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Abstract
Objective To assess sensitivity/specificity of CT vs RT-PCR for the diagnosis of COVID-19 pneumonia in a prospective Italian
cohort of symptomatic patients during the outbreak peak.
Methods In this cross-sectional study, we included all consecutive patients who presented to the ER between March 13 and 23
for suspected COVID-19 and underwent CT and RT-PCR within 3 days. Using a structured report, radiologists prospectively
classified CTs in highly suggestive, suggestive, and non-suggestive of COVID-19 pneumonia. Ground-glass, consolidation, and
visual extension of parenchymal changes were collected. Three different RT-PCR-based reference standard definitions were
used. Oxygen saturation level, CRP, LDH, and blood cell counts were collected and compared between CT/RT-PCR classes.
Results The study included 696 patients (41.4%women; age 59 ± 15.8 years): 423/454 (93%) patients with highly suggestive CT, 97/
127 (76%) with suggestive CT, and 31/115 (27%) with non-suggestive CT had positive RT-PCR. CT sensitivity ranged from 73 to
77% and from 90 to 94% for high and low positivity threshold, respectively. Specificity ranged from 79 to 84% for high positivity
threshold and was about 58% for low positivity threshold. PPV remained ≥ 90% in all cases. Ground-glass was more frequent in
patients with positive RT-PCR in all CT classes. Blood tests were significantly associated with RT-PCR and CT classes. Leukocytes,
lymphocytes, neutrophils, and platelets decreased, CRP and LDH increased from non-suggestive to suggestive CT classes.
Conclusions During the outbreak peak (in a high-prevalence setting), CT presented high PPV and may be considered a good
reference to recognize COVID-19 patients while waiting for RT-PCR confirmation.
Key Points
•During the epidemic peak, CT showed high positive predictive value and sensitivity for COVID-19 pneumonia when compared
with RT-PCR.

• Blood tests were significantly associated with RT-PCR and CT classes.
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Abbreviations
COVID-19 Coronavirus disease 2019
CRP C-reactive protein
CT Computed tomography
IQR Interquartile range
LDH Lactate dehydrogenase
NPV Negative predictive value
PPV Positive predictive value
RT-PCR Reverse transcription–polymerase

chain reaction
SARS-CoV-2 Severe acute respiratory syndrome

coronavirus-2
SD Standard deviation

Introduction

The clinical spectrum of SARS-CoV-2 infection ranges from
asymptomatic infection to a disease (COVID-19) that can lead
to potentially fatal respiratory failure [1, 2].

The outbreak of SARS-CoV-2 has rapidly spread world-
wide since the end of 2019, with Italy being one of the first
and most affected countries facing the epidemic outside of
China [3, 4].

The diagnosis of COVID-19 currently relies on reverse
transcription–polymerase chain reaction (RT-PCR) conducted
on oropharyngeal and/or nasopharyngeal swabs. However,
while false positives are conceivably rare, false negatives
can occur, even in patients with pneumonia, who may have
negative nasal/oropharyngeal samples but positive lower air-
way samples. The true clinical sensitivity of RT-PCR is thus
unknown [5, 6]. Moreover, the huge demand for tests is
compromising their availability in some areas [5] and creating
frequent delays in diagnosis confirmation, with consequences
on timely treatment, isolation, and contact tracing.

Computed tomography (CT) often shows typical findings
in COVID-19 pneumonia, especially bilateral patchy ground-
glass opacities and consolidation, with a predominantly pe-
ripheral distribution. Crazy-paving pattern, peripheral vessel
enlargement, and findings of organizing pneumonia such as
reverse halo sign have also been described [7–11]. However,
CT may show no abnormalities, especially early after symp-
tom onset [12], and CT findings are not specific, significantly
overlapping with other infections [13].

The role of CT in the COVID-19 epidemic is debated. Its
use as a screening tool has been proposed [14, 15] but is
highly discouraged by major radiology societies in Western
countries [10, 16]. European and American societies underline
the need for RT-PCR for diagnostic confirmation [10, 16],
even though they suggest repetition of RT-PCR in cases of
suggestive CT findings in symptomatic patients [10]. Finally,
in patients with respiratory symptoms such as dyspnea and
desaturation, CT may help stratify disease severity and patient

prognosis [10]. The Fleischner Society has recently released a
multinational consensus statement suggesting adapting the
use of chest imaging to different clinical scenarios according
to the severity of clinical features, pre-test probability of
COVID-19, and resource constraints [17].

The aim of this study was to assess the sensitivity and
specificity of CT vs RT-PCR for the diagnosis of COVID-
19 pneumonia in a prospective Italian cohort of symptomatic
patients presenting to the emergency room (ER) for suspected
COVID-19 during the outbreak peak. We also compared rel-
evant blood tests in classes of patients with different combi-
nations of CT and RT-PCR results.

Methods

Setting

In the Reggio Emilia province (Northern Italy, 532,000 inhab-
itants, six hospitals), the first case of SARS-CoV-2 infection
was diagnosed on February 27, 2020. Up to March 24, there
were 1200 RT-PCR-confirmed cases and the epidemic was
still spreading. The study was approved as a retrospective
analysis by the Area Vasta Emilia Nord Ethics Committee
on 04/07/2020 (protocol number 2020/0045199). Patients’
written consent to publish their images was obtained, and
patients’ informed consent to participate in the study was ob-
tained whenever possible, given the retrospective nature of the
study.

Study design

This was a cross-sectional study assessing sensitivity and
specificity of CT for COVID-19 pneumonia at two different
thresholds of suspicion, using RT-PCR as the reference
standard.

Study population

All consecutive patients who presented to the Reggio Emilia
province ERs between March 13 and March 23 for suspected
COVID-19 and underwent both CT and RT-PCR were eligi-
ble. Subjects with a time gap between CT and RT-PCR > 3
days were excluded.

During the COVID-19 outbreak, the diagnostic protocol
for these patients included nasopharyngeal and oropharyngeal
swabs for RT-PCR, blood tests, chest X-rays, and CT scan in
cases of suggestive X-ray findings or negative X-rays but
highly suggestive clinical features. A structured CT report
was introduced on March 13.
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Reference standard

Two issues hamper the measure of CT accuracy for COVID-
19. Firstly, the clinical sensitivity of RT-PCR, our reference
standard, although not yet quantified, is not 100% [5].
Secondly, the target condition of our index test, i.e., CT, is
viral pneumonia, while RT-PCR target condition is SARS-
CoV-2 infection.

While the second issue cannot be easily solved, to over-
come the first problem, we used different definitions of refer-
ence standard: (1) the first RT-PCRwithin 3 days after CT; (2)
the first RT-PCR and, if negative, repeated RT-PCR tests in
the following 15 days; if not repeated, the patient was consid-
ered non-COVID19; (3) as in definition 2, but RT-PCR-
negative patients who were not retested were classified as
COVID19 or non-COVID19 in the same proportion as pa-
tients who were actually retested in that group of CT results.

A commercial One-Step Reverse Transcription RT-PCR
(GeneFinder ™ COVID -19 PLUS Real Real Amp Kit) was
used and RT-PCR assay was performed on an Applied
Biosystems 7500 Sequence Detection System.

We also report an estimate of RT-PCR sensitivity using
retesting as the reference standard, assuming that those
retested were a random sample of the RT-PCR-negative
patients.

CT acquisition technique

CT scans were performed using one of three scanners (128-
slice Somatom Definition Edge, Siemens Healthineers; 64-
slice Ingenuity, Philips Healthcare; 16-slice GE Brightspeed,
GE Healthcare) without contrast media injection, with the
patient in supine position, during end-inspiration. Scanning
parameters were as follows: tube voltage 120 KV, automatic
tube current modulation, collimation width 0.625 or 1.25 mm,
acquisition slice thickness 2.5 mm, and interval 1.25 mm.
Images were reconstructed with a high-resolution algorithm
at slice thickness 1.0/1.25 mm. Patients wore face masks, and
thorough decontamination of the room was performed after
each patient.

CT analysis and structured reporting

During routine reporting, each radiologist completed both the
usual radiology report as well as a structured report about the
probability of COVID-19 pneumonia based on CT findings
(highly suggestive, suggestive, non-suggestive) (Fig. 1), the
presence/absence of ground-glass opacities and consolida-
tions, and the extension of pulmonary lesions using a visual
scoring system (< 20%, 20–40%, 40–60%, and > 60% of
parenchymal involvement) (Fig. 2). Swab results were un-
known when reporting, so radiologists were blinded to RT-
PCR. However, they were frequently informed of blood test

results and of patients’ clinical features. An example of the
format used for the structured reporting is provided in
Supplementary Material.

a

c

b

*
*

Fig. 1 Exemplification of classification of CT findings: a CT findings
highly suggestive of COVID-19 pneumonia, with bilateral interstitial
involvement, patchy ground-glass opacities (arrow), and peripheral con-
solidations (*), confirmed by positive RT-PCR; b CT findings suggestive
of COVID-19 pneumonia, with unilateral peripheral consolidation and
subtle ground-glass opacities, confirmed by positive RT-PCR; c CT find-
ings non-suggestive of COVID-19 pneumonia, with mostly unilateral
bronchial wall thickening, endobronchial secretions, tree-in-bud nodules,
and consolidation, confirmed by negative RT-PCR
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Blood tests

When available, C-reactive protein (CRP) level, LDH, total
leukocyte, lymphocyte, neutrophil, and platelet counts mea-
sured on ER admission were collected. The tests were carried
out in the Hospital Clinical Laboratories with routine automat-
ed methods. Oxygen saturation level (SpO2) was also collect-
ed for patients who had it measured before being provided
with oxygen support.

These tests were included since previously associated
with COVID-19 diagnosis, severity, and prognosis: in-
creased CRP reflects host inflammatory response, along
with increased total leukocyte and neutrophil counts; ele-
vated LDH concentrations may be a sign of end-organ
damage; decreased platelet count may be associated with
an underlying coagulopathy; lymphopenia may represent a
concomitant immune dysfunction and has been associated
with increased disease severity and worse prognosis; SpO2
provides information on lung damage and functionality
[18, 19].

Statistical analyses

CT scan sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) for COVID-19
pneumonia were computed for two different thresholds: high-
ly suggestive only and highly suggestive plus suggestive
findings.

Accuracy measures according to the three reference stan-
dard definitions reported above were calculated with relative
95% confidence intervals (CI) computed on the exact binomi-
al distribution.

Distribution of clinical characteristics across groups of CT
and RT-PCR results is reported. Associations between clinical
characteristics and CT and RT-PCR classes were measured
through Pearson’s chi2 and Fischer’s exact distribution. For
blood tests, we report mean (± SD) and median (IQR) strati-
fied by groups of CT and RT-PCR results. Comparisons be-
tween groups were conducted with one-way ANOVA and
linear regression models adjusted for sex and age.

P values are reported as continuous measures and no
prefixed significance threshold was used.

We used Stata 13.0 SE (Stata Corporation) software
package.

Results

Population

After excluding 6 patients with a > 3-day interval between
CT and RT-PCR, we included 696 patients who
underwent CT and RT-PCR in the Reggio Emilia provin-
cial ERs between March 13 and 23 for suspected COVID-
19 (Fig. 3). Of these 696 patients, 288 (41.4%) were
women. Overall mean age was 59 years (SD 15.8), 58.3
years (SD 16.5) for women, and 59.5 years (SD 15.2) for
men.

Overall, 454 (65%) had CT findings which were judged by
the reporting radiologist as highly suggestive of COVID-19,
127 (18%) as suggestive, and 115 (17%) as non-suggestive.

Among patients with highly suggestive CT findings, 423
(93%) had positive and 31 (7%) negative RT-PCR at the first
swab performed on ER admission. Of the 127 patients with
suggestive CT findings, 97 (76%) had positive and 30 (24%)

Fig. 2 Visual scoring system used to classify the extension of parenchymal involvement: < 20% (a), 20–40% (b), 40–60% (c), and > 60% (d)
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negative RT-PCR at the first swab, while 31/115 (27%) pa-
tients with non-suggestive CT findings had positive RT-PCR
at the first swab.

The proportion of women decreased with the increase in
CT suspicion, while age was slightly higher in the group with
suggestive CT. The proportion of hospitalizations and deaths
significantly increased with the increase in CT suspicion
(Table 1).

Overall, 31 patients with negative RT-PCR were retested
within 15 days, 12 of whom (38.7%) resulted positive: 5 out of
the 11 with CT findings highly suggestive of COVID-19
pneumonia, 1 out of the 8 with suggestive CT findings, and
6 out of the 19 with non-suggestive CT (Fig. 4). Assuming
this rate of false negatives, the sensitivity of RT-PCR using
repeated test as the reference standard was 92.3% (95% CI
86.9–96.0).

The prevalence of RT-PCR positives was 79.2%, 80.9%,
and 85.6% according to reference standard definitions 1, 2,
and 3, respectively.

CT findings

Ground-glass opacities were present in almost all patients with
highly suggestive (453/454) and suggestive (123/127) CT
findings, and in 40% (44/115) of patients with non-
suggestive findings. When considering subgroups of RT-
PCR results, in all the three CT classes, ground-glass opacities
were more frequent in patients with positive RT-PCR.

Consolidation was present in 279/454 (61.5%) pa-
tients with highly suggestive, 76/115 (59.8%) patients
with suggestive, and 41/115 (35.7%) patients with
non-suggestive CT findings. The distribution of consol-
idation among subgroups of positive and negative RT-
PCR patients in the three CT classes varied, being more

frequent in negative RT-PCR patients in the intermedi-
ate CT class, i.e., suggestive.

A limited (< 20%) extension of pulmonary lesions was
more frequently present in patients with suggestive and non-
suggestive CT findings. Parenchymal extension was not esti-
mated in 55/115 patients with non-suggestive findings; 41/55
had a completely normal CT scan, while 14/55 presented
pleural effusion without parenchymal involvement.
Interestingly, among the 31 patients with non-suggestive CT
and positive RT-PCR, 13 patients had no CT abnormalities
and 1 had only pleural effusion (Table 2).

CT diagnostic accuracy

The sensitivity, specificity, PPV, and NPV of CT at two dif-
ferent thresholds (highly suggestive findings only and highly
suggestive plus suggestive findings) with respect to the three
different reference standards described in the “Methods” sec-
tion are reported in Table 3. CT sensitivity ranged from 73 to
77% and from 90 to 94% for high and low positivity thresh-
old, respectively. Specificity ranged from 79 to 84% for high
positivity threshold and was about 58% for low positivity
threshold. PPV remained ≥ 90% in all cases, and NPV ranged
from 50 to 73% and from 35 to 47% for low and high posi-
tivity threshold, respectively.

Blood tests

Means (SD) andmedians (IQR) across CT classes are reported
in Table 1.

Among RT-PCR-negative patients, the values of total leu-
kocyte, lymphocyte, neutrophil, and platelet counts, and CRP
level were higher than among RT-PCR-positive patients.
Total leukocyte, lymphocyte, and platelet counts decreased,

Fig. 3 Flowchart representing the
study population and the
subgroups with different
combinations of CT and RT-PCR
results
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whereas CRP and LDH increased from non-suggestive to
suggestive and/or highly suggestive CT. Patients experienced
similar SpO2 values across CT and RT-PCR groups when the
CTwas suggestive or highly suggestive, while in patients with
non-suggestive, CT SpO2 was higher, particularly for those
who tested positive at RT-PCR.

Discussion

In a large sample of consecutive patients presenting to
the ER for suspected pneumonia during the peak of the
SARS-CoV-2 outbreak in Italy, we estimated CT sensi-
tivity for COVID-19 pneumonia to be between 73 and
77% when adopting a high positivity threshold, which
corresponded to a specificity of between 79 and 84%.
When adopting a lower positivity threshold, CT sensi-
tivity was between 90 and 94%, but specificity de-
creased to 58%. Nevertheless, given the very high prev-
alence of COVID-19 during the epidemic peak, the

proportion of patients with SARS-CoV-2 infection
among the CT-positive patients (PPV) was always equal
to or higher than 90%, whatever the positivity threshold
adopted.

Leukocyte, lymphocyte, neutrophil, and platelet
counts decreased, and LDH increased both in RT-
PCR-positive patients and in highly suggestive and/or
suggestive CT scans. CRP decreased in RT-PCR-
positive compared with RT-PCR-negative patients and
increased in highly suggestive and suggestive CT scans.
SpO2 was slightly lower in patients with suggestive and
highly suggestive CT results. Nevertheless, as there is a
large overlap of the distribution of values in RT-PCR-
negative and positive patients, this study was not able
to identify any blood test that could increase pre-test
probability of COVID-19 pneumonia. It should be borne
in mind that the population included in this study had
80% or more prevalence of RT-PCR-confirmed disease.
Hence, it is very difficult to find subpopulations with
substantially higher prevalence [20]. This further

Table 1 Age, sex, outcomes, and blood tests in CT classes

Highly suggestive CT Suggestive CT Non-suggestive CT

Positive
RT-PCR
(n = 423)

Negative
RT-PCR
(n = 31)

Positive
RT-PCR
(n = 97)

Negative
RT-PCR
(n = 30

Positive
RT-PCR
(n = 31)

Negative
RT-PCR
(n = 84)

Tot = 696 n (%) n (%) n (%) n (%) n (%) n (%) p

Age ≥ 60 years 303 (43.5) 170 (40.2) 13 (41.9) 60 (61.9) 15 (50.0) 9 (29.0) 36 (42.9) < 0.001
Female 288 (41.4) 162 (38.3) 11 (35.5) 42 (43.3) 13 (43.3) 15 (48.4) 45 (53.6) < 0.001

Hospitalization 201 (28.9) 120 (28.4) 7 (22.6) 32 (33.0) 14 (46.7) 8 (25.8) 20 (23.8) < 0.001
Death 44 (6.3) 21 (5.0) 0 13 (13.4) 4 (13.3) 2 (6.5) 4 (4.8) 0.001

Total leukocytes (*109/L)
Mean (SD) 5.4 (2.0) 8.4 (6.1) 5.3 (2.1) 8.5 (2.8) 6.1 (2.6) 9.3 (3.6) < 0.001;
Median (IQR) 5.0 (4.0–6.5) 7.1 (5.0–8.7) 5.0 (3.8–6.4) 8.2 (6.2–10.9) 6.0 (3.8–7.3) 8.4 (6.9–11.0) < 0.001°
Lymphocytes (*109/L)
Mean (SD) 1.2 (0.5) 1.7 (1.4) 1.2 (0.6) 1.6 (1.6) 1.5 (0.6) 1.8 (0.8) < 0.001;
Median (IQR) 1.1 (0.8–1.4) 1.3 (1.0–1.7) 1.1 (0.8–1.6) 1.3 (1.0–1.6) 1.5 (1.0–1.9) 1.7 (1.2–2.5) < 0.001°
Neutrophils (*109/L)
Mean (SD) 3.9 (2.1) 6.0 (6.2) 3.6 (2.0) 6.2 (3.1) 3.9 (1.9) 6.7 (3.3) < 0.001;
Median (IQR) 3.5 (2.6–4.7) 4.0 (2.7–5.7) 3.1 (2.3–4.3) 5.2 (3.8–9.5) 3.7 (2.9–4.9) 5.7 (4.3–8.4) < 0.001°
Platelets (*109/L)
Mean (SD) 193.1 (72.0) 241.6 (119.2) 192.2 (62.0) 220.3 (57.6) 223.8 (76.3) 257.4 (92.3) < 0.001;
Median (IQR) 182.0 (148–223) 207.0 (181–270) 180 (148–221) 220.5 (193–253) 197.0 (156–273) 242.0 (200–296) < 0.001°
CRP (mg/dL)
Mean (SD) 5.1 (5.2) 5.9 (5.6) 3.5 (4.6) 5.8 (6.9) 3.1 (6.0) 3.5 (4.8) 0.004;
Median (IQR) 3.2 (1.5–6.9) 5.2 (1.3–8.8) 1.9 (0.7–3.5) 3.7 (0.3–8.6) 0.6 (0.1–3.0) 1.3 (0.2–4.1) 0.003°
LDH (U/L)
Mean (SD) 525.4 (270.3) 469.5 (204.6) 456.8 (137.0) 418.0 (186.8) 401.5 (118.4) 423.3 (334.8) 0.003;
Median (IQR) 489.0 (394–606) 431.0 (366–553) 433.0 (373–520) 381.0 (320–484) 371.9 (351–460) 357.0 (299–441) < 0.001°
SpO2 (%)
Mean (SD) 95.2 (3.2) 94.9 (3.5) 95.0 (3.7) 95.2 (3.3) 97.1 (2.1) 96.5 (2.5) < 0.001;
Median (IQR) 95.7 (94.3–96.9) 95.6 (93.7–97.5) 95.9 (93.8–97.2) 95.3 (92.4–98.1) 97.8 (96.0–98.7) 96.9 (95.3–98.2) < 0.001°

Proportions by age, sex, outcomes, and blood tests expressed in mean (SD) and median (IQR) according to CT and RT-PCR classes [n (% col)]. p value
of Pearson’s chi-squared test (or Fisher exact test) for the hypothesis of independence in the two-way table for categorical variables and p value of one-
way ANOVA for continuous variables

CRP C-reactive protein, LDH lactate dehydrogenase, SpO2 oxygen saturation level

p°: p value for coef. of category in a linear regression adjusted for sex and age (< 60, ≥ 60)
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suggests that the data observed in high-prevalence pop-
ulations should not be used to forecast PPV in low-
probability populations. In fact, it is plausible that in
low-prevalence settings, some of these blood tests could
be used to select patients to be referred to CT, increas-
ing the prevalence by a factor of two or three, an in-
crease that cannot be observed in a high-prevalence
population.

A recent study has assessed CT diagnostic performance in
Italy by using only one threshold (positive versus negative CT
scan) and two RT-PCR within 24 h as the reference standard
in 158 patients. Results were similar to those obtained in our
study with lower positivity threshold: sensitivity and specific-
ity of 97% (95% CI, 88–99%) and 56% (95% CI, 45–66%),
respectively [21].

A meta-analysis estimated a 94% sensitivity and a 37%
specificity of CT scan for RT-PCR-confirmed COVID-19
[20]. In the largest study conducted in China on over 1000
patients, CT scan presented similar sensitivity (97%) but low-
er specificity and PPV (25% and 65%, respectively) [22].

Given the lower RT-PCR positive rate (59.2%) and high rate
of RT-PCR-negative CT-positive patients who were eventu-
ally classified as probable COVID-19 according to their glob-
al clinical course (81%), it is plausible to think that the RT-
PCR false negative rate was higher in the study by Ai et al,
leading to underestimating CT specificity and PPV.
Accordingly, in our study, when applying different reference
standards so as to reduce RT-PCR false negative rates, spec-
ificity rose to 84% and PPV to 96% at the higher CT suspicion
level.

Furthermore, in China, CT scan has been proposed and is
used as a screening tool in asymptomatic or mildly symptom-
atic patients [14, 23], who are more likely to have low viral
loads and false negative RT-PCR results [24]. Thus, the com-
bination of an increase in clinical sensitivity of the reference
standard, the application of CT only to symptomatic cases
presenting in ER, and a greater knowledge of COVID-19
CT findings in the radiology community thanks to the
pioneering studies from China may explain the higher CT
specificity estimate in our study.

Table 2 CT findings in CT classes

Highly suggestive CT Suggestive CT Non-suggestive CT p*

Positive RT-PCR
(n = 423)

Negative RT-PCR
(n = 31)

Positive RT-PCR
(n = 97)

Negative RT-PCR
(n = 30

Positive RT-PCR
(n = 31)

Negative RT-PCR
(n = 84)

n (%) n (%) n (%) n (%) n (%) n (%)

Ground-glass 423 (100) 30 (96.8) 95 (97.9) 28 (93.3) 14 (45.2) 30 (35.7) < 0.001

Consolidation 259 (61.2) 20 (64.5) 55 (56.7) 21 (70.0) 12 (38.7) 29 (34.5) < 0.001

Extension < 0.001
< 20 138 (32.6) 11 (35.5) 66 (68.0) 15 (50.0) 14 (45.2) 39 (46.4)

20–40 200 (47.3) 11 (35.5) 24 (24.7) 8 (26.7) 2 (6.5) 2 (2.4)

40–60 59 (14.0) 5 (16.1) 1 (1.0) 3 (10.0) 0 (0) 0 (0)

> 60 26 (6.2) 4 (12.9) 6 (6.2) 4 (13.3) 1 (3.2) 2 (2.4)

Missing 0 (0) 0 (0) 0 (0) 0 (0) 14 (45.2) 41 (28.2)

Proportions of CT findings across CT and RT-PCR classes [n (% col)]

*Fisher’s exact test and p value for the hypothesis of independence in the two-way table

Fig. 4 Examples of discordant cases between CT and RT-PCR. a Focal
polygonal consolidation without ground-glass opacity, considered as
non-suggestive at CT scan but resulting in positive RT-PCR test. b
Bilateral (mostly right) patchy ground-glass opacities, with small areas

of consolidation, which was classified as highly suggestive, resulting in a
first negative RT-PCR, followed by a positive RT-PCR performed 7 days
later
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It is not surprising that in the outbreak peak phase, with
very high disease incidence, the proportion of RT-PCR posi-
tive among non-suspicious CT was quite high, as the patient
has not yet developed pneumonia or will never develop pneu-
monia even if infected. In fact, almost one half of these pa-
tients in our study had no CT abnormalities.

Limitations and strengths

The main limitation of this study, in common with all the
others with a similar aim, is that CT and RT-PCR target two
different conditions, e.g., COVID-19 pneumonia and SARS-
CoV-2 infection; using one as the reference standard of the
other thus introduces methodological challenges. Any RT-
PCR false negative will result in an overestimation of CT false
positives. Nevertheless, our estimate of RT-PCR sensitivity in
this population is about 92.3%, consistent with the 89% esti-
mate of a recent systematic review [20]. Several biases can
affect this estimate because retesting of RT-PCR-negative CT-
positive cases was not systematic in our study.

Radiologists were not blinded to clinical presentation and
blood tests, which is common in real practice, but it should be
considered if the results were applied to settings where this in-
formation is not yet available. Also, as a consequence of how the
reporting was structured and of the need to be rapid and concise
during the epidemic phase of the disease, we collected only some
of the CT findings of COVID-19. This approach is surely less
accurate than the retrospective review performed by experienced

thoracic radiologists adopted by most studies, but it is more rep-
resentative of the real-life diagnostic process.

Implications for practice

The results of this study are not intended to produce evidence
to be generalized to all clinical scenarios. Nevertheless, we
show high sensitivity and high positive predictive value of
CT for COVID-19 pneumonia in the epidemic setting.

The specific phase during which the study was conducted
reflects one of the scenarios proposed by the Fleischner
Society [17], characterized by a high number of symptomatic
patients presenting to the ERs, high pre-test probability, and
unavailability of rapid virological testing.

Further studies are needed to assess specificity and PPV in
lower prevalence settings. Also, a structured report for
suspected COVID-19 patients may help in monitoring the pro-
portion of positive results and the PPV of different positivity
thresholds in different phases of the epidemic. Moreover, in-
cluding CT from the pre-epidemic period [13] may help in
assessing specificity to be projected in periods when COVID-
19 could cyclically shift from endemic to epidemic phases.

Conclusions

In a high-prevalence setting (during the outbreak peak), CT
presented a high PPV and may thus be considered a good

Table 3 CT diagnostic accuracy

Highly suggestive CT findings

TP FP TN FN Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Reference standard 1
Prevalence 79.2%

423 31 114 128 76.77%
(73.0–80.2%)

78.62%
(71.0–85.0%)

93.17%
(90.4–95.3%)

47.11%
(40.7–53.6%)

Reference standard 2
Prevalence 80.9%

428 26 107 135 76.02%
(72.3–79.5%)

80.45%
(72.7–86.8%)

94.27%
(91.7–96.2%)

44.21%
(37.9–50.7%)

Reference standard 3
Prevalence 85.6%

438 16 84 158 73.49%
(69.8–77.0%)

84.00%
(75.3–90.6%)

96.48%
(94.3–98.0%)

34.71%
(28.7–41.1%)

Highly suggestive + suggestive CT findings

TP FP TN FN Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Reference standard 1
Prevalence 79.2%

520 61 84 31 94.37%
(92.1–96.1%)

57.93%
(49.5–66.1%)

89.50%
(86.7–91.9%)

73.04%
(64.0–80.9%)

Reference standard 2
Prevalence 80.9%

526 55 78 37 93.43%
(91.1–95.3%)

58.65%
(49.8–67.1%)

90.53%
(87.9–92.8%)

67.83%
(58.5–76.2%)

Reference standard 3
Prevalence 85.6%

539 42 58 57 90.44%
(87.8–92.7%)

58.0%
(47.7–67.8%)

92.77%
(90.4–94.7%)

50.43%
(41.0–59.9%)

Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) with respective 95% confidence intervals (CI) for two levels
of CT-based probability of COVID-19 pneumonia (highly suggestive only and highly suggestive plus suggestive findings), and for three reference
standards: (1) the first RT-PCR; (2) plus repeated RT-PCR tests (within 15 days) in patients with negative first RT-PCR; if RT-PCRwas not repeated the
patient was considered negative; (3) as in the second scenario, but negative patients who were not retested with RT-PCR were classified as positive or
negative in the same proportion of patients who were actually retested in each group of CT-based probability of COVID-19
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reference to help clinicians to recognize and triage COVID-19
patients while waiting for RT-PCR diagnostic confirmation.
Our results also confirm that in case of negative RT-PCR and
highly suggestive CT findings, RT-PCR should be repeated;
the patient should remain isolated, given the high probability
of RT-PCR false negatives in this group.

Acknowledgments We thank Jacqueline Costa for the English language
editing. The following are the members of the Reggio Emilia COVID-19
Working group: Massimo Costantini, Giulio Formoso, Manuela
Bedeschi, Cinzia Perilli, Ivano Venturi, Eufemia Bisaccia, Elisabetta La
Rosa, Cinzia Campari, Francesco Gioia, Serena Broccoli, Marta Ottone,
Pierpaolo Pattacini, Giulia Besutti, Valentina Iotti, Lucia Spaggiari,
Pamela Mancuso, Andrea Nitrosi, Marco Foracchia, Rossana Colla,
Alessandro Zerbini, Marco Massari, Giovanni Dolci, Romina Corsini,
Fabio Sampaolesi, Anna Maria Ferrari, Mirco Pinotti, Nicola
Facciolongo, Ivana Lattuada, Laura Trabucco, Stefano De Pietri,
Giorgio Francesco Danelli, Laura Albertazzi, Enrica Bellesia, Simone
Canovi, Mattia Corradini, Tommaso Fasano, Elena Magnani, Annalisa
Pilia, Alessandra Polese, Silvia Storchi Incerti, Piera Zaldini, Efrem
Bonelli, Bonanno Orsola, Matteo Revelli, Carlo Salvarani, Francesco
Venturelli.

Funding information The authors state that this work has not received
any funding.

Compliance with ethical standards

Guarantor The scientific guarantor of this publication is Pierpaolo
Pattacini.

Conflict of interest The authors of this manuscript declare no relation-
ships with any companies, whose products or services may be related to
the subject matter of the article.

Statistics and biometry Two of the authors have significant statistical
expertise (Marta Ottone, Paolo Giorgi Rossi).

Informed consent Written informed consent was obtained from sub-
jects (patients) in the study whenever possible given the retrospective
nature of the study.

Ethical approval Institutional Review Board approval was obtained.

Methodology
• Retrospective (CT data collected prospectively)
• cross-sectional study
• performed at one institution

References

1. Guan WJ, Ni ZY, Hu Y et al (2020) China Medical Treatment
Expert Group for Covid-19. Clinical characteristics of coronavirus
disease 2019 in China. N Engl J Med. https://doi.org/10.1056/
NEJMoa2002032

2. Wu Z, McGoogan JM (2020) Characteristics of and important les-
sons from the coronavirus disease 2019 (COVID-19) outbreak in
China: summary of a report of 72 314 cases from the Chinese
Center for Disease Control and Prevention. JAMA. https://doi.
org/10.1001/jama.2020.2648

3. Grasselli G, Zangrillo A, Zanella A et al (2020) COVID-19
Lombardy ICU Network. Baseline characteristics and outcomes
of 1591 patients infected with SARS-CoV-2 admitted to ICUs of
the Lombardy Region, Italy. JAMA. https://doi.org/10.1001/jama.
2020.5394

4. Saglietto A, D’Ascenzo F, Zoccai GB, De Ferrari GM (2020)
COVID-19 in Europe: the Italian lesson. Lancet;s0140-6736:
30690–5. https://doi.org/10.1016/S0140-6736(20)30690-5

5. Patel R, Babady E, Theel ES et al (2020) Report from the American
Society for Microbiology COVID-19 International Summit, 23
March 2020: Value of Diagnostic Testing for SARS-CoV-2/
COVID-19. mBio 11(2):e00722-20. https://doi.org/10.1128/mBio.
00722-20

6. Winichakoon P, Chaiwarith R, Liwsrisakun C et al (2020) Negative
nasopharyngeal and oropharyngeal swab does not rule out COVID-
19. J Clin Microbiol. https://doi.org/10.1128/JCM.00297-20

7. Wu J, Wu X, Zeng W et al (2020) Chest CT findings in patients
with corona virus disease 2019 and its relationship with clinical
features. Invest Radiol . ht tps: / /doi .org/10.1097/RLI.
0000000000000670

8. Zhao W, Zhong Z, Xie X, Yu Q, Liu J (2020) Relation between
chest CT findings and clinical conditions of coronavirus disease
(COVID-19) pneumonia: a multicenter study. AJR Am J
Roentgenol 3:1–6. https://doi.org/10.2214/AJR.20.22976

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

10. Revel MP, Parkar AP, Prosch H et al (2020) COVID-19 patients
and the radiology department - advice from the European Society of
Radiology (ESR) and the European Society of Thoracic Imaging
(ESTI). Eur Radiol:1–7. https://doi.org/10.1007/s00330-020-
06865-y

11. Chen X, Tang Y, Mo Y et al (2020) A diagnostic model for coro-
navirus disease 2019 (COVID-19) based on radiological semantic
and clinical features: a multi-center study. Eur Radiol. https://doi.
org/10.1007/s00330-020-06829-2

12. Bernheim A, Mei X, Huang M et al (2020) Chest CT findings in
coronavirus disease-19 (COVID-19): relationship to duration of
infection. Radiology. 20:200463. https://doi.org/10.1148/radiol.
2020200463

13. Bai HX, Hsieh B, Xiong Z et al (2020) Performance of radiologists
in differentiating COVID-19 from viral pneumonia on chest CT.
Radiology. 10:200823. https://doi.org/10.1148/radiol.2020200823

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

15. Lee EYP, Ng MY, Khong PL (2020) COVID-19 pneumonia: what
has CT taught us? Lancet Infect Dis 20(4):384–385

16. American College of Radiology. ACR recommendations for the
use of chest radiography and computed tomography (CT) for
suspected COVID-19 infection. March 11, 2020. Available via
https://www.acr.org/Advocacy-and-Economics/ACR-Position-
Statements/Recommendations-for-Chest-Radiography-and-CT-
for-Suspected-COVID19-Infection (Accessed 15 Apr 2020)

17. Rubin GD, Ryerson CJ, Haramati L et al (2020) The role of chest
imaging in patient management during the COVID-19 pandemic: a
multinational consensus statement from the Fleischner Society.
Radiology. 7:201365. https://doi.org/10.1148/radiol.2020201365

18. Favaloro EJ, Lippi G (2020) Recommendations for minimal labo-
ratory testing panels in patients with COVID-19: potential for prog-
nostic monitoring. Semin Thromb Hemost. https://doi.org/10.1055/
s-0040-1709498

19. Zhou F, Yu T, Du R et al (2020) Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a

6826 Eur Radiol  (2020) 30:6818–6827

https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1016/S0140-6736(20)30690-5
https://doi.org/10.1128/mBio.00722-20
https://doi.org/10.1128/mBio.00722-20
https://doi.org/10.1128/JCM.00297-20
https://doi.org/10.1097/RLI.0000000000000670
https://doi.org/10.1097/RLI.0000000000000670
https://doi.org/10.2214/AJR.20.22976
https://doi.org/10.1007/s00330-020-06731-x
https://doi.org/10.1007/s00330-020-06865-y
https://doi.org/10.1007/s00330-020-06865-y
https://doi.org/10.1007/s00330-020-06829-2
https://doi.org/10.1007/s00330-020-06829-2
https://doi.org/10.1148/radiol.2020200463
https://doi.org/10.1148/radiol.2020200463
https://doi.org/10.1148/radiol.2020200823
https://doi.org/10.1007/s00330-020-06817-6
https://doi.org/10.1007/s00330-020-06817-6
https://www.acr.org/Advocacynd-conomics/ACR-osition-tatements/Recommendationsor-hest-adiographynd-Tor-uspected-OVID19-nfection
https://www.acr.org/Advocacynd-conomics/ACR-osition-tatements/Recommendationsor-hest-adiographynd-Tor-uspected-OVID19-nfection
https://www.acr.org/Advocacynd-conomics/ACR-osition-tatements/Recommendationsor-hest-adiographynd-Tor-uspected-OVID19-nfection
https://doi.org/10.1148/radiol.2020201365
https://doi.org/10.1055/s-0040-1709498
https://doi.org/10.1055/s-0040-1709498


retrospective cohort study. Lancet. 395(10229):1054–1062. https://
doi.org/10.1016/S0140-6736(20)30566-3

20. Kim H, Hong H, Yoon SH (2020) Diagnostic performance of CT
and reverse transcriptase-polymerase chain reaction for coronavirus
disease 2019: a meta-analysis. Radiology. 201343. https://doi.org/
10.1148/radiol.2020201343

21. Caruso D, Zerunian M, Polici M et al (2020) Chest CT features of
COVID-19 in Rome, Italy. Radiology 3:201237. https://doi.org/10.
1148/radiol.2020201237

22. Ai T, Yang Z, Hou H et al (2020) Correlation of chest CT and RT-
PCR testing in coronavirus disease 2019 (COVID-19) in China: a
report of 1014 cases. Radiology. 26:200642. https://doi.org/10.
1148/radiol.2020200642

23. Fang Y, Zhang H, Xie J et al (2020) Sensitivity of Chest CT for
COVID-19: Comparison to RT-PCR. Radiology. 19:200432.
https://doi.org/10.1148/radiol.2020200432

24. Lippi G, Simundic AM, Plebani M (2020) Potential preanalytical
and analytical vulnerabilities in the laboratory diagnosis of corona-
virus disease 2019 (COVID-19). Clin Chem Lab Med. https://doi.
org/10.1515/cclm-2020-0285

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

6827Eur Radiol  (2020) 30:6818–6827

https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1148/radiol.2020201343
https://doi.org/10.1148/radiol.2020201343
https://doi.org/10.1148/radiol.2020201237
https://doi.org/10.1148/radiol.2020201237
https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.1148/radiol.2020200432
https://doi.org/10.1515/cclm-2020-0285
https://doi.org/10.1515/cclm-2020-0285

	Accuracy of CT in a cohort of symptomatic patients with suspected COVID-19 pneumonia during the outbreak peak in Italy
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Setting
	Study design
	Study population
	Reference standard
	CT acquisition technique
	CT analysis and structured reporting
	Blood tests
	Statistical analyses

	Results
	Population
	CT findings
	CT diagnostic accuracy
	Blood tests

	Discussion
	Limitations and strengths
	Implications for practice
	Conclusions
	References


