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Abstract
Objectives Value of chest CT was mainly studied in area of high COVID-19 incidence. The aim of this study was therefore to
evaluate chest CT performances to diagnose COVID-19 pneumonia with regard to RT-PCR as reference standard in a low
incidence area.
Methods A survey was sent to radiology department in 4 hospitals in an administrative French region of weak disease prevalence
(3.4%). Study design was approved by the local institutional review board and recorded on the clinicaltrial.gov website
(NCT04339686). Written informed consent was waived due to retrospective anonymized data collection. Patients who
underwent a RT-PCR and a chest CT scan within 48 h for COVID-19 pneumonia suspicion were consecutively included.
Diagnostic accuracy including the sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of chest CT regarding RT-PCR as reference standard were calculated.
Results One hundred twenty-nine patients had abnormal chest CT findings compatible with a COVID-19 pneumonia (26%, 129/
487). Among the 358 negative chest CT findings, 3% (10/358) were RT-PCR positive. Chest CT sensitivity, specificity, positive,
and negative predictive value were respectively 87% (IC95: 85, 89; 69/79), 85% (IC95: 83, 87; 348/408), 53% (IC95: 50, 56; 69/
129), and 97% (IC95: 95, 99; 348/358).
Conclusions In a low prevalence area, chest CT scan is a good diagnostic tool to rule out COVID-19 infection among symp-
tomatic suspected patients.

Key Points
• In a low prevalence area (3.4% in the administrative area and 5.8% at mean in the study) chest CT sensitivity and specificity for
diagnosing COVID-19 pneumonia were 87% and 85% respectively.
• In patients with negative chest CT for COVID-19 pneumonia, the negative predictive value of COVID-19 infection was 97%
(348/358 subjects).

• Performance of CT was equivalent between the 4 centers participating to this study.
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PPV Positive predictive value
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Introduction

Over 45 million confirmed cases of COVID-19 have been
diagnosed in the world and more than 1 million people have
already died [1].Without specific treatment or vaccine, detect-
ing the disease at its early stage and isolating the patient is
paramount in order to limit the spreading of this viral infec-
tion. According to different recommendations [2, 3], the ref-
erence method to perform diagnosis of COVID-19 is the re-
verse transcription-polymerase chain reaction (RT-PCR).
However, RT-PCR has some limitations such as quality of
sample collection and transportation or kit performances.
False negative rate is evaluated between 10 and more than
30%, representing a real practical issue [4]. It is consequently
recommended to perform at least three negative tests before
being confident about excluding disease [5], but in a context
of epidemic, delay between tests and results provides difficul-
ties to manage each COVID-19 suspicion. In some previous
reports [2, 6], chest CT scans were suggested as a help in
patient management. Data came from regions with relatively
high incidence rate and could not be extend to area of low
incidence disease [6]. Recent publication [7] outlined the
question of chest performances in symptomatic patients
suspected for COVID-19 pneumonia in low estimated preva-
lence suggesting it is too low to be a useful screening tool.

The aim of this study was therefore to evaluate chest
CT performances to diagnose COVID-19 pneumonia in
a low rate of incidence geographic area. RT-PCR was
used as reference standard.

Materials and methods

Ethical aspects

The study design was approved by the local institutional re-
view board and recorded on clinicaltrial.gov under the number
NCT04339686. All the authors vouched protocol adherence
of the survey, accuracy, and completeness of the data
recording and reviewed the final manuscript.

Study design

A consecutive multicentric retrospective study was conducted
in 4 public hospitals in a French administrative region called
Poitou-Charentes. This region represents a 25,809 km2 and
has 1.806 million of inhabitants.

Between March 18, and April 24, 2020, all patients who
underwent both chest CT and RT-PCR for suspected COVID-
19 pneumonia were eligible. COVID-19 pneumonia suspicion
was based on clinical evaluation and biological results. The
following data were recorded: age, gender, and time between
chest CT and RT-PCR. Exclusion criteria were time interval

between chest CT and RT-PCR assay longer than 48 h be-
cause of possible cross-infection, lack of RT-PCR or chest
CT, and chest CT poor quality.

Local estimated prevalences were recorded from data given
by the national health authorities (supplementary material S1).

CT protocol

All CT protocols were established in accordance with the
national guidelines [9]. The list of all CT devices and related
protocols are given in supplementary material (S2).

CT reading

A double CT reading was performed by an experimented ra-
diologist senior (mean 10 years of experience ± 5) and one
resident (mean 3 years of experience ± 2) using standardized
CT reports (list of the reader and years of experience are pro-
vided in supplementary material). Reading was performed
without knowledge of the RT-PCR results, but readers were
aware of the COVID-19 pneumonia suspicion.

Chest CT results were classified according to 2 groups:

& positive for COVID-19: in cases of typical imaging pat-
terns, including bilateral, subpleural and peripheral
ground-glass opacities (GGOs), crazy paving appearance
(GGOs and inter-/intra-lobular septal thickening), and
bronchovascular thickening.

& negative for COVID-19: in cases of normal or lack of
typical patterns, including mediastinal lymphadenopathy,
pleural effusions (which may however occur as a compli-
cation of COVID-19), multiple tiny pulmonary nodules
(unlike many other types of viral pneumonia), tree-in-
bud, pneumothorax, and cavitation [8]. Atypical CT were
therefore classified as negative for COVID-19
pneumonia.

RT-PCR results

The RT-PCR results were extracted from electronic patients’ files
for each investigating center. All RT-PCR assays were obtained
using nasopharyngeal swab. RT-PCR was considered positive for
COVID-19 diagnosis if SARS-CoV-2 genomics were present in
the swab. RT-PCR tests used for the study are given in appendix.
For each patient, the final diagnosis was done according to the
following rules: (a) in case of initial positive RT-PCR assay, the
patient was considered as COVID-19 positive; (b) in case of initial
negativeRT-PCRassay, repeatedRT-PCRassayswere performed
within the 6 days after the first test if the clinical suspicion
persisted. The diagnosis of COVID-19 was done when at least
one of theRT-PCR’s assay resultswas positive. In case of negative
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initial and repeated RT-PCR results, the patient was considered as
COVID-19 negative.

Statistical analysis

All the analyses were performed with the use of R software,
version 3.6.2 (R Foundation for statistical computing).
No imputation was made for missing data. Continuous
variables were expressed as mean (± standard deviation)
and ranges [range]. Categorical variables were summa-
rized as counts and percentages. Diagnostic accuracy
includes the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV).

Results

Five hundred sixty-one patients were consecutively included
in one University Hospital and three General Hospitals be-
tween the inclusion period. Among them, 74 were secondly
excluded because of delay between RT-PCR and CT scan
exceeded 48 h. Finally, 487 patients were analyzed. Figure 1
gives the flowchart for the study.

The average local estimated prevalence at the time of the
study in the administrative area was 3.4% according to data
issued from French national health authorities.

All patients were symptomatic. Among them, 89% (432/487)
had a time interval between chest CT and RT-PCR of less than
24 h. The mean age was 69 years ± 20 [5–100]. The sex ratio was

Fig. 1 The flowchart of the study
subjects
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1.12 (257 males/230 females). Demographics and clinical charac-
teristics of the population are summarized in Table 1.

Among the 487 patients, 16% (79/487) had initial positive
RT-PCR for COVID-19. Five (1%, 5/487) initially negative
RT-PCR became positive in the second or third assay within
6 days. Thus, a total of 84 patients were positive for COVID-
19 pneumonia. Four (7%, 4/60) of the patients with positive
chest CT findings and initial negative RT-PCR turned to have
a positive RT-PCR during the 6-day follow-up.

One hundred twenty-nine patients were considered as
positive on chest CT for COVID-19 pneumonia (26%,
129/487). Among them, 60 patients had positive chest
CT findings with initial negative RT-PCR. In this sub-
group, 5 RT-PCR finally became positive and 11 with
initially negative RT-PCR had the conclusion in the
discharge summary positive for SARS-CoV2.

Among the 358 negative chest CT findings, 3% (10/358)
were RT-PCR positive. The differential diagnosis including
respiratory tract infection, neoplasm, and no abnormal find-
ing(s) are listed in Supplementary Material (S4).

The chest CT sensitivity, specificity, PPV, and NPV were,
respectively, 87% (IC95: 85, 89; 69/79), 85% (IC95: 83, 87;
348/408), 53% (IC95: 50, 56; 69/129), and 97% (IC95: 95,
99; 348/358).

Only one patient (1/349) with both chest CT scan and ini-
tial RT-PCR negative turned to have a positive RT-PCR dur-
ing the 6-day follow-up.

Table 2 illustrates the different chest CT performances with
regard to RT-PCR as a reference standard, overall and within
the different subgroups of the study.

There are no significant differences regarding chest CT
performances for patients under or over 69-year-old and for
gender (p = 0.03) and within the different centers (p = 0.001).

Table 3 illustrates the different chest CT performances with
regard to RT-PCR as a reference standard within the different
participating centers.

Discussion

In a low estimated prevalence area (3.4% in the administrative
area and 5.8% at mean in this study), chest CT sensitivity and
specificity for diagnosing COVID-19 pneumonia were 87%
and 85%, respectively, and the negative predictive value of
COVID-19 infection was excellent, 97% (348/358 subjects).
Low estimated prevalence areas represent strategic places in
COVID-19 infection management. Our study supports

Table 1 The demographic characteristics of the study population, overall and within the different participating centers

Demographics of patients participating in the study

Overall Center 1 Center 2 Center 3 Center 4

Number of patients n 487 47 55 304 81

Age mean ± SD 69.0 ± 20.0 65.2 ± 19.4 69.1 ± 16.3 67.9 ± 21.0 76.1 ± 17.2

Sex Male 257 28 24 164 41

Female 230 19 31 140 40

Sex ratio M/F 1.1 1.5 0.8 1.2 1

Prevalence in study population Percentage 5.8 2.0 5.7 6.8 2.9

Table 2 Chest CT performances regarding the RT-PCR as reference standard within the different subgroups of the study. [N, N]: Numbers in brackets
are 95% confidence intervals. (N, N): Numbers in parentheses are raw data used to calculate percentages

Diagnostic performance of Chest CT scan (initial and/or repeated RT-PCR as gold)

Data analyzed Sensitivity Specificity Positive predictive value Negative predictive value

Overall 88 [86, 90] (70/80) 86 [83, 88] (361/422) 53 [50, 56] (70/131) 97 [95, 99] (361/371)

Age ≤ 60 89 [87, 90] (16/18) 89 [88, 90] (108/121) 55 [53, 56] (16/29) 98 [97, 99] (108/110)

> 60 87 [86, 89] (54/62) 84 [88,90] (108/121) 53 [52, 55] (54/102) 97 [95, 99] (253/261)

Sex Male 91 [89, 92] (39.43) 85 [83, 86] (192/225) 54 [52, 55] (39/72) 98 [97, 99] (92/196)

Female 84 [83, 86] (31/37) 86 [83, 89] (169/197) 53 [52, 55] (31/59) 97 [95, 98] (169/175)
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therefore the use of chest CT scan in screening symptomatic
suspected COVID-19 patients in this situation.

The performance results from our study were substantially
different than these previously published [11, 12], particularly
one already published in the same national population but
with higher incidence rate [12]. The NPV from our study
was indeed higher than the previously reported (97% vs
89%) [10]. This result was expected considering that PPV
and NPV are directly related to the estimated prevalence of
the disease in the population. Assuming all other factors re-
main constant, PPV increases and NPV decreases with in-
creasing estimated prevalence.

There are at least 2 advantages to use chest CT as diagnos-
tic tool: (a) the technique is now largely available in emergen-
cy department [2]; and (b) in an urgent need of isolation to
prevent wide spreading infection, the high negative per-
formances and the fast results of chest CT should be
taken into consideration. These considerations are in
agreement with previously reported studies on impact
of chest CT for triage and management of the
COVID-19 pneumonia [2, 6]. If results of chest CT
and initial RT-PCR are both negative, then patients
could be quickly released from isolation.

On the other hand, the PPV of chest CT was lower
in our study (53%) than in previously published (92%)
[12]. As this was also expected in cases of lower dis-
ease incidence, it illustrates the high CT patterns over-
lapping of COVID-19 with other pulmonary diseases
such as chronic pulmonary diseases and other viral
pneumonias. Nevertheless, chest CT can also be useful
in this particular situation; in case of equivocal findings,
a pragmatic attitude should lead to isolation in the ded-
icated units.

We did not perform chest CT on children and ado-
lescent population. Only one patient under 18 years old
underwent chest CT during the time of the study. As
the study was consecutive, we included this patient, but
this was not the usual algorithm. Indeed, even in

symptomatic patient, chest X-ray remains the first-line
examination in pediatric population [13].

Our study has some limitations. The study is retrospec-
tive even if inclusions were prospective. Consequently, all
potential biases were not controlled. For instance, interval
between first symptoms and chest CT scan was not re-
corded. It was shown that a too early chest CT scan can
be falsely negative. Preexisting medical conditions, such
as chronic pulmonary disease, were not recorded. These
conditions have been described to impact the chest CT
performances. CT protocol was not controlled, and, for
instance, chest CT scans could be performed with or with-
out contrast enhancement probably because place of sys-
tematic contrast-enhanced imaging is not clear at initial
staging [14].

Conclusion

In a low estimated prevalence area, chest CT scan is a good
diagnostic tool to rule out COVID-19 pneumonia among
symptomatic suspected patients. Only one patient (1/349)
with both chest CT scan and initial negative RT-PCR turned
to have a positive RT-PCR during follow-up.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00330-021-07863-4.
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