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Abstract  Original Research Article 
 

COVID -19- has been the cause of a tremendous sanitary crisis throughout the world. The different studies that have 

been conducted to identify the main effectors of COVID-19, emphasized on the key role of the Cytokine Storm and 

the hypercoagulable state in poor outcome. This is why the analysis of the biomarkers is crucial to categorize the 

patients as soon as they are admitted so we can improve their medical care. A retrospective study was performed at the 

military hospital of Marrakesh, Morocco, which included 435 patients with COVID-19, from 1st July to 31st 

December. Patients were divided in severe cases (250 cases) and non-severe cases (180 cases). We explored age, sex, 

comorbidities presence as well as the following biomarkers: Hemoglobin, Platelet count, Leucocytes, Neutrophils, 

Eosinophiles, Lymphocytes, Neutrophil to Lymphocyte ratio NLR, Platelet to Lymphocyte ratio PLR and CRP. The 

biomarkers the showed the largest area under the curve AUC were NLR (0,909), neutrophils (0,850), CRP (0,810) 

PLR (0,769) and leucocytes (AUC>0.773). NLR was identified as the most performant biomarker for predicting 

severe outcome in COVID-19. The cut-off value displaying the greatest prediction was determined to be 3,9.  
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INTRODUCTION 

Since December 2019, the emergence of a new 

strain of coronavirus called coronavirus SARS-CoV-2 

has been identified as the causative agent of a new 

respiratory disease: COVID-19 [1]. 

 

Symptoms can range from a simple classic flu-

like illness of cough, fever or arthralgia, to moderate or 

severe pneumonia. High-flow oxygen therapy or 

respiratory assistance is then necessary to improve the 

vital prognosis. In addition, there is a disturbed 

biological assessment, reflecting an excessive 

inflammatory response, qualified as a real cytokine 

storm [2]. This storm is the consequence of an 

unbalanced innate and adaptive immune response, 

responsible for irreversible tissue damage leading to 

multiorgan failure. 

 

In addition to the clinical signs, biological 

markers or biomarkers reflect the excessive 

inflammatory response, but also the immune status of 

the host. They are used to guide therapy but also to 

predict the severity of COVID-19 pneumonia [3]. 

Among these markers, we find: CRP, hemoglobin level, 

platelets, leukocytes and its subgroups (neutrophils, 

eosinophils and lymphocytes) and finally the NLR 

(Neutrophil Lymphocyte ratio) and PLR (Platelet 

Lymphocyte ratio) ratios. . 

 

Our study was motivated by the increase of 

declared positive COVID-19 cases in our country, 

during the period following mid-July 2020. Because 

this time, and contrary to the beginning of the crisis, 

more severe and fatal forms have been observed [4]. 

The objective of our study was to analyze all of these 

biological parameters and to determine the most 

sensitive and specific to predict the severity of the 

disease. 

 

MATERIAL AND METHODS 
This is a retrospective analytical study carried 

out within the hospital's isolation services, between July 

01, 2020 and December 31, 2020. It included 435 cases 

infected with the SARS-CoV2 virus, diagnosed by RT -

PCR on nasopharyngeal samples. We divided our 

sample into two distinct populations: one presenting a 

severe form (255 cases) and another is presenting a 

non-severe form (180 cases). 

 

The severity criteria were defined as follows: 

the presence of respiratory symptoms on admission 
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consisting of dyspnea, polypnea or desaturation 

requiring the use of high-flow oxygen or even a transfer 

to intensive care for ventilation, as well as the all 

patients whose symptoms worsened during their 

hospitalization. Non-severity criteria include symptoms 

such as fever, dry cough, asthenia, anosmia or ageusia 

without hemodynamic or respiratory repercussions. The 

biological analyzes taken into account were those 

carried out on admission for each patient. We excluded 

any patient who received corticosteroid therapy before 

admission to the service that could influence their blood 

test (false hyperleukocytosis). 

 

Data entry and statistical analysis were carried 

out jointly using IBM SPSS statistics (27.0) and Excel. 

The value of the optimal thresholds of the biomarkers 

was calculated using the ROC curve (Receiver 

Operating Characteristic curve). The relative risk and 

the confidence interval were defined at 95%. The 

significant threshold is retained for a p<0.05. 
 

RESULTS 
In this study we included 435 patients. The 

average age was 59 years old. The sex ratio was 3.14 

(330 men versus 105 women). In this series, 207 

patients had one or more comorbidities, including 129 

severe cases. The most frequent of these comorbidities 

is diabetes, with a percentage of 42%, followed by 

hypertension with 17%. 

 

The number of severe cases identified in our 

population is 255 cases, or almost 59% of the 

population, against 180 non-severe cases, 41% of the 

population. The total number of deaths is 42 deaths, or 

almost 10% of the population studied. 

 

Distribution of biomarker values in severe and 

non-severe cases is summarized in Tables I and II. 

 

Table I: Summary table of the medians of the study variables 

Severity Non-severe cases Severe cases 

Median + IQ N Median + IQ N 

Age (years) 59[49-65] 180 59[45-67] 255 

Comorbidities  78  129 

Hemoglobin (g/dl) 14,3[12,7-15,3] 180 13,4[12,4-14,7] 252 

Platelets (/mm³) 198500[157000-246000] 180 227000[155750-294500] 254 

Leukocytes (/mm³) 5850[4690-7140] 179 8645[6230-11315] 254 

Neutrophil (/mm³) 3415[2555-4490] 180 6950[4790-9690] 255 

Eosinophil (/mm³) 20[0-70] 180 10[0-20] 255 

Lymphocytes (/mm³) 1630[1290-2105] 180 990[730-1340] 255 

CRP (mg/l) 17,7[3,1-57,4] 177 106,8[51,9-200] 245 

NLR 2,1[1,5-2,5] 180 6,5[4,5-10,2] 255 

PLR 120,4[86,3-162,8] 180 213,2[150,6-345] 254 

 

Table II: Summary table of biological anomalies 

 Non-severe cases Severe cases 

 % Total % Total 

Anemia (<12 g/dl) 25 180 11,37 255 

Thrombocytopenia (<150000/mm³) 29,44 180 14,11 255 

Leukopenia (<4000/mm³) 11,36 176 2,4 250 

Hyperleukocytosis (>10000/mm³) 3,4 176 34,8 250 

Neutropenia (<2500/mm³) 2,22 180 0,78 255 

Neutrophilia (>7500/mm³) 3,33 180 40,4 255 

Eosinopenia (<40/mm³) 65,1 178 83,46 254 

Lymphopenia (<1500/mm³) 39,44 180 80 255 

Increased CRP (>5mg/l) 68 176 95 244 

 

To study the specificity and sensitivity of the 

biomarkers, we used the ROC curve (Figure 1), which 

allowed us to specify the area under the curve of each 

element, called "AUC". The AUC of the curve of the 

biomarker studied must be greater than or equal to 0.5 

in order for it to perform well. 
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Figure 1 

 

The optimal thresholds predictive of severity 

found through ROC curve analysis are: 3.9 for the 

NLR, 185.3 for PLR, 7515/mm³ for leukocytes, 

4710/mm³ for neutrophils and 72 mg/l for CRP. 

 

The best performing parameter in predicting 

the severity of Covid19 according to our study is the 

NLR ratio. The ranking of other biomarkers predictive 

of Covid19 severity according to their performance is 

summarized in Table (III). 

 

Table III: Ranking and cutoff value of biomarkers predictive of COVID-19 severity 

Biomarker Threshold value Classification by performance 

NLR 3,9 1 

Neutrophiles 4710/mm3 2 

CRP 72 mg/l 3 

PLR 185,3 4 

Leukocytes 7515/mm3 5 

 

DISCUSSION 
Although the mechanism of inflammation 

during COVID-19 is not fully elucidated, most data in 

the literature agree on the observation of an 

inappropriate immune response, characterized by the 

release of inflammatory cytokines, such as TNF (Tumor 

Necrosis Factor), NK (Natural Killers) cells, 

interleukins, monocytes/macrophages, as well as the 

main agents of adaptive immunity; T and B cells [5]. 

The severity of COVID-19 appears to be modulated not 

only by the viral infection itself but also by an aberrant 

host immune and inflammatory response. Recent data 

suspect that this immune dysregulation is involved in 

the host immunosuppression phase [6] which occurs 

after the pro-inflammatory or "cytokine storm" phase. 

The latter is characterized by peripheral lymphopenia 

and an increased risk of bacterial superinfection [7]. 

 

The NLR (Neutrophil Lymphocyte Ratio) is 

the number of peripheral neutrophils divided by the 

number of peripheral lymphocytes. The PLR (Platelet 

Lymphocyte ratio) is the number of peripheral platelets 

divided by the number of peripheral lymphocytes. Both 

are biomarkers of systemic inflammation in the host [8]. 

Frequently used in clinical practice, these biomarkers 

are quick and inexpensive to calculate and have a 

variety of uses in cardiovascular, pulmonary cancer and 

other pathologies [9]. 
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The median NLR ratio in the severe population 

is 6.5 [4.5-10.2] compared with 2.1 [1.5-2.9] in the non-

severe population. Our results are similar to those of the 

Spanish study by Ruiz et al., which found a ratio of 

2.07 in the non- severe cases against a ratio of 6.58 in 

the severe cases [10] Lopez Escobar et al., [11] found 

higher values of 8.7 [4.3- 14.3] for non-survivors versus 

3.8 [2.5-6.7] for survivors. In our study, the NLR ratio 

is considered the best performing biomarker of severity. 

The predictive threshold value is 3.9. 

 

This result is comparable to the series of Yang 

et al., [12], whose cut-off value is 3.3 for the occurrence 

of severity. 

 

The systematic review by Li et al., which 

grouped 13 studies dealing with the predictive role of 

the NLR ratio in the occurrence of severity, highlighted 

the performance of the NLR ratio (AUC= 0.78) and 

determined a threshold of 4.5 as the cut-off value for 

severity. A ratio slightly increased compared to that of 

our study [13]. Ponti et al., found an NLR ratio of 2.973 

as the optimal threshold beyond which the evolution is 

unfavorable [14]. The NLR ratio is increased if the 

neutrophil count is increased or if the lymphocyte count 

is decreased. These two abnormalities are the most 

common in severe COVID-19 infection as described in 

our study. The increased NLR ratio in COVID-19 

patients could be explained by the existence of non-

functional endothelial tissue during viral infection, 

which would promote cell damage or even cell 

apoptosis. This tissue would be correlated with the 

existence of comorbidities such as diabetes, 

hypertension or cardiovascular diseases [10]. The 

median PLR ratio in the severe population is 213.2 

[150.6-345] versus 120.4 [86.3- 162.8] in the non-

severe population. Ratios comparable to those of the 

study by Ruiz et al., [10]: PLR equal to 200 in the 

population classified as severe versus 193.3 in that 

classified as non-severe. Yang et al., [12] found 

significantly higher results: 436.5 in severe cases versus 

176.7 in non-severe cases. In our study, the predictive 

threshold value for severity is 185.3 (AUC> 0.773). A 

result similar to that of Yang et al., [12]: a threshold of 

180 (AUC>0.784). In sum, the NLR ratio, PLR ratio, 

WBC and neutrophil counts, and CRP are the best 

performing biomarkers for predicting the severity of 

COVID-19 in our study using ROC curve analysis. In 

other words, a patient with one of the above-mentioned 

biomarkers above the threshold predicted in our results 

is more likely to have a severe form of COVID-19. 

 

CONCLUSION 
Our study, the first of its kind in our country, 

analyzed the most common biological biomarkers, 

namely hemoglobin, platelets, white blood cells and 

their subgroups, and NLR, PLR, and CRP ratios. We 

were able to determine the most predictive biomarkers 

of COVID-19 severity, namely NLR ratio, PLR ratio, 

white blood cell count, and CRP, and their predictive 

threshold. Finally, the NLR ratio was retained as the 

best performing biomarker with a minimum threshold 

value of 3.9, which is predictive of severity. 
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