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ABSTRACT: Coronavirus Disease 2019 (COVID-19) is a respiratory disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2). This is a retrospective observational study aimed to find the alteration of some biochemical and hematological parameters of 121 COVID-19 
patients admitted in intensive care unit (ICU) of Evercare Hospital Dhaka during May to December 2020. Methods: Retrospective biochemical, 
hematological and molecular (COVID-19 RT-PCR Ct value) markers were analyzed on COVID-19 patients in ICU and compared on those who died in 
the ICU and those cured. Results: Comparison of viral titer assessed by RT-PCR Ct values of target genes of SARS-CoV-2 among cured and expired 
patients did not show any significant differences. However, biochemical parameters such as CRP, Ferritin and hematological parameters such as 
WBC, absolute neutrophil, absolute lymphocyte, D-dimer showed significant differences among cured and expired patients.  Patients who died in 
ICU mean CRP, Ferritin, D-dimer, WBC, absolute neutrophil were 10.39, 7694.30, 3196, 16.38, 15.12 respectively, compared to cured patients 0.93, 
457.57, 773, 11.24, 8.86 respectively, with 95% confidence interval (95% CI). Platelets and absolute lymphocytes were observed decreased in 
expired patients compared to cured. Further, elevated level of neutrophil to lymphocyte ratio (NLR) and reduced level of lymphocyte to C-reactive 
protein ratio (LCR) has significant correlation with disease severity.  Conclusion: These findings indicate that biochemical parameters such as CRP, 
Ferritin and hematological parameters such as CBC, D-Dimer, NLR, LCR can be monitored to identify severity and fatality of COVID-19 patients and 
thus, may help in improving disease outcome. 
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Introduction 
The present outbreak of Coronavirus Disease 2019 (COVID-

19) has become a common international concern and reached 

to more than 220 countries around the globe [1]. According to 

the World Health Organization (WHO), the current COVID-

19 pandemic caused by a coronavirus named Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 

belonging to the Coronaviridae family which was first 

detected in December 2019 in the city of Wuhan, Hubei 

province in China. Over the last 17 months of its spread, till 

30
th

 April 2021, approximately 152,113,053 positive cases and 

3,196,373 deaths were reported worldwide owing to the high 

transmission efficiency of SARS-CoV-2 [2]. Coronaviruses 

(CoVs) are single stranded RNA viruses classified into four 

genera: alpha-, beta-, gamma- and delta-CoV ; SARS-CoV-2 

is a β-COV[3]. 

COVID‐19 primarily manifested as a respiratory tract 

infection with symptoms of fever, dry cough and fatigue; in 

severer cases, dyspnea and may also manifest as systemic 

infection. It also involves multiple organs including 

cardiovascular, gastrointestinal tract, liver, kidney, 

neurological, hematopoietic and immune system [4,5,6,7,8,9]. 

SARS-CoV-2 being a systemic disease, inflammatory 

reactions can prompt changes in the biochemical composition 

of the peripheral blood [10]. Numerous laboratory parameters 

make it possible to assess the severity of the disease and make 

it conceivable to evaluate its risk of developing towards more 

serious afflictions like acute respiratory distress syndrome 

(ARDS), disseminated intravascular coagulation (DIC) and 

multiple organ failure (MOF) [11].Comorbidities associated 

with more severe outcomes from COVID-19 with diabetes, 

obesity, hypertension, heart disease, chronic kidney disease, 

and chronic pulmonary disease. Specifically, in kids and 

young adults, numerous infections were found to be 

asymptomatic. In contrast, older people and individuals with 

comorbidities are at a greater danger of severe illness, 

respiratory failure and death [12]. 

 The laboratory medicine plays a vital role to support for 

appropriate clinical management of COVID-19 patients, from 

screening to diagnosis, prognosis and monitoring. 

Biochemical and hematological parameters retain a clinical 

and biological significance, which can improve diagnostic 

reasoning and management of patient care with suspected 

severity of infection [13]. In our study, statistically significant 

differences in terms of age, length of stay, assessment of viral 

titer by RT-PCR Ct values, White Blood Cell (WBC), Red 

Blood Cell (RBC), C-Reactive Protein (CRP), ferritin, D- 
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Dimer, K, Na, Neutrophils, Lymphocytes, Monocytes, 

Eosinophil, Platelets, Hemoglobin were evaluated. In a study 

in New York city, it was shown that viral load is lower in 

hospitalized patients than non- hospitalized and viral load has 

no correlation with disease severity & outcome in hospitalized 

patients. [14]. Though some biochemical parameters and 

hematologic parameters has been reported elevated and/or 

decreased in COVID-19 hospitalized and non-hospitalized 

patients in different cohorts there is scarcity of report about 

comparative analysis between cured patients from ICU and 

expired patients in ICU [15 - 17]. Analyzing alteration of 

various parameters of COVID-19 patients in ICU in our cohort 

may effectively identify critically ill patients much earlier and 

thus may help to reduce mortality and improve recovery. 

 

Materials and Methods 
Patient Population and Data Collection: 

The data of the patients were taken from hospital information 

system of Evercare Hospital Dhaka, situated at Bashundhara 

Residential Area, Dhaka, Bangladesh and the study period was 

May to December 2020. We included total 121 ICU admitted 

COVID-19 patients and divided them into two groups: cured 

(36) and expired (85). Adult population were included in this 

study (>18 years old). Age range of study population was in 

between 22 years to 93 years with predominance of >55 years 

of age. After confirmation of COVID 19 positive cases by RT-

PCR, we analyzed the mean Ct value of target region, 

patient‟s age, length of stay, White Blood Cell (WBC), Red 

Blood Cell (RBC), Hemoglobin C-Reactive Protein (CRP), 

ferritin, D-Dimer, K, Na, Neutrophils, Lymphocytes, 

Monocytes, Eosinophil, Platelets level in both groups. 

As it is a data based retrospective study, patient consent is not 

required in these cases.  

Molecular Testing for COVID 19 SARS- CoV-2 detection: 

Nasopharyngeal swabs were collected from all patients 

presenting suspected COVID19 infection to Evercare Hospital 

Dhaka by trained medical personnel. The collected swabs 

were immediately transferred to viral transport medium 

(VTM) and sent to Molecular Diagnostics Lab for further 

testing. 

For RT-PCR, sample containing VTM was extracted by 

KingFisher Flex-automated extraction analyzer (Thermo 

Fisher Scientific, USA) and magnetic based extraction 

MagMAX Viral/Pathogen Kit (Applied Biosystems by 

Thermo Fisher Scientific, USA) was used. PCR was done by 

Novel Coronavirus (2019-nCoV) Nucleic Acid Diagnostic Kit 

(Sansure Biotech, China) and procedure was followed 

according to the manufacturer‟s instructions. For each sample, 

master mix 15µl and extracted RNA 10µl was used. 

This assay utilizes double target genes, „2019-nCoV ORF-

1ab‟ and specific conserved sequence of coding nucleocapsid  

 

 

protein „N gene‟ as the target regions. The PCR detection 

system uses the positive internal control (RNase P), which 

monitor the presence of PCR inhibitors in test specimen by 

detecting whether the internal control signal is normal, to 

avoid a false negative result. The result was considered valid 

when the cycle threshold (Ct) value of the reference gene was 

<40. The result was considered positive when the Ct value of 

all three targets were <40 with typical S- shaped curve and 

negative when there were no Ct or ≥ 40. 

Hematological parameters detection: 

Complete Blood count (CBC) including WBC, RBC, Hb, 

Platelet, Neutrophil, Lymphocyte, Monocyte, Eosinophil, was 

detected by Sysmex XN 2000 Automated Hematology 

analyzer (Sysmex corporation, Japan). The fibrin degradation 

product D-dimer is commonly used to test and evaluate clot 

formation, and it is measured through Sysmex CS-1600 

automated hemostasis benchtop analyzer (Sysmex 

corporation, Japan).   

Biochemical parameters detection: 

Inflammation was detected using the C-reactive protein (CRP) 

test through BN ProSpec System (Siemens, Germany) and 

DxC 700AU clinical chemistry analyzer (Beckman Coulter, 

USA). 

Ferritin test was used to determine how much iron the human 

body can store, and it is done by Dimension EXL 200 System 

(Siemens, Germany) and ADVIA Centaur XP (Siemens, 

Germany). 

Electrolyte imbalance is a common presentation of COVID-19 

patient and measured by Dimension EXL 200 System 

(Siemens, Germany) and DxC 700AU clinical chemistry 

analyzer (Beckman Coulter, USA). 

Data Processing and Analysis: 
The researcher collected all data. After collection, data was 

cross-checked by co-researchers in case of inconsistency. The 

collected data were processed and analyzed using SPSS 

(Statistical Package for Social Science) software version 26.0. 

Primarily descriptive statistics was done as appropriate. 

Multiple logistic regression was done to identify the factors 

associated with increased risk of unfavorable outcome after 

adjusting for potential confounders and checking for 

multicollinearity (with p-value < 0.05 as significant). 

A p-value of <0.05 was considered statistically significant. All 

the highly significant values were rounded off as <0.001. 

 

Results 
Population demography 

The mean age of the study population of expired patients was 

65.68 ranging from 22 to 93, including 54 male and 31 

females. On the other hand, mean age of cured patient was 

56.83 ranging from 30 to 80, including 22 males and 14 

females. The most common age group was 50 –80 years, with 

two-thirds of them being males (Table 1).  
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Table 1. Age and sex distribution of study population 

 

Study Population Expired Cured 

Total Population (n=121) 85 36 

Age range (Years) 22 -93 30-80 

Mean age (Years) 65.68 56.83 

Male (n) 54 22 

Mean age of Male (Years) 65.63 60 

Female (n) 31 14 

Mean age of Female (Years) 65.86 54.85 

 

Hospital stays 

The average length of stay at hospital Intensive Care Unit 

(ICU) varies between two groups. In our study, we found 

range of hospital stay of expired patient was about 3 – 43 days 

and in cured group it was 3 – 19 days. The mean value of 

average stay of expired and cured was 14.13 & 8.73 days 

respectively, and the difference is statistically significant (P 

value is <0.001). 

COVID-19 RT-PCR Ct value 

Detection of SARS-CoV-2 by the reverse transcription–PCR 

(RT-PCR) assay in nasopharyngeal swab specimens was the 

diagnostic method for COVID-19. We used qualitative RT-

PCR for the detection of virus. Though it is qualitative 

method, viral titer can be roughly assessed by Ct value. The 

amount of viral RNA copies present in the positive samples is 

inversely proportional to the corresponding Ct value. That 

means, the greater the amount of viral RNA, the lower the Ct 

value. A Ct value of < 25 (both targets ORF-1ab & N gene) 

indicates high viral load, Ct > 30 indicates low viral load and 

in between 25-30 indicates moderate [18]. The mean Ct value 

of both targets (ORF-1ab & N gene) of expired patients found 

24.16 & 22.46 and in cured it was 23.92 & 22.46, P-value of 

ORF-1ab & N gene is 0.43 & 0.49 respectively, indicates no 

significant differences. 

Hematological and Biochemical parameters 

In our ICU out of 121 COVID-19 patients, 85 was expired and 

36 cured. Among 85 expired patients, CRP, ferritin, D-dimer, 

WBC, absolute neutrophil, neutrophil to lymphocyte ratio 

(NLR) was increased from normal value in 93.67%, 84.81%, 

97.56%, 66.67%, 83.33%, 95.12% cases respectively and 

lymphocyte, platelet count was decreased in 56.79% & 

67.06% cases, respectively. 

Mean value of biomarkers CRP, ferritin, D-dimer, WBC, 

absolute neutrophil, neutrophil to lymphocyte ratio (NLR) is 

much higher among the expired patients compared to cured 

patients. On the other hand, red blood cell (RBC), absolute 

lymphocyte, absolute eosinophil, lymphocyte to C-reactive 

protein ratio (LCR), hemoglobin (Hb) & platelet count is 

found lower among the expired patients (Table-2).  

Then we analyzed how much alteration of mean value of each 

parameter happened in both expired and cured groups (Figure 

1). It shows that the cured and expired patients have a visual 

and statistical alteration of hematological & biochemical 

parameters.  

 

 

 
 

Figure 1. Hematological & biochemical alteration in COVID-19 ICU cured and expired patients 
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Neutrophil to lymphocyte ratio (NLR) 

We calculated NLR by dividing the absolute neutrophils count 

(x10
9
cells/L) by absolute lymphocytes (x10

3
 cells/uL). 

Normally, it should be below 3, but a ratio of above 3 signifies 

acute stress, and a ratio of more than 9 signifies sepsis. But 

variability occurs in populations regarding the cut-off value of 

NLR, with some studies suggesting a cut-off value of 4 [19]. 

In our study, mean NLR in expired patients is 18.62 and in 

cured patients it is 6.56. The difference is statistically 

significant as because p-value is <0.001. 

Lymphocyte to monocyte ratio (LMR)  
It was calculated by dividing absolute lymphocyte count (x10

3
 

cells/uL) with absolute monocyte count (x10
3
 cells/uL) [20]. 

The normal range is 3–9 with variability amongst populations 

[4]. In our study, mean LMR in expired and cured patients is 

5.27 & 6.62 and P value found 0.22. As the p-value is above 

0.05, it is not statistically significant. 

 

 

Platelet to lymphocyte ratio (PLR)  
It was calculated by dividing absolute platelet counts (x10

3
 

cells/uL) with absolute lymphocyte count (x10
3
 cells/uL), 

which usually lies in between 50 and 150 but subjected to 

variability amongst populations [4]. In our study, PLR in 

expired and cured patients is 224.01 & 192.57 and P value 

found 0.24. It is not statistically significant.  

Lymphocyte to C-reactive protein ratio (LCR)  
This marker was calculated by dividing the absolute 

lymphocyte count (x10
3
 cells/uL) with CRP levels (mg/ dl) 

[21]. In our study, LCR in expired patients is 0.14 and in cured 

it is about 1.31 and P value is 0.002 which is statistically 

significant. It is an indicator of inflammatory mediator and 

low value indicates higher mortality with a declined prognosis 

[22]. 

Above ratio analysis indicates that COVID-19 patients in ICU, 

NLR & LCR can determine the severity and outcome of 

disease. 

 

Table 2. Biomarkers of expired and cured patients 

 

Parameters Unit Mean Values of patients P-value Statistically 

Significant (Yes/ 

No) Expired Cured 

C-Reactive 

Protein (CRP) 

mg/dl 10.39 0.93 <0.001 Yes 

Ferritin ng/mL 7694.30 457.57 <0.001 Yes 

D-Dimer µg/L 3196 773 0.004 Yes 

White Blood Cell 

(WBC) 

x10^9/L 16.38 11.24 0.001 Yes 

Red Blood Cells 

(RBC) 

x10^12/L 3.9 4.6 0.237 No 

Hemoglobin (Hb) gm/dl 12.36 12.85 0.369 No 

Absolute 

Neutrophil 

x10^3/µL 15.12 8.86 <0.001 Yes 

Absolute 

Lymphocyte 

x10^3/µL 0.99 1.98 <0.001 Yes 

Absolute 

Monocyte 

x10^3/µL 0.43 0.43 0.49 No 

Absolute 

Eosinophil 

x10^3/µL 0.11 0.18 0.087 No 

Platelets x10^3/µL 117.02 286.61 <0.001 Yes 

NLR - 18.62 6.56 <0.001 Yes 

LCR - 0.14 1.31 0.002 Yes 

      

 

Discussion 
COVID-19 severity can be classified into three groups- 

namely “early infection”, “pulmonary phase” and 

“hyperinflammation phase”, each one has its own biochemical 

and hematological alterations [23]. Patients in early infection 

stage present with fever, dry cough and other non- specific 

symptoms due to presence of innate immunity. 

Lymphocytopenia is remarkable at this stage [24]. In the 

pulmonary phage the hallmark of infection is lymphopenia 

and elevated level of CRP and most patients require 

hospitalization. In hyperinflammation phase, most of the 

patients require ICU admission due to development of ARDS 

and MOF because of significantly increase of several 

inflammatory biomarkers [25]. 

In our study, we observed lymphocytopenia in expired 

patients. Hypothesis from different studies suggest that it is 

due to direct attack of T-cells by virus and or it may be pro-

inflammatory cytokines induced lymphocyte deficiency 

mainly, IL-6 and TNF-alpha [26,27,28,29]. Studies showed 

that neutrophil to lymphocyte ratio (NLR) increases the risk of 

death of hospitalized COVID-19 patients which coincides with 

our study [30]. Among the COVID-19 patients who died in the 

ICU, those over 60 had more WBCs. Systemic inflammatory 

response syndrome (SIRS) was more likely to grow in 

COVID-19 patients with a high leukocyte count [19]. Some of 

the patients who recovered from COVID-19 had slightly 

higher WBCs. 
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Thrombocytopenia is a significant observation of this study 

which corresponds other studies. Many studies suggest that it 

may occur due to direct invasion of virus to bone marrow 

stomal cell or destruction of platelet in injured lung tissue 

leads to activation, aggregation and retention of platelets in 

lungs. Decreased platelet production and increased 

consumption ultimately leads to thrombocytopenia [31,32].  

In this study, D-dimer test showed statistically significant 

difference between patients who died in the ICU which 

correlates with several studies. Increased D-dimer value in 

severe COVID-19 patients reflect the coagulation alteration 

which is associated with poor outcome as there is increased 

risk of ARDS, DIC, ICU admission and mortality [33, 34, 35]. 

Ferritin is another statistically highly significant biomarker 

found in our study. Patients who died in the ICU, ferritin 

levels observed more than 15 times higher compared to cured 

patients. Scientists discovered that elevated level of ferritin as 

the disease progresses, indicating a higher risk of death which 

matches with our study [36]. 

In our study, COVID-19 patients who died in the ICU had 

about 10 times higher CRP levels than the cured patients 

which coincides with other different studies [37,38,39]. There 

is a direct relationship between increased CRP level and 

disease severity at early stage of diseases. CRP has a good 

diagnostic accuracy and early predicting severe COVID-19 at 

a cutoff value of 2.042 mg/dl [40].  

It is a limitation of our study that we don‟t have the 

preliminary data of electrolyte of patients, rather the corrected 

value is available here. In maximum cases of our study, we 

found the values are within the ranges. Therefore, we did not 

find the true correlation of electrolyte imbalance though 

several studies showed Hyponatremia, Hypocalcemia, and 

Hypokalemia is very common in severe cases of COVID-19 

infection [41].They mentioned the GIT impairments -

diarrhoea and or viral interaction to ACE2 receptor leads to 

elevated level of angiotensin II resulting in  increased 

potassium excretion turns to Hypokalemia. 

 

Conclusions 
Laboratory medicine plays a vital role to identify critically ill 

patient even before severe clinical manifestations and thus 

improve the recovery which ultimately reduce mortality rate. 

Many hematological and biochemical parameters have been 

associated with poor outcome and represent for predicting 

severe COVID-19 in order to guide for proper clinical care. 

Among the parameters, Leukocytosis, Lymphocytopenia, 

Thrombocytopenia, Electrolyte Imbalance, CRP, D-Dimer, 

Ferritin, IL-6 are the most common predicting parameters of 

severe COVID-19. In addition to traditional biochemical and 

hematological markers it would be interesting to assess the 

role of new promising biomarkers, such as NLR and LCR for 

early identification of patients at increased risk of 

complications. Elevated level of NLR and decreased level of 

LCR are directly correlated with disease severity and 

mortality, which is consistent with this study. It is a single 

centered study. So, there is a lack of diversity of population. A 

large-scale multi-centric study is recommended for further 

evaluation. 
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