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Abstract  
 

Background: Coronavirus disease 2019 (COVID-19) is characterized by a variable clinical picture ranging from 

asymptomatic to severe or even critical forms that can be life-threatening. The biological assessment can also be within 

the limits of normality, even little disturbed or outright witness of an excessive inflammatory response or a real cytokine 

storm which would follow the virological phase of the disease. The objective of our study is to evaluate the contribution 

of inflammatory biomarkers: LDH, procalcitonin (PCT), ferritin, C-reactive protein (CRP) and the level of lymphocytes, 

in the prediction of mortality in COVID-19 patients. Methods: We collected 79 patients diagnosed with COVID-19 on 

the basis of a set of clinical, radiological and / or biological arguments, which we divided into two groups: Survivors (N 

= 45) and deceased (N = 34). All these patients had all the biomarkers measured upon admission. Results: In our study, 

we found that the levels of the four inflammatory biomarkers studied in our series were elevated in both groups of 

patients (survivors and decedents), however, the decedents did not have significantly higher levels than the survivors (P 

>0.05). 
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INTRODUCTION 
The SARS-CoV-2 virus is the cause of Covid 

19 disease, which occurred in Wuhan, China in 

December 2019. This disease is highly infectious and 

contagious [1, 2]. The clinical manifestations of this 

disease, which the WHO has declared as a public health 

emergency, are variable and severe damage can lead to 

hypoxia, multi-organ dysfunction or even death [1]. The 

disease goes through two phases: a first virological 

phase where the virus multiplies, activates the immune 

system to enter the second phase, called inflammatory, 

which may be exaggerated in some patients progressing 

to a cytokine storm and systemic damage [2]. This 

hyperinflammation would indicate the severity of the 

disease [3, 4]. Some analyzes can be useful in order to 

stratify the evolution and could orient and adapt the 

care according to the risks of complications. 

 

The objective of our study is to evaluate the 

contribution of inflammatory biomarkers: LDH, 

procalcitonin (PCT), ferritin, reactive C protein (CRP) 

and lymphocyte count, in predicting mortality of 

patients with COVID-19 disease. 

MATERIAL AND METHOD 
This is a retrospective, cross-sectional study, 

including patients hospitalized for covid 19, admitted to 

the two hospital structures (Intermediate Care Unit and 

Intensive Care Unit), from August 1 st to august 25 th, 

2021 and whose biological assessments were analyzed 

by the laboratory department of the Tangier-Tetouan-Al 

Hoceima University Hospital in northern Morocco. 
 

We enrolled 79 patients with COVID-19, were 

selected on the basis of clinical, radiological and/or 

biological arguments (RT-PCR and/or rapid serological 

tests), in which the laboratory test included: lymphocyte 

count, CRP, LDH, Ferritin and Procalcitonin. The 

values retained for these parameters measured, include 

only those realized at admission. Patients were divided 

into two groups: survivors and deceased. 
 

The tests were performed on 3 automats: Vidas 

3 biomerieux (ELFA technique: Enzyme Linked 

Fluorescent Assay) for ferritin and procalcitonin and on 

BS380 from mindray by immunoturbidimetric 

technique for CRP and by enzymatic technique for 

LDH and on Mindray 5580 for lymphocyte count. 
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All Statistical analyses were performed by 

IBM SPSS version 21. Quantitative data were presented 

as means and standard deviations and qualitative data 

were presented as numbers and percentages. The 

univariate analysis was done for the comparison of the 

means of the inflammatory markers (CRP, ferritin, 

procalcitonin and LDH) as well as the lymphocyte 

count in the 2 groups of patients (survivors and 

deceased) by the Student's test after the verification of 

normality. 

 

RESULTS 
1) Demographic data 

A total of 79 patients with COVID-19 were 

included in this study, divided into two groups (34 

deceased, 45 survivors). The mean age of patients was 

57.51 +/- 14.31 (range, 29-91) and 49.4% of patients 

were male. 

The mean age was (59.85 years +/- 15.81) 

among the deceased group and was (55.75 years +/- 

12.98) among the survivors group. 

 

2) Analysis of inflammatory biomarkers and blood 

lymphocytes 

The CRP values of the patients ranged from 

10.30 mg/l to 346.30 mg/l with a mean of 155.4 mg/l. 

For Ferritinemia, the values ranged from 27.9 ng/ml to 

1200 ng/ml with a mean of 639 ng/ml. Concerning the 

range of values of Procalcitoninemia, its values are 

between 0.05 ng/ml and 205.9 ng/ml with an average of 

6.57 ng/ml. About the values of LDH, they are between 

211 U/L and 1512 U/L with an average of 598.10 U/L 

and for the rate of lymphocytes, it is between 0.25 

x10^3/µL, and 6.62 10^3/µL With an average of 0.96 

x103 /µL 

 

Table 1: CRP, LDH, PCT, Ferritin and Lymphocyte count in patients 

 CRP LDH Ferritin Procalcitonin Lymphocyt count 

Average 155.40 598.10 639.00 6.57 0.96 

Standard deviation 79.85 266.18 358.23 32.09 0.91 

Minimum 10.30 211.00 27.90 0.05 0.25 

Maximum 346.30 1512.00 1200.00 205.90 6.62 

 

3) The relationship between the values of the biomarkers of inflammation, lymphocytes and the evolution towards 

death: 

The average levels of inflammatory biomarkers and lymphocytes count measured in the two categories of 

patients (Dead / Survivors), are summarized in the table below: 

 

Table 2: Average levels of the different inflammatory biomarkers and lymphocytes measured in the two 

categories of patients: deceased/survivors 

Paramètre Survivors Deceased P-value* 

CRP(mg/l) 144.48+/-81.11 169.84 +/- 76.95 0.16 

LDH(U/L) 593.55+/-245.34 604.11+/-295.20 0.86 

FERRITIN(ng/ml) 678.46+/-412.09 609.19+/-313.07 0.41 

PROCALCITONIN (ng/ml) 5.42+/-29.77 8.10+/-35.33 0.71 

LYMPHOCYTE COUNT(x10^3/µL) 0.98+/-0.98 0.92+/-0.83 0.77 

*Test used: student 

 

The serum levels of the four inflammatory 

biomarkers studied in our series were increased in both 

groups of patients (survivors and Deceased), however, 

the deceased did not have significantly higher levels 

than the survivors (P >0.05). 

 

Concerning the mean ferritin level in the 

deceased, it is 609.19 ng/ml compared to 678.46 ng/ml 

in the survivors. The survivors group had a mean 

procalcitonin level of 5.4ng/ml compared to 8.10ng/ml 

in the Deceased group. 

 

For LDH, the mean level in the Deceased was 

604.11 ng/ml compared to 593.55 ng/ml in the 

survivors. For CRP, the mean level in Deceased was 

169.84 mg/L compared with 144.48 mg/L in survivors.  

 

The mean lymphocyte count in the Deceased 

was 0.92 x10^3/µL, compared with 0.98 x10^3/µL in 

the survivors. 

 

DISCUSSION 
The inflammatory response plays a central role 

in COVID-19. Evidence is accumulating to suggest that 

the cytokine storm is involved in the progression to the 

most severe forms of the disease. This uncontrolled 

hyperinflammatory response is thought to lead to acute 

respiratory distress syndrome (ARDS), which can lead 

to multi-organ failure and death [5] 

 

In the present retrospective study, the serum 

levels of LDH, CRP, Procalcitonin and ferritin of the 

patients who died were not significantly higher than 

those of the group of patients who survived (P >0.05), 

but were still increased in both patient groups. 
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We first evaluated serum ferritin levels, which 

were elevated in both the surviving and deceased 

patient groups. Ferritin, is an iron storage protein, 

whose serum level reflects the martial reserve level, it’s 

also a protein of the acute phase of inflammation. 

Indeed, it plays an anti-inflammatory role by 

sequestering iron, thus limiting oxidative stress. Its 

synthesis is strongly increased under the influence of 

interleukins and TNF [6, 7]. It may also reflect a viral 

macrophagic activation syndrome [8]. Several studies 

have demonstrated the prognostic value of ferritin in 

Covid 19. In fact, the increase of ferritinemia is 

associated with the severity and the negative evolution 

of this disease [9, 10]. However, in our study, the mean 

ferritin level was increased in both the surviving 

(678.46 ng/ml) and deceased patients (609.19 ng/ml), 

which does not allow us to say that the increase in 

ferritin level is correlated with death in our series. 

 

As we know, CRP is also a protein of the acute 

phase of inflammation whose expression depends on 

IL6. Its interest as a predictive marker of severe forms 

of COVID-19 has been clearly demonstrated by many 

studies [9, 11, 12]. However, contradictory results have 

been reported. In particular, it has been shown that an 

increase in CRP level in SARS-CoV-2 infected 

individuals may not be a good indicator of the severity 

of Covid 19 infection [13, 14], which is in agreement 

with the results obtained in our study, Indeed, the mean 

CRP level is slightly higher in deceased patients 

(169.84 mg/l) compared to a mean level in survivors 

144.48 mg/l , which doesn’t allow us to link an increase 

of CRP level with the fatal process of Covid 19. 

 

Serum levels of procalcitonin, which is a 

glycoprotein, pro hormone and precursor of calcitonin, 

are usually very low or undetectable [5]. It is normally 

synthesized and released by parafollicular C cells of the 

thyroid, however, it can also be synthesized in many 

extra-thyroid tissues during bacterial infections, 

mediated by increased levels of tumor necrosis factor 

alpha and interleukin 6. On the other hand, it is only 

slightly increased during viral infections, which makes 

it a marker for differential diagnosis between bacterial 

and viral infection [5, 15]. In the Chinese study of Fang 

Liu et al., [1], involving 140 patients with Covid 19, IL-

6, CRP and Procalcitonin levels were increased in 95 

(67.9%), 91 (65.0%) and 8 (5.7%) patients respectively 

upon admission. The proportion of patients with 

increased IL-6, CRP and Procalcitonin levels was 

significantly higher in patients with more severe forms 

of the disease. In our sample, the mean procalcitonin 

level in the group of patients who died was higher than 

in the group of patients who survived 8.10 ng/ml vs. 

5.4ng/ml, however this elevation was not significantly 

associated with increased mortality (p = 0.71). 

 

About lactate dehydrogenase (LDH), it is an 

important enzyme in the metabolism of sugars and is 

present in almost all tissues and organs of the human 

body. An increase in the level of this enzyme in the 

blood testifies to tissue damage in the organism, 

although it is not possible to determine the source [16]. 

According to two systematic reviews with meta-

analyzes, this level would be 3 to 6 times higher in 

patients who have developed a severe form of Covid 19 

compared to those who have a less severe form [10, 17]. 

and nearly 16 times higher in deceased patients [10] 

.The results of our study do not support this data, in 

effect, the average level of LDH in the deceased is 

604.11 ng / ml compared to 593.55 ng / ml in survivors, 

which is explained by the selection of our sample which 

comes from Intermediate Care Unit and Intensive Care 

Unit which hospitalize patients with severe form. 

 

Finally, the hematological changes accured 

during SARS-CoV-2 infection are frequent and mainly 

concern leukocytes and platelets. In the meta-analysis 

of Celestin Danwang et al., [18] of 31 studies, 

lymphopenia and thrombocytopenia are associated with 

a severe form of the disease. 

 

The immune response marked by profound 

lymphopenia seems to be a complication that occurs 

after an early and massive release of cytokines during 

the lung injury caused by SARS-CoV-2 [19]. The 

effects of the virus on lymphocytes can be explained by 

direct and/or indirect mechanisms. The direct action 

could be associated with the cytotoxicity of the virus, 

supported by active viral replication in the infected 

lymphocyte pool [20]. We also found that lymphopenia 

is a biological manifestation present in more than half 

of the patients with Covid-19. It was observed in 

52.94% of the patients who died and in 51.11% of the 

patients who survived, with no significant difference 

between the 2 groups. Thus, the results of our study 

indicate that although the inflammatory role in the fatal 

process of Covid-19 has been described in several 

studies, there are other factors affecting the prognosis of 

patients with Covid-19, such as cardiovascular risk 

factors or certain underlying pathologies that could not 

be evaluated in our study. 

 

Indeed, the patient's medical history and it’s 

comorbidities play a major prognostic role in the risk of 

developing a severe form or dying from SARS-CoV-2 

infection. For example, in the meta-analysis of 32 

articles by Fatemeh Javanmardi et al., the comorbidities 

most frequently identified as being associated with a 

risk of developing a severe form or dying from the 

infection were hypertension, diabetes, cardiovascular 

disease, liver disease, lung disease, malignancy, 

neurovascular disease, COPD and asthma [21]. 

 

Our study has some limitations that must be 

taken into account. Firstly, we only observed 

biomarkers of inflammation in a limited COVID-19 

patients hospitalized in Intermediate Care Unit and 

intensive care units, structures that receive patients of 

significant severity. And Also, the medical history of 
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the patients could not be exploited to correlate them 

with mortality. In addition, the effect of various 

therapies, including anti-inflammatory drugs and other 

supportive therapies, such as antibiotics, vasopressors, 

etc., could not be studied, as this was a retrospective 

study and, therefore, it was impossible to randomize the 

study participants to different treatment protocols. 

 

With more clinical and paraclinical 

information acquired from COVID-19 patients and a 

larger sample size, we could better identify the 

involvement of inflammatory markers as risk factors for 

Covid 19 mortality, so as to make fast and correct 

clinical decisions. 

 

CONCLUSION 
In our series, we studied markers of 

inflammation and lymphocyte levels in COVID- 19 

patients, including serum levels of CRP, Procalcitonin, 

ferritin, and LDH, and their relationships with the 

progression of these patients to death. Our study 

showed that in this sample of patients from the 

Intermediate Care Unit and intensive care units, patients 

who died did not have significantly higher plasma 

levels of the four inflammatory biomarkers compared 

with the group of patients who survived. For 

lymphocyte levels, more than half of our series had 

thrombocytopenia without its depth being related to 

poor prognosis. According to our results, we can deduce 

that it is necessary to take into consideration the 

medical history of the patient so we could predict the 

evolution of the disease of Covid 19 and to define the 

clinico-biological factors of poor prognosis. 

Nevertheless, the course of the stay in these categories 

of care units also plays an important role in the 

evolution of patients. 
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