct on the sensitivity or specificity of chest CT; studies that
performed reverse transcriptase polymerase chain reaction (RT-
PCR) testing at least twice for all initial negative results and studies
that did not perform repeat RT-PCR testing for all initial negative
results had similar sensitivities and specificities. These findings
align with those of Salameh 2020a, Islam 2020 and Islam 2021.

The definition used for index test positivity in chest CT studies
appeared to impact sensitivity not specificity, as studies that used
radiologists' impressions showed higher sensitivities than those
that used formal scoring systems. A possible explanation is that
a 'threshold eMect' seems to apply to the diMerent definitions for

index test positivity. Thus, there are diMerences in the interpretation
of chest CT between the formal scoring system and radiologist
impression groups.

Chest X-ray (17 studies, 8529 participants with 5303 (62%) cases)
demonstrated a sensitivity of 73.1% (95% CI 64.1 to 80.5),and a
specificity of 73.3% (95% CI 61.9 to 82.2) for the diagnosis of
COVID-19 in suspected participants. Compared to Islam 2021, the
specificities appear to be similar, while the sensitivity appears to
slightly increase in the current version.

Ultrasound of the lungs (15 studies, 2410 participants with 1158
(49%) cases) demonstrated a sensitivity of 88.9% (95% CI 84.9 to
92.0), and a specificity of 72.2% (95% CI 58.8 to 82.5). Compared
to Islam 2021, the sensitivities appear to be similar, while the
specificity appears to increase in the current version.

Threshold eJects (CO-RADS and RSNA)

In chest CT studies that used the CO-RADS scoring system to define
index test positivity (11 studies), as expected, when the threshold
for index test positivity increased (i.e. from 2 to 5), sensitivity
decreased and specificity increased. The same pattern can be seen
for the RSNA scoring system. In chest CT studies that used the
RSNA scoring system to define index test positivity (5 studies), when
the threshold for index test positivity increased (i.e. from 2 to 4),
sensitivity decreased and specificity increased.

Indirect test comparisons

Based on indirect comparisons of all included studies, chest CT and
ultrasound gave higher sensitivity estimates than X-ray. Chest CT
and ultrasound gave similar sensitivities. All modalities had similar
specificities.

Rate of positive imaging in individuals with initial RT-PCR
negative results

The pooled rate of positive chest CT imaging (7 studies, 177
participants all of whom had a final diagnosis of COVID-19) in repeat
RT-PCR positive results where initial RT-PCR was negative, was
75.8% (95% CI 45.3 to 92.2). We were unable to derive pooled rates
for X-ray and ultrasound due to insuMicient available data.
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Asymptomatic screening

Chest CT (8 studies, 3548 participants, 364 (10%) cases)
demonstrated a sensitivity of 55.7% (95% CI 35.4 to 74.3), and a
specificity of 91.1% (95% CI 82.6 to 95.7) for detecting COVID-19
in asymptomatic participants. We were unable to derive pooled
accuracy estimates for screening with X-ray and ultrasound due to
insuMicient available data. Our findings show that imaging is not
useful for screening asymptomatic patients.

Changes across review versions

Based on the visual assessments of the ggplot graphs, with respect
to the four versions of this review, the sensitivity estimates of
chest CT appear to remain similar across Salameh 2020a, Islam
2020, Islam 2021, and this current version, while the specificity
estimates of chest CT appear to increase with Islam 2020 and
Islam 2021. However, the specificity estimates of chest CT appear
to remain similar between Islam 2021 and current versions.
Given the large number of chest CT studies included in the prior
review, which provided sensitivity and specificity estimates with
narrow confidence intervals, we had expected that sensitivity and
specificity estimates of chest CT will not notably diMer in future
updates of this review. The results of the current review align with
this expectation.

For chest X-ray, the specificities between Islam 2021 and this
current version appear to be similar, while the sensitivity appears to
have slightly increased in the current version. For ultrasound of the
lungs the sensitivities between Islam 2021 and this current version
appear to be similar, while the specificity appears to have increased
in the current version.

Strengths and weaknesses of the review

Our search strategy was broad and allowed for identification of
a wide range of articles about COVID-19 diagnosis. The review
authors screened records, extracted data, and assessed study
methodology independently and in duplicate. Though we are
relatively confident in the accuracy and completeness of our
findings, please inform us at mmcinnes@toh.ca should errors be
found so that we can address them in a future update. Furthermore,
compared to Salameh 2020a, Islam 2020, and Islam 2021, this
current update includes a greater number of studies that evaluated
accuracy estimates of imaging tests in the diagnosis of suspected
COVID-19 participants.

We included studies that involved only symptomatic participants,
as well as studies that had a mixed population (i.e. symptomatic
and asymptomatic participants). Thus, there may be situations
when asymptomatic individuals are suspected of having COVID-19,
such as if they have infected contacts or other risk factors for
infection. However, not all the studies clearly reported information
on participants’ symptoms.

We identified that how index test positivity is defined impacts on
chest CT sensitivity but not any other modality. These findings
may suggest that the variables we investigated did not significantly
contribute to variability; alternatively, there may be unmeasured
confounding variables blurring our analyses. Due to insuMicient
granularity of data, we were unable to investigate additional
potential sources of variability, particularly participant setting
(inpatient versus outpatient). We plan to perform these analyses in
future updates, when suMicient data become available.

In this update, we addressed additional objectives of evaluating
the rate of positive imaging in repeat RT-PCR positive results
where initial RT-PCR was negative. Furthermore, we evaluated
the diagnostic accuracy of thoracic imaging (CT, chest X-ray and
ultrasound) in asymptomatic individuals.

We explored indirect comparisons of chest CT, chest X-ray and
ultrasound of the lungs. Due to the limited number of studies that
evaluated multiple imaging modalities in the same population, we
did not formally evaluate direct comparisons of diMerent imaging
tests at this stage. We plan to conduct formal analyses of direct
comparisons of imaging tests in future updates, as more studies
with comparative designs become available.

We were not able to evaluate accuracy estimates based on specific
findings of imaging tests (e.g. ground-glass, consolidation, pleural
eMusion) or combinations of such findings because of the lack of
data granularity reported in included studies; however, we will
consider this in future updates of the review.

We hope that in future versions of this review we will be able
to evaluate these associations as research on the role of imaging
tests in the diagnosis of COVID-19 evolves. It should be noted that
any association between number of days a*er symptom onset,
symptom severity and the findings on chest imaging for patients
with COVID-19 might impact the diagnostic performance of chest
CT in the future versions.

The quality of the primary studies included in this review continues
to impact the overall robustness of the review. Several studies failed
to describe their participants (e.g. recruitment method), the details
of reference standard conduct used for identifying COVID-19 cases,
and the definition used for positivity of the imaging tests. In this
version, half of all studies seemed to have low risk of bias data,
while, in Islam 2021, most were high or unclear.

Of the studies that did report recruitment methods, most reported
including ‘consecutive’ participants. However, many of these
studies did not actually recruit ‘consecutive’ participants that
represent the target population (i.e. individuals suspected of
having COVID-19), but instead included all consecutive participants
that underwent an imaging test and RT-PCR testing. These studies
did not describe whether all suspected patients in the recruitment
setting underwent both an imaging test and RT-PCR as a part
of standard practice (which would result in a true ‘consecutive’
recruitment), or whether imaging tests were only performed in
patients with specific clinical signs (e.g. severe symptoms). In
studies where the latter situation is present, included participants
may not represent the target population, and this could create
selection bias.

We recommend that the accuracy estimates reported in this review
are interpreted with caution because of the use of RT-PCR as the
reference standard. The results of RT-PCR are not always sensitive,
and it is possible that chest CT may be more sensitive than the
reference standard in some patients. However, our investigations
of heterogeneity for chest CT studies did not identify diMerent
accuracy estimates between studies that used at least two RT-PCR
test results to define disease-negative status versus studies that
used only one RT-PCR test result to define disease-negative status.
At this stage, despite its limitations, RT-PCR remains the best tool
for diagnosing COVID-19. However, the best reference standard may
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vary across clinical questions, settings, and populations (Korevaar
2020).

In future updates of this review, we may consider the use of a
latent-class bivariate model for meta-analysis, which adjusts for the
imperfect accuracy of the reference standard (Butler-Laporte 2021).

Three out of 98 included studies (3%) were only available as
preprints at the time of the search. We will update data extracted
from these studies in future versions of our review as these studies
become published in peer-reviewed journals.

Applicability of findings to the review question

As the studies in our cohort included suspected COVID-19
participants, our findings are applicable to individuals suspected
to have COVID-19. Our search did not identify many studies that
evaluated the accuracy of chest CT, ultrasound of the lungs, and
chest X-ray for the diagnosis of COVID-19 in paediatric populations.
Thus, the diagnostic accuracy of these modalities in children is not
as well-established. In addition, the lack of data available in the
included studies pertaining to signs and symptoms of presenting
cases, the severity of the symptoms, as well as timing of symptom
onset adds complexity to the interpretation of the findings in this
review. It should be noted that the results apply mostly to imaging
interpreted by radiologists.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Our findings indicate that chest computed tomography (CT), chest
X-ray and ultrasound all give higher proportions of positive results
for individuals with COVID-19 as compared to those without. For
chest CT, the chances of getting a positive result are 86.9% (95% CI
83.6 to 89.6) in individuals with COVID-19 and 21.7% (95% CI 17.7
to 26.3) in those without. For chest X-ray, the chances of getting a
positive result are 73.1% (95% CI 64.1 to 80.5) in individuals with
COVID-19 and 26.7% (95% CI 17.8 to 38.1) in those without.

For ultrasound of the lungs, the chances of getting a positive
result are 88.9% (95% CI 84.9 to 92.0) in individuals with COVID-19
and 23.7% (95% CI 13.3 to 33.8) in those without. Due to the
limited availability of data, accuracy estimates of chest X-ray and
ultrasound of the lungs for the diagnosis of COVID-19 in suspected
participants should be carefully interpreted.

Implications for research

From our current pool of included studies, we can draw limited
conclusions regarding the diagnostic performance of thoracic
imaging modalities. Additional studies evaluating the accuracy of
chest X-ray and ultrasound of the lungs for diagnosis COVID-19 in
suspected patients are needed to allow for more reliable findings.

In this update, we were unable to assess several objectives of
interest due to the lack of available data required to formally
evaluate direct comparisons of diMerent imaging modalities, and
the eMect of time since onset of symptoms on the diagnostic
performance of various index tests. Future studies should
ideally pre-define positive imaging findings and include direct
comparisons of the various modalities of interest on the same
participant population in order to provide robust and reliable data.
Furthermore, improved transparency and reporting is necessary

for more eMicient data extraction in our updated versions of this
review. We encourage authors and investigators to refer to the
STARD 2015 checklist (Bossuyt 2015; Hong 2018) to ensure that any
relevant information is clearly reported in their studies. Also, the
uncertainty resulting from high or unclear risk of bias of included
studies limit our ability to confidently draw conclusions based on
our results.

We hope that future updates of this review include more
informative studies to allow for additional investigations of
variability with improved power and further evaluations of
additional objectives.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, unclear symp-
tom status

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: unclear

Level of training of readers: radiologist

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Ai 2020a  (Continued)
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Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast, low dose)

Definition for positive diagnosis on CT: radiological evidence of
COVID-19 pneumonia, including presence of ground glass opacity
(GGO), mixed GGO (GGO and consolidation), consolidation, distri-
bution and number of lobes and segment affected by GGO and/or
consolidation, etc.

Level of training of readers: radiologist

Prevalence: 0.8

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Aslan 2020  (Continued)
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DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Aslan 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT (low dose CT)

Definition for positive diagnosis on CT: according to previous re-
ports on typical and atypical CT findings of COVID-19 pneumonia

Level of training of readers: unclear

Prevalence: 0.55

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Methodological quality

Bahrami-Motlagh 2020 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Bahrami-Motlagh 2020  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT, no further details provided

Definition for positive diagnosis on CT: RSNA classification

Level of training of readers: radiologist

Prevalence: 0.3

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Barbosa 2020 
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DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Barbosa 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: unclear

Index tests Index test(s): chest CT (non-contrast)

Definition for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologist

Prevalence: 0.2

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some; other (clinical
signs on follow-up)

Flow and timing  

Comparative  

Notes  

Methodological quality

Bellini 2020 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Bellini 2020  (Continued)
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Study characteristics

Patient Sampling Study design: suspected patients, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Definition for positive diagnosis on CT: a structured report about
the probability of COVID-19 pneumonia

Level of training of readers: radiologist

Prevalence: 0.9

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Besutti 2020 
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DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Besutti 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US:unclear

Level of training of readers: unclear

Prevalence: 0.43

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Bock 2021 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Bock 2021  (Continued)
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Could the patient flow have introduced bias?   Unclear risk  

Bock 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19

Patient characteristics and setting Age group: mix of children and adults

Setting: outpatient

Index tests Index test(s): chest CT (with or without contrast)

Definition for positive diagnosis on CT: unclear

Level of training of readers: unclear

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Bollineni 2021 
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Bollineni 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast, IV contrast); chest x-rays

Definition for positive diagnosis (both CT and x-ray): BSTI template

Level of training of readers: radiologist

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Borakati 2020 
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Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Borakati 2020  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Borakati 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): Ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: unclear

Level of training of readers: unclear

Prevalence: 0.4

Target condition and reference standard(s) Reference standard:RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Bosso 2021 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Bosso 2021  (Continued)

 
 

Study characteristics
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Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (Non contrast CT)

Definition for positive diagnosis on CT: 1) imaging patterns sug-
gesting the presence of COVID-19; 2) imaging patterns suggesting
an alternative diagnosis; 3) imaging patterns suggesting a combi-
nation of COVID-19 with underlying lung disease; 4) CT considered
normal

Level of training of readers: radiologists

Prevalence: 0.51

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Boussouar 2020  (Continued)
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DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Boussouar 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (low dose)

Definition for positive diagnosis on CT: highly probable, probable,
and less probable of COVID-19 pneumonia, alternative diagnosis,
or normal

Level of training of readers: unclear

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Brun 2021 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Brun 2021  (Continued)
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Could the patient flow have introduced bias?   High risk  

Brun 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Definition for positive diagnosis on CT: pneumonia

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Caruso 2020 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Caruso 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (non contrast)

Definition for positive diagnosis on CT:RSNA

Level of training of readers: unclear

Prevalence: 0.7

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Cengel 2021 
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Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Cengel 2021  (Continued)
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Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Cengel 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (low dose)/ Ultrasound of lungs (POCUS)

Definition for positive diagnosis on CT: RSNA

Level of training of readers: unclear

Prevalence: 0.42

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Colombi 2020a 
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Colombi 2020a  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Cozzi 2020 
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Patient characteristics and setting Age group: unclear

Setting: outpatient

Index tests Index test(s): chest X-rays

Definition for positive diagnosis on X-ray: the presence of intersti-
tial infiltrates with predominantly bilateral and basal distribution

Level of training of readers: radiologist

Prevalence: 0.8

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided; other (fol-
low-up phone call)

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Cozzi 2020  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Cozzi 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: suspected patients, symptomatic or asymptomatic

Patient characteristics and setting Age group: adults

Setting: inpatient

Index tests Index test(s): chest CT(high resolution)

Definition for positive diagnosis on CT: unclear

Level of training of readers: radiologist

Prevalence: 0.01

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Dafydd 2021 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Dafydd 2021  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, unclear symp-
tom status

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Defintion for positive diagnosis on CT: quote: “evocative”: multifo-
cal ground-glass opacities, being nodular or not, or crazy-paving
with or without consolidations, with a bilateral, peripheral or
mixed distribution and involvement of the posterior zones

Level of training of readers: radiologist

Prevalence: 0.7

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Debray 2020 
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DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Debray 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: unclear

Index tests Index test(s): chest CT (high resolution)

Defintion for positive diagnosis on CT:

1. any one of the following:
a. single, multiple, or diffuse GGO, with thickened blood vessels

and thickened bronchial shadows passing through, with or
without localised lobular septal grid thickening

b. single or multiple real shadows

2. re-examination 3-5 days later showed that the original GGO or
consolidation range increased, the number increased, or accom-
panied by pleural effusion on one or both sides

Level of training of readers: radiologist

Prevalence: 0.7

Deng 2020 
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Target condition and reference standard(s) Reference standard: RT-PCR once

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

Deng 2020  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Deng 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: suspected patients, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: outpatient

Index tests Index test(s): chest CT, no further details provided

Defintion for positive diagnosis on CT: CO-RADS

Level of training of readers: unclear

Prevalence: 0.4 for primary objective, 0,05 for secondary objective.

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

De Smet 2020 
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DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

De Smet 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: unclear

Setting: outpatient

Index tests Index test(s): chest CT

Defintion for positive diagnosis on CT:following the recommenda-
tion of the French Society of Radiology

Dimeglio 2021 
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Level of training of readers: unclear

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR once

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Dimeglio 2021  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Dimeglio 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: ≥ 70 years of age

Setting: outpatient

Index tests Index test(s): ultrasound of lungs (POCUS); no further details pro-
vided

Definition for positive diagnosis on ultrasound: scoring system:
non-coalescent B-lines, coalescent and with hyperechoic non-
consolidated state

Level of training of readers: unclear

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Dini 2020 
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Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Dini 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Djangang 2020 
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Setting: outpatient

Index tests Index test(s): chest CT

Defintion for positive diagnosis on CT: ground-glass opacities,
consolidation or crazy-paving patterns

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Djangang 2020  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Djangang 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (low dose)

Defintion for positive diagnosis on CT: CO-RADS

Level of training of readers: unclear

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

DoJerhoJ 2020 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic)

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT (Non contrast)

Definition for positive diagnosis on CT: RSNA

Level of training of readers: unclear

Prevalence: 0.55

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Dogan 2020 
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DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Dogan 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (IV contrast)

Defintion for positive diagnosis on CT: classification system: surely
COVID+, possible COVID+, COVID-

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Ducray 2020  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (Low-dose CT)

Definition for positive diagnosis on CT: "All CT images were evalu-
ated manually and data on presence/absence of COVID-19 was as-
sessed"

Level of training of readers: radiograph

Prevalence: 0.13

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Erxleben 2021 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Erxleben 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Defintion for positive diagnosis on CT: STR/ACR/RSNA

Level of training of readers: radiologist

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  
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Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Falaschi 2020  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Falaschi 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19 (all symptomatic)

Patient characteristics and setting Age group: mix of children and adults

Setting: unclear

Index tests Index test(s): chest CT (with IV contrast)

Definition for positive diagnosis on CT: ground glass opacities,
mixed ground-glass, opacities, thickening of intra-lobular septa,
negative bronchogram, reverse

Level of training of readers: radiologist

Prevalence: 0.1

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Ferda 2020 
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Ferda 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (high-resolution CT)/ X-ray

Definition for positive diagnosis on CT: CT scans were classified ac-
cording to two different reading scores

Definition for positive diagnosis on X-ray:

Level of training of readers: unclear

Fink 2021 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

93



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Prevalence: 0.29

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

Fink 2021  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Fink 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Defintion for positive diagnosis on CT: GGOs; consolidation; a
mixed GGO and consolidation pattern; single or multiple solid
nodules surrounded by GGOs; a focal or multifocal distribution;
GGO and consolidation location; multilobe involvement; a bilater-
al distribution; interlobular septal thickening; an air bronchogram;
the presence of cavitation; bronchial wall thickening; bronchiec-
tasis; mediastinal lymph node enlargement; pleural effusion; and
pericardial effusion

Definition for positive diagnosis on ultrasound: not reported

Level of training of readers: radiologist

Prevalence: 0.7

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Fonsi 2020 
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Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Fonsi 2020  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Fonsi 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT, no further details provided

Definition for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Fujioka 2020 
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Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Fujioka 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Gaia 2020 
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Setting: outpatient

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: Simpson 2020

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR once

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Gaia 2020  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Low risk  

Gaia 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Definition for positive diagnosis on CT: classification system: sus-
pected COVID-19 pneumonia, non-COVID-19 pneumonia, negative
CT

Level of training of readers: radiologist

Prevalence: 0.3

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Giannitto 2020 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Giannitto 2020  (Continued)
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Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Definition for positive diagnosis on CT: standardized imaging re-
porting system (typical for COVID-19, equivocal, non COVID-19)

Level of training of readers: resident

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Gietema 2020  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Gietema 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US:Scoring system by Soldati
2020

Level of training of readers: unclear

Prevalence: 0.42

Target condition and reference standard(s) Reference standard: RT-PCR once

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Gil-Rodrigo 2020 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

103



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Gil-Rodrigo 2020  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): Chest CT (non contrast)

Definition for positive diagnosis on CT: RSNA

Level of training of readers: radiologist

Prevalence: 0.57

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Grando 2020 
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DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Grando 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT(Low dose CT)

Definition for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologist

Prevalence: 0.21

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Gross 2021 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

106



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Gross 2021  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (IV contrast)

Definition for positive diagnosis on CT: a structured report about
the probability of COVID-19 pneumonia based on the presence of
GGOs with or without crazy-paving pattern, isolated or admixed
with perilobular or linear consolidation, their peripheral or central
distribution, etc.

Level of training of readers: resident

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Guillo 2020 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

108



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Guillo 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all asymptomatic

Patient characteristics and setting Age group: adults only

Setting: inpatient

Index tests Index test(s): chest CT(Low-dose CT)

Definition for positive diagnosis on CT: RSNA

Level of training of readers: unclear

Prevalence: 0.01

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Gumus 2020 
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Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Gumus 2020  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Gumus 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: unclear

Level of training of readers: unclear

Prevalence: 0.3

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Haak 2021 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Haak 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (high-resolution CT)

Definition for positive diagnosis on CT: positive HRCT chest find-
ings for COVID-19 were defined as bilateral, multifocal, multilobar
ground glass opacities with or without sub-segmental consolida-
tions or crazy paving pattern in a peripheral distribution.

Level of training of readers: radiologist

Prevalence: 0.83

Hanif 2021 
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Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

Hanif 2021  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Hanif 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, unclear symp-
tom status

Patient characteristics and setting Age group: children and adults

Setting: unclear

Index tests Index test(s): chest CT (high-resolution)

Defintion for positive diagnosis on CT: GGO with or without con-
solidation, crazy paving patten, peripheral and diffuse distribu-
tion, and bilateral/multilobular involvement

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

He 2020 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

He 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Hermans 2020 
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Index tests Index test(s): chest CT, no further details provided

Defintion for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR once

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Hermans 2020  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Hermans 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (low dose)

Defintion for positive diagnosis on CT: unclear

Level of training of readers: radiologist

Prevalence: 0.3

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Hernigou 2020 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Hernigou 2020  (Continued)
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Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: unclear

Index tests Index test(s): chest CT, no further details provided

Definition for positive diagnosis on CT: bilateral GGO with periph-
eral distribution, bilateral crazy paving appearance with intralob-
ular thickening, reverse halo sign, or other signs compatible with
organising pneumonia

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Herpe 2020  (Continued)
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DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Herpe 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: unclear

Index tests Index test(s): chest X-rays

Definition for positive diagnosis on X-ray: abnormality suggesting
pneumonia

Level of training of readers: radiologists and resident

Prevalence: 0.05

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Hwang 2020 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

120



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Hwang 2020  (Continued)

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

121



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: outpatient

Index tests Index test(s): chest X-rays

Defintion for positive diagnosis on X-ray: reticulations, alveolar
opacities or both

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Ippolito 2020 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Ippolito 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: unclear

Level of training of readers: unclear

Prevalence: 0.52

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Jalil 2020 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Jalil 2020  (Continued)
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Could the patient flow have introduced bias?   Unclear risk  

Jalil 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT

Defintion for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Krdzalic 2020 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Krdzalic 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Defintion for positive diagnosis on CT: BSTI version 2

Level of training of readers: radiologist

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Kuzan 2020 
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Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Kuzan 2020  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Kuzan 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT

Defintion for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologists

Prevalence: 0.3

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Lieveld 2021a 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

128



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Lieveld 2021a  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: CO-RADS

Level of training of readers: unclear

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Lieveld 2021b 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

129



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Lieveld 2021b  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Lieveld 2021b  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: outpatient

Index tests Index test(s): chest CT, no further details provided

Defintion for positive diagnosis on CT: scoring system was devel-
oped (with scores from −4 to +7)

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Luo 2020a 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Luo 2020a  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non-contrast)

Definition for positive diagnosis on CT: BSTI and RSNA

Level of training of readers: unclear

Majeed 2020 
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Prevalence: 0.33

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Majeed 2020  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Majeed 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: children and adults

Setting: unclear

Index tests Index test(s): chest CT, no further details provided

Defintion for positive diagnosis on CT: unclear

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Mei 2020 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Mei 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: outpatient

Miranda Magalhaes Santos 2020 
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Index tests Index test(s): chest CT, no further details provided

Defintion for positive diagnosis on CT: RSNA classification

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Miranda Magalhaes Santos 2020  (Continued)

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

136



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Miranda Magalhaes Santos 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest radiographs/chest X-rays

Definition for positive diagnosis on X-rays: unclear

Level of training of readers: unclear

Prevalence: 0.31

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Moroni 2021 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Moroni 2021  (Continued)

 
 

Study characteristics

Murphy 2020 
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Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: outpatient

Index tests Index test(s): chest X -rays

Defintion for positive diagnosis on X-ray: classification system:
normal, no finding (category 0); abnormal but no lung opacity
consistent with pneumonia (category 1); lung opacity consistent
with pneumonia (unlikely COVID-19) (category 2); lung opacity
consistent with pneumonia (consistent with COVID-19) (category
3). Sensitivities matched to AI reading.

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Murphy 2020  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Murphy 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (low dose); ultrasound of lungs (POCUS)

Defintion for positive diagnosis on CT: scored as suggestive for or
inconsistent with COVID-19 infection based on the presence of
clinical manifestations as presented by Ng 2020 and Shi 2020

Defintion for positive diagnosis on ultrasound: positive if one or
more BLUE points showed a positive B-line parameter

Level of training of readers: radiologist

Prevalence: 0.2

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Narinx 2020 
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Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Narinx 2020  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Narinx 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non contrast)

Definition for positive diagnosis on CT: each reading was cate-
gorised using a five-point score, adapted from the recommenda-
tions of the Société Française de Radiologie (SFR)

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Nivet 2021 
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Nivet 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19 (all symptomatic)

O'Neill 2020 
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Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test (s): chest CT

Definition for positive diagnosis on CT: RSNA and CO-RADS

Level of training of readers: radiologists

Prevalence:0.5

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

O'Neill 2020  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

O'Neill 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT(non contrast)

Definition for positive diagnosis on CT: chest CT with typical COV-
ID-19 appearance

Level of training of readers: radiologists

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Ohana 2021 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Ohana 2021  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic
or asymptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: each area was given a score
between 0 and 3

Level of training of readers: unclear

Prevalence: 0.1

Target condition and reference standard(s)  

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Ooi 2021 
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DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   High risk  

Ooi 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic
or asymptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest radiographs/chest X-rays

Definition for positive diagnosis on CT: unclear

Level of training of readers: unclear

Prevalence: 0.8

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Pagano 2021 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Pagano 2021  (Continued)

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

149



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Could the patient flow have introduced bias?   High risk  

Pagano 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT (non contrast)

Definition for positive diagnosis on CT: RSNA

Level of training of readers: unclear

Prevalence: 0.68

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Palmisano 2021 
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Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Palmisano 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest X-rays; ultrasound of lungs (POCUS)

Defintion for positive diagnosis on X-ray: if the report included in-
fection in the differential, as defined by words such as opacity,
consolidation, or airspace disease; negative if no abnormality was
noted, an abnormality was noted but attributed to a non-infec-
tious aetiology, or was inconclusive for infectious process

Definition for positive diagnosis on ultrasound: positive if any B-
lines were detected.

Pare 2020 

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

151



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Level of training of readers: unclear

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Pare 2020  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Pare 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and adults

Setting: outpatient

Index tests Index test(s): chest CT (high resolution)

Defintion for positive diagnosis on CT: scoring system: consistent
with multifocal pneumonia (category 1); indeterminate for mul-
tifocal pneumonia (category 2); not consistent with multifocal
pneumonia (category 3)

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Patel 2020 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Patel 2020  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: RSNA system and CO-RADS
system

Level of training of readers: unclear

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Patrucco 2021 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Patrucco 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: children only

Setting: unclear

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: GGO, consolidations
with surrounding halo sign, nodules, residual fibre strips, lym-
phadenopathy

Level of training of readers: radiologist

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided; other
(positive contacts)

Peng 2020a 
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Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Peng 2020a  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Peng 2020a  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: unclear

Level of training of readers:unclear

Prevalence: 0.47

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Pivetta 2021 
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DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Pivetta 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: inpatient

Index tests Index test(s): chest CT (low dose)

Definition for positive diagnosis on US: CO-RADS

Level of training of readers:unclear

Puylaert 2020 
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Prevalence: 0.01

Target condition and reference standard(s) Reference standard: RT-PCR once

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Puylaert 2020  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Puylaert 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (with IV contrast)

Definition for positive diagnosis on CT: dichotomous - suspicious
or not suspicious for COVID-19

Level of training of readers: resident and radiologist

Prevalence: 0.8

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Ravikanth 2021 
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Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Ravikanth 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults only

Reginelli 2021 
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Setting: outpatient

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: radiologists observed ac-
cording to localization and distribution of GGO and consolida-
tions, crazy paving pattern, and presence of nodules

Level of training of readers: radiologist

Prevalence: 0.8

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Reginelli 2021  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Reginelli 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: children and young adults only

Setting: outpatient

Index tests Index test(s): chest CT (non contrast CT)

Definition for positive diagnosis on CT: computed tomography
images were divided into 3 groups: normal, consistent with COV-
ID-19, and inconsistent with COVID-19.

Level of training of readers: unclear

Prevalence: 0.45

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Rona 2021 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Rona 2021  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: unclear

Settinng: inpatient

Index tests Index test(s): chest X-rays, no further details provided

Defintion for positive diagnosis: a previously unvalidated Likert
score (scores 1 to 5) based on radiographic features thought to be
related to COVID-19, based on format reported by Simpson 2020

Level of training of readers: unclear

Prevalence: 0.3

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Roy Choudhury 2020 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Roy Choudhury 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (high resolution)

Definition for positive diagnosis on CT: RSNA

Level of training of readers: radiologist

Prevalence: 0.76

Target condition and reference standard(s) Reference standard:RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Saeed 2020 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Saeed 2020  (Continued)
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Could the patient flow have introduced bias?   Unclear risk  

Saeed 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: unclear

Level of training of readers: unclear

Prevalence: 0.35

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Salehi-Pourmehr 2020 
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Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Salehi-Pourmehr 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (non contrast)

Definition for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologists

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Schalekamp 2020 
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Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Schalekamp 2020  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Schalekamp 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: inpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: unclear

Level of training of readers: unclear

Prevalence: 0.3

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Schmid 2020 
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DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Schmid 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT (low dose)

Defintion for positive diagnosis on CT: CO-RADS

Level of training of readers: radiologist

Schulze-hagen 2020 
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Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Schulze-hagen 2020  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Schulze-hagen 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: unclear

Setting: outpatient

Index tests Index test(s): chest CT (non contrast, low dose)

Definition for positive diagnosis on CT: COV-Rads

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Shah 2021 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Shah 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Skalidis 2020 
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Index tests Index test(s): chest CT (low dose CT thorax)

Definition for positive diagnosis on CT: the results of the classifica-
tion were merged by consensus and the specialists classified the
CT on positive or negative for COVID-19.

Level of training of readers: unclear

Prevalence: 0.42

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Skalidis 2020  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Skalidis 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT, no further details provided

Defintion for positive diagnosis on CT: diagnosis of viral pneu-
monia according to: multiple bilateral, ill-defined GGOs or mixed
consolidation with diffuse peripheral distribution or bilateral pul-
monary consolidation

Prevalence: 0.5

Target condition and reference standard(s) Reference standard: RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Song 2020a 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Song 2020a  (Continued)

 
 

Study characteristics
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Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest X-rays/Ultrasound of the lungs (POCUS)

Definition for positive diagnosis on chest X-rays/Ultrasound of the
lungs (POCUS): unclear

Level of training of readers: unclear

Prevalence: 0.75

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

Sorlini 2021  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Sorlini 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: inpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: unclear

Level of training of readers: unclear

Prevalence: 0.22

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Speidel 2021 
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Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Speidel 2021  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Speidel 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest CT (low dose)

Defintion for positive diagnosis on CT: unclear; based on typical
COVID-19 findings reported by Salehi 2020.

Level of training of readers: unclear

Prevalence: 0.2

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Steuwe 2020 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Steuwe 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest X-rays

Defintion for positive diagnosis on X-ray: BSTI template

Level of training of readers: radiologist

Stevens 2020 
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Prevalence: 0.8

Target condition and reference standard(s) Reference standard: RT-PCR once; twice in some

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Stevens 2020  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Stevens 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: unclear

Index tests Index test(s): chest X-rays

Definition for positive diagnosis on X-rays: unclear

Level of training of readers: unclear

Prevalence: 0.6

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Sukhija 2021 
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Are there concerns that the included patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Sukhija 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19(all symptomatic)

Patient characteristics and setting Age group: adults only

Setting: inpatient

Sverzellati Nicola 2021 
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Index tests Index test(s): chest CT (high resolution) and X-ray

Definition for positive diagnosis on CT: For CT, 4 CT categories:
normal, alternative diagnosis, indeterminate, or typical for COV-
ID-19 pneumonia

Level of training of readers: radiologist

Prevalence: 0.77

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Sverzellati Nicola 2021  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis?      

Could the patient flow have introduced bias?   High risk  

Sverzellati Nicola 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT (low-dose CT)

Definition for positive diagnosis on CT: structured reporting was
conducted according to the RSNA expert consensus statement on
reporting chest CT findings related to COVID-19.

Level of training of readers: unclear

Prevalence: 0.01

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Teichgraber 2021 
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Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Teichgraber 2021  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Teichgraber 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest X-rays

Definition for positive diagnosis on CT: unclear

Level of training of readers: unclear

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Tsakok 2020 
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DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tsakok 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: children and adults

Setting: unclear

Index tests Index test(s): chest CT (no further details provided)

Defintion for positive diagnosis on CT: standardised imaging re-
porting system: infectious disease, viral pneumonia is highly like-
ly (class 1), infectious lesions, viral pneumonia (class 2), infectious

Wang 2020a 
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lesions, pathogens to be investigated (class 3), infectious lesions
(class 4)

Level of training of readers: unclear

Prevalence: 0.2

Target condition and reference standard(s) RT-PCR twice, if necessary

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Wang 2020a  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Wang 2020a  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults only

Setting: mixed

Index tests Index test(s): chest X-ray

Definition for positive diagnosis on X-ray: 6-point scoring system
based on overall impression of "positive for COVID-19" or "nega-
tive for COVID-19"

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Wehbe 2021 
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Wehbe 2021  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Xiaocheng 2020 
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Patient characteristics and setting Age group: adults only

Setting: outpatient

Index tests Index test(s): chest CT

Definition for positive diagnosis on CT: unclear

Level of training of readers: unclear

Prevalence: 0.1

Target condition and reference standard(s) Reference standard: RT-PCR, no further details provided or further
details are unclear

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Xiaocheng 2020  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Xiaocheng 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, unclear symp-
tom status

Patient characteristics and setting Age group: children and adults

Setting: inpatient

Index tests Index test(s): chest CT, no further details provided

Definition for positive diagnosis on CT: subpleural GGO without
pleural effusion, bronchial changes or lymphadenopathy

Level of training of readers: radiologist

Prevalence: 0.4

Target condition and reference standard(s) Reference standard: RT-PCR, no other details provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Xiong 2020 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   High risk  

Xiong 2020  (Continued)
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Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, symptomatic or
asymptomatic

Patient characteristics and setting Age group: adults only

Setting: inpatient

Index tests Index test(s): ultrasound of the lungs (POCUS)

Definition for positive diagnosis on US: 4 categories: characteristic
changes, ordinary inflammation, other changes, normal

Level of training of readers: unclear

Prevalence: for primary objective: 0.08; for secondary objective:
0.04

Target condition and reference standard(s) Reference standard: RT-PCR twice, in some with initial negative re-
sults

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

DOMAIN 2: Index Test (Ultrasound of the lungs)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Yassa 2020 
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Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Yassa 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study design: patients with suspected COVID-19, all symptomatic

Patient characteristics and setting Age group: adults, perhaps also children

Setting: outpatient

Index tests Index test(s): chest X-rays

Definition for positive diagnosis on X-rays: unclear

Level of training of readers: unclear

Prevalence: 0.25

Target condition and reference standard(s) Reference standard: RT-PCR twice, in all with initial negative re-
sults

Flow and timing  

Comparative  

Yates 2021 
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Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Chest CT)

DOMAIN 2: Index Test (Chest X-ray)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Ultrasound of the lungs)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Yates 2021  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Yates 2021  (Continued)

Abbreviations: ACR: American College of Radiology; AI: artificial intelligence; BSTI: British Society of Thoracic Imaging; CO-RADS:
COVID-19 Reporting and Data System; CT: computed tomography; GGO: ground-glass opacity; IV: intravenous; POCUS: point-of-care
ultrasound; RSNA: Radiological Society of North America; RT-PCR: reverse transcriptase polymerase chain reaction; STR: Society of
Thoracic Radiology;US: ultrasound
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ai 2020b Ineligible study design

Ai 2020c Ineligible setting

Arentz 2020 Ineligible patient population

Bai 2020a Ineligible study design

Bai 2020b Ineligible study design

Chang 2020 < 10 participants

Chen 2020a Ineligible outcomes

Chen 2020b Ineligible outcomes

Chen 2020c Ineligible patient population

Cheng 2020 Ineligible outcomes

Çinkooğlu 2020 Ineligible study design

Colombi 2020b Ineligible outcomes

Dai 2020 Ineligible outcomes

Ding 2020 Ineligible outcomes

Dong 2020 Ineligible study design

Guan 2020 < 10 participants

Hao 2020 < 10 participants

Himoto 2020 Ineligible study design

Huang 2020 < 10 participants

Liang 2020 Ineligible study design

Lu 2020 Ineligible patient population

Thoracic imaging tests for the diagnosis of COVID-19 (Review)
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Study Reason for exclusion

Mao 2020 Ineligible study design

Miao 2020a Ineligible study design

Miao 2020b Ineligible study design

Pakray 2020 Ineligible study design

Poggiali 2020 Ineligible outcomes

Pu 2020 Ineligible study design

Siegel 2020 Ineligible study design

Song 2020b Ineligible outcomes

Tavare 2020 Ineligible study design

Wang 2020b Ineligible patient population

Wu 2020a Ineligible setting

Wu 2020b Ineligible setting

Wu 2020c Ineligible patient population

Wu 2020d Ineligible patient population

Xie 2020 Ineligible study design

Xu 2020a Ineligible outcomes

Xu 2020b < 10 participants

Yang 2020a Ineligible setting

Yang 2020b Ineligible study design

Yuan 2020 Ineligible target condition

Zhifeng 2020 Ineligible study design

 

 

D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 Chest CT in suspected cases 69 28185

Thoracic imaging tests for the diagnosis of COVID-19 (Review)
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Test No. of studies No. of participants

2 Chest X-ray in suspected cases 17 8529

3 Ultrasound of the lungs in suspected cases 15 2410

4 CT CO-RADS 2 9 4168

5 CT CO-RADS 3 11 4416

6 CT CO-RADS 4 9 4169

7 CT CO-RADS 5 9 4169

8 RT-PCR (Chest CT) 7 177

9 RT-PCR (US of the lungs) 1 21

10 Asymptmotic (Chest CT) 7 3134

11 Asymptomatic (X-ray) 1 85

12 Asymptomatic (US of the lungs) 2 329

13 CT-RSNA 2 4 1071

14 CT-RSNA 3 5 1162

15 CT RSNA 4 5 1162
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Test 1.   Chest CT in suspected cases
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Test 2.   Chest X-ray in suspected cases

 
 

Test 3.   Ultrasound of the lungs in suspected cases

 
 

Test 4.   CT CO-RADS 2
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Test 5.   CT CO-RADS 3

 
 

Test 6.   CT CO-RADS 4

 
 

Test 7.   CT CO-RADS 5
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Test 8.   RT-PCR (Chest CT)

 
 

Test 9.   RT-PCR (US of the lungs)

 
 

Test 10.   Asymptmotic (Chest CT)

 
 

Test 11.   Asymptomatic (X-ray)

 
 

Test 12.   Asymptomatic (US of the lungs)
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Test 13.   CT-RSNA 2

 
 

Test 14.   CT-RSNA 3

 
 

Test 15.   CT RSNA 4
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A D D I T I O N A L   T A B L E S

Study ID Country
of corre-
sponding
author

Study design Age group Setting Index
test(s)

Definition for index test positivity Level of
training
of readers

Reference
standard

Preva-
lence

Ai 2020a China Suspected
patients (un-
clear)

Adults on-
ly

Inpatient Chest CT Unclear Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.6

Aslan 2020 Turkey Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast, low
dose)

Pneumonia appeared to be radiolo-
gist's impression

Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.8

Bahra-
mi-Mot-
lagh 2020

Iran Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(low dose)

They reported negative or positive
CT, according to previous reports on
typical and atypical CT findings of
COVID-19 pneumonia.

Unclear RT-PCR, no oth-
er details pro-
vided

0.5

Barbosa
2020

Brazil Suspected
patients (all
symptomatic)

Adults on-
ly

Unclear Chest CT RSNA classification Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.3

Bellini
2020

Italy Suspected
patients (all
symptomatic)

Children
and adults

Unclear Chest CT
(non-con-
trast)

CO-RADS classification Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.2

Besutti
2020

Italy Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(non-con-
trast)

A structured report about the proba-
bility of COVID-19 pneumonia

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.8

Bock 2021 Denmark Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

LUS was performed to determine the
presence of the following predefined
conditions: focal B-lines, interstitial
syndrome, lung consolidation, pleur-
al effusion and pneumothorax. In
all 14 zones, it was noted whether
lung sliding, lung pulse, lung point,
multiple B-lines (≥ 3 per intercostal
space), or thickened or fragmented
visceral pleura were present. A nor-

Unclear RT-PCR, no oth-
er details pro-
vided

0.4

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants 
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mal LUS was defined as sufficient
LUSinvestigation with none of the
above-mentioned findings.

Bollineni
2021

Belgium Suspected
patients (all
symptomatic)

Mix of chil-
dren and
adults

Outpa-
tient

Chest CT
(non-con-
trast, low
dose)

Unclear Unclear RT-PCR twice,
in all with initial
negative results

0.6

Borakati
2020

UK Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(non-con-
trast, IV
contrast)/
chest radi-
ographs

BSTI classification Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.6

Bosso
2021

Italy Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

Unclear Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Boussouar
2020

France Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

The conclusion was therefore one of
the following: 1) imaging patterns
suggesting the presence of COV-
ID-19; 2) imaging patterns suggest-
ing an alternative diagnosis; 3) imag-
ing patterns suggesting a combina-
tion of COVID-19 with underlying
lung disease; 4) CT considered nor-
mal

Radiolo-
gists

RT-PCR twice,
in all with initial
negative results

0.5

Brun 2021 France Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(low dose)

Highly probable, probable, and
less probable of COVID-19 pneumo-
nia, alternative diagnosis, or nor-
mal. They established their diag-
nosis based on recent publications
from China illustrating typical and
atypical patterns in patients with
COVID-19 pneumonia (Pan 2020; Li
2020a; Ye 2020; Kanne 2020, Zhao
2020, Wang 2020a; Salehi 2020) and
according to the Radiological Society
of North America expert consensus
statement (Zhou 2020)

Unclear RT-PCR, no oth-
er details pro-
vided

0.6

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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Caruso
2020

Italy Suspected
patients(all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

Pneumonia Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.4

Cengel
2021

Turkey Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(non-con-
trast)

RSNA classification Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.7

Colombi
2020a

Italy Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest
CT (low
dose)/ul-
trasound
of lungs

RSNA classification Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.7

Cozzi 2020 Italy Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Unclear Outpa-
tient

Chest radi-
ographs/
Chest X-
rays

The presence of interstitial infiltrates
with predominantly bilateral and
basal distribution

Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.8

De Smet
2020

Belgium Suspected
patients (all
symptomatic)

Children
and adults

Inpatient Chest CT CO-RADS classification Unclear RT-PCR, no oth-
er details pro-
vided

0.4

Debray
2020

France Suspected
patients (un-
clear)

Adults on-
ly

Inpatient Chest CT
(non-con-
trast)

“Evocative”: multifocal ground-glass
opacities, being nodular or not, or
crazy-paving with or without consol-
idations, with a bilateral, peripher-
al or mixed distribution and involve-
ment of the posterior zones

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.6

Deng 2020 China Suspected
patients (all
symptomatic)

Children
and adults

Inpatient Chest CT
(high reso-
lution)

Any one of the following: a) Single,
multiple, or diffuse ground-glass
opacity, with thickened blood ves-
sels and thickened bronchial shad-
ows passing through, with or with-
out localized lobular septal grid
thickening; b) Single or multiple re-
al shadows, (2) Reexamination 3 to
5 days later showed that the original
ground-glass opacity or consolida-
tion range increased, the number in-

Radiolo-
gist

RT-PCR once 0.7

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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creased, or accompanied by pleural
effusion on one or both sides

Dimeglio
2021

France Suspected
patients (all
symptomatic)

Unclear Outpa-
tient

Chest CT Following the recommendation of
the French Society of Radiology

Unclear RT-PCR once 0.4

Dini 2020 Italy Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

70 years
of age and
older

Outpatien-
t(LTC)

Ultra-
sound of
lungs(POCUS)

Scoring system: non-coalescent
B-lines, coalescent and with iper-
densed non-consolidated state.

Unclear RT-PCR once 0.6

Djangang
2020

Belgium Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT CT-scan was suggestive or not for
COVID-19 (i.e., ground-glass opaci-
ties, consolidation or crazy-paving
patterns) (Ai 2020a; Zhang 2020)

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.5

Dofferhoff
2020

The
Nether-
lands

Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Inpatient Chest CT
(low dose)

CO-RADS classification; threshold
not pre-specified

Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.5

Dogan
2020

Turkey Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

RSNA criteria: typical, indeterminate,
atypical, negative

Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.5

Ducray
2020

France Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast, IV
contrast)

On the final report, patients were
rated as “Surely COVID+” when pre-
senting with peripheral, bilateral,
or multifocal GGO of rounded mor-
phology ± consolidation or crazy
paving, reversed halo sign, or sub-
pleural bands of consolidations. Pa-
tients were rated as “Possible COV-
ID+” when presenting with multifo-
cal, diffuse, peripheral, or unilateral
GGO ± consolidation lacking a spe-
cific distribution and non-rounded
or non-peripheral or with only few
very small GGO with a non-rounded
and non-peripheral distribution or

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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with atypical findings: large pleural
effusion, major lymph node size in-
crease, or bronchiolitis pattern. Pa-
tients were rated as “COVID−” when
the chest CT was normal or demon-
strating another pathology

Erxleben
2021

Germany Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(low dose)

Unclear: "All CT images were eval-
uated manually and data on pres-
ence/absence of COVID-19 was as-
sessed"

Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.1

Falaschi
2020

Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

RSNA classification Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.6

Ferda
2020

Czech Re-
public

Suspected
patients (all
symptomatic)

Mix of chil-
dren and
adults

Outpa-
tient

Chest
CT(IV con-
trast)

Groundglass opacities, mixed
ground-glass opacities, thickening
of intra-lobular septa, negative bron-
chogram, reverse halo sign, and di-
latation of the vascular structures.
Predominant peripheral, bilateral
and caudal distributions were sus-
pected to be COVID-19 pneumonia.

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.1

Fink 2021 Germany Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(High res-
olution)/
Chest X-
rays

CT scans were classified according
to two different reading scores: 1)
presence of pneumonic features (0 –
absent, 1 – present) and 2) presence
of COVID-19 typical features (0 – not
typical, 1 – possible, 2 – highly suspi-
cious). According to the current lit-
erature, COVID-19 typical features
were defined as ground glass opac-
ities (GGO) with or without “crazy
paving” and/or consolidations with
peripheral emphasis.

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.3

Fonsi 2020 Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

Ground glass opacities (GGOs); con-
solidation; a mixed GGO and consol-
idation pattern; single or multiple
solid nodules surrounded by GGOs; a
focal or multifocal distribution; GGO
and consolidation location; multi-

Radiolo-
gist

RT-PCR once 0.7

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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lobe involvement; a bilateral distrib-
ution; interlobular septal thickening;
an air bronchogram; the presence of
cavitation; bronchial wall thickening;
bronchiectasis; mediastinal lymph
node enlargement ; pleural effusion;
and pericardial effusion.

Fujioka
2020

Japan Suspected
patients (all
symptomatic)

Adults on-
ly

Unclear Chest CT CO-RADS classification Radiolo-
gist

RT-PCR once 0.5

Gaia 2020 Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT Simpson 2020 Radiolo-
gist

RT-PCR once 0.5

Giannitto
2020

Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

Unclear Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.3

Gietema
2020

The
Nether-
lands

Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

Reporting scheme Resident RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Gil-Rodri-
go 2020

Spain Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

Scoring system by Soldati 2020 Unclear RT-PCR once 0.4

Grando
2020

Brazil Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

CT features were classified as "typ-
ical," "indeterminate," "atypical,"
and "negative" for COVID-19 pneu-
monia", according to RSNA expert
consensus

Radiolo-
gist.

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.5

Gross 2021 Germany Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(low dose)

CO-RADS classification Radiolo-
gists

RT-PCR twice,
in all with initial
negative results

0.2

Guillo
2020

France Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast, IV
contrast)

A structured report about the proba-
bility of COVID-19 pneumonia

Resident RT-PCR twice, in
some with ini-
tial negative re-
sults

0.6

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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Haak 2021 The
Nether-
lands

Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

Score of >/= 2 based on (Peng 2020b;
4 Lung ultrasound in COVID-19 2020;
Focus met POCUS op COVID-19 2020)

Unclear RT-PCR twice,
in all with initial
negative results

0.3

Hanif 2021 Pakistan Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(high reso-
lution)

Positive findings for COVID-19 de-
fined as bilateral, multifocal, multi-
lobar ground glass opacities with or
without sub-segmental consolida-
tions or crazy paving pattern in a pe-
ripheral distribution (Han 2020; Lee
2020; Simpson 2020) Negative find-
ings defined as presence of isolat-
ed lobar consolidation, pleural effu-
sion, nodularity and absence of the
positive findings of COVID-19. Inde-
terminate cases defined as having
multilobar ground glass opacities or
consolidation with central or diffuse
distribution lacking subpleural pat-
tern or unilateral ground glass opac-
ities; these were further categorized
as positive or negative for COVID-19
on the basis of clinical history, mutu-
al consensus and RT-PCR results, if
available.

Radiolo-
gists

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.8

He 2020 China Suspected
patients (un-
clear)

Children
and adults

Inpatient Chest CT
(high reso-
lution)

Ground-glass opacity with or without
consolidation, crazy paving patten,
peripheral and diffuse distribution,
and bilateral/multilobular involve-
ment

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Hermans
2020

The
Nether-
lands

Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Outpa-
tient

Chest CT CO-RADS classification Radiolo-
gist

RT-PCR once 0.4

Hernigou
2020

Belgium Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Inpatient Chest CT
(low dose)

Unclear Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.3

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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Herpe
2020

France Suspected
patients (all
symptomatic)

Children
and adults

Unclear Chest CT Bilateral ground glass opacities with
peripheral distribution, bilateral
crazy paving appearance with in-
tralobular thickening, reverse halo
sign, or other signs compatible with
organizing pneumonia.

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.1

Hwang
2020

Korea Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults,
perhaps
also chil-
dren

Unclear Chest radi-
ographs /
chest X-
rays

Abnormality suggesting pneumonia Radiolo-
gists and
Resident

RT-PCR, no oth-
er details pro-
vided

0.05

Ippolito
2020

Italy Suspected
patients (all
symptomatic)

Children
and adults

Inpatient Chest radi-
ographs /
chest X-
rays

Reticulations, alveolar opacities or
both

Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.4

Jalil 2020 USA Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

Unclear Unclear RT-PCR twice,
in all with initial
negative results

0.5

Krdzalic
2020

The
Nether-
lands

Suspected
patients (all
symptomatic)

Adults on-
ly

Unclear Chest CT CO-RADS classification Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.5

Kuzan
2020

Turkey Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

BSTI classification Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.6

Lieveld
2021a

The
Nether-
lands

Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT CO-RADS classification Radiolo-
gists

RT-PCR twice,
in all with initial
negative results

0.3

Lieveld
2021b

The
Nether-
lands

Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

CO-RADS classification Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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Luo 2020a China Suspected
patients (all
symptomatic)

Children
and adults

Inpatient Chest CT Scoring system was developed;
threshold not pre-specified

Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.4

Majeed
2020

UK Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Outpa-
tient

Chest CT BSTI classification and RSNA classifi-
cation

unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.3

Mei 2020 USA Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Children
and adults

Unclear Chest CT Unclear Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.5

Miranda
Magalhaes
Santos
2020

Brazil Suspected
patients (all
symptomatic)

Children
and adults

Outpa-
tient

Chest CT RSNA classification Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.5

Moroni
2021

Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest radi-
ographs /
Chest X-
rays

Unclear Unclear RT-PCR, no oth-
er details pro-
vided

0.3

Murphy
2020

The
Nether-
lands

Suspected
patients (all
symptomatic)

Children
and adults

Outpa-
tient

Chest radi-
ographs /
Chest X-
rays

Readers assigned each image a cat-
egory, sensitivities matched to AI
reading

Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.5

Narinx
2020

Belgium Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest
CT (low
dose, with
or with-
out con-
trast)/ul-
trasound
of lungs
(POCUS)

For Ultrasound: POCUS lung positive
if one or more BLUE points showed a
positive B-line parameter.

For chest CT: Scored as suggestive
for or inconsistent with COVID-19
infection based on the presence of
clinical manifestations as presented
by Ng 2020 and Shi 2020

Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.2

Nivet 2021 France Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

Each reading was categorized us-
ing a five-point score, adapted from
the recommendations of the Société

Residents
and radi-
ologist

RT-PCR twice, in
some with ini-

0.4

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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Française de Radiologie (SFR). (1)
normal; (2) non-infectious findings;
(3) infectious findings but not consis-
tent with COVID-19 infection; (4) con-
sistent with COVID-19 infection; (5)
typical appearance of COVID-19 in-
fection.

tial negative re-
sults

Ohana
2021

France Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

CT with typical COVID-19 appear-
ance, i.e. bilateral and predominant-
ly peripheral and sub-pleural ground
glass opacities and/or alveolar con-
solidations, were classified as posi-
tive AB65

Radiolo-
gists

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.5

O'Neill
2020

Canada Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Outpa-
tient

Chest CT RSNA classification and CO-RADS
classification

Radiolo-
gists

RT-PCR twice,
in all with initial
negative results

0.7

Pagano
2021

USA Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Outpa-
tient

Chest radi-
ographs/chest
X-rays

Unclear Unclear RT-PCR, no oth-
er details pro-
vided

0.8

Palmisano
2021

Italy Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(non-con-
trast)

RSNA classification Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.6

Pare 2020 USA Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest radi-
ographs /
chest X-
rays/Ul-
trasound
of lungs
(POCUS)

Classified CXRs as positive if the re-
port included infection in the differ-
ential.

Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.8

Patel 2020 USA suspected pa-
tients (symp-
tomatic or

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(high reso-
lution)

Category 1 – consistent with multi-
focal pneumonia; Category 2 – inde-
terminate for multifocal pneumo-

Unclear RT-PCR, no oth-
er details pro-
vided

0.5

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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asympto-
matic)

nia; Category 3 – not consistent with
multifocal pneumonia

Patrucco
2021

Italy Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT RSNA classification and CO-RADS
classification

Unclear RT-PCR, no oth-
er details pro-
vided

0.4

Peng
2020a

China Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Children
only

Inpatient Chest CT Ground glass opacity, consolidations
with surrounding halo sign, nodules,
residual fibre strips, lymphadenopa-
thy

Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided; other
(positive con-
tacts)

0.5

Pivetta
2021

Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

Unclear Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Ravikanth
2021

India Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(CT tho-
rax with IV
contrast )

Dichotomous - suspicious or not sus-
picious for COVID-19.

Resident
and radi-
ologist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.8

Reginelli
2021

Italy Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Outpa-
tient

Chest CT Radiologists observed according to
localization and distribution of GGO
and consolidations, crazy paving
pattern, and presence of nodules

Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.8

Rona 2021 Turkey Suspected
patients (all
symptomatic)

Children
and young
adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

Computed tomography images were
divided into 3 groups: normal, con-
sistent with COVID-19, and inconsis-
tent with COVID-19. Multifocal con-
solidation, ground-glass opacity, and
reversed halo sign on CT were con-
sidered to be consistent with COV-
ID-19.

Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Roy
Choud-
hury 2020

India Suspected
patients (all
symptomatic)

Unclear Inpatient Chest radi-
ographs/chest
X-rays

Simpson 2020 Unclear RT-PCR, no oth-
er details pro-
vided

0.3

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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Saeed
2020

United
Arab Emi-
rates

Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(high reso-
lution)

RSNA classification radiolo-
gists

RT-PCR twice,
in all with initial
negative results

0.7

Sale-
hi-Pourmehr
2020

Iran Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT Unclear Unclear RT-PCR, no oth-
er details pro-
vided

0.3

Schalekamp
2020

The
Nether-
lands

Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

CO-RADS classification radiolo-
gists

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.5

Schmid
2020

Germany Suspected
patients (all
symptomatic)

Adults on-
ly

Inpatient Ultra-
sound of
the lungs
(POCUS)

Unclear unclear RT-PCR, no oth-
er details pro-
vided

0.3

Schulze-
hagen
2020

Germany Suspected
patients (all
symptomatic)

Adults on-
ly

Unclear Chest CT
(non-con-
trast, Low
dose)

COV-Rads classification Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Shah 2021 India Suspected
patients (all
symptomatic)

Not Re-
ported

Outpa-
tient

Chest CT
(high reso-
lution)

Evaluated for ground-glass opaci-
ties (GGOs), reticular thickening, fo-
cal consolidations, fibrosis, pleur-
al effusion, nodules, and hilar lym-
phadenopathy

Radiolo-
gists

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.9

Skalidis
2020

Switzer-
land

Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(low dose)

Each specialist classified the abnor-
mal CT according to GGO distribu-
tion of the affected lung parenchyma
graded on a 3-point scale: 1 = light
<30%, 2 = moderate 30–60%, 3 = se-
vere >60%. Finally, the results of the
classification were merged by con-
sensus and the specialists classified
the CT on positive or negative for
COVID-19.

Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Song
2020a

China Suspected
patients (all
symptomatic)

Adults on-
ly

Inpatient Chest CT Viral pneumonia according to: multi-
ple bilateral, ill-defined ground glass
opacities (GGOs) or mixed consolida-
tion with diffuse peripheral distribu-

Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.5

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)
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tion or bilateral pulmonary consoli-
dation

Sorlini
2021

Italy Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest X-
rays/ Ul-
trasound
of the
lungs
(POCUS)

Interstitial lung syndrome: two or
more positive regions bilaterally
with irregular pleural line.
• Interstitial lung pattern: two or
more positive regions with irregular
pleural line, with focal/unilateral dis-
tribution.
• White lung (coalescent B lines) in
two or more zones.
• Subpleural consolidations.

Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.7

Speidel
2021

Switzer-
land

Suspected
patients (all
symptomatic)

Adults on-
ly

Inpatient Ultra-
sound of
the lungs
(POCUS)

Unclear Unclear RT-PCR, no oth-
er details pro-
vided

0.2

Steuwe
2020

Germany Suspected
patients (all
symptomatic)

Adults on-
ly

Unclear Chest CT
(Non-con-
trast, Low
dose)

Unclear Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.2

Stevens
2020

UK Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest radi-
ographs/
Chest X-
rays

BSTI classification Radiogra-
pher and
Radiolo-
gist

RT-PCR twice, in
some with ini-
tial negative re-
sults

0.8

Sukhija
2021

India Suspected
patients (all
symptomatic)

Adults on-
ly

Unclear Chest X-
rays

Unclear Unclear RT-PCR, no oth-
er details pro-
vided

0.6

Sverzel-
lati Nicola
2021

Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Inpatient Chest CT
(High res-
olution)/
Chest X-
rays

4 CT categories: normal, alterna-
tive diagnosis, indeterminate, or
typical for COVID-19 pneumonia. Vi-
sual analysis: extent of combined
GGO and consolidation was visual-
ly scored at the nearest 5% on the
whole lungs. Distribution of findings,
bilateral or unilateral involvement
also considered in scoring.

Radiolo-
gist

RT-PCR twice,
in all with initial
negative results

0.7

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



T
h

o
ra

cic im
a

g
in

g
 te

sts fo
r th

e
 d

ia
g

n
o

sis o
f C

O
V

ID
-1

9
 (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2022 T
h

e A
u

th
o

rs. C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s p
u

b
lish

ed
 b

y Jo
h

n
 W

ile
y &

 S
o

n
s, Ltd

. o
n

 b
eh

a
lf o

f T
h

e C
o

ch
ra

n
e

C
o

lla
b

o
ra

tio
n

.

2
2

3

Teich-
graber
2021

Germany Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(Low dose)

RSNA classification Unclear RT-PCR twice,
in all with initial
negative results

0.1

Tsakok
2020

UK Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest X-
rays

Unclear Unclear RT-PCR, no oth-
er details pro-
vided

0.4

Wang
2020a

China Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Children
and adults

Unclear Chest CT Standardized imaging reporting sys-
tem

Unclear RT-PCR twice,
in all with initial
negative results

0.1

Wehbe
2021

USA Suspected
patients (all
symptomatic)

Adults on-
ly

Mixed Chest X-
rays

Point scoring system based on over-
all impression of "positive for COV-
ID-19" or "negative for COVID-19"

radiologist RT-PCR twice, in
some with ini-
tial negative re-
sults

0.4

Xiaocheng
2020

China Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT Unclear Unclear RT-PCR, no oth-
er details pro-
vided

0.1

Xiong 2020 China Suspected
patients (un-
clear)

Children
and adults

Inpatient Chest CT Subpleural ground glass opacity
without pleural effusion, bronchial
changes or lymphadenopathy

Radiolo-
gist

RT-PCR, no oth-
er details pro-
vided

0.4

Yassa 2020 Turkey Suspected pa-
tients (symp-
tomatic or
asympto-
matic)

Adults on-
ly

Inpatient Ultra-
sound of
the lungs
(POCUS)

4 categories: characteristic changes,
ordinary inflammation, other
changes, normal

Unclear RT-PCR twice, in
some with ini-
tial negative re-
sults

0.08

Yates 2021 Ireland Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest X-
rays

Unclear Unclear RT-PCR twice,
in all with initial
negative results

0.2

Table 1.   Summary of included studies for diagnostic accuracy in suspected participants  (Continued)

CO-RADS: COVID-19 Reporting and Data System; CT: computed tomography; RSNA: Radiological Society of North America; RT-PCR: reverse transcriptase polymerase chain
reaction.
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Study ID Country
of corre-
sponding
author

Study design Age group Setting Index
test(s)

Definition for index test positivity Level of
training
of readers

Reference
standard

Preva-
lence

Besutti
2020

Italy Suspected
patients (all
symptomatic)

Adults,
perhaps
also chil-
dren

Outpa-
tient

Chest CT
(non-con-
trast )

A structured report about the proba-
bility of COVID-19 pneumonia

Radiolo-
gist

RT-PCR once;
twice in some

0.8

Bollineni
2021

Belgium Suspected
patients (all
symptomatic)

Mix of chil-
dren and
adults

Outpa-
tient

Chest CT
(non-con-
trast, Low
dose)

Unclear Unclear RT-PCR twice,
in all with ini-
tial negative
results

0.6

Debray
2020

France Suspected
patients (un-
clear)

Adults on-
ly

Inpatient Chest CT
(non-con-
trast)

Evocative: multifocal ground-glass
opacities, being nodular or not, or
crazy-paving with or without consoli-
dations, with a bilateral, peripheral or
mixed distribution and involvement of
the posterior zones

Radiolo-
gist

RT-PCR once;
twice in some

0.7

Giannitto
2020

Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Chest CT
(non-con-
trast)

Unclear Radiolo-
gist

RT-PCR twice,
if necessary

0.3

Herpe
2020

France Suspected
patients (all
symptomatic)

Children
and adults

Unclear Chest CT Bilateral ground glass opacities with
peripheral distribution, bilateral crazy
paving appearance with intralobular
thickening, reverse halo sign, or oth-
er signs compatible with organizing
pneumonia.

Radiolo-
gist

RT-PCR once;
twice in some

0.1

Pivetta
2021

Italy Suspected
patients (all
symptomatic)

Adults on-
ly

Outpa-
tient

Ultra-
sound of
the lungs
(POCUS)

Presence of focal or diffuse interstitial
syndrome associated with spared ar-
eas, subpleural consolidations, and ir-
regular or thickened pleural line was
considered suggestive of SARS-CoV2–
related pneumonia

Unclear RT-PCR twice,
in some with
initial nega-
tive results

0.4

Reginelli
2021

Italy Suspected pa-
tients (symp-
tomatic or

Adults on-
ly

Outpa-
tient

Chest CT Radiologists observed according to lo-
calization and distribution of GGO and
consolidations, crazy paving pattern,
and presence of nodules

Unclear RT-PCR twice,
in some with
initial nega-
tive results

0.8

Table 2.   Characteristics of the included studies summarized for rate of positive imaging in repeat RT-PCR positive results 
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asympto-
matic)

Song
2020a

China Suspected
patients (all
symptomatic)

Adults on-
ly

Inpatient Chest CT Viral pneumonia according to: multi-
ple bilateral, ill-defined ground glass
opacities (GGOs) or mixed consolida-
tion with diffuse peripheral distribu-
tion or bilateral pulmonary consolida-
tion

Radiolo-
gist

RT-PCR twice,
if necessary

0.5

Table 2.   Characteristics of the included studies summarized for rate of positive imaging in repeat RT-PCR positive results  (Continued)

Abbreviations: CT: computed tomography; GGO: ground glass opacity; POCUS: Point-of-Care Ultrasound; RSNA: Radiological Society of North America; RT-PCR: reverse
transcriptase polymerase chain reaction
 
 

Study ID Country
of corre-
sponding
author

Study de-
sign

Age group Reason for screening
asymptomatic patients

Setting Index
test(s)

Definition
for index
test posi-
tivity

Level of
training
of readers

Reference
standard

Preva-
lence

Dafydd
2021

UK Asympto-
matic par-
ticipants

Adults on-
ly

Asymptomatic patients re-
ferred for elective oncologi-
cal surgery underwent chest
CT within 2 days of surgery in
high risk surgical cases.

Inpatient Chesr CT
(High res-
olution)

Unclear Radiolo-
gist

RT-PCR
twice, in
some with
initial nega-
tive results

0.02

De Smet
2020

Belgium Asympto-
matic par-
ticipants

Children
and adults

Asymptomatic patients ad-
mitted for COVID-19-unrelat-
ed urgent medical needs were
screened by chest CT

Inpatient Chest CT CO-RADS
classifica-
tion

Unclear RT-PCR, no
other details
provided

0.05

Dogan
2020

Turkey Asympto-
matic par-
ticipants

Adults on-
ly

Asymptomatic individuals
who were suspected to have
COVID-19 based on suspected
contact underwent CT chest.

Unclear Chest CT
(non-con-
trast CT
thorax)

RSNA clas-
sification

Radiolo-
gist

RT-PCR
twice, in all
with initial
negative re-
sults

0.3

Dini 2020 Italy Asympto-
matic par-
ticipants

70 years
of age and
older

Asymptomatic patients insti-
tutionalized in residential age
care facilities who were ex-
posed to the infection under-
went chest imaging.

Outpa-
tient (LTC)

Ultra-
sound
of lungs
(POCUS)

Scoring
system:
non-co-
alescent
B-lines,
coales-

Unclear RT-PCR once 0.6

Table 3.   Characteristics of the included studies summarized for asymptomatic studies 
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cent and
with iper-
densed
non-con-
solidated
state.

Gumus
2020

Turkey Asympto-
matic par-
ticipants

Adults on-
ly

Asymptomatic patients
scheduled for any surgery
were eligible for preoperative
chest CT

Inpatient Chest CT
(non-con-
trast)

RSNA clas-
sification

Unclear RT-PCR
twice, in
some with
initial nega-
tive results

0.01

Hernigou
2020

Belgium Asympto-
matic par-
ticipants

Adults on-
ly

Asymptomatic patients insti-
tutionalized in residential age
care facilities who were ex-
posed to the infection under-
went chest imaging

Inpatient Chest CT
(low dose)

Unclear Radiolo-
gist

RT-PCR
twice, in
some with
initial nega-
tive results

0.3

Hwang
2020

Korea Asympto-
matic par-
ticipants

Adults,
perhaps
also chil-
dren

Unclear Unclear Chest radi-
ographs/Chest
X-rays

Abnormal-
ity sug-
gesting
pneumo-
nia

Radiolo-
gists and
Resident

RT-PCR, no
other details
provided

0.05

Ooi 2021 UK Asympto-
matic par-
ticipants

Adults,
perhaps
also chil-
dren

Asymptomatic patients
scheduled for elective surgery
were eligible for preoperative
chest CT.

Outpa-
tient

Chest CT Each area
was given
a score be-
tween 0
and 3

Unclear RT-PCR
twice, in
some with
initial nega-
tive results

0.1

Puylaert
2020

The
Nether-
lands

Asympto-
matic par-
ticipants

Adults on-
ly

Asymptomatic patients
scheduled for an elective or
emergency surgery or inter-
ventional procedure under
general anaesthesia were el-
igible for preoperative chest
CT

Inpatient Chest CT
(low dose)

CO-RADS
classifica-
tion

Unclear RT-PCR once 0.01

Yassa 2020 Turkey Asympto-
matic par-
ticipants

Adults on-
ly

Asymptomatic pregnant
women admitted to the hos-
pital underwent radiologic
imaging

Inpatient Ultra-
sound of
the lungs
(POCUS)

Unclear Unclear RT-PCR
twice, in
some with
initial nega-
tive results

0.04

Table 3.   Characteristics of the included studies summarized for asymptomatic studies  (Continued)
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Abbreviations: CO-RADS: COVID-19 Reporting and Data System; CT: computed tomography; LTC: long-term care; POCUS: point-of-care Ultrasound; RSNA: Radiological Society
of North America; RT-PCR: reverse transcriptase polymerase chain reaction.
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Analysis Studies (n) Number of partici-
pants (cases)

Sensitivity (95% CI) Specificity (95% CI)

Published in peer-re-

viewed journalsa

66 27812 (14078) 87.5% (95% CI 84.3 to 90.1) 78.0% (95% CI 72.9 to 82.4)

Table 4.   Sensitivity analyses for chest CT of suspected cases 

Abbreviations: CI: confidence interval;CT: computed tomography
aThe publication status of studies has been updated as of 17 February 2021.
 
 

Test, analysis group Studies (n) Number of par-
ticipants (cases)

Sensitivity (95% CI) Specificity (95% CI)

Reference standard conduct (chest CT)

RT-PCR testing at least twice for
all initial negative results

17 5515 (2665) 88.4% (95% CI 79.4 to 93.8) 72.7% (95% CI 62.0 to 81.3)

RT-PCR testing not done twice
for all initial negatives

39 19102 (9909) 86.9% (95% CI 82.9 to 90.2) 81.2% (95% CI 75.8 to 85.6)

P value     0.71 0.13

Definition for index test positivity (chest CT)

Radiologist impression 27 14266 (7307) 90.4% (95% CI 84.9 to 94.0) 72.4% (95% CI 62.8 to 80.3)

Formal scoring system 42 14019 (7035) 84.3% (95% CI 80.3 to 87.5) 81.5% (95% CI 76.8 to 85.4)

P value     0.037 0.070

Definition for index test positivity (chest X-ray)

Radiologist impression 6 4489 (3246) 76.2% (62.5 to 85.9) 64.5% (44.0 to 80.8)

Formal scoring system 11 4040 (2057) 71.8% (59.7 to 81.4) 77.7% (65.0 to 86.7)

P value     0.60 0.24

Definition for index test positivity (chest US)

Radiologist impression 9 1704 (974) 88.6% (95% CI 77.9 to 94.4) 73.8% (95% CI 49.0 to 89.1)

Formal scoring system 6 706 (208) 80.7% (95% CI 74.3 to 85.9) 79.9% (95% CI 64.8 to 89.6)

P value     0.12 0.62

Table 5.   Meta-regression analyses for chest CT, X-ray, and US of suspected cases 

Abbreviations: CI: confidence interval;CT: computed tomography; US: ultrasound ; RT-PCR: reverse transcription polymerase chain
reaction.
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CO-RADS
threshold

Studies (n) Number of partici-
pants (cases)

Sensitivity (95% CI) Specificity (95% CI)

5 9 4169 (1672) 67.3% (95% CI 57.9 to 75.6) 92.2% (95% CI 89.3 to 94.3)

4 9 4169 (1672) 83.3% (95% CI 76.1 to 88.7) 84.0% (95% CI 81.3 to 86.4)

3 11 4416 (1769) 90.3% (95% CI 85.9 to 93.5) 69.7% (95% CI 64.3 to 74.6)

2 9 4169 (1672) 94.0% (95% CI 89.8 to 96.6) 45.4% (95% CI 38.4 to 52.5)

1a - - - -

Table 6.   Analyses of ‘threshold’ eJects for chest CT studies of suspected cases that used the COVID-19 Reporting
and Data System (CO-RADS) 

Abbreviations: CI: confidence interval;CT: computed tomography.
aMeta-analysis was not performed for a CO-RADS threshold of 1 since at this threshold all sensitivity values are equal to one, and all
specificity values are equal to zero.
 
 

RSNA threshold Studies (n) Number of partici-
pants (cases)

Sensitivity (95% CI) Specificity (95% CI)

4 5 1162 (601) 68.9% (47.1 to 84.7) 90.1% (79.4 to 94.4)

3 5 1162 (601) 87.6% (69.4 to 95.7) 63.4% (57.1 to 69.2)

2 4 1071 (576) 91.6% (67.1 to 98.3) 27.9% (17.0 to 42.1)

1a - - - -

Table 7.   Analyses of ‘threshold’ eJects for chest CT studies of suspected cases that used the RSNA Reporting and
Data System 

Abbreviations: CI: confidence interval;CT: computed tomography.
aMeta-analysis was not performed for a RSNA threshold of 1 since at this threshold all sensitivity values are equal to one, and all specificity
values are equal to zero.
 

 

A P P E N D I C E S

Appendix 1. Glossary

Terminology/acronyms

• COVID-19: coronavirus disease 2019, the clinical manifestations/symptoms caused by infection with SARS-CoV-2, name given to the
disease associated with the virus SARS-CoV-2

• COVID-19 pneumonia: COVID-19 that presents as infection-inflammation of the lungs

• Index test: the test that is being assessed (the index test will o*en be a new test)

• False negative: the test does not detect a condition in someone when it is present

• False positive: the test detects a condition in someone when it is not present

• Negative predictive value: the probability that someone who has tested negative for the target condition with the index test will really
not have it (a true negative)

• Positive predictive value: the probability that someone who has tested positive for the target condition with the index test will actually
have it (a true positive)

• Reference standard: the most reliable method for determining if the target condition is present or absent, used to verify index test
results. This could be a combination of tests.
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• RT-PCR: reverse transcription polymerase chain reaction (RT-PCR) is a laboratory technique that combines reverse transcription of RNA
into DNA and amplification of specific DNA targets using polymerase chain reaction. In this context it is used to detect the presence of
SARS-CoV-2 RNA

• SARS-CoV-2: severe acute respiratory syndrome coronavirus 2, the name given to the 2019 novel coronavirus

• SARS-CoV-2 infection: people infected with severe acute respiratory syndrome coronavirus 2, but who may or may not have any clinical
manifestations of infection

• Secondary care: medical care that is provided by a specialist or facility upon referral by a primary care physician and that requires more
specialized knowledge, skill, or equipment than the primary care physician can provide

• Sensitivity: the proportion of people with the target condition (with disease) that are correctly identified by the index test

• Specificity: the proportion of people without the target condition (without disease) that are correctly identified by the index test

• Tertiary care: specialized care, usually for inpatients and on referral from a primary or secondary health professional, in a facility that
has personnel and facilities for advanced medical investigation and treatment

• Target condition: the disease or condition of interest

• True negative: a correct diagnosis of a condition being absent

• True positive: a correct diagnosis of a condition being present

Appendix 2. QUADAS-2

 

QUADAS-2

Index test(s): Imaging studies of the chest (computed tomography (CT), chest X-ray and ultrasound) for diagnosis
of COVID-19

Participants (setting, intend-
ed use of index test, presen-
tation, prior testing):

People with suspected COVID-19

All settings, in particular secondary care, emergency care and ICUs

In people presenting with suspected COVID-19; suspicion may be based on prior testing, such as
general lab testing.

Signs and symptoms often used for triage or referral

Reference standard and tar-
get condition:

A positive diagnosis for COVID-19 by the following.

1. A positive reverse transcriptase polymerase chain reaction (RT-PCR) test for SARS-CoV-2 infection,
from any manufacturer in any country, from any source, including nasopharyngeal swabs or as-
pirates, oropharyngeal swabs, bronchoalveolar lavage fluid (BALF), sputum, saliva, serum, urine,
rectal or faecal samples.

2. Positive on WHO criteria for COVID-19 which includes some testing RT-PCR negative.

3. Positive on China CDC criteria for COVID-19 which includes some testing RT-PCR negative.

4. Positive serology in addition to consistent symptomatology.

5. Positive on study specific list of criteria for COVID-19 which includes some testing RT-PCR negative.

6. Other criteria (symptoms, imaging findings, other tests).

A negative diagnosis for COVID-19 by the following.

1. COVID suspects with negative RT-PCR test results, whether tested once or more than once.

2. Current healthy or with another disease (no RT-PCR test).

This list is not exhaustive, as we anticipate that studies will use a variety of reference standards and
we plan to include all of them, at least for Salameh 2020a, Islam 2020, and Islam 2021. Although RT-
PCR is considered the best available test, it is suspected of missing a substantial proportion of cas-
es, and thus may not be the ideal reference standard if used as a standalone test (Li 2020b; Loeffel-
holz 2020). Therefore, we are likely to use alternative reference standards, such as a combination of
RT-PCR, and symptoms or imaging findings, or both.

We will judge how likely each reference standard definition is to correctly classify individuals in the
assessment of methodological quality. All reference standards are likely to be imperfect in some
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way; details of reference standard evaluation are provided in the 'Risk of bias' tool below. We will
use a consensus process to agree the classification of the reference standard as to what we regard
as good, moderate and poor. 'Good' reference standards need to have very little change of misclas-
sification, 'moderate', a small but acceptable risk, 'poor', a larger and probably unacceptable risk.

Participant selection

Was a consecutive or random
sample of patients enrolled?

YES: if a study explicitly states that all participants within a certain time frame were included; that
this was done consecutively; or that a random selection was done.

NO: if it is clear that a different selection procedure was employed; e.g. selection based on clini-
cian’s preference, or based on institutions (i.e. ‘convenience’ series)

UNCLEAR: if the selection procedure is not clear or not reported at all.

Was a case-control design
avoided?

YES: if a study explicitly states that all participants came from the same group of (suspected) pa-
tients.

NO: if it is clear that a different selection procedure was employed for the participants depending
on their COVID-19 status (e.g. proven infected patients in one group and proven non-infected pa-
tients in the other group).

UNCLEAR: if the selection procedure is not clear or not reported at all.

Did the study avoid inappro-
priate in- or exclusions?

This needs to be addressed on a case-to-case basis.

YES: if all eligible patients were more or less equally suspected of having COVID-19 and were includ-
ed and if the numbers in the flow chart show not too many excluded participant (a maximum of
20% of eligible patients excluded without reasons).

NO: if over 20% of eligible patients were excluded without providing a reason; if only proven pa-
tients were included, or only proven non-patients were included; if in a retrospective study par-
ticipants without index test or reference standard result were excluded; if exclusion was based
on severity assessment post-factum or comorbidities (cardiovascular disease, diabetes, immuno-
suppression). If the study oversampled patients with particular characteristics likely to affect esti-
mates of accuracy.

UNCLEAR: if the exclusion criteria are not reported.

Could the selection of pa-
tients have introduced bias?

HIGH: if one or more signalling questions were answered with NO, as any deviation from the selec-
tion process may lead to bias.

LOW: if all signalling questions were answered with YES.

UNCLEAR: all other instances

Is there concern that the in-
cluded patients do not match

the review question?

This needs to be addressed on a case-to-case basis, based on the objective the included study an-
swers to.

HIGH: if accuracy was assessed in a case-control design, or the study was able to only estimate sen-
sitivity or specificity.

LOW: any situation where imaging is generally available.

UNCLEAR: if a description about the participants is lacking.

For studies included for rate of
positive imaging in repeat RT-
PCR+ results objective: Could
the selection of patients have
introduced bias?

YES: if only some (and not all) included participants underwent repeat RT-PCR testing, and it is
clear that a non-consecutive or non-random selection procedure was employed; e.g. based on
symptom status, or based on index test findings

NO: if participants who underwent repeat RT-PCR testing were selected in a random or consecutive
manner from the total included participants

  (Continued)

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

231



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

UNCLEAR: if the selection method was unclearly reported.

Index tests

Were the index test results in-
terpreted without knowledge
of the results of the reference
standard?

YES: if blinding was explicitly stated or index test was recorded before the results from the refer-
ence standard were available

NO: if it was explicitly stated that the index test results were interpreted with knowledge of the re-
sults of the reference standard

UNCLEAR: if blinding was unclearly reported.

If a threshold was used, was it
prespecified?

YES: for any of these index tests it is highly unlikely that any numerical threshold is used. Still we
expect studies to report their criteria for test-positivity (e.g. the constellation of imaging findings
used). If these criteria are reported in the methods section, we will score ‘YES’ for this question.

NO: if the optimal criterion for test-positivity was based on the reported data (for example, differ-
ent scores on a quantitative scoring system) we will score ‘NO’.

UNCLEAR: if the criteria for test positivity were not or unclearly reported.

Could the conduct or inter-
pretation of the index test
have introduced bias?

HIGH: if one or more signalling questions were answered with NO.

LOW: if all signalling questions were answered with YES.

UNCLEAR: all other instances

Note: For studies that use formal scoring systems with clearly defined thresholds, even if the sig-
nalling question about using a ‘prespecified threshold’ is 'unclear' or ‘no’, this domain should not
be considered as having a ‘unclear’ or ‘high’ risk of bias based on the aforementioned question.

Is there concern that the in-
dex test, its conduct, or

interpretation differ from
the review question?

There is not a huge amount of variability from a technical perspective. Therefore, this question will
probably be answered ‘LOW’ in all cases except when assessments are made using personnel not
available in practice, or personnel not trained for the job, or using modalities that are uncommon
in practice. We will consult expert clinicians on a case-to-case basis to judge this question.

Reference standard

Is the reference standard likely
to correctly classify the target

condition?

YES: for COVID-19: RT-PCR, done by trained personnel, and repeated after a first negative RT-PCR,
following guidelines for confirmed cases and done with an assay targeting minimum 2 targets in
the genes N, E, S or RdRP (one target even acceptable in zone with known transmission). To clari-
fy, a low risk of bias reference standard for true negative would require 2 (or more) negative RT-PCR
results.

NO: any other test

UNCLEAR: if no reference standard was reported, or if it was just reported that RT-PCR was done.

Were the reference standard
results interpreted without

knowledge of the results of the
index test?

YES: if it was explicitly stated that the reference standard results were interpreted without knowl-
edge of the results of the index test, or if the result of the index test was obtained after the refer-
ence standard.

NO: if it was explicitly stated that the reference standard results were interpreted with knowledge
of the results of the index test or if the index test was used to make the final diagnosis (incorpora-
tion bias).

UNCLEAR: if blinding was unclearly reported.

Could the conduct or inter-
pretation of the reference

HIGH: if one or more signalling questions were answered with NO.

LOW: if all signalling questions were answered with YES.

  (Continued)

Thoracic imaging tests for the diagnosis of COVID-19 (Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

232



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

standard have introduced
bias?

UNCLEAR: all other instances

Note: For studies that use RT-PCR testing as the reference standard, even if this signalling question
about 'blinding' is 'unclear' or ‘no’, this domain should not be considered as having a ‘unclear’ or
‘high’ risk of bias based on the aforementioned question.

Is there concern that the tar-
get condition as defined by
the reference standard does
not match the review ques-
tion?

HIGH: there is a high concern regarding applicability of the reference standard if the reference stan-
dard actually measures a different target condition than the one we are interested in for the re-
view. For example, if the diagnosis is only based on clinical picture, without excluding other possi-
ble causes of this clinical picture (e.g. other respiratory pathogens), then there is considerable con-
cern that the reference standard is actually measuring something else than COVID-19. In addition, a
positive RT-PCR only measures SARS-CoV-2 infection and not COVID-19 and therefore the reference
standard for COVID-19 is a combination of positive RT PCR and symptoms and/or imaging findings.

LOW: if above situations not present

UNCLEAR: if intention for testing is not reported in the study

Flow and timing

Was there an appropriate in-
terval between index test(s)

and reference standard?

YES: as the situation of a patient, including clinical presentation and disease progress, evolves
rapidly and new/ongoing exposure can result in case status change. On the other hand, negative
PCR results need to be repeated for several days. Therefore, an appropriate time interval will be
within 7 days.

NO: if there is more than 7 days between the index test and the reference standard or if patients are
otherwise reported to be assessed with the index versus reference standard test at moments of dif-
ferent severity.

UNCLEAR: if the time interval is not reported

Did all participants receive a
reference standard?

YES: if all patients received a reference standard (clearly no partial verification)

NO: if only (part of) the index test positives or index test negatives received the complete reference
standard

UNCLEAR: if it is not reported.

Did all participants receive the
same reference standard?

YES: if all patients received the same reference standard (clearly no differential verification). Verifi-
cation of negative PCR result with a second PCR measurement is considered to be one reference

standard.

NO: if (part of) the index test positives or index test negatives received a different reference stan-
dard

UNCLEAR: If it is not reported.

Were all participants included
in the analysis?

YES: if all included participants were included in the analyses as well

NO: if after the inclusion/exclusion process, participants were removed from the analyses for dif-
ferent reasons: no reference standard done, no index test done, intermediate results of both index
test or reference standard, indeterminate results of both index test or reference standard, samples
unusable.

UNCLEAR: If this is not clear from the reported numbers.

Could the patient flow have
introduced bias?

HIGH: if one or more signalling questions were answered with NO, or if one question answered with
NO was judged to have little impact on the methodological quality of the study (this should be jus-
tified in the scoring).

LOW: if all signalling questions were answered with YES.

  (Continued)
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UNCLEAR: all other instances
  (Continued)

 
Abbreviations: CT: computed tomography; CXR: chest X-ray; ICU: intensive care unit; RT-PCR: reverse transcriptase polymerase chain
reaction; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; US: ultrasound

Appendix 3. Search classification model

A more eMicient approach was required to keep up with the rapidly increasing volume of COVID-19 literature. A classification model for
COVID-19 diagnostic studies was built with the model building function within Eppi Reviewer, which uses the standard SGCClassifier in
Scikit-learn on word trigrams. As outputs, new documents receive a percentage (from the predict_proba function) where scores close to
100 indicate a high probability of belonging to the class ‘relevant document’ and scores close to 0 indicate a low probability of belonging
to the class ‘relevant document’. We used three iterations of manual screening (title and abstract screening, followed by full-text review)
to build and test classifiers. The final included studies were used as relevant documents, while the remainder of the COVID-19 studies were
used as irrelevant documents. The classifier was trained on the first round of selected articles, and tested and retrained on the second
round of selected articles. Testing on the second round of selected articles revealed poor positive predictive value but 100% sensitivity at
a cut-oM of 10. The poor positive predictive value is mainly due to the broad scope of our topic (all diagnostic studies in COVID-19), poor
reporting in abstracts, and a small set of included documents. The model was retrained using the articles selected for the second and third
rounds of screening, which added a considerable number of additional documents. This led to a large increase in positive predictive value,
at the cost of a lower sensitivity, which led us to reduce the cut-oM to 5. The largest proportion of documents had a score between 0-5.
This set did not contain any of the relevant documents. This version of the classifier with a cut-oM 5 was used in subsequent rounds and
accounted for approximately 80% of the screening burden.

Appendix 4. Search strategies

1. Living search from the University of Bern

27 April 2020

From 27 April 2020, we retrieved the curated bioRxiv/medRxiv dataset link

26 March 2020 to 27 April 2020

MEDLINE: (\"Wuhan coronavirus\" [Supplementary Concept] OR \"COVID-19\" OR \"2019 ncov\"[tiab] OR ((\"novel coronavirus\"[tiab] OR
\"new coronavirus\"[tiab]) AND (wuhan[tiab] OR 2019[tiab])) OR 2019-nCoV[All Fields] OR (wuhan[tiab] AND coronavirus[tiab])))))

Embase: (nCoV or 2019-nCoV or ((new or novel or wuhan) adj3 coronavirus) or covid19 or covid-19 or SARS-CoV-2).mp

bioRxiv/medRxiv: ncov or corona or wuhan or COVID or SARS-CoV-2

With the kind support of the Public Health & Primary Care Library PHC, and following guidance of the Medical Library Association

01 January 2020 to 27 April 2020

MEDLINE: ("Wuhan coronavirus" [Supplementary Concept] OR "COVID-19" OR "2019 ncov"[tiab] OR (("novel coronavirus"[tiab] OR "new
coronavirus"[tiab]) AND (wuhan[tiab] OR 2019[tiab])) OR 2019-nCoV[All Fields] OR (wuhan[tiab] AND coronavirus[tiab])))))

Embase: ncov OR (wuhan AND corona) OR COVID

bioRxiv/medRxiv: ncov or corona or wuhan or COVID

2. Cochrane COVID-19 Study Register searches

 

Source Strategy

ClinicalTrials.gov COVID-19 OR 2019-nCoV OR SARS-CoV-2 OR 2019 novel coronavirus OR severe acute respiratory
syndrome coronavirus 2 OR Wuhan coronavirus OR coronavirus

WHO International Clinical Tri-
als Registry Platform

We screen the entire COVID-19.csv file available from

www.who.int/emergencies/diseases/novel-coronavirus-2019
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PubMed (2019 nCoV[tiab] OR 2019nCoV[tiab] OR corona virus[tiab] OR corona viruses[tiab] OR coro-
navirus[tiab] OR coronaviruses[tiab] OR COVID[tiab] OR COVID19[tiab] OR nCov 2019[tiab]
OR SARS-CoV2[tiab] OR SARS CoV-2[tiab] OR SARSCoV2[tiab] OR SARSCoV-2[tiab] OR "Coron-
avirus"[Mesh:NoExp] OR "COVID-19"[nm] OR "COVID-19 drug treatment"[nm] OR "COVID-19 di-
agnostic testing"[nm] OR "COVID-19 serotherapy"[nm] OR "COVID-19 vaccine"[nm] OR "LAMP as-
say"[nm] OR "severe acute respiratory syndrome coronavirus 2"[nm] OR "spike protein, SARS-
CoV-2"[nm]) NOT ("animals"[mh] NOT "humans"[mh]) NOT (editorial[pt] OR newspaper article[pt])

  (Continued)

 
3. CDC Library, COVID-19 Research Articles Downloadable Database

Embase records from the Stephen B. Thacker CDC Library, Covid-19 Research articles Downloadable database.

Records were obtained by the CDC Library by searching Embase through Ovid using the following search strategy.

 

Source Strategy

Embase (coronavir* OR corona virus* OR betacoronavir* OR covid19 OR covid 19 OR nCoV OR novel CoV OR
CoV 2 OR CoV2 OR sarscov2 OR 2019nCoV OR wuhan virus*).mp. OR ((wuhan OR hubei OR huanan)
AND (severe acute respiratory OR pneumonia*) AND outbreak*).mp. OR Coronavirus infection/ OR
coronavirinae/ OR exp betacoronavirus/
Limits: 2020-
OR
(novel coronavir* OR novel corona virus* OR covid19 OR covid 19 OR nCoV OR novel CoV OR CoV 2
OR CoV2 OR sarscov2 OR 2019nCoV OR wuhan virus*).mp. OR ((wuhan OR hubei OR huanan) AND
(severe acute respiratory OR pneumonia*) AND outbreak*).mp. OR ((wuhan OR hubei OR huanan)
AND (coronavir* OR betacoronavir*)).mp.
Limits: 2019-

 

 

W H A T ' S   N E W

 

Date Event Description

27 May 2022 Amended Corrected minor typo in Abstract

 

H I S T O R Y

Protocol first published: Issue 6, 2020
Review first published: Issue 9, 2020

 

Date Event Description

14 April 2022 New search has been performed The author team updated the date of search to 17 February 2021,
and included all new studies identified. Changes to methods in
this review update version are outlined in the 'Differences be-
tween protocol and review' section.

14 April 2022 New citation required and conclusions
have changed

The results for chest X-ray and ultrasound have changed.
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Date Event Description

10 March 2021 New citation required and conclusions
have changed

The results for chest X-ray and ultrasound have changed.

9 February 2021 New search has been performed This is a 'living' systematic review'; searches are run and
screened every few months. The last search date was 30 Septem-
ber 2020. Results of all new studies identified have been incor-
porated. The conclusions of this Cochrane Review are therefore
considered up to date.

23 October 2020 New search has been performed This is a 'living' systematic review'; searches are run and
screened monthly. The last search date was 22 June 2020. Re-
sults of all new studies identified have been incorporated. The
conclusions of this Cochrane Review are therefore considered up
to date.

23 October 2020 New citation required and conclusions
have changed

The results for chest computed tomography (CT) have changed.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Inclusion criteria

The exclusion of case-control studies, as well as studies that report an overview of index test findings in participants with and without the
target condition, without explicitly classifying the imaging test as either COVID-19 positive or negative, are modifications from the study
protocol and Salameh 2020a, Islam 2020, and Islam 2021. These changes were made prior to initiating the update with approval by the
Cochrane COVID-19 Diagnostic Test Accuracy Group, as well as all of the review authors.

Risk of bias assessment

The criteria for the index test and reference standard domains of the QUADAS-2 tool were modified for this update (Appendix 2). For studies
that used formal scoring systems with clearly defined thresholds, even if the signalling question about using a ‘prespecified threshold’ was
'unclear' or ‘no’, the index test domain was not considered to have a ‘unclear’ or ‘high’ risk of bias based on the ‘prespecified threshold’
signalling question. For studies that used RT-PCR testing as the reference standard, even if this signalling question about 'blinding' was
'unclear' or ‘no’, the reference standard domain was not considered to have a ‘unclear’ or ‘high’ risk of bias based on the 'blinding' signalling
question. These changes were approved by the Cochrane COVID-19 Diagnostic Test Accuracy Group, as well as all of the review authors.
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Secondary objectives

We did not address several planned secondary objectives due to insuMicient available data (McInnes 2020). These objectives include:
evaluating the rate of positive imaging in patients with initial RT-PCR-negative results who have a positive result on a follow-up RT-PCR
test; determining if there is an association between number of days a*er symptom onset, symptom severity and the findings on thoracic
imaging for patients with COVID-19; and determining the rate of alternative diagnoses identified by thoracic imaging.

Sensitivity analyses

We had planned to undertake additional sensitivity analyses to determine whether low risk of bias for all QUADAS-2 domains had an eMect
on findings. However, since most included studies had an overall high or unclear risk of bias due to study design and only two studies had
an overall low risk of bias, it was not possible to undertake these analyses.

Investigations of heterogeneity

Our protocol included additional sources of heterogeneity to be evaluated, such as disease prevalence, participant symptoms (severity),
timing of symptom onset, participant co-morbidities and other potential candidate variables. Due to the lack of available data, we did not
investigate these covariates.

Limitations of previous review and changes in this update

Islam 2021 included studies of cross-sectional or case-control designs that either:

1. reported specific criteria for index test positivity (i.e. used a scoring system, such as CO-RADS);

2. did not report specific criteria, but had the index test reader(s) explicitly classify the imaging test result as either COVID-19 positive or
negative; or

3. reported an overview of index test findings, without having the index test reader(s) explicitly classify index tests as either COVID-19
positive or negative.

The inclusion of case-control studies may have been a source of bias as the disease prevalence in the sample of these types of studies
do not represent the prevalence in the target population. The inclusion of studies that only reported an overview of index test findings
(i.e. studies not intended to be ‘diagnostic test accuracy studies’) was a possible source of bias identified by sensitivity analysis in Islam
2021 and may have limited our ability to evaluate the sensitivity and specificity of chest CT, chest X-ray and ultrasound. In this update, we
excluded studies with case-control designs, and studies that only reported an overview of index test findings without having the index test
reader(s) explicitly classify index tests as either COVID-19 positive or negative. The body of evidence has grown to the point that suMicient
studies that meet these preferred criteria are now available.

Investigations of variability were limited in Islam 2021 due to limited available data. The assessment of secondary objectives such as
the association between number of days a*er symptom onset, symptom severity and the findings on thoracic imaging for patients with
COVID-19 was also not possible. In this update, we evaluated the impact of reference standard conduct (RT-PCR, performed at least twice
in all initial negative results versus RT-PCR, not performed at least twice in all initial negative results) and definition used for index test
positivity (formal scoring system versus radiologist impression), but we were unable to conduct further investigations of variability due
to limited available data. We also formally evaluated the impact of threshold eMects on accuracy estimates in this update, particularly for
studies that used the CO-RADS scoring system. We were unable to evaluate threshold eMects in other types of formal scoring systems due
to the limited number of included studies that used other systems.

Of the studies included in Islam 2021, several failed to clearly report key information about their study design, as well as their methods
for recruiting participants and delivering the reference standard. Therefore, data derived from these studies may have a high risk of bias
and this quality of reporting and weaknesses in the primary studies reflected the overall degree of robustness of our study. In this update,
several included studies also failed to report key information and had a high or unclear risk of bias with respect to participant selection,
index test, reference standard, and participant flow.

The interpretation of the accuracy estimates in Islam 2021 involved several uncertainties. While RT-PCR is considered the best available test,
the results of the RT-PCR are not always sensitive; sensitivity depends on the timing of specimen collection, with high sensitivity around the
onset of symptoms and during the symptomatic period but lower sensitivity before and a*er that window (Kucirka 2020), and collection of
an appropriate specimen for testing can also be challenging. RT-PCR alone may not be the ideal reference standard (Li 2020b; LoeMelholz
2020), and it is possible that chest CT may be more sensitive than the reference standard in some patients, as some patients identified as
having a false-positive diagnosis on CT may have been missed by the RT-PCR test. In this update, similar uncertainties with respect to the
use of RT-PCR as the reference standard exist. However, our meta-regression analyses for studies that performed RT-PCR testing at least
twice for all participants with initial negative results (i.e. studies that addressed, to some extent, the low sensitivity of RT-PCR testing by
conducting at least two RT-PCR tests to define disease-negative status) compared with studies that did not perform repeat RT-PCR testing
for all participants with initial negative results, did not identify significantly diMerent accuracy estimates between the groups. The quality
of reporting and the design of the included studies also aMected the generalizability and ability to assess the validity of our findings.
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About a quarter of the studies (9/34; 26%) included in Islam 2021 were only available as preprints at the time of the search and had not
yet been through the peer-review process; of the four preprint studies that were included in Islam 2021 and also included in this update,
two have since been published (publication statuses are updated as of 1 November 2020). Compared to Islam 2021, this update includes
a notably smaller proportion of preprint studies (3/51; 6%). We will update data extracted from these studies and include them in future
versions of our review as these studies become published in peer-reviewed journals.

Changes to author list

The list of authors has changed between the protocol and the first review version, and has also changed with each update version. Changes
to the author list since the protocol to the current review version are outlined below:

• Added authors: Sanam Ebrahimzadeh; Nayaar Islam; Haben Dawit; Sakib Kazi; Nicholas Fabiano; Lee Treanor; Marissa Absi; Faraz
Ahmad; Paul Rooprai; Ahmed Al Khalil; Kelly Harper; Neil Kamra; Junfeng Wang; Elena Pena; and Sandra Sabongui.

• Removed authors: Trevor A McGrath and Johanna AAG Damen.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*COVID-19  [diagnostic imaging];  SARS-CoV-2;  Sensitivity and Specificity;  Tomography, X-Ray Computed;  Ultrasonography

MeSH check words

Humans
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