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ABSTRACT 

Background: Several markers were linked to adverse clinical outcomes in critically ill patients with COVID-19. 

Previous reports showed that elevated Neutrophil-to-Lymphocyte Ratio (NLR), C-Reactive Protein (CRP), D-dimer, 

vitamin D levels, and serum ferritin are associated with worse outcomes and increased mortality of critically ill 

patients with COVID-19; however, evidence is still insufficient to implement the predictive values of these markers 

in the management algorithm for the patients. Objectives: To evaluate the predictive value of five blood markers on 

the outcomes of critically ill COVID-19 patients. Methods: We performed a prospective study that included 40

critically ill patients with COVID-19  (COVID severity index ≥ 8) who were admitted to the Intensive Care Unit

(ICU) of a tertiary hospital in Egypt. Blood samples for the studied markers were collected within two days of 

admission. Results: Forty patients were included, with a mean age of 55.6 ± 9.9 years and equal gender distribution. 

Nearly 62.5% of the patients needed mechanical ventilation, with mean days of ventilation of 15 days. The SOFA 

score after 48 hours was 9 ± 2.8. Fifty-five percent of participants needed high doses of vasopressors. The mean 

length of stay in the ICU was 17.7 days ± 5.5 days, and the mortality occurred in 55% of participants. There was a 

trend towards an association between mortality and male sex, presence of diabetes mellites, bilateral infiltration of 

lungs, and heart failure. After admission, the serum CRP, ferritin, D-dimer, NLR, and SOFA score after 48 hours had 

a significant role in the prediction of mortality. Both NLR and D-dimer had the highest area under the curve and 

sensitivity (95.5% for NLR vs. 90.9% for D-dimer), specificity (100% for both), PPV, and NPV at a cut-off value of 

5.5 and 0.85 for both, respectively. Besides, the vitamin D level after 48 hours had a significant role in predicting 

mortality at a cut-off ≤ 18. Conclusions: CRP, NLR, and D-dimer were found to be reliable predictors of COVID-19 

outcomes, including critical illness and mortality. Elevated serum ferritin and vitamin D an be used as supplementary 
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 predictors but cannot be relied on as independent predictors. The interpretation of these biomarkers should be 

correlated with many demographic and clinical factors. 

Keywords: COVID-19, Mechanical ventilation, Mortality, ICU 

INTRODUCTION 

The Coronavirus Disease 2019 (COVID-19) caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2) was first reported in the city of Wuhan (China) in December 2019 and was declared a global pandemic by 

the World Health Organization (WHO) on March 11, 2020 [1,2]. During the last several months, COVID-19 has 

posed major risks to global health by placing unprecedented strain on healthcare systems around the world. C-

reactive protein and many pro-inflammatory cytokines and chemokines, such as interferon-gamma (IFN-γ), 

interleukin-6 (IL-6), interleukin-1 beta (IL-1β), and tumor necrosis factor-alpha (TNF-α) are all considerably 

elevated in the blood of patients with severe COVID-19 symptoms [3-5]. When these cytokines are produced in large 

quantities, they cause a systemic inflammatory response that boosts CD8+ cytotoxic T-cell activity while 

simultaneously decreasing regulatory T-cell activity [6]. As a result of these abnormal immune responses, patients 

may develop multiorgan failure and acute respiratory distress syndrome [7,8]. In severe cases of COVID-19, there 

has been observed an increase in neutrophil counts and a substantial drop in peripheral lymphocyte counts (mainly 

CD4
+
 and CD8

+
 T cells), with the degree of lymphopenia corresponding with disease severity [9]. Abnormal 

coagulation outcomes are also seen in severe cases of COVID-19. These include significantly higher amounts of D-

dimer, fibrinogen, and other fibrin degradation products, substantially prolonged activated partial thromboplastin 

time, and prothrombin time [9,10]. These findings raise the possibility of the emergence of overt disseminated 

intravascular coagulation [10]. Mechanistic studies have indicated that vitamin D has anti-inflammatory and 

immunomodulatory effects, in addition to its well-known function in regulating calcium and bone homeostasis [11]. 

Vitamin D has been found to have a crucial role in the regulation of both innate and adaptive immune responses, 

with studies showing that it promotes tolerogenic responses, suppresses the production of various pro-inflammatory 

cytokines, and enhances antiviral effector mechanisms [12-15]. More than 1 billion people of all ages are affected by 

vitamin D deficiency, making it a worldwide pandemic [16]. Furthermore, risk factors for vitamin D deficiency 

correlate with those with severe COVID-19 (such as obesity, older age, and Asian or Black ethnic origin) [17]. 

Vitamin D deficiency has been proposed by many studies as an independent risk factor for COVID-19 infection and 

detrimental consequences in the setting of preexisting illness [18]. This study aimed to evaluate the predictive value 

of five blood markers on the outcomes of critically ill COVID-19 patients. 

METHODS 

The study gained ethical clearance from the responsible committee in the Faculty of Medicine, Beni-Suef 

University. Guardians of eligible patients were required to sign informed consent before deeming them eligible for 

the present study. The study was supported by a personal grant. 

Subjects 

Int J Med Res Health Sci 2022 11(10): 19-32

20



Sabry, et al. 

We performed a prospective study that included 40 critically ill COVID-19 (COVID severity index > 8) patients

admitted to the Critical Care Department of Beni-Suef University Hospital from January 2022 to March 2022. The 

decision of ICU admission was based solely on the treating physician's discretion without intervention from the 

study's investigators. Patients were deemed eligible if they had real-time reverse transcriptase-polymerase chain 

reaction (RT-PCR)-confirmed COVID-19, severe COVID-19 illness according to the National Early Warning 

Score-2 (NEWS-2) [19]. We excluded the pediatric age group, patients with tuberculosis, tumors, or pregnancy. 

Each patient was evaluated for history and clinical examination findings, laboratory findings, sequential organ 

failure assessment score (SOFA score), Acute Physiology and Chronic Health Evaluation II (APACHE II), and chest 

Computed Tomography (CT) findings for COVID-19 Reporting and Data System (CO-RADS) classification [20, 

21]. 

Blood samples were withdrawn from the patients within 48 hours of admission. The laboratory investigations 

included a complete count with differential, CRP, D-dimer, serum ferritin, and vitamin D levels. Besides, routine 

laboratory investigations were conducted for the patients, including hepatic and renal functions, electrolytes, and 

arterial blood gas. 

Study's Outcomes 

We primarily assessed the association between the studied markers and in-hospital mortality. The secondary 

outcomes included the association between the studied markers and length of hospital stay, need for mechanical 

ventilation, duration of mechanical ventilation, and SOFA score. 

Statistical Analysis 

Retrieved data were summarized and processed with IBM SPSS statistical software (version 25). Frequencies were 

used to describe categories, and numeric were summarized into median (range). The hypothesis of significant 

associations between various parameters and clinical outcomes was tested by the Chi-square test for categorical 

variables and the Mann-Whitney test for continuous variables. The prediction utilities of the five markers were 

explored by receiver operator characteristics, and the outputs were presented with diagnostic accuracy measures. p-

value <0.05 was regarded as statistically significant. 

RESULTS 

Forty patients were included, with a mean age of 55.6 ± 9.9 years and equal gender distribution. Nearly 62.5% of the 

patients needed mechanical ventilation, with mean days of ventilation of 15 days. The SOFA score after 48 hours 

was 9 ± 2.8. Fifty-five percent of participants needed high doses of vasopressors. The mean length of stay in the ICU 

was 17.7 ± 5.5 days, and mortality occurred in 55% of participants. Table 1 shows a statistically significant 

association between in-hospital mortality and increased age, high temperature, and higher APACHE II score. There 
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was a trend towards an association between mortality and male sex, presence of diabetes mellites, bilateral 

infiltration of lungs, and heart failure. 

Table 1 Relation between baseline characteristics of the studied patients and mortality 

Characteristics Alive (no=18) Died (no=22) p-value 

Age (mean ± SD) 51.8 ± 10.8 58.7 ± 7.9 0.025* 

Sex 

Females 10(50.0%) 10(50.0%) 
0.525 

Males 8(40.0%) 12(60.0%) 

Diabetes with EOF 

No 10(58.8%) 7(41.2%) 
0.131 

Yes 8(34.8%) 15(65.2%) 

HTN 

No 5(38.5%) 8(61.5%) 
0.564 

Yes 13(48.1%) 14(51.9%) 

Heart failure 

No 8(53.3%) 7(46.7%) 
0.412 

Yes 10(40.0%) 15(60.0%) 

COPD 

No 8(44.4%) 10(55.6%) 0.949 

Yes 10(45.5%) 12(54.5%) 

Vital signs 

Temperature 37.9 ± 0.6 38.4 ± 0.3 0.001* 

HR 113.6 ± 8.4 117.4 ± 12.1 0.264 

RR 29.8 ± 6 30.1 ± 3.2 0.768 

Systole 

≥ 90 mmHg 12(46.2%) 14(53.8%) 
0.842 

<90 mmHg 6(42.9%) 8(57.1%) 

SO2 84.4 ± 6 86.7 ± 4.6 0.179 

APACH II score 12.8 ± 6.9 17.7 ± 6.1 0.023* 

Bilateral infiltration of the lung 

No 7(70.0%) 3(30.0%) 
0.067 

Yes 11(36.7%) 19(63.3%) 

Table 2 shows that there was a statistically significant association between in-hospital mortality and high baseline 

levels of sodium, INR, and NLR among non-survivors. When the assessment was repeated after 48 hours, there was 

a significantly higher level of Total Leucocytic Count (TLC), CRP, serum ferritin, D-dimer, vitamin D, and NLR 

among non-survivors. 
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Table 2 Relation between blood markers of the studied patients and mortality 

Characteristics 

Baseline 48 hours 

Alive (no=18) Died (no=22) p-value Alive (no=18) 
Died 

p-value 
(no=22) 

Na 131.6 ± 7.7 137.1 ± 8.8 0.040 135.8 ± 4.2 137.8 ± 4.6 0.166 

K+ 3.9 ± 0.7 3.9 ± 0.8 0.818 3.7 ± 0.5 3.7 ± 0.5 0.963 

Ca+ 7.7 ± 0.4 7.6 ± 0.5 0.492 8.5 ± 0.4 8.1 ± 0.7 0.059 

Create., 1.5 ± 0.8 2.1 ± 1.4 0.135 1.5 ± 0.7 2.2 ± 1.2 0.036 

PO4 2.1 ± 0.3 2.2 ± 0.4 0.381 2.1 ± 0.3 2.1 ± 0.3 0.798 

Mg+ 1.9 ± 0.2 1.9 ± 0.3 0.535 2.1 ± 0.3 2.1 ± 0.3 0.667 

Hb 9.6 ± 1.5 9.9 ± 1.7 0.615 9.5 ± 1.5 9.9 ± 1.6 0.357 

TLC×103 11.6 ± 6.2 14.6 ± 6.2 0.138 9.9 ± 3.4 12.9 ± 3.5 0.009 

PLT×103 238.1 ± 122.1 219.1 ± 86.8 0.569 247.3 ± 114.9 223.1 ± 92.9 0.467 

INR 1.3 ± 0.2 1.4 ± 0.3 0.524 1.4 ± 0.1 1.5 ± 0.2 0.192 

CRP 54.6 ± 53.6 93.4 ± 69.7 0.06 54.9 ± 50.9 111.7 ± 72.15947 0.008 

Ferritin 530.6 ± 259.1 649.9 ± 165.4 0.085 481.3 ± 278.4 735.7 ± 159.7 0.001 

D-dimer 0.6 ± 0.1 0.8 ± 0.2 0.006 0.3 ± 0.1 1.3± 0.3 0.001 

Vit D 21.6 ± 7.6 18.8 ± 2.4 0.114 20.2 ± 5.4 16.6 ± 2.3 0.007 

NLR 2.4 ± 0.7 5.5 ± 1.3 <0.001 1.7 ± 0.8 8 ± 1.3 0.001 

AST 38.4 ± 25.9 53.7 ± 47.2 0.224 40.7 ± 18.6 55.6 ± 44.3 0.192 

ALT 30.6 ± 25.5 43.2 ± 33.6 0.195 42.3 ± 19.2 48 ± 33.7 0.523 

Bilirubin 1.1 ± 0.2 1.3 ± 0.4 0.061 1.1 ± 0.2 1.3 ± 0.4 0.137 

Albumin 3.1 ± 0.3 2.9 ± 0.5 0.341 3.1 ± 0.3 2.9 ± 0.4 0.137 

At baseline, serum D-dimer, NLR, and CRP on admission had a significant role in mortality prediction. Still, the 

highest one in prediction was NLR, with the highest under the curve and sensitivity (100%), specificity (94.6%), 

PPV, and NPV at a cut-off ≥ 3.5 (Table 3 and Figure 1). Likewise, 48 hours from admission, the serum CRP, ferritin, 

D-dimer, NLR, and SOFA score after 48 hours had a significant role in the prediction of mortality. Both NLR and D-

dimer had the highest area under the curve and sensitivity (95.5 % for NLR vs. 90.9% for D-dimer), specificity 

(100% for both), PPV, and NPV at a cut-off value of 5.5 and 0.85 for both, respectively (Table 3 and Figure 2). 

Besides, the vitamin D level after 48 hours had a significant role in predicting mortality at a cut-off ≤ 18 (Figure 3).

Table 3 Predictive value of parameters used for prediction of mortality from the significantly associated variables with death 

by univariate analysis 

Variables 
Area under 

curve 
P-value cut off 

Sensitivity 

(95%CI) 

Specificity 

(95%CI) 
PPV (95%CI) NPV (95%CI) 

On admission 

D-dimer 0.723 0.016 ≥ 0.65 63.6 (50%-70%) 66.7 (59%-78%) 62 (55%-67%) 65 (60%-75%) 

Ferritin 0.609 0.242 ≥ 608 63.6 (55%-70%) 55.6 (36%-61%) 60 (47%-65%) 52 (39%-55%) 

CRP 0.698 0.033 ≥ 39.5 86.4 (72%-90%) 55.6 (36%-61%) 80 (61%-86%) 52 (39%-55%) 
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NLR 0.991 <0.001 ≥ 3.5 
100 (90%-

100%) 
94.6 (90%-100%) 100 (90%-100%) 93 (90%-199%) 

48 hours 

D- dimer 0.779 0.003 ≥ 56.5 
86.4 (70.4%-

90%) 

70.6 (67.1%-

77.9%) 

82.2 (79.3%-

89.4%) 

72.3 (69.3%-

80.3%) 

Ferritin 0.747 0.009 ≥ 629 
81.8 (77.5%-

85%) 
59 (53.2%-65%) 

80.6 (77.4%-
90.6%) 

62.6 (55%-70%) 

CRP 1 <0.001 ≥ 0.85 90.9 (85%-92%) 100 (85%-100%) 90 (85%-92%) 
100 (85%-

100%) 

NLR 1 <0.001 ≥ 5.5 95.5 (85%-97%) 100 (85%-100%) 94 (85%-96%) 
100 (85%-

100%) 

Figure 1 Receiver Operating Characteristic curve for prediction of mortality from the significantly associated variables with death by 

univariate analysis on admission 
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Figure 2 Receiver Operating Characteristic curve for prediction of mortality from the significantly associated variables with death by 

univariate analysis after 48 hours 

Figure 3 Receiver Operating Characteristic curve for prediction of mortality from the significant vitamin D after 48 hours 
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DISCUSSION 

In this study, our findings showed that serum D-dimer, NLR, and CRP on admission had a significant role in 

mortality prediction. The highest one in prediction was NLR, with the highest under the curve and sensitivity 

(100%), specificity (94.6%), PPV, and NPV at a cut-off ≥ 3.5. Likewise, 48 hours from admission, the serum CRP, 

ferritin, D-dimer, NLR, and SOFA score after 48 hours had a significant role in the prediction of mortality. Both 

NLR and D-dimer had the highest area under the curve and sensitivity (95.5 % for NLR vs. 90.9% for D-dimer), 

specificity (100% for both), PPV, and NPV at a cut-off value of 5.5 and 0.85 for both, respectively. Besides, the 

vitamin D level after 48 hours had a significant role in predicting mortality at a cut-off ≤ 18.  

One of the most prevalent test results in hospitalized COVID-19 patients is an elevated D-dimer. In a study of 1099 

patients with laboratory-confirmed COVID-19 from over 550 hospitals in China, Guan et al., reported that the D-

dimer levels of non-survivors were substantially greater than those of survivors (Median: 2.12 g/ml) [22]. D-dimer 

levels were significantly higher in deaths associated with Covid-19, as were other abnormal coagulation tests, as 

previously reported by Ning T., et al [23]. D-dimer levels over 1 g/mL on admission were linked with in-hospital 

mortality (HR: 18.42, 95% CI: 2.64-128.55), according to research done by Zhou et al [24]. However, the cutoff 

values for D-dimer in these studies were not well assessed. In patients with COVID-19, an elevated D-dimer 

suggested a hypercoagulable state that might be caused by several factors. Virus infections often cause a strong pro-

inflammatory response with inadequate regulation of the anti-inflammatory response; therefore, endothelial cell 

dysfunction and subsequent overproduction of thrombin may be induced [25,26]. By raising blood viscosity and 

activating a hypoxia-inducible transcription factor-dependent signaling cascade, severe COVID-19 hypoxia may 

promote thrombosis [27,28]. Risk factors for hypercoagulation or thrombosis among hospitalized patients are similar 

to those of COVID-19 severity, including invasive treatment, long-term bed rest, underlying illnesses, and older ages 

[29,30]. Dissections of the lung in critically ill patients with COVID-19 have revealed blockage and micro-

thrombosis accumulation in pulmonary small vessels [31]. At all events, extremely high levels of D-dimer have 

consistently been linked to adverse outcomes [32,33]. Previously, the lack of specificity has been regarded as a 

disadvantage of D-dimer [34]. However, low specificity is now considered to be one of its benefits in the assessment 

of prognosis. Recent research has revealed that NLR levels may have a predictive significance in COVID-19 patients 

since they were greater in more severe patients [35,36]. The severe COVID-19 patients were more likely to have 

greater levels of inflammation when they were admitted to the hospital, which is the underlying pathophysiology that 

supports the clinical use of this biomarker. To identify patients who should be given priority for limited resources, 

early risk stratification may be made possible by acquiring NLR levels at the time of hospital admission. On-

admission NLR levels were greater in severe and non-survivors of COVID-19 than in non-severe and survivors, 

according to a recent meta-analysis (SMD 0.88; 95% CI 0.72-1.04; and 1.87; 95% CI 1.25-2.49, respectively). The 

pooled mortality rate in patients with elevated vs. normal NLR levels was (RR=2.74, 95% CI 0.98-7.66), regardless 

of the various NLR cut-off values [37]. Two investigations used ROC analysis to identify the best cut-off values. Yan 

et al. tested the NLR at the 11.75 cutoff point and their findings revealed an AUC value of 0.945, a sensitivity of 

97.5%, and a specificity of 78.1% [38]. On the other hand, Cheng et al. showed that at a cut-off value of 7.945, the 

AUC value was 0.827, the sensitivity was 65.3%, and the specificity was 90.6% [39]. 
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The large range of NLR cutoff values suggests that absolute NLR levels recorded in various populations are not 

directly comparable and that the ideal cutoff values may vary from population to population. NLR is more practical 

for clinical use since it is easily collected in standard blood tests compared to other laboratory markers that predict 

the prognosis of COVID-19, such as erythrocyte sedimentation rate, C-reactive protein, D-dimer levels, and 

interleukin-6 [40,41]. Moreover, NLR is a cost-effective, near real-time, accessible, low-cost, and simple test, 

especially for healthcare facilities with limited medical resources [42]. Excessive inflammation owing to infection 

causes hyperferritinemia, which is linked with hospitalization and a high risk of death and may be used as a 

diagnostic marker to identify at-risk individuals and direct treatment aimed at reducing inflammation [43-45]. 

Patients with impaired lung function and elevated serum ferritin levels are more likely to have a bad prognosis after 

contracting COVID-19. Hemophagocytic lymphohistiocytosis is a documented consequence of viral infection 

[46,47]. An elevated ferritin level in the blood may be used as an indicator of viral replication [48, 49]. Patients with 

severe cases of COVID-19 have also been observed to have elevated ferritin levels owing to cytokine storm and 

sHLH [50,51]. Macrophages, Kupffer cells, and Hepatocytes are stimulated to release ferritin during the cytokine 

storm in COVID-19, which results from the rapid production of numerous inflammatory cytokines, including During 

the cytokine storm in COVID‐19, many inflammatory cytokines are rapidly produced, including IFN‐γ, IL‐12, IL‐

1β, TNF‐α, and IL‐6 [52]. Damage to multiple organs results from an immune response that is out of control, as seen 

in cases of macrophage activation, thrombotic storm, and hyperferritinemic syndrome. Similar to our findings, Feld 

et al. demonstrated that increased serum ferritin levels are not reliable indicators of outcomes and do not seem to be 

suggestive of hemophagocytic lymphohistiocytosis. On receiver operator curve (ROC) analysis, they observed that 

death was only marginally predicted by admission and maximum ferritin levels, with AUCs of 0.677 and 0.638, 

respectively. When the analysis was restricted to progressively younger patients, AUCs rose [53].  Higher CRP 

concentrations have been linked to more severe COVID-19 disease, according to a number of recent data.1,7-12 

Nonetheless, the majority of studies were underpowered and did not assess either a dosage response or demographic 

heterogeneity. CRP levels were related to mortality with an AUC of 0.896 in previous research of 298 patients with 

COVID-19. 9 Patients with high-sensitivity CRP >5 mg/L were nearly five times more likely to develop ARDS 

compared to those with lower CRP values, according to recent reports examining the correlation between CRP 

concentrations and respiratory failure requiring mechanical ventilation.12,17 Multiple studies have found 

relationships between CRP concentrations and myocardial damage, and CRP is related to extra-pulmonary illness in 

COVID-19.18-21 Bastug et al., demonstrated that NLR, CRP, and D-dimer had the highest AUC in the ROC 

analysis in terms of predicting severe illness and mortality (0.861, 0.896, and 0.874, respectively) [54]. Hepatic 

damage in COVID-19 individuals has been linked to lymphopenia and CRP [55]. A meta-analysis of 25 studies 

reported less sensitivity and specificity of CRP in predicting COVID-19 severe illness compared to our findings. 

They showed that a CRP ⩾ 10 mg/L has a 51% sensitivity, 88% specificity, and an AUC of 0.84. This difference 

could be attributed to the different populations and the varied cutoff point used [56]. Serum CRP levels may be 

useful in predicting poor outcomes in COVID-19, but other variables, including liver injury, blood pressure, 

cholesterol levels, weight, smoking status, gender, and age may influence these values [57]. The interpretation of the 

serum CRP level has to take these factors into consideration. In addition, new evidence suggests that blood CRP 

levels may be used to track how well a patient with COVID-19 is doing [58].  
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Concerning vitamin D, it has been shown that low vitamin D levels may be associated with SARS-CoV-2 infection 

and COVID-19-related hospitalization. In COVID-19 patients, there was a very high frequency of hypovitaminosis 

D (100%) [59]. An Independent and substantial association between low 25(OH)D status (30 ng/mL) and a higher 

risk of COVID-19 infection was shown in a recent large, real-world, population-based investigation [60]. Low levels 

of 25(OH)D were also substantially related to an increased risk of hospitalization due to COVID-19 in univariate 

analysis of the aforementioned sample [60]. The risk of contracting COVID-19 (defined as a positive PCR test 

result) was also raised in those with vitamin D deficiency, according to the results of a retrospective cohort research 

conducted at a single center [61]. In addition, a smaller retrospective cohort study indicated that individuals with 

SARS-CoV-2 PCR positivity had considerably lower blood 25(OH)D levels than those without the infection [62]. 

Patients with deficient 25(OH)D values (20 ng/mL) had a higher SARS-CoV-2 positivity rate than patients with 

adequate values (30 ng/mL-34 ng/mL) and those with values 55 ng/mL, according to a retrospective observational 

analysis conducted in the United States among 191,779 patients with SARS-CoV-2 results performed between mid-

March and mid-June 2020 [63]. 

CONCLUSION 

CRP, NLR, and D-dimer were found to be reliable predictors of COVID-19 outcomes, including critical illness and 

mortality. Elevated serum ferritin and vitamin D can be used as supplementary predictors but cannot be relied on as 

independent predictors. The interpretation of these biomarkers should be correlated with many demographic and 

clinical factors. 
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