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Abstract:  

Background: COVID-19 is a respiratory disease that eventually became pandemic with 300 million 

people infected around the world. Alongside the improvement in COVID-19 management and vac-

cine development, identifying biomarkers for COVID-19 has recently reported to help in early pre-

diction and managing severe cases which might improve outcome. The Aim of our study was to 

find out if there is any correlation between clinical severity and elevated hematological and bio-

chemical markers in Covid-19 patients and its effect on the outcome  

Methods: We have collected data retrospectively of socio-demographic, medical history, bi-

omarkers, and diseases outcome from five hospitals and health institutions  in the Kingdom of 

Saudi Arabia. 

Results: Pneumonia was the most common presentation of COVID 19 in our cohort.  All bi-

omarkers (D-Dimer, CRP, troponin, LDH and ferritin) except for the mean lowest white blood cells 

were found to have significant correlation (p<0.05) with worse COVID-19 disease outcomes. There 

was a sig-nificant association between the inflammatory biomarkers and the disease severity of 

COVID 19 patients (p<0.001). Patients with evidence of severe respiratory disease particularly who 

required mechanical ventilation (MV) had higher biomarkers, when compared to  those with  sta-

ble respiratory condition (p<0.001).  
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Conclusion: Identifying biomarkers predicts outcome for COVID-19 patients and may significantly 

help in the management.  

1. Introduction 

COVID-19 is a type of respiratory disease that rapidly became pandemic around the 

world [1]. It triggered a great effect across the world in several aspects such as implementa-

tion of lockdowns, social distancing, and travel restrictions . While the majority of infected 

people have mild symptoms , around 20% of all COVID-19 patients experience severe symp-

toms that include hemodynamic instability, respiratory failure, hypoxia, and failure of mul-

tiple organs [2]. Ventilation equipment and oxygenation supports are often required for se-

vere cases [3]. 

It is reported that around 30% of the total severe cases eventually lead to death, as com-

pared to low mortality in those presented with mild symptoms [1]. It was also noted that 

genetic diversity and extreme recombination rates of different coronaviruses known (SCoV, 

MERS_CoV, and SCoV2) implies that more outbreaks will possibly occur, leading to diverse 

outcomes in patients [4]. Patients that had serious COVID 19  experienced pneumonia 

showing CT scan-ground glass opacity, pneumonitis, and lung damages [5-7]. Multisystem 

inflammatory syndrome (MIS) is a type of extra-pulmonary complication more commonly 

present in the younger population that acquired COVID-19 [8,9]. Previous reports have de-

scribed MIS laboratory features in children (MIS-C) that have relationship to the known hy-

perinflammatory syndrome [10]. 

Clinical assessments on COVID-19 patients must be done to identify those that are at-

risk.  Laboratory biomarkers could present information that significantly affects the patient 

care quality.  

Biomarkers are quantifiable biochemical substances utilized for recognizing and indi-

cating the ailment’s presence and severity [11,12]. These markers could be used in early 

recognition of severe cases and\or identification who are at-risk. On the other hand, they 

can also be sorted into categories such as 1) immunological and inflammatory host immune 

response markers, 2) hematological abnormality markers, and 3) end-organ injury and sys-

temic response markers [13]. One type of biomarkers is molecular biomarker in the form of 

genes, proteins, glycans, or metabolites of which are utilized for evaluation of disorder and 

its treatment, and contribute to expansion of biomedical development [1].  

 

It was reported that there were changes in hematology and biochemical pa-

rameters including lymphocyte count, neutrophil count, C-reactive protein (CRP), 

erythrocyte sedimentation rate (ESR). while there were also findings of high Inter-

leukin 6(IL-6), lactate dehydrogenase (LDG), high blood sugar and gamma-glu-

tanyl transferase (GGT), in more severe course of COVID-19 patients [14-18]. 

 

The Aim of our study was to investigate the   correlation between clinical severity and 

elevated hematological and biochemical markers in Covid-19 patients and also if these 

changes can predict the outcome. This might guide clinicians to identify severe cases and 

provide early and appropriate management. 

 

2. Materials and Methods 

Study Design and Setting 

The current research was designed to study common inflammatory biomarkers and its 

relation to outcomes in patients with COVID-19 infection. This retrospective cohort multi-

center study was carried out in five hospitals and health institutes in the Kingdom of Saudi 

Arabia  (KSA;King Abdulaziz University Hospital, King Saud University Medical City, 
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East Jeddah Hospital, King Fahd Medical City, and Prince Mohammed bin Abdulaziz Hos-

pital). All These hospitals and centers are qualified to receive and treat COVID-19 patients. 

 

 

Subjects and Methods: 

We have revised the data of all patients admitted to  different units of participating hos-

pitals (emergency room, medical wards(adult and pediatric) and different  intensive care 

units  over the period of March  2020 to July 2020.The COVID-19 infection was confirmed 

using a real-time reverse transcription polymerase chain reaction(rRT-PCR) test for the qual-

itative detection of nucleic acid from SARS-COV-2 from respiratory tract specimens(Naso-

pharyngeal swabs or endotracheal aspiration). All positive patients either with initial posi-

tive swab or those initially negative but turned positive with subsequent repeated swab 

were included. Patients with any medical conditions or receiving any medication might af-

fect level of tested markers and those with insufficient data were excluded. 

 

We have collected baseline, demographic and clinical data  of all recruited  patients ( 

adult and pediatric population): gender,  age, body mass index, associated comorbidi-

ties(diabetes meliteus, hypertension, renal disease, cardiac disease, respiratory disease, he-

matology and oncology diseases  , post-transplant, central nervous system disorders, and 

humanin immunedefiancy virus (HIV) infection (table 1).  The presenting symptoms and 

signs are listed in table 2. 

 

Table 1: Baseline Patients’ demographic and disease characteristics. 

Characteristics Estimate 

Age – yr./mean (SD) 46.2 (19.5) 

Age – yr./ median (IQR) 48 (34-60) 

Male Sex 680 (64.6) 

BMI – mean (SD)  28.1 (11.3) 

BMI – median (IQR)  27.0 (23.7-30.9) 

Comorbidities – No. (%) 

   Diabetes  379 (36.0) 

  Hypertension  344 (32.7) 

  Renal disease  92 (8.7) 

  Cardiac disease   154 (14.6) 

  Respiratory disease  122 (11.6) 

  Hematology disorder  31 (3.0) 

  Oncology disorder 30 (2.9) 

   Post-transplant 6 (0.6) 

   CNS disorder  4 (1.8) 

   HIV infection 2 (0.9) 

   Any comorbidity  605 (57.5) 
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Abbreviations: BMI, body mass index; CNS, central nervus system; 

HIV, human immunodeficiency virus.  

 

Table 2: Presenting signs and symptoms. 

Characteristics % (95% CI) 

Symptoms   

   Fever 72.4 (69.6 – 75.0) 

   Cough 66.7 (63.7 – 69.5) 

   Dyspnea 56.4 (53.4 – 59.4) 

   Diarrhea 20.1 (17.7 – 22.7) 

   Headache 6.2 (4.8 – 7.8) 

   Muscle Pain 5.2 (4.0 – 6.7) 

   Skin rash 0.9 (0.4 – 1.6) 

   Flu like symptoms 14.3 (12.3 – 16.6) 

   Any Symptom 93.3 (91.6 – 94.7) 

Signs  

   Fever  53.9 (50.9 – 57.0) 

   Mild respiratory distress 33.9 (31.0 – 36.9) 

   Severe respiratory distress 19.6 (17.2 – 22.1) 

   Heart failure 2.6 (1.7 – 3.7) 

   Hematemesis 0.6 (0.2 – 1.2) 

   Dehydration 3.5 (2.5 – 4.8) 

   Tonsilitis 5.9 (4.5 – 7.5) 

   No clinical signs 14.7 (12.6 – 17.0) 

 

 

 

The following laboratory findings of all patients were revised: haemoglobin (HGB), 

white blood cells (WBCs )counts, Platelets counts, c-reactive protein (CRP),ferritin, fibrino-

gen, and D.Diamer,. 

 

Definitions: 

Hypoxia was defined as state of decreased oxygen delivery in sufficient amounts at 

tissues level to maintain adequate homeostasis guided with clinical and laboratory param-

eters such as decrease oxygen saturation, increasing oxygen requirement and evidence of 

respiratory failure. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 November 2022                   doi:10.20944/preprints202211.0079.v1

https://doi.org/10.20944/preprints202211.0079.v1


 

 

Pneumonia defined as clinical signs and or radiological signs of pneumonia. 

KDIGO Definition was used to define Acute kiney injury as an increase in serum Cre-

atinine level to more than 0.3 mg\dl(26.5mmol\L) within48 hrs \increase in serum creatine 

more than 1.5 timesof basaline and\or reduction of urine output to less than 0.5 

ml\kg\hr.[19]. 
Abnormal low level of any laboratory or inflammatory markers referred to lowest blood level 

measured during admission in comparison with the reference of institutional labs.  in same way  ab-

normal high level of any laboratory or inflammatory markers refer to highest blood level measured 

during admission in comparison with the reference of institutional labs. 
 

 According to the principles of Helsinki Declaration and Ethical commite rules ; the 

protocol was revised and approved by ethical committee at king abdulaziz university hos-

pital (NO.:….) The privacy and confidentiality of the patients were strictly observed. All 

data collected was kept in a secure place. 

 

Ethical approval was granted by the Research Ethics Committee (CM-REC) at King ab-

dulaziz university Hospital (Ref. no. 20/0337/IRB). 

 No conflict of interest was associated with this study.  

 

 

 

 

 

 

 

 

 

 

Statistical Analysis 

 

This research was analyzed and visually presented using IBM SPPS ver. 23 (IBM Corp., 

Armonk, N.Y., USA) and using GraphPad Prism version 8 (GraphPad Software, Inc., San 

Diego, CA, USA), respectively. The features of the research variable were defined using a 

simple descriptive statistic (counts, percentages, mean and standard deviations). In addi-

tion, reliability analysis was performed showing a favorable Alpha Cronbach value of > 0.7. 

Independent t-test was utilized for comparison of ≥ two group means, while One-way 

ANOVA with Least Significant Difference (LSD) was employed as a post hoc test was used. 

Pearson’s correlation coefficient was also utilized for correlation of variables The normal 

distribution assumption was used in these tests. Receiver Operating Curves(ROC) were 

used to compare the ability of  highly significant biomarkers to diagnose severe unstable 

COVID-19 patients. Finally, the null hypothesis was discarded with values < 0.05. 

 

3. Results 

We reviewed the data of 1232 patients admitted with  COVID-19 positive. We have excluded 
179 patients  due to either insufficient data or because subjects  had medical conditions or were re-
ceiving medications which might compromise level of  biological markers.  The study recruited 

1053 subjects (64.6% males). Fig( 1). Socio-demographic characteristics of the included sub-

jects in the study is listed in table 1 . 
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Figure 1: Study Flowchart 

 

More than half of our cohort (57.5%) had at least one of comorbidity. Diabetes mellitus 

was the most common comorbidity (36%) followed by hypertension(32.7%) ,cardiac disease 

(14.6%), respiratory disease (11.6%), and renal disease (8.7%).  

 Presenting signs and symptoms of the studied patients is shown in table 2.  The ma-

jority (93.3%) of included patients were symptomatic .The most common reported symptom 

was fever (72.5%, 69.6 – 75.0), followed by respiratory symptoms ( cough (66.7%, 63.7 – 69.5) 

, dyspnea (56.4%, 53.4 – 59.4) and flu like symptoms in almost 14%). Gastrointestinal symp-

toms were reported in 20.1% mainly in younger age group. Similarly fever was observed as 

the commonest clinical sign in more than half of studied subjects (53.9%, 50.9 – 57.0), fol-

lowed by one-third having mild respiratory distress (33.9%, 31.0 – 36.9), and nearly one-

fourth with severe respiratory distress (19.6%, 17.2 – 22.1). On the other hand, we looked at 

severe organs involvement and failure as an indicator of COVID-19 disease severity and 

outcomes (Figure 2). Results revealed that pneumonia was the most prominent disease man-

ifestation , followed by the hypoxia, mechanical ventilation, inotropic support,  AKI and 

death 
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Abbreviations: AKI, acute kidney injury. 

Figure 2: COVID-19 Disease Severity and Outcomes. 

 

 The Biomarkers associated with worse COVID-19 disease outcomes is shown in table 

3. All biomarkers except for the mean lowest WBC were found to be  significantly associ-

ated with worse COVID-19 disease outcomes (p < 0.05). More specifically, significantly 

lower estimates of mean hemoglobin, and  mean platelet count were reported for patients 

with unstable outcome in comparison with those having stable outcome. Also, significantly 

higher estimates of, highest mean value of the following markers during admission: WBC,  

PT, APTT, INR, , fibrinogen, , D-Dimer, , CRP, ,  and ferritin,  were more commonly  ob-

served in patients with unstable outcome in comparison to patients who had stable outcome. 

Also, results revealed significant association between the inflammatory biomarkers and the 

disease severity of the patients (p<0.001). Significantly higher number of patients who need 

mechanical ventilation (MV) and have worse disease severity and outcome had abnormal 

biomarkers when compared to patients experiencing pneumonia and hypoxia (figure 3). 

 The ROC curve (figure 4) showed that that high WBC counts, high D.Dimer and high 

ferritin is more sensitive predictive markers than CRP  in diagnosis of unstable severe 

COVID-19 .(AUC is 0.85, 0.87, 0.62 with p. value less than 0.001 while for CRP. AUC is 0.61 

with p value of 0.64). 

 

Abbreviations: CRP, C reactive protein. 
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Figure 3 : Inflammatory Biomarkers among COVID-19 Patients with Different Disease Severity, Categorized Based on 

Respiratory Involvement    

 
Figure 4. 

 

Table 3: Biomarkers Associated with Worse COVID-19 Disease Out-

comes.  

 

Biomarkers Stable  Unstable*   

Estimate 95% CI Esti-

mate 

95% CI P Value 

Hemoglobin (mean)$ 12.7 12.5 – 12.8 10.9 10.4 – 11.3 <0.001 

Highest WBC (mean)@ 8.8 8.5 – 9.1 18.0 16.6 – 19.3 <0.001 

Lowest WBC (mean) $ 6.0 5.8 – 6.2 7.4 6.8 – 7.9 0.241 

Platelet (mean) $ 261 251 – 270 205 184 - 224 <0.001 

PT (mean) @ 13.8 13.7 – 14.0 19.4 17.3 – 21.4 <0.001 

APTT (mean) @ 37.9 36.7 – 39.2 76.9 69.8 – 84.0 <0.001 

INR (mean) @ 1.11 1.09 – 1.13 1.54 1.39 – 1.69 <0.001 

Fibrinogen (mean) @  81 55 – 106 674 569 - 778 <0.001 

D-Dimer (mean) @ 2.4 1.5 – 3.3 16.3 13.3 – 19.2 <0.001 

CRP (mean) @ 32.3 28.7 – 35.9 82.1 68.6 – 95.6 <0.001 

Troponin I (mean) @ 5.3 3.9 – 7.0 3.0 1.7 – 4.4 0.049 

Ferritin (mean) @ 583 506 – 659 1409 1142 - 1675 <0.001 

LDH (mean) @ 383 365 – 402 931 804 - 1057 <0.001 

ALT (mean) @ 55 51 – 59 218 145 - 290 <0.001 

AST (mean) @ 51 47 - 55 235 153 - 316 <0.001 
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Creatinine (mean) @ 96 86 - 105 348 297 - 399 <0.001 

GFR (mean) $ 84 82 - 87 47 41 - 52 <0.001 

Abbreviations: WBC, white blood count; PT, prothrombin time; APTT, partial 

thromboplastin time; INR, international normalized ratio; CRP, C reactive protein; 

LDH, lactate dehydrogenase; ALT, alanine transaminase; AST, aspartate transam-

inase; LFT, liver function test; GFR, glomerular filtration rate. 

Notes: *Unstable indicate requirement of invasive mechanical ventilation, vaso-

pressor or inotropic support, and or cardiopulmonary arrest. $Lowest blood level 

measured during admission. @ Highest blood level measured during admission. 

 

 

4. Discussion 

In this multicentric study with 1053 subjects; we found that most of hospitalized pa-

tients due to COVID-19 are male (64.6% of patients).This is similar to previous studies; 

W.Guan et.al reported that 58.1% of affected patients were male[20]. Risk of death was 

also reported to be higher in male patients [21] Which might indicate biologic risk deter-

minants as important factor in COVID-19 disease severity. 

   

In our study, we found that 57.5% of all patients had at least one of comorbidity, with 

diabetes being the commonest,. This is similar to several previous studies ; metanalysis of 

48 studies revealed that diabetes, hypertension , cardiovascular disease, renal disease and 

malignancies are associated with high incidence of death in COVID-19 patients[22].  

 

 Fever and respiratory symptoms were very common in our cohort.  In a previous  

retrospective study, we looked at risk factors related to COVID-19 death among 229 criti-

cally-ill patients in five hospitals in KSA.  We have found that signs and symptoms pre-

sented by hospitalized patients -who had died- did not substantially differ when compared 

to those who survived. Kidney disease, cardiac disease, and diabetes were substantially cor-

related with in-hospital mortality. [23]. Another  retrospective study of 439 COVID-in-

fected subjects from a single center in Riyadh had observed associated comorbidities such 

as diabetes, vitamin D deficiency, hypertension, and obesity. While higher death rate was 

observed among diabetic patients as compared to non-diabetic patients, smoking, old age, 

β-blocker use, congestive heart failure, higher creatinine, occurrence of bilateral lung infil-

trates, and severe vitamin D deficiency, were deemed as more substantial predictors of 

worse outcomes. [24] 

 

Biomarkers were correlated with worse COVID-19 disease outcomes. This is online 

with previous reports. A systematic review of 52 articles involving 6,320 COVID 19-posi-

tive patients revealed that elevated levels of neutrophil count, WBC, prolonged PT, ESR, 

D-dimer, fibrinogen, procalcitonin, IL-6, and IL-10 can more significantly progress to a 

more serious form of COVID-19 infection. Similarly, elevated D-dimer, neutrophils, 

WBCs, and prolonged PT are substantially associated with intensive care  admission. On 

the other hand, mortality was linked with high CRP, IL-6, neutrophil, D-dimer level [24]. 

Another systematic review involving 4848 COVID-positive patients from 23 studies sug-

gested that severe COVID-infected patients have elevated CRP, procalcitonin, LDH and 

D-dimer, but lower levels of albumin than those with non-severe COVID-19 infections 

[25]. Additionally, We have reported previusly that   elevated APTT, INR, ferritin, and 

acidosis were the independent factors that influence mortality among critically-ill COVID-

infected participants.[23]. In addition, cardiac biomarkers such as N-terminal pro-B-type 
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natriuretic peptide (NT-proBNP) and notably high-sensitive cardiac troponin (hs-cTn) can 

also be considered as key prognostic predictors among COVID 19-infected patients [26]. 

A meta‐analysis research involving 17,794 COVID19-infected subjects had revealed that 

adverse outcomes were developed by patients with elevated AST and cardiac troponin I 

levels [29],this is might be   consistent to some extent with our study where we found that high 

level of troponin I is significantly correlated with hemodynamically instability in COVID-19 pa-
tients. 
Furthermore, a systematic review involving 1735 patients from 21 studies characterized 

inflammatory markers to compare non‐severe/severe COVID‐19 against MIS-C, non-se-

vere against severe MIS‐C, and MIS‐C across different age ranges. Patients with MIS-C 

had reduced absolute lymphocyte count (ALC) and elevated absolute neutrophil count 

(ANC), CRP, and D‐dimer levels when compared with non‐severe COVID19‐infected pa‐

tients. On the other hand, patients with MIS‐C had elevated ESR as well as reduced plate‐

let count (PLT) and LDH when compared with severe COVID19‐infected patients. Pa‐

tients with non‐severe MIS‐C had substantially reduced levels of CRP, ANC, WBC, ferri‐

tin, and D-dimer than patients with severe form of MIS-C.  Adolescents and older chil-

dren with MIS-C were found to have elevated ferritin and CRP as compared to children 

aged between 0 to 5 years old with MIS-C [10]. A study involving 6026 COVID-19infected 

patients from Hafar Al-Batin and Riyadh cities, with mortality of 23% , revealed that mor-

tality is significantly influenced by older age as well as increased neutrophil and WBC 

count, and D-dimer level [27]. Another single-center study of 249 COVID-19 patients ob-

served that mortality was substantially linked with augmented procalcitonin, CRP, AST, 

serum potassium, neutrophil and WBC count, PT, and activated PT in participants with 

abnormal X-ray results.  

 We have observed that high LDH, alanine aminotransferase and aspartate ami-

notransferase are associated with severe and unstable COVID-19 patients. Alguwaihes et 

al. reported that  elevated blood glucose and creatinine level, increased alanine ami-

notransferase and neutrophil count, was significantly associated with ICU admission[24]. 

Similarly,  Beairwa et.al. stated that lowered LDH, alanine aminotransferase, and aspar-

tate aminotransferase levels has been observed to have substantial correlation with 

COVID19-infected patient mortality [14] and this could be explained by that liver affection 

which might happen as part of multiorgan system failure in severe cases .  

Our study showed the distribution of inflammatory biomarkers among COVID-19 

patients with various severity with significant correlation between the inflammatory bi-

omarkers and the patients disease severity. A higher number of patients who required 

mechanical ventilation (MV) because of disease severity had abnormal biomarkers such 

as leukocytes, high D-Dimer, high CRP, and high ferritin. Previous study of 352 critically 

ill COVID 19 -infected patients in Riyadh revealed that about 56.8% were mechanically-

ventilated patients upon ICU admission having peripheral oxygen saturation/fraction of 

inspired oxygen (SpO2/FiO2) ratio of 158 ± 32. Decreased SpO2/FiO2 ratio, active smok-

ing, old age, pulmonary embolism, as well as heightened D-dimers and lactate were 

deemed as significant predictors of mortality [28]. 

ROC curve showed that highest WBCS, high D.Diamer and high ferritin is more sen-

sitive to diagnose severe  unstable COVID19 cases than CRP . Elkhalalifa  et.al .pub-

lished data using ROC curve which showed that D.Diamer is important marker for pa-

tients hospitalized with severe and unstable COVID-19 patients(29). While Manuela et al 

who also used ROC curve reported that high CRP can predict worsening of clinical con-

dition.(30). 

 

5. Conclusions 
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Identifying biomarkers for COVID-19 patients may significantly help in managing 

the affected patients especially the immune-compromised population. In addition, these 

biomarkers could be of valuable help in screening patients with varying severity of 

COVID-19 infection. However, more quantitative studies on the threshold levels of these 

biomarkers are required to continuously monitor disease progression. As such, dynamic 

monitoring of these biomarkers as well as longer follow-up duration are recommended 

for further understanding of COVID-19 prognosis. 
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