Biomarkers of inflammation and other factors
associated with COVID-19 severity in patients
hospitalized at CHUYO to implement a
preclinical trial of a phytomedicine

ABSTRACT

Aims: SARS-Cov-2 is an RNA virus from the coronavirus family. Most people affected by
this new coronavirus have mild illnesses and recover from them. However, the infection can
progress to a serious form which can lead to the death of the patient.

Study design: The objective of our work was to identify biomarkers of inflammation and
other factors associated with the severity of COVID-19 infection in Yalgado Ouedraogo
University Hospital Center (Burkina Faso).

Place and Duration of Study: A total of 145 patients were included in our study.
Methodology: This was a cross-sectional study with retrospective collection for descriptive
and analytical purposes ranging from November 30, 2020, to December 31, 2022, which
concerned patients hospitalized at the Yalgado OUEDRAOGO University Hospital Center
for COVID-19 infection.

Results: The pulmonology department represented 81.38% of hospitalized patients and
the intensive care unit 18.62%. Acute respiratory distress syndrome, abnormal leukocyte
count, hyperleukocytosis, lymphopenia, lymphocytosis, neutrophilia and,
neutrophil/lymphocyte ratio greater than 8 were the biological risk factors for death.
Conclusion: Identifying severity factors in clinical practice could help clinicians identify
patients with a poor prognosis early to reduce COVID-19-related mortality.
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1. INTRODUCTION

Enveloped positive-sense single-stranded genomic RNA virus (+ sSRNA ), severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2, formerly 2019-nCoV) is the cause of
coronavirus disease 2019 (COVID-19) (Park 2020). SARS-CoV-2, first recorded in the city of
Wuhan in China, is contagious in humans and has rapidly spread worldwide through close
human interactions or respiratory secretions (cough, sneezing) of infected people (Bchetnia
et al. 2020). According to the World Health Organization, as of March 21, 2023, there were
761,071,826 confirmed cases of COVID-19, including 6,879,677 deaths worldwide. On this
same date on the African continent, there were 9,514,948 confirmed cases with 175,328
deaths (Acar et al. 2021). In Burkina Faso as of March 12, 2023, the total number of cases
stood at 22,148 including 11 active cases and 396 deaths (Kaboré et al. 2023).

Severe COVID-19 has an inflammatory pathophysiology involving cytokine storm, which refers
to massive inflammatory activation in response to infection. Many biomarkers studied in



COVID-19 patients, such as C-reactive protein, interleukin-6, procalcitonin, white blood cell
count, neutrophil count, lymphocyte count, D-dimer, and prothrombin time belong to
immunology and inflammatory pathways (Hong et al. 2021). Patients with COVID-19
experience mild, self-limiting symptoms; however, others progress to life-threatening severe
acute respiratory distress syndrome (Aydin et al. 2022). According to a study, serum ferritin,
D-dimer and CRP are useful in accurately predicting patients developing severe COVID-19
infections as well as those at risk of developing COVID pneumonia (Huang and Guo 2022). In
Burkina Faso, although studies have been carried out on the mortality of COVID-19 infection,
they do not show correlations between the inflammatory profile and the occurrence of severe
forms requiring hospitalization during the disease. Itis in this context that this study was carried
out which aims to study the characteristics of biological markers of inflammation and other
factors associated with the severity of the disease in patients hospitalized for COVID-19 and
treated at the Center University Hospitalist Yalgado OUEDRAOGO. For us, it was generally a
question of researching the biological inflammatory profile of patients hospitalized for COVID-
19 infection and specifically of identifying the biological and abiotic factors associated with the
severity of COVID-19 infection at the university hospital Yalgado Ouédraogo.

2. METHODOLOGY

2.1. Type and setting of the study

2.1.1. Type and period of study
This was a cross-sectional study with a retrospective collection for descriptive and analytical
purposes ranging from November 30, 2020, to December 31, 2022.

2.1.2. Study framework

The inpatient care units for COVID-19 infection of the pulmonology department and the
intensive care unit of the Yalgado Ouedraogo University Hospital Center were our study
setting.

Since November 30, 2020, the Yalgado Ouedraogo University Hospital Center has opened its
inpatient care units for COVID-19 infection. For this purpose, a circuit had been defined for
the sick. We have thus identified four patient reception units based on the clinical condition
and/or virological and radiological investigations. This is the Reception and Sorting Zone (ZAT)
which is responsible for actively screening for COVID-19 for the benefit of any patient entering
the Yalgado Ouedraogo University Hospital, then the infectious diseases department is
responsible for receiving patients. Waiting for the results of the screening, then the
pulmonology department is responsible for receiving patients admitted to hospitalization who
do not require admission to an intensive care unit and, finally the multipurpose intensive care
unit responsible for receiving patients requiring treatment in the unit intensive care immediately
or transferred.

2.2.  Criteria and type of sampling

2.2.1. Inclusion criteria

Included in our study were any patients hospitalized for SARS-COV-2 infection confirmed by
a PCR test or patients presenting with fever and/or respiratory symptoms and chest
radiological images suggesting a pulmonary infection diagnosed as having COVID-19
pneumonia.

2.2.2. Non-inclusion criteria

Not all patients with simple forms of COVID-19 who were not hospitalized or treated on an
outpatient basis were included in our study.




2.2.3. Collection of data

We collected sociodemographic, clinical and paraclinical data in a simple random manner from
medical files and hospitalization registers. The data were reported on a questionnaire and
entered into Microsoft Excel software.

2.2.4. Qperational definitions

Severe COVID-19 was defined by the presence of severe pneumonia, i.e. fever or suspected
respiratory infection, plus one of the following: respiratory rate >30 breaths/min; severe
respiratory distress; or SpO2. Also by the presence of respiratory distress syndrome and death
linked to COVID-19 7.

Normal leukocyte count : Leukocyte count = 4 to 10 Giga /L

Leukopenia : Leukocyte count < 4 Giga/L

Hyperleukocytosis : Number of leukocytes > 10 Giga/L

Lymphocytosis : Number of lymphocytes > 4 Giga/L

Lymphopenia : Number of lymphocytes < 1 Giga/L

Severe anemia : Hemoglobin level < 8 g/dl

Neutrophilia : Neutrophil count > 7 Giga/L

Neutropenia : Neutrophil count < 1.5 Giga/L

2.2.5. Study variables

The variables taken into account were:

Socio-demographic variables: age, sex and, comorbidities (high blood pressure, diabetes,
asthma, hepatitis, smoking, alcohol);

clinical variables: fever, cough, sputum, dyspnea, chest pain, respiratory distress, length of
hospitalization, severity, deaths;

biological variables: the number of leukocytes, leukopenia, hyperleukocytosis, lymphocytosis,
lymphopenia, severe anemia, CRP, D-dimer, neutrophilia, neutropenia,
Neutrophil/Lymphocyte ratio (NLR).

2.2.6. Biological analyzes

Routine blood biological analyses was carried out at the CHUYO laboratory department.

2.3. Statistical analysis

The data were entered and analyzed using Microsoft Excel software (version 2016) and Epi
info software (version 7.2.5.0). We performed a comparative analysis between the
characteristics of patients with severe COVID-19 and patients with non-severe COVID-19. A
comparative analysis was also carried out between surviving patients and deceased patients.
Chis-quare test was performed for categorical variables. Univariate and multivariate analyses
were applied to investigate risk factors associated with severity and mortality. Candidate
factors for multivariate analysis were selected based on the results of univariate analysis (p
value <0.05).

3. RESULTS AND DISCUSSION

3.1. Cumulative assessment of the study period

From November 30, 2020, to December 31, 2022, 920 cases of SARS-CoV-2 infection were
diagnosed at CHUYO, including 286 treated in hospitalization (i.e. a hospitalization frequency
of 31.10%). 38 cases of death were reported during this study (i.e. a frequency of 13.06%).
Following the exclusion of patients for whom biological assessment data were unavailable,



the final cohort studied included 145 patients (118 patients from the pulmonology department
and 27 patients from the intensive care unit).

3.2. Sociodemographic data

3.2.1. Distribution of patients according to the hospitalization department

The pulmonology department represented 81.38% of patients hospitalized at Yalgado
OUEDRAOGO University Hospital for SARS-COV?2 infections of patients included in the study.
Table 1 represents the distribution of patients hospitalized for COVID-19 at CHUYO.

Table I: Distribution of included patients hospitalized for COVID-19 at CHUYO

Service Effective Percentage
Pneumology 118 81.38
Intensive care unit 27 18.62
Total 145 100.00

3.2.2. Distribution of patients included according to age

The average age of patients hospitalized for COVID-19 infection was 60.35 years +/- 17.83.
50% of patients were over 62 years old. Patients over 65 years old represented 44.14% of
patients included in the study. Figure 1 illustrates the distribution of patients included according
to age groups.
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3.3. Distribution of patients included according to sex

The study population was predominantly male (53.79%) with a M/F sex ratio of 1.16. Figure

2 represents the distribution of patients included according to gender.
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Figure 1: Distribution of patients included according to sex

3.4. Distribution of patients included according to the history and
comorbidities of the patients included in the study

Diabetes mellitus, high blood pressure (hypertension) and smoking accounted for 13.10%
respectively; 31.03% and 12.41% of the history found in our patients. Coinfection with HIV
was found in 10.34% of cases. Table 2 represents the distribution of patients according to

history and comorbidities.

Table II: Distribution of patients included according to history and comorbidities

History/comorbidities Effﬁgiive Percc(e)/:tage
Hepatitis 3 2.07
High blood pressure 45 31.03
Diabetes 19 13.10
Obstructive lung disease 8 5.51
Smoking 18 12.41
Human immunodeficiency virus 15 10.34
Ischemic heart disease 6 4.14



Neoplasia 4 2.76

Chronic kidney disease 6 4.14

Total 124 85.5

3.5. Distribution of patients included according to clinical signs

Cough was noted in 71.72% of patients in our study. ARDS was present in 15.86 of the
patients in our study. SIRS was reported in 24.14% of cases. Table 3 represents the
distribution of patients according to clinical signs.

Table lll: Distribution of patients included according to clinical signs

Signs Effective Percentage
not %
Cough 104 71.72
Dyspnea 84 57.93
Sputum 38 26.21
Chest pain 32 22.07
Respiratory distress syndrome* 23 15.86
SP;Jrlgroonn?rey condensation 105 7241
Systemic inflammatory response 35 2414

syndrome

3.6. Distribution of patients included according to biological results

The average leukocyte level in the patients in our study was 12190.76/mm 3. Leukopenia was
observed in 11.03% of patients. Lymphopenia was found in 29.66% of patients in our study.
The average CRP level during our study was 104.48 mg/l. A CRP level > 100 mg/L was found
in 31.25% of patients. The average hemoglobin level was 11.13 g/dl. Severe anemia was
observed in 11.03% of patients in our study. Table 4 represents the distribution of patients
according to the results of the biology.

Table IV: Distribution of patients according to laboratory results

Biolo Effective Percentage
gy not %

Leukopenia 16 11.03

Hyperleukocytosis 62 42.76

Lymphocytosis 6 4.14



Lymphopenia 43 29.66
CRP>100 mgl/l 25 31.25

Severe anemia 35 24.14

There is a difference in the lymphocyte count between patients who died and patients who
survived during our study. Figure 3 shows a variation in the lymphocyte count between
deceased patients and surviving patients.

P P P P PP PP PP PSPPI SFHFSO

o o o PR PIPIPHFSP PP PP SIPIPHITS

IR S S e SR SIS S L, S S S R g S g S g
|

Deceased |= Surviving Number Lymphocytes /mm *

Figure 2: Variation in lymphocyte count between deceased patients and surviving patients

3.7.  Study of factors associated with gravity

3.7.1. Univariate logistic analysis of factors associated with severity

COVID-19 infection was significantly serious in patients hospitalized in intensive care (20
patients or 74.07%) compared to those hospitalized in pulmonology (p=0). Duration of
hospitalization greater than or equal to 8 days (13 patients or 20%) and a notion of
hypertension (20 patients or 44.44%) were significantly associated with the severity of the
infection in the patients in our study (respectively p=0.04 and p=0.008).

ARDS, neutropenia, and neutrophilia were the clinical-biological factors significantly
associated with the severity of the clinical picture (respectively p =3.106; p=0.05and p =
0.008). Table 5 represents the univariate analysis of factors associated with the severity of
infection.

Table 5: Univariate analysis of factors associated with severity of infection

Factors Severe COVID-19 OR(IC) p-value




Yes No

not (%) not (%)
Service
Intensive care unit 20(74.07) 7(25.93) 11.80[4.45; 31.25] 0
Pneumology 23(19.49) 95(80.51)
Length of
hospitalization
=8 days 13(20.00) 52(80.00) 0.45[0.20; 0.97] 0.04
<8 days 26(35.62) 47(64.38)
Sex
Male 19(24.36) 59(76.64) 0.57[0.28; 1.18] 0.13
Feminine 24(35.82) 43(64.18)
Age>65 18(28.13) 46(71.88) 0.87[0.42; 1.80] 0.71
HT 20(44,44) 25(57.89) 2.67[1.26; 5.67] 0.008
Diabetes 8(42.11) 11(57.89) 1.89[0.70; 5.09] 0.20
Tobacco 5(27.78) 13(72.22) 0.90[0.30; 2.70] 8.85
ARDS 18(78.26) 5(21.74) 13.96[4.75; 41.29] 3.10°6
HIV 2(13.33) 13(86.67) 0.33[0.07; 1.54] 0.14
SRIS 12(34.29) 23(65.71) 1.32[0.59; 2.99] 0.49
COPD 1(12.50) 7(87.50) 0.32[0.03; 2.70] 0.27
MTEV 5(35.71) 9(64.29) 1.35[0.42; 4.32] 0.60
Leukopenia 4(25.00) 12(75.00) 0.76[0.23; 2.53] 0.66
Normal Leukocyte 16(23.88) 51(76.12) 0.52[0.28; 1.22] 0.15
Hyperleukocytosis 23(37.10) 39(62.90) 1.85[0.90; 3.81] 0.08
Lymphopenia 15(34.88) 28(65.12) 1.41[0.60; 3.03] 0.37
Lymphocytosis 2(33,33) 4(66,67) 1.19[0.21; 6.78] 0.84
Neutropenia 0 8(100) 0 0.05
Neutrophilia 23(42.59) 31(57.41) 2.63[1.26; 5.48] 0.008
CRP>100 8(32.00) 17(68.00) 1.25[0.44; 3.51] 0.66
Severe anemia 5(31.25) 11(68.75) 1.08[0.35; 3.34] 0.88
D-dimer>1ug 12(38.71) 19(61.29) 1.68[0.37; 7.63] 0.49
NLRz8 14(40.00) 21(60.00) 2.00[0.85; 4.65] 0.10




3.7.2. Multivariate analysis of factors associated with severity

After adjusting for confounding factors, hospitalization in the intensive care unit and the
presence of ARDS were risk factors for the severity of COVID-19 infection in the patients in
our study (respectively OR 95%=4, 20; [1.02; 17.38], p=0.04 and OR 95%=45.23; [1.10;
24.72], p=0.03). Table 6 represents the multivariate logistic analysis of factors associated with
infection severity.

Table 6: Multivariate logistic analysis of factors associated with severity of infection

Variables OR(IC) p-value
Department (intensive care 4.20[1.02; 17.38] 0.04
unit/Pneumology)

Length of hospitalization 0.56[0.22; 1.41] 0.22
HT 2.19[0.85; 5.64] 0.10
ARDS 5.23[1.10; 24.72] 0.03
Neutropenia 0[0; >1.0E12] 0.96
Neutrophilia 2.10[0.81; 5.42] 0.12

3.8. Study of factors associated with death

3.8.1. Univariate analysis of factors associated with death

Hospitalization in the intensive care unit and duration of hospitalization greater than or equal
to 8 days were the clinical factors associated with death during our study. These risk factors
for death were statistically significant in univariate analysis (respectively p<0.001 and
p=0.002).

ARDS, normal leukocyte count, hyperleukocytosis, lymphopenia, neutrophilia and, the
neutrophil/lymphocyte ratio greater than 8 were the clinical-biological risk factors for death
during our study (respectively p<0.001; p=0.02; p=0.03; p=0.04; p=0; p=0.03). These risk
factors were statistically significant in univariate analysis. Table 7 and Table 8 represent the
univariate logistic analysis of factors associated with death.

Table VUnivariate logistic analysis of factors associated with death

Death
Factors Yes No GOLD (IC) p-value
not (%) not (%)
Service
Intensive care unit 16 (59.26) 11 (40.74) 15.70 [5.75; 42.89] 0
Pneumology 10 (8.47) 108 (91.53)
Length of hospitalization
=8 days 5 (7.69) 60 (92.31) 0.22 [0.07; 0.62] 0.002
<8 days 20 (27.40) 53 (72.60)
Sex
Male 12(15.38) 66(84.62) 0.68 [0.68; 1.61] 0.38



Feminine 14(20.90) 53(79.10)

Age>65 13(20,31) 51(79.69) 1.33[0.56; 3.12] 0.50
HT 12(26.67) 33(73.33) 2.23[0.93; 5.32] 0.06
Diabetes 4(21.05) 15(78.95) 1.26 [0.38; 4.16] 0.7
Tobacco 4(22,22) 14(77.78) 1.36 [0.40; 4.53] 0.61
ARDS 12(52.17) 11(47.83) 8.41 [3.12; 22.63] <0.001
HIV 1(6.67) 14(93.33) 0.30 [0.03; 2.38] 0.22
SRIS 9(25.71) 26(74.29) 1.89 [0.75; 4.74] 0.16
COPD 1(12.50) 7(87.50) 0.64 [0.07; 5.43] 0.68
MTEV 1(7,14) 13(92.86) 0.32[0.04; 2.61] 0.26
Table VIUnivariate logistic analysis of factors associated with death
Death
Factors Yes No GOLD (IC) p-value
not (%) not (%)
Leukopenia 3(18.75) 13(81.25) 1.06[0.28:4.03] 0.92
Leukocytes Normal 7(10.45) 60(89.55) 0.36[0.14; 0.92] 0.02
Hyperleukocytosis 16(25.81) 46(74.19) 2.53[1.06; 6.07] 0.03
Lymphopenia 12(27.91) 31(72.09) 2.43[1.01; 5.82] 0.04
Lymphocytosis 1(16.67) 5(83.33) 0.91[1.10; 8.15] 0.93
Neutropenia 0 8(100) 0 0.17
Neutrophilia 18(33,33) 36(66.67) 5.18[2.06; 13.01] <0.001
CRP>100 3(12) 22(88) 1.11[0.25; 4.86] 0.88
Severe anemia 4(25) 12(75) 1.62[0.47; 5.49] 0.43
D-dimer>1ug 6(19.35) 25(80.65) 1.80[0.18; 6.35] 0.92
NLR=8 12(34.29) 23(65.71) 2.68[1.07; 6.72] 0.03

3.8.2. Multivariate analysis of factors associated with death

After adjusting for confounding factors, only the neutrophil/lymphocyte ratio was a biological
risk factor for death in the patients in our study (95% OR = 5.93[0.37; 94.89]; p=0.04). Table
9 represents the multivariate logistic analysis of the risk factors for death.

Table 9: Multivariate logistic analysis of risk factors for death

Factors OR(IC) p-value

Department ( intensive care 8.02[1.49; 42.96] 0.01
unit/Pneumology)

Length of hospitalization 0.24[0.06; 0.86] 0.02
HT 1.02[0.28; 3.67] 0.96
ARDS 2.20[0.34; 14.17] 0.40
Leukocytes 0.20[0.03; 1.60] 0.14
Hyperleukocytosis 0.39[0.04; 3.44] 0.39



Lymphopenia 0.76[0.15; 3.73] 0.74
Neutrophilia 4.26[0.88; 20.43] 0.06
NLR28 5.93[0.37; 94.89] 0.04

3.9.  Overall survival of patients included in the study

The survival rate at 8 days of hospitalization for all patients included in our study was 80%
according to the Kaplan-Meier survival curve. Overall survival after 14 days of hospitalization
was 75%. Figure 4 illustrates the overall survival of the included patients.
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Figure 4: Overall survival of patients included in the study

The difference in the probability of survival is statistically significant between patients with a
CRP value = 100 mg/l and those with a CRP < 100 mg/l. Figure 4 represents the survival of
patients according to the CRP value.



3.10. Discussion

3.10.1. Limitations of the study

Our study aimed to describe the profile of markers of inflammation during COVID-19 infection
in patients hospitalized at CHUYO during the period from November 30, 2020, to December
31, 2022. We observed a total of 145 patients hospitalized for SARS-COV2 infection in the
pulmonology or intensive care unit at CHUYO meeting our inclusion criteria. Our study was
confronted with a selection bias linked to missing data due to its retrospective nature. Despite
this limitation, the results obtained made it possible to carry out the following discussion.

3.10.2. Factors associated with COVID severity and death

Neutrophilia was significantly associated with severity. With the exception of patients with
bacterial infections or superinfections, neutrophilia is correlated with the hyperinflammatory
state and cytokine storm, an integral part of the pathogenic mechanism of COVID-19 (Root-
Bernstein 2021). As COVID-19 progresses, the number of circulating neutrophils gradually
increases. This is how it was identified as a marker of serious respiratory disease and poor
prognosis (Wang et al. 2020).

Neutropenia was also significantly related to the severity of infection in our study. Bao et al.,
found a significant reduction in neutrophils in patients with severe cases compared to non-
severe patients (Bao et al. 2020). Neutropenia may increase the risk of opportunistic infections
in patients with COVID-19 worsening the clinical picture. Indeed, if it is severe (<0.5*10 °/L),
the risk and severity of bacterial and mycotic infections increase (Oliva et al. 2022).
Neutrophil/lymphocyte ratio (NLR) 28 was significantly associated with death. NLR is a
commonly available marker of the systemic inflammatory response. According to several
studies, high NLR is a marker of poor prognosis in patients infected with COVID-19 (Yang et
al. 2020). Elevated NLR results from increased neutrophil counts and decreased lymphocyte
counts. The inflammatory response could stimulate neutrophil production and accelerate
lymphocyte apoptosis (Reusch et al. 2021). Dysregulated immune cell responses result in
immunological abnormalities that play a remarkable role in the severity of virus-induced
disease. When the immune response is dysregulated, it can lead to excessive inflammation
and even death (Shive and Pandiyan 2022).

Leukocytosis was significantly associated with death in our study. Leukocytosis may be due
to neutrophilia or lymphocytosis (Aydin et al. 2022). It could also be due to co-infections or the
action of certain medications (Olwal et al. 2021). A meta-analysis found a significant elevation
of leukocytes between cases of severe COVID-19 compared to non-severe COVID-19 (Yan
et al. 2021). The mechanisms leading to white blood cell alteration in COVID-19 infection are
known. Although studies report normal leukocyte levels in COVID-19 patients at admission,
these levels increase with disease progression (Gajendra 2022).

In our study, lymphopenia was significantly associated with death. A meta-analysis found that
35 to 75% of patients developed lymphopenia which was associated with a very high number
of cases of death (Zhao et al. 2020). The immune response marked by profound lymphopenia
appears to be a complication that arises after an early and massive release of cytokines during
lung injury caused by SARS-CoV-2 (Blaylock 2021). The cytokine storm then leads to
multiorgan failure and death (Nazerian et al. 2022). All these biological factors associated with
severity make it difficult to return to normal. The difficulties faced by modern medicine in the
management of severe COVID-19 cases make it possible to resort to other forms of therapy
such as herbal medicine.




The identification of these biomarkers could make it possible to test the effectiveness of a
phytomedicine based on a medicinal plant. Sterculia setigera is a plant whose different parts
are endowed with therapeutic properties (Bisht 2019). Indeed, according to certain studies,
different medicinal plants and their phytocompounds interact with SARS-CoV-2 by regulating
inflammatory mediators (Trivedi et al. 2022). These compounds belong to alkaloids,
flavonoids, terpenoids, diarylheptanoids and, anthraquinones (Trivedi et al. 2022).

Other factors associated with severity and death

Intensive care units are intensive care units that are equipped to treat patients who are
seriously ill. In our study, admission to intensive care was a factor associated with severity
and mortality. Indeed, 74.07% of patients hospitalized in intensive care were seriously ill, and
61.54% of patients admitted to this department died. Literature data show that the mortality
rate in patients admitted to an intensive care unit varies from one study to another, ranging
from 26% to 62% (Markwart et al. 2020).

A length of hospitalization greater than or equal to 8 days is significantly associated with
severity and death. This implies that patients with severe COVID-19 generally seem to need
a longer period than those with an uncomplicated form of the disease. Thus Mehta and
colleagues found a significant difference in the length of hospital stay between deceased
patients and survivors in their studies (Mehta et al. 2021). This constitutes a parameter to be
taken into account in defining the conditions to be met for carrying out clinical trials on
phytomedicine.

The notion of hypertension (20 patients or 44.44%) is presented as a serious risk factor in our
study. Reports have suggested that hypertension may represent a risk factor for susceptibility
to SARS-CoV-2 infection, more severe course of COVID-19, and increased COVID-19-related
deaths (Gallo, Calvez, and Savoia 2022). Agents for the treatment of high blood pressure
appear to play a role in COVID-19 infection. Indeed, studies using antagonists of the renin-
angiotensin system have shown a potential induction of upregulation of angiotensin-converting
enzyme 2 which is the key binding site promoting cellular entry of SARS-CoV-2 in the body.
Thus, it was thought that a putative upregulation of ACE2 in hypertensive patients during
treatment with RAS-blockers could potentially contribute to the higher risk of SARS-CoV-2
infections and the progressive evolution of COVID-19 (Santra et al. 2023).

Nevertheless, the independent role of hypertension remains debated, as hypertension is often
associated with advanced age and other cardiovascular risk factors in the general population,
which may also contribute to SARS-Cov-2 infection (Gallo, Calvez, and Savoia 2022).

In our study, ARDS was significantly associated with the severity of the clinical picture and
death. Our data corroborate with those of the current literature. It is a clinical-biological
syndrome marked by serious respiratory damage resulting from inflammation of the lungs and
a deterioration of respiratory function. It has been reported by Lamers and collaborators, that
ARDS is a major complication of COVID-19 (Lamers and Haagmans 2022). It is responsible
for mortality of 40 to 50% according to the authors. According to literature data, it is the main
cause of death from COVID-19 (Molenberghs et al. 2022).

Phytotherapy is a field that belongs to the large family of alternative and complementary
medicines (Noor and Islam 2020). The use of plants in the quest for health has become a
constantly evolving practice. Faced with a certain number of constraints faced by modern
medicine, herbal medicine constitutes a very good alternative. Among the constraints, we note
multi-resistant microorganisms in the respiratory tract. Considering the protective properties
of the respiratory tract of certain secondary metabolites of interest and their regulatory capacity



of markers of inflammation such as flavonoids (Beigh et al. 2022). As part of the
implementation of the clinical trial of a phytomedicine against COVID-19 respiratory illnesses,
predictions of markers of inflammation in the severity of the disease as well as other
associated factors will be taken into account to capitalize on this decisive step.

4. CONCLUSION

In conclusion, our study aimed to identify the biological factors of inflammation associated with
the severity of COVID-19 infection, as well as other associated factors in patients hospitalized
at CHUYO. According to our study, it appears that neutrophilia as well as neutropenia and
acute respiratory distress syndrome were biological factors significantly associated with
severity. The abiotic factors recorded were admission to intensive care, a duration of
hospitalization greater than or equal to eight days. Factors associated with death were acute
respiratory distress syndrome, leukocyte count, leukocytosis, lymphopenia, lymphocytosis,
neutrophilia, and neutrophil/lymphocyte ratio greater than or equal to 8. The identification of
these biomarkers could make it possible in practice to test the effectiveness of a
phytomedicine in subjects suffering from COVID-19.
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