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Abstract 

Background

COVID-19 disease has spread rapidly worldwide, causing high 
mortality. Accessible biomarkers capable of early identification of 
patients at risk of severe form are needed in clinical practice. The aim 
of the study was to determine the biological markers that predict a 
critical condition.

Methods

Retrospective study including patients with confirmed COVID-19 
hospitalized between September 2020 and June 2021. The primary 
endpoint was progression to critical status within 7 days from 
admission. We defined two groups:

Critical group: Patients who developed a critical condition or died or 
transferred to the ICU before or at 7th day.

Non-critical group: Patients who remained in non-critical respiratory 
status until 7th day or discharged before or at 7th day.

Results

Our study included 456 patients, with a sex ratio of 1.32 and an 
average age of 62 years. At the 7th day of hospitalization, 115 (25.2%) 
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patients were in the critical group and 341 (74.8%) patients were in the 
non-critical group. The univariate logistic regression indicated that 
laboratory findings between non-critical and critical groups showed 
that C-reactive protein (CRP) (p=0.047), D-Dimer (p=0.011), creatinine 
(0.026), creatine kinase (p=0.039), lactate dehydrogenase (p=0.04), and 
troponin (p=0.001) were all higher among patients in critical group. 
However, lymphocyte (p<0.001) and platelet (p<0.001) counts were 
significantly lower among the critical group. Multivariate logistic 
regression model, identified four independent risk factors: 
lymphopenia (OR=2.771, 95%CI=1.482-5.181, p=0.001), Neutrophil to 
Lymphocyte Ratio (NLR) (OR=2.286, 95%CI=1.461-3.578, p<0.001), 
thrombocytopenia (OR=1.944, 95%CI=1.092-3.459, p=0.024), and 
CRP>71.5 (OR=1.598, 95% CI=1.042-2.45, p=0.032) were associated to 
critical group.

Conclusions

Our results show the predictive value of lymphopenia, 
thrombocytopenia, high NLR and CRP levels to evaluate the prognosis 
of COVID-19 pneumonia. A prognostic score could be proposed for 
guiding clinical care and improving patient outcomes.

Keywords 
COVID-19, Viral pneumonia, Critical illness, Adult respiratory distress 
syndrome, Biomarkers, Prognosis
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Introduction
In December 2019, a novel coronavirus caused viral pneumonia cases in Wuhan, China, spreading globally. Termed
SARS-CoV-2, it was declared a “public health emergency of international concern” in January 2020, impacting various
levels. Tunisia reported imported COVID-19 cases in March 2020, with a milder initial wave due to strict measures. The
second wave strained care facilities in July 2020 due to eased preventive measures.1 Tunisia’s limited healthcare
resources posed challenges, necessitating hospital reorganization and resource optimization. Intensive care units
(ICU) expanded, and departments like pulmonology were dedicated to COVID-19 care. Identifying high-risk patients
and predictors of severe outcomes has become of paramount importance. Most patients infected with SARS-CoV-2
experience mild to moderate respiratory symptoms, while others may develop severe respiratory distress, septic
shock, multi-organ failure, and even death. Studies have shown that vascular processes underlie organ damage in
critically ill patients, driven by inflammatory cascades, complement activation, and pro-inflammatory cytokines. These
vascular injuries cause edema and acute respiratory distress syndrome (ARDS) in the lungs2,3 and play a crucial role in
cardiovascular (ischemia, thromboembolic complications) and cerebral damage. This highlights the relationship
between specific markers of inflammation and vascular injury and the severity of SARS-CoV-2 pneumonia. Urgent
identification of predictors guided risk assessment and intervention studies. This contributed to the effective allocation of
resources and informed clinical decision-making. Moreover, distinguishing severe cases using parameters like haema-
tological and inflammatory markers improved clinical management.4,5 This is a study performed at University Hospital
Center Mongi Slim, focused on COVID-19 patients hospitalized between October 2020 and June 2021 in the COVID-19
unit comprising Pulmonology and Rheumatology departments. The objectives of this study was to describe the clinical
and evolutionary characteristics of hospitalized patients with COVID-19 and to determine predictive biological markers
of a critical condition on the 7th day of admission.

Methods
This was a retrospective study, conducted at University Hospital Center Mongi Slim, including patients hospitalized for
COVID-19 pneumonia between October 2020 and June 2021 in the COVID-19 unit: Pulmonology Department and
Rheumatology Department, which were jointly managed in collaboration between the two teams.

Study design
Inclusion and exclusion criteria:

Eligible patients were those admitted to the COVID-19 unit between October 2020 and June 2021 with moderate to
severe COVID-19 pneumonia at admission, confirmed for SARS-CoV-2 via Reverse Transcription-Polymerase Chain
Reaction (RT-PCR), Rapid Antigen Test (RAT), or positive SARS-CoV-2 serology (IgM or IgG) for vaccine-naive
patients. All patients were at their first infection.

Patients were not included if they had a mild COVID-19 infection throughout their hospitalization and another reason for
hospitalization, if they were patients admitted to the COVID-19 unit after an initial stay in the ICU, or if they remained in
the emergency department for more than 7 days before being admitted to the COVID-19 unit.

We excluded patients who were admitted to the COVID-19 unit with hypoxemic pneumonia and suggestive findings of
COVID-19 pneumonia on thoracic CT scan but with negative virological results (RT-PCR, RAT, and SARS-CoV-2
serologies), and an alternative cause was identified during the course of the disease. Additionally, patients were excluded
if virological documentation data could not be located.

Outcome measure:

We defined the development of a critical state before or on the 7th day of hospitalization (D7) as the outcome measure.
Patients were categorized into two groups:
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1) Critical Group: Event group including:

• Patients who developed a critical state byD7. The definition of a critical state will be detailed in the following
paragraph.

• Patients who died before or on D7.

• Patients transferred to the ICU before or on D7.

2) Non-Critical Group: Non-event group including:

• Patients who maintained a stable and non-critical respiratory state until D7.

• Patients discharged from the hospital before or on D7.

Definition of a Critical State: We defined a critical state as:

• The occurrence ARDS requiring invasive or non-invasive respiratory support. For this criterion, we defined the
oxygen requirement level of 10 liters with a high-concentration mask as the threshold for evolving into ARDS.
This threshold was considered throughout the COVID unit’s activity based on the medical team’s experience as
an indicator of a critical state and warranting alerting the ICU.

• Vital distress or shock, sepsis, and/or organ failure. In all cases, ICU admission is indicated. We relied on the
definitions from the World Health Organization (WHO) version of November 20216 and the National
Evaluation and Accreditation Agency for Health (INEAS) version of April 20217 to establish the definition
of a critical state.

Data collection
Data were retrospectively and anonymously collected between June 2023 and January 2024. All demographic, clinical,
biological, radiological, therapeutic, and progression-related data were extracted from the medical records. The medical
records followed a standardized format with predefined items consistently used in both departments of COVID-19 unit.
The collected information included demographic data, clinical details recorded at admission and D7, and biological data
obtained at admission. For the latter, all patients underwent a routine standard biological assessment at admission
complete blood count (CBC) including leukocytes, lymphocytes, neutrophils, Neutrophil-to-Lymphocyte Ratio (NLR),
platelets, hemostasis profile (Prothrombin Time, Activated Partial Thromboplastin Time, D-Dimers) as a hypercoagul-
ability biomarker), renal profile (Urea, Creatinine, Blood Ionogram), liver profile (Aspartate Aminotransferase (AST),
Alanine Aminotransferase (ALT)), markers of muscle injury (Creatine Kinase (CK), Lactate Dehydrogenase (LDH)),
and C-Reactive Protein (CRP) as a marker of high inflammatory response. Some parameters were unavailable due to
reagent shortages, and others were optional based on clinical presentation, such as Troponin (myocardial injury
biomarker) and N-terminal prohormone of brain natriuretic peptide (NT-ProBNP); an indicator of cardiac stress or heart
failure. Chest computed tomography (CT) data were recorded at admission and upon aggravation during evolution.
Therapeutic data included oxygen therapy, antibiotic treatment, corticosteroids, anticoagulation, and other measures,
adhering to a uniform protocol guided by INEAS recommendations. Evolvement data covered hospital discharge,
transfers to ICU, COVID-19 unit deaths, and complication occurrences.

Statistical analysis
For the analysis of the association between two qualitative variables, we used Pearson’s Chi-squared test to compare two
frequencies when the conditions for its application were met, and the Fisher’s test otherwise. For the analysis of the
association between a qualitative variable and a quantitative variable, we employed the Student’s t-test to compare two
means in the case of a normal distribution, and the non-parametricMannWhitney test otherwise. Correlations between two
quantitative variables were calculated using the Pearson correlation coefficient, with significance tested bilaterally. In the
multivariate study, a binary logistic regression model was followed, and the risk was computed as the Odds Ratio
(OR) with a retained 95% confidence interval (CI 95%). To assess performance, we utilized parameters related to the
Receiver Operating Characteristic (ROC)Curve, as well as sensitivity and specificity. Pre- and post-test probabilities were
determined through likelihood ratios represented on the Fagan nomogram. We set the significance threshold at p ≤ 5%.
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Ethical considerations
This retrospective study received approval from the Ethics Committee of University Hospital Center Mongi Slim, under
approval number 57/2023 on Friday, 22 December 2023.

We followed strict ethical committee guidelines that allowed for exemption of consent, due to the non-intrusive nature of
the study and the use of non-identified data to ensure confidentiality and anonymity of participants. All personally
identifiable data were anonymized prior to analysis to protect individuals’ privacy. We also carefully assessed the risks
and benefits of our research, ensuring to minimize the former and maximize the latter for participants and the scientific
community. No financial or other conflicts of interest were identified by the authors of this study. Policies regarding the
future use of data and their potential sharing with other researchers were strictly established in accordance with ethical
guidelines.

Results
Among 626 patients hospitalized in the COVID-19 unit of University Hospital Center Mongi Slim for a period of
9 months (October 2020 - June 2021), we selected 456 patients after applying the inclusion and exclusion criteria. The
number of included, not included, and excluded patients is summarized in the flowchart below (Figure 1).

1) Patient characteristics

On the 7th day of hospitalization, 115 (25.2%) evolved to a critical condition. Among the patients in the study,
260 (57%) were males; 196 (43%) were females. The gender of the patients was not statistically significant
between critical and non-critical groups (p=0.106). As shown in Table 1, Chi-square outcome indicated that the
age differed significantly between the critical and non-critical patients (p=0.004). In fact, the mean age for the
non-critically ill patients was 61.5 � 13.2 years while the critically ill patients had a mean age of 65.7 � 14.
Chronic concomitant diseases were found among 322 patients (70.6%), with no significant difference between
both groups. The mean time from onset of symptoms to admission into the COVID-19 unit was 8.5� 4.12 days.
This lapse was significantly shorter for the critically ill patients: 7.9 vs 8.8 days (p=0.022). Among the total
cases, 31.4% had an extent of lesions greater than 50% on chest CT, the critical group had a higher proportion of
cases with an extent exceeding 50% (37% versus 25.6%, p=0.021).

Figure 1. Flow chart illustrating the patient selection process.
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2) Laboratory test outcomes

The CBC findings shown in Table 2 indicate that concentration of the lymphocytes were statistically lower
among critically ill patients (0.85 � 0.24) compared to non-critically ill patients (1.10 � 0.33, p<0.001).
Lymphopenia also occurred among 89.5% of patients in critical group (p=0.002) (Table 3). Similarly, the
platelet count was lower among the critical group (203 vs 235, p<0.001). The level of WBC and neutrophil did
not statistically differ between both groups.

The mean NLRwas 7.52. The NLR at admission was higher in the critical group with a marginally significant difference
(p=0.073). There was also a significant correlation between the NLR and the extent of lesions on the chest CT (r=0.213,
p<10�3).

Table 1. Baseline characteristics of 456 patients infected with COVID-19 pneumonia on admission.

Characteristics Total number
(N=456)

Non-critical
group (N=341)

Critical group
(N=115)

p-value

Gender 0.106

Male N, (%) 260 (57) 187 (55) 73 (64)

Female N, (%) 196 (43) 154 (45) 42 (36)

Age, mean, SD (years) 62.56 � 13.5 61,5 � 13.2 65,7 � 14 0.004

Onset of symptoms to admission,
mean, SD ( days)

8.5 � 4.12 8.8 � 4.12 7.9 � 4.11 0.022

BMI, kg/m2, SD 29.3 � 5 29.33 � 5.45 29.06 � 5.88 0.672

Chronic concomitant diseases,
N (%)

322 (70.8) 236 (69.2) 86 (75.4) 0.256

Hypertension, N (%) 198 (43.4) 146 (42.8) 52 (45.6) 0.653

Diabetes, N (%) 171 (37.5) 126 (37) 45 (39.5) 0.676

Dyslipidemia, N (%) 72 (15.8) 51 (15) 21 (18.4) 0.401

Coronary artery disease, N (%) 45 (9.9) 35 (10.3) 10 (8.8) 0.626

Obesity, N (%) 203 (40) 157 (46) 46 (40) 0.298

COPD, N (%) 23 (5) 16 (4.7) 7 (6.1) 0.554

Symptoms

Asthenia, N (%) 324 (71) 238 (70.8) 86 (74.8) 0.308

Fever, N (%) 286 (63) 211 (62.6) 75 (65.2) 0.522

Myalgia, N (%) 221 (48.5) 179 (53.3) 42 (36.5) 0.003

Dyspnea, N (%) 305 (67) 226 (67.3) 79 (68.7) 0.633

Cough, N (%) 229 (50) 169 (50.3) 60 (52.2) 0.628

Nasal symptoms , N (%) 25 (5.5) 14 (4.2) 11 (9.6) 0.026

Peripheral oxygen saturation in
room air, %, SD

88 � 4.24 88.8 � 4 87.1 � 4.5 <0.001

CT findings

Extent of lesions > 50%, N (%) 129 (31.4) 86 (25,6) 43 (37) 0.021

Bilateral distribution, N (%) 386 (98.2) 287 (98.6) 99 (97) 0.42

Ground-glass opacity, N (%) 385 (96.7) 283 (93) 102 (95) 0.568

Consolidations, N (%) 276 (70.6) 202 (69.7) 74 (73.3) 0.662

Pleural effusion, N (%) 27 (6.9) 17 (6) 10 (9) 0.183

Pericardial effusion, N (%) 40 (10.2) 23 (8) 17 (16) 0.013

Outcome

Transfer to intensive care unit, N (%) 81 (16.6) 11 (3.2) 70 (60.9) <0.001

Deaths in the COVID-19 unit, N (%) 22 (4.8) 1 (0.3) 21 (1.3) <0.001
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The CRP concentration outcome is the other biochemistry test that was statistically significantly different between
critically ill (122 � 78) and non-critically ill patients (106 � 72, p=0.047). Upon admission, data regarding levels of
D-dimer (full data available for 136 patients), hypersensitive troponin (full data available for 117 patients), B-type
natriuretic peptide (full data available for 67 patients) were obtained. As shown in Table 2, in comparison to the non-
critically ill patients, patients with critical illness had significantly higher levels of D-Dimer, hypersensitive and NT-pro-
BNP. Besides, patients with severe pneumonia had higher rates of rhabdomyolysis markers than patients exhibiting less
critical forms of the disease; (CK: 127 vs 83, p=0.039), (LDH: 831 vs 701, p=0.04). However, the findings presented in
Table 2 indicate that the concentration of AST and ALT did not vary between both groups.

Univariate analysis
The univariate logistic regression indicated that laboratory findings between non-critical and critical groups showed
numerous differences including C-reactive protein (p=0.047), D-Dimer (p=0.011) and creatinine (0.026) as well as,
creatine kinase (p=0.039), lactate dehydrogenase (p=0.04), troponin (p=0.001) and NT-pro-BNP level (p=0.011) which
were all higher among patients in critical condition. On the other hand, lymphocyte (p<0.001) and platelet (p<0.001)
counts, natremia (p=0.011) and kalemia (p=0.029) were significantly lower among the critical group, whereas liver
enzymes showed no significant differences. Table 3 summarizes the biological abnormalities on admission.

Multivariate analysis
Based on the multivariate logistic regression model, four variables were demonstrated as independent risk factors.
As shown in Table 4, the results indicated that lymphopenia (OR=2.771, 95%CI=1.482-5.181, p=0.001), NLR
(OR=2.286, 95%CI=1.461-3.578, p<0.001), thrombocytopenia (OR=1.944, 95%CI=1.092-3.459, p=0.024), and
CRP>71.5 (OR=1.598, 95% CI=1.042-2.45, p=0.032) were associated with critical outcome.

The threshold values of 71.5mg/L for the CRP level and 5 for the RNL were defined according to the study of the ROC
curve according to the critical and non-critical groups. The findings in Table 4 show that statistically significant AUCs

Table 2. Laboratory findings among critical and non-critical COVID-19 patients on admission to hospital.

Variables Normal range Total
number
(N=456)

Non-critical
group
(N=341)

Critical
group
(N=115)

p-value

Leukocyte, � 109/L 4-10 8.1 � 3.8 7.4 � 2.4 7 � 2 0.4

Lymphocyte, � 109/L 1.5-4 1.1 � 0.6 1.1 � 0.33 0.8 � 0.24 <0.001

Neutrophil, � 109/L 1.5-7 6.5 � 3.7 5.7 � 0.19 5.8 � 0.38 0.926

Platelet, � 109/L 150-400 252 � 114 235 � 6.53 203 � 8.76 <0.001

NLR (ratio) - 7.52 � 8.05 7.12 � 0.43 8.69 � 0.76 0.073

C-reactive protein, mg/L <8 110 � 73 106 � 71.7 122 � 78.2 0.047

D-dimer (N=136), μg/L 0-500 if < 50 years
0-(age*10) if > 50 years

1214 � 1311 712 � 1401
(N=99)

1027 � 1035
(N=37)

0.011

Creatinine, μmol/L 50-101 86.6 � 62.5 85 � 64.3 91.6 � 56 0.026

Blood urea nitrogen,
mmol/L

2.5-7 7.8 � 6 6.2 � 6.3 7 � 4.4 0.061

Creatine Kinase, U/L <168 146.7 � 168 83 � 153 127 � 199 0.039

Lactate Dehydrogenase,
U/L

125-222 784.7 � 34 701 � 342 831 � 334 0.04

Aspartate
aminotransferase, U/L

5-40 40.5 � 31 39 � 26.25 45 � 40.6 0.172

Alanine
aminotransferase, U/L

5-45 34.7 � 29 34 � 26.8 36 � 34.5 0.740

Natremia, mmol/L 135-145 134.7 � 4.5 135 � 4.1 133 � 5.5 0.011

Kalemia, mmol/L 3.5-5 4.09 � 0.6 4.12 � 0.56 3.98 � 0.63 0.029

Hypersensitive troponin
(N=117), ng/L

<19 180.2� 1570 15.5 � 57.2
(N=86)

637 � 3036
(N=31)

0.001

NT-Pro-BNP (N=67),
pg/mL

<125 989.7� 1149 779 � 1315
(N=41)

1322 � 1608
(N=26)

0.011

Page 7 of 25

F1000Research 2024, 13:918 Last updated: 09 DEC 2024



Figure 2. ROC curve indicating the performance of CRP and NLR in predicting critical cases.

Table 3. Comparison of biological abnormalities between critically and non-critically ill COVID-19 pneumonia
patient groups.

Biological abnormalities Total
number
(N=456)

Non-critical
group
(N=341)

Critical
group
(N=115)

p-value

Hyperleucocytosis, N (%) 110 (24.1) 80 (23.5) 30 (26.1) 0.569

Lymphopenia, N (%) 355 (77.9) 253 (76) 102 (89.5) 0.002

Neutrophilia, N (%) 155 (34.6) 113 (34) 42 (36.8) 0.573

Thrombocytopenia, N (%) 59 (12.9) 37 (11.1) 22 (19.5) 0.023

Increased CRP, N (%) 424 (93.5) 315 (96) 109 (98.2) 0.375

D-Dimer > 1000 ng/ml, N (%) 50 (40.8) 31 (31.3) 19 (51.4) 0.031

Increased blood urea nitrogen, N (%) 186 (40.8) 135 (39.6) 51 (44.3) 0.369

Increased aminotransferase, N (%) 157 (39.5) 116 (39.7) 41 (39) 1

Increased Creatine Kinase, N (%) 55 (24.2) 31 (18.6) 24 (40) 0.001

Increased Lactate dehydrogenase, N (%) 190 (41.6) 135 (39.5) 55 (47.8) 1

Increased tropnin, N (%) 21 (18) 9 (10.5) 12 (38.7) <0.001

Table 4. Multivariate analysis of biological markers predicting critical condition.

Parameters OR 95%CI p-value

Lymphopenia 2.771 1.482-5.181 0.001

NLR > 5 2.286 1.461-3.578 <0.001

Thrombocytopenia 1.944 1.092-3.459 0.024

CRP > 71.5 mg/L 1.598 1.042-2.45 0.032
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were obtained for CRP (AUC=0.533, p=0.032) andNLR (AUC=0.589, P<0.001). Thus, the performance of theNLRwas
slightly superior to that of the CRP in predicting a critical condition on day 7 (Figure 2). For a threshold equal to 71.5
mg/L, the sensitivity and specificity of CRP to predict critical illness were respectively equal to 66.1% and 38.1%, while
for a threshold equal to 5, the sensitivity and specificity of theNLR to predict the critical illness were respectively equal to
68.7% and 51% (Table 5). Figure 2 and Figure 3 show the area under the ROC curve of CRP and NLR (Figure 2) and
platelet count (Figure 3). The platelet countwas negatively correlatedwith the occurrence of a critical condition and it was
quite efficient in predicting non-critical cases; (AUC=0.62; CI95%=0.56-0.679) (Figure 2). The best threshold was
estimated at 187.5*103 elements/mm3 corresponds to a sensitivity and specificity equal to 72.4% and 48.7% respectively
with a quite good accuracy (Table 6).

Table 5. Performance parameters of CRP and NLR.

Cut-off AUC (95%CI) Sensitivity Specificity

CRP (mg/L) 71.5 0.533 (0.492-0.614) 66.1% 38.1%

NLR 5 0.589 (0.528-651) 68.7% 51%

AUC: Area under ROC curve.

Figure 3. ROC curve indicating platelet count performance in predicting non-critical cases.

Table 6. Performance parameters of platelet count.

Cut-off AUC (95%CI) Sensitivity Specificity

Platelets (109/L) 187.5 0.62 (0.56-0.679) 72.4% 48.7%

AUC: Area under ROC curve.
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Discussion
Based on the univariate analysis of our study, some biomarkers were predictive of the progression to a critical state on the
7th day of hospitalization for COVID-19 pneumonia.

Most predictive models are based on static demographic characteristics and clinical parameters obtained at admission.
Understanding biomarkers associated with COVID-19 severity and their kinetics can contribute to the development of
more accurate predictive models of disease progression. According to Lasso and al.'s8 study, a chronological analysis of
biomarkers namely, anti-SARS-CoV-2 IgG, leukocyte, neutrophil, and lymphocyte counts, CRP, and urea levels,
showed a correlation with disease severity and mortality. IgG increased between weeks 1 and 3 in all cases. Leukocyte
and neutrophil counts were higher in non-survivors from days 7 to 32; urea stayed elevated from days 6 to 43. CRP levels
increased significantly above 10mg/dl during the first 4 days in non-survivors and remained significantly higher between
days 5 and 28. Studies have shown the variation over time of the various markers, particularly the inflammatory ones
accompanying the “cytokine storm” that precedes the onset of ARDS, which usually occurs after 8 to 12 days from the
onset of symptoms.2,9 Hence, we chose the 7th day after hospitalization, approximately corresponding to the 14th day
after symptom onset, as the threshold for classifying patients into critical or non-critical groups.

Analysis of demographic characteristics revealed that critically ill patients were older than non-critically-ill ones which
aligns with previous studies’ results.10 However, this age difference was smaller compared to that reported previously,
noted as 20 years.11 Advanced age was also an important predictor of mortality in Middle East Respiratory Syndrome
(MERS).12

We underline the fact that the study sample of COVID-19 patients cared during the study involved more males than
females, as well among both groups (critical and non-critical), which supports previous observations that indicate gender
as a potential determinant of likelihood to develop serious complications and unfavorable outcome. In fact, a multicenter
study conducted in China, including 1099 patients hospitalized for COVID-19 pneumonia in 552 hospitals,13 had shown
a clear male predominance (58%). This male susceptibility has been clearly elucidated in an Italian study,14 in which, two
significant factors incriminated in the initiation of viral infection were emphasized, namely angiotensin-converting
enzyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2), both of which are influenced by gender.

Moreover, this observed difference could also be attributed to behavioral differences between the sexes, notably that
smoking and alcohol consumption are more often seen among men15 heightening the risk of chronic comorbidities such
as cardiovascular and chronic pulmonary diseases, which have been associated with a greater likelihood of developing
severe illness with COVID-19.16

Hematological biomarkers
Our univariate analysis findings regarding the CBC parameters were different to previous findings.17,18 Previous studies
concluded that increased neutrophils count is characteristic of patients with severe cases.19 Evidence suggests that severe
COVID-19 is associated with elevated neutrophil levels, which increase inflammation via cytokine storm, and hemor-
rhages especially in the lungs, which occur as a result of neutrophil-induced tissue damage.

According to our data, lymphopenia occurred in 78% of cases. The lymphocyte count ranged between 500 and
1000/mm3 among 36.6% of our patients while 8.8% had deep lymphopenia (< 500/mm3). Our results also showed,
using the multivariate logistic regression model, that lymphopenia was an independent risk factor for a severe illness.
These findings are in line with the literature. Indeed, several studies have assessed the impact of lymphopenia on
disease severity. For example, Zhang and al.20 reported an average blood lymphocyte count of 1200/mm3, and Jiang
and al.11 showed that 41% of patients had a lymphocyte count of less than 1000/mm3. This count was significantly lower
in patients with an unfavorable outcome. Additionally, Bellan and al.21 demonstrated that a low lymphocyte count at
admission was correlated with the risk of mortality due to SARS-CoV-2 infection. Two Chinese meta-analyses22,23 have
concluded that patients with severe COVID-19 pneumonia had lower blood lymphocyte counts compared to non-severe
forms, and lymphopenia was associated with a three-fold higher risk of severe infection, particularly ARDS. When viral
particles resulting from the replication of SARS-CoV-2 spread through the respiratory mucosa, it leads to a cytokine
storm, generating a cascade of immune responses primarily involving CD4 and CD8 T lymphocytes.24

In our study, thrombocytopenia was present among 13% of cases and was correlated with the progression to a critical
condition (p=0.023). We demonstrated that thrombocytopenia was associated with an odds ratio (OR) of 1.94 of
developing a critical condition. Our findings are consistent with those of the literature. Indeed, a meta-analysis of
21 studies including 3,377 SARS-CoV-2 positive patients4 found that platelet count was negatively correlated with the
severity of the infection as well as mortality. Another meta-analysis involving 1,779 COVID-19 patients25 revealed that
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thrombocytopenia was associated with a threefold higher risk of severe disease, and mortality. Moreover, the platelet
count was also correlated with disease severity scores and the risk of mortality in ICU.26,27 Platelet count was considered
as an independent risk factor for COVID-19 mortality. This count was significantly lower in COVID-19 patients who
died compared to survivors.21,28 Platelet kinetics could also help to identify patients at risk of an unfavorable outcome.29

Similarly, Choi KW et al.30 reported in a study evaluating the prognosis of SARS infection in 2003, that lymphopenia and
thombopenia were found in 73% and 50% of cases respectively.

In COVID-19 patients, thrombocytopenia appears to be multifactorial. In the case of ARDS, there is a significant platelet
consumption resulting from the combination of viral infection andmechanical ventilation, leading to endothelial damage
and platelet activation, aggregation, and thrombus formation in the lungs.25,29Moreover, the lung can be a site for platelet
release from mature megakaryocytes, and alteration of the pulmonary capillary bed can affect platelet degranulation and
pulmonary megakaryocytopoiesis.25,29

In our study, the mean NLR was 7.52. This ratio was higher in the critical group patients (p=0.073). As we previously
mentioned, lymphopenia wasmore common among patients in a critical condition. It appears logical to observe a trend of
increasing NLR in severe forms. This finding was consistent with studies of both Yang and al.31 and Yan and al.,32 where
a higher NLR was correlated with severe forms and mortality, respectively (p<10�3). NLR is a biomarker that integrates
two subtypes of leukocytes representing two inversely related immune pathways. It provides information about systemic
inflammation and is a useful biomarker for predicting bacterial infection, including pneumonia, better than absolute
leukocyte, lymphocyte, or neutrophil counts.32 A high NLR reflects a discrepancy in the inflammatory response.32

Numerous studies and meta-analyses33–35 have proved that an increased NLR is associated with a poor prognosis in
various diseases, such as cardiovascular diseases, solid cancers, and infections.

Increased NLR during COVID-19 could be a result of the expression of inflammatory cytokines, an unusual increase in
pathological low-density neutrophils, and the upregulation of genes involved in the lymphocyte cell death pathway
caused by SARS-CoV-2 infection.36 Furthermore, two studies37,38 have proposed integrating the NLR into nomograms
to prove the prognostic value of this biomarker.

Our study showed that for a threshold≥ 5, the sensitivity and specificity ofNLR in predicting critical status onDay 7were
68.7% and 51%, respectively. This sensitivity was 56.52% in the study by Liu and al.38 Therefore, NLR is an objective,
simple, and inexpensive parameter that could be used in routine practice as a prognostic biomarker.

Thrombotic complications and coagulopathy represent a major event during SARS-CoV-2 infection. An increase in
D-dimer and fibrinogen levels and a decrease in prothrombin time indicate a state of hypercoagulability. Many studies
have shown that high levels of D-dimer are associated with severe39,40 and critical10 forms, the need for intensive care
management,2,18 and in-hospital mortality due to COVID-19 pneumonia.28,41 This hypercoagulability in COVID-19
patients could result from several mechanisms42: in viral infections, there is often an unbalance between pro-
inflammatory response and anti-inflammatory response; this can lead to endothelial cell dysfunction and excessive
thrombin production; hypoxia contributes to thrombosis by increasing blood viscosity.

Increased D-dimer levels indicate that the fibrinolytic system is activated in COVID-19 patients. Furthermore, the
increased release of cytokines during viral infections stimulates coagulation cascade.43 A reduction inD-dimer levels was
observed in recovered patients, independently of anticoagulant treatment, while a continuous increase in D-dimer levels
was predictive of a higher risk of thrombosis and unfavorable outcomes.42,44 Thus, D-dimers are an early and reliable
marker for predicting a poor prognosis in COVID-19 hospitalized patients.42

In our study, thromboembolic events occurred among 11 patients. The incidence of pulmonary embolism (PE) in
COVID-19 patients is still unknown and likely underestimated.45 Bilaloglu and al. reported a prevalence of PE of 3.2% in
a study involving 3,334 COVID-19 patients in NewYork,46 while according to a French study,47 the incidence of PEwas
23.7%. This difference could be explained by differences in disease severity, patient characteristics, and the limited use of
CT angiography among patients.

Biochemical biomarkers
Biochemical tests findings, showed that the critical group of patients had elevated level of CRP, D-Dimer, creatinine,
lactate dehydrogenase, creatine kinase, troponin and NT-Pro-BNP, which corroborates the conclusion made by
Feng and al.40

The CRP was elevated (>8 mg/L) in 93.5% of patients with an average of 110 � 73 mg/L. We noted that the CRP on
admission was significantly higher in the critical group (p=0.047). In multivariate analysis, an elevated CRP level was
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correlated with an increased risk of progressing to a critical condition on the 7th day of admission. Many studies have
shown that elevated CRP levels are correlated with critical forms,10,39 disease progression,48 andmortality fromCOVID-
19 pneumonia.21 As known, CRP is a non-specific marker of inflammation induced by interleukin-6 (Il-6) secretion.
In clinical practice, it is used as a biomarker for various inflammatory and infectious conditions. High CRP levels have
been directly correlated with the inflammation’s degree and disease severity.49 Moreover, CRP levels among dead
COVID-19 patients were decuple higher than survivors.50

A meta-analysis of 20 studies including 4,843 COVID-19 patients and focusing on the clinical utility of CRP,51

emphasized that high CRP level was associated with a fourfold higher risk of an unfavorable outcome (p<10�3).
In fact, at the early stages of COVID-19 infection, an increase in CRP was directly associated with the development of
lung lesions, reflecting the severity of the disease.51,52 Furthermore, Ali and al.53 demonstrated that CRP level could
predict disease worsening among non-severe cases, indicating 5% risk of progressing to a severe form for each unit
increase in the CRP rate. Added to that, the CRP level has also been reported as a reliable biomarker for treatment
responses in COVID-19 patients19; in fact, this marker could be used to select patients who would benefit from treatment
with tocilizumab, another IL-6 receptor inhibitor similar to sarilumab.54,55

Our findings indicated that NLR and CRP are good predictors of unfavorable outcome. The reported excellent accuracy
of these parameters in the prediction of COVID-19 patients’ outcome corroborates findings of the studies of Yang and
al.31 and. Liu and al.38

We found that blood creatinine (p=0.026) and urea levels (p=0.061) were higher in the critical group. Furthermore, urea
levels were significantly higher in elderly patients (> 70 years old) (p<10�3) and in patients with high blood pressure
(p=0.012). Elevated blood urea (≥ 7 mmol/L) was noted in 46.6%. These findings align with the literature, where it
has been demonstrated that elevated blood creatinine and urea values are associated with severe disease, unfavorable
prognosis, and significant mortality.41,56,57 A Tunisian study conducted between September and December 2020,58

illustrated that acute renal failure was associated with poor outcome (OR:6.7) for patients hospitalized in ICU. The
mechanism of renal involvement in COVID-19 is likely to be multifactorial.56 It involves direct cytopathic effects on
kidney tissue by the virus leading to renal cell necrosis as well as indirect damage by cytokines and metabolites induced
by hypoxia, shock, or rhabdomyolysis.

Increased liver enzymes level was found in 39.5%, especially inmale patients (p<10�3), whileAST andALT rates did not
vary between both groups. Numerous studies have demonstrated the association between high transaminase levels and
the severity of the disease,39,40,57,59 transfer to the ICU 2,18,60,61 and death28,41 due to COVID-19. Jamoussi and al.62

have concluded that IL-6 ≥ 20 pg/ml, CK < 107 UI/L,AST < 30UI/L were independent risk factors for mortality among
patients admitted in ICU between September and December 2020 in Tunisia. Moreover, the good accuracy of AST and
ALT as a predictor of ICU admission have been clearly shown with AUC>0.7.63 Added to that, Malik and
al. demonstrated in their meta-analysis51 that high levels of AST and ALT (> 40 IU/L) were associated with a threefold
higher risk of a poor prognosis. Some studies have shown that COVID-19 only transiently increases transaminases.
Cytolysis is rather due to liver damage secondary to systemic inflammatory processes, hypoxia, or to the use of
hepatotoxic drugs, especially antivirals such as Lopinavir and Ritonavir during patient management.51,64 However,
viral RNA has been detected in the liver at high titers, exceeding viremia, during autopsies, suggesting that SARS-CoV-2
hepatic infection can contribute to elevation of transaminase levels in patients with severe forms of COVID-19.44,65

Regarding rhabdomyolysis markers, we found an elevation of LDH and CK levels among 98% and 24% of our patients,
respectively. We also demonstrated that muscle lysis enzymes were significantly higher in critical group patients. Our
data were consistent with the literature, where it has been shown that high levels of LDH and CKwere associated with the
severity5,66 and progression67 of the disease, transfer to ICU, and mortality.57 Jamoussi A62 from COVID-19. In a meta-
analysis assessing the prognostic value of LDH levels,41 it was found that elevated LDH levels were associated with a risk
of mortality (OR: 16) and severe disease (OR: 6). Furthermore, a study conducted on COVID-19 patients68 showed that
increased LDH levels at the early stage of the disease can predict lung damage and severe cases of COVID-19. These high
LDH levels may result from decreased tissue oxygenation leading to stimulation of the glycolytic pathway or from
damage of multiple organs in case of multi-organ failure.51 Additionally, severe infections can induce cytokine-mediated
tissue damage and LDH release.69

Concerning cardiac injury markers, we found that elevated levels of cardiac troponins were correlated with critical
conditions (p=0.001). Indeed, troponins have a prognostic value in sepsis70 and have been proposed as severitymarkers18

of the disease and predictors of COVID-19 mortality.28,41 These disturbances in cardiac enzymes can result from viral
myocarditis, myocardial damage caused by cytokines ormicroangiopathies and coronary spasms secondary to hypoxia.71
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Furthermore, according to our data, we observed an increase in NT-Pro-BNP levels among 25 patients (5.5%), indicating
a left heart failure. Additionally, the mean NT-Pro-BNP value was higher in the critical group of patients (p=0.011). The
mechanisms of heart failure can be attributed to an imbalance between increased cardiac output and reduced oxygen
supply, with the possibility for type 2 myocardial infarction.72 According to Li and al.,39 NT-Pro-BNP>500pg/L were
significantly associated with severe forms of COVID-19, and Hong and al.,10 demonstrated that critically ill patients had
higher NT-Pro-BNP levels (p=0.002). Therefore, cardiac biomarkers, including troponins and NT-Pro-BNP, can reflect
cardiovascular involvement in COVID-19, since they are independent risk factors for poor prognosis and mortality.72,73

Strength and limitations
Our study has shown that some biochemical and CBC tests are important in predicting COVID-19 patients’ need for ICU
care. Specifically, laboratory tests that should be prioritized to determine patient risk of developing severe COVID-19
pneumonia, include lymphopenia, NLR, thrombocytopenia, CRP, D-Dimer, creatinine, LDH, CK, troponin and NT-Pro-
BNP. NLR is most preferred as it was noted to be a very good test.

However, limitations should be considered in the interpretation of our findings. First, our study is retrospective and
monocentric. Second, some biological parameters were missing in the medical records and other specialized tests are
not commonly performed in our hospital such as Il-6 and Procalcitonin given their cost. Also, the lack of systematic data
on blood gas analysis on Day 7, did not allow us to evaluate PaO2/FiO2 ratio, to define ARDS. Besides, the study did not
consider the influence of pre-existing health conditions.

Despite its limitations, this study has provided insights into laboratory parameters that can be used to predict the severity
of COVID-19 cases allowing prediction of severe illness at the time of admission. It is therefore recommended that
healthcare providers consider these parameters in making evidence-based decisions regarding patient management
especially where there are limited ICU facilities.

It is worthmentioning thatmost of reported studies were conducted in different geographical and temporal contexts, some
studies were conducted during the same period as our study.58,62 Indeed, COVID-19 pandemic waves showed significant
time lags across the world due to several factors, including health control measures, vaccination rates, population density,
and circulating viral strains. For example, while some countries experienced a severe first wave at the beginning of 2020,
other regions saw a peak in cases later in the year or even in 2021 with the emergence of more transmissible variants
like Delta.74 In Tunisia, the first wave ranged from March to June 2020 and was characterized by small numbers of
circulating lineages. The second wave ranged from July 2020 to January 2021 and was characterized by a higher
genetic diversity with the circulation of at least 20 different lineages. The third wave ranged from February to May 2021
and was characterized by the emergence of variants of concern (VOCs) and variants of interest (VOI), such as Alpha who
rapidly became the predominant variant. The fourth wave started on June/July 2021, the overwhelming majority of
detected lineages was Delta.1 Consequently, our study included several variants of the virus, which impacts the clinical
presentation and the outcome of the infection. However, we believe that although the period of our study is lagged
compared to the studies cited in the discussion, our results remain relevant for assessing the prognosis of patients with
COVID-19, regardless of the variant.

Conclusion
In conclusion, we have identified certain biological markers that can be used to assess the risk of COVID-19 pneumonia
progressing to a critical state.

Particularly; lymphopenia, high NLR, thrombocytopenia, and elevated CRP level are all significantly associated with
poor prognosis.

Therefore, in patients hospitalized with moderate to severe forms, we recommend close monitoring of these biomarkers,
since immune suppression, heightens inflammation and alters host's adaptive response capabilities.

Since the beginning of the pandemic, it has been scientifically important to analyze the discriminatory capacity of
hematological, biochemical, inflammatory and immunological biomarkers in patients with COVID-19, with or without a
severe or critical form. Determining risk categories after the diagnosis of COVID-19 is essential for better resource
allocation, improved clinical management and prevention of serious complications.

Ethical approval and consent
This retrospective study received approval from the Ethics Committee of University Hospital Center Mongi Slim, under
approval number 57/2023 on Friday, 22 December 2023.
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We followed strict ethical committee guidelines that allowed for exemption of consent (institute policy), due to the non-
intrusive nature of the study and the use of non-identified data to ensure confidentiality and anonymity of participants. All
personally identifiable data were anonymized prior to analysis to protect individuals’ privacy.We also carefully assessed
the risks and benefits of our research, ensuring to minimize the former and maximize the latter for participants and the
scientific community Policies regarding the future use of data and their potential sharing with other researchers were
strictly established in accordance with ethical guidelines.

Data availability
The data supporting the findings of this study are not publicly available due to ethical concerns. However, fully
de-identified data will be made available upon request from reviewers and readers. Interested parties should contact
the corresponding author at donia.belkhir@fmt.utm.tn to request access to the data. Data requests will be reviewed in
accordance with the local ethical committee.

References

1. Chouikha A, Fares W, Laamari A, et al. :Molecular Epidemiology of
SARS-CoV-2 in Tunisia (North Africa) through Several Successive
Waves of COVID-19. Viruses. 2022 Mar 17; 14(3): 624.
PubMed Abstract|Publisher Full Text|Free Full Text

2. Huang C, Wang Y, Li X, et al.: Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet. 2020 [cited
2022 Dec 17]; 395(10223): 497–506.
PubMed Abstract|Publisher Full Text|Free Full Text

3. Abnormal coagulation parameters are associated with poor
prognosis in patients with novel coronavirus pneumonia - PMC.
[cited 2023 Nov 1].
Reference Source

4. Hematologic, biochemical and immune biomarker
abnormalities associated with severe illness and mortality in
coronavirus disease 2019 (COVID-19): a meta-analysis.[cited
2023 Mar 7].
Publisher Full Text

5. Danwang C, Endomba FT, Nkeck JR, et al. : A meta-analysis of
potential biomarkers associated with severity of coronavirus
disease 2019 (COVID-19). Biomark. Res. 2020 Aug 31 [cited 2023
Mar 24]; 8: 37.
PubMed Abstract|Publisher Full Text|Free Full Text

6. gps_covid.pdf: [cited 2023 Nov 1].
Reference Source

7. Living guidance for clinical management of COVID-19: [cited 2023
Nov 1].
Reference Source

8. LassoG, KhanS, Allen SA, et al.:Longitudinallymonitored immune
biomarkers predict the timing of COVID-19 outcomes. PLoS
Comput. Biol. 2022 Jan; 18(1): e1009778.
PubMed Abstract|Publisher Full Text|Free Full Text

9. Chen A, Zhao Z, Hou W, et al. : Time-to-Death Longitudinal
Characterization of Clinical Variables and Longitudinal
Prediction of Mortality in COVID-19 Patients: A Two-Center
Study. Front. Med.

10. Hong W, Chen Q, Qian S, et al. : Critically Ill vs. Non-Critically Ill
Patients With COVID-19 Pneumonia: Clinical Features,
Laboratory Findings, and Prediction. Frontiers in Cellular and
Infection. Microbiology. 2021 [cited 2022 Dec 17]; 11.
PubMed Abstract|Publisher Full Text|Free Full Text

11. Ning J, Yan-Nan L, Jing B, et al. : Clinical features and risk factors
associated with severe COVID-19 patients in China. Chin. Med. J.
2021 Apr 20 [cited 2022 Dec 17]; 134(08): 944–953.
Publisher Full Text|Reference Source

12. HongKH, Choi JP, Hong SH, et al.:Predictors ofmortality inMiddle
East respiratory syndrome (MERS). Thorax [Internet]. 2018 Mar 1
[cited 2023 Jan 8]; 73(3): 286–289.
Reference Source

13. Jie GW, Yi NZ, Hu Y, et al. : Clinical Characteristics of Coronavirus
Disease 2019 inChina.N. Engl. J.Med.2020Apr30 [cited2022Dec7];
382(18): 1708–1720.
PubMed Abstract|Publisher Full Text|Free Full Text

14. Gemmati D, Bramanti B, SerinoML, et al.: COVID-19 and Individual
Genetic Susceptibility/Receptivity: Role of ACE1/ACE2 Genes,
Immunity, Inflammation and Coagulation. Might the Double
X-chromosome in Females Be Protective against SARS-CoV-2
Compared to the Single X-Chromosome in Males? Int. J. Mol. Sci.
2020 May 14; 21(10): 3474.
PubMed Abstract|Publisher Full Text|Free Full Text

15. Reitsma MB, Fullman N, Ng M, et al. : Smoking prevalence and
attributable disease burden in 195 countries and territories,
1990–2015: a systematic analysis from the Global Burden of
Disease Study 2015. Lancet. 2017 May 13 [cited 2023 Oct 31];
389(10082): 1885–1906.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

16. Guan WJ, Liang WH, Zhao Y, et al. : Comorbidity and its impact on
1590 patients with COVID-19 in China: a nationwide analysis.
Eur. Respir. J. 2020 May; 55(5): 2000547.
PubMed Abstract|Publisher Full Text|Free Full Text

17. Frater JL, Zini G, d’Onofrio G, et al. : COVID-19 and the clinical
hematology laboratory. Int. J. Lab. Hematol. 2020 [cited 2023
Oct 27]; 42(S1): 11–18.
PubMed Abstract|Publisher Full Text|Free Full Text

18. Wang D, Hu B, Hu C, et al. : Clinical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronavirus–
Infected Pneumonia in Wuhan, China. JAMA. 2020 Mar 17
[cited 2022 Oct 5]; 323(11): 1061–1069.
PubMed Abstract|Publisher Full Text|Free Full Text

19. Bivona G, Agnello L, Ciaccio M: Biomarkers for Prognosis and
Treatment Response in COVID-19 Patients. Ann. Lab. Med. 2021
Nov 1; 41(6): 540–548.
PubMed Abstract|Publisher Full Text|Free Full Text

20. Zhang J, Yu M, Tong S, et al. : Predictive factors for disease
progression in hospitalized patients with coronavirus disease
2019 inWuhan,China. J. Clin. Virol. 2020 Jun [cited 2023 Feb 28]; 127:
104392.
PubMed Abstract|Publisher Full Text|Free Full Text

21. Bellan M, Patti G, Hayden E, et al. : Fatality rate and predictors of
mortality in an Italian cohort of hospitalized COVID-19 patients.
Sci. Rep. 2020 Nov 26 [cited 2023 Jan 20]; 10: 20731.
PubMed Abstract|Publisher Full Text|Free Full Text

22. Huang I, Pranata R: Lymphopenia in severe coronavirus
disease-2019 (COVID-19): systematic review and meta-
analysis. J. Intensive Care. 2020 May 24 [cited 2023 Mar 12];
8(1): 36.
PubMed Abstract|Publisher Full Text|Free Full Text

23. Zhao Q, MengM, Kumar R, et al.: Lymphopenia is associated with
severe coronavirus disease 2019 (COVID-19) infections:
A systemic review and meta-analysis. Int. J. Infect. Dis. 2020 Jul
[cited 2022 Dec 17]; 96: 131–135.
PubMed Abstract|Publisher Full Text|Free Full Text

24. Sette A, Crotty S: Adaptive immunity to SARS-CoV-2 and
COVID-19. Cell. 2021 Feb 18 [cited 2023 Mar 7]; 184(4): 861–880.
PubMed Abstract|Publisher Full Text|Free Full Text

25. Lippi G, Plebani M, Henry BM: Thrombocytopenia is associated
with severe coronavirus disease 2019 (COVID-19) infections:
Ameta-analysis. Clin. Chim. Acta. 2020 Jul 1 [cited 2022Dec 11]; 506:
145–148.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

26. Vanderschueren S, De Weerdt A, Malbrain M, et al. :
Thrombocytopenia and prognosis in intensive care. Crit. Care
Med. 2000 Jun [cited 2023 Mar 7]; 28(6): 1871–1876.
Publisher Full Text|Reference Source

27. Khurana D, Deoke SA: Thrombocytopenia in critically ill patients:
Clinical and laboratorial behavior and its correlationwith short-
term outcome during hospitalization. Indian. J. Crit. Care Med.

Page 14 of 25

F1000Research 2024, 13:918 Last updated: 09 DEC 2024

mailto:donia.belkhir@fmt.utm.tn
http://www.ncbi.nlm.nih.gov/pubmed/35337031
https://doi.org/10.3390/v14030624
https://doi.org/10.3390/v14030624
https://doi.org/10.3390/v14030624
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8956073
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8956073
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8956073
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166509/
https://doi.org/10.1515/cclm-2020-0369/html
http://www.ncbi.nlm.nih.gov/pubmed/32879731
https://doi.org/10.1186/s40364-020-00217-0
https://doi.org/10.1186/s40364-020-00217-0
https://doi.org/10.1186/s40364-020-00217-0
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456766
http://www.health.gov.tn/images/gps_covid.pdf
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-clinical-2021-2
http://www.ncbi.nlm.nih.gov/pubmed/35041647
https://doi.org/10.1371/journal.pcbi.1009778
https://doi.org/10.1371/journal.pcbi.1009778
https://doi.org/10.1371/journal.pcbi.1009778
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8812869
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8812869
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8812869
http://www.ncbi.nlm.nih.gov/pubmed/34327146
https://doi.org/10.3389/fcimb.2021.550456
https://doi.org/10.3389/fcimb.2021.550456
https://doi.org/10.3389/fcimb.2021.550456
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8313893
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8313893
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8313893
https://doi.org/10.1097/CM9.0000000000001466
https://rs.yiigle.com/CN112154202108/1317122.htm
https://rs.yiigle.com/CN112154202108/1317122.htm
https://rs.yiigle.com/CN112154202108/1317122.htm
https://thorax.bmj.com/content/73/3/286
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092819
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092819
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092819
http://www.ncbi.nlm.nih.gov/pubmed/32423094
https://doi.org/10.3390/ijms21103474
https://doi.org/10.3390/ijms21103474
https://doi.org/10.3390/ijms21103474
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7278991
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7278991
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7278991
http://www.ncbi.nlm.nih.gov/pubmed/28390697
https://doi.org/10.1016/S0140-6736(17)30819-X
https://doi.org/10.1016/S0140-6736(17)30819-X
https://doi.org/10.1016/S0140-6736(17)30819-X
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5439023
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5439023
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5439023
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30819-X/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30819-X/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30819-X/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)30819-X/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/32217650
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1183/13993003.00547-2020
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098485
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098485
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098485
http://www.ncbi.nlm.nih.gov/pubmed/32311826
https://doi.org/10.1111/ijlh.13229
https://doi.org/10.1111/ijlh.13229
https://doi.org/10.1111/ijlh.13229
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264622
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264622
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264622
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7042881
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7042881
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7042881
http://www.ncbi.nlm.nih.gov/pubmed/34108281
https://doi.org/10.3343/alm.2021.41.6.540
https://doi.org/10.3343/alm.2021.41.6.540
https://doi.org/10.3343/alm.2021.41.6.540
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8203437
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8203437
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8203437
http://www.ncbi.nlm.nih.gov/pubmed/32361327
https://doi.org/10.1016/j.jcv.2020.104392
https://doi.org/10.1016/j.jcv.2020.104392
https://doi.org/10.1016/j.jcv.2020.104392
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7187844
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7187844
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7187844
http://www.ncbi.nlm.nih.gov/pubmed/33244144
https://doi.org/10.1038/s41598-020-77698-4
https://doi.org/10.1038/s41598-020-77698-4
https://doi.org/10.1038/s41598-020-77698-4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692524
http://www.ncbi.nlm.nih.gov/pubmed/32483488
https://doi.org/10.1186/s40560-020-00453-4
https://doi.org/10.1186/s40560-020-00453-4
https://doi.org/10.1186/s40560-020-00453-4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7245646
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7245646
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7245646
http://www.ncbi.nlm.nih.gov/pubmed/32376308
https://doi.org/10.1016/j.ijid.2020.04.086
https://doi.org/10.1016/j.ijid.2020.04.086
https://doi.org/10.1016/j.ijid.2020.04.086
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196544
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196544
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196544
http://www.ncbi.nlm.nih.gov/pubmed/33497610
https://doi.org/10.1016/j.cell.2021.01.007
https://doi.org/10.1016/j.cell.2021.01.007
https://doi.org/10.1016/j.cell.2021.01.007
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803150
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803150
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803150
http://www.ncbi.nlm.nih.gov/pubmed/32178975
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1016/j.cca.2020.03.022
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102663
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102663
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102663
https://www.sciencedirect.com/science/article/pii/S0009898120301248
https://www.sciencedirect.com/science/article/pii/S0009898120301248
https://www.sciencedirect.com/science/article/pii/S0009898120301248
https://www.sciencedirect.com/science/article/pii/S0009898120301248
https://doi.org/10.1097/00003246-200006000-00031
https://journals.lww.com/ccmjournal/Abstract/2000/06000/Thrombocytopenia_and_prognosis_in_intensive_care.31.aspx
https://journals.lww.com/ccmjournal/Abstract/2000/06000/Thrombocytopenia_and_prognosis_in_intensive_care.31.aspx
https://journals.lww.com/ccmjournal/Abstract/2000/06000/Thrombocytopenia_and_prognosis_in_intensive_care.31.aspx


2017 Dec [cited 2023 Mar 13]; 21(12): 861–864.
PubMed Abstract|Publisher Full Text|Free Full Text

28. Zhou F, Yu T, Du R, et al. : Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020Mar 28 [cited 2022Dec 7];
395(10229): 1054–1062.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

29. Liu Y, Sun W, Guo Y, et al. : Association between platelet
parameters and mortality in coronavirus disease 2019:
Retrospective cohort study. Platelets. 2020May 18; 31(4): 490–496.
PubMed Abstract|Publisher Full Text|Free Full Text

30. Wing Choi K, Nin Chau T, Tsang O, et al.:Outcomes and Prognostic
Factors in 267Patientswith SevereAcute Respiratory Syndrome
in Hong Kong. Ann. Intern. Med. [Internet]. 2003 Nov 4 [cited 2023
Mar 13].
Publisher Full Text

31. Yang AP, Ping LJ, Qiang TW, et al. : The diagnostic and predictive
role of NLR, d-NLR and PLR in COVID-19 patients. Int.
Immunopharmacol. 2020 Jul 1 [cited 2022 Dec 11]; 84: 106504.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

32. Yan X, Li F, Wang X, et al. : Neutrophil to lymphocyte ratio as
prognostic and predictive factor in patients with coronavirus
disease 2019: A retrospective cross-sectional study. J. Med. Virol.
2020 [cited 2023 Feb 28]; 92(11): 2573–2581.
PubMed Abstract|Publisher Full Text|Free Full Text

33. Bhat T, Teli S, Rijal J, et al. : Neutrophil to lymphocyte ratio and
cardiovascular diseases: a review. Expert. Rev. Cardiovasc. Ther.
2013 Jan 1 [cited 2023 Mar 15]; 11(1): 55–59.
Publisher Full Text

34. Guthrie GJK, Charles KA, Roxburgh CSD, et al. : The systemic
inflammation-based neutrophil–lymphocyte ratio: Experience
in patients with cancer. Crit. Rev. Oncol. Hematol. 2013 Oct 1
[cited 2023 Mar 15]; 88(1): 218–230.
PubMed Abstract|Publisher Full Text|Reference Source

35. Azab B, Jaglall N, Atallah JP, et al.:Neutrophil-Lymphocyte Ratio as
a Predictor of Adverse outcomes of Acute Pancreatitis.
Pancreatology. 2011 Aug 1 [cited 2023 Mar 15]; 11(4): 445–452.
PubMed Abstract|Publisher Full Text|Reference Source

36. Yan Q, Li P, Ye X, et al. : Longitudinal Peripheral Blood
Transcriptional Analysis Reveals Molecular Signatures of
Disease Progression in COVID-19 Patients. J. Immunol. 2021May 1
[cited 2023 Mar 15]; 206(9): 2146–2159.
PubMed Abstract|Publisher Full Text

37. Liu J, Liu Y, Xiang P, et al.:Neutrophil-to-lymphocyte ratio predicts
critical illness patients with 2019 coronavirus disease in the
early stage. J. Transl. Med. 2020 May 20 [cited 2023 Jan 22]; 18: 206.
PubMed Abstract|Publisher Full Text|Free Full Text

38. Liu YP, Li GM, He J, et al. : Combined use of the neutrophil-to-
lymphocyte ratio and CRP to predict 7-day disease severity in
84 hospitalized patients with COVID-19 pneumonia:
a retrospective cohort study. Ann. Transl. Med. 2020 May [cited
2022 Aug 19]; 8(10): 635–635.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

39. Li X, Xu S, Yu M, et al. : Risk factors for severity and mortality in
adult COVID-19 inpatients inWuhan. J. Allergy Clin. Immunol. 2020
Jul [cited 2023 Feb 28]; 146(1): 110–118.
PubMed Abstract|Publisher Full Text|Free Full Text

40. Feng Y, Ling Y, Bai T, et al. : COVID-19 with Different Severities:
A Multicenter Study of Clinical Features. Am. J. Respir. Crit. Care
Med. 2020 Jun 1 [cited 2022 Dec 17]; 201(11): 1380–1388.
PubMed Abstract|Publisher Full Text|Free Full Text

41. Wang D, Yin Y, Hu C, et al. : Clinical course and outcome of
107 patients infected with the novel coronavirus, SARS-CoV-2,
discharged from two hospitals in Wuhan, China. Crit. Care. 2020
Apr 30 [cited 2023 Feb 28]; 24: 188.
PubMed Abstract|Publisher Full Text|Free Full Text

42. Zhang L, Yan X, Fan Q, et al. : D-dimer levels on admission to
predict in-hospitalmortality in patientswith Covid-19. J. Thromb.
Haemost. 2020 Jun; 18(6): 1324–1329.
PubMed Abstract|Publisher Full Text|Free Full Text

43. Zhang X, Yang X, Jiao H, et al. : Coagulopathy in patients with
COVID-19: a systematic review and meta-analysis. Aging
(Albany NY). 2020 Nov 24 [cited 2023 Mar 24]; 12(24): 24535–24551.
PubMed Abstract|Publisher Full Text|Free Full Text

44. Dong GY, Ding M, Dong X, et al. : Risk factors for severe and
critically ill COVID-19 patients: A review. Allergy. 2021 [cited 2023
Mar 13]; 76(2): 428–455.
Publisher Full Text

45. Price LC, McCabe C, Garfield B, et al. : Thrombosis and COVID-19
pneumonia: the clot thickens!. Eur. Respir. J. 2020 Jul 30 [cited 2023

Mar 25]; 56(1): 2001608.
PubMed Abstract|Publisher Full Text|Free Full Text

46. Bilaloglu S, Aphinyanaphongs Y, Jones S, et al. : Thrombosis in
Hospitalized Patients With COVID-19 in a New York City Health
System. JAMA. 2020 Aug 25 [cited 2023 Mar 25]; 324(8): 799–801.
PubMed Abstract|Publisher Full Text|Free Full Text

47. Bompard F, Monnier H, Saab I, et al. : Pulmonary embolism in
patients with COVID-19 pneumonia. Eur. Respir. J. 2020 Jul 30
[cited 2023 Mar 26]; 56(1): 2001365.
PubMed Abstract|Publisher Full Text|Free Full Text

48. Liu W, Tao ZW, Wang L, et al. : Analysis of factors associated with
disease outcomes in hospitalized patients with 2019 novel
coronavirus disease. Chin. Med. J. 2020 May 5 [cited 2023 Jan 13];
133(9): 1032–1038.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

49. Chalmers S, Khawaja A, Wieruszewski PM, et al. : Diagnosis and
treatment of acute pulmonary inflammation in critically ill
patients: The role of inflammatory biomarkers. World. J. Crit.
Care Med. 2019 Sep 11 [cited 2023 Mar 22]; 8(5): 74–96.
Publisher Full Text|Reference Source

50. Prognostic value of C-reactive protein in patients with
COVID-19 - PMC. [cited 2023 Mar 21].
Reference Source

51. Malik P, Patel U, Mehta D, et al. : Biomarkers and outcomes of
COVID-19 hospitalisations: systematic review and meta-
analysis. BMJ Evid. Based Med. 2021 Jun 1 [cited 2022 Dec 17]; 26(3):
107–108.
Publisher Full Text|Reference Source

52. Wang L: C-reactive protein levels in the early stage of COVID-19.
Med. Mal. Infect. 2020 Jun 1 [cited 2023 Mar 21]; 50(4): 332–334.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

53. Ali N: Elevated level of C-reactiveproteinmaybeanearlymarker
to predict risk for severity of COVID-19. J. Med. Virol. 2020 Nov
[cited 2023 Mar 23]; 92(11): 2409–2411.
PubMed Abstract|Publisher Full Text|Reference Source

54. Ponti G, Maccaferri M, Ruini C, et al. : Biomarkers associated with
COVID-19 disease progression. Crit. Rev. Clin. Lab. Sci. 2020 Sep;
57(6): 389–399.
PubMed Abstract|Publisher Full Text|Free Full Text

55. Zhang C, Wu Z, Li JW, et al. : Cytokine release syndrome in severe
COVID-19: interleukin-6 receptor antagonist tocilizumab may
be the key to reducemortality. Int. J. Antimicrob. Agents. 2020 May
[cited 2023 Mar 23]; 55(5): 105954.
PubMed Abstract|Publisher Full Text|Free Full Text

56. Cheng Y, Luo R, Wang K, et al. : Kidney disease is associated with
in-hospital death of patientswith COVID-19. Kidney Int. 2020May;
97(5): 829–838.
PubMed Abstract|Publisher Full Text|Free Full Text

57. Hu L, Chen S, Fu Y, et al. : Risk Factors Associated With Clinical
Outcomes in 323 Coronavirus Disease 2019 (COVID-19)
Hospitalized Patients in Wuhan, China. Clin. Infect. Dis. 2020
Nov 19 [cited 2023 Jan 8]; 71(16): 2089–2098.
PubMed Abstract|Publisher Full Text|Free Full Text

58. Bahloul M, Kharrat S, Chtara K, et al. : Clinical characteristics and
outcomes of critically ill COVID-19 patients in Sfax, Tunisia. Acute
Crit. Care [Internet]. 2022 Feb 28 [cited 2024 Oct 27]; 37(1): 84–93.
Publisher Full Text

59. Wang D, Li R, Wang J, et al.: Correlation analysis between disease
severity and clinical and biochemical characteristics of
143 cases of COVID-19 in Wuhan, China: a descriptive study.
BMC Infect. Dis. 2020 Jul 16; 20(1): 519.
PubMed Abstract|Publisher Full Text|Free Full Text

60. Gopaul CD, Ventour D, Thomas D: Laboratory predictors for
COVID-19 Intensive Care Unit admissions in Trinidad and
Tobago. Dialogues Health. 2022 Dec [cited 2023 Mar 8]; 1: 100022.
PubMed Abstract|Publisher Full Text|Free Full Text

61. ZhangG, Zhang J,WangB, et al.:Analysis of clinical characteristics
and laboratory findings of 95 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a retrospective analysis. Respir.
Res. 2020 [cited 2023 Mar 8]; 21: 74.
PubMed Abstract|Publisher Full Text|Free Full Text

62. Jamoussi A,Messaoud L, Jarraya F, et al.: Interleukin6 prediction of
mortality in critically ill COVID19 patients: A prospective
observational cohort study. PLoS One [Internet]. 2023 Mar 1
[cited 2024 Oct 27]; 18(3): e0279935.
Publisher Full Text

63. Mardani R, Ahmadi Vasmehjani A, Zali F, et al. : Laboratory
Parameters in Detection of COVID-19 Patients with Positive
RT-PCR; a Diagnostic Accuracy Study. Arch. Acad. Emerg. Med.
2020 Apr 4 [cited 2023 Oct 28]; 8(1): e43.
Reference Source

Page 15 of 25

F1000Research 2024, 13:918 Last updated: 09 DEC 2024

http://www.ncbi.nlm.nih.gov/pubmed/29307969
https://doi.org/10.4103/ijccm.IJCCM_279_17
https://doi.org/10.4103/ijccm.IJCCM_279_17
https://doi.org/10.4103/ijccm.IJCCM_279_17
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5752797
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5752797
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5752797
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270627
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270627
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270627
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/32297540
https://doi.org/10.1080/09537104.2020.1754383
https://doi.org/10.1080/09537104.2020.1754383
https://doi.org/10.1080/09537104.2020.1754383
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7171387
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7171387
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7171387
https://doi.org/10.7326/0003-4819-139-9-200311040-00005
http://www.ncbi.nlm.nih.gov/pubmed/32304994
https://doi.org/10.1016/j.intimp.2020.106504
https://doi.org/10.1016/j.intimp.2020.106504
https://doi.org/10.1016/j.intimp.2020.106504
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152924
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152924
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152924
https://www.sciencedirect.com/science/article/pii/S156757692030494X
https://www.sciencedirect.com/science/article/pii/S156757692030494X
https://www.sciencedirect.com/science/article/pii/S156757692030494X
https://www.sciencedirect.com/science/article/pii/S156757692030494X
http://www.ncbi.nlm.nih.gov/pubmed/32458459
https://doi.org/10.1002/jmv.26061
https://doi.org/10.1002/jmv.26061
https://doi.org/10.1002/jmv.26061
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7283791
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7283791
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7283791
https://doi.org/10.1586/erc.12.159
http://www.ncbi.nlm.nih.gov/pubmed/23602134
https://doi.org/10.1016/j.critrevonc.2013.03.010
https://doi.org/10.1016/j.critrevonc.2013.03.010
https://doi.org/10.1016/j.critrevonc.2013.03.010
https://www.sciencedirect.com/science/article/pii/S104084281300070X
https://www.sciencedirect.com/science/article/pii/S104084281300070X
https://www.sciencedirect.com/science/article/pii/S104084281300070X
http://www.ncbi.nlm.nih.gov/pubmed/21968329
https://doi.org/10.1159/000331494
https://doi.org/10.1159/000331494
https://doi.org/10.1159/000331494
https://www.sciencedirect.com/science/article/pii/S1424390311801006
https://www.sciencedirect.com/science/article/pii/S1424390311801006
https://www.sciencedirect.com/science/article/pii/S1424390311801006
http://www.ncbi.nlm.nih.gov/pubmed/33846224
https://doi.org/10.4049/jimmunol.2001325
https://doi.org/10.4049/jimmunol.2001325
https://doi.org/10.4049/jimmunol.2001325
http://www.ncbi.nlm.nih.gov/pubmed/32434518
https://doi.org/10.1186/s12967-020-02374-0
https://doi.org/10.1186/s12967-020-02374-0
https://doi.org/10.1186/s12967-020-02374-0
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7237880
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7237880
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7237880
http://www.ncbi.nlm.nih.gov/pubmed/32566572
https://doi.org/10.21037/atm-20-2372
https://doi.org/10.21037/atm-20-2372
https://doi.org/10.21037/atm-20-2372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290615
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290615
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290615
http://atm.amegroups.com/article/view/43237/html
http://atm.amegroups.com/article/view/43237/html
http://atm.amegroups.com/article/view/43237/html
http://atm.amegroups.com/article/view/43237/html
http://www.ncbi.nlm.nih.gov/pubmed/32294485
https://doi.org/10.1016/j.jaci.2020.04.006
https://doi.org/10.1016/j.jaci.2020.04.006
https://doi.org/10.1016/j.jaci.2020.04.006
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152876
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152876
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152876
http://www.ncbi.nlm.nih.gov/pubmed/32275452
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1164/rccm.202002-0445OC
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7258639
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7258639
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7258639
http://www.ncbi.nlm.nih.gov/pubmed/32354360
https://doi.org/10.1186/s13054-020-02895-6
https://doi.org/10.1186/s13054-020-02895-6
https://doi.org/10.1186/s13054-020-02895-6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192564
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192564
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192564
http://www.ncbi.nlm.nih.gov/pubmed/32306492
https://doi.org/10.1111/jth.14859
https://doi.org/10.1111/jth.14859
https://doi.org/10.1111/jth.14859
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264730
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264730
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264730
http://www.ncbi.nlm.nih.gov/pubmed/33229625
https://doi.org/10.18632/aging.104138
https://doi.org/10.18632/aging.104138
https://doi.org/10.18632/aging.104138
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803569
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803569
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803569
https://doi.org/10.1111/all.14657
http://www.ncbi.nlm.nih.gov/pubmed/32554532
https://doi.org/10.1183/13993003.01608-2020
https://doi.org/10.1183/13993003.01608-2020
https://doi.org/10.1183/13993003.01608-2020
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7301830
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7301830
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7301830
http://www.ncbi.nlm.nih.gov/pubmed/32702090
https://doi.org/10.1001/jama.2020.13372
https://doi.org/10.1001/jama.2020.13372
https://doi.org/10.1001/jama.2020.13372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7372509
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7372509
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7372509
http://www.ncbi.nlm.nih.gov/pubmed/32398297
https://doi.org/10.1183/13993003.01365-2020
https://doi.org/10.1183/13993003.01365-2020
https://doi.org/10.1183/13993003.01365-2020
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236820
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236820
http://www.ncbi.nlm.nih.gov/pubmed/32118640
https://doi.org/10.1097/CM9.0000000000000775
https://doi.org/10.1097/CM9.0000000000000775
https://doi.org/10.1097/CM9.0000000000000775
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7147279
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7147279
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7147279
https://journals.lww.com/cmj/Fulltext/2020/05050/Analysis_of_factors_associated_with_disease.5.aspx
https://journals.lww.com/cmj/Fulltext/2020/05050/Analysis_of_factors_associated_with_disease.5.aspx
https://journals.lww.com/cmj/Fulltext/2020/05050/Analysis_of_factors_associated_with_disease.5.aspx
https://journals.lww.com/cmj/Fulltext/2020/05050/Analysis_of_factors_associated_with_disease.5.aspx
https://doi.org/10.5492/wjccm.v8.i5.74
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6753396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6753396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6753396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7314209/
https://doi.org/10.1136/bmjebm-2020-111536
https://ebm.bmj.com/content/26/3/107
https://ebm.bmj.com/content/26/3/107
https://ebm.bmj.com/content/26/3/107
http://www.ncbi.nlm.nih.gov/pubmed/32243911
https://doi.org/10.1016/j.medmal.2020.03.007
https://doi.org/10.1016/j.medmal.2020.03.007
https://doi.org/10.1016/j.medmal.2020.03.007
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7146693
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7146693
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7146693
https://www.sciencedirect.com/science/article/pii/S0399077X2030086X
https://www.sciencedirect.com/science/article/pii/S0399077X2030086X
https://www.sciencedirect.com/science/article/pii/S0399077X2030086X
https://www.sciencedirect.com/science/article/pii/S0399077X2030086X
http://www.ncbi.nlm.nih.gov/pubmed/32516845
https://doi.org/10.1002/jmv.26097
https://doi.org/10.1002/jmv.26097
https://doi.org/10.1002/jmv.26097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7301027/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7301027/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7301027/
http://www.ncbi.nlm.nih.gov/pubmed/32503382
https://doi.org/10.1080/10408363.2020.1770685
https://doi.org/10.1080/10408363.2020.1770685
https://doi.org/10.1080/10408363.2020.1770685
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284147
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284147
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284147
http://www.ncbi.nlm.nih.gov/pubmed/32234467
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7118634
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7118634
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7118634
http://www.ncbi.nlm.nih.gov/pubmed/32247631
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.kint.2020.03.005
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7110296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7110296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7110296
http://www.ncbi.nlm.nih.gov/pubmed/32361738
https://doi.org/10.1093/cid/ciaa539
https://doi.org/10.1093/cid/ciaa539
https://doi.org/10.1093/cid/ciaa539
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7197620
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7197620
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7197620
https://doi.org/10.4266/acc.2021.00129
http://www.ncbi.nlm.nih.gov/pubmed/32677918
https://doi.org/10.1186/s12879-020-05242-w
https://doi.org/10.1186/s12879-020-05242-w
https://doi.org/10.1186/s12879-020-05242-w
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7364396
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7364396
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7364396
http://www.ncbi.nlm.nih.gov/pubmed/36785629
https://doi.org/10.1016/j.dialog.2022.100022
https://doi.org/10.1016/j.dialog.2022.100022
https://doi.org/10.1016/j.dialog.2022.100022
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9170592
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9170592
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9170592
http://www.ncbi.nlm.nih.gov/pubmed/32216803
https://doi.org/10.1186/s12931-020-01338-8
https://doi.org/10.1186/s12931-020-01338-8
https://doi.org/10.1186/s12931-020-01338-8
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7099829
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7099829
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7099829
https://doi.org/10.1371/journal.pone.0279935
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130449/


64. Cai Q, Huang D, Yu H, et al. : COVID-19: Abnormal liver function
tests. J. Hepatol. 2020 Sep; 73(3): 566–574.
PubMed Abstract|Publisher Full Text|Free Full Text

65. Fan Z, Chen L, Li J, et al. : Clinical Features of COVID-19-Related
Liver Functional Abnormality. Clin. Gastroenterol. Hepatol.
2020 Jun 1 [cited 2023 Mar 29]; 18(7): 1561–1566.
PubMed Abstract|Publisher Full Text|Free Full Text|
Reference Source

66. Zhang G, Hu C, Luo L, et al. : Clinical features and short-term
outcomes of 221 patients with COVID-19 inWuhan, China. J. Clin.
Virol. 2020 Jun; 127: 104364.
PubMed Abstract|Publisher Full Text|Free Full Text

67. Ji D, Zhang D, Xu J, et al. : Prediction for Progression Risk in
Patients With COVID-19 Pneumonia: The CALL Score. Clin. Infect.
Dis. 2020 Sep 15 [cited 2023 Jan 8]; 71(6): 1393–1399.
PubMed Abstract|Publisher Full Text|Free Full Text

68. Zhang J, Meng G, Li W, et al. : Relationship of chest CT score
with clinical characteristics of 108 patients hospitalized with
COVID-19 inWuhan, China. Respir. Res. 2020 [cited 2023Oct 28]; 21:
180.
PubMed Abstract|Publisher Full Text|Free Full Text

69. Han Y, Zhang H, Mu S, et al. : Lactate dehydrogenase, an
independent risk factor of severe COVID-19 patients: a
retrospective and observational study. Aging (Albany NY).

2020 Jun 24 [cited 2023 Mar 31]; 12(12): 11245–11258.
PubMed Abstract|Publisher Full Text|Free Full Text

70. Bessière F, Khenifer S, Dubourg J, et al. : Prognostic value of
troponins in sepsis: a meta-analysis. Intensive Care Med.
2013 Jul 1 [cited 2023 Apr 1]; 39(7): 1181–1189.
PubMed Abstract|Publisher Full Text

71. Tersalvi G, Vicenzi M, Calabretta D, et al. : Elevated Troponin in
Patients With Coronavirus Disease 2019: Possible Mechanisms.
J. Card. Fail. 2020 Jun; 26(6): 470–475.
PubMed Abstract|Publisher Full Text|Free Full Text

72. Battaglini D, Lopes-Pacheco M, Castro-Faria-Neto HC, et al. :
Laboratory Biomarkers for Diagnosis and Prognosis in
COVID-19. Front. Immunol. 2022 Apr 27 [cited 2023 Mar 30]; 13:
857573.
PubMed Abstract|Publisher Full Text|Free Full Text

73. Chen T, Wu D, Chen H, et al. : Clinical characteristics of
113 deceased patients with coronavirus disease 2019:
retrospective study. BMJ. 2020 Mar 26 [cited 2023 Jan 13]; 368:
m1091.
Publisher Full Text|Reference Source

74. Fernandes Q, Inchakalody VP, Merhi M, et al. : Emerging COVID-19
variants and their impact on SARS-CoV-2 diagnosis,
therapeutics and vaccines. Ann. Med. 2022; 54(1): 524–540.
Publisher Full Text

Page 16 of 25

F1000Research 2024, 13:918 Last updated: 09 DEC 2024

http://www.ncbi.nlm.nih.gov/pubmed/32298767
https://doi.org/10.1016/j.jhep.2020.04.006
https://doi.org/10.1016/j.jhep.2020.04.006
https://doi.org/10.1016/j.jhep.2020.04.006
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194951
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194951
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194951
http://www.ncbi.nlm.nih.gov/pubmed/32283325
https://doi.org/10.1016/j.cgh.2020.04.002
https://doi.org/10.1016/j.cgh.2020.04.002
https://doi.org/10.1016/j.cgh.2020.04.002
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194865
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194865
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194865
https://www.cghjournal.org/article/S1542-3565(20)30482-1/fulltext
https://www.cghjournal.org/article/S1542-3565(20)30482-1/fulltext
https://www.cghjournal.org/article/S1542-3565(20)30482-1/fulltext
https://www.cghjournal.org/article/S1542-3565(20)30482-1/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/32311650
https://doi.org/10.1016/j.jcv.2020.104364
https://doi.org/10.1016/j.jcv.2020.104364
https://doi.org/10.1016/j.jcv.2020.104364
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194884
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194884
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194884
http://www.ncbi.nlm.nih.gov/pubmed/32271369
https://doi.org/10.1093/cid/ciaa414
https://doi.org/10.1093/cid/ciaa414
https://doi.org/10.1093/cid/ciaa414
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184473
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184473
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184473
http://www.ncbi.nlm.nih.gov/pubmed/32664991
https://doi.org/10.1186/s12931-020-01440-x
https://doi.org/10.1186/s12931-020-01440-x
https://doi.org/10.1186/s12931-020-01440-x
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7359422
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7359422
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7359422
http://www.ncbi.nlm.nih.gov/pubmed/32633729
https://doi.org/10.18632/aging.103372
https://doi.org/10.18632/aging.103372
https://doi.org/10.18632/aging.103372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7343511
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7343511
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7343511
http://www.ncbi.nlm.nih.gov/pubmed/23595497
https://doi.org/10.1007/s00134-013-2902-3
https://doi.org/10.1007/s00134-013-2902-3
https://doi.org/10.1007/s00134-013-2902-3
http://www.ncbi.nlm.nih.gov/pubmed/32315733
https://doi.org/10.1016/j.cardfail.2020.04.009
https://doi.org/10.1016/j.cardfail.2020.04.009
https://doi.org/10.1016/j.cardfail.2020.04.009
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166030
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166030
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166030
http://www.ncbi.nlm.nih.gov/pubmed/35572561
https://doi.org/10.3389/fimmu.2022.857573
https://doi.org/10.3389/fimmu.2022.857573
https://doi.org/10.3389/fimmu.2022.857573
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9091347
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9091347
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9091347
https://doi.org/10.1136/bmj.m1091
https://www.bmj.com/content/368/bmj.m1091
https://www.bmj.com/content/368/bmj.m1091
https://www.bmj.com/content/368/bmj.m1091
https://doi.org/10.1080/07853890.2022.2031274


Open Peer Review
Current Peer Review Status:    

Version 2

Reviewer Report 09 December 2024

https://doi.org/10.5256/f1000research.174176.r344478

© 2024 Ballaz S. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Santiago J Ballaz   
Universidad Espíritu Santo, Samborondón, Ecuador 

To the attention of Belkhir and colleagues, 
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In this manuscript, Belkhir and the team aimed to identify potential prognostic biomarkers for 
predicting severe disease outcomes in COVID-19 patients. The study compared two groups -critical 
and non-critical patients who were infected during the first wave of SARS-CoV-2 virus. Their data 
suggest differences in the levels of certain clinical biological indicators and their association with 
the critical group. Overall, the study is well-designed and employs robust statistical analysis. 
Overall Comments 
Since 2020, numerous research studies and reports have been indexed regarding potential 
biomarkers for the early prediction of COVID-19 disease outcomes.

Given the emergence of several variants of SARS-CoV-2, do the authors believe their 
findings could be applicable for evaluating the prognosis of COVID-19 patients infected with 
different variants?

1. 

Comments: 
Introduction

The introduction does not clarify the relationship between study markers and SARS-CoV-2 1. 
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infection.
Methodology

Why was the 7th day of hospitalization chosen as an outcome measure?1. 
Are patients transferred to the intensive care unit before or on Day 7 classified as critical or 
non-critical? This classification is repeated for both outcome measure, which is bit 
confusing.

2. 

If a patient from the non-critical group progresses to a critical state is that patients included 
in the critical group.

3. 

The definition of ARDS could be removed for brevity.4. 
Please condense the study section into 2-3 paragraphs.5. 
More details about D-dimer, CRP, Troponin and NT-Pro-BNP measurement should be 
further explained has a separate section each?

6. 

Results
What clinical symptom is used to calculate the time of onset of symptoms to admission in 
the COVID-19 unit?

1. 

In Table 1, the authors indica that 11 patients from the non-critical group were transferred 
to the ICU. Based on the study’s critical group outcome measure, were these 11 patients 
included in the critical group?

2. 

In Table 3, please remove the word “elevated” from the side headings.3. 
Does “N” in the side heading of Table 3 refers to mean or count?4. 

Discussion and limitation
The discussion and limitation section is lengthy and may lose the reader’s interest. Consider 
streamlining this section to enhance engagement.

1. 

Conclusion
The authors provided a generalized statement in the conclusion/ Please specify the major 
findings concisely. Please modify the same in abstract section.

1. 
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Reviewer Expertise: Biomarker Identification, Virology, and Vaccines

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 13 Nov 2024
Donia Belkhir 

We would like to thank you for reviewing our article, and for your valuable comments, which 
have contributed to improving the quality of our manuscript. We have addressed each of 
your suggestions and comments in detail, as outlined below: 
 
Overall comments: 
 
1- Given the emergence of several variants of SARS-CoV-2, do the authors believe their 
findings could be applicable for evaluating the prognosis of COVID-19 patients infected with 
different variants? 
 
Response: Yes, We have added in the limitations section that we took into consideration the 
fact that our study included several variants of the virus, which impacts the clinical 
presentation and the outcome of the infection. However, we believe that although the 
period of our study is lagged compared to the studies cited in the discussion, our results 
remain relevant for assessing the prognosis of patients with COVID-19, regardless of the 
variant. 
 
Introduction:  
 
1) The introduction does not clarify the relationship between study markers and SARS-CoV-2 
infection:  
Response:We added a paragraph in the introduction section, clarifying the relationship 
between SARS-COV2 infection and the study of biomarkers. 
 
Methodology: 
 
* Why was the 7th day of hospitalization chosen as an outcome measure? 
Response: Several studies have shown the variation over time of the various markers, 
accompanying the “cytokine storm” that precedes the onset of ARDS, which usually occurs 
after 8 to 12 days from the onset of symptoms. Hence, we chose the 7th day after 
hospitalization, approximately corresponding to the 14th day after symptom onset, as the 
threshold for classifying patients into critical or non-critical groups. 
We added a paragraph explaining the phenomenon of cytokine storm and our choice of the 
7th day of hospitalization. 
 
*Are patients transferred to the intensive care unit before or on Day 7 classified as critical or 
non-critical? This classification is repeated for both outcome measure, which is bit 
confusing. 
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Response: Patients transferred to the intensive care unit before or on day 7 were classified 
as critical. (It was incorrect to mention this phrase in the "non-critical" paragraph, we 
corrected it). 
 
*If a patient from the non-critical group progresses to a critical state is that patients 
included in the critical group: 
Response: Patients who developed critical state after day 7 were not considered among the 
critical group. 
 
* The definition of ARDS could be removed for brevity  
 Response: This section was removed. 
 
*Please condense the study section into 2-3 paragraphs 
Response: This section was condensed in 3 paragraphs. 
 
*More details about D-dimer, CRP, Troponin and NT-Pro-BNP measurement should be 
further explained as a separate section each 
Response:  We added a short description to detail each marker 
 
Results: 
 
* What clinical symptom is used to calculate the time of onset of symptoms to admission in 
the COVID-19 unit?  
Response: Any of the 6 symptoms listed in Table 1  
 
* In Table 1, the authors indicate that 11 patients from the non-critical group were 
transferred to the ICU. Based on the study’s critical group outcome measure, were these 11 
patients included in the critical group?  
Response: Patients transferred to ICU after day 7 were not considered as critical. 
 
* In Table 3, please remove the word “elevated” from the side headings.  
Response: The word “Elevated” was replaced by “Increased” (Please note that the items in 
this table correspond to marker abnormalities, and the number of patients with 
abnormalities, and not to their levels). 
  
* Does “N” in the side heading of Table 3 refers to mean or count? 
Response: N refers to the count. 
 
 Discussion and limitation 
 
 1. The discussion and limitation section is lengthy and may lose the reader’s interest. 
Consider streamlining this section to enhance engagement. 
Response: We have removed some parts that do not affect the scope of the discussion. 
 
 Conclusion 
 
1. The authors provided a generalized statement in the conclusion/ Please specify the major 
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findings concisely. Please modify the same in abstract section 
 
Response:Some specifications related to the majors findings were added in this section as 
well as in the abstract  

Competing Interests: No competing interests were disclosed.
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Stelvio Tonello  
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The paper presented by Belkir and colleagues offers a glimpse into the possibility of identifying 
new parameters and new biomarkers for COVID-19 patients with severe syndrome. 
The study was carried out by analyzing patients who had contracted the infection during the first 
wave of covid-19 
 
the work presents excellent insights for analysis. 
1) the inclusion and exclusion parameters are defined but it is not clear whether the patients 
analyzed were at their first infection or not 
 
2) when the data are analyzed and discussed, no reference is made to the studies carried out in 
previous years 
 
3 The insufficiency of some data, although justified, makes the paper lacking in information that 
could be very interesting 
In conclusion, despite having some limitations and missing a paragraph on the status of the 
studies carried out over the same period (this paragraph is required), publication is recommended
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We would like to thank you for reviewing our article, and for your valuable comments, which 
have contributed to improving the quality of our manuscript. We have addressed each of 
your suggestions and comments in detail, as outlined below: 
 
1) The inclusion and exclusion parameters are defined but it is not clear whether the 
patients analyzed were at their first infection or not:  
-All patients were at their first infection. We added this information in the methods section 
 
2) When the data are analyzed and discussed, no reference is made to the studies carried 
out in previous years: 
-Some of our results are consistent with studies of MERS and SARS, and we have reported 
certain findings in these two diseases. 
 
*In conclusion, despite having some limitations and missing a paragraph on the status of 
the studies carried out over the same period (this paragraph is required):  
-We appreciate your suggestion. As per your recommendation, we have added the results 
of two Tunisian studies conducted during the same period as ours. We have also added a 
paragraph explaining the variability between studies in terms of periods, waves and 
variants. 
We believe that this does not affect the relevance of our results, regardless of the period 
and the variant.   
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