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Abstract 

Background Predictions about the hospital course of the coronavirus disease 2019 (COVID‑19) patients are of para‑
mount value. This research was designed to validate 4C mortality and CT severity scores (CT‑SS) as prognostication 
tools of mortality and detect their relations among patients with COVID‑19 who are hospitalized. The identification 
of other potential mortality risk factors was also evaluated.

Methods Two hundred and ninety‑six confirmed COVID‑19 adult cases were prospectively included. They were allo‑
cated into 3 groups according to severity; 78 in moderate group, 97 in severe group, and 121 patients in critical group. 
Patient demographics, clinical characteristics, co‑morbidities, lines of treatment, 4C mortality score and CT severity 
score were assessed upon admission.

Results The study revealed that 90% and 84.3% sensitivities were observed for 4C mortality and CT‑SS respectively 
as predictors of mortality. Significant correlation between both scores (r = 0.6. p = 0.0001) was detected. Multivari‑
ate analysis identified 6.9‑fold increased risk of mortality for the patients with 4C mortality score > 9.5 (p = 0.001). 
CT‑SS > 12, age ≥ 60, male gender, hypertension and diabetes mellitus were also found as significant independent 
factors associated with increased mortality.

Conclusions Both of 4C mortality score and CT‑SS have a high sensitivity as a risk‑stratification scores with a consid‑
erable correlation. In addition, they represent the most independent risk factors associated with mortality in compari‑
son to other clinical or laboratory indices.
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Background
The worldwide COVID-19 pandemic is posing a chal-
lenge to the world’s healthcare systems. Risk stratifi-
cation is necessary due to the diverse outcomes seen, 
from subpopulations that are primarily asymptomatic 
to subpopulations with significant fatality rates. Such 

risk classification can assist in more effectively directing 
efforts for both prevention and treatment of confirmed 
cases (i.e., hospitalization vs community isolation) [1].

Predictions of the patients’ hospital course are crucial 
because patients at a high risk of dying could be prior-
itized for quick, aggressive treatment. Prior to further 
deterioration, high-risk patients may get steroid therapy 
and be quickly transferred to critical care [2].

Numerous prognosis scores for COVID-19 were found 
in a review article [3], and they differed in terms of con-
text, expected outcome measure, and clinical characteris-
tics covered. One of them is the 4C (Coronavirus Clinical 
Characterization Consortium) mortality Score [4], which 
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is a risk-score that forecasts in-hospital mortality for 
COVID-19 patients who are hospitalized. The 4C Mor-
tality Score requires just parameters that are often acces-
sible at hospital presentations, making it simple to utilize. 
It is based on a patient cohort from the UK.

Early disease detection, disease management, and dis-
ease course monitoring all depend on high resolution 
CT chest imaging. Additionally, the imaging results can 
be used to determine the severity of the condition, which 
greatly aids clinicians in using their clinical judgment 
and ensures effective and prompt care [5]. Using a semi-
quantitative grading technique based on the visual evalu-
ation of each implicated lobe, the severity of a CT scan 
can be evaluated [6].

The accuracy and relation of 4C mortality score to CT 
severity score need to be evaluated.

This study was done to determine the validity of both of 
4C mortality score and CT severity score as a predictor 
of mortality and their correlation in COVID-19 patients. 
In addition, the identification of other possible risk fac-
tors of mortality was evaluated.

Methods
Design, study population
This prospective study was performed in an isolation 
facility for COVID-19 patients at the Cardiothoracic 
Minia University Hospital, patients were enrolled from 
February 2021 to October 2021.

Inclusion criteria: adult patients > 18 years old with pos-
itive polymerase chain reaction (PCR) for SARS-Cov2.

Exclusion criteria: patients known to have chronic lung 
diseases and patients with congestive heart failure.

Evaluation
Data pertinent to demographics, clinical and laboratory 
data, co-morbidities, lines of treatment, ventilatory sup-
port, length of hospital stay, and outcome data were col-
lected from all patients. 4C mortality score was calculated 
from all groups. The score of 4C mortality was validated 
and derived within the ISARIC (International Severe 
Acute Respiratory and Emerging Infection Consortium) 
World Health Organization Clinical Characterization 
Protocol UK study. The age, sex, Glasgow Coma Scale, 
blood urea nitrogen, C-reactive protein, respiratory rate, 
peripheral oxygen saturation, and number of comorbidi-
ties are all included in the 4C score. The 4C score has risk 
categories of low (0–3), intermediate (4–8), high (9–14), 
and very high (15), and spans from 0 to 21 [4].

All cases underwent non-contrast high resolu-
tion CT using 16 detector CT scanners (Lightspeed, 
GE Healthcare, WI), (Aquilion, Toshiba Medical Sys-
tem). The parameters of the CT scanning were used: 
tube voltage 120 kV; tube current 200–250 mAS; a high 

resolution-method, using thin slice thickness < 1.5  mm, 
and the scan matrix was 512 × 512 matrices. The area 
from the lower neck down to the upper abdomen just 
below the diaphragm was covered by the CT scan. Cor-
onal and sagittal images were visualized in the lung and 
mediastinal windows using multi-planner reformat 
(MPR).

Each of the five lobes was visually assessed on a scale 
of 0 to 5, and the CT severity score (CT-SS) was derived 
depending on the degree of lobar involvement. The fol-
lowing scores were assigned: 0 (none), 1 (affecting < 5% 
of the lobe), 2 (affecting 5–25% of the lobe), 3 (affecting 
26–49% of the lobe), 4 (affecting 50–75% of the lobe), 
and 5 (affecting > 75% of the lobe). So, each lobe might 
receive a maximum CT score of 5. The five lobe scores 
were added together to create the total CT score (range 
from 0 to 25). If the total score is ≤ 7, it is a mild category, 
8–17; it is a moderate and ≥ 18; it is severe category [6]. 
(Figs. 1, 2).

Statistical analysis
Processing the data was carried out using Statistical Pack-
age for the Social Sciences (SPSS) software (version 22). 
Continuous data were represented as mean and standard 
deviation (SD) while categorical data was expressed using 
number and percent. For qualitative data between two or 
three groups, the Chi square test was employed, ANOVA 
one-way test for quantitative parametric data comparing 
the three groups.

In the context of the analysis of variance, post hoc anal-
ysis was carried out using the least significant difference 
test (LSD). P < 0.05 is considered significant. With the 
use of calculations for cut-off value, sensitivity, specific-
ity, positive predicted value (PPV), negative predicted 
value (NPV), and area under curve (AUC), ROC curves 
(receiver operating characteristic) for both the 4C mor-
tality score and CT-SS were created. Pearson’s r correla-
tion was utilized to test the correlation. A Cox Regression 
was performed to evaluate predictors of mortality using 
both univariate and multivariate analyzes.

Results
In this research, 296 patients with COVID-19 were 
included out of 310 patients who were recruited to the 
hospital during the enrollment period. Eight patients 
with underlying lung diseases and 6 patients with conges-
tive heart failure were excluded.

According to disease severity at the time of admission 
[7] patients were divided into 3 groups: 78 moderate 
cases: (Group I), 97 severe cases (Group II) and 121 criti-
cal cases (Group III).

Moderate cases were patients who exhibit signs of 
pneumonia by radiography with an oxygen saturation 
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(SpO2) ≥ 94% on room air. Severe cases were identified 
if one of the following criteria was met: SpO2 < 94% on 
room air, arterial partial pressure of oxygen to fraction 
of inspired oxygen ratios below 300 mm Hg, respiratory 
rates above 30 breaths per minute, or lung infiltrate lev-
els above 50%. If one of the following characteristics was 
present: respiratory failure, septic shock, and/or multiple 
organ dysfunction requiring ICU monitoring, the disease 
was categorized as critical.

Clinical and demographic data are shown in (Table 1). 
Patients of moderate group of COVID-19 were signifi-
cantly younger than those of severe and critical categories 
(p = 0.001). Males were statistically considerably more 
prevalent in moderate cases than in severe and critical 
cases (p = 0.023). Comparatively to the severe and critical 
patients, 55 patients (69.5%) in moderate group experi-
enced dyspnea (p = 0.0001). Patients in the severe group 

vomited far more frequently than those in the other 2 
groups (p = 0.007). Compared to those in the critical 
group, moderate and severe COVID 19 had a substantial 
increase in taste and smell loss (p = 0.0001). Additionally, 
the severe and critical groups had greater tachypnea and 
oxygen desaturation (p = 0.0001 for each).

Critical group had the highest value for both of 4C 
mortality score and CT-SS with a significant difference 
between them versus those of moderate and severe dis-
ease categories (p = 0.0001 for each) (Table 2).

The outcomes of analysis of ROC for both of 4C mor-
tality score and CT-SS as predictors of mortality are 
represented in Fig.  2 (A and B respectively). The AUC 
was 0.84 (95% CI 0.80–0.88, p = 0.001) for 4C mortality 
score at a cut-off value of 9.5 to predict sensitivity and 
specificity for mortality as 89.9% and 62.8% respectively 
(Fig. 3A). CT-SS sensitivity and specificity was observed 

Fig. 1 High resolution CT chest of COVID 19 patient shows CT severity score = 6 (mild category)

Fig. 2 High resolution CT chest of COVID 19 patient shows CT severity score = 7 (mild category)
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as 84.3% and 64.7% respectively considering a thresh-
old value of 12.5 with AUC of 0.83 (95% CI 0.77–0.89, 
p = 0.0001) (Fig. 3B).

There is a moderate positive correlation between CT 
severity score and 4C mortality score (r = 0.6) with statis-
tical significance (p value = 0.0001) (Fig. 4).

Table  3 depicts characteristics of alive and dead 
patients. The total number of dead patients was 89, 86 

in critical group out of 121 and 3 cases in severe group. 
Alive patients were significantly younger than dead 
ones (54.7 vs 65.3, p = 0.001) and 70% of non-survivors 
their ages ≥ 60 years. Non survivors were more in males 
and had more comorbidities and higher inflammatory 
markers than survivors. In addition, both of CT-SS 
and 4C mortality scores were higher as compared to 
survivors. Regarding ventilatory support, 50% of non 

Table 1 Demography and clinical characteristics among the studied groups

Results are presented as numbers and percentages.
a p values obtained from one-way ANOVA test
b p-values obtained from Chi square test to compare the results

Variable Group I Group II Group III p value

(n = 78) (n = 97) (n = 121)

Moderate Severe Critical I versus II I versus III II versus III

Age (years) 48.3 ± 15.4 57.6 ± 12.5 64.5 ± 10.8 0.0001a

0.0001 0.0001 0.0001

Gender, n (%)

 Males 59 (75.7%) 58 (59.8%) 70 (57.8%)  0.023b

 Females 19 (24.3%) 39 (40.2%) 51 (42.1%)  0.028  0.008  0.692

Smoking, n (%)

 Current 15 (19.2%) 22 (22.7%) 30 (24.8%)  0.34b

 Ex‑smoker 8 (10.3%) 18 (18.5%) 22 (18.2%)

 Non‑smoker 55 (70.5%) 57 (58.8%) 69 (57%)

Fever, n (%) 75 (96.1%) 94 (96.9%) 117(96.7%) 0.689b

Dyspnea, n (%) 55 (69.5%) 97 (100%) 121 (100%) 0.0001b

0.0001 0.0001 0.99

Dry cough, n (%) 68 (87.2%) 90 (92.8%) 115(95.1%) 0.091b

Diarrhea, n (%) 36 (37.2%) 43 (44.3%) 40 (33.1%) 0.159b

Vomiting, n (%) 14 (17.9%) 23 (23.7%) 14 (11.6%) 0.025b

0.435 0.084 0.007

Loss of taste and smell, n (%) 35 (44.9%) 20 (20.6%) 2 (1.7%) 0.0001b

0.001 0.0001 0.0001

Respiratory rate (mean ± SD) 23.7 ± 4.3 29.2 ± 6.2 35.8 ± 7.1 0.0001a

0.0001 0.0001 0.0001

SpO2% (mean ± SD) 95.3 ± 1.7 83.9 ± 6.9 64.1 ± 14.8 0.0001a

0.0001 0.0001 0.0001

Table 2 4C Mortality score and CT severity score of the studied groups

Results were represented as mean and standard deviation (SD). The one-way ANOVA test was used to compare the results

Variable Group I Group II Group III p value

(n = 78) (n = 97) (n = 121)

Moderate Severe Critical I versus II I versus III II versus III

4C mortality score (mean ± SD) 4.8 ± 3.0 9.2 ± 3.5 12.5 ± 2.9 0.0001

0.0001 0.0001 0.0001

CT severity score (mean ± SD) 9.1 ± 3.2 13.0 ± 2.9 15.9 ± 5.8 0.0001

0.0001 0.0001 0.0001
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survivors used non-invasive and invasive mechanical 
ventilation, nevertheless no remarkable difference was 
existent in terms of the length of hospital stay between 
survivors and non-survivors (9.06 days vs 8.8 days, 
p = 0.7).

Univariate analysis suggests that clinical variables 
associated with mortality included age ≥ 60 (p = 0.001), 
male sex (p = 0.02), hypertension and diabetes mel-
litus (p = 0.0001 for each), oxygen saturation < 90% 
(p = 0.0001), 4C mortality score > 9.5 and CT-SS > 12 

Fig. 3 Axial images of HRCT of COVID 19 patient show CT severity score = 17 (moderate category)

Fig. 4 Axial images of HRCT of COVID 19 patient show CT severity score = 19 (marked category)
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(p = 0.0001 for each). While the only variables correlated 
with mortality in multivariate analysis were oxygen satu-
ration < 90%, 4C mortality score and CT SS (p = 0.0001, 
p = 0.001 and p = 0.02 respectively). (Table 4).

Discussion
It is necessary to develop a quick, accurate scale to iden-
tify patients who are most at risk of dying. In the past, 
scoring systems have been applied to the healthcare 
system to stratify risk, predict outcomes, and efficiently 
manage patients [8]. Numerous risk stratification systems 
in COVID-19 are used to forecast death. In the current 
study, we used the 4C mortality score and CT sever-
ity score among different COVID-19 patient categories 
to validate their role as a predictor of mortality and to 

determine their correlations. The range of the 4C mortal-
ity score is 0 to 21. Considering this, the anticipated mor-
tality rates is as follows: Low-risk groups ranged from 1.2 
to 1.7%, intermediate-risk groups from 9.1 to 9.9%, high-
risk groups from 31.4 to 34.9%, and extremely high-risk 
groups from 61.5 to 66.2% [4].

Our study revealed that the average 4C mortal-
ity score in moderate group of patients was 4.8. This 
value corresponds to an intermediate risk group for 
mortality with an in-hospital mortality rate of 9.9% in 
Knight et al., 2020 study [4], but none of the patients 
in this group in the present study passed away. The 
severe group got a 4C mortality score of 9.2 and this 
value had a hospital mortality rate of 34.9% in the 
original study [4], while just 3.1% of the patients in 

Table 3 Comparison between survivors and non‑survivors’ groups

Data are represented as number, and percentages

HCQ hydroxychloroquine, NIV non-invasive ventilation, IMV invasive mechanical ventilation
a The one-way ANOVA Test
b Chi square test was used to compare the results

Variable Survivors Non-survivors p value
n = 207 n = 89

Age (mean ± SD) 54.7 ± 14.5 65.3 ± 10.7 0.0001a

< 60 113 (54.6%) 27 (30.3%) 0.0001b

≥ 60 94 (45.4%) 62 (69.7%)

Sex (n %)

 Male 136 (65.7%) 46 (51.7%) 0.02b

 Female 71 (34.3%) 43 (48.3%)

Comorbidities

 Yes 106 (51.2%) 76 (85.4%)  0.0001b

 No 101 (48.8%) 13(14.6%)

Inflammatory markers (mean ± SD)

 C reactive protein (mg/l) 56.7 ± 37.7 85.8 ± 42.8 0.0001a

 Serum ferritin(µg/l) 634.2 ± 347.2 881.7 ± 439.06 0.0001a

 D dimer(µ/ml) 0.7 ± 1.8 1.4 ± 2.07 0.004a

CT severity score (mean ± SD) 11.5 ± 3.8 17.09 ± 5.8 0.0001a

≤ 12 134 (64.7%) 14 (15.7%) 0.0001b

> 12 73 (35.3%) 75 (84.3%)

4C mortality score (mean ± SD) 7.8 ± 4.06 13.01 ± 2.7 0.0001a

≤ 8 117 (56.8%) 6 (6.7%) 0.0001b

> 8 89 (43.2%) 83 (93.3%)

Anti‑viral (n %)

 HCQ and iverzine 101 (48.8%) 68 (76.4%) 0.02b

 Lopinavir‑ritonavir 20 (9.7%) 13 (14.6%) 0.6b

 Favipiravir 65 (31.4%) 3 (3.4%) 0.0001b

 Remdesivir 65 (31.4%) 71 (78%) 0.0001b

 Supplemental O2, n (%) 190 (92%) 20 (22.4%) 0.0001b

 NIV, n (%) 72 (34.8%) 50 (56.1%) 0.0001b

 IMV, n (%) 0 55 (61.8%)

Length of hospital stay (days) (mean ± SD) 9.06 ± 4.2 8.8 ± 4.5 0.7a
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this group died in the current research. When we cal-
culated this score for the critical group, we found that 
its mean value was 12.5 and that it corresponded to 
a high-risk category with 34.9% of in-hospital mor-
tality. However, we found a significantly higher mor-
tality in this group, where 86 out of 121 cases passed 
away, representing a 71.1% in-hospital mortality rate 
(Fig. 5).

At a cut-off value of 9.5 for the 4C mortality score 
across all studied patients, this value had an AUC of 0.84 
(95% CI 0.84–0.88, p = 0.001), a sensitivity of 89.9%, a 
specificity of 62.8%, and positive and negative predicted 
values for mortality of 51% and 93.5%, respectively. 
According to Knight and colleagues [4], AUC was 0.79, 
95% confidence interval: 0.78 to 0.79) and sensitivity 
92.5% at a cut-off value of ≥ 9 to rule in mortality.

Using the same score in a Saudi Arabian study [9], at a 
cutoff value of 4C mortality score > 9 it had a sensitivity 
of 70.5%, specificity of 73.97%, positive predictive value 
of 62.4%, and negative predictive value of 80.2% at AUC 
of 0.81. The difference in sensitivities in the current study 
and previous studies can be attributed to difference in 
populations and criteria of disease severity classification 
(Fig. 6).

A CT scan can be a useful tool for determining the 
severity of each patient’s condition [6]. Quantitative 
approaches or software that uses deep learning algo-
rithms to quantify the percentage of affected lung vol-
umes can also be utilized to evaluate the severity [10]. 
In the present study, we used visual method for assess-
ing CT severity and the mean value of CT severity score 
among all studied patients was 12.6 (moderate sever-
ity) with a sensitivity and specificity of 84.3% and 64.7% 
respectively for predicting mortality. The mean CT-SS of 
COVID-19 patients in another Egyptian study was 13.6 
(moderate severity) [11].

Table 4 Variables related to mortality using Cox regression

Variable Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Age (≥ 60) 2.7 (1.6–4.6) 0.0001 0.84 (0.34–2.06) 0.7

Sex (male) 1.7 (1.08–2.9) 0.02 1.80 (0.76–4.3) 0.1

Smoking 1.2 (0.67–2.1) 0.466 –

Comorbidity

Hypertension 3.13 (0.5–1.2) 0.0001 1.09 (0.81–2.06) 0.79

Diabetes mellitus 3.14 (0.7–1.6) 0.0001 1.64 (0.21–5.6) 0.137

SpO2 at admission 
(< 90)

0.90 (0.88–0.92) 0.0001 0.92 (0.89–0.95) 0.0001

Absolute lympho‑
cyte count (< 1000/
mm3)

1.0 (1.1–4.5) 0.5 –

4C mortality score 
(> 9.5)

15.01 (7.1–31.5) 0.0001 6.9 (2.1–22.09) 0.001

CT‑severity score 
(> 12)

9.8 (5.1–18.6) 0.0001 2.5 (1.1–5.6) 0.02

Fig. 5 ROC curve of 4C mortality score in predicting mortality (A); CT severity score in predicting mortality (B)
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We found that there was a moderate to strong signifi-
cant positive correlation between 4C mortality score and 
CT severity score in COVID-19 patients. Our study is the 
first to use the 4C mortality score explicitly along with 
the CT severity score as a prognostication tool. There-
fore, a moderate severity CT severity score can be uti-
lized as a complementary for a mortality risk indicator.

The current study revealed that the overall mortality 
rate was 30.1% and patients of critical group represented 
75% of this number. A previous Egyptian multicenter, 
retrospective study [12] was conducted on all PCR con-
firmed COVID-19 cases admitted to 6 quarantine hos-
pitals with a total of 3712 hospitalized patients were 
included; of them, 900 deaths were recorded (24.2%). The 
higher mortality in our study than an aforementioned 
one could be attributed to that, patients of critical group 
represented 41% of the studied patients. No classification 
of patients according to severity was done in the multi-
center study.

On comparison the baseline characteristics of sur-
vivors and non-survivors, we found that about 70% of 
non-survivors, their ages more than 60 years. This find-
ing is consistent with the results of previous study [13] 
that showed a higher mortality rate in older patients 
with COVID-19, particularly in those aged ≥ 60  years. 
We found also that a higher existing comorbidities and 
mortality, this coincides to the results of a prospective 
study that was conducted in Spain, in which comorbidi-
ties especially hypertension was the most reported pre-
vious comorbidity in the non-survivors’ group (61.10%, 
p < 0.0001) [14]. In addition, both of 4C mortality score 
and CT severity score were significantly higher in non-
survivors than survivors. Regarding the use of ventila-
tory support, it was revealed that the use of NIV and 

IMV were more in non-survivors. Another study in 
China showing that non-survivors were more likely 
to have received noninvasive mechanical ventilation 
[57%, p < 0.001], invasive mechanical ventilation [35%, 
p < 0.001] than survivors [15].

On analysis the associated factors related to mortal-
ity, we found that age more than 60 had a significant 
role in mortality with an odd ratio of 2.7 and this coin-
cides with results of Abdel Ghaffar et  al. study [12]. 
Data from China and Italy reported also that the case 
fatality rate of COVID-19 significantly increases with 
age [16]. This may be attributed to immunosenes-
cence, and risk for immunopathology in elderly with 
decreased B and T lymphocyte activities are major 
contributors to older persons’ susceptibility to severe 
infection and death [17].

It was found that male gender had a significant risk 
factor of mortality (OR 1.7) in comparison with females 
Owing to the higher expression of ACE II in males, which 
is the main receptor for the binding of SARS-CoV-2 to 
host cells [18], can contribute to this finding. We found 
also that either of hypertension and diabetes mellitus 
had a high odd ratio for mortality on univariate analysis 
(OR 3.13, p = 0.0001, OR 3.14, p = 0.0001 respectively). A 
meta-analysis included a total of 24 observational studies 
with 99,918 COVID-19 patients found that hypertensive 
patients have a 2.17-fold higher risk for COVID-19 mor-
tality (OR: 2.17; 95% CI 1.67–2.82; P < 0.001) [19].

Another meta-analysis included thirteen studies with 
a total number of 3027 patients with SARS-CoV-2 infec-
tion; they reported that diabetes is associated with an 
almost fourfold greater risk for severe disease and death 
in patients with COVID-19 (odds ratio (OR) = 3.68, 95% 
confidence interval (CI) [2.68–5.03]; P < 0.001) [20].
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The current research found that both of 4C mortality 
score more than 9.5 and CT-SS > 12 had a significant odd 
ratio of mortality in both of univariate and multivariate 
analyzes. No previous studies deal with this issue.

Strength and limitation of the study
The current study is the first to correlate the severity of 
COVID-19, as indicated by CT affection, to other clini-
cal and laboratory variables included in the 4C mortality 
score, with the goal of highlighting the need for an inte-
grated assessment of COVID 19 patients that includes 
both clinical and radiological assessment to help us to 
detect critical cases early.

On analyzing the risk variables associated to mortality, 
to lower the risk of death; promptly and individually tai-
lor treatment regimens can be utilized for those with a 
high 4C and CT-severity scores.

Some of the limitations of this study that it is a cross-
sectional one and no follow up of survivors after hospital 
discharge was done, in addition; it is a single center study.

No comparison of 4C mortality score with other simple 
scores like CURB-65 or Quick COVID-19 Severity Index 
(QCSI) was evaluated. Further investigation is required 
to verify the validity of 4C mortality and CT severity 
scores.

Conclusions
Our findings reveal that both of 4C mortality and CT 
severity scores have a good sensitivity as a predictor of 
mortality with a high correlation between them. At a 
cut-off value of 4C mortality score > 9.5 and CT severity 
score > 12, they represent the most significant independ-
ent risk factors associated with mortality from COVID in 
comparison to other patient characteristics.
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