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Abstract

This study investigated associations between chest computed tomography (CT) pulmonary opacity score on admission and
clinical features and outcomes in COVID-19 patients. The retrospective multi-center cohort study included 496 COVID-19
patients in Jiangsu province, China diagnosed as of March 15, 2020. Patients were divided into four groups based on the
quartile of pulmonary opacity score: <5%, 6-20%, 21-40% and 41% +. CT pulmonary opacity score was independently
associated with age, single onset, fever, cough, peripheral capillary oxygen saturation, lymphocyte count, platelet count,
albumin level, C-reactive protein (CRP) level and fibrinogen level on admission. Patients with score >41% had a dramatic
increased risk of severe or critical illness [odds ratio (OR), 15.58, 95% confidence interval (CI) 3.82-63.53), intensive care
unit (ICU)] admission (OR, 6.26, 95% CI 2.15-18.23), respiratory failure (OR, 19.49, 95% CI 4.55-83.40), and a prolonged
hospital stay (coefficient, 2.59, 95% CI 0.46-4.72) compared to those with score <5%. CT pulmonary opacity score on
admission, especially when >41%, was closely related to some clinical characteristics and was an independent predictor of

disease severity, [CU admission, respiratory failure and long hospital stay in patients with COVID-19.
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Introduction

Computed tomography (CT) is important in the diagnosis
and monitoring of emerging infectious diseases caused by
viral infections and manifested mainly in the respiratory
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tract [such as HIN1 and severe acute respiratory syndrome
(SARS)] [1, 2]. COVID-19 is a clinical infectious disease
resulting in bilateral pneumonia and rapid deterioration of
lung function [3]. Although real-time reverse transcriptase-
polymerase chain reaction assay (RT-PCR) is the standard
diagnostic method for COVID-19, chest CT plays an impor-
tant supplementary role in the diagnosis [4] with a high sen-
sitivity but a lower specificity [5]. CT findings of COVID-19
are mainly patchy glass opacity in the peripheral area [6, 7].
Previous studies have shown that the abnormal imaging of
COVID-19 patients was correlated with main clinical symp-
toms [8], demographic, epidemiologic, clinical, laboratory
characteristics, treatments, severe/critical pneumonia [9],
maximal respiratory severity score [10], intensive care unit
(ICU) admission [11], and length of hospitalization [12].

This large multi-center cohort study aims to systemati-
cally investigate associations between CT pulmonary opacity
score on admission and clinical features and outcomes in
COVID-19 patients.
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Materials and methods
Study population

Inclusion criteria were as of March 15, 2020, all patients
(N=631) diagnosed with COVID-19 in all 24 hospitals
designated for COVID-19 treatment in Jiangsu province,
China according to the “Diagnosis and Treatment Proto-
col for Novel Coronavirus Pneumonia (Trial Version 7)”
released by the National Health Commission and National
Administration of Traditional Chinese Medicine of China
[13]. Exclusion criteria: Patient with no available medical
records (N=6) or CT pulmonary opacity score (N=129,
did not take CT but X-ray examination). The study ulti-
mately included 496 cases.

Data collection and definition of variables

Data were extracted from medical records provided by the
Data Centre of Jiangsu Provincial Health Commission of
China. Variables analyzed were demographic features (age,
sex), epidemiological features [type of disease onset (single
onset or clustering onset)], clinical features on admission
(initial symptoms, medical history, vital signs), radiologic
features on admission (CT pulmonary opacity score), labo-
ratory features on admission (hematology, organ function,
inflammatory factors, coagulation function indicators), clini-
cal management during hospitalization (supportive treat-
ments and medical drugs), and clinical outcomes (disease
severity, ICU admission, respiratory failure, length of hos-
pital stay). A clustering onset was defined as the occurrence
of two or more confirmed COVID-19 cases in the same
cluster/group within 14 days, such as family and hospital.
Other cases were classified as single onset. Two radiologists
(YW and SJ) with more than 5 years of working experi-
ence in chest imaging performed visual evaluation of CT
images and the agreement was reached through consultation
if discrepancies of pulmonary opacity score occurred. Pul-
monary opacity score was defined as the percentage of pul-
monary opacity [ground-glass opacities (GGO) or consoli-
dation] area relative to the entire lung on CT images (range
0-100%), rounded to the nearest 5%. GGO was defined as
an area of hazy increased attenuation, in which vessels and
bronchial markings may still be observable. Consolidation
was more opaque than GGO, in which such markings were
obscured. On CT image, GGO and consolidation looked
more gray or hazy compared to the normal dark appearance
of the lung. Figure 1 showed an example of CT image for a
patient with pulmonary opacity score being 70%.

Disease severity were measured at days 1, 2, 3,4, 5, 6,
7 and 14 after admission, mortality and hospitalization
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status were available until March 15, 2020. Asymptomatic
infection was defined as the absence of clinical symptoms
but a positive RT-PCR result. Mild disease was defined as
having mild clinical symptoms without respiratory distress
and the absence of imaging manifestations of pneumonia.
Moderate disease was the presence of fever, respiratory
tract symptoms and imaging manifestations of pneumo-
nia. Severe disease was the presence of at least one of
the follows: respiratory distress, respiratory rate > 30
breaths/minute; peripheral capillary oxygen saturation
(Sp0O,) £93%; or arterial blood oxygen partial pressure
(PaO,) / fraction of inspired oxygen (FiO,) <300 mmHg
(1 mmHg =0.133 kPa). Critically ill was having respira-
tory failure requiring mechanical ventilation, shock or
combined organ failure requiring ICU monitoring and
treatment.

Statistical analysis

Patients were divided into four groups based on the quar-
tile of baseline CT pulmonary opacity score: <5%, 6-20%,
21-40% and 41% +. Continuous variables of baseline fea-
tures and clinical management during hospitalization were
reported as mean [standard deviation (SD)] or median
[interquartile range (IQR)] by group and compared using
ANOVA test or Kruskal-Wallis test depending on their
distributions. Binary variables were summarized using
frequency and percentage and compared using y*/Fisher
exact test. To assess the linear trend effect of pulmonary
opacity score on baseline features and clinical manage-
ment, generalized linear model (GLM) was employed with
pulmonary opacity score as the only predictor (continu-
ous variable). For GLM analysis of continuous variables,
normal distribution and identity link function were used;
whereas for GLM analysis of binary variables, binomial
distribution and logit link function were used. The analysis
of inter-observer agreement for pulmonary opacity scores
was conducted using an intraclass correlation coefficient
(ICC) calculated from a generalized linear mixed model.

To explore associations between pulmonary opacity
score with characteristics on admission, univariate and
multivariate linear regression analysis was conducted, with
pulmonary opacity score as dependent variable (continu-
ous variable). To assess effects of pulmonary opacity score
on clinical outcome, GLMs were performed, in which pul-
monary opacity score was treated as a continuous and cat-
egorical variable, controlling for baseline characteristics.

Two-tailed P <0.05 was considered as statistically sig-
nificant. The analyses were performed using SAS 9.4 (SAS
Institute).
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Fig. 1 CT images of a patient with pulmonary opacity score of 70%. Details: Female, 61 years old. Her CT was performed 1 day after admis-

sion. She was diagnosed with respiratory failure on the next day

Results

Of 496 patients [270 (54.4%) men, mean age 45.10 (SD
17.13) years], 244 (49.2%) were single onset, 339 (68.3%)
had fever, 279 (56.3%) had cough, 130 (26.2%) had sputum,
71 (14.3%) had hypertension, 31 (6.3%) had diabetes, 30
(6.0%) smoked, mean temperature was 37.09 °C (SD 0.76),
mean heart rate was 87.70 beats/minute (SD 13.42), mean
respiratory rate was 19.10 breaths/minute (SD 2.49) and
mean peripheral capillary oxygen saturation (SpO,) was
97.60% (SD 2.16) (Table 1). The ICC value for pulmonary
opacity score from the two radiologists was 0.93. With the
rise of pulmonary opacity score, age and body temperature
statistically significantly increased (trend test) while SpO,
decreased, and the proportion of men and patients who were
single onset and who had initial symptoms, hypertension
comorbidity and smoking habit increased.

As pulmonary opacity score raised, lymphocyte count,
platelet count and albumin level statistically significantly

declined, while the level of CRP and fibrinogen elevated
(trend test, Table 2). The proportion of patients receiving
medical treatment and oxygen support increased with the
increase in pulmonary opacity score, except for the rarely
used continuous renal replacement therapy and extracorpor-
eal membrane oxygenation, and the commonly used inter-
feron and antivirals (trend test, Table 3).

Pulmonary opacity score on admission was independently
associated with age, single onset type, presentation of symp-
toms including fever and cough, vital signs including tem-
perature and SpO, (Table 4).

Pulmonary opacity score on admission was indepen-
dently associated with severe or critical illness, ICU
admission and respiratory failure (Table 5). Especially,
compared to patients with pulmonary opacity score <5%,
those who with score >41% had a statistically significant
increased odds of severe or critical illness (OR, 15.58,
95% CI 3.82-63.53, P=0.0001), ICU admission (OR,
6.26, 95% CI 2.15-18.23, P=0.0008) and respiratory
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Table 2 Laboratory parameters of patients with COVID-19 at admission
Category  Parameters All Pulmonary opacity group, N, median (IQR) P value* P valuet
(N=496)
<5% 6-20% 21-40% 41% +
(N=142) (N=123) (N=135) (N=96)
Blood test White 413,4.8(3.9-6.0) 124,52(4.3-6.6) 93,4.6(3.5-54) 113,44(3.6-59) 83,4.9(3.9-6.2) 0.0009 0.9967
blood
cell
count
(10°/L)
Neutrophil 407,2.9(2.1-3.9)  117,3.0(2.3-4.1) 94,2.7(2.0-3.5) 113,2.9(2.1-3.6)  83,3.3(2.54.6) 0.0071  0.0028
(10°/L)
Lympho- 405,1.3(0.9-1.7)  117,1.6(1.2-2.1)  93,1.3(1.0-1.6)  112,1.3(0.9-1.6)  83,1.0(0.7-1.3) <0.0001 <0.0001
cyte
(10°/L)
Hemo- 410,135.5(123.0- 124,135.5(124.0- 93,135.0(121.0- 111,134.0(118.0— 82,138.0(124.0- 0.4568  0.9862
globin 150.0) 149.0) 154.0) 146.0) 154.0)
(g/lL)
Platelet 395,182.0(149.0— 123,199.0(160.0— 91,184.0(154.0— 107,175.0(144.0— 74,160.0(123.0— 0.0026  0.0002
(10°/L)  218.0) 235.0) 211.0) 208.0) 211.0)
Organ Alanine 341,24.9(16.0— 103,22.0(15.0- 82,24.0(14.5-  95,27.0(19.0-38.0) 61,26.4(19.0— 0.0280  0.0003
function ami- 37.5) 33.0) 39.3) 44.0)
notrans-
ferase
(U/L)
Albumin 396,41.0(37.5- 119,42.0(38.0- 91,41.6(38.8— 107,41.0(37.5- 79,39.8(34.0- 0.0003 <0.0001
(g/L) 44.3) 46.7) 45.5) 43.7) 42.0)
Total 381,9.9(6.0-14.3) 114,9.6(5.0-15.6) 85,9.0(6.6-14.1) 106,10.1(6.4-14.9) 76,10.1(5.3-12.9)  0.7289  0.8663
bilirubin
(umol/L)
Creatinine 392,64.0(51.0- 118,61.0(48.0- 91,65.0(51.0- 103,60.7(47.0- 80,70.5(57.5— 0.0125 0.0426
(umol/L) 78.4) 78.0) 76.0) 76.0) 86.0)
Inflam- C-reactive  377,10.0(4.0-25.2) 112,5.1(1.0-10.0) 89,10.0(4.5-16.2) 96,13.4(5.4-26.9) 80,33.6(10.2— <0.0001 <0.0001
matory protein 67.0)
factors (mg/L)
Procal- 355,0.0(0.0-0.2)  100,0.1(0.0-0.2)  85,0.0(0.0-0.1)  102,0.0(0.0-0.1)  68,0.1(0.0-0.4)  0.0007 0.1307
citonin
(ng/mL)
Coagula-  Activated 407,33.0(28.0— 121,32.8(27.9- 93,32.9(28.2- 111,32.4(28.0- 82,34.6(28.8— 0.8155 0.9293
tion partial 38.0) 38.0) 37.3) 38.0) 38.3)
function throm-
test boplastin
time (s)
Fibrinogen 393,3.6(2.8-4.4) 115,3.0(2.5-3.7) 90,3.1(2.6-3.8) 109,4.1(3.44.4) 79,45(3.8-5.5) <0.0001 <0.0001
(g/L)
D-dimer 393,0.3(0.2-0.4)  113,0.3(0.2-0.4) 91,0.2(0.2-0.4) 108,0.3(0.2-0.4) 81,0.3(0.2-0.5) 0.5765 0.4164
(mg/L)

IQR interquartile range

*P value from testing differences in distributions among different pulmonary opacity groups

1P value from trend test of linear pulmonary opacity effect in generalized linear model in which pulmonary opacity (%) was included as the only

predictor

failure (OR, 19.49, 95% CI 4.55-83.40, P <0.0001). Pul-
monary opacity score was also associated with the length
of hospital stay and in the third quartile versus the first
quartile, the duration of hospitalization raised significantly
(coefficient, 2.59, 95% CI 0.46-4.72, P=0.0170).

Discussion

To our knowledge, this is by far one of the largest stud-
ies that systematically assessed associations between CT

@ Springer
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Table 3 Clinical management of patients with COVID-19 during hospital stay

Category Clinical management Pulmonary opacity group, n (%) P value* P valuet
All <5% 6-20% 21-40% 41%+
(N=496) (%) (N=142) (%) (N=123) (%) (N=135)(%) (N=96) (%)
Supportive treatments Inotropic and vaso- 5(1.0) 0(0.0) 0(0.0) 1(0.7) 4(4.2) 0.0079 0.0014
constrictive agents
Nasal cannula 178(35.9) 34(23.9) 33(26.8) 58(43.0) 53(55.2) <0.0001 <0.0001
Mask 13(2.6) 0(0.0) 1(0.8) 2(1.5) 10(10.4) <0.0001 <0.0001
High-flow nasal can-  20(4.0) 2(1.4) 4(3.3) 2(1.5) 12(12.5) 0.0002 <0.0001
nula oxygen therapy
Non-invasive ventila-  29(5.8) 2(1.4) 3(2.4) 4(3.0) 20(20.8) <0.0001 <0.0001
tion
Invasive mechanical 5(1.0) 0(0.0) 0(0.0) 1(0.7) 4(4.2) 0.0079  0.0007
ventilation
Prone position 15(3.0) 1(0.7) 2(1.6) 2(1.5) 10(10.4) 0.0003 <0.0001
Continuous renal 1(0.2) 0(0.0) 0(0.0) 0(0.0) 1(1.0) 0.1935 0.1339
replacement therapy
Extracorporeal mem- 2(0.4) 0(0.0) 0(0.0) 1(0.7) 1(1.0) 0.4553  0.0507
brane oxygenation
Medical drugs Traditional Chinese 79(15.9) 8(5.6) 14(11.4) 27(20.0) 30(31.3) <0.0001 <0.0001
medicine
Immunoglobulin 134(27.0) 15(10.6) 33(26.8) 33(24.4) 53(55.2) <0.0001 <0.0001
Interferon 387(78.0) 117(82.4) 94(76.4) 99(73.3) 77(80.2) 0.2906  0.4539
Antioxidants 134(27.0) 22(15.5) 27(22.0) 38(28.1) 47(49.0) <0.0001 <0.0001
Glucocorticoid 123(24.8) 12(8.5) 19(15.4) 41(30.4) 51(53.1) <0.0001 <.0001
Thymosin 130(26.2) 19(13.4) 27(22.0) 39(28.9) 45(46.9) <0.0001 <.0001
Neurotrophic drugs 95(19.2) 15(10.6) 17(13.8) 35(25.9) 28(29.2) 0.0002 <0.0001
Any antibiotics 283(57.1) 53(37.3) 65(52.8) 89(65.9) 76(79.2) <0.0001 <0.0001
Any antivirals 471(95.0) 135(95.1) 116(94.3) 128(94.8) 92(95.8) 0.9762  0.6806

*P value from testing differences in proportions among different pulmonary opacity groups

1P value from trend test of linear pulmonary opacity effect in generalized linear model in which pulmonary opacity (%) was included as the only

predictor

pulmonary opacity score and clinical features and out-
comes in COVID-19 patients. The study demonstrated
that demographic, epidemiological, clinical, laboratory
features on admission, and clinical management during
hospitalization showed a linear trend by the quartile CT
pulmonary opacity score. CT score correlated with poor
clinical outcomes including severe and critical illness,
ICU admission, respiratory failure and prolonged hospital
stay. Our study introduced a simple quantitative param-
eter of pulmonary opacity score from CT to describe lung
involvement which is reproducible for radiologists.

To facilitate better communication between radiologists
and physicians, different classification systems of COVID-
19 incorporating imaging findings [e.g., ground-glass opaci-
ties (GGO), consolidation, crazy-paving pattern and fibrosis]
have been developed [14]. CT imaging findings play a role in
the classification and staging of COVID-19, early detection
in relation to a serological test, disease severity and guide to
therapy, surveillance with the response to therapy, prediction

@ Springer

of secondary bacterial infection, differentiation from simu-
lating lesions, and screening with prevention and control
[14]. Follow-up CT scans were used for longitudinal evalu-
ation by allowing the detection of disease progression, com-
plications, and suspected acute respiratory deteriorations
[15]. Advanced imaging modalities, such as quantitative CT
techniques may also be valuable in delineation of the pul-
monary distribution (GGO and consolidations) to assess the
disease severity and detect disease progression on follow-up
[14, 15]. To calculate the opacity extent, we employed a
more precise CT scoring system that used the percentage
of pulmonary opacity area relative to the entire lung zone
on CT image in the unit of 5%. Other studies applied crude
CT scoring systems. For example, Wang et al. used 0:0%;
1:1-49%; 2:50-75%; 3: > 75%; range 0-3; global score 0-15
[16]; Hu et al. used 0:0%; 1:1-25%; 2:26-50%; 3:51-75%;
4:76-100%; range 0—4; global score 0-20 [17-21]; Francone
et al. used 0:0%; 1: <5%; 2:5-25%; 3:26-50%; 4:51-75%;
5:>75%; range 0-5; global score 0-25 [22, 23]; Zhao et al.
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Table 4 Factors associated with pulmonary opacity score in patients with COVID-19: Results from linear regression analysis

Variables Univariate analysis Multivariate analysis P value

Estimate (95% CI) P value Estimate (95% CI)

Male 5.16(1.30,9.02) 0.0088 1.20(—2.22,4.63) 0.4917
Age (year) 0.41(0.30,0.52) <0.0001 0.29(0.19,0.39) <0.0001
Single onset 13.22(9.53,16.91) <0.0001 10.29(6.86,13.72) <0.0001
Fever 12.27(8.26,16.29) <0.0001 4.67(0.89,8.46) 0.0158
Cough 8.29(4.46,12.13) <0.0001 4.13(0.32,7.94) 0.0340
Sputum 8.88(4.54,13.21) <0.0001 2.32(—1.96,6.59) 0.2895
Hypertension 11.62(6.19,17.06) <0.0001 2.45(—2.65,7.55) 0.3471
Diabetes 14.02(6.12,21.92) 0.0005 3.42(-3.73,10.57) 0.3492
Smoker 9.48(1.40,17.56) 0.0215 4.14(-2.91,11.19) 0.2506
Temperature (°C) 6.58(4.09,9.06) <0.0001 3.42(1.06,5.79) 0.0047
Heart rate (beat/minute) 0.23(0.09,0.38) 0.0014 0.03(-0.10,0.17) 0.6166
Respiratory rate (breath/minute) 1.54(0.77,2.30) <0.0001 0.41(-0.29,1.11) 0.2504
Peripheral capillary oxygen saturation —15.23(-19.51,—10.94) <0.0001 —10.44(—14.57,-6.32) <0.0001

(SpO,, per 5%)

CI confidence interval

The estimates were coefficients

used 0:0%; 1: <25%; 2:25-49%; 3:50-74%; 4: > 75%; range
0-4; global score 0-24 [24-26]; Aalinezhad et al. used
another system (0:0%; 1: <50%; 2: > 50%; range 0-2; global
score 0—40) [27, 28]. Similarly, Guillo et al. used a scoring
system of 0-10%, 11-25%, 26-50%, 51-75% and 76—-100%
ground-glass opacities and consolidation [29]. The ICC
value for pulmonary opacity score from the two radiologists
(YW and SJ) in our study was closed to one, indicating high
inter-observer consistency and reliability. Due to the good
agreement of pulmonary opacity score assessed by the two
radiologists, the average of pulmonary opacity scores was
used when discrepancies occurred.

The study found that age, single onset, initial symptoms,
body temperature and SpO, on admission in patients with
COVID-19 were independent predictors of CT pulmonary
opacity score, indicating more severe lung function injury.
This is consistent with the previous studies reporting that
clinical characteristics including patient age and coexisting
condition, immune status, body temperature and exposure
history may be related to CT imaging in patients with viral
pneumonia including SARS and COVID-19 [2, 9, 30, 31]. In
addition, Aalinezhad et al.’s study also showed a significant
inverse relationship between CT severity score and SpO,
[28].

Our study showed that in patients with COVID-19, as CT
pulmonary opacity score increased, platelet count and albu-
min level decreased, while the level of CRP and fibrinogen
elevated, and >41% of lung involvement was associated with
more severe lymphopenia, suggesting signs of viral infection
and inflammation, abnormal coagulation function and liver
function. Previous studies reported that CT severity showed

a positive association with CRP level and negative correla-
tion with lymphocyte count [32, 33]. Francone et al. found
the semi-quantitative CT score was significantly correlated
with CRP (correlation coefficient »=0.62) and D-dimer
(r=0.66) levels [22], while our data provided some evidence
to support the association with CRP but not with D-dimer. A
study demonstrated that age and monocyte—lymphocyte ratio
may predict imaging progression on chest CT in COVID-19
patients [34]. Other studies indicated moderate positive cor-
relations between CT severity score and transferrin, lactate
dehydrogenase, troponin, and inflammation-related factors
of leucocytes, neutrophils, and IL-2R (7 range 0.45-0.60)
[17, 35], although we were unable to verify those correla-
tions due to lack of data.

The study presented that the proportion of patients receiv-
ing medical treatment and oxygen support increased with
the rise of pulmonary opacity score. Khosravi et al. also
found patients with baseline CT severity score > 8 had
threefold higher risk of intubation [25]. Our data showed
that pulmonary opacity score, especially when >41%, may
be an accurate indicator of severe or critical illness, acute
respiratory failure and intensive care requirements. Zhao
et al. evaluated lung involvement using another CT scor-
ing system and also found mean score was higher in the
emergency group (mild and common types) than in the non-
emergency group (severe and fatal types) [24]. More studies
showed the CT score calculated by their scoring systems was
significantly higher in critical and severe than in mild and
common category [18, 19, 22]. Other studies found that the
overall lung involvement score had predictive value for clini-
cal severity and ICU admission, and higher chest CT score
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Table 5 Effects of pulmonary opacity score on clinical outcomes in patients with COVID-19: Results from generalized linear model analysis

Clinical outcome™ Pulmonary opacity score

n/N(%) or N ,Mean(SD) Unadjusted analysis

Adjusted analysis*

Estimate (95% CI) P value  Estimate (95% CI) P value
Severe or critically ill Score as continuous vari- 58/496(11.7%) 1.38(1.28,1.49) <0.0001 1.35(1.22,1.49) <0.0001
(Yes or no) able (per 5%)
Score as categorical variable
<5% 3/142(2.1%) 1.00 1.00
6-20% 6/123(4.9%) 2.38(0.58,9.71) 0.2282 1.79(0.37,8.53) 0.4665
21-40% 11/135(8.1%) 4.11(1.12,15.07) 0.0330 2.19(0.50,9.61) 0.2998
41% + 38/96(39.6%) 30.36(9.01,102.28)  <0.0001 15.58(3.82,63.53) 0.0001
ICU admission (Yes or Score as continuous vari- 64/496(12.9%) 1.31(1.22,1.39) <0.0001 1.27(1.16,1.38) <0.0001
no) able (per 5%)
Score as categorical variable
<5% 7/142(4.9%) 1.00 1.00
6-20% 7/123(5.7%) 1.16(0.40,3.42) 0.7824 0.77(0.22,2.62) 0.6713
21-40% 12/135(8.9%) 1.88(0.72,4.93) 0.1986 0.91(0.29,2.86) 0.8700
41% + 38/96(39.6%) 12.64(5.33,29.95) <0.0001 6.26(2.15,18.23) 0.0008
Respiratory failure (Yes Score as continuous vari- 55/496(11.1%) 1.39(1.28,1.50) <0.0001 1.39(1.25,1.55) <0.0001
Or no) able (per 5%)
Score as categorical variable
<5% 3/142(2.1%) 1.00 1.00
6-20% 5/123(4.1%) 1.96(0.46,8.39) 0.3626 1.66(0.32,8.54) 0.5419
21-40% 10/135(7.4%) 3.71(1.00,13.77) 0.0504 2.37(0.52,10.90) 0.2658
41%+ 37/96(38.5%) 29.06(8.62,97.96) <0.0001 19.49(4.55,83.40) <0.0001
Hospital stay (Continuous Score as continuous vari-  496,17.62(7.53) 0.32(0.17,0.47) <0.0001 0.24(0.07,0.41) 0.0047
variable, day) able (per 5%)
Score as categorical variable
<5% 142,15.94(6.36) 0.00 0.00
6-20% 123,17.36(7.45) 1.42(-0.37,3.21) 0.1192 1.13(-0.65,2.91) 0.2148
21-40% 135,18.20(7.84) 2.26(0.52,4.01) 0.0110 1.37(-0.45,3.18) 0.1397
41%+ 96,19.65(8.27) 3.71(1.79,5.63) 0.0002 2.59(0.46,4.72) 0.0170

“*For severe or critically ill, intensive care unit admission and respiratory failure, the estimates were odds ratios; while for hospital stay, the esti-

mates were coefficients
SD standard deviation, /CU intensive care unit

*All variables in Table 1 were included in the adjusted analysis

was significantly associated with an increase in requirement
of oxygen and even mechanical ventilation [16, 25-27, 36,
37]. CT involvement score can help early diagnosis, severity
assessment and treatment of COVID-19 [9, 38, 39] and may
indicate the progression and recovery of the disease [6, 40].
These findings are similar to that of SARS that the extent
of lung opacification was an objective prognostic indicator
of death, disease severity and requirements of aggressive
therapy for assisted ventilation or oxygen supplementation
[41-43], and pulmonary opacity resolved over time in con-
valescent patients [44, 45]. We found patients with more
pulmonary opacity stayed longer in hospital. This may be
due to more severe illness and more medical treatment and
oxygen support associated with higher pulmonary opac-
ity score. Previous evidence suggested that patients having
bilateral pneumonia were hospitalized longer than those with

@ Springer

normal CT scan results [12] and patients with higher CT
scores may have more prolonged disease course and hospital
stay [21, 46, 47]. Our study did not assess the association
between pulmonary opacity score and mortality because of
no recorded death in the study sample as a result of early
recognition and intervention [48].

The study had several merits compared with previous
studies. First, all eligible COVID-19 patients with and with-
out symptoms, including asymptomatic, mild, moderate,
severe and critically ill, in Jiangsu province, were included
in the current study whereas most of the previous studies
focused on the patients with moderate, severe or critically ill
symptoms. Therefore, results from this study are more gen-
eralizable to the COVID-19 patients with a wide spectrum
of infections, particularly in the post-COVID-19 era when
severe cases are supposed to decrease. Second, the study
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provided some novel and robust information on associations
between pulmonary opacity score and demographic, epide-
miological, clinical, laboratory features and clinical manage-
ment based on a larger dataset (N =496) than most previous
studies on the similar topic (mostly N=50-200). Third, the
present study assessed impacts of pulmonary opacity score
at admission on a number of important clinical outcomes
(including disease severity, ICU admission, respiratory
failure, and hospital stay), instead of a single clinical out-
come alone in most previous reports, thus providing a more
comprehensive perspective of the relationships between
pulmonary opacity score and various clinical outcomes in
patients with COVID-19. Fourth, to assess effects of pul-
monary opacity score on clinical outcomes, the pulmonary
opacity score was measured in the unit of 5% and treated as
both continuous and categorical variables in the generalized
linear models, and the results were robust regardless of CT
score function forms. This is in contrast to most previous
studies in which CT score was treated as either a continu-
ous variable or binary variable, which may have generated
biased statistical results due to possibly wrong specification
of CT score.

This study had some limitations. First, the study excluded
129 patients who did not take CT but X-ray examination and
hence had no CT pulmonary opacity score, so selection bias
may occur. Second, although this study analyzed the effects
of pulmonary opacity scores at admission on disease sever-
ity, ICU admission and respiratory failure during the whole
study period, we only recorded CT at the time of admission;
hence it was impossible to analyze the change in pulmonary
opacity scores throughout the study period. Third, due to
lack of data, we did not analyze associations between CT
pulmonary opacity score and some other characteristics,
e.g., transferrin, leucocytes and platelet—lymphocyte ratios,
which had been reported to be associated with pulmonary
opacity score in the previous studies [17, 35, 49]. For the
same reason, we did not analyze the association between
CT findings and pulmonary embolism although a previous
study has showed a high pulmonary embolism prevalence at
CT pulmonary angiography in patients testing positive for
COVID-19 [50]. Lastly, this was an observational study and
the observed results may still be subject to possible unob-
served confounding factors.

Conclusion

The degree of CT pulmonary opacity was closely related
to age, single onset, fever, cough, SpO,, lymphocyte count,
platelet count, albumin level, CRP level and fibrinogen
level. Patients with high pulmonary opacity score, in par-
ticular, >41%, had a high risk of severe or critical illness,
ICU admission, respiratory failure and long hospital stay.
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