European Radiology (2020) 30:6797-6807
https://doi.org/10.1007/500330-020-07022-1

CHEST m

Check for
updates

A predictive model and scoring system combining clinical
and CT characteristics for the diagnosis of COVID-19

Le Qin' - Yanzhao Yang' - Qigi Cao’ - Zenghui Cheng" - Xiaoyang Wang? - Qingfeng Sun? - Fuhua Yan' -
Jieming Qu* - Wenjie Yang'

Received: 7 April 2020 /Revised: 21 May 2020 / Accepted: 9 June 2020 / Published online: 1 July 2020
© European Society of Radiology 2020

Abstract

Objectives To develop a predictive model and scoring system to enhance the diagnostic efficiency for coronavirus disease 2019

(COVID-19).

Methods From January 19 to February 6, 2020, 88 confirmed COVID-19 patients presenting with pneumonia and 80 non-

COVID-19 patients suffering from pneumonia of other origins were retrospectively enrolled. Clinical data and laboratory results

were collected. CT features and scores were evaluated at the segmental level according to the lesions’ position, attenuation, and

form. Scores were calculated based on the size of the pneumonia lesion, which graded at the range of 1 to 4. Air bronchogram,

tree-in-bud sign, crazy-paving pattern, subpleural curvilinear line, bronchiectasis, air space, pleural effusion, and mediastinal and/

or hilar lymphadenopathy were also evaluated.

Results Multivariate logistic regression analysis showed that history of exposure (3= 3.095, odds ratio (OR) =22.088), leuko-

cyte count (6 =—1.495, OR =0.224), number of segments with peripheral lesions (5= 1.604, OR = 1.604), and crazy-paving

pattern (5=2.836, OR =2.836) were used for establishing the predictive model to identify COVID-19-positive patients

(p <0.05). In this model, values of area under curve (AUC) in the training and testing groups were 0.910 and 0.914, respectively

(p<0.001). A predicted score for COVID-19 (PSC-19) was calculated based on the predictive model by the following formula:

PSC-19 =2 x history of exposure (0—1 point) — 1 x leukocyte count (0-2 points) + 1 x peripheral lesions (0—1 point) + 2 x crazy-

paving pattern (0—1 point), with an optimal cutoff point of 1 (sensitivity, 88.5%; specificity, 91.7%).

Conclusions Our predictive model and PSC-19 can be applied for identification of COVID-19-positive cases, assisting physi-

cians and radiologists until receiving the results of reverse transcription—polymerase chain reaction (RT-PCR) tests.

Key Points

* Prediction of RT-PCR positivity is crucial for fast diagnosis of patients suspected of having coronavirus disease 2019 (COVID-19).

* Typical CT manifestations are advantageous for diagnosing COVID-19 and differentiation of COVID-19 from other types of
pneumonia.

* A predictive model and scoring system combining both clinical and CT features were herein developed to enable high
diagnostic efficiency for COVID-19.
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Abbreviations

AUC Area under curve
CAP Community-acquired pneumonia
CDC Centers for Disease Control and Prevention

CI Confidence interval

COVID-19 Coronavirus disease 2019

CRP C-reactive protein

GGO Ground glass opacity

OR Odds ratio

PSC-19 Predictive score for COVID-19

ROC Receiver operating characteristic

RT-PCR Reverse transcription—polymerase
chain reaction

SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2

WHO World Health Organization

Introduction

In December 2019, an outbreak of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection was report-
ed in Wuhan, Hubei Province, China [1]. On February 12,
2020, the World Health Organization (WHO) officially
named the disease as coronavirus disease 2019 (COVID-19).
The human-to-human transmission of COVID-19 can be re-
alized through respiratory droplets, direct contact, and even a
fecal-oral route [2, 3]. Although prevention and control mea-
sures have been applied, COVID-19 cases are no longer lim-
ited in Wuhan. Concerning the continuously increased num-
ber of infected patients and countries, the WHO adjusted the
risk of spread of COVID-19 to “very high at a global level” on
February 28, 2020. Therefore, rapid diagnosis of infected pa-
tients is indeed vital.

The common clinical symptoms of COVID-19 include fe-
ver, cough, headache, or fatigue. Patients can present normal
or abnormal leukocyte counts, lymphopenia, or thrombocyto-
penia, with extended activated thromboplastin time and in-
creased C-reactive protein (CRP) level [1-3]. The comorbid-
ities including respiratory failure, acute respiratory distress
syndrome, acute renal injury, and acute cardiac injury can also
occur in severe cases, resulting in the poor prognosis of pa-
tients. Radiological examinations are highly significant for the
early detection and management of COVID-19. To date, the
reported typical chest CT manifestations involve multifocal
bilateral patchy ground glass opacity (GGO) and consolida-
tion, with a peripheral, posterior and lower predominance in
the lungs [4, 5].

At present, reverse transcription—polymerase chain reac-
tion (RT-PCR) test remains the reference standard to make a
definitive diagnosis of COVID-19 infection. The COVID-19
RT-PCR test aims to qualitatively detect nucleic acid from
SARS-CoV-2 in upper and lower respiratory specimens
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(e.g., nasopharyngeal or oropharyngeal swabs, sputum, lower
respiratory tract aspirates, bronchoalveolar lavage, and naso-
pharyngeal wash/aspirate or nasal aspirate) collected from in-
dividuals suspected of having COVID-19. However, several
studies demonstrated that COVID-19 patients with pulmonary
involvement on CT could have negative results of RT-PCR,
including 36 of 51 (71%) patients reported by Fang et al [6], 5
of 167 (3%) patients presented by Xie et al [7], and a case
introduced by Huang et al [8]. RT-PCR tests were repeated for
these patients and positive results achieved thereafter. The
reasons for false-negative RT-PCR results may be related to
limitation of nucleic acid detection technologies, inappropri-
ate methods of sampling, low viral load in patients, or improp-
er timing of sampling for RT-PCR. Furthermore, RT-PCR test
is generally performed by the Centers for Disease Control and
Prevention (CDC), and it cannot be therefore carried out on-
site. This workflow may be time-consuming and cause delay
in the final diagnosis.

The fever observation department, as an independent emer-
gency department dedicated to patients with fever, was rapidly
established in China. It undertakes diagnosis and investigation
of suspected patients, as well as being the frontline of screen-
ing and diagnosing patients with COVID-19. Differential di-
agnosis is crucial to the early quarantine of suspected patients
with fever and the prevention of transmission. Non-SARS-
CoV-2 infected pneumonia, basically community-acquired
pneumonia (CAP), which has similar clinical symptoms and
imaging findings, mimicking COVID-19 pneumonia, remains
the most frequent lung disease to be differentiated in the fever
observation department.

Therefore, the purpose of the present study was to develop
a predictive model and scoring system to improve the diag-
nostic efficiency for COVID-19 via analysis of clinical fea-
tures, laboratory data, and CT manifestations of study subjects
presenting with COVID-19 pneumonia versus non-COVID-
19 pneumonia.

Materials and methods
Study subjects and design

This retrospective bi-center study was approved by the
Institutional Review Board. Written informed consent was
waived. Herein, from January 19 to February 6, 2020, 311
patients were enrolled at the fever observation department.
Inclusion criteria for patients suspected of COVID-19 were
set according to the sixth edition of the Diagnosis and
Treatment Program of COVID-19 proposed by The National
Health Commission of the People’s Republic of China: (1)
epidemiological history: history of travel to Wuhan or history
of residence in Wuhan or other areas with continuous trans-
mission of local cases within 14 days before the onset of the
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disease, history of contact with COVID-19 patients within
14 days before the onset of the disease, and clustering or
epidemiological association with COVID-19, and (2) clinical
features: fever and/or disorder of the respiratory system, im-
aging manifestations of COVID-19 pneumonia, normal or
reduced leukocyte count, or reduced lymphocyte count.
Patients with epidemiological history and any two of the three
above-mentioned clinical features and patients without epide-
miological history and with all the three clinical features were
classified by the multiple-disciplinary expert group as
suspected [9].

All the suspected patients were tested by RT-PCR. Throat
and nose swab specimens were obtained. A total of 106 pa-
tients with positive results of RT-PCR tests conducted at
Shanghai Municipal CDC were included and considered as
COVID-19-positive cases. The RT-PCR tests were repeated
for 21 COVID-19 patients because results of the first RT-PCR
tests were negative. Patients with negative chest CT manifes-
tation (n=12, 11.3%), missing data (n =5, 4.7%), and poor
quality of CT images (n =1, 0.9%) were excluded. Cases with
the negative results of RT-PCR tests at least twice consecu-
tively were considered as non-COVID-19. For 205 with neg-
ative results of RT-PCR, pneumonia was diagnosed based on
the Infectious Diseases Society of America/American
Thoracic Society (IDSA/ATS) guidelines [10]. In brief, pa-
tients with at least one of the clinical symptoms of cough,
sputum, fever, dyspnea, and pleuritic chest pain, plus at least
one finding of coarse crackles on auscultation or elevated
inflammatory biomarkers, in addition to a new pulmonary
infiltration on chest CT, were diagnosed to have pneumonia.
Patients with poor quality of medical images (n =6, 2.9%),
negative chest CT manifestation (n =78, 38.0%), lung cancer

Table 1  Etiology of COVID-19-negative cases
Etiology Number of
patients

Bacterial infection 33
Moycobacterium tuberculosis complex 2
Influenza virus A 2
Influenza virus B 1
Influenza virus B and mycoplasma 2
Mycoplasma 1
Undetermined* 39
Total 80

*13 patients had negative respiratory tract IgM including legionella type
1; mycoplasma; Coxiella burnetii; Chlamydia pneumoniae; adnovirus; R
syncytial virus A and B (RSVA and RSVB); influenza virus A and B
(FIuA and B); parainfluenza virus 1, 2, 3, and 4 (PIV1, 2, 3, and 4);
coronavirus OC43 type; coronavirus 229E/NL63 type; human
metapneumovirus (HMPV); human rhinovirus (HRV); enterovirus
(EV); and human bocavirus (H BoV). And the other 26 patients had
negative FluA and B IgM

(n=3, 1.5%), and missing data (n = 38, 18.5%) were exclud-
ed. Throat and nose swab specimens of COVID-19-negative
patients were tested by IgM antibody and influenza viruses A
and B as appropriate for the detection of etiology. Bacterial
infection was also diagnosed according to the IDSA/ATS
guidelines (Table 1) [10]. Finally, a total of 168 patients, in-
cluding 88 COVID-19-positive and 80 COVID-19-negative
subjects, were included in the present study (Fig. 1).

Clinical data

All the clinical data related to the subjects’ demographic char-
acteristics and laboratory results were retrospectively
reviewed and collected.

Imaging data analysis

All images were downloaded from picture archiving and com-
munication systems (PACS), and made anonymous by a com-
puter engineer. Then, the images were uploaded to PACS for
analysis. Two radiologists, each with more than 10 years of
experience in thoracic imaging, who were blinded to clinical
data reviewed all CT images in a consensus reading.

The location of the lesions was classified as the predomi-
nantly center and predominantly periphery according to the
location at either the inner or outer half of the lung field. The
attenuation of the lesions was classified as GGO, mixed GGO,
and consolidation. In particular, a segment with mixed GGO
was marked as both GGO and consolidation. Similarly, a seg-
ment with both peripheral and central lesions was symbolized
with both periphery and center. The pattern of the lesions was
sorted into patchy and oval. The oval lesion refers to a round-
ed or oval, well-circumscribed opacity, and the patchy lesion
is an ill-defined and irregular opacity. The number of affected
lung lobes and segments was also counted. Scores were
achieved based on the size of the lesions as grade 1 (diameter,
<1 cm), grade 2 (diameter, 1-3 cm), grade 3 (diameter, 3 cm
to 50% of the segment), or grade 4 (over 50% of the segment).
Other CT features, such as air bronchogram, tree-in-bud sign,
crazy-paving pattern, subpleural curvilinear line, bronchiecta-
sis, air space, pleural effusion, and mediastinal and/or hilar
lymphadenopathy were evaluated as well. All the terms were
defined according to the glossary of terms for chest imaging
presented by the Fleischner Society [11].

Statistical analysis

One hundred sixty-eight patients were randomly classified
into a training group (118 patients, 70.2%, 62 COVID-19
and 56 non-COVID-19 patients) and a testing group (50 pa-
tients, 29.8%, 26 COVID-19 and 24 non-COVID-19 pa-
tients). Normally and abnormally distributed continuous data
were expressed as mean =+ standard deviation and median
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Fig. 1 Flowchart of the study.
COVID-19, coronavirus disease
2019; RT-PCR, reverse
transcription—polymerase chain
reaction

Patients suspected of COVID-19
(n=311)

A

Negative CT
(n=12)

(0=5)

Clinical data missing |

(0=1)

Poor CT image quality|

RT-PCR RT-PCR negative
positive (n=106) (n=205)
_ |Poor CT image quality]
(n=6)
Negative CT
(n=78)

Lung cancer

(0=3)

| Clinical data missing
(n=38)

A 4 \ 4

RT-PCR positive patients enrolled

RT-PCR negative patients enrolled
(n=88) (n=80)

(25th percentile, 75th percentile), respectively. These data
were then analyzed by unpaired ¢ test and Mann—Whitney U
test, accordingly. The categorical data were expressed as
count (%) and analyzed by chi-square test or Fisher’s exact.
Data with p <0.1 were retained. Then, the continuous data
were categorized. Due to the sample size of our training group,
at most 10 variables were selected for multivariate logistic
regression analysis. Logistic regression analysis was per-
formed with stepwise forward likelihood ratio selection meth-
od. Cut-off values were identified by plotting the receiver
operating characteristic (ROC) curve. Area under curve
(AUC) was calculated for both training and testing groups.
p<0.05 was considered as statistically significant. All data
were analyzed by SPSS 22.0 (IBM) and GraphPad Prism
8.0.2 (GraphPad Software Inc) software.

Results
Clinical data and CT features

Baseline characteristics of all 168 patients are summarized in
Table 2. Data related to history of exposure, leukocyte count,

@ Springer
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Overall 168 patients enrolled

neutrophil count, platelet count, and time interval from symp-
tom onset to CT scan were significantly different between
COVID-19-positive and COVID-19-negative groups
(p <0.001). Regarding the CT features, the number of affected
lobes and segments, segments with peripheral, GGO, consol-
idation, and patchy lesions in the positive group, was signifi-
cantly higher than that in the negative group (p <0.001). In
addition, the air bronchogram, crazy-paving pattern,
subpleural curvilinear line, and bronchiectasis were signifi-
cantly more common in the positive group than in the negative
group (p <0.05). However, the tree-in-bud sign was signifi-
cantly less common in the positive group compared with the
negative group (p<0.001). Table 3 presents CT
manifestations.

Clinical and radiological risk factors for RT-PCR-
positive

Clinical and laboratory results were categorized to 0—1 or
0-2 points for logistic regression analysis (Table 4).
History of exposure [5=2.090; odds ratio (OR)=8.086;
95% CI (confidence interval), 3.339-19.583, p<0.001]
and leukocyte count (=-1.741; OR=0.175; 95% CI,
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Table 2  Patients’ clinical characteristics
Characteristics COVID-19 (n=288) Non-COVID-19 (n=80) Overall (n=168) p value
Clinical characteristics
Age 473+12.4 42.8+173 452+15.1 0.053
Male 42, 47.7% 30, 37.5% 72,42.9% 0.182
History of exposure 68, 77.3% 20, 25% 88, 52.4% <0.001
Laboratory tests
Leukocyte count (x10° per L) (range, 3.5-9.5) 4.6 (3.5,5.7) 6.8 (4.5,9.1) 5439,72) <0.001
Decrease 23 6 29
Increase 1 17 18
Neutrophil count (% 10° per L) (range, 1.8-6.3) 2.9(2.0,3.9) 442.7,7.0) 33(3,52) <0.001
Decrease 17 7 24
Increase 3 23 26
Lymphocyte count (x 10° per L) (range 1.1-3.2) 1.2 (1.0, 1.6) 1.3 (1.0, 1.9) 1.3 (1.0, 1.7) 0.115
Decrease 28 26 54
Increase 2 2 4
Platelet count (x 10° per L) (range 125-350) 179.5 (141.0, 223.5) 217.5 (174.5, 274.8) 202 (152.3,250.3) <0.001
Decrease 5 10 15
Increase 5 4 9
C-reactive protein (mg/L, 0.0-6.0) 8.6 (3.1,23.4) 12.1 (3.1, 33.6) 10.1 (3.1, 25.5) 0.363
Increase 32 56 88

COVID-19 coronavirus disease 2019

0.056-0.553, p =0.003) were significantly associated with
positive RT-PCR results for COVID-19 (p <0.001). AUC
values in the training and testing groups were 0.813 and
0.849, respectively (p<0.001) (Fig. 2). In addition to
these two clinical features, the number of segments with
peripheral lesions and GGO lesions, total CT score, total
number of affected segments, air bronchogram, tree-in-
bud sign, crazy-paving pattern, and subpleural curvilinear
line were further used for multivariate logistic regression
analysis. The number of segments with peripheral lesions,
the number of segments with GGO, total number of af-
fected segments, and total CT scores were categorized to
0 and 1 point according to the median (Table 4). Finally,
the predictive model that included clinical and CT fea-
tures for RT-PCR positivity was established (Fig. 3).
AUC values of this model in the training and testing
groups were 0.919 and 0.914, respectively (p<0.001)
(Fig. 4). After 0 was divided by 1.5, a predictive score
for COVID-19 (PSC-19) was calculated based on the pre-
dictive model by the following formula: PSC-19 =2 X his-
tory of exposure (0—1 point) — 1 % leukocyte count (02
points) + 1 X number of segments with peripheral lesions
(0—1 point) + 2 X crazy-paving pattern (0—1 point). Thus,
the total score ranges from —2 to 5 points, and all cut-off

values of the scores are presented in Table 5. An optimal
cutoff point of 1 was chosen, with a sensitivity of 91.9%
and a specificity of 66.1% in the training group, and a
sensitivity of 88.5% and a specificity of 91.7% in the
testing group. Examples of high and low PSC-19 for the
diagnosis of COVID-19 and non-COVID-19 pneumonia
are shown in Figs. 5 and 6, respectively.

Discussion

The main finding of the present study was that we managed to
develop a risk prediction model for the presence of COVID-
19 in patients presenting with signs and symptoms of pneu-
monia that was based on clinical, laboratory, and CT imaging
findings in a training group of 118 patients, and comprised
history of exposure to people infected with COVID-19, nor-
mal or decreased leukocyte count, a high number of lung
segments with pathologic CT findings including peripheral
dominance of lesions and presence of crazy-paving patterns
as risk factors for COVID-19. The model was validated in a
test group of 50 patients showing that distinction of COVID-
19 was possible with high test quality parameters in an ROC
analysis.

@ Springer
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Table 3 Patients’ radiological
findings

Table 4 Categorized scores for
clinical, laboratory, and
radiological results

@ Springer

Radiological COVID-19 (n=88) Non-COVID-19 Overall (n=168) p value
characteristics (n=280)
Onset-CT interval (days) 55(3.3,7.8) 3.0(1.3,6.0) 4.0 (2.0, 7.0) <0.001
Lobes involved 4.0 (2.0,5.0) 2.0(1.0,3.0) 3.0 (1.0, 4.0) <0.001
Segments involved 8.0 (3.3, 12.0) 3.0 (1.0, 5.0) 5.0 (2.0,9.0) <0.001
Pulmonary infiltration (number of

segments involved, at the segmental level)
Density

GGO 7.0 (3.0, 11.0) 2.0 (1.0, 4.0) 4.0 (1.0, 8.0) <0.001

Consolidation 5.0 (2.0, 10.0) 2.0(1.0,3.0) 3.0 (1.0, 6.8) <0.001
Location

Periphery 8.0 (3.3, 12.0) 2.0 (1.0, 4.0) 4.0 (2.0, 8.0) <0.001

Center 0.0 (0.0, 2.0) 1.0 (0.0, 2.8) 1.0 (0.0, 2.0) 0.188
Form

Patchy 5.0 (2.0, 11.0) 2.0 (1.0,4.0) 4.0 (1.0, 8.0) <0.001

Oval 0.0 (0.0, 2.0) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.130

CT score 14.0 (7.0, 24.5) 7.0 (2.0, 12.0) 9.0 (4.0,17.0) <0.001
Other radiological patterns (at the patient level)
Air bronchogram 54, 61.4% 32,40.0% 86, 51.2% 0.006
Tree-in-bud sign 2,2.3% 10, 12.5% 12, 7.1% <0.001
Crazy-paving pattern 59, 67% 12, 15.0% 71, 423% <0.001
Subpleural curvilinear 19, 21.6% 7, 8.8% 26, 15.5% 0.022

line
Bronchiectasis 17,19.3% 1,13% 18, 10.7% <0.001
Air space 6, 6.8% 2,2.5% 8,4.8% 0.191
Lymphadenopathy 2,2.3% 1,1.3% 3,1.8% 0.618
Pleural effusion 4,4.5% 5,63% 9,5.4% 0.625
COVID-19 coronavirus disease 2019, GGO, ground glass opacity
Points
0 1 2

Clinical characteristics

History of exposure Without With -

Laboratory tests
Leukocyte count
Neutrophil count
Platelet count
CT findings

Number of segments with
peripheral lesions
Number of segments with GGO

Total number of affected
segments
Total CT scores

Air bronchogram
Tree-in-bud sign
Crazy-paving pattern

Subpleural curvilinear line

<3.5%10° per L
<1.8x10° per L
<125x10° per L

<8

Without
Without
Without
Without

3.5-9.5x 109 per L
1.8-6.3 x 10° per L
125-350 x 10° per L

>4

>4
>5

>8

With
With
With
With

>9.5x10% per L
> 6.3 %10 per L
>350 x 10 per L

GGO ground glass opacity
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Fig.2 ROC curve of the a Training group b Testing group
predictive model based on the 100 - 100
clinical data. a AUC for the
training group is 0.813 (95% ClI,
0.735-0.891); b AUC for the . 809 . 807
testing group is 0.849 (95% CI, E S
0.737-0.961). Black points S 60 T 60+
represent the cut-off values. ROC, B =
receiver operating characteristic; 2 40 2 40 +
AUC, area under curve; CI, con- $ $
fidence interval 20 20 -
0-r T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100

100% - Specificity%

Since the outbreak of COVID-19 in Wuhan, China,
history of exposure has been deemed as an important di-
agnostic criteria for COVID-19 [5]. However, the exact
role of it in the diagnosis has still remained elusive. Our
current research demonstrated that history of exposure
was, but not the only strong predictor for the diagnosis
of COVID-19. This result has great clinical values, espe-
cially for the current time when the number of cases is
daily rising worldwide [12—14]. On one hand, with the
increased number of cases and emergence of asymptom-
atic infectors, many suspected patients might have ambig-
uous history of exposure to COVID-19 [15]. On the other
hand, in addition to direct human-to-human transmission,
numerous patterns of transmission have been reported,
including contact with contaminated fomites and inhala-
tion of aerosols [16, 17]. It is noteworthy that in the pres-
ent research, we included both COVID-19 patients with-
out history of exposure and non-COVID-19 patients with
history of exposure. Patients who were not confirmed or
denied contact with infected cases were considered as
without history of exposure. This is in accordance with
the current trend that the infection source appears to be
more obscure, as COVID-19 has become a pandemic
worldwide. In addition, our study showed that compared
with non-COVID-19 patients, COVID-19 patients had
significantly lower leukocyte counts. That was reasonable
because a proportion of non-COVID-19 patients were

Fig. 3 Multivariate logistic

100% - Specificity%

clinically diagnosed as bacterial infection with high leu-
kocyte count [18]. Thus, normal or abnormally low leu-
kocyte count was found to be a significant clue for diag-
nosing COVID-19 [19].

To enhance the ability of clinical features to predict
COVID-19-positive, CT features categorized to 0—1 point
were further included to establish the predictive model in
the present study. This is because CT can be rapidly and
conveniently performed in the fever department, and plays
a crucial role in the diagnosis of COVID-19 [20]. In a
study of 1014 patients, Ai et al has reported that positive
chest CT manifestations had high sensitivity for the diag-
nosis of COVID-19, and could also help indicate COVID-
19-positive patients with initially negative but subse-
quently positive RT-PCR results [21]. Lin et al reported
that in patients with laboratory-confirmed COVID-19 in-
fection, abnormal CT findings can proceed clinical symp-
toms which could be useful to provide additional diagnos-
tic information in asymptomatic population with history
of exposure [22]. Furthermore, CT is sensitive enough to
detect GGO lesions in the early stage of COVID-19 which
can be easily overlooked in the chest radiography [23].
Thus, it is an indispensable component for the clinical
diagnosis of COVID-19 [9]. Typical CT manifestations
of COVID-19 have been described including GGO, mixed
GGO, crazy-paving pattern, and multifocal lesions in a
peripheral distribution [19, 24]. Efforts have also been

regression analysis of patients’
clinical and radiological findings.
OR, odds ratio; CI, confidence
interval

Variables B OR (95% CI) P Value
History of exposure —— 3.095 22.088(5.240-93.102) <0.001
Leukocyte count — -1.495 0.224 (0.057-0.886) 0.033
Peripheral lesi — 1.604 4.972 (1.481-16.691) 0.009
Crazy-paving pattern _ 2.836 17.053 (3.750-77.545)  <0.001
| — A T T T
0 1 2 3 4 5§ 35 65 95
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Fig. 4 ROC curve of the a Training group b Testing group
predictive model based on the _ _
clinical and radiological features. 100 100
a AUC for the training group is
0.919 (95% CI, 0.871-0.967); b . 807 . 807
AUC for the testing group is S E
0.914 (95% CI, 0.824-1.000). S 60+ S 604
Black points indicate the cut-off = =
values. ROC, receiver operating 2 40 + 2 40 —
characteristic; AUC, area under $ $
curve; CI, confidence interval 20 4 20 4
0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100

100% - Specificity%

made to distinguish COVID-19 from other types of pneu-
monia by chest CT. Our preliminary study on 33 patients
demonstrated that multifocal, peripheral, and GGO lesions
predominately located in the lower lung field were likely
to indicate COVID-19 [25]. An analysis of SARS re-
vealed that nodule, cavitation, lymphadenopathy, and
pleural effusion were rare findings which could assist dif-
ferentiation of coronavirus infection from other types of
viral pneumonia [26]. Recently, Bai et al reported that
compared with other types of viral pneumonia, COVID-
19 tended to have more peripheral and GGO lesions with
reticular opacity and vascular thickening [27]. These fea-
tures may make the diagnosis from radiologists more spe-
cific. Consistent with previous studies, the results of the

Table 5 Cut-off values

of PSC-19 for the pre- Score Sensitivity Specificity
diction of COVID-19-
positive Training group
-2 100% 0%
-1 100% 5.4%
0 98.4% 44.6%
1 91.9% 66.1%
2 69.4% 94.6%
3 51.6% 100%
4 8.1% 100%
5 0% 100%
Testing group
-2 100% 12.5%
-1 100% 50%
0 100% 83.3%
1 88.5% 91.7%
2 61.5% 95.8%
3 38.5% 95.8%
4 3.8% 95.8%
5 0% 100%

COVID-19 coronavirus disease 2019,
PSC-19 predictive score for COVID-19

@ Springer

100% - Specificity%

present study indicated that multiple segments with GGO
and patchy lesions in peripheral distribution were signifi-
cantly associated with COVID-19. The presence of other
CT manifestations including air bronchogram, crazy-
paving pattern, and subpleural curvilinear line, and the
lack of the tree-in-bud signs for advantageous for diagno-
sis and differentiation as well. These manifestations were
evidenced by the pathological findings observed in
COVID-19. GGO and mixed GGO changes were reflected
by alveolar edema, proteinaceous exudates, and vascular
congestion, while crazy-paving pattern was associated
with interstitial infiltration of inflammatory mononuclear
cells dominated by lymphocyte [28, 29].

However, these clinical and radiological characteristics
could not by quantitatively assessed, and a simple scoring
system might be suitable for the management in the fever
department. Our results showed that the predictive model
established based on both clinical and radiological fea-
tures had higher diagnostic efficiency than the model that
developed on the basis of clinical data alone. This model
also reflected the two most critical signs for the diagnosis:
crazy-paving pattern and increased number of involved
lung segments with peripheral predominance. Although
GGO and the number of affected segments strongly indi-
cated COVID-19, they were not included in the scoring
system due to their high correlation with peripheral le-
sions. Based on the established predictive model, we pro-
posed a scoring system called PSC-19 and suggested its
optimal cutoff point showing the best diagnostic accuracy.
PSC-19 employed full advantages of signs and features
provided by CT and the corresponding clinical parame-
ters, making it useful for physicians to apply in the fever
department. Furthermore, due to the highly contagious
nature of COVID-19, PSC-19 might be a potentially help-
ful tool for the fast detection, isolation, and management
of suspected patients to prevent the spread of COVID-19.

This study has several limitations. First, the sample
size was relatively small, and a study with a larger sample
size should be therefore carried out. To enroll more
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Fig.5 A 47-year-old male with the symptom of fever. He had a history of
exposure to COVID-19 via contacting with individuals who came from
Hubei Province. a—d Multiple peripheral lesions with GGO and consol-
idated attenuation were demonstrated, and crazy-paving pattern could be
observed as well. PSC-19 for this patient was equal to 4, with 2 points for
history of exposure, — 1 point for normal leukocyte count (5.4 x 10°/L), 1

COVID-19 patients without history of exposure, Chinese
patients living outside Hubei Province should be included.
Second, the patients without chest CT were excluded
which would result in potential selection bias. However,

Fig. 6 A 34-year-old female with
the symptoms of cough and fever.
She had no history of exposure to
COVID-19. a—d Centrally dis-
tributed and multifocal GGO le-
sions with patchy pattern were
demonstrated. No peripheral le-
sions and crazy-paving pattern
could be observed. PSC-19 for
this patient was equal to — 2, with
0 point for history of exposure,
—2 points for abnormally high
leukocyte count (10.68 x 10°/L),
0 point for peripheral lesions, and
0 point for crazy-paving pattern.
The total score of — 2 indicated
negative result of RT-PCT test for
COVID-19. GGO, ground glass
opacity; PSC-19, predictive score
for COVID-19; RT-PCR, reverse
transcription—polymerase chain
reaction

point for peripheral lesions (12 segments affected), and 2 points for crazy-
paving pattern. The total score of 4 strongly indicated positive result of
RT-PCR test for COVID-19. GGO, ground glass opacity; PSC-19, pre-
dictive score for COVID-19; RT-PCR, reverse transcription—polymerase
chain reaction.

the purpose of our study was to take advantage of CT
features to increase the diagnostic efficiency for
COVID-19. Third, the etiology of some COVID-19-
negative cases remained unknown. Due to the risk of

@ Springer
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cross-infection in the hospital, a number of non-severe
patients were discharged immediately after exclusion of
COVID-19, and the complete pathogen examinations
were not therefore undertaken. Finally, coagulation, bio-
chemical, and other parameters associated with infection
may be useful for the diagnosis of COVID-19, which
should be included in the future study. However, in clin-
ical practice, physicians are likely to have very limited
laboratory data, and have to make a correct diagnosis
shortly. Thus, our study might be helpful in the practice.

In conclusion, our study established a scoring system,
namely PSC-19, which could be helpful for the prediction of
COVID-19 in the fever department, assisting physicians and
radiologists to reliably identify COVID-19-positive cases un-
til receiving the results of RT-PCR tests.
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