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Évaluation des facteurs pronostiques d’admission en unité de soins intensifs et 

de mortalité des patients hospitalisés en pneumo-COVID au CHPG de Monaco 

Introduction : La COVID19 est une maladie multi-systémique aboutissant tant à des formes 

asymptomatiques qu’a des détresses respiratoires. Ces dernières formes ont exercé une 

contrainte inédite sur nos systèmes de santé et ont conduit à des mesures sanitaires sans 

précédent. L’objectif de cette étude est de caractériser les différences associées au pronostic 

défavorable (transfert en unité de soins intensifs et décès) chez les malades hospitalisées pour 

une forme modérée en unité pneumo-COVID à Monaco.  

 

Matériel et méthode : Cette étude monocentrique observationnelle conduite au Centre 

Hospitalier Princesse Grasse en Principauté de Monaco du 1e septembre 2020 au 14 avril 

2021 compare les caractéristiques à l’admission dans l’unité pneumo-COVID des patients 

évoluant secondairement vers la réanimation en excluant les LATA, et des patients décédés, 

en analyse univariée puis à l’aide d’une régression logistique multivariée. 

 

Résultats : Parmi les 332 patients inclus, 76 ont été transférés en réanimation. Les facteurs 

prédictifs de forme sévère étaient : l’âge (p0,0063), le sexe masculin (p0,0029),  l’hypertension 

artérielle (p0,0102), l’AOMI (p0,0318), l’atteinte parenchymateuse au scanner (p0,0025), les 

neutrophiles (p0,0241), les éosinophiles (p0,0406), les plaquettes (p0,0061), l’urée (p0,0120) 

la créatinine (p0,0274), la glycémie (p0,0012), le phosphore (p0,0067), l’ASAT (p0,0303), la 

CRP (p<0,001), la PCT (p<0,0001), la SpO2 aux urgences (p<0,001), la SpO2 à l’admission 

en unité COVID (p0,0004), la fréquence respiratoire dans le service (p0,0229) la dyspnée 

(p0,0004) et l’absence d’anosmie (p0,0182). En analyse multivariée le sexe masculin 

(p0,0056), l’éosinopénie (p0,0491) et la saturation pulsée en oxygène aux urgences (p0,0030) 

restent significativement associés au passage en réanimation. L’analyse multivariée des 

patients décédés quant à elle objective l’âge (p0,0033), les plaquettes (p0,0195), l’atteinte 

parenchymateuse au scanner (p0,043) et la kaliémie (p0,0181) comme facteur de risque de 

cette cohorte. 

 

Discussion : Les données clinico biologiques mis en évidence sont un outil supplémentaire 

au clinicien pour optimiser sa prise en charge. De plus les mécanismes sous-tendus sont 

d’autant de piste pour la compréhension de la maladie, et l’amélioration des soins. 
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Introduction 

Severe cases of a new infectious pneumonia were first reported in Wuhan, China, in 

December 2019. The pathogen was quickly identified and named SARS-CoV-2 (Severe Acute 

Respiratory Syndrome Coronavirus 2).  

 

SARS-CoV-2 belongs to the genus of coronaviruses, a family of viruses responsible for mainly 

respiratory and digestive infections in mammals and birds, such as infectious feline peritonitis, 

chicken’s infectious bronchitis or porcine epidemic diarrhea... They have in common the 

particularity of being highly transmissible. To date, seven coronaviruses are known to be 

pathogenic in humans. Three of them, of the beta genus, have been responsible for severe 

respiratory outbreak. SARS-CoV-1 between 2002 and 2004 in China, MERS-CoV in 2012 in 

the Middle East and SARS-CoV-2 since December 2019 in China, then worldwide. (1) SARS-

CoV-1 and SARS-CoV-2 are closely related and originate from bats, which are very likely to 

serve as reservoir hosts. (2,3) 

SARS-CoV-2 has a very simple structure: a single-stranded RNA and a spherical envelope 

composed of membrane glycoproteins, envelope proteins and surface proteins, including the 

SPIKE protein.  

 

Structural elements of the virus, including the spike protein, envelope, membrane, and internal 

components such as the viral single-stranded RNA and nucleocapsid proteins. 

European Journal of Human Genetics (Eur J Hum Genet) ISSN 1476-5438 (online) 

 

Coronaviruses use their SPIKE glycoprotein to bind to the host cellular ACE2 receptors. This 

binding triggers a cascade of events that leads to the fusion between the cellular and viral 

membranes allowing entry of the viral material into the cells. (4) The virus then hijacks the 

cellular machinery to replicate itself.  

ACE2 receptors are highly expressed in lung, intestinal, cardiac, adipose, renal, testicular, 

hepatic and brain cells, making this disease polymorphic. (5,6) The disease may manifest itself 
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as an asymptomatic form, a moderate form (ENT infection, flu-like syndrome, fever, cough, 

headache, diarrhea, etc.), a severe form according to the WHO defined by the presence of 

fever, cough, dyspnea, and one of the following signs : RR > 30/minute, SpO2 < 90% in AA, 

respiratory distress, or a critical form characterized by an acute respiratory distress syndrome 

or multivisceral failure. (7) 

After infection, the incubation period is generally 5 to7 days, and may, however, last between 

1 and 14 days. (8) 

 

This 2019 coronavirus infectious disease (COVID-19) spread rapidly around the world and on 

March 11th 2020, it was declared as a pandemic by the WHO. A global threat to our health 

systems and economic stability, its repercussions forced governments to take unprecedented 

health measures (9). 

 

Faced with this urgent challenge, a plethora of research work was rapidly published (more than 

332,000 publications referenced on PubMed) but at the cost of many biases. (10, 11) Despite 

great heterogeneities between studies (hospital capacities, health care systems, populations, 

epidemic phases, restrictive measures being different in each country), numerous markers 

discriminating the population most predisposed to develop severe and fatal forms have been 

identified. The WHO recognizes age over 65 and male gender, obesity, smoking, diabetes, 

cardiovascular diseases including hypertension, ischemic heart disease, stroke, COPD, and 

cancers, particularly hematological cancers, as risk factors for severe disease. (7) The French 

Haut Conseil de Santé Publique added to this list: chronic renal failure, chronic respiratory 

pathologies including, more broadly, severe asthma, pulmonary fibrosis, sleep apnea 

syndrome and cystic fibrosis; but also, congenital or acquired immunodepression, cirrhosis 

with a Child's score of at least B, sickle cell anemia, African ethnicity, the most disadvantaged 

socio-economic status, and neuromuscular pathologies. (12) 

 

In order to optimize the management and allocation of medical resources in our overcrowded 

hospitals, the search for predictive factors of severity remained crucial. In a retrospective 

multicenter study by Carmichael et al (13), only initial hypoxia was predictive for intubation 

within 48 hours.  However, many patients with hypoxia will show few signs, often referred to 

as "silent hypoxemia" or "happy hypoxia". (14,15) 

 

A review of meta-analyses of the literature on predictive factors of poor outcomes (PubMed: 

“COVID” + “predict”) shows many trends: 

- In addition to the emergence of neutrophil/lymphocyte ratio, increased CRP and PCT, 

biological markers significantly associated with an increased risk of severity and mortality 
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included increased troponin, ASAT, CPK, LDH, Ddimer, PT, interleukin 6 and 10, blood 

glucose; but also, a decrease in lymphocytes, platelets, and albumin mainly. 

- The associated comorbidities were male gender, age, cardio and cerebrovascular diseases, 

COPD, chronic renal disease, arterial hypertension, obesity, and diabetes mainly.  

- Symptoms of chest pain and dyspnea. 

 
Review of 54 meta-analyses of predictive factor studies. (September 2022) 
Parameters ICU Admission Mortality Poor Outcomes 

Comorbidities  

Ageing +++ +++ + 
Male gender ++  + 
Obesity ++  ++ 
Stroke +++ + ++ 
High Blood pressure +++++  - + ++++ 
Diabetes +++++  - - +++ 
Chronic renal failure +++  - + - ++ 
COPD ++++  -  +++ 
Smoking ++  - ++  
Cardiovascular diseases +++++  - + +++ 
Asthma  -  
Liver disease  -  
Cancer +++ - ++ 
Chronic lung disease +  - + + 
Immunosuppressants  -  
Initial signs 

Chest pain + +  
Dyspnea +++ +++ + 
Fever +  +++ 
Diarrhea +   
Asthenia + ++  
Anorexia +   
Myalgias  +  
Sputum  ++  
Nausea  +  
Hemoptysis  +  
Vital Signs 

SpO2 AA <89%  ++  

Respiratory Rate ­ +   

Systolic blood pressure ­ +   

Biology 

Ratio N/L ­ ++++++ + ++ 

White Blood cells ­ ++++++  -  +++++ +++ 

Lymphocytes ¯ ++++++++ +++ + 

Neutrophils ­ +++ +++  

Hemoglobin + (¯) + (­)  
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Platelets ¯ ++++ - -  +  - 

Platelets ­  +  

Eosinophils ¯ +   

CRP ­ +++++++++ +++ ++ 

PCT ­ +++++++++++ ++++ ++ 

Sédimentation rate ­ ++++ + + 

IL 6 ­ +++ - ++ + 

IL 10 ­ ++   

LDH ­ +++++++ ++ - ++ 

Albumin ++ (¯) + (­) + (¯) 

Blood Glucose ­ ++  +  

HbA1c ­  -  

Ddimers ­ +++++++++ ++++ ++++ 

CPK ­ ++++  - + +++ - 

Creatinine ­ ++++ +++ + 

Urea ­ + + + 

Ferritin ­ ++++ +  

Fibrinogen ­ ++   

Natremia ¯ +   

Bilirubin ­ ++   

ASAT ­ ++++++ ++ +++ 

ALAT ­ +++++ ++  -  

Myoglobin ­ +  - + + 

Troponin ­ ++  - +++++ ++++ 

BNP, NTproBNP ­ + +++ ++ 

INR ­   + 

PT ¯ +  + 

Vitamin D ¯  +  

Legend: + = significantly associated in the results of the meta-analysis;  
- = non-association highlighted in the results of the meta-analysis.  

(Bibliography: appendix 1) 

 

Ageing is undoubtfully a predominant factor of vulnerability to severe forms of COVID19 and 

death. The population of the Principality of Monaco, with its unique socio-economic profile, has 

the highest life expectancy in the world (86.5 years in 2019 according to the Monegasque 

demographic observatory) (16). Does this specificity modify risk factors? Can we early identify 

among hospitalized patients those most likely to develop a critical form? 

 

The aim of this study was to describe the clinical and biological characteristics of patients 

hospitalized for a moderate form of pneumo-COVID in the Princess Grace Hospital in order to 

identify the factors associated with aggravation of the clinical condition on the basis of two 

identifiable events: the transfer to the intensive care unit, or the occurrence of death. 
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Material and methods 

This single-center retrospective observational study was conducted from September 

1st, 2020 to April 14th, 2021 in the pneumo-COVID unit of the Princess Grace Hospital (CHPG) 

in Monaco.  

 

• Population 

All adult patients (>18 years-old) with a positive SARS-CoV-2 RT-PCR and a set of clinico-

radiological arguments evocative of COVID-19, hospitalized during the second and third 

Monegasque epidemic waves, were consecutively screened using a computer database from 

the medical information department (DIM, FB). The recruitment was carried out from 

September 1st 2020, because it was the date on the reopening of the dedicated pneumo-covid 

unit1, with a highly standardized medical care at the CHPG. 

 

Standardization of medical care was allowed, among others, by an every morning 

multidisciplinary meeting for decisions makings where every patient was discussed by the 

pneumo-covid unit medical staff, infectiologists, resuscitators, palliative care physicians, 

emergency physicians, and paramedical staff including caregivers and nurses. Diagnostic, 

therapeutic, discharge or social/rehabilitation decisions were made, as well as limiting and 

stopping active therapies (LATA) when justified. 

 

The exclusion criteria were as follows: 

- Direct entry into the ICU without prior hospitalization in a medical unit (pneumo-covid unit or 

others). 

- Positive RT-PCR, but asymptomatic patient hospitalized for any other reason. 

- Several stays: only the first one is considered.  

 

• Data collection 

The data were collected and recorded in an Excel table by a single investigator (VP) from 

computerized hospital records (emergency observation, medical observation of the unit, 

biology, imaging) and paper records (nursing care record). A second investigator (GC) 

checked the adequacy of the reports. 

 

 

From the computerized file we collected: 

 
1 This unit was firstly opened on March 17th, 2020 with the occurrence of the first wave in Monaco, and 
closed on May 30th, 2020. 
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- The initial chest CT-scan injury based on the radiologist's report or, failing that, the 

interpretation of the pneumo-covid unit doctors. When the damage was expressed as a range 

of percentages, the highest was considered. 

- The biology is that carried out in the emergency room of the CHPG or the referring 

establishment, the missing data are completed with the first standardized re-evaluation biology 

during the first 48 hours of hospitalization.  

The biological parameters collected are the followings: BCC (hemoglobin, hematocrit, 

leucocytes and distribution of leukocyte lineages, platelets), fibrinogen, PT, APTT ratio, 

Ddimer, natremia, kalemia, chloremia, blood glucose, calcemia, phosphoremia, magnesia, 

proteinemia, ultra-sensitive troponin, NTproBNP, ASAT, ALAT, gGT, lipase, LDH, CRP, PCT, 

uremia, creatininemia. Glomerular filtration rate (GFR) is calculated using the CKD-EPI formula 

(17).  

- Date of the onset of symptoms, of positive RT-PCR, of the initial symptomatology, previous 

therapies from the history of the emergency doctors and the pneumo-covid unit doctors. 

- The presence of comorbidities among age >67 years, known chronic kidney disease, atrial 

fibrillation, hypertension, ischemic heart disease, peripheral artery disease, diabetes, COPD, 

asthma, chronic respiratory failure, smoking, cancer, cognitive disorders, stroke, sleep apnea 

syndrome. 

- Vitals (respiratory rate, SpO2, heart rate, systolic and diastolic blood pressure, temperature) 

in the emergency room recorded by the reception nurse. 

 

From the paper records we collected: 

- Weight and height as transcribed by the ward nurse. Body mass index was calculated as 

weight (kg) divided by height squared (m²) and obesity was defined as BMI>30 kg/m². 

- Autonomy according to the nursing file grid. 

- Vitals (respiratory rate, SpO2, heart rate, systolic and diastolic blood pressure, temperature) 

on arrival in the department as well as the oxygen-requirement. 

 

• Between group comparisons. 

 

Aggravation of the clinical condition was defined as two identifiable events: death; or transfer 

to the ICU because of a critically worsening condition. 

 

For the analysis of factors associated with death, the study population was divided into two 

groups, and patients who died were compared with those who survived. 
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For the analysis of factors associated with the transfer to the ICU, LATA patients were firstly 

excluded from the analysis (because they would not be transferred to the ICU, by definition), 

and critically worsening patients, i.e. those who were transferred to the ICU, were compared 

with the non-critically worsening patients. 

 

• Statistical analysis (FB, GC) 

After the collection of parameters, all data were anonymized. The clinico-pathological 

demographic characteristics are presented for the entire population and by subgroups. 

Categorical variables are expressed as numbers (%). Normally distributed continuous 

parameters are described as mean ± standard deviation (SD) (ranges). 

Univariate comparative statistical analysis is performed using the Chi2 test for categorical 

variables and the Student t test for continuous variables. To adjust for risk factors associated 

with disease progression in hospital, an initial multivariate logistic regression analysis based 

on the results of the univariate analyses was performed (not shown).  A multivariate logistic 

regression model was also constructed to identify the factors associated with death vs survival 

on the one hand, and critically worsening vs non-critically worsening on the other hand. The 

selection of variables included in the model met the following criteria: risk factors recognized 

as being relevant in the medical literature, variables that were clinically relevant and 

significantly associated to the endpoints in univariate analysis, and a lack of high collinearity. 

A p-value < 0.05 was considered statistically significant.  

Statistical analyses were performed using JMP 14 software and, for multivariate analyses, SAS 

9.1. (SAS Institute, Cary, North Carolina, USA). 

 

• Ethical considerations  

The authors declared no conflicts of interest in this study. 

This study was conducted in accordance with the Declaration of Helsinki. 

In accordance with the French law n°2004-806 of 9 August 2004, applicable at the time of data 

collection and writing of the study, the research did not require approval by an ethics 

committee.  
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Results 

During the study period, 389 patients were hospitalized in the CHPG pneumo-covid 

unit (Figure 1). Thirty-two of them were excluded from our study: 22 patients because they had 

entered directly into the intensive care unit, prior to being transferred to the pneumo-covid unit, 

8 patients because they were asymptomatic, hospitalized for other reasons (sleep apnea 

syndrome exploration, lung cancer, femur fracture, intestinal occlusion) and hosted in the unit 

only for protective isolation, and 2 patients who stayed twice: their second stay was not 

considered. 

 

The study population therefore comprises 357 patients, including 36 deaths during the study 

period. For 25 among those 357 patients, collegial discussions led to the decision of limiting 

and stopping active therapies (LATA): these patients were de facto not eligible for resuscitation 

and were thus excluded from the analysis comparing critically worsening (transfer to the ICU) 

vs non-critically worsening patients. 
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Figure 1 - Flowchart summarizing the inclusion process of the study population and 

subgroups analyses. 

 

  

Identification of 389 
inpatients who staid in the 

pneumo-COVID unit 
between 01/09/2020 and 

13/04/2021 

Exclusion  
Hospitalized with positive 

COVID RT-PCR test but for 
another reason and 
asymptomatic N =8 

Analysis of 357 cases 

Exclusion  
Direct entry into the 

intensive care unit N =22 
Double stay N =2 

LATA / Limiting and stopping 
active therapies  

N =25 

Deaceased N = 36  

Survivors = 321 

 Non critically worsening 
(Non ICU)  
N = 256 

Critically worsening (ICU)  
N = 76 

Analysis of 332 cases 
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Description of the initial features of the study population. 

Characteristics of the study population are shown in Table 1. 

 

The 357 patients included ranged in age from 30 to 97 years, with a mean age of 68.4 years. 

The majority were men (56.8%) and most had about two comorbidities (actually 2.3 on 

average). In ascending order: age>67 years old (54.9%, n=196), hypertension (40.3%, n=144), 

obesity (22.1%, n=79), diabetes (17.6%, n=63), active or cured cancer pathology (17.4%, 

n=62) including 9 hemopathies, ischemic heart disease (16.0%, n=57), atrial fibrillation (14.6%, 

n=52), COPD (10.6%, n=38), chronic kidney disease (9, 8%, n=35) of whom 4 were on long-

term dialysis, cognitive disorders (8.4%, n=30), smoking (7.6%, n=27), asthma (6.7%, n=24), 

sleep apnea syndrome (6.2%, n=22), cerebrovascular disease (6.2%, n=22), PAD (3.4%, 

n=12), and chronic respiratory insufficiency (3.1%, n=11) of whom 6 were on home oxygen 

therapy. 

 

The dominant symptomatology on admission was altered general condition (84.9%), cough 

(66.4%), fever (61.1%) and dyspnea (60.2%). Digestive signs (29.7%), headache (26.3%), 

anosmia/ageusia (19.6%) and myalgia (18.2%) were present in less than one third of the 

hospitalized patients. Patients presented within one week of the onset of their symptoms. A 

quarter had received pre-hospital antibiotic therapy (23.0%). 

Except for 6 patients, lung CT scan was performed in 98.3% of the patients, half of them with 

injection of contrast agent. Estimated involvement ranged from zero to 75% with an average 

of 27.7%. 

 

From the point of view of autonomy, only seven patients were bedridden (1.97%), thirty-one 

(8.71%) were dependent for activities of daily living, 60 patients (16.85%) had home help and 

the majority were autonomous (56%; n=258). 

 

Patients with an unfavorable outcome represented 28% of the population studied, i.e. a total 

of 100 individuals, of which 76 transfers to intensive care and 36 deaths (including 12 deaths 

in intensive care). Overall mortality was 10%. The average time to transfer in intensive care 

unit was 3.4 days, with a minimum of zero day and a maximum of 14 days after admission to 

the COVID unit.  
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Table 1 - Characteristics of the study population (n=357) 

 Mean ± SD (min - max) or n (%) m
is

si
n

g
 d

a
ta

 

Anthropomorphic data    

Age, years  68,35 ± 15,73 (30,5 - 97,9)  

Male gender 203 (56,8)  

Weight, kg 76,75 ± 17,25 (35 - 140) 5 

Height, m 1,69 ± 0,09 (1,41 - 1,9) 3 

BMI, kg/m2 26,61 ± 4,94 (12,7 - 45,7) 5 

   

Poor prognosis events/decision     

Death 

Admitted to ICU 

LATA 

 

36 (10) 

76 (21) 

25 (7) 

  

Chronology     

Duration of stay (days) 12,7 ± 11,8 (0 - 95)  

Delay 1st symptoms-admission (days) 6,98 ± 4,72 (0 - 31)  

Delay transfer to ICU (days) 3,41 ± 2,9 (0 - 14)  

Delay 1st symptoms-transfer to ICU (days)  9,78 ± 4,36 (0 - 30)   

Comorbidities    

Comorbidities (number) 

  

2,3 ± 1,8 (0 - 8)  

0 = 65 ; 1 = 84 ; 2 = 60 ; 3 = 53 ; 4 = 43 ; 5 = 

32 ; 6 = 13 ; 7 = 5 ; 8 = 2  

Age > 67 years 196 (54,9)   

Hypertension 144 (40,3)   

Obesity 79 (22,1) 

 

 

Cancer 63 (17,6) 

 

 

Diabetes 62 (17,4)   

Ischemic heart disease 57 (16,0) 

 

 

Atrial fibrillation 52 (14,6) 

 

 

COPD 38 (10,6)   

Chronic kidney disease 35 (9,8)   

Active smoking 30 (8,4) 

 

 

Asthma 27 (7,6)   

SAS 24 (6,7) 

 

 

Cognitives disorders 22 (6,2) 

 

 

Cerebrovascular disease 22 (6,2)   

PAD 12 (3,4) 

 

 

Chronic Respiratory Failure 

 

 

 

11 (3,1) 
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Imaging  

 

 

Thoracic unenhanced CT scan 176 (49,3) 

 

 

Pulmonary angio-CT scan 175 (49,0)  

Lung involvement (parenchymal %) 27,7 ±18 (0-75) 

 

 

Diagnosed pulmonary embolism  16 (4,5)  
   

Biology     

Hemoglobin, g/dL 13,2 ± 1,71 (4,7 - 17,3) 
 

Hematocrit, % 39,1 ± 4,6 (14,9 - 49,9) 
 

Leukocytes, G/L 6,72 ± 6,2 (0,93 - 105,86) 
 

Neutrophils, G/L 4,97 ± 3,4 (0,3 - 33,3) 1 

Lymphocytes, G/L 1,06 ± 1,17 (0,17 - 18,6) 1 

N/L Ratio 6,66 ± 6,15 (0,14 - 37,8) 1 

Eosinophils, G/L 0,03 ± 0,07 (0 - 0,77) 1 

Basophils, G/L 0,015 ± 0,01 (0 - 0,11) 1 

Platelets, G/L 205,9 ± 88,7 (28 - 722) 
 

PT, % 75,6 ± 18,8 (10 - 100) 2 

APTT Ratio 1,3 ± 0,6 (0,73 - 8,5) 3 

Fibrinogen, g/L 4,98 ± 1,4 (1,81 - 8,7) 14 

D-dimer, ng/mL 1288 ± 1589 (215 - 7650) 21 

Natremia, mmol/L 135,6 ± 4,1 (114 - 151) 
 

Kalemia, mmol/L 3,98 ± 0,47 (2,7 - 5,7) 

Chloremia, mmol/L 99 ± 4,1 (82 - 116) 
 

Protidemia, g/L 70,9 ± 5,6 (51 - 90) 1 

Uremia, mmol/L 7,24 ± 4,24 (1,21 - 37,8) 1 

Creatininemia, µmol/L 93,9 ± 49,3 (22,5 - 464) 
 

Blood glucose, g/L 1,33 ± 0,48 (0,75 - 3,6) 46 

Calcemia, mmol/L 2,2 ± 0,16 (1,13 - 2,76) 41 

Phosphoremia, mmol/L 0,9 ± 0,2 (0,3 - 2,1) 88 

Magnesia, mmol/L 0,84 ± 0,1 (0,47 - 1,3) 79 

CKDEPI calculated, mL/min 69,7 ± 22,2 (6,8 - 107,9) 
 

ASAT, UI/L 47 ± 29,1 (10 - 254) 3 

ALAT, UI/L 35,4 ± 30,3 (5 - 261) 4 

GGT, UI/L 73,4 ± 86,1 (9 - 815) 6 

Lipase, UI/L 50,2 ± 46,9 (6,1 - 490) 166 

Troponin, ng/L 0,02 ± 0,03 (0,003 - 0,27) 78 

NT-pro-BNP, pg/mL 1639 ± 6562 (5 - 70 000) 23 

CRP, mg/L 69,1 ± 58,6 (0,3 - 384) 
 

PCT, ng/mL 0,24 ± 0,59 (0,02 - 6,57) 27 

LDH, UI/L 325,2 ± 112,5 (168 - 839) 292  

 Pre hospital therapies      

Prehospital Antibiotic therapy 82 (23,0) 
 

  

Prehsopital Corticosteroid /NSAID 56 (15,7) NSAID = 4 ; CTC = 52 ; Both = 1  

  

Degree of independence 
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Autonomous 258 (72,47) 
 

 

Assisted 60 (16,85) 
 

 

Dependent 31 (8,71)  

Grabber 7 (1,97) 
 

 

    

Vital constants at emergency 
 

 

  

Respiratory Rate, c/min 22,8 ± 6,2 (11 - 50) 97 

SpO2, % 93 ± 4,9 (65 - 100) 15 

Oxygenotherapy, L/min 0,1 ± 0,6 (0 - 6) 

0 = 339 ; 1 = 3 ; 2 = 4 ; 3 = 1 ; 4 = 2 ; 6 = 2 

including 5 patients LTO 

15 

Systolic Blood Pressure, mmHg 141 ± 25,9 (57 - 254) 21 

Diastolic Blood Pressure, mmHg 78 ± 14,3 (45 - 148) 21 

Heart Rate, b/min 87,9 ± 17,4 (49 - 165) 15 

Temperature, °C 37,6 ± 0,86 (35 - 40) 25  

Vital constants on arrival in the pneumo-covid unit  

Respiratory Rate, c/min 21,1 ± 4,5 (12 - 35) 25 

SpO2, % 95,5 ± 2,1 (87 - 100) 0 

Oxygenotherapy, L/min 1,8 ± 2,25 (0 - 15) 0 

Systolic Blood Pressure, mmHg 130,6 ± 21,3 (80 - 195) 1 

Diastolic Blood Pressure, mmHg 74,5 ± 11,6 (40 - 125) 1 

Heart Rate, b/min 81,7 ± 13,9 (32 - 138) 1 

Temperature, °C 37,2 ± 0,8 (36 - 40,5) 4  

Initial signs     

Asthenia/malaise 303 (84,9) 
 

Cough 237 (66,4) 
 

Headache 94 (26,3) 
 

Dyspnea 215 (60,2) 
 

Myalgia 65 (18,2) 
 

Digestive signs  106 (29,7) 
 

Fever 218 (61,1) 
 

Anosmia/Agueusia 70 (19,6) 
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Comparison between critically worsening (transferred to ICU) vs non-critically 

worsening patients (LATA excluded, n=332) 

 

Univariate analysis of the comparison between both subgroups is shown in Table 2. 

 

The 76 patients progressing to ICU transfer were significantly older (71.0 vs 65.6 years; 

p=0.0063), more likely to be male (72.4 - 53.5%; p=0.0029), and of higher weight (81.6 vs 

76.2kg; p=0.0171) without creating a significant difference in BMI (p=0.0544). The total number 

of comorbidities was higher (2.75 vs 1.97) with a higher percentage of history of hypertension 

(50.67 vs 34.12%; p=0.0102) and peripheral arterial disease (6.58 vs 1.56%; p=0.0318) in the 

intensive care group.  

CT lung parenchymal involvement was also statistically significantly higher (33.1 vs 25.9%; 

p=0.0025) with no significant difference in the proportion of pulmonary embolism detected 

(p=0.4311). 

 

The comparison of biological results at entry showed in the group of patients transferred to 

intensive care: a stronger inflammatory syndrome with higher CRP and PCT markers, 

respectively 93,4 vs 61,2 mg/L (p <0,0001) and 0,38 vs 0,19 ng/mL (p=0,0205). There was an 

increase in the neutrophil to lymphocyte ratio (7,66 vs 6,06 ; p=0,0410) resulting from a 

significant increase in neutrophils (5,45 vs 4,64 G/L ; p=0,0455). We also found eosinopenia 

(0.01 vs 0.03 G/L; p=0.0406) and a greater decrease in platelet count in this group (181.8 vs 

213.3 G/L; p=0.0061). The renal function of patients transferred to the ICU was also 

significantly impaired with increased urea and creatinine (8,00 vs 6,67mmol/L ; p=0,0120 and 

101,8 vs 88,5 µmol/L ; p=0,0274). As a result, the filtration rate was mathematically decreased 

(63,6 vs 73,8; p=0,0002).  

Blood glucose values was higher (1.46 vs 1.26 g/L; p=0.0012) despite no significant difference 

in the proportion of previous diabetes (21 vs 14,5%; p=0,1790). We observed a decrease in 

phosphorus levels (0.83 vs 0.93mmol/L; p=0.0067) isolated to the blood ionogram. ASAT only 

for the liver enzyme and LDH were significantly increased (54 vs 46 IU/L; p=0.0303 and 349 

vs 270 IU/L; p=0.0006 respectively). 

 

Among the other factors studied, we identify a lower ambient air saturation on admission 

(90.9% on average vs 94.0%; p<0.001), as well as differences in respiratory parameters at 

entry to the ward, namely Respiratory Rate (22,2 vs 20,8 /min ; p=0,0229), pulse oxygen 

saturation (94,9 vs 95,8% ; p=0,0004) and oxygen demand (2,99 vs 1,25 L/min ; p<0,0001). 
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Pre-hospital prescription of antibiotics or anti-inflammatory drugs did not affect patient 

outcomes (p=0.2369 and p=0.4617). There was no significant difference between the time of 

symptom onset and hospital admission in the two groups. 

 

Anosmia-ageusia, which may be a feature of ENT disease, appeared to be protective 

(p=0.0182). 

 

Mortality was more than 5 times higher in the ICU (2.73 vs 15.79% - p=0.001). 

 

In a multivariate analysis which simply included the various statistically significant items from 

the univariate analysis (age, sex, weight, number of comorbidities, high blood pressure, OSA, 

CT scan, blood glucose, blood phosphorus, CRP, urea, creatinine, PCT, eosinophils, 

neutrophils, platelets, ASAT, SpO2 at the time of entry into the emergency department, 

respiratory rate on arrival in the department, anosmia and dyspnea), The presence of arterial 

occlusive disease of the lower limbs (p=0.0068), CT scan of the upper lung parenchyma (p 

0.0393), lower pulse oxygen saturation in the emergency department (p=0.0155), and lower 

phosphorus (p=0.0398), increased procalcitonin (p=0.0158) and eosinopenia (p=0.0378) were 

all independently associated with a move to the ICU. 

 

Using a statistical model to limit confounding effects and bias (Table 4a), we found a 

"protective" effect of female gender with an OR of 0.285 (95%CI: 0.117 - 0.692; p=0.0056). 

Eosinopenia (below laboratory threshold: < 40/mm3 for men and < 20/mm3 for women) (OR = 

3.166; 95%CI: 1.005 - 9.975; p=0.0491) and room air pulse saturation (p=0.003) with an OR 

of 2.842 (95%CI: 1.059 - 7.629 for values between 90 and 95% and an OR of 7.537 for values 

below 90% 95%CI: 2.361 - 24.065) remain significantly associated with ICU admission. 

Phosphorus appeared to be a factor close to significance (p=0.0583) with an OR of 0.691 for 

a variation of 0.2 mmol/L (95% CI: 0.471 - 1.013). The comorbidities tested (high blood 

pressure, diabetes, cancer, cardiovascular pathologies and chronic respiratory pathologies as 

a whole) were not at all discriminating, as were inflammation markers and age (p=0.7619). 

 

Comparison between deceased patients and survivors. 

 

The LATA patients reintegrated in this part of the study were 44% male, with a mean 

age of 88 years (+/- 6.44), and with an average of 4.5 comorbidities distributed as follows: High 

blood pressure (76%, n=19), diabetes (40%, n=10), cognitive disorders (52%, n=13), stroke 

(28%, n=7), atrial arrhythmia (36%, n=9), ischemic heart disease (44%, n=11), PAD (12%, 

n=13), chronic respiratory failure (12%, n=3) of which 2 on long-term oxygen, cancer (32%, 
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n=8), chronic renal failure (32%, n=8) and obesity (4%, n=1) for an average BMI of 

24,8kgm/m2. All of them underwent thoracic imaging, of which only five (20%) were injected 

with iodinated contrast, revealing lung parenchymal involvement in 29.4% (+/-25). 

 

Univariate comparison between deceased patients and survivors is shown in Table 3. 

Compared to survivors, patients who unfortunately died were older (83.1 vs 66.7 years; p 

<0.0001), with more comorbidities (3.5 vs 2.2; p=0.0394). Renal failure (p=0.0187), high blood 

pressure (p=0.0088), ischemic heart disease (p=0.0017), cognitive disorders (p=0.0002), 

stroke (p <0.0001) and cancer (p=0.0011) were significantly overrepresented. In contrast, 

obesity (p=0.0041), asthma (p=0.279) and sleep apnea syndrome (p=0.0214) were in lower 

proportion in the group of decedents. CT lung parenchymal involvement was more marked in 

the latter group (37.8 - 26.5%; p=0.0006). 

 

In terms of biological markers, hemoglobin (12.3 vs 13.3g/dL; p=0.0006) and hematocrit (37.1 

vs 39.3%; p=0.0079), PT (68.6 vs 76.4%; p=0.197), and glomerular filtration rate (48.6 vs 

72mL/min; p<0.0001) in line with the preponderance of previous renal failure, were significantly 

lower in patients progressing to death. 

In opposition we observe an increase in leukocytes (10.5 vs 6.3G/L; p<0.001), neutrophils 

(p=0.0143) and lymphocytes (p=0.0037) and also in the N/L ratio (8.9 vs 6.4; p=0.0186); The 

APTT ratio (1.64 vs 1.29; p=0.0004), Ddimer (2311 vs 1188ng/mL; p=0.0002), LDH (464.1 vs 

308.4 IU/L; p=0.0003), blood glucose (1.5 vs 1.3 g/L; p=0.0113) show the same trend. 

Inflammatory biomarkers: CRP (98 vs 65.9 mg/L; p=0.0017) and PCT (0.6 vs 0.2 ng/mL; 

p=0.0004); cardiac biomarkers: Troponin (0.07 vs 0.016 ng/L; p=<0.0001) and NTproBNP 

(8771 vs 910 pg/mL; p=<0.0001), and renal biomarkers: Urea (11.38 vs 6.77 mmol/L; 

p<0.0001) and creatinine (127.1 vs 90.1 umol/L; p<0.0001) observed significantly higher 

values. 

 

On admission, respiratory parameters (respiratory rate, pulse oxygen saturation and oxygen 

delivery rate) were more degraded in the emergency department and in the ward in the group 

of patients who died. For a significantly higher respiratory rate (26.1 vs 22.5 c/min in the 

emergency department; p=0.0088 and 24 vs 20.8 c/min in the COVID unit) and despite higher 

oxygen therapy (3.5L vs 1.6 L/min on arrival in the department; p<0.0001), pulsed oxygen 

saturation was significantly lower (89.4 vs 93.4% in the emergency department; p<0.0001 and 

95.6 vs 94.5% on arrival in the COVID unit; p=0.0013).  

Heart rate was higher in the emergency department (93.8 vs 87.2; p=0.0373) and on arrival at 

the unit (86.6 vs 81.1; p=0.0244), but still within the normal range. 
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Symptoms of cough (p=0.0125) and anosmia/ageusia (p=0.0114) were fewer common 

complaints in the decedents group.  

Pre-hospital administration of corticosteroids was three times more frequent in the survivors 

than in the deceased (15.2% vs 5.56%; p=0.0483). Patients in the decedents group were 

admitted to hospital earlier than survivors (4.28 vs 7.29 days; p=0.0003).  

 

After adjustment by multivariate analysis (Table 4b), age (p=0.0033) was independently 

associated with mortality with an OR of 3.45 [95%CI: 1,510 - 7,884] for a 10-year increase; 

thrombocytopenia (p=0.0195), kalemia (p=0,0181) with an OR of 4.14 (95% CI: 1.275 - 13.441) 

for an increase of 1 mmol/L; and higher scanographic damage (p=0.043) with an OR of 3.955 

for a threshold of 40% (95% CI: 1.044 - 14.982). The Odds Ratio for platelets was 0.574 (95% 

CI: 0.360 - 0.915) for a 50,000 element/m3 increase. 

 

By including phosphorus in the logistic regression model (Table 4c), increasing the number of 

missing data (33% of patients with at least one missing data item), CT involvement obtained 

an OR of 4.46 (95% CI: 0.832 - 23.895; p=0.0809) and lost significance. Age, kalemia and 

platelets remained associated with mortality, and in addition CRP with an OR of 3.51 (95% CI: 

1.311 - 9.396; p=0.0125) for an increase of 50mg/L and hemoglobin, for an increase of 1g/dL, 

the OR is 0.459 (95% CI: 0.023 - 0.915; p=0.0270). The presence of hypertension was 

inversely associated with an OR of 0.153 (95% CI: 0.024 - 0.966; p=0.0458). 

  



 33 

Table 2 - Comparison of critically worsening (transferred to ICU) and non-critically worsening 

patients. 

Critically worsening 

N = 76 

Non-critically 

worsening 

N = 256 p 

Anthropomorphic data       

Age, mean (SD) 71 (11) 65,6 (16,1) 0,0063 

Male gender, n (%) 55 (72,4) 137 (53.5) 0,0029 

Weight, mean (SD) 81,58 (16,48) 76,17 (17,49) 0,0171 

Height, mean (SD) 1,71 (0,09) 1,69 (0,09) 0,0656 

BMI, mean (SD) 27,7 (4,88) 26,4 (4,98) 0,0544 

 Evolution            

Lenght of stay, mean (SD) 24,86 (15,97) 8,98 (7,23) < 0,0001 

Death, n (%) 12 (15,79) 7 (2,73) 0,0001 

Delay 1st symptoms - admission, mean (SD) 6,4 (4,6) 7,5 (4,7) 0,0847 

Comorbidities           

Comorbidities, mean (SD) 2,75 (1,77) 1,97 (1,76) 0,0008 

Renal failure, n (%) 7 (9,21) 20 (7,81) 0,6992 

Age > 67 years, n (%) 49 (64,47) 122 (47,66) 0,0095 

Atrial Arrhythmia, n (%) 30 (39,47) 30 (11,72) 0,2323 

High Blood Pressure, n (%) 38 (50,00) 87 (33,98) 0,0102 

Ischemic Heart Disease, n (%) 15 (19,74) 31 (12,11) 0,1025 

PAD, n (%) 5 (6,58) 4 (1,56) 0,0318 

Obesity, n (%) 23 (30,26) 55 (21,48) 0,1203 

Chronic Respiratory failure, n (%) 3 (3,95) 5 (1,95) 0,3469 

COPD, n (%) 12 (15,79) 23 (8,98) 0,1037 

SAS, n (%) 6 (7,89) 16 (6,25) 0,6195 

Asthma, n (%) 5 (6,58) 19 (7,42) 0,8013 

Smoking, n (%) 7 (9,21) 18 (7,03) 0,5362 

Diabetes, n (%) 16 (21,05) 37 (14,45) 0,179 

Cancer, n (%) 15 (19,74) 39 (15,23) 0,3591 

Cognitive disorders, n (%) 2 (2,63) 15 (5,86) 0,2293 

Stroke n (%) 4 (5,26) 11 (4,30) 0,7263 

Imaging           

Thoracic CT scan, n (%) 33 (43,42) 123 (48,05)  

Thoracic angioscan, n (%) 42 (52,26) 128 (50,00)  
Lung parenchymal involvement, mean (SD) 33,1 (19,1) 25,9 (17,4) 0,0025 

Pulmonary embolism detected, n (%) 5 (6,58) 10 (3,91) 0,4311 

Biology           

Hemoglobin, mean (SD) 13,45 (1,57) 13,29 (1,65) 0,4554 

Hematocrit, mean (SD) 39,7 (4,3) 39,1 (4,5) 0,3209 

Leukocytes, mean (SD) 6,74 (3,28) 6,23 (2,96) 0,1995 

Neutrophils, mean (SD) 5,45 (4,14) 4,64 (2,68) 0,0455 
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Lymphocytes, mean (SD) 1,19 (2,12) 1,01 (0,58) 0,2333 

N/L Ratio, mean (SD) 7,66 (7,62) 6,06 (5,36) 0,041 

Eosinophils, mean (SD) 0,01 (0,03) 0,03 (0,07) 0,0406 

Basophils, mean (SD) 0,01 (0,01) 0,01 (0,01) 0,5854 

Platelets, mean (SD) 181,8 (76,6) 213,3 (90,3) 0,0061 

PT, mean (SD) 75,1 (16,9) 76,2 (18,7) 0,6755 

APTT ratio, mean (SD) 1,35 (0,31) 1,29 (0,46) 0,2818 

Fibrinogen, mean (SD) 5,28 (1,52) 4,94 (1,36) 0,0677 

D-dimer, mean (SD) 1203 (1192) 1212 (1597) 0,9635 

Natremia, mean (SD) 134,9 (5,0) 135,6 (3,6) 0,1381 

Kalemia, mean (SD) 4,0 (0,5) 4,0 (0,5) 0,4385 

Chloremia, mean (SD) 98,4 (4,2) 99,1 (4,0) 0,2197 

Protidemia, mean (SD) 71,2 (5,4) 70,9 (5,5) 0,6617 

Uremia, mean (SD) 8,00 (3,57) 6,67 (4,18) 0,012 

Creatininemia, mean (SD) 101,1 (44,8) 88,5 (43,2) 0,0274 

Blood glucose, mean (SD) 1,46 (0,38) 1,26 (0,46) 0,0012 

Calcemia, mean (SD) 2,19 (0,14) 2,20 (0,15) 0,5752 

Phosphoremia, mean (SD) 0,83 (0,22) 0,92 (0,21) 0,0067 

Magnesia, mean (SD) 0,84 (0,12) 0,85 (0,10) 0,7001 

CKDEPI calculated, mean (SD) 63,6 (19,4) 73,8 (21,5) 0,0002 

ASAT, mean (SD) 54,07 (30,92) 45,75 (28,77) 0,0303 

ALAT, mean (SD) 35,70 (26,9) 36,57 (31,8) 0,8275 

GGT, mean (SD) 74,39 (69,44) 74,05 (92,66) 0,9765 

Lipase, mean (SD) 53,01 (66,8) 50,44 (37,0) 0,7436 

Troponin, mean (SD) 0,022 (0,028) 0,017 (0,026) 0,1466 

NT-pro-BNP, mean (SD) 1524,4 (4167,8) 959,5 (3751,2) 0,2712 

CRP, mean (SD) 93,96 (67,01) 61,62 (54,79) <0,0001 

PCT, mean (SD) 0,38 (0,81) 0,19 (0,52) 0,0205 

LDH, mean (SD) 349,1 (93,2) 270,1 (72,9) 0,0006 

 Pre hospital therapies           

Prehospital Antibiotic therapy, n (%) 22 (28,95) 57 (22,27) 0,2369 

Prehsopital Corticosteroid /NSAID, n (%) 15 (19,74) 41 (16,02) 0,4617 

Degree of independence      

Autonomous, n (%) 57 (75,00) 201 (78,52) 0,0421 

Assisted, n (%) 17 (22,37) 35 (13,67)  
Dependent, n (%) 1 (1,32) 18 (7,03)  

Bedriden, n (%) 0 (0) 2 (0,78)  

Vital constants at emergency           

Respiratory Rate, mean (SD) 24,0 (6,4) 22,3 (6,1) 0,0699 

SpO2, mean (SD) 90,90 (4,33) 93,96 (4,54) <0,0001 

Oxygenotherapy, mean (SD) 0,20 (0,79) 0,06 (0,47) 0,0673 

Systolic Blood Pressure, mean (SD) 140,8 (26,0) 140,6 (24,9) 0,955 

Diastolic Blood Pressure, mean (SD) 77,6 (15,1) 78,6 (13,8) 0,5962 
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Heart Rate, mean (SD) 87,0 (16,8) 88,2 (17,7) 0,601 

Temperature, mean (SD) 37,7 (1,0) 37,5 (0,9) 0,2231 

Vital Constants on arrival in the pneumo-covid unit       

Respiratory Rate, mean (SD) 22,19 (5,08) 20,8 (4,22) 0,0229 

SpO2, mean (SD) 94,9 (1,8) 95,8 (2,1) 0,0004 

Oxygenotherapy, mean (SD) 2,99 (2,44) 1,25 (1,50) <0,0001 

Systolic Blood Pressure, mean (SD) 133,6 (22,2) 129,3 (21,1) 0,1286 

Diastolic Blood Pressure, mean (SD) 75,5 (10,7) 74,4 (11,8) 0,4747 

Heart Rate, mean (SD) 81,1 (13,4) 81,5 (14,0) 0,6902 

Temperature, mean (SD) 37,4 (0,8) 37,2 (0,8) 0,0289 

Initial signs         

Asthenia/malaise, n (%) 67 (88,16) 217 (84,77) 0,4516 

Cough, n (%) 52 (68,42) 175 (68,36) 0,9919 

Headache, n (%) 19 (25,00) 73 (28,52) 0,5446 

Dyspnea, n (%) 59 (77,63) 142 (55,47) 0,0004 

Myalgia, n (%) 18 (23,68) 47 (18,36) 0,3124 

Digestive Signs, n (%)  25 (32,89) 76 (29,69) 0,5954 

Fever, n (%) 52 (68,42) 154 (60,16) 0,1883 

Anosmia/Agueusia, n (%) 9 (11,84) 61 (23,83) 0,0182 
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Table 3 - Comparison of deceased patients and survivors 

 Deceased (36 - 10,1%) Survivors (321 - 89,9%) p 

Anthropomorphic data           

Age, mean (SD) 83,1 (1,6) 66,7 (15,4) <0,0001 

Male gender, n (%) 20 (55,6) 183 (57,0) 0,8675 

Weight, mean (SD) 68,7 (10,4) 77,6 (17,6) 0,0048 

Height, mean (SD) 1,66 (0,09) 1,69 (0,09) 0,0178 

BMI, mean (SD) 25,0 (3,0) 26,8 (5,1) 0,0567 

 Evolution            

Lenght of stay, mean (SD) 16,5 (13,4) 12,3 (11,5) 0,0394 

Delay 1st symptoms - admission, mean (SD) 4,28 (4,14) 7,29 (4,7) 0,0003 

Admitted to ICU, n (%) 13 (36,1) 64 (19,93) 0,0343 

Delay admission - transfer to ICU, mean 

(SD) 3,77 (3,0) 3,34 (2,9) 0,6834 

Delay 1st symptoms - transfer to ICU, mean 

(SD) 8,6 (4,9) 10 (4,2) 0,2891 

Comorbidities           

Comorbidities, mean (SD) 3,5 (1,52) 2,2 (1,84) <0,0001 

Renal failure, n (%) 8 (22,2) 27 (8,4) 0,0187 

Age > 67 years, n (%) 33 (91,7) 163 (50,8) <0,0001 

Atrial Arrhythmia, n (%) 7 (19,4) 45 (14,0) 0,3988 

High Blood Pressure, n (%) 22 (61,1) 122 (38,0) 0,0088 

Ischemic Heart Disease, n (%) 13 (36,1) 44 (13,7) 0,0017 

PAD, n (%) 3 (8,3) 9 (2,8) 0,1305 

Obesity, n (%) 2 (5,6) 77 (24,0) 0,0041 

Chronic Respiratory failure, n (%) 2 (5,6) 9 (2,8) 0,408 

COPD, n (%) 4 (11,1) 34 (10,6) 0,9241 

SAS, n (%) 0 (0,0) 22 (6,9) 0,0279 

Asthma, n (%) 0 (0,0) 24 (7,5) 0,0214 

Smoking, n (%) 4 (11,1) 23 (7,2) 0,4214 

Diabetes, n (%) 7 (19,4) 56 (17,4) 0,768 

Cancer, n (%) 14 (38,9) 48 (15,0) 0,0011 

Cognitive disorders, n (%) 10 (27,8) 20 (6,2) 0,0002 

Stroke n (%) 9 (25,0) 13 (4,0) <0,0001 

Imaging           

Thoracic CT scan, n (%) 24 (66,7) 152 (47,4)  
Thoracic angioscan, n (%) 12 (33,3) 163 (50,8)  
Lung parenchymal involvement, mean 

(SD) 37,8 (22,3) 26,5 (17,8) 0,0006 

Pulmonary embolism detected, n (%) 0 (0,0) 16 (5,0) 0,1223 

Biology           

Hemoglobin, mean (SD) 12,3 (2,52) 13,3 (1,57) 0,0006 

Hematocrit, mean (SD) 37,1 (6,8) 39,3 (4,2) 0,0079 
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Leukocytes, mean (SD) 10,5 (17,0) 6,3 (3 ,0) <0,0001 

Neutrophils, mean (SD) 6,3 (5,1) 4,8 (3,1) 0,0143 

Lymphocytes, mean (SD) 1,59 (3,28) 1,00 (0,6) 0,0037 

N/L Ratio, mean (SD) 8,9 (7,0) 6,4 (6,0) 0,0186 

Eosinophils, mean (SD) 0,02 (0,05) 0,03 (0,07) 0,7752 

Basophils, mean (SD) 0,02 (0,02) 0,01 (0,01) 0,0197 

Platelets, mean (SD) 189,0 (87,2) 207,7 (88,9) 0,2335 

PT, mean (SD) 68,6 (24,1) 76,4 (18,0) 0,0179 

APTT ratio, mean (SD) 1,64 (1,47) 1,29 (0,33) 0,0004 

Fibrinogen, mean (SD) 4,78 (1,54) 5,00 (1,38) 0,4144 

D-dimer, mean (SD) 2311,0 (2266) 1187,7 (1473,9) 0,0002 

Natremia, mean (SD) 136,2 (6,05) 135,6 (3,84) 0,3648 

Kalemia, mean (SD) 4,2 (0,7) 3,9 (0,42) 0,0002 

Chloremia, mean (SD) 99,7 (5,64) 98,9 (3,94) 0,2458 

Protidemia, mean (SD) 69,4 (7,8) 71,0 (5,3) 0,0835 

Uremia, mean (SD) 11,38 (6,55) 6,77 (3,63) <0,0001 

Creatininemia, mean (SD) 127,1 (85,9) 90,1 (42,0) <0,0001 

Blood glucose, mean (SD) 1,5 (0,48) 1,3 (0,47) 0,0113 

Calcemia, mean (SD) 2,2 (0,23) 2,2 (0,15) 0,8117 

Phosphoremia, mean (SD) 0,99 (0,43) 0,89 (0,21) 0,0576 

Magnesia, mean (SD) 0,82 (0,15) 0,85 (0,10) 0,2291 

CKDEPI calculated, mean (SD) 48,6 (20,0) 72,0 (21,2) <0,0001 

ASAT, mean (SD) 49,0 (32,5) 46,8 (28,7) 0,6708 

ALAT, mean (SD) 26,7 (23,2) 36,4 (30,9) 0,0783 

GGT, mean (SD) 71,8 (60,7) 73,5 (88,4) 0,9124 

Lipase, mean (SD) 45,6 (32,4) 50,8 (48,5) 0,6287 

Troponin, mean (SD) 0,070 (0,08) 0,017 (0,02) <0,0001 

NT-pro-BNP, mean (SD) 8770,7 (18763,1) 909,9 (2599,7) <0,0001 

CRP, mean (SD) 98,0 (76,4) 65,9 (55,4) 0,0017 

PCT, mean (SD) 0,6 (1,21) 0,2 (0,48) 0,0004 

LDH, mean (SD) 464,1 (207,0) 308,4 (84,0) 0,0003 

 Pre Hospital therapies           

Prehospital Antibiotic therapy, n (%) 7 (19,4) 75 (23,4) 0,5896 

Prehsopital Corticosteroid /NSAID, n (%) 2 (5,6) 54 (16,8) 0,0483 

Degree of independence      

Autonomous, n (%) 7 (19,4) 251 (78,2) <0,0001 

Assisted, n (%) 14 (38,9) 46 (14,3)  

Dependent, n (%) 11 (30,6) 20 (6,2)  
Bedriden, n (%) 4 (11,1) 3 (0,9)  

Vital constants at emergency           

Respiratory Rate, mean (SD) 26,1 (6,4) 22,5 (6,14) 0,0088 

SpO2, mean (SD) 89,4 (6,9) 93,4 (4,5) <0,0001 

Oxygenotherapy, mean (SD) 0,5 (1,58) 0,07 (0,42) 0,0004 
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Systolic Blood Pressure, mean (SD) 134,6 (32,5) 141,6 (25,1) 0,1491 

Diastolic Blood Pressure, mean (SD) 75,5 (18,3) 78,2 (13,8) 0,3012 

Heart Rate, mean (SD) 93,8 (21,6) 87,2 (16,8) 0,0373 

Temperature, mean (SD) 37,6 (0,88) 37,5 (0,87) 0,6724 

Vital constants on arrival in the pneumo-covid unit         

Respiratory Rate, mean (SD) 24,0 (5,4) 20,8 (4,3) 0,0001 

SpO2, mean (SD) 94,5 (2,5) 95,6 (2,0) 0,0013 

Oxygenotherapy, mean (SD) 3,5 (3,2) 1,6 (2,0) <0,0001 

Systolic Blood Pressure, mean (SD) 132,4 (22,3) 130,4 (21,3) 0,6059 

Diastolic Blood Pressure, mean (SD) 74,2 (13,8) 74,6 (11,4) 0,8376 

Heart Rate, mean (SD) 86,6 (17,4) 81,1 (13,5) 0,0244 

Temperature, mean (SD) 37,2 (0,77) 37,2 (0,81) 0,9304 

Initial signs           

Asthenia/malaise, n (%) 28 (77,78) 275 (85,67) 0,2324 

Cough, n (%) 17 (47,22) 220 (68,54) 0,0125 

Headache, n (%) 7 (19,44) 87 (27,10) 0,3086 

Dyspnea, n (%) 23 (63,89) 192 (59,81) 0,6339 

Myalgia, n (%) 3 (8,33) 62 (19,31) 0,0786 

Digestive Signs, n (%)  6 (16,67) 100 (31,15) 0,058 

Fever, n (%) 20 (55,56) 198 (61,68) 0,4776 

Anosmia/Agueusia, n (%) 2 (5,56) 68 (21,18) 0,0114 
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Table 4 - Multivariate analyses 

4a – Transfer to Intensive Care Unit ; model with phosphorus and age-adjusted GFR 

Model Variables OR CI 95 % p 

Age cl 50-59 years vs lower 50 years 1,015 [0,2 ; 5,147] 0,7619 

Age cl 60-69 years vs lower 50 years 1,517 [0,297 ; 7,75] 

Age cl 70-79 years vs lower 50 years 1,93 [0,369 ; 10,09] 

Age cl 80-89 years vs lower 50 years 0,992 [0,132 ; 7,436] 

Age cl 90+ years vs lower 50 years 0,718 [0,046 ; 11,209] 

F vs M gender 0,285 [0,117 ; 0,692] 0,0056 

Parenchymal Lung Involvement (/ 10%) 1,218 [0,926 ; 1,603] 0,1585 

Emergency SpO2 cl 90-95% vs sup or eq. 95% 2,842 [1,059 ; 7,629] 0,003 

Emergency SpO2 cl inf. 90% vs sup or eq. 95% 7,537 [2,361 ; 24,065] 

High Blood Pressure 0,943 [0,377 ; 2,357] 0,8997 

Diabetes 0,923 [0,327 ; 2,604] 0,8793 

Cancer 1,016 [0,338 ; 3,056] 0,9774 

Obesity 2,095 [0,826 ; 5,31] 0,1191 

Cardiovascular Comorbidities 2,228 [0,849 ; 5,852] 0,1038 

COPD and Chronic respiratory failure 1,068 [0,333 ; 3,426] 0,9114 

Eosinopenia 1 vs 0 3,166 [1,005 ; 9,975] 0,0491 

Platelets (/ 50 000/mm3) 0,799 [0,582 ; 1,096] 0,1645 

Phosphoremia (/ 0,2mmol/L) 0,691 [0,471 ; 1,013] 0,0583 

GFR CKDEPI (/ 20mg/L) 0,587 [0,326 ; 1,055] 0,075 

CRP (/50mg/L) 0,907 [0,584 ; 1,408] 0,6626 

Neutrophils (/ 1000/mm3) 1,074 [0,907 ; 1,273] 0,4081 

ASAT (/ 20UI/L) 0,993 [0,775 ; 1,273] 0,9568 

PCT 0,1ng/mL) 1,08 [0,93 ; 1,253] 0,3139 
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4b – Mortality; model without phosphorus and with age-adjusted GFR 

Model Variables OR CI 95 % p 

Age (/ 10 years) 3,45 [1,51 ; 7,884] 0,0033 

F vs M gender 2,013 [0,535 ; 7,577] 0,3011 

Parenchymal Lung Involvement cl 40+% vs lower 

40% 

3,955 [1,044 ; 14,982] 0,043 

Emergency SpO2 cl 90-95% vs sup or eq. 95% 8,736 [1,455 ; 52,435] 0,0575 

Emergency SpO2 cl inf. 90% vs sup or eq. 95% 5,765 [0,933 ; 35,611] 

High Blood Pressure 0,398 [0,112 ; 1,409] 0,153 

Diabetes 0,395 [0,092 ; 1,689] 0,2103 

Cancer 3,584 [0,879 ; 14,604] 0,075 

Obesity 0,213 [0,02 ; 2,281] 0,2012 

Cardiovascular Comorbidities 1,217 [0,361 ; 4,102] 0,751 

COPD and Chronic respiratory failure 0,842 [0,16 ; 4,438] 0,8397 

NTproBNP (/ 500) 1,033 [0,993 ; 1,075] 0,1073 

Platelets (/ 50 000/mm3) 0,574 [0,36 ; 0,915] 0,0195 

GFR CKDEPI (/ 20ml/min) 1,586 [0,679 ; 3,704] 0,2866 

CRP (50mg/L) 1,755 [0,955 ; 3,228] 0,0703 

PCT (/ 0,1ng/mL) 1,082 [0,993 ; 1,18] 0,0731 

Hemoglobin (/1g/dL) 0,686 [0,457 ; 1,03] 0,0693 

Neutrophils/Lymphocytes Ratio (/1) 0,973 [0,868 ; 1,091] 0,6424 

Basophils (/ 0,01G/L) 1,297 [0,875 ; 1,922] 0,1949 

Eosinopénia 1 vs 0 4 [0,44 ; 36,349] 0,2183 

Ddimer 1000ng/mL) 1,2 [0,898 ; 1,604] 0,2174 

Kalemia (/ 1mmoL/L) 4,14 [1,275 ; 13,441] 0,0181 
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4c – Mortality: model with phosphorus and age-adjusted GFR 
Model Variables OR IC 95 % p 

Age (/ 10 years) 4,064 [1,42 ; 11,631] 0,009 

F vs M gender 1,224 [0,204 ; 7,343] 0,8248 

Parenchymal Lung Involvement cl 40+% vs lower 

40% 

4,459 [0,832 ; 23,895] 0,0809 

Emergency SpO2 cl 90-95% vs sup or eq. 95% 11,005 [0,834 ; 145,267] 0,1554 

Emergency SpO2 cl inf. 90% vs sup or eq. 95% 4,034 [0,248 ; 65,67] 

High Blood Pressure 0,153 [0,024 ; 0,966] 0,0458 

Diabetes 0,615 [0,093 ; 4,089] 0,6154 

Cancer 2,411 [0,334 ; 17,409] 0,383 

Obesity 0,204 [0,011 ; 3,916] 0,292 

Cardiovascular Comorbidities 1,593 [0,3 ; 8,469] 0,5847 

COPD and Chronic respiratory failure 0,165 [0,012 ; 2,195] 0,1722 

NTproBNP (/ 500) 1,05 [0,996 ; 1,106] 0,0723 

Platelets (/ 50 000/mm3) 0,459 [0,246 ; 0,86] 0,015 

GFR CKDEPI (/ 20ml/min) 1,374 [0,457 ; 4,133] 0,5714 

CRP (/ 50mg/L) 3,51 [1,311 ; 9,396] 0,0125 

PCT (/0,1ng/mL) 1,268 [0,924 ; 1,74] 0,1409 

Neutrophils/Lymphocytes Ratio (/1) 0,459 [0,23 ; 0,915] 0,027 

Basophils (/ 0,01G/L) 0,876 [0,729 ; 1,052] 0,1571 

Eosinopénia 1 vs 0 1,693 [0,983 ; 2,915] 0,0578 

Ddimer 1000ng/mL) 10,412 [0,527 ; 205,794] 0,1238 

Kalemia (/ 1mmoL/L) 1,216 [0,845 ; 1,748] 0,292 

Neutrophils/Lymphocytes Ratio (/1) 4,765 [1,023 ; 22,201] 0,0467 

Phosphoremia (/ 0,2mmol/L) 0,507 [0,214 ; 1,202] 0,1228 
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Discussion 

The description at admission of the characteristics of the patients transferred to the 

intensive care unit included in this study reveals results in univariate analysis in line with what 

has been previously described in the medical literature. As a reminder, these were patients 

hospitalised for moderate COVID-19 for whom we were looking for the susceptibility to 

worsening in order to optimise their course of care. After multivariate analysis by a logistic 

regression system considering the confounding factors, we observe in this series that being 

male, having eosinopenia and an abnormal saturation (lower than 95%) in ambient air in the 

emergency room are the elements significantly associated with an increased risk of being 

transferred to the intensive care unit after admission to the COVID unit. Lowered phosphorus 

levels and glomerular filtration rate appear to describe a trend. In univariate analysis we report 

few associated comorbidities (age, peripheral arterial disease and high blood pressure). 

Biologically, the inflammatory markers were increased with impaired renal function and 

increased cardiac markers. Desaturation completes the picture of multi-organ damage. The 

lowered saturation as the scannographic damage in this case appears quite tautological. On 

arrival in the pneumo-COVID unit for a saturation target of 95% in the absence of any 

significant difference in pneumological history, patients transferred to the intensive care unit 

reveal a haematosis that is more difficult to balance with an increased respiratory rate and a 

higher oxygen flow. 

The originality of the results lies in the eosinopenia, eosinophils which are not the most 

mentioned leukocyte cells, far behind the lymphopenia and the emerging 

neutrophil/lymphocyte ratio. The second original feature is the trend towards lower phosphorus 

levels in patients progressing to a critical form. 

 

Eosinophils 

Initially recognised as a powerful diagnostic aid (18, 19, 20, 21, 22), eosinopenia also became 

a prognostic marker in the studies by Krishnamurthy et al, Du et al or Huang et al among others 

(23,24,25). Cazzaniga et al (26) in Italy report that patients with absolute eosinopenia have a 

higher risk of requiring intensive care (49.3% vs. 13.3%, p<0.001), and of dying (30.6% vs. 

6.2%, p=0.006) compared to other patients, independtly of other leukocyte lineages. This 

contrasts with a meta-analysis by Lippi and Henry in 2020 which, despite a small volume of 

data, found no association of eosinopenia with adverse progression of COVID-19 (27). Some 

see a protective effect of eosinophilia (28, 29, 30). 
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Eosinopenia was first described by Zappert et al in 1893 in response to systemic inflammation. 

There was no distinction between viral and bacterial infection in adults. Nevertheless, it is a 

reliable marker of sepsis on admission to critical care (31) and restoration of its level is a good 

indicator of improved infection status (28, 32, 33). Conversely, persistent eosinopenia is 

associated with adverse outcomes in ARDS and sepsis (34, 35); 

In COVID-19 the mechanism of eosinopenia is unclear, but several causes including inhibition 

of eosinopoiesis, inflammatory-induced apoptosis, reduced expression of certain receptors, 

and depletion of IL5-producing CD8+ T cells that contribute to eosinophil proliferation have 

been suggested (36). Among their functions, the anti-viral action of eosinophils has been 

suggested via direct cytotoxicity of their granulations and their ability to present antigens 

stimulating a specific immune response (37, 38, 39, 40). They also play an important 

immunoregulatory role (41,42, 43, 44). This second role seems the most crucial. Indeed, 

patients suffering from pathologies involving hypereosinophilia (asthma, Churg-Strauss 

syndrome...) and benefiting from anti-eosinophil therapy by monoclonal inhibition of interleukin 

5 receptors (Benralizumab, Mepolizumab or Reslizumab) do not have a significantly increased 

risk of susceptibility to viruses (45). Case reports of patients treated with Benralizumab do not 

appear to show increased severity of SARS-CoV-2 infection (46, 47). Data from Cortés-Vieyra 

et al indicate that when eosinophils increase, cellular inflammatory markers decrease and vice 

versa. Eosinophils therefore seem to play a role in protecting against exacerbated 

inflammation and thus reduce organ damage. (28) They also increase phagocytic clearance 

and the recruitment of elements for tissue repair. (48) 

In their analysis of inflammatory markers, mediators and genes, viral load and cytology of blood 

and bronchoalveolar washings, Kim DM et al mention in their article that patients suffering from 

non-severe forms of the disease have a lower viral load and an early and rapid 

bronchopulmonary action of eosinophils in the first ten days, in contrast to severe forms in 

which eosinophils appear in a delayed and prolonged manner, with an imbalanced 

inflammatory reaction in favor of the type 1. (49). This type 1 inflammation results from the 

release of cytokines such as interferon γ or interleukin 12 that will activate adaptive immunity. 

It is characterised by high levels of IL 6, IL 8, IL1 and TNFα. It is known to participate in acute 

respiratory distress syndrome via a pro-inflammatory cascade, intense phagocytosis and 

tissue destruction. (50) In contrast, the type 2 reaction is characterised by activation of 

eosinophils in response to non-phagocytic extracellular organisms. It also allows the 

recruitment of myofibroblasts and activates angiogenesis, thus counterbalancing the so-called 

type 1 reaction. (51) Most critical forms of SARS-CoV-2 infection are explained by a 

phenomenon of hyperinflammation due to an excess of cytokines (IFN γ, IL1B IL6 IL12 IL17 

TNFα and C3 and C5 complements) otherwise known as the "cytokine storm" induced by the 
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wide activation of leukocytes and epithelial cells which release large quantities of them. (52, 

53)  

In contrast to benign forms where the potential presence of a pulmonary resident eosinophil 

population and an early recruitment for antiviral and regulatory action would come into play, 

the absence of eosinophils in severe forms could therefore reflect a late and dysregulated 

recruitment of eosinophils for their cytotoxic role generating tissue damage through the 

generation of an oxidative environment and the release of their granulations, all in the absence 

of a type 2 reaction (54)   In addition, corticosteroids used to balance the cytokine storm 

phenomenon cause a decrease in eosinophils. (55, 56). Finally, it has been noted that 

eosinopenia seems to be correlated with lymphopenia (57). 

All in all, eosinopenia can explain its role in the hyperactivation of the type 1 inflammatory 

response responsible for the critical forms of COVID-19 and validate its pejorative predictive 

value highlighted in this study. 

Phosphorus 

Phosphorus appears in our study to be a limiting factor (p 0.0583) with a multivariate OR of 

0.691 (95% CI: 0.471 - 1.013), and therefore an option to explore. Indeed, Ruoran Wang et al 

describe hypophosphatemia as a risk factor for mortality in 33 patients with COVID-19 in a 

cohort of 453 in China (58), as did Xue et al in 32 patients. (59) This phenomenon has also 

been reported in several studies in intensive care patients with severe pneumonia (60, 61, 62, 

63). 

Phosphorus is an essential element for all organisms, entering into the structural composition 

of nucleic acids, membrane phospholipids, numerous energy mechanisms (ATP, glycolysis, 

erythrocyte 2,3-biphosphoglyceric acid, etc.) and cellular communication. 

Hypophosphataemia, although rare in the general population, is more frequently found in 

patients hospitalised in intensive care. The various recognized causes of hypophosphataemia 

are ketoacidosis, acute alcoholisation, severe burns, certain diuretics, undernutrition, severe 

respiratory alkalosis, theophylline intoxication, hypomagnesaemia and chronic 

hyperparathyroidism, vitamin D deficiency, malabsorption and hypothyroidism. (64, 65) Its 

consequences are varied. Altering the energy mechanisms, hypophosphatemia can be 

associated with a decrease in cardiac contractility that can lead to cardiac insufficiency and a 

decrease in diaphragmatic contractility. In sepsis, it is associated with an increased risk of 

death and leukocyte dysfunction (phagocytosis). (66) The role of phosphorus in the immune 

system is still very much debated; there is a positive relationship with hypophosphoremia and 

an inversion of the CD4/CD8 ratio of lymphocytes (58, 59); note the action of cytokines (IL 6 
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and TNF alpha in particular) which act on an intra-cellular transfer of phosphorus in order to 

meet the high ATP requirements of activated immune cells (59, 67) 

However, the consequences on cellular energy metabolism contribute to organic dysfunctions 

(cardiac, renal, pulmonary...) and increase the affinity of haemoglobin for oxygen and thus a 

lesser release in peripheral tissues due to a decrease of 2,3-bisphosphoglycerate (2,3-BPG) 

increasing hypoxia. (68) Energy deficiency and hypoxia promote necrosis and apoptosis 

feeding the inflammatory response. On the other hand, hypophosphatemia alters insulin 

secretion by pancreatic beta cells due to lack of ATP and is associated with peripheral 

resistance to insulin action also altering cellular metabolism. Hyperglycemia reduces renal 

resorption in the proximal tubule of phosphorus (69, 70). Finally, the protective effect of vitamin 

D in COVID-19 has been demonstrated due to an immunomodulatory effect (71, 72). A study 

of a family with a genetic disease with a mutated vitamin D receptor (present on the membrane 

of antigen presenting cells) did not reveal any leukocyte difference in relation to SARS-CoV-2 

(73). This leaves a possible uninvestigated interconnection between vitamin D, phosphorus 

homeostasis and metabolism. 

One limitation is that studies on phosphorus involve small numbers and often show correlations 

with co-morbidities (high age, obesity, male sex, diabetes). There is significant intra-individual 

daily variation (up to 40%; minimum in the morning and maximum at night) which is not 

considered. Similarly, respiratory alkalosis related to hyperventilation (74) should be studied.  

As for the PAD, it is found in the literature to be at high risk of mortality and complications 

(increased by 40% in the study by Smolderen et al, twice as high in the metanalysis by Zuin et 

al) and above all reveals a terrain comprising numerous concomitant comorbidities (75, 76, 

77). 

Mortality 

In the second part of the study on mortality, thrombocytopenia and kalemia were significantly 

associated with an increased risk in multivariate analysis. The first is known from the medical 

literature and the cause is thought to be multifactorial (78, 79): on the one hand, the state of 

hyperinflammation generating a state of hypercoagulability which is a source of platelet 

consumption; on the other hand, bone marrow damage with a decrease in thrombopoiesis. 

SARS-CoV-2-related liver damage is also a hypothesis. (80) As for abnormalities of kalemia, 

its increase or hyperkalemia is according to several studies associated with increased mortality 

(81). The etiology here is also multifactorial, the first being direct renal damage by SARS-CoV-

2 on the ACE2 receptor of the renal cells.  (82) Uncontrolled hyperglycemia is also a credible 
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hypothesis. (83) Finally, renal tubular acidosis characterised type IV by hyperkalaemia and 

hyperchloremia may result from a reduction in sensitivity to aldosterone involving the renin 

angiotensin system, of which ACE2 receptors are a part, and from heparin toxicity. (84). 

The early administration of corticosteroids, although not recommended before the 6th day 

according to the original DISCOVERY study, and the English referent authorities (NIH) (85) at 

the origin of the recommendations applied is a discordant result in our study; 

Strength and limitations 

The retrospective nature of the study, the declarative nature of the data (symptoms, smoking, 

etc.) and certain missing data are the limitations of this study. Indeed, smoking is usually 

estimated at 25-30% in the general population compared to 7.5% in the cohort studied, which 

raises an information bias. The emergence of several variants, variable health restrictions and 

the phasing in of the first vaccine doses that occurred during this study are not considered. 

Vitamin D testing or gasometry could have provided additional information to support these 

results. The presence of seven patients on immunosuppressants is also an unaddressed 

issue.  

The power of this study is the size of the population and a reflection of real practice conditions 

 

Conclusion 

The main risk factors for progression to a severe form described in the literature and found in 

our study frequently coexist because of a multiple comorbid terrain. These data can allow the 

clinician in current practice and at an early stage, even in the face of sometimes frustrating 

pictures, to adjust his or her management in the way that is best adapted to the patient's 

benefit. The originality of our results underlies several phenomena that seem to be interrelated 

and that should be explored to better understand this pathology and its severe forms. 

 

  



 47 

References 

1. Li H, Liu SM, Yu XH, Tang SL, Tang CK. Coronavirus disease 2019 (COVID-19): current 

status and future perspectives. Int J Antimicrob Agents. 2020 May; 55(5):105951 

2. Yang X.L. Hu B. Wang M.N. Zhang Q. Zhang W. Wu L.J. Ge X.Y.  et al. Isolation and 

Characterization of a Novel Bat Coronavirus Closely Related to the Direct Progenitor of 

Severe Acute Respiratory Syndrome Coronavirus. J. Virol. 2015; 90: 3253-3256 

3. Zhou P. Yang X.L. Wang X.G. Hu B. Zhang L. Zhang W. et al.  A pneumonia outbreak 

associated with a new coronavirus of probable bat origin.  Nature. 2020 Mar; 

579(7798):270-273 

4. Walls A.C, Park Y.J, Tortorici M.A, Wall A, McGuire A.T, Veesler D; Structure, Function, 

and Antigenicity of the SARS-CoV-2 Spike Glycoprotein. Cell 2020 Apr 16;181(2):281-

292.e6 

5. Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue distribution of 

ACE2 protein, the functional receptor for SARS coronavirus. A first step in understanding 

SARS pathogenesis. J Pathol. 2004 Jun; 203(2):631-7 

6. Li MY, Li L, Zhang Y, Wang XS. Expression of the SARS-CoV-2 cell receptor gene ACE2 

in a wide variety of human tissues. Infect Dis Poverty. 2020 Apr 28;9(1):45 

7. OMS – COVID19 Prise En Charge Clinique, Orientations Evolutives - 25 janvier 2021 

https://apps.who.int/iris/bitstream/handle/10665/339920/WHO-2019-nCoV-clinical-

2021.1-fre.pdf) 

8. Quesada JA, López-Pineda A, Gil-Guillén VF, Arriero-Marín JM, Gutiérrez F, Carratala-

Munuera C. Incubation period of COVID-19: A systematic review and meta-analysis. Rev 

Clin Esp (Barc). 2021 Feb; 221(2):109-117 

9. Chen Z, Cao C, Yang G. Coordinated multi-sectoral efforts needed to address the COVID-

19 pandemic: lessons from China and the United States. Glob Health Res Policy 

2020;5:22. 

10. Oliveira J E Silva L, Vidor MV, Zarpellon de Araújo V, Bellolio F. Flexibilization of Science, 

Cognitive Biases, and the COVID-19 Pandemic. Mayo Clin Proc. 2020 Sep;95(9):1842-

1844 

11. Claessens A, Keita-Perse O, Berthier F, Raude J, Chironi G, Faraggi M, et al. Self-Illusion 

and Medical Expertise in the Era of COVID-19. Open Forum Infect Dis. 2021 Apr 

13;8(4):ofab058 

12. HCSP - avis relatif à l’opportunité́ de recommandations spécifiques pour certaines 

personnes pouvant être considérées comme particulièrement vulnérables parmi les 

personnes à̀ risque de forme grave de Covid-19 - 23 juillet 2020 



 48 

13. Carmichael H, Coquet J, Sun R, Sang S, Groat D, Asch SM, et al. Learning from past 

respiratory failure patients to triage COVID-19 patient ventilator needs: A multi-institutional 

study. J Biomed Inform. 27 mai 2021;119:103802 

14. Guo L, Jin Z, Gan TJ, Wang E. Silent Hypoxemia in Patients with COVID-19 Pneumonia: 

A Review. Med Sci Monit. 2021 Oct 12;27:e930776 

15. Nouri-Vaskeh M, Sharifi A, Khalili N, Zand R, Sharific A. Dyspneic and non-dyspneic 

(silent) hypoxemia in COVID-19: Possible neurological mechanism. Clin Neurol Neurosurg. 

nov 2020 

16. Observatoire de la Démographie 2019 – avril 2020 - IMSEE 

https://www.imsee.mc/content/download/478119/5455640/file/Observatoire%20D%C3%

A9mographie%202019.pdf 

17. A S. Levey; L A. Stevens; C H. Schmid; Y Zhang; A F. Castro III; H I. Feldman; et al. A 

New Equation to Estimate Glomerular Filtration Rate. Annals of Internal Medicine 

2009;150(9):604-613 

18. Tanni F, Akker E, Zaman MM, Figueroa N, Tharian B, Hupart KH. Eosinopenia and COVID-

19. J Am Osteopath Assoc. 2020 Jul 16.  

19. Eijmael M, Janssens N, le Cessie S, van Dooren Y, Koster T, Karim F. Coronavirus disease 

2019 and peripheral blood eosinophil counts: a retrospective study. Infection. 2021 

Dec;49(6):1325-1329.  

20. Soni M. Evaluation of eosinopenia as a diagnostic and prognostic indicator in COVID-19 

infection. Int J Lab Hematol. 2021 Jul;43 Suppl 1:137-141. 

21. Outh R, Boutin C, Gueudet P, Suzuki M, Saada M, Aumaître H. Eosinopenia <100/μL as 

a marker of active COVID-19: An observational prospective study. J Microbiol Immunol 

Infect. 2021 Feb;54(1):61-68. 

22. Maincent C, Berthier F, Farhad, RL, Fissore-Magdelein  C, Dittlot, C, Beau N et al. 

Accuracy of routine biomarkers and blood leucocytes count to assist diagnosis of COVID-

19-associated pneumonia in adult patients visiting the emergency department 

EuropePMC; 2020. Preprint in English | EuropePMC | ID: ppcovidwho-316214 

23. Krishnamurthy V, Sujatha KJ, Kumar TA, Phaniraj P, Shankar T, Raj MP. A study to 

evaluate the role of eosinophil count as a prognostic marker for assessing the outcome in 

patients with COVID-19 infection. Ann Afr Med. 2022 Jul-Sep;21(3):278-282.  

24. Du Y., Tu L., Zhu P., Mu M., Wang R., Yang P. Clinical features of 85 fatal cases of COVID-

19 from Wuhan: a retrospective observational study. Am J Respir Crit Care Med. 

2020;201:1372–1379 

25. Huang J, Zhang Z, Liu S, Gong C, Chen L, Ai G, et al. Absolute Eosinophil Count Predicts 

Intensive Care Unit Transfer Among Elderly COVID-19 Patients From General Isolation 

Wards. Front Med (Lausanne). 2020 Nov 4;7:585222. 



 49 

26. Cazzaniga M, Fumagalli LAM, D'angelo L, Cerino M, Bonfanti G, Fumagalli RM, et al. 

Eosinopenia is a reliable marker of severe disease and unfavourable outcome in patients 

with COVID-19 pneumonia. Int J Clin Pract. 2021 Jul;75(7):e14047.  

27. Lippi G., Henry B.M. Eosinophil count in severe coronavirus disease 2019. QJM. 

2020;113:511–512.  

28. Cortés-Vieyra R, Gutiérrez-Castellanos S, Álvarez-Aguilar C, Baizabal-Aguirre VM, Nuñez-

Anita RE, Rocha-López AG, Gómez-García A. Behavior of Eosinophil Counts in Recovered 

and Deceased COVID-19 Patients over the Course of the Disease. Viruses. 2021 Aug 

24;13(9):1675. 

29. Ferastraoaru D., Hudes G., Jerschow E., Jariwala S., Karagic M., de Vos G., et al. 

Eosinophilia in Asthma Patients Is Protective against Severe COVID-19 Illness. J. Allergy 

Clin. Immunol. Pract. 2021;9:1152–1162.e1153 

30. Ho K.S., Howell D., Rogers L., Narasimhan B., Verma H., Steiger D. The Relationship 

between Asthma, Eosinophilia, and Outcomes in COVID-19 Infection. Ann. Allergy Asthma 

Immunol. 2021;127:42–48 

31. Abidi K., Belayachi J., Derras Y., Khayari M.E., Dendane T., Madani N. Eosinopenia is a 

reliable marker of sepsis on admission to medical intensive care units. Crit 

Care. 2008;12:R59 

32. Davido B., Makhloufi S., Matt M., Calin R., Senard O., Perronne C. Changes in eosinophil 

count during bacterial infection: revisiting an old marker to assess the efficacy of 

antimicrobial therapy. Int J Infect Dis. 2017;61:62–66 

33. Liu F., Xu A., Zhang Y., Xuan W., Yan T., Pan K., et al. Patients of COVID-19 may benefit 

from sustained Lopinavir-combined regimen and the increase of Eosinophil may predict 

the outcome of COVID-19 progression. Int. J. Infect. Dis. 2020;95:183–191 

34. Al Duhailib Z, Farooqi M, Piticaru J, Alhazzani W, Nair P. The role of eosinophils in sepsis 

and acute respiratory distress syndrome: a scoping review. Le rôle des éosinophiles dans 

le sepsis et le syndrome de détresse respiratoire aiguë : une revue exploratoire. Can J 

Anaesth. 2021;68(5):715-726. 

35. Partouche B, Pepin M, de Farcy PM, Kahn JE, Sawczynski B, Lechowski L, et al. Persistent 

eosinopenia is associated with in-hospital mortality among older patients: unexpected 

prognostic value of a revisited biomarker. BMC Geriatr. 2021 Oct 14;21(1):557. 

36. Lindsley AW, Schwartz JT, Rothenberg ME. Eosinophil responses during COVID-19 

infections and coronavirus vaccination. J Allergy Clin Immunol. 2020;146(1):1-7. 

37. Phipps S., Lam C.E., Mahalingam S., Newhouse M., Ramirez R., Rosenberg H.F. 

Eosinophils contribute to innate antiviral immunity and promote clearance of respiratory 

syncytial virus. Blood. 2007;110:1578–1586.  



 50 

38. Handzel Z.T., Busse W.W., Sedgwick J.B., Vrtis R., Lee W.M., Kelly E.A. Eosinophils bind 

rhinovirus and activate virus-specific T cells. J Immunol. 1998;160:1279–1284 

39. Samarasinghe A.E., Melo R.C., Duan S., LeMessurier K.S., Liedmann S., Surman S.L. 

Eosinophils promote antiviral immunity in mice infected with influenza A virus. J Immunol. 

2017;198:3214–3226. 

40. Drake M.G., Bivins-Smith E.R., Proskocil B.J., Nie Z., Scott G.D., Lee J.J. Human and 

mouse eosinophils have antiviral activity against parainfluenza virus. Am J Respir Cell Mol 

Biol. 2016;55:387–394. 

41. Weller P.F., Spencer L.A. Functions of tissue-resident eosinophils. Nat Rev Immunol. 

2017;17:746–760.  

42. Flores-Torres A.S., Salinas-Carmona M.C., Salinas E., Rosas-Taraco A.G. Eosinophils 

and respiratory viruses. Viral Immunol. 2019;32:198–207. 

43. Davoine F., Lacy P. Eosinophil cytokines, chemokines, and growth factors: emerging roles 

in immunity. Front Immunol. 2014;5:570  

44. Nagase H., Okugawa S., Ota Y., Yamaguchi M., Tomizawa H., Matsushima K. Expression 

and function of Toll-like receptors in eosinophils: activation by Toll-like receptor 7 ligand. J 

Immunol. 2003;171:3977–3982. 

45. Busse W., Chupp G., Nagase H., Albers F.C., Doyle S., Shen Q. Anti-IL-5 treatments in 

patients with severe asthma by blood eosinophil thresholds: indirect treatment comparison. 

J Allergy Clin Immunol. 2019;143:190–200.e20 

46. Ambrosino A. Long-Term Follow-Up of a Severe Eosinophilic Asthmatic Patient With 

Comorbid Nasal Polyposis Hospitalized for SARS-CoV-2 Infection While Receiving 

Benralizumab: A Case Report. Cureus. 2021 Dec 12;13(12):e20364. 

47. Renner A, Marth K, Patocka K, Pohl W. COVID-19 in a severe eosinophilic asthmatic 

receiving benralizumab - a case study. J Asthma. 2021 Sep;58(9):1270-1272. 

48. Isobe Y., Kato T., Arita M. Emerging roles of eosinophils and eosinophil-derived lipid 

mediators in the resolution of inflammation. Front. Immunol. 2012;3:270. 

49. Kim DM, Kim Y, Seo JW, Lee J, Park U, Ha NY, et al. Enhanced eosinophil-mediated 

inflammation associated with antibody and complement-dependent pneumonic insults in 

critical COVID-19. Cell Rep. 2021 Oct 5;37(1):109798. 

50. Wong JJ, Leong JY, Lee JH, Albani S, Yeo JG. Insights into the immuno-pathogenesis of 

acute respiratory distress syndrome. Ann Transl Med. 2019 . 

51. Spellberg B, Edwards JE., Jr Type 1/type 2 immunity in infectious diseases. Clin Infect Dis. 

2001 

52. Vaninov N. In the eye of the COVID-19 cytokine storm. Nat Rev Immunol. (2020) 20:277. 

10.1038/s41577-020-0305-6 



 51 

53. Bhaskar S, Sinha A, Banach M, Mittoo S, Weissert R, Kass JS, et al. Cytokine Storm in 

COVID-19-Immunopathological Mechanisms, Clinical Considerations, and Therapeutic 

Approaches: The REPROGRAM Consortium Position Paper. Front Immunol. 2020 Jul 

10;11:1648. 

54. Jacobsen E.A., Zellner K.R., Colbert D., Lee N.A., Lee J.J. Eosinophils regulate dendritic 

cells and Th2 pulmonary immune responses following allergen provocation. J. Immunol. 

2011;187:6059–6068.  

55. Druilhe A, Létuvé S, Pretolani M. Glucocorticoid-induced apoptosis in human eosinophils: 

mechanisms of action. Apoptosis. 2003;8:481–495 

56. Schleimer RP, Bochner BS. The effects of glucocorticoids on human eosinophils. J Allergy 

Clin Immunol. 1994;94:1202–1213.  

57. Liao D., Zhou F., Luo L., Xu M., Wang H., Xia J., et al. Haematological characteristics and 

risk factors in the classification and prognosis evaluation of COVID-19: A retrospective 

cohort study. Lancet Haematol. 2020;7:e671–e678.  

58. Wang R, He M, Kang Y. Hypophosphatemia at Admission is Associated with Increased 

Mortality in COVID-19 Patients. Int J Gen Med. 2021 Sep 7;14:5313-5322. 

59. Xiaobo Xue, Jing Ma, Yuxia Zhao, Aibin Zhao, Xiaohong Liu, Wei Guo, et al. Correlation 

between hypophosphatemia and the severity of Corona Virus Disease 2019 patients. 

medRxiv 2020.03.27.20040816;  

60. Zhao Y, Li Z, Shi Y, et al. Effect of hypophosphatemia on the withdrawal of mechanical 

ventilation in patients with acute exacerbations of chronic obstructive pulmonary disease. 

Biomed Rep. 2016; 4(4):413-416.  

61. Zazzo JF, Troche G, Ruel P, Maintenant J. High incidence of hypo-phosphatemia in 

surgical intensive care patients: efficacy of phosphorus therapy on myocardial function. 

Intensive Care Med. 1995; 21(10):826-831.  

62. Federspiel C. K., Itenov T. S., Thormar K., Liu K. D., Bestle M. H. Hypophosphatemia and 

duration of respiratory failure and mortality in critically ill patients. Acta Anaesthesiologica 

Scandinavica . 2018;62(8):1098–1104. 

63. Sin JCK, Laupland KB, Ramanan M, Tabah A. Phosphate abnormalities and outcomes 

among admissions to the intensive care unit: A retrospective multicentre cohort study. J 

Crit Care. 2021 Aug;64:154-159. 

64. Gaasbeek A., Meinders A. E. Hypophosphatemia: an update on its etiology and treatment. 

The American Journal of Medicine. . 2005;118(10):1094–1101. 

65. Maël Padelli, Cyril Leven, Mehdi Sakka, Emmanuelle Plée-Gautier, Jean-Luc Carré ; 

Causes, conséquences et traitement de l’hypophosphorémie : une revue systématique de 

la littérature. La Presse Médicale, Volume 46, Issue 11,2017, Pages 987-999, ISSN 0755-

4982. 



 52 

66. Craddock PR, Yawata Y, VanSanten L, Gilberstadt S, Silvis S, Jacob HS. Acquired 

phagocyte dysfunction. A complication of the hypophosphatemia of parenteral 

hyperalimentation. N Engl J Med. 1974 Jun 20;290(25):1403-7 

67. Barak V, Schwartz A, Kalickman I, Nisman B, Gurman G, Shoenfeld Y. Prevalence of 

hypophosphatemia in sepsis and infection: the role of cytokines. Am J Med. 1998 

Jan;104(1):40-7. 

68. van Kempen TATG, Deixler E. SARS-CoV-2: influence of phosphate and magnesium, 

moderated by vitamin D, on energy (ATP) metabolism and on severity of COVID-19. Am J 

Physiol Endocrinol Metab. 2021 Jan 1;320(1):E2-E6.  

69. Govender N., Khaliq O. P., Moodley J., Naicker T. Insulin resistance in COVID-19 and 

diabetes. Primary Care Diabetes . 2021;15(4):629–634. 

70. Fadda GZ, Thanakitcharu P, Massry SG. Phosphate depletion reduces potassium-induced 

insulin secretion. Proc Soc Exp Biol Med. 1991 Nov;198(2):742-6. 

71. Bilezikian J. P., Bikle D., Hewison M., et al. Mechanisms in endocrinology: vitamin D and 

COVID-19. European Journal of Endocrinology . 2020;183(5):R133–R147. 

72. Vitamine D et Covid-19 ; Communiqué de l’Académie nationale de Médecine. 22 mai 

2020 ; https://www.academie-medecine.fr/communique-de-lacademie-nationale-de-

medecine-vitamine-d-et-covid-19/ 

73. Kongsbak-Wismann M, Al-Jaberi FAH, Schmidt JD, Ghanizada M, Hansen CB, Lopez DV, 

et al. Normal T and B Cell Responses Against SARS-CoV-2 in a Family With a Non-

Functional Vitamin D Receptor: A Case Report. Front Immunol. 2021 Sep 30;12:758154.  

74. Datta BN, Stone MD. Hyperventilation and hypophosphataemia. Ann Clin Biochem. 2009 

Mar;46(Pt 2):170-1. 

75. Smolderen KG, Lee M, Arora T, Simonov M, Mena-Hurtado C. Peripheral Artery Disease 

and COVID-19 Outcomes: Insights from the Yale DOM-CovX Registry. Curr Probl Cardiol. 

2022;47(12):101007. 

76. Zuin M, Rigatelli G, Bilato MJ, Bilato C, Roncon L. Prevalence of pre-existing peripheral 

artery disease in COVID-19 patients and relative mortality risk: Systematic review and 

meta-analysis. Vascular. 2022 May 20:17085381221100380. 

77. Peters F, Marschall U, Behrendt CA. Prevalence of COVID-19 Risk Factors and Risks of 

Severe Acute Respiratory Disease are Markedly Higher in Patients with Symptomatic 

Peripheral Arterial Occlusive Disease. Eur J Vasc Endovasc Surg. 2021 May;61(5):859-

860. 

78. Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated with severe coronavirus 

disease 2019 (COVID-19) infections: A meta-analysis. Clin Chim Acta. 2020 Jul;506:145-

148. 



 53 

79. Zong X, Gu Y, Yu H, Li Z, Wang Y. Thrombocytopenia Is Associated with COVID-19 

Severity and Outcome: An Updated Meta-Analysis of 5637 Patients with Multiple 

Outcomes. Lab Med. 2021 Jan 4;52(1):10-15. 

80. Terpos E, Ntanasis-Stathopoulos I, Elalamy I et al.. Hematological findings and 

complications of COVID-19. Am J Hematol.2020;95(7):834–847 

81. Amin A, Moon R, Agiro A, Rosenthal N, Brown H, Legg R, Pottorf W. In-hospital mortality, 

length of stay, and hospitalization cost of COVID-19 patients with and without 

hyperkalemia. Am J Med Sci. 2022 Oct;364(4):444-453. 

82. Noori M, Nejadghaderi SA, Sullman MJM, Carson-Chahhoud K, Ardalan M, Kolahi AA, 

Safiri S. A Review on the Possible Pathophysiology of Potassium Abnormalities in COVID-

19. Iran J Kidney Dis. 2021 Dec;15(6):397-407. 

83. Gorriz J.L., D'Marco L., Pastor-Gonzalez A., et al. Long-term mortality and trajectory of 

potassium measurements following an episode of acute severe hyperkalemia. Nephrol Dial 

Transplant. 2021 

84. Baleguli V, Mahmood R, Herrera M, Raybon-Rojas E. Heparin-Induced Renal Tubular 

Acidosis Masquerading as Hyperkalemia in a SARS-CoV-2 (COVID-19) Patient: A Case 

Report. Cureus. 2021 Dec 9;13(12):e20312. 

85. NIH - COVID-19 Treatment Guidelines : corticosteroids ;  

https://www.covid19treatmentguidelines.nih.gov/therapies/immunomodulators/corticosteroids

/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 54 

Appendix 1 – Bibliography : introduction – review of meta-analysis 

1. Xu J, Xiao W, Liang X, Shi L, Zhang P, Wang Y, et al. A meta-analysis on the risk factors 

adjusted association between cardiovascular disease and COVID-19 severity. BMC Public 

Health. 2021 Aug 11;21(1):1533 

2. Levin AT, Hanage WP, Owusu-Boaitey N, Cochran KB, Walsh SP, Meyerowitz-Katz G. 

Assessing the age specificity of infection fatality rates for COVID-19: systematic review, meta-

analysis, and public policy implications. Eur J Epidemiol. 2020 Dec;35(12):1123-1138 

3. Toraih EA, Elshazli RM, Hussein MH, Elgaml A, et al. Association of cardiac biomarkers and 

comorbidities with increased mortality, severity, and cardiac injury in COVID-19 patients: A 

meta-regression and decision tree analysis. J Med Virol. 2020 Nov;92(11):2473-2488 

4. Ji P, Zhu J, Zhong Z, Li H, Pang J, Li B, Zhang J. Association of elevated inflammatory markers 

and severe COVID-19: A meta-analysis. Medicine (Baltimore). 2020 Nov 20;99(47):e23315 

5. Katzenschlager S, Zimmer AJ, Gottschalk C, Grafeneder J, Schmitz S, Kraker S, et al. Can we 

predict the severe course of COVID-19 - a systematic review and meta-analysis of indicators 

of clinical outcome? PLoS One. 2021 Jul 29;16(7):e0255154 

6. Li X, Pan X, Li Y, An N, Xing Y, Yang F, et al. Cardiac injury associated with severe disease or 

ICU admission and death in hospitalized patients with COVID-19: a meta-analysis and 

systematic review. Crit Care. 2020 Jul 28;24(1):468 

7. Meng Y, Wang J, Wen K, Da W, Yang K, Zhou S, Tao Z, Liu H, Tao L. Clinical Features and 

Laboratory Examination to Identify Severe Patients with COVID-19: A Systematic Review and 

Meta-Analysis. Biomed Res Int. 2021 Nov 15;2021:6671291 

8. de Jong VMT, Rousset RZ, Antonio-Villa NE, Buenen AG, Van Calster B, et al ; CAPACITY-

COVID consortium;. Clinical prediction models for mortality in patients with covid-19: external 

validation and individual participant data meta-analysis. BMJ. 2022 Jul 12;378:e069881 

9. Zhou Y, Yang Q, Chi J, Dong B, Lv W, Shen L, Wang Y. Comorbidities and the risk of severe 

or fatal outcomes associated with coronavirus disease 2019: A systematic review and meta-

analysis. Int J Infect Dis. 2020 Oct;99:47-56 

10. Varikasuvu SR, Varshney S, Dutt N, Munikumar M, Asfahan S, Kulkarni PP, Gupta P. D-dimer, 

disease severity, and deaths (3D-study) in patients with COVID-19: a systematic review and 

meta-analysis of 100 studies. Sci Rep. 2021 Nov 8;11(1):21888 

11. Zhan H, Chen H, Liu C, Cheng L, Yan S, Li H, Li Y. Diagnostic Value of D-Dimer in COVID-19: 

A Meta-Analysis and Meta-Regression. Clin Appl Thromb Hemost. 2021 Jan-

Dec;27:10760296211010976 

12. Luo L, Xu M, Du M, Kou H, Liao D, Cheng Z, et al. Early coagulation tests predict risk 

stratification and prognosis of COVID-19. Aging (Albany NY) 2020 Aug 29;12(16):15918-15937 

13. Gungor B, Atici A, Baycan OF, Alici G, Ozturk F, Tugrul S, et al. Elevated D-dimer levels on 

admission are associated with severity and increased risk of mortality in COVID-19: A 

systematic review and meta-analysis. Am J Emerg Med. 2021 Jan;39:173-179 



 55 

14. Pranata R, Huang I, Lukito AA, Raharjo SB. Elevated N-terminal pro-brain natriuretic peptide 

is associated with increased mortality in patients with COVID-19: systematic review and meta-

analysis. Postgrad Med J. 2020 Jul;96(1137):387-391 

15. Shen Y, Cheng C, Zheng X, Jin Y, Duan G, Chen M, Chen S. Elevated Procalcitonin Is 

Positively Associated with the Severity of COVID-19: A Meta-Analysis Based on 10 Cohort 

Studies. Medicina (Kaunas). 2021 Jun 9;57(6):594 

16. Del Sole F, Farcomeni A, Loffredo L, Carnevale R, Menichelli D, et al. Features of severe 

COVID-19: A systematic review and meta-analysis. Eur J Clin Invest. 2020 Oct;50(10):e13378 

17. Cheng L, Li H, Li L, Liu C, Yan S, Chen H, Li Y. Ferritin in the coronavirus disease 2019 (COVID-

19): A systematic review and meta-analysis. J Clin Lab Anal. 2020 Oct;34(10):e23618 

18. Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G. Hematologic, biochemical and 

immune biomarker abnormalities associated with severe illness and mortality in coronavirus 

disease 2019 (COVID-19): a meta-analysis. Clin Chem Lab Med. 2020 Jun 25;58(7):1021-1028 

19. Rostami M, Khoshnegah Z, Mansouritorghabeh H. Hemostatic System (Fibrinogen Level, D-

Dimer, and FDP) in Severe and Non-Severe Patients With COVID-19: A Systematic Review 

and Meta-Analysis. Clin Appl Thromb Hemost. 2021 Jan-Dec;27:10760296211010973 

20. Lazarus G, Audrey J, Wangsaputra VK, Tamara A, Tahapary DL. High admission blood glucose 

independently predicts poor prognosis in COVID-19 patients: A systematic review and dose-

response meta-analysis. Diabetes Res Clin Pract. 2021 Jan;171:108561 

21. Ampuero J, Sánchez Y, García-Lozano MR, Maya-Miles D, Romero Gómez M. Impact of liver 

injury on the severity of COVID-19: a systematic review with meta-analysis. Rev Esp Enferm 

Dig. 2021 Feb;113(2):125-135 

22. Chung EYM, Palmer SC, Natale P, Krishnan A, Cooper TE, Saglimbene VM, et al. Incidence 

and Outcomes of COVID-19 in People With CKD: A Systematic Review and Meta-analysis. Am 

J Kidney Dis. 2021 Dec;78(6):804-815 

23. Hariyanto TI, Japar KV, Kwenandar F, Damay V, Siregar JI, Lugito NPH, et al. Inflammatory 

and hematologic markers as predictors of severe outcomes in COVID-19 infection: A 

systematic review and meta-analysis. Am J Emerg Med. 2021 Mar;41:110-119 

24. Zinellu A, Paliogiannis P, Carru C, et al. INR and COVID-19 severity and mortality: A systematic 

review with meta-analysis and meta-regression. Adv Med Sci. 2021 Sep;66(2):372-380 

25. Xiao WW, Xu J, Shi L, Wang YD, Yang HY. Is chronic obstructive pulmonary disease an 

independent predictor for adverse outcomes in coronavirus disease 2019 patients? Eur Rev 

Med Pharmacol Sci. 2020 Nov;24(21):11421-11427 

26. Ghahramani S, Tabrizi R, Lankarani KB, Kashani SMA, Rezaei S, Zeidi N, et al. Laboratory 

features of severe vs. non-severe COVID-19 patients in Asian populations: a systematic review 

and meta-analysis. Eur J Med Res. 2020 Aug 3;25(1):30 



 56 

27. Lagunas-Rangel FA, Chávez-Valencia V. Laboratory findings that predict a poor prognosis in 

COVID-19 patients with diabetes: A meta-analysis. Endocrinol Diabetes Nutr (Engl Ed). 2021 

Aug-Sep;68(7):520-522 

28. Henry B, Cheruiyot I, Vikse J, Mutua V, Kipkorir V, Benoit J, et al. Lymphopenia and neutrophilia 

at admission predicts severity and mortality in patients with COVID-19: a meta-analysis. Acta 

Biomed. 2020 Sep 7;91(3):e2020008 

29. Zhao Q, Meng M, Kumar R, Wu Y, Huang J, Deng Y, 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;96:131-135 

30. Li J, He X, YuanYuan, Zhang W, Li X, et al. Meta-analysis investigating the relationship 

between clinical features, outcomes, and severity of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) pneumonia. Am J Infect Control. 2021 Jan;49(1):82-89 

31. Wungu CDK, Khaerunnisa S, Putri EAC, Hidayati HB, Qurnianingsih E, Lukitasari L, et al. Meta-

analysis of cardiac markers for predictive factors on severity and mortality of COVID-19. Int J 

Infect Dis. 2021 Apr;105:551-559 

32. Simadibrata DM, Calvin J, Wijaya AD, Ibrahim NAA. Neutrophil-to-lymphocyte ratio on 

admission to predict the severity and mortality of COVID-19 patients: A meta-analysis. Am J 

Emerg Med. 2021 Apr;42:60-69 

33. Yang J, Tian C, Chen Y, Zhu C, Chi H, Li J. Obesity aggravates COVID-19: An updated 

systematic review and meta-analysis. J Med Virol. 2021 May;93(5):2662-2674 

34. Cai Z, Yang Y, Zhang J. Obesity is associated with severe disease and mortality in patients 

with coronavirus disease 2019 : a meta-analysis. BMC Public Health. 2021 Aug 4;21(1):1505 

35. Booth A, Reed AB, Ponzo S, Yassaee A, Aral M, Plans D, et al. Population risk factors for 

severe disease and mortality in COVID-19: A global systematic review and meta-analysis. 

PLoS One. 2021 Mar 4;16(3):e0247461 

36. Jain V, Yuan JM. Predictive symptoms and comorbidities for severe COVID-19 and intensive 

care unit admission: a systematic review and meta-analysis. Int J Public Health. 2020 

Jun;65(5):533-546 

37. Li X, Liu C, Mao Z, Xiao M, Wang L, Qi S, Zhou F. Predictive values of neutrophil-to-lymphocyte 

ratio on disease severity and mortality in COVID-19 patients: a systematic review and meta-

analysis. Crit Care. 2020 Nov 16;24(1):647 

38. Mudatsir M, Fajar JK, Wulandari L, Soegiarto G, Ilmawan M, Purnamasari Y, et al. Predictors 

of COVID-19 severity: a systematic review and meta-analysis. F1000Res. 2020 Sep 9;9:1107 

39. Wibowo A, Pranata R, Akbar MR, Purnomowati A, Martha JW. Prognostic performance of 

troponin in COVID-19: A diagnostic meta-analysis and meta-regression. Int J Infect Dis. 2021 

Apr;105:312-318 

40. Sheth A, Modi M, Dawson D, Dominic P. Prognostic value of cardiac biomarkers in COVID-19 

infection. Sci Rep. 2021 Mar 2;11(1):4930 



 57 

41. Huang G, Kovalic AJ, Graber CJ. Prognostic Value of Leukocytosis and Lymphopenia for 

Coronavirus Disease Severity. Emerg Infect Dis. 2020 Aug;26(8):1839-1841 

42. Yang L, Jin J, Luo W, Gan Y, Chen B, Li W. Risk factors for predicting mortality of COVID-19 

patients: A systematic review and meta-analysis. PLoS One. 2020 Nov 30;15(11):e0243124 

43. Zhang JJY, Lee KS, Ang LW, Leo YS, Young BE. Risk Factors for Severe Disease and Efficacy 

of Treatment in Patients Infected With COVID-19: A Systematic Review, Meta-Analysis, and 

Meta-Regression Analysis. Clin Infect Dis. 2020 Nov 19;71(16):2199-2206 

44. Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical & mortal COVID-19 

cases: A systematic literature review and meta-analysis. J Infect. 2020 Aug;81(2):e16-e25 

45. Ou M, Zhu J, Ji P, Li H, Zhong Z, Li B, et al. Risk factors of severe cases with COVID-19: a 

meta-analysis. Epidemiol Infect. 2020 Aug 12;148:e175 

46. Kaushal K, Kaur H, Sarma P, Bhattacharyya A, Sharma DJ, Prajapat M, et al. Serum ferritin as 

a predictive biomarker in COVID-19. A systematic review, meta-analysis and meta-regression 

analysis. J Crit Care. 2022 Feb;67:172-181 

47. Mattiuzzi C, Lippi G. Serum prealbumin values predict the severity of coronavirus disease 2019 

(COVID-19). J Med Virol. 2021 Feb;93(2):620-621 

48. Alkhatip AAAMM, Kamel MG, Hamza MK, Farag EM, Yassin HM, Elayashy M, et al. The 

diagnostic and prognostic role of neutrophil-to-lymphocyte ratio in COVID-19: a systematic 

review and meta-analysis. Expert Rev Mol Diagn. 2021 May;21(5):505-514 

49. Sarkar S, Khanna P, Singh AK. The Impact of Neutrophil-Lymphocyte Count Ratio in COVID-

19: A Systematic Review and Meta-Analysis. J Intensive Care Med. 2022 Jul;37(7):857-869 

50. Cheng J, Ma A, Yang J, Dong M, Liao X, Kang Y. The neutrophil to lymphocyte ratio is an 

independent predictor for severe COVID-19 : Evidence from a multicenter case-control study 

and meta-analyses. Wien Klin Wochenschr. 2021 Sep;133(17-18):882-891 

51. Akbar MR, Pranata R, Wibowo A, Lim MA, Sihite TA, Martha JW. The prognostic value of 

elevated creatine kinase to predict poor outcome in patients with COVID-19 - A systematic 

review and meta-analysis. Diabetes Metab Syndr. 2021 Mar-Apr;15(2):529-534 

52. Yamada T, Wakabayashi M, Yamaji T, Chopra N, Mikami T, Miyashita H, Miyashita S. Value 

of leukocytosis and elevated C-reactive protein in predicting severe coronavirus 2019 (COVID-

19): A systematic review and meta-analysis. Clin Chim Acta. 2020 Oct;509:235-243 

53. Wang Y, Zhao J, Yang L, Hu J, Yao Y. Value of the Neutrophil-Lymphocyte Ratio in Predicting 

COVID-19 Severity: A Meta-analysis. Dis Markers. 2021 Oct 8;2021:2571912 

54. Munshi R, Hussein MH, Toraih EA, Elshazli RM, Jardak C, Sultana N, et al. Vitamin D 

insufficiency as a potential culprit in critical COVID-19 patients. J Med Virol. 2021 

Feb;93(2):733-740 

  



 58 

Serment d’Hippocrate 

 

Au moment d’être admis(e) à exercer la médecine, je promets et je jure d’être fidèle 

aux lois de l’honneur et de la probité.  

Mon premier souci sera de rétablir, de préserver ou de promouvoir la santé dans 

tous ses éléments, physiques et mentaux, individuels et sociaux.  

Je respecterai toutes les personnes, leur autonomie et leur volonté, sans aucune 

discrimination selon leur état ou leurs convictions.  

J’interviendrai pour les protéger si elles sont affaiblies, vulnérables ou menacées 

dans leur intégrité ou leur dignité.  

Même sous la contrainte, je ne ferai pas usage de mes connaissances contre les 

lois de l’humanité.  

J’informerai les patients des décisions envisagées, de leurs raisons et de leurs 

conséquences. 

Je ne tromperai jamais leur confiance et n’exploiterai pas le pouvoir hérité des 

circonstances pour forcer les consciences. 

Je donnerai mes soins à l’indigent et à quiconque me les demandera. Je ne me 

laisserai pas influencer par la soif du gain ou la recherche de la gloire. 

Admis(e) dans l’intimité des personnes, je tairai les secrets qui me seront confiés. 

Reçu(e) à l’intérieur des maisons, je respecterai les secrets des foyers et ma conduite 

ne servira pas à corrompre les mœurs. 

Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusivement les 

agonies. Je ne provoquerai jamais la mort délibérément. 

Je préserverai l’indépendance nécessaire à l’accomplissement de ma mission. Je 

n’entreprendrai rien qui dépasse mes compétences. Je les entretiendrai et les 

perfectionnerai pour assurer au mieux les services qui me seront demandés. 

J’apporterai mon aide à mes confrères ainsi qu’à leurs familles dans l’adversité. 

Que les hommes et mes confrères m’accordent leur estime si je suis fidèle à mes 

promesses ; que je sois déshonoré(e) et méprisé(e) si j’y manque. 

  



 59 

Abstract 

Background: COVID19 is a multi-systemic disease resulting in both asymptomatic 

forms and respiratory distress. While facing the outbreak constraining our health care 

system, identify characteristics associated with adverse prognosis (transfer to 

intensive care unit and death) was required for an optimal clinical management and 

resource allocation in each population. 

 

Material and method: This single-center observational study conducted at the 

Princess Grasse Hospital Center in the Principality of Monaco from September 1, 2020, 

to April 14, 2021, compares demographic, clinical, and biological characteristics at 

admission in the pneumo-COVID unit of patients who progressed secondarily to 

resuscitation (excluding LATA), and of patients who died. 

 

Results: Among the 332 patients included, 76 were transferred to the ICU. Predictive 

factors for severe form were: age (p0.0063), male sex (p0.0029), hypertension (p0.0102), 

PAD (p0.0318), parenchymal involvement on CT (p0.0025), neutrophils (p0.0241), 

eosinophils (p0.0406), platelets (p0.0061), urea (p0.0120) creatinine (p0.0274), blood 

glucose (p0.0012), phosphorus (p0.0067), AST (p0.0303), CRP (p<0.001), PCT (p<0.0001), 

SpO2 in the emergency room (p<0, 001) SPO2 on admission to COVID unit (p0.0004), 

respiratory rate on the ward (p0.0229) dyspnea (p0.0004) and absence of anosmia 

(p0.0182). In multivariate analysis, male sex (p0.0056), eosinopenia (p0.0491) and 

emergency department SpO2 (p0.0030) remained significantly associated with the 

admission to the ICU. The multivariate analysis of patients who died identified age 

(p0.0033), platelets (p0.0195), parenchymal involvement on CT scan (p0.043) and 

kalemia (p0.0181) as risk factors for this cohort. 

 

Conclusion: The clinico-biological data highlighted in this cohort are a tool to help 

the clinician in his management. Moreover, the underlying mechanisms are as many 

leads as possible for the understanding of the disease, and the improvement of care. 
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