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Article history: Introduction: Since the beginning of the severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)
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tomography (CT) scan, but not always available in some settings The aim was to find a cut-off that can
Accepted 7 December 2022

predict worsening in patients with COVID-19 assessed with a computed tomography (CT) scan and to find
laboratory, clinical or demographic parameters that may correlate with a higher CT score.

Igy :zz:zs‘ Methods: We performed a multi-center, observational, retrospective study involving seventeen COVID-19
Pan score Units in southern Italy, including all 321 adult patients hospitalized with a diagnosis of COVID-19 who
COVID-19 underwent at admission a CT evaluated using Pan score.

SARS-CoV-2 infection Results: Considering the clinical outcome and Pan score, the best cut-off point to discriminate a severe
Severity of disease outcome was 12.5. High lactate dehydrogenase (LDH) serum value and low PaO2/FiO2 ratio (P/F) resulted

independently associated with a high CT score. The Area Under Curve (AUC) analysis showed that the best
cut-off point for LDH was 367.5 U/L and for P/F 164.5. Moreover, the patients with LDH > 367.5 U/L and P/
F < 164.5 showed more frequently a severe CT score than those with LDH < 367.5 U/L and P/F > 164.5, 83.4%,
vs 20%, respectively.

Conclusions: A direct correlation was observed between CT score value and outcome of COVID-19, such as
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CT score and high LDH levels and low P/F ratio at admission. Clinical or laboratory tools that predict the
outcome at admission to hospital are useful to avoiding the overload of hospital facilities.

© 2022 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Since December 2019 a new coronavirus, the severe acute re-
spiratory syndrome-coronavirus-2 (SARS-CoV-2), the causative
agent of Coronavirus Disease 2019 (COVID-19), associated with
substantial morbidity and mortality [1]. COVID-19 is the clinical
manifestation of SARS-CoV-2 infection with a large severity spec-
trum ranging from asymptomatic to severe manifestation [2,3].

Considering the impact on the healthcare system [4], the need to
identify prognostic factors of severe disease is and has been a
priority of the scientific community [5-9]. Studies showed that the
most important clinical factors at admission that can predict severity
of COVID-19 were diabetes, hypertension, chronic kidney disease,
active oncological disease and dementia [5-8], and the most
common laboratory parameters that can predict COVID-19 prognosis
were the alteration of white blood cell counts, elevated neutrophil-
to-lymphocyte ratios and platelet-to-lymphocyte, elevated high
sensitivity cardiac troponin I, C-reactive proteins, ferritin, lympho-
cytopenia, elevation of aminotransferases and elevation of lactate
dehydrogenase [9-13].

Since the beginning of the pandemic an important tool for the
evaluation of the patient suffering from COVID-19 has been the
computed tomography (CT) scan [14], but not always available in
some settings. both for economic reasons and for the intensity of
traffic on hospital facilities during the waves. The CT feature in-
cluded ground glass opacity (GGO), consolidation, septal thickening
and crazy paving [14]. The predictive power of the CT scan on the
outcome was clear [15-21]. However, to our knowledge, few studies
have been carried out on the identification of biochemical factors
that predict a worse CT score at admission for COVID-19 [18-21].

Considering the data available, the aim of the present study was
to find a cut-off that can predict a disease worsening in patients
evaluated by the semi-quantitative visual CT severity Pan score[22].
In addition, we wanted to find laboratory, clinical or demographic
parameters that can correlate with a higher CT score to reserve CT
scan for high-risk patients or those suspected of having complica-
tions or worsening of the respiratory status.

Materials and methods
Study design and setting

We performed a multicenter, observational, retrospective study
involving seventeen COVID-19 Units in eight cities in the Campania
region in southern Italy: Naples, Caserta, Salerno, Benevento,
Avellino, Pozzuoli, Eboli and Vallo della Lucania. All adult (218 years
old) patients, hospitalized with a diagnosis of SARS-CoV-2 infection
confirmed by a positive reverse transcriptase-polymerase chain re-
action (RT-PCR) on a naso-oropharyngeal swab, from February 28th
2020 to November 1st 2021 at one of the centers participating in the
study, were enrolled in the CoviCamp cohort. Exclusion criteria in-
cluded minority age (< 18 years old), and lack of clinical data and/or
of informed consent. No study protocol or guidelines regarding the
criteria of hospitalization were shared among the centers involved in
the study and the patients were hospitalized following the decision
of physicians of each center.

From the CoviCamp cohort, we included all patients for whom a
determination at admission of CT score using the Pan et al. score [22]
was available. The CT scans were independently evaluated by two
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radiologists (Al.Re and FE.S.) who achieved a common score. The CT
scans were evaluated with a semi-quantitative scoring system used
to estimate the pulmonary volume involvement. Each of the five
lung lobes was visually scored on a scale of 0-5, with 0 indicating no
involvement; 1, less than 5% involvement; 2, 5-25% involvement; 3,
26-49% involvement; 4, 50-75% involvement; and 5, more than 75%
involvement [18]. The total CT score was the sum of the individual
lobar scores and ranged from 0 (no involvement) to 25 (maximum
involvement) [18].

The study was approved by the Ethics Committee of the
University of Campania L. Vanvitelli, Naples (n°10877/2020). All
procedures performed in this study were in accordance with the
ethics standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethics standards. Informed consent was
obtained from all participants included in the study.

This study was reported following the STROBE recommendations
for an observational study (Supplementary Table 1).

Data collection

All demographic and clinical data and therapy details of patients
with SARS-CoV2 infection enrolled in the cohort were collected in an
electronic database. From this database we extrapolated the data for
the present study.

Definitions

The microbiological diagnosis of SARS-CoV-2 infection was de-
fined as a positive RT-PCR test on a naso-oropharyngeal swab. All the
sites included used the same RT-PCR kit, Bosphore V3 (Anatolia
Genework, Turkey).

We divided the patients enrolled according to the clinical out-
come of COVID-19 during hospitalization in two groups, the first
including patients with mild or moderate, the second including se-
vere outcome or death during hospitalization. Precisely, the patients
with a mild infection did not need oxygen (O,) therapy and/or had a
MEWS score below 3 points during hospitalization. The patients
with a moderate infection were hospitalized and required non-in-
vasive O, therapy (excluding high flow nasal cannula) and/or had a
MEWS score equal to or above 3 points (23) during hospitalization.
The patients with a severe infection needed management in an in-
tensive care unit (ICU) and/or high flow nasal cannula or invasive/
non-invasive mechanical ventilation during hospitalization. The
patients were followed until SARS-CoV-2-RNA negativity at naso-
oropharyngeal swab and/or discharged from hospital or died.

Statistical analysis

For the descriptive analysis, categorical variables were presented
as absolute numbers and their relative frequencies. Continuous
variables were summarized as mean and standard deviation if nor-
mally distributed or as median and interquartile range (Q1-Q3) if not
normally distributed. We performed a comparison of patients with
mild and moderate disease, severe disease or who died using chi
square for categorical variables or Student’s t-test for continuous
variables or Mann-Whitney tests for non-parametric independent
ordinal variables. Multivariate analysis was performed using bino-
mial logistic regression; this analysis was performed only for
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From 28/02/2020 to 1/11/2021 all adult
patients with documented diagnosis of
COVID-19 admitted to one of ninteen

centers

2,054 patients

1278 excluded for missing CT data,
mmme——— 455 excluded for different CT severity
score

321 patients

included

Fig. 1. Flow-chart of patients included in the study.

parameters resulting statistically significant at univariate analysis. A
p-value below 0.05 was considered statistically significant. The re-
ceiver operating characteristic (ROC) curve was used to determine
the optimum cut-off point for possible effective variables on the
patients’ outcome. Analyses were performed by STATA (StataCorp.
2019) [23].

Results

A total of 2054 adult patients were admitted with a documented
diagnosis of COVID-19 to one of the nineteen centers from February
20, 2020 to November 1, 2021 and participated in the CoviCamp
cohort. Considering the inclusion criteria, 321 patients were in-
cluded, while 1278 were excluded for missing CT data and 455 for
different CT severity scores (Fig. 1).

Considering the 321 patients included, 67.9% were males, with a
mean age of 65 years (SD 14.25) and a median of Charlson
Comorbidity Index of 3 (1-4), and a median of 6 days (2-9) from first

Table 1
Demographic and clinical parameters of patients included in the study.
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symptoms of COVID-19 to admission to hospital (Table 1). Only 6
(1.87%) patients had been vaccination against SARS-CoV-2 with full
schedule (two doses). The most frequent comorbidities were hy-
pertension (52.2%), cardio-vascular disease (32%) and diabetes
(24.4%) (Table 1). As regards the COVID-19-related symptoms, 57.5%
of the patients had recent history of fever, while 73.8% had dyspnea
and 33.4% cough (Table 1). The patients with a mild or moderate
outcome were 57.3% while patients with a severe disease or who
died during hospitalization were 42.7%.

The CT score mean was 13.5 (SD 4.79) (Table 1 ). Dividing the
patients in two groups, with a mild or moderate outcome or a severe
outcome or who died during hospitalization, the difference in the CT
severity score was statistically significant (mean 11.23 (SD: 4) vs
mean 15.49(SD: 4.7), p < 0.008) (Fig. 2 A). We calculated the AUC for
the CT severity score and the result was 0.749 (95%Cl: 0.695-0.803,
p < 0.0001) (Supplementary Figure 1a) with the best cut-off point of
12.5 (sensitivity: 71.5%, specificity: 66.3%).

For the second aim (to find laboratory, clinical or demographic
parameters correlated with a higher CT score), we divided the pa-
tients in two groups the first included the 161 patients with less than
13 of CT severity score (Group 1), the second included the 160 pa-
tients with more than or equal to 13 of CT severity score (Group 2).
Considering the two groups, no difference was found in the demo-
graphic or clinical history at admission, excluding the presence of
dyspnea (65.6% vs 81.9%, p < 0.001) (Table 2). Considering laboratory
parameters at admission we found a statistical significance between
Group 1 and Group 2 evaluating the count of white blood cells
[median 7300 cells/uL (6000-10,400) vs 8100 (6200-11,640)
(p=0.041)], ALT serum concentration [median 27 U/L (22-43) vs
38.5U/L (23.5-59.5) (p=0.002)], AST serum concentration [median
29.5U/L (21-44) vs 41.5UJL (29-59) (p < 0.001)], LDH serum con-
centration [median 293 U/L (235-563) vs 412UJL (330-563)
(p < 0.001)] and PaO2/FiO2 ratio (P/F) [median 213 (146-294) vs 133
(98-186.5) (p < 0.001)] (Table 2). In order to identify the factors
independently associated with a higher CT score, we performed a
multivariate binomial logistic regression including AST, dyspnea, P/F,
LDH, and white cell count (Table 2); since AST and ALT proved cor-
related (p=0.635), we excluded ALT serum value from this analysis.
The only factors associated with a higher CT score were LDH (OR

Number of patients with data available

Males, n° (%)

Age, years, mean (SD)

Days from symptoms to admission, median (Q1-Q3)
Charlson comorbidity index, mean (SD)

n° (%) with hypertension

n° (%) with cardio-vascular disease

n° (%) with diabetes

n° (%) with chronic kidney disease

n° (%) with chronic obstructive pulmonary disease
n° (%) with chronic hepatopathy

n° (%) with malignancy

n° (%) with dementia

n° (%) with fever during recent history

n° (%) with dyspnea during recent history

n° (%) with astheny during recent history

n° (%) with cough during recent history

n° (%) with ageusia/dysgeusia during recent history
n° (%) with anosmia/hyposmia during recent history
n° (%°) with diarrhoea during recent history

n° (%) with skin lesions during recent history

Days from admission to discharge®, mean (SD)
Patients with mild or moderate outcome, n° (%)
Patients with severe outcome or who died during hospitalization, n° (%)
n° (%) patients who died during hospitalization

CT score, mean (SD)

321 218(67.9)
321 65(14.25)
213 6(2-9)
317 3(1-4)
316 165(52.2)
316 101(32)
316 77(24.4)
317 24(7.6)
316 26(8.2)
316 13(4.0)
315 22(6.9)
316 12(3.7)
320 184(57.5)
320 236(73.8)
320 97(30.3)
320 107(33.4)
319 4(13)
319 5(1.6)
319 9(2.8)
318 0(0)

318 12(7-17)
321 184(57.3)
321 137(42.7)
321 48(15)
321 13.05(4.79)

" or who died during hospitalization
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Fig. 2. : A:Box plot of CT score value at admission in patients who did not need ICU care and patients who needed it. B: Stacked column graph considering CT score and LDH/PF

value at admission (data in percentage).

1.005; 95% CI: 1.003-1.008) and low P/F ratio (OR 0.993; 95%CI:
0.989-0.997) (Table 2).

Considering the data above, we calculated the AUC for LDH
considering the severe outcome group or patients who died as the
status variable and the result was 0.748 (95%Cl: 0.686-0.810,
p < 0.0001) (Supplementary Figure 1b), with the best cut-off point
of 367.5 U/L (sensitivity: 66.7%, specificity: 72.5%), showing a direct
correlation between the severity of disease and increase in LDH;
instead, the AUC for P/F considering the mild or moderate group as
the status variable was 0.733 (95%Cl: 0.675-0.792, p < 0.0001)

Table 2
Laboratory parameters of patients included in the study.

(Supplementary Figure 1c), with the best cut-off point of 164.5
(sensitivity: 67.9%, specificity: 68.4%), showing a better CT score in
patients with a higher P/F. Moreover, considering the cut-offs of
these two parameters, the 66 patients with both LDH > 367.5 U/L
and P/F< 164.5 more frequently showed a severe CT-score than
those with both LDH < 367.5U/L and P/F> 164.5, and those with
only one severe parameter (P/F<164.5 or LDH >367.5U/L): 83.4%,
20%, 40% and 48%, respectively (p < 0.0001) (Fig. 2B). Considering
the data above we calculated a positive (PPV) and a negative pre-
dictive value (NPV). In patients who presented LDH < 367.5 and P/

Number of patients with data available

Median (Q1-Q3) white blood cells (WBC) at admission (cells/uL) 269 7900(6100-10700)
Mean (SD) International Normalized Ratio (INR) at admission 230 1.10(0.29)

Median (Q1-Q3) Blood creatinine at admission (mg/dl) 266 0.9(0.75-1.17)
Median (Q1-Q3) creatine phosphokinase (CPK) at admission (U/L) 148 100.5(54-189.5)
Median (Q1-Q3) lactate dehydrogenase (LDH) at admission (U/I) 243 347(267-461)
Median (Q1-Q3) Pa0O2/FiO2 Ratio (P/F) at admission 273 164(115-251)
Median (Q1-Q3) ALT at admission (U/L) 242 32(22-52)
Median (Q1-Q3) AST at admission (U/L) 262 36.5(25-50)
Median (Q1-Q3) Bilirubin at admission(mg/dl) 204 0.64(0.495-0.975)
Median (Q1-Q3) procalcitonin at admission (ng/ml) 162 0.09(0.05-0.24)
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Demographic, clinical and laboratory data at admission according to the CT score.
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Patients with Patients with p value Multivariate analysis
CT score less than 12.5 CT score more than 12.5 Binomial Logistic Regression
n° 161 (50.1%) n° 160 (49.9%) OR (95% CI) P value
Males, n° (%) 108 (67.1%) 110 (68.8%) 0.7492 - -
Age, years, mean (SD) 64.73 (14.08) 66.83 (14.383) 0.188° - -
Days from symptoms to admission, median (Q1-Q3) 5(2-10) 6(2-9) 0.56° - -
Charlson comorbidity index, median (Q1-Q3) 2.5(1-4) 3(1-4) 0.32¢ - -
n° (%) with hypertension 76 (47.2%) 89 (55.6%) 0.114* - -
n° (%) with cardio-vascular disease 50 (31.1%) 51 (31.9%) 0.843° - -
n° (%) with diabetes 36 (22.4%) 41 (25.6%) 0.4722 - -
n° (%) with chronic kidney disease 10 (6.2%) 14 (8.8%) 0.369° - -
n° (%) with chronic obstructive pulmonary disease 15 (9.3%) 11 (6.9%) 0.432° - -
n° (%) with liver cirrhosis 6 (3.7%) 7 (4.4%) 0.759? - -
n° (%) with malignancy 12 (7.5%) 10 (6.3%) 0.6922 - -
n° (%) with dementia 9 (5.6%) 3 (1.9%) 0.812 - -
n ° (%) with fever during recent history 98(61.3) 86(53.8) 0.213° - -
n° (%) with dyspnea during recent history 105(65.6) 131(81.9) 0.001° 0.755 0.468
(0.353-1.615)
n° (%) with astheny during recent history 54(33.8) 43(26.9) 0.224* - -
n° (%) with cough during recent history 52(32.5) 55(34.4) 0.813? - -
n° (%) with ageusia/dysgeusia during recent history 3(1.9) 1(0.6) 0.3712 - -
n° (%) with anosmia/hyposmia during recent history 4(2.5) 1(0.6) 0.214° - -
n° (%) with diarrhea during recent history 5(3.1) 4(2.5) 0.750° - -
n° (%) with skin lesion during recent history 0(0) 0(0) ND - -
Median (Q1-Q3) white blood cells (WBC) 7300(6000-10400) 8100(6200-11640) 0.041° 1.000 0.859
(1.000-1.000)
Mean (SD) International Normalized Ratio (INR) 112 (0.352) 1.09 (0.201) 0.463" - -
Median (Q1-Q3) Blood creatinine 0.9(0.77-1.13) 0.915(0.725-1.22) 0.299° - -
Median (Q1-Q3) creatine phosphokinase (CPK) 91(53-163) 105(68-268) 0.125" - -
Median (Q1-Q3) lactate dehydrogenase (LDH) 293(235-360) 412(330-563) 0.001° 1.005(1.003-1.008) 0.0001
Median (Q1-Q3) PaO2/FiO2 Ratio (P/F) 213(146-294) 133(98-186.5) 0.001° 0.993(0.989-0.997) 0.001
Mean(SD) ALT 27(22-43) 38.5(23.5-59.5) 0.002° - -
Median (Q1-Q3) AST 29.5(21-44) 41.5(29-59) 0.001° 1.003(0.986-1.019) 0.752
Median (Q1-Q3) Bilirubin 0.6(0.47-0.91) 0.7(0.5-1) 0.069" - -
Median (Q1-Q3) Procalcitonin 0.08(0.04-0.18) 0.11(0.07-0.36) 0.083% - -

a, Chi-square test; b, Student-T test; ¢, Wilcoxon rank-sum (Mann-Whitney) test.; d: Not included in multivariate due to the high correlation with AST (0.635)

F> 164.5 the PPV was 80% and NPV was 37.7% to predict a CT
score< 12.5; in patients who presented LDH> 367.5U/L and P/
F> 164.5 the PPV was 71.4% and the NPV was 73.3% to predict a CT
score > 12.5; in patients who had P/F< 164.5 and LDH < 367.5U/L
the PPV was 67% and NPV was 72.3% to predict a CT score > 12.5; in
patients who had LDH> 364.5U/L and P/F< 164.5 the PPV was
83.3% and the NPV was 69.1% to predict a CT score > 12.5.

Discussion

Given the important impact that the COVID-19 pandemic has
determined all over the globe [1], despite the scientific advances
made in the last 2 years with the introduction of vaccines, mono-
clonal antibodies and antivirals for prevention, it still appears a
healthcare emergency linked to the spread of infection. Clinical or
laboratory tools that predict the outcome at admission to hospital
are useful to reduce the need for hospitalization and avoid over-
loading hospital facilities. The utility of the CT scan to stage COVID-
19 pneumonia is well known but, considering the overload and the
availability of machinery, it is not always possible to perform,
especially in some geographical areas.

In the present observational retrospective study performed in 19
COVID-19 units in southern Italy enrolling 321 patients, we con-
firmed a correlation between the CT score according to Pan and
disease progression, as found in previously published studies [15,16],
highlighting that the best cut-off to predict a worse outcome (severe
or death) was 12.5. The data available in the literature on this point
are few identifying the best cut-off to predict ICU admission with
Pan CT scores [ 15,16], ranging from 11 [16] to 12.5 [15]. In particular,
Aziz-Ahari et al. [15] including 148 patients with a high mortality
rate (37%) found the best CT score cut-off for discriminating severe
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patients was 12.5 with 68.3% sensitivity and 72.7% specificity.
Shayganfar et al., including 176 patients with a 21.5% mortality rate
found a CT score cut-off point of about 11.

Moreover, we found a direct correlation between the CT score
value and LDH levels and an indirect correlation between the CT
score value and P/F at admission. In particular, we demonstrated that
an LDH value higher than 367.5 U/L and a P/F ratio less than 164.5 at
admission were associated with a severe CT score (>12.5). In addi-
tion, our data showed than when LDH was less than 367.5 U/L and P/
F was more than 164.5, the PPV to predict a CT score less than 12.5
was 80%; instead, if LDH was > 367.5 U/L and P/F < 164.5 the PPV to
predict a CT score > 12.5 was 83.3%. Some studies showed that LDH
usually increase in COVID-19 patients and it’s increase could predict
severity [24,25]. LDH is a cytoplasmatic enzymes highly expressed in
the lung, liver, hearth, kidney and skeletal muscle, generally release
in blood after cell death: thus, the lung damage, frequently founded
in COVID-19 postmortem pathology [26], could increase LDH blood
levels [27]. The P/F, a parameters widely used to define the severity
of Acute Respiratory Distress Syndrome [28], has already been
shown to be able to predict outcome in patients with COVID-19
[29,30]; moreover, one study highlighted its inverse correlation with
extension of the pulmonary inflammatory process on CT [31].

In the literature, to our knowledge, few studies evaluated the
clinical and laboratory parameters that can predict a worse CT score
at admission [18-21]. The study by Francone et al., including 130
symptomatic COVID-19 patients showed that the Pan CT score was
significantly correlated with C-reaction protein (CRP) (p < 0.0001)
and p-dimer (p < 0.0001) levels [18]. The paper by Yadzi et al. [19] is
the largest study, to our knowledge, including 478 participants, that
evaluated the impact of different laboratory, clinical and demo-
graphic parameters to predict a CT score, with a score 0-25 based,
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similar to the Pan score. They found that anosmia, respiratory rate,
CRP (with a cut-off of 90), WBC (with a cut-off of 10.000) and Sp0O2
(with a cut-off point of 93) was associated with a higher chest CT
score. In the study by Man et al. [20], they found that the neutrophil-
to-lymphocyte ratio and platelets-to-lymphocyte rate correlated
positive with CT scan severity [20]. However, the inhomogeneity
observed in these studies was certainly due to the demographic,
clinical and laboratory differences in the patients included, the
period of inclusion, the different mortality, response to the therapy
applied and routine examinations performed during admission.

Our study shows some limits: first, the retrospective nature of
the study; second, we evaluated only hospitalized patients and
hospital mortality; third, some data are missing considering the
studies published; fourth, nevertheless the impact of vaccination
and viral variants on the clinical presentation and clinical outcome
of COVID-19 [32,33] the data of viral variants were not available and
the number of patients enrolled in the present study with full vac-
cination was very low. Table 3.

The strengths of our study were the multicenter nature of the
design and the size of the population; moreover, this study high-
lights that two simple biochemical markers generally carried out at
admission to hospital can predict the CT score value, thus allowing to
discriminate, in a moment of greater affluence to the healthcare
facilities, any priorities on the execution of CT.

In conclusion, our study suggests that the best CT score to predict
a severe outcome or death during hospitalization in patients with
COVID-19 was 12.5 (sensitivity: 71.5%, specificity: 66.3%) and that
LDH and P/F values at admission correlated with the CT score.
Moreover, the data suggest that the patients with a low LDH and
high P/F ratio at admission have a low probability of having a severe
CT score and, thus, they may undergo CT scan with less urgency,
while those with both high LDH and low P/F ratio more frequently
have a severe CT score and, thus, should undergo CT scan im-
mediately. However, studies on larger cohorts of patients with the
analysis of all the biochemical parameters are needed to confirm
these data.
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