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By May 11, 2020, there were 4006257 confirmed coro-
navirus disease 2019 (COVID-19) cases and 278892
deaths globally, of which there were 88891 cases and 4531
deaths in the last 24 hours, respectively (1). For efficient
triage of patients suspected of having COVID-19, rapid
diagnosis is desirable. Especially in the first months of the
pandemic, when prompt clinical action was required, theo-
retical knowledge and clinical experience was limited. In
addition, at the time of this writing, due to the shortage of
prospective studies and trials, evidence-based guidelines for
the management of patients with (suspected) COVID-19
are lacking. This has, among others, resulted in divergent
opinions and recommendations for COVID-19 diagnosis,
the latter mainly based on expert opinions and early pub-
lications (2-5).

Real-time reverse-transcription polymerase chain re-
action (RT-PCR) is generally accepted as the reference
test for COVID-19 diagnosis (6). Owing to its modest

sensitivity (7,8), limited availability, and relative time-con-
suming analysis, complementary and/or replacement tests
have been proposed, in particular CT imaging.

The value of CT as a screening instrument to rule out
COVID-19 infection, or as a diagnostic tool for the confir-
mation of COVID-19, is reflected by its test characteristics
such as sensitivity, specificity, and predictive values. Rather
than being fixed values, these parameters strongly depend
on patient characteristics (selection of patients and disease
prevalence or pretest probability), imaging technique, and
characteristics of the doctors interpreting these images (eg,
clinical experience and subjective thresholds for decision
making). Reported diagnostic accuracy may therefore vary
substantially between studies and is prone to selected re-
porting, affecting the generalizability of published results.
Furthermore, several types of bias such as incorporation
bias and verification bias may be introduced which may
result in the overestimation of diagnostic performance.
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Abbreviations

COVID-19 = coronavirus disease 2019, DTA = diagnostic test
accuracy, GRADE = grading of recommendations, assessment,
development and evaluations, NPV = negative predictive value,
PCR = polymerase chain reaction, PPV = positive predictive value,
QUADAS = Quality Assessment of Diagnostic Accuracy Studies,
RT-PCR = reverse-transcription polymerase chain reaction, STARD
= Standards for Reporting of Diagnostic Accuracy Studies

Summary

Diagnostic test accuracy imaging studies published in the first
months of the COVID-19 pandemic show substantial variation in
reported diagnostic accuracy and poor adherence to reporting guide-
lines and contain substantial risk of bias.

Key Points

m Recalculated CT sensitivity and specificity ranges in suspected
COVID-19 in diagnostic test accuracy studies were 0.57-0.97 and
0.37-0.94, respectively. For positive and negative predictive val-
ues, these ranges were 0.59—0.92 and 0.57-0.96, respectively. The
calculated disease prevalence range was 0.29-0.85.

= Adherence to reporting guidelines (STARD) was low, with on av-
erage only 35% (12/34) of items reported.

= High risk of bias was identified in 10 of 13 studies (77%), and
high applicability concerns were found in eight of 13 studies
(62%) in more than one QUADAS-2 domain, generating limited
information for generalizability to clinical practice.

Since the outbreak of the virus, over 11000 articles on CO-
VID-19 have been published (9). Authors and journals need to
be commended for their efforts of generating scientific evidence
in the midst of a pandemic and making these results available,
often open access, in an expedited fashion. However, the time
pressure and limited time for peer review may affect the quality
of the published studies and increase the risk of bias and incom-
plete reporting,.

The purpose of this systematic review was twofold: (2) to
systematically search and synthesize the literature on diagnos-
tic test accuracy of chest radiography, CT, and US in patients
suspected of having COVID-19 in a hospital setting and (4)
to evaluate the quality of reporting and risk of bias in studies
reporting on diagnostic imaging tests in the acute setting of the

COVID-19 pandemic.

Materigls and Methods
The protocol of this systematic review and meta-analysis was
prospectively published and registered online (PROSPERO,
registration number CRD42020177432). This study was con-
ducted according to the preferred reporting items for system-
atic reviews and meta-analyses diagnostic test accuracy guide-
lines (10-12).

Eligibility Criteria

We included articles meeting the following criteria: (2) adults
with suspected COVID-19 pneumonia presenting in a hospi-
tal setting, including emergency departments; (4) patients un-
dergoing chest imaging including US, chest radiography, and/
or CT for diagnosis of COVID-19 infection; (¢) COVID-19
diagnosis confirmed or ruled out by reference test (ie, RI-PCR

or clinical consensus). We included articles reporting on diag-
nostic test accuracy measures including sensitivity, specificity,
positive predictive value (PPV) and negative predictive value
(NPV), and/or area under the receiver operating characteristic
curve analysis. Parameters beyond test accuracy were beyond
the scope of this study. A second aim of this study was to assess
risk of bias and quality and completeness of reporting and their
potential implications for patient care and treatment decisions.

Search

The online libraries of PubMed, EMBASE, and Cochrane were
systematically searched on March 30 and updated on April 26,
2020, using synonyms for COVID-19, chest radiography, CT,
US, and imaging (Appendix El [supplement]). No limita-
tions were applied to the search strategy. The online version
of the journal Radiology: Cardiothoracic Imaging was separately
searched for relevant studies, as this journal is not yet indexed
by MEDLINE (PubMed) or EMBASE. Preprint articles were
not included.

Study Selection

Titles and abstracts were screened based on predefined criteria
by two reviewers (D.S. and R.W.v.H.) independently (Fig 1).
Duplicate articles were excluded manually. Discordant judg-
ments were resolved in a consensus meeting. Full-text screen-
ing for inclusion in the systematic review was performed by
two reviewers (D.S. and R.-W.v.H.) independently. Discrepan-
cies were resolved by a third reviewer (A.Ev.d.H.). We excluded
studies (2) including only patients with confirmed COVID-19
diagnosis, (4) including only children, (¢) focusing only on ar-
tificial intelligence algorithms, (@) focusing on animals, () in
a non-English language, (f) that did not allow for reconstruc-
tion of a (partial) 2 X 2 contingency table, and (g) that were
case reports (7 < 10), reviews, conference proceedings, and let-
ters. Cross-referencing was performed. Considering the urgent
nature, corresponding authors were not contacted to retrieve
missing (outcome) data. A list of excluded studies is presented
in Appendix E2 (supplement).

Data Extraction and Critical Appraisal

We extracted data on study design, study subject identifica-
tion (number of subjects identified, number excluded, and fi-
nal number included), participant demographics, symptoms,
laboratory findings, and imaging features. Detailed informa-
tion on index test and reference test protocols including defini-
tions and the threshold for a positive test, time-interval analysis
methods, and test results was extracted. For test results, the
number of positive and negative index tests and reference tests
as well as the true-positive (index test and reference test posi-
tive), false-positive (index test positive and reference test nega-
tive), true-negative (index test and reference test negative), and
false-negative (index test negative and reference test positive)
counts were extracted.

For each study, data were extracted by two researchers indi-
vidually and cross-checked by a third researcher (D.S., R W.v.H.,
and A.Ev.d.H.), except for results on index test and reference
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Literature search
performed March 31% & updated April 26 2020

Embase Cochrane
N=782 N=14

PubMed
N=910

of potential bias were assessed according
to classifications as previously published
by Whiting et al including bias on verifi-
cation, incorporation, imperfect reference
standard, spectrum, review, disease progres-
sion, and treatment paradox (14,15).
Reporting quality was rated according

Duplicates (N=563)

| to the Standards for Reporting of Diag-

nostic Accuracy Studies (STARD) 2015

Title/Abstract screening
N= 1143

Inclusion:
Domain:
Adults with suspected COVID-19

Index test:
CXR, chest CT and/or US

A
k4
R

Outcome:

COVID-19 pneumonia Full text screening

Exclusion:

Children (N=30)

Covid-19 confirmed only (N=90)
Wrong domain/outcome (9)

No chest imaging (N=109)

Nuclear imaging (N=3)

Publication date <2019 (N=279)
Animal or phantom (N=9)

v Case report/series <10 (N=133)
Letter/comment/editorial/protocol/
Review/guideline/statement (N=400)
N=74 Artificial intelligence (N=1)
Overlapping cohort (N=1)

Erratum (N=3), retracted (N=2)

statement checklist (16). We evaluated all
items on the checklist with the exception
of (a) adverse events from performing the
index test or reference standard, because
this risk is considered negligible; (&) regis-
tration number of studies with a retrospec-
tive design, because we sympathize with the
lack of retrospective study registration in
this pandemic; (¢) handling of missing data
on the index test and reference standard

| Cross-referencing N=0

| Non-indexed journals N=3 l—b
A

r

Included studies

Exclusion:

* Confirmed COVID-19 subjects (N=52)
No 2x2 table data retrievable (N=3)
RT-PCR as index test (N=1)

Case report (N=2)

Artificial intelligence (N=1)

N=13 Language non-English (N=5)

for retrospective studies; and (<) rationale
for choosing the reference standard when
RT-PCR was used, because a polymerase
chain reaction (PCR) is the unquestioned
reference standard for the detection of a

v v ¥
us CXR cT
N=0 N=1 N=12

Figure 1: A flowchart of the systematic search results in the PubMed, EMBASE, and Cochrane databases
with predefined selection criteria. Radiology: Cardiothoracic Imaging was screened for eligible articles as this

novel journal is not yet indexed by MEDLINE. CXR = chest radiography.

test, which were obtained by three researchers individually. Dis-
cordances were resolved by consensus.

For each study, we assessed whether the author reported
the purpose of imaging (screening, risk assessment, diagnosis,
prognosis, staging, monitoring, or surveillance) and role of the
imaging test (replacement, triage, add-on, parallel, or com-
bined testing) (13).

Risk of bias and applicability were evaluated using the Qual-
ity Assessment of Diagnostic Accuracy Studies (QUADAS)-2
tool (36) based on 14 signaling questions including four risk-
of-bias domains (patient selection, index test, reference test,
and flow and timing) and three applicability concern domains
(patient selection, index test, and reference test) (Appendix E3
[supplement]). Applicability concerns the degree to which in-
cluded patients and study setting (domain patient selection),
the type of index test used, its conduct and interpretation (do-
main index test), and the target condition as defined by the
standard of reference (domain reference standard) match the
review question. Blinding for the index test result was consid-
ered not relevant in the assessment of reference test (RT-PCR)
risk of bias, because this quantitative semiautomated method
is unlikely to be affected. Risk of bias regarding applicability
with regard to the target condition (COVID-19) was by default
scored as low concern with RT-PCR as the reference test. Types
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viral pneumonia. For those four items, we
added “not applicable” to the scoring sys-
tem. All QUADAS-2 and STARD items
(Appendix E3 [supplement]) were rated by
two individual readers and cross-checked
by a third reader in case of discordance
(D.S.,, RW.v.H., and A.Fv.d.H.). For each
study, overall risk of bias and applicability
were evaluated according to the grading of
recommendations, assessment, development, and evaluations
(GRADE)-21 framework (13,17). On the basis of the GRADE
framework, certainty of evidence for the totality of the diagnos-
tic test accuracy studies was summarized based on concerns re-
garding study design, risk of bias, indirectness and applicability,
imprecision in diagnostic accuracy measure estimates (wide con-
fidence intervals), inconsistency (large differences in estimates),
and publication bias (13,17,18).

Data Analysis

Studies were categorized as “diagnostic test accuracy” (DTA)
studies if measures of diagnostic accuracy were reported (at
least test sensitivity or specificity); studies not reporting di-
agnostic accuracy measures were categorized as “non-DTA.”
Diagnostic test results were presented (z) as reported by au-
thors and (4) as recalculated based on 2 X 2 frequency statistics
as retrieved by our raters. The following diagnostic accuracy
measures were recalculated based on 2 X 2 tables: sensitivity,
specificity, PPV, NPV, accuracy, pretest probability, and posi-
tive and negative posttest probability (19). As an additional
analysis, a predefined test interval of 3 days (ie, RT-PCR = 3
days after chest imaging) was set as the cutoff for an appropri-
ate time interval between the index test and reference test to
limit the probability of interim infection or cross-transmission
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between admitted patients. Depend-
ing on data availability, test accuracy
results were recalculated restricted to
this time interval. In the case that a

study would only contain a subgroup
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(24,30,31) as non-DTA (Table 1).
5| Q 2 g £y The study design was cross-sectional
" g = § = % de % % DV;J; in 77% (10/13) and was case-
£ = control in 23% (3/13; all DTA),
= £ & g § & ~ 2 x 28 and only 8% (1/13) of studies was
i 5 . .
P 5| & E & 2 z Z Z g? designed prospectively. Informa-
3 S8 tion on patient comorbidities was
— o p
"gn ‘5 % B - . _g % reported in 23% (3/13) of studies
- =8| E S R zZz z z =z g n (Table 2). Information on time be-
.g’ 5 . . ) S & tween symptom onset and clinical
2 *g g? ;'? g? ‘32< % % % A :, presentation was described in 46%
w T8 (6/13) of studies. No study re-
> £ = y
s ¢ 2 ~ 2 § | g % ported the number or percentage of
g Al e A | Z A Z aw i g asymptomatic patients. Severity of
2 g sy e o e o|3F disease in subjects with confirmed
=) =) = =)
3 g 5 - a B Qz‘ % % j% COVID-19 was reported in 23%
5 E\ =% S o (3/13) of studies (21,30,31) and
o
£ 5] s ?@ § 5 x o 2 = : § an alternative diagnosis in subjects
..g_ [E 3 = g ZzZz O S & § = with rejected COVID-19 diagnosis
i S K %2 g\ A was reported in 15% (2/13) of stud-
0 S, % :l‘, :l', 2 | o= = ies (21,32). Seven studies reported
- ~ 2 «© «© ] . . P
s s 2 g % % % S 2 = = ;_i 8 on the proportion of individu-
S - £ R als with symptoms (mainly fever,
Sl g SE  £2 h, and/or dyspnea) and lab
SE: g . v x| %2 £ cough, and/or dyspnea) and labo-
S| g% S| e z zZ ¥ R zZ z S = 25 ratory results (mainly lymphocyte
';':' é 8 e g g —é count, white blood cell count, and
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o 5 8o Cé f-:‘Zﬁ Qzﬁ N % Cé == -8 C-reactive protein level).
2 e} = o=
§ << = § Ej A definition of a positive index
Q
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= Q -~ .
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kY & =l el not report slice thickness. Five
< E 2 e s X2 5 2 & X %_E 2.5 studies dichotomized CT index
E’ s =| < S0 A R £ 5 test results into positive and nega-
‘E’ - N EE 5 g* 2 tive, and a threshold was reported
— — — — — = Q o
N -c;_o a o =
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S < ‘" A g £ & . .
° €5 AfE bined baseline and follow-up test
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'§ ~| 28 = 8% results within subjects in the same
g z | & = 8. A R &8 = _g) —g‘" 8 '% 2 primary test accuracy analysis (25).
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NR

NR 1-3

Oropharynx, spu-  Yes Yes Yes NR

NR

NR

RT-PCR

Wen et al (29)

tum, or BAL
Oropharynx

NR

NR NR NR

NR

Yes

Yes

Yes

NR
NR

RT-PCR NR

RT-PCR
RT-PCR

Yang et al (30)

NR NR NR

NR

NR NR

NR

NR

Chen et al (23)
Miao et al (28)

NR

NR

NR

Yes

Yes

Yes

Nasopharynx or

NR

NR

sputum

NR

NA NR NR

no

Yes

Nasopharynx

NR

RT-PCR Yes

Dangis et al (32)

not reported, RT-PCR = reverse-transcription polymerase chain reaction.

China Food and Drug Administration, NR =

bronchoalveolar lavage, CFDA

*If first (RT-)PCR negative result.

Note.—BAL
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Diagnostic Test Accuracy

Disease prevalence (pretest probabil-
ity) was reported in 20% (2/10) of
DTA studies, and measures of pre-
cision were given in 80% (8/10) of
studies (Table 5). On the basis of the
reconstructed 2 X 2 tables, ranges
of CT performance in the 10 DTA
studies were as follows: sensitivity
0.57-0.97, specificity 0.37-0.94,
PPV 0.59-0.92, and NPV 0.57-
0.96. For non-DTA studies, this was
0.92-0.94, 0.05-0.33, 0.23-0.35,
and 0.67-0.93, respectively. An ad-
ditional analysis of CT performance
for a CT-to-RT-PCR time interval
= 3 days was abandoned as only one
small cohort provided data for the
preset time interval (27). One chest
radiography study reported a sensitiv-
ity and specificity of 0.25 and 0.90,
respectively, with an area under the
receiver operating characteristic curve
of 0.58. We were unable to reliably
reconstruct the 2 X 2 contingency
table for this study.

Meta-Analysis

Pooling diagnostic test accuracy re-
sults and performing a meta-analysis
were considered not justified given
the study heterogeneity and QUA-
DAS-2 and STARD results (Table 6).

Risk of Bias

The purpose of imaging, that is, di-
agnosis of patients with suspected
COVID-19 infection was clearly
described in 54% (7/13) of studies
(20,22,23,26-29). Two studies clearly
described the role of imaging as re-
placement (23) and parallel/combined
(32). Overall, QUADAS-2-based
signaling questions (Appendix E3
[supplement]) were scored as low risk
or concern in 38% (69/182), unclear
in 43% (78/182), and high risk or
concern in 19% (35/182) of studies.
Risk of bias was scored low risk in 17%
(24/143), unclear in 48% (68/143)
and high risk in 36% (51/143) of
questions. Risk of bias was highest for
patient selection and flow and timing
(Fig 2). Bias for the index and refer-
ence test was unknown for most stud-
ies. Not one study scored low risk of
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Review of Subopfimal Quality and High Risk of Bigs in Di T Studi

QUADAS-2, all studies (N=13)

Risk of bias Applicability concerns
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Patient selection s o D |
Index test |
Reference test |
FowsmaTiming I e o

Low risk @ High risk M Unclear Low concern W High concern M Unclear

QUADAS-2, diagnostic studies (N=10)

Risk of bias Applicability concerns
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Inds st I
Indextest |
Reference test I
FowandTming I e .

Low risk M High risk M Unclear Low concern W High concern M Unclear

Figure 2:  Quality Assessment of Diagnosfic Accuracy Studies-2 (QUADAS-2) results per domain. QUADAS-2: results for all studies (upper part)
and for diagnostic test accuracy studies (lower part) present per domain.

Risk of bias Applicability
Patient Index Reference Flow and Patient Index Reference
selection test test Timing selection test test

DTA-studies
Ai

Bai
Long
Himoto
Caruso
Choi
Wen
Chen
Miao
Dangis

Non-DTA studies
Zhu

Cheng

Yang

Low risk ®mHigh risk W Unclear

Figure 3:  Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) results per study. QUADAS-2: results for risk of bias and applicabil-
ity presented as scored per study.

bias for all four QUADAS-2 domains, and three studies scored ~ Applicability

no high risk in any domain (Fig 3). High risk in at least one do- Applicability of studies was scored low concern in 38%
main was scored in 77% (10/13) of studies, and high risk in at  (15/39), unclear in 26% (10/13), and high concern in 28%
least two domains was scored in 54% (7/13) of studies. (11/13). Applicability concern was highest for patient selec-
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21b. DI of alt in those without the target condition

22. Time interval and any clinical interventions between index test and reference standard
23. Cross tabulation of the index test results (or their distribution) by the results of the reference standard
24. Estimates of diagnostic accuracy and their precision
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Figure 4: Adherence to Standards for Reporting of Diagnostic Accuracy Studies (STARD). Presented are the proportions of (non)reported items for each study according
to the STARD guidelines; presented for all studies (top) and diagnostic test accuracy studies (bottom). The different STARD items concern the following sections in the reports:
title or abstract (1), abstract (1,2), infroduction (3), methods (4—18), results (19-25), discussion (26,27), and other (28-30).

tion, scored unclear in 15% (2/13) and high risk in 62% one domain was scored in eight studies (62%), and high
(8/13) of studies, respectively, followed by concern regard-  concern for applicability in at least two domains was scored
ing index test applicability, scored unclear and high concern  in two studies (15%).

in 54% (7/13) and 23% (3/13) of studies, respectively (Fig

3). Two studies (15%) scored low concerns for applicability =~ Quality of Reporting

for all domains, and three studies (20%) scored only low or  The mean percentage of reported STARD items was 35%
unclear concerns. High concern for applicability in at least  (12/34) for all studies (Fig 4; total STARD items = 34); for
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STARD items

Author  Proportion

Ai 0.53
Bai  0.47 . |
Caruso 0.34
Chen 0.50
Choi 0.33
Himoto 0.47
Long 0.37
Miao 0.60
Wen 0.47
Dangis 0.60
Cheng 0.30
Zhu 0.33
Yang 0.27
Figure 5:

12 3 4 5 6 7 8 9 10a10b1112a12b13a13b 14 15 16 17 18 19 20 21a21b 22 23 24 25 26 27 28 29 30

il

Standards for Reporting of Diagnostic Accuracy Studies (STARD) adherence per study. Graphical display of reporied (green) and not

reported (red) STARD items per study. The reported proportion is calculated by dividing the reported items by the total of reported and not reported
items (not applicable items [gray] are not taken into account in this analysis) to applicable items. Upper 10 studies concern diagnostic test accuracy

studies (in bold), and bottom three concern nondiagnostic test accuracy studies. The individual STARD items (presented as 1

DTA studies, this was a mean of 41% (14/34) and for non-
DTA, this was 26% (9/34). The mean proportion (to appli-
cable items) of STARD adherence for all studies was 43%
(range, 27%-60%), which was 47% (33%-60%) for DTA
studies and 30% (27%-33%) for non-DTA studies (Fig 5).

The most unreported STARD included all items on the
reference test, test positivity cutoffs of the reference test and
index test, information on time interval and clinical inter-
vention (eg, antiviral treatment) between index test and ref-
erence test, handling of indeterminate test results, intended
sample size, study objectives, and hypothesis and severity of
disease (Fig 4; Appendix E4 [supplement]). STARD items
most often reported included identification of the diagnos-
tic accuracy study, structured abstract, data collection pro-
spective/retrospective, eligibility criteria, and methods for
comparing measures of diagnostic accuracy (Appendix E4
[supplement]).

GRADE Framework

On the basis of the GRADE framework, the certainty of
evidence for the totality of CT test accuracy studies for CO-
VID-19 diagnosis was rated very low for both sensitivity and
specificity estimates (Table 7). The certainty of evidence for
chest radiography was not evaluated within GRADE as only
one study was identified.

Di ion
Despite the vivid discussion on the use of imaging to screen
and diagnose patients with suspected COVID-19 infection,
only few studies addressed and reported diagnostic test ac-

curacy of chest imaging. Reported diagnostic test accuracy
of CT for diagnosis of suspected COVID-19 infection in in-
dividuals varies substantially, with ranges of 0.57-0.97 for
sensitivity and 0.37-0.94 for specificity and recalculated PPV
of 0.59-0.92 and NPV of 0.57-0.96, with a very poor level

14

-30) are listed in Figure 4.

of evidence. The latter is not surprising, as these studies were
conducted, written, and published in an extraordinary point
in time, under time pressure and rather stressful conditions.
However, poor adherence to reporting guidelines and sub-
stantial risk of bias may have substantial implications for the
daily care of individuals suspected of having COVID-19 and
the health care system (33).

The performance of a diagnostic test is subject to its setting:
Tests may perform perfectly in a certain setting and achieve
suboptimal results when applied in a different setting. For ex-
ample, in clinical practice, PPV and NPV (the probability of
diagnosing the disease with a positive test result and ruling out
the disease with a negative test result, respectively) are the most
important measures when estimating the risk of presence or ab-
sence of disease in patients with suspected infection. The predic-
tive values, however, directly depend on disease prevalence (34).
When studies only include patients with confirmed COVID-19,
they will not include information on true-negative cases and are
therefore prone to low thresholds for test positivity, thereby in-
flating test sensitivity. An example of such a case is the recently
published meta-analysis on CT DTA studies for COVID-19 di-
agnosis (35), as the vast majority of subjects were patients with
confirmed COVID-19. Hereby, the accuracy for discrimination
between the diseased and nondiseased remains unknown. Other
important sources of test variation include patient demograph-
ics, the severity of disease, index and reference test execution,
and (predefined or chosen) thresholds but also those related to
initial study design and risk of bias. QUADAS-2 and STARD
are efficient and clear tools for authors and readers of diagnostic
accuracy studies to evaluate the reported study setting and judge
the bias, applicability, and expected test performance (16,36).

Complete reporting is needed to allow for the assessment of
sources of variation and potential bias and judge reported and
expected test performance. Bias in patient selection may result in
overestimation of diagnostic accuracy. High pretest probability
and strict selection of patients with severe disease or high risk
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were taken. In these cases, it was unclear whether
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study subjects received the same reference test. Since informa-
tion on RT-PCR was insufficient, generalizability cannot be as-
sessed. In addition, no report was made on treatment or other
clinical intervention between index test and RT-PCR, thus the
potential treatment paradox is unclear. Disease progression bias

may potentially have been introduced considering the rela-
tively large reported time intervals (up to 8 days) between CT
and RT-PCR. Especially in early COVID-19, most patients
with suspected COVID-19 were admitted to fever clinic de-
partments and cross-infection may have occurred within this
time interval. No study reported on blinding for the index test
result, although with (semi)automated analyses, this may be
considered irrelevant. Access to RT-PCR results when reading
the index test will, however, induce unacceptable review bias
and overestimate test performance. Blinding for RT-PCR re-
sults was unclear in four DTA studies (22,24,25,27). Other
general concerns for generalizability of the index test not yet
assessed include the use of thick-slice CT (23,25,26). CT per-
formance also highly depends on readers’ experience and rater
reproducibility, although results on intrarater (32) or interrater
(26,32) performance were rather scarce.

Our systematic review had several limitations. We at-
tempted to identify all published articles by including a nonin-
dexed journal, although more DTA studies may be reported in
other nonindexed journals that we are unfamiliar with. Only a
small number of studies were eligible for inclusion. Five non-
English articles were excluded for language restrictions given
the short time frame and urgency of this review, although likely
similar bias and study weakness would have been encountered.
A meta-analysis was not performed due to the low reporting
quality. In the setting of prompt diagnosis, we sought to pro-
vide additional diagnostic test results for patients who under-
went CT and RT-PCR tests within the predefined time interval
of 3 days. Only one study allowed for recalculation of CT per-
formance within the predefined time interval (27). Interpreta-
tion of the QUADAS-2 and STARD items is subjective; for
this, multiple readers assessed the items individually.

To conclude, certainty of evidence was rated very low for
both sensitivity and specificity estimates of CT for COVID-19
diagnosis in patients with clinical suspicion. Reported test ac-
curacy of CT for diagnosis of COVID-19 infection varies sub-
stantially, from rather poor to excellent. Validity and generaliz-
ability of these findings is complicated by poor adherence to
reporting guidelines and high risk of bias, which are most likely
due to the need for urgent publication of findings in the first
months of the COVID-19 pandemic.
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