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Background: COVID-19 disease has been a deadly pandemic in different waves in the Democratic Republic of Congo. However,
knowledge of the clinical characteristics of COVID-19 patients and the factors associated with death during different waves is
important.

Methods: We conducted a retrospective cohort of 410 patients hospitalized during 4 waves of COVID-19, from March 20, 2020, to
January 2, 2022, at the Ngaliema clinic in DR Congo. We included any patient hospitalized for COVID-19 with biological
confirmation by RT-PCR. Factors associated with death were investigated using logistic regression.

Results: During the 4 waves of the COVID-19 pandemic at Clinique Ngaliema, complaints on admission were most often fever,
cough and physical asthenia. Death was most common in the elderly, hypertensive and diabetic patients, those with elevated CRP and
hyper leukocytosis. Mortality was highest in the 1st wave (28%), followed by the 3rd wave (27%), then the 2nd (22%) and 4th waves
(21%). Factors associated with death were hyper leukocytosis (ORa: 2.76; CI 95%: 1.25-6.1), severe disease stage (ORa 21.24; CI
95%: 1.87-24). Vitamin C 500 mg twice a day use was protective (ORa: 0.24; CI 95%: 0.08-0.72).

Conclusion: COVID-19 disease poses a real public health problem, with non-negligible mortality. Factors associated with death were
degree of disease severity, hyper leukocytosis and non-use of vitamin C. Taking these factors into account will help clinicians and
decision-makers to anticipate future waves of the pandemic.
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Background

Coronavirus diseases 2019 (COVID-19) are a pandemic that has caused thousands of deaths worldwide, and the African
continent has not been spared.' The first wave was particularly severe, disrupting the healthcare system and swamping
hospitals and intensive care units. The outbreak of COVID-19 showed that most countries were unprepared and had
insufficient resources to deal with this virus. Compared to other continents such as Europe, Asia and America, in many
African countries, there was a lack of emergency department beds, resuscitation department beds, oxygen production
plants, artificial respirators and even personal protective equipment for front-line providers.”> A number of factors
influence the timing and impact of waves on public health, including natural and vaccine-induced immunity, seasonality,
and the types and characteristics of SARS-COV-2 variants.’
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In contrast to the first wave, when data on COVID-19 was limited, scientific understanding in subsequent waves
improved markedly, and the healthcare system was strengthened as a result. The experience gained during the first wave,
in particular, the large number of scientific publications identifying mortality risk factors, and testing types of respiratory
assistance equipment and different drugs including antivirals, immunomodulators, corticoids etc, enabled providers to
better prepare to fight the pandemic during subsequent waves with great mastery.* Furthermore, strong anti-oxidant and
anti-inflammatory properties of vitamin C lower the risk of tissue damage from oxidative stress and inhibit the cytokine
storm, an excessive inflammatory response. By boosting interferon synthesis and lymphocyte proliferation, vitamin
C enhances the host antiviral immune response.’

Many of the differences between waves can be attributed to the ability of SARS-CoV-2 to mutate and produce
characteristics that favor increased transmissibility and immune evasion.®’

In sub-Saharan Africa, the evolution of average case fatality rate in the 4 waves is 2.5% to 3.5% for the first wave,
3.0% to 4.5% for the second wave, 4% to 6% for the third wave and 0.5% to 1.5% for the fourth wave.® !

In the Democratic Republic of the Congo (DRC), despite numerous vaccination efforts, the country has had one of the
lowest vaccination rates in the world in the fight against COVID-19. Only 0.87% of the DRC’s population has received
even one dose of vaccine, whereas the country has received 8.2 million doses of vaccine against COVID-19, but
especially with the appearance of the Indian variant in 2021, the Congolese population in general and Kinshasa in
particular is refusing to be vaccinated and, above all, to be screened.'> Among SARS-CoV-2, B.1.1.7 (alpha), B.1.351
(beta), B.1.617.2 (delta), and B.1.1.529 (Omicron) were among the variant of concern (VOCs) that caused the most
controversy during the global COVID-19 epidemic. While labs in Europe, America, and many Asian nations were able to
identify VOCs and VOlIs throughout several pandemic waves, most hospitals in sub-Saharan Africa (SSA) were unable to
access this data due to a lack of laboratory resources.'” In a single center study in the DRC, the Omicron in the fourth
wave, the Delta VOC was primarily represented in the third wave. In relation to the total number of patients that tested
positive (both hospitalized and non-hospitalized), the hospitalized patient count and the proportion of deaths were 215
and 21% for the first wave, 196 and 7% for the second wave, 254 and 16% for the third wave, and 178 and 7% for the
fourth wave.'*

In the DRC, a few studies have described the epidemiological and clinical profile and identified factors associated
with mortality. Most of these studies were carried out during the first wave.'>'® After a series of 6 waves of COVID-19
pandemics in the DRC, the first four waves recorded several cases and deaths.'” But few studies have described clinical
characteristics and the comparative mortality of patients during these first four waves, which justifies the present study.
The general aim of the present study is to describe the clinical characteristics of COVID-19 patients during the first 4
waves at the Ngaliema clinic and to identify factors associated with mortality during the first 4 waves at the Ngaliema
clinic.

Methods
Design and Period of Study

The present retrospective cohort study focused on the medical records of patients who tested positive for COVID-19 and
were hospitalized. It covered the period from March 10, 2020, to January 2, 2022.

Study Setting

The present study was conducted at the Ngaliema Clinic. Ngaliema Clinic is located in Kinshasa, capital of the
Democratic Republic of the Congo. It is one of the capital’s major medical facilities and is classified by the World
Health Organization as one of the country’s reference hospitals, as well as for Central Africa. Established in 1927, it is
currently a national tertiary referral hospital. Ngaliema Clinic has a capacity of 254 real beds and over 320 budgetary
beds. The DRC’s COVID-19 response organization states that COVID-19 treatment facilities and health zones are where
COVID-19 patients are managed at the provincial level. The health zone manages asymptomatic patients, and patients
may be referred to COVID-19 treatment centers according on the severity of their symptoms after receiving a fragility
score. Mild, moderate, severe or critical patients are addressed in the COVID-19 treatment centers. There was 35 health
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zones and 14 COVID-19 treatment facilities in Kinshasa. Ngaliema Clinic was the main COVID-19 treatment facility in
the west of Kinshasa.

Study Population

Patients meeting the following criteria were included in the study:

Inclusion Criteria
Any patient hospitalized for COVID-19 with biological confirmation by RT-PCR. The nasopharyngeal swab was used as
the sample.

Data Collection

All data were collected from hospitalized patients’ records, selected on the basis of the date of admission and taking into
account our inclusion and exclusion criteria. Data were transcribed anonymously onto a pre-established individual survey
form. The data collected were: Sociodemographic data (age, sex), comorbidities (arterial hypertension, diabetes mellitus,
chronic renal disease, sickle cell disease, HIV), symptoms on admission, length of hospital stay, origin, examination data
in admission (Blood pressure, saturation, severity), biological data (CRP, white blood cell count, blood glucose,
hemoglobin), treatment (vitamin C, antibiotics, anticoagulant, dexamethasone, oxygen). Blood glucose is classified as
low, normal or high. Hemoglobin is classified as low, moderate or normal, and vitamin C as received or not received. The
survey form was completed by the authors. Data collection was standardized using a predefined electronic form.
Operational definitions were based on WHO criteria for COVID-19. To reduce inter-observer variability, the following
steps were implemented: Firstly, pre-training, during which investigators attended a 4-hour session on data collection
protocols. Secondly, a Coding Guide in which a manual detailing data entry rules was distributed, and thirdly, a random
audit in which 10% of the files were re-analyzed by a second independent observer.

Operational Definitions
Classification of COVID-19 According to Severity
Table 1 describes the characteristics of mild, moderate, severe and critically COVID-19 according to WHO.*°

The frailty score was used for moderate or light covid patients with risk factors. This score helped in deciding
hospitalization, especially when The score was >5 (moderate frailty) with Increased Risk of worsening and >7 (severe
frailty) with Risk of Death 2x more likely.'

Inpatients
In accordance with the national management guidelines, patients admitted to COVID-19 treatment centers were those
with moderate, severe and critical COVID-19, or with both mild COVID-19 and risk factors for severe disease.””

Defining COVID-19 Waves in the DRC
According to the WHO’s definition of COVID-19 waves, from March 9, 2020, through January 2, 2022, the following
periods have been considered as the 4 waves in our country:'’

Table | The WHO Clinical Classification of the COVID-19'*

Mild Case Moderate Severe Critically Severe
Mild clinical Fever, dyspnea, Meet any of the following: Respiratory failure requiring enhanced respiratory support,
manifestations, no Appearance of Respiratory distress, which may be combined with shock or other organ
imaging performed | pneumonia on Xray or | RR 2 30/min dysfunction, patients need intensive care monitoring and
CT Oxygen saturation < 93% treatment
PaO2/FiO2 < 300 mmHg
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* 03/09/2020- 08/23/2020 = first wave

* 08/24/2020- 04/04/2021 = second wave
* 04/05/2021— —08/15/2021 = third wave
* 08/16/2021-01/02/2022 = fourth wave

Treatment According National Guideline in Democratic Republic of the Congo

Mild and moderate forms of COVID-19 were treated with chloroquine 250 mg twice daily and azithromycin 500 mg
once on the first day, then 250 mg daily for 4 days. For moderate cases, prophylactic anticoagulation was added. Cases of
severe or critical COVID-19 were treated with the same regimen as for mild and moderate forms, but anticoagulation was
given at a therapeutic dose. Dexamethasone at a dose of 6mg/d IV was given in all cases of severe and critical COVID-
19. All forms received symptomatic treatment, with antipyretics in case of fever, and vitamin C 500 mg twice a day in all
cases. Oxygen therapy (nasal tube or mask) was recommended in cases of oxygen desaturation. In some patients, non-
invasive or invasive ventilation was recommended. Antibiotics, rehydration and correction of hydro-electrolytic disorders
were also recommended.”” Therapies like anticoagulant, vitamin C and dexamethasone were not used in some cases
because of resource limitations or clinical decisions.

Statistical Analysis

Data were entered and coded using Excel 2010. Data analysis was performed using Epi info software version 2.2.3/0.
Before to do analysis, we transformed the variables of age, duration of symptoms before consultation, Mean arterial
pressure (MAP), C reactive protein (CRP), leukocytes, glycemia and hemoglobin into categorical variables. The statistics
used to describe the variables were mean + standard deviation for symmetrically distributed continuous quantitative
variables. Qualitative variables were described as relative (%) and/or absolute (n) frequencies. Clinical manifestations are
presented as bar charts. Proportions were compared using the chi-square test, means were compared using the Student’s
t-test, and logistic regression was used to search for factors associated with COVID-19. The strength of association was
assessed by calculating the Odds Ratio and its 95% confidence interval in bivariate and multivariate analysis.
A multivariate logistic regression model was developed to estimate adjusted Odds ratios (aOR) adjusting for all factors
significant in the bivariate analysis. The multivariate logistic regression was adjusted for the following variables: age,
sex, origin, comorbidities (DM, HTN), CRP, leukocytes, severity, treatment (use of vitamin C, use of anticoagulant, use
of dexamethasone). The value of P < 0.05 was the threshold of statistical significance. The data have been illustrated in
tables and figures.

Ethical Considerations

Data collection, recording and statistical analysis were kept anonymous in order to respect confidentiality. None of the
procedures used in this study were harmful to the participants. Patients gave their consent before taking part in the study.
The investigators conducted this study taking into account the principles of the Declaration of Helsinki and its subsequent
relevant amendments. Written consent was obtained for patients. The study was approved by the University of Kinshasa
School of Public Health ‘Ethics committee (ESP/CE/179/2020).

Results

General Characteristics of Inpatients at Ngaliema Clinic

During the study period, 410 patients were hospitalized for COVID-19. Among hospitalized patients, 109 (27%)
deceased. More men died than women (65%). Patients aged 60 or over died more than those under 60. Diabetics and
hypertensives died more than patients without diabetes mellitus or hypertension. Patients with chronic kidney disease,
COPD, HIV infection and sickle cell disease did not have higher mortality. Transferred patients died more than those
from home (Table 2).
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Table 2 General Characteristics of Patients Hospitalized for COVID-19 at Clinique

Ngaliema
Variable Deceased n = 109 Survivor n = 301 P
n (%) n (%)
Sociodemographic characteristics
Sex
Male 71(29.6) 169(70.4) 0.05
Female 38(224) 132(77.6)
Age
<60 years 49(20.6) 189(79.4) 0.00
260 years 60(34.9) 112(65.1)
Comorbidities
HTN
Yes 28(25.7) 119(39.5) 0.000
No 81(74.3) 182(60.5)
Diabetes mellitus
Yes 51(46.8) 60(19.9) 0.000
No 58(53.2) 241(80.1)
CKD
Yes 7(6.4) 10(3.3) 0.09
No 102(93.6) 291(96.7)
HIvV
Yes 1(0.9) 5(1.7)
No 108(96.4) 296(98.3) 0.325
COPD
Yes 2(1.8) 1(0.03)
No 107(98.2) 300(99.07) 0.096
Drepanocytosis
Yes 3(2.8) 8(2.7) 0.461
No 106(97.2) 293(97.3)
Duration of symptoms
Before admission
<48 h 3(3.0) 114.1) 0.325
>48 98(97.0) 257(95.9)
Undeterminate (41)
Origin
Residence 52(47.7) 207(66.8) 0.000
Transferred from centers 57(52.3) 94(32.2)

Note: Vaccination status and variants are unknown.
Abbreviations: HTN, hypertension; CKD, chronic kidney disease; COPD, chronic Obstructive pulmonary
diseases; HIV, Human immunodeficiency virus.

Clinical, Biological and Therapeutic Manifestations of Patients Hospitalized at the
Ngaliema Clinic

Symptoms on Admission

Figure 1 shows that cough followed by physical asthenia, fever and dyspnea constitute the clinical tetrad of patients
hospitalized for COVID-19. The same pattern of the 4 predominant signs is found in all waves.

Physical Examination, Biological and Therapeutic Data

The majority of patients who died had a MAP between 65 and 130 mmHg. The majority of deceased patients were
admitted with an oxygen saturation of less than 90%. A large number of patients were admitted in the severe stage, and
severe cases died more than moderate and mild cases. First-wave patients were more numerous than other waves, and
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mlstWave m2ndWave m3ndWave 4th Wave
COUGH FEVER DYSPNEA ASTHENIA ANOREXIA CHEST PAIN DIARRHEA VOMITING ANOSMIA AGESIA HEADACHES

Figure | Distribution of symptoms across waves.

mortality was highest in the first wave, followed by the third, second and fourth waves. Biologically, death was
significantly linked to a disturbance in inflammatory biology (increased CRP and hyper leukocytosis); deceased patients
had CRP > 100 mg/l, WBC > 10000/mm3. Although the difference was not significant, the majority of patients who died
had hyperglycemia, and a hemoglobin level > 7. Death was significantly associated with failure to take vitamin C,
dexamethasone, oxygen therapy and anticoagulants (Table 3).

Table 3 Distribution of Cases by Physical Data, Waves, Biological Parameters and Therapeutic

Means
Variable Deceased Survivor P
n=109 n= 301
Physical data
MAP
<65 mm Hg 3(2.9) 3(1.0) 0.000
65-130 mm Hg 89(87.3) 278(97.2)
>130 mm Hg 10(9.8) 5(1.7)
Sa02
<90% 82(75.9) 93(68.2) 0.000
290% 26(24.1) 199(31.8)
Severity
Mild 3(1.9) 152(50.5) 0.000
Moderate 5(4.6) 69(22.9)
Severe 101(92.7) 80(26.6)
Woave
157 ave 60(55) 154(51.4)
2% wave 17(15.6) 59(19.6) 0.795
3% wave 28(25.7) 75(24.9)
4% ave 4(3.7) 13(43)

(Continued)
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Table 3 (Continued).

Variable Deceased Survivor P
n=109 n= 301

Biological data

CRP
<100 mg/l 18(38.7) 81(66 0.4) 0 0.000
=100 mg/l 29(61.3) 41 (33.6)
Undeterminate (243) 72 179
White blood cell count (elements/mm3)
<4000/mm3 3(5.5) 13 (9.7)
4000-10000/mm3 15 (27.3) 74(552) 0.000
=10000/mm3 37(67.3) 47(35.1)
Occasional capillary blood glucose (mg/dl)
<60 2(5.9) 5(9.0)
60-200 22(64.7) 36(65.5) 0.819
2200 10(64.4) 14(255)
Undeterminate 75 246
Hemoglobin
(g/dD)
<7 4(8.2) 7(5.3)
>7 45(91.8) 125(94.7) 0.245
Undeterminate 60 169
Therapeutic means
Vitamin C
Yes 35 (32.1) 150(45.1) 0.000
No 74(67.9) 151(54.9)
Dexamethasone
Yes 13(11.9) 57(18 0.9) 0.047
No 96(88.1) 244(81.1)
Oxygen therapy
Yes 9(8.3) 145(48.2) 0.000
No 100(91,7) 156(51.8)
Anticoagulant
Yes 8(7.3) 63(20.7) 0,000
No 101(92.7) 238(79.3)
Antibiotic therapy
Yes 72(66.1) 186(61.8) 0.217
No 37(33.9) 115(38.2)

Abbreviations: MAP, Mean arterial pressure; CRP, C reactive protein; SaO2, oxygen saturation.

Mortality Rate and Factors Associated with Death
Looking at this histogram, we can see that the 1st wave had more cases (214 hospitalized patients), of which 28% were
deaths, followed by the 3rd wave with 103 cases, of which 27% were deaths, then followed by the 2™ and 4™ wave
(Figure 2).

In multivariate analysis, we observed that hyper leukocytosis above 10,000/mm3 (aOR: 2.76; CI 95%: 1.25-6.1),
severe COVID-19 (aOR: 21.24; CI 95%: 1.87-24) and non-use of vitamin C (aOR: 0.24; CI 95%: 0.08-0.72) were the
only risk factors associated with death (Table 4).
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Figure 2 Distribution of admissions and deaths by wave.

Discussion

- -
I
3rd 4th

According to the global mortality, the rate of death was 27%. The mortality affected around a quarter of inpatients.

Ngaliema clinic being a tertiary-level hospital, the most severe cases from other COVID-19 treatment centers were

transferred there, and 93% of patients who died were already in the severe stage. This mortality was lower than that

found in the first wave by Bepouka et al'® and higher than that found in other DRC facilities'” and in several African

studies.

23-26

Table 4 Factors Associated with Mortality Among COVID-

19 Patients During the 4 Waves in Ngaliema Clinic

Variable

aOR (Cl 95%)

P value

Age
<60 years
260 years
Sex
Female
Male
Origin
Residence
Transferred from centers
Diabetes mellitus
No
Yes
HTN
No
Yes
CRP (mg/l)
<100
=100

[
2.12(0.69-649)

[
1.2(0.41-3.59)

[
0.71 (0.26-1.911)

[
1.523(0.41—4.38)

[
1.86(0.62-5.61)

[
1.66(0.59—4.68)

0.18

0.71

0.50

0.41

0.26

0.33

(Continued)
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Table 4 (Continued).

Variable aOR (CI 95%) P value

White blood cells count
(cells/mm3)
<10,000 |
210,000 276(1.25-6.1) 0.0l
Severity
Mild |
Moderate |
Severe 21.24(1.87-240) 0.01
Use of vitamin C
No |
Yes 0.24(0.08-0.72) 0.0l
Use of anticoagulant
Yes |
No 2 0.581(0.15-43.92) | 0.51
Use of dexamethason
Yes |
No 0.49(0.04-5.091) 0.55

Abbreviations: HTN, hypertension; CRP, C reactive protein aOR, adjusted
odds ratio.

More men died than women (65%). Patients aged 60 or over died more than those under 60. The males and the
elderly are particularly vulnerable, with a significant statistical association. This is justified by the fact that the immune
system becomes more fragile with age, making this population group vulnerable to COVID-19;*" as for gender, men
were more affected. Two plausible explanations have emerged from the literature. First, in the adaptive immune system,
males have a lower T-cell (CD8+, CD4+) and B-cell count as compared to females.”®*° Second, females have the
advantage of the immune regulatory genes located on X chromosome with a higher expression of Toll-like receptor-7
(TLR7).>°*! Despite the above observations, the multivariate analysis showed no significance for the socio-demographic
variables.

Symptoms on admission are dominated by a clinical tetrad of cough, fever, physical asthenia and dyspnoea, whatever
the type of wave. These symptoms are the warning signs of the disease. The same symptoms were found in Matangila’s
study'® in the first wave and were still predominant in subsequent waves.

With regard to comorbidities, hypertension is the most common comorbidity, accounting for 147 cases, followed by
diabetes mellitus, CKD, sickle cell anemia, HIV infection and COPD. The fact that our patients have hypertension, and
diabetes mellitus confirms the hypothesis that these patients have ACE2 receptor hyper responsiveness. The latter is the
receptor for the COVID-19 virus. Although the majority of patients who died were hypertensive and diabetic, neither of
these comorbidities showed any statistically significant difference in the multivariate analysis. This does not include their
presence as a factor favoring death. It is already known that hypertension and diabetes mellitus are associated with
mortality in COVID-19 patients in Africa.’**

Patients with CKD have increased levels of pro-inflammatory cytokines. The resulting increased oxidative stress
drives an inflammatory immune response. An impaired immune system may increase susceptibility to bacterial and viral
pulmonary infections.***

In our study, HIV infection did not have higher mortality than people without HIV. The majority of literature has not
supported a higher risk for severe disease among PLWH in Europe and the United States, although a large, population-
based study in South Africa reported a higher rate of death due to COVID-19.%

As for origin, patients transferred from health centers had a higher rate of death, as approved by the bivariate analysis;
as for the multivariate analysis, there was no statistical difference. Nevertheless, the high frequency of death among
transferees is justified by the late consultation at the response center, which compromises the prognosis of the disease.
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The same finding was made by Bepouka et al.'> In terms of disease severity, most cases were admitted in a severe state,
regardless of the different waves. And our bivariate and multivariate analyses showed a significant statistical difference.
The risk of death was 21 times higher in this group of patients than in the others. Most came from other centers that
would transfer them, and even those who came from home waited for the situation to worsen before consulting a doctor,
due to denial of the disease, especially at the start of the pandemic.

In the light of our observations, we note the precariousness of the patients’ biological data. Nevertheless, some of the
data submitted to us showed a disturbance in inflammatory biology. After our analyses, we found that death was
significantly associated with hyper leukocytosis above 10,000/mm3, with the risk of death multiplied by 2.76. These
observations show that COVID-19 disease truly constitutes a septic state and requires proper management. Leukocyte
recruitment and production of inflammatory mediators in a positive stimulation cycle.>” *? The cytokine storm has been
reported to play a primary role in the severity of SARS-CoV- 2 infection and lung injury resulting from ARDS,
particularly in ICU patients.*****

The therapeutic management of these patients involves a number of therapeutic methods, depending on the severity of
the disease. These include oxygen therapy, anticoagulation, dexamethasone. Nevertheless, our analyses showed no
significant statistical association apart from the protective effect of vitamin C use. Patients who did not use vitamin
C had the highest mortality rate at 67.9%, compared with 32.1% among those who did. This assertion is not strictly
confirmed in the literature, the benefit of vitamin C is limited, but some studies show that it benefits could be explained
by the fact that vitamin C is an antioxidant that can attenuate the effects of the inflammatory outbreak observed during
this pandemic. Vitamin C prevent the production of inflammatory cytokines, lowering pathogen infectivity and virulence,
increasing immune defense, minimizing tissue and organ damage, combating oxidative stress. For its protective role
against severity and mortality, clinical trials could prove vitamin C’s potential role in protecting the population against
the current COVID-19 pandemic.*> The pattern appears to be the same over the 4 waves, with Ist and 3rd waves
predominating. This is justified by the fact that control of the disease was precarious in the 1st wave. It declined in
the second wave, as the disease became better understood by the population, but rose again in the third wave, probably
due to neglect of barrier measures, but with the possibility of the Delta variant emerging, although genomic data are

lacking to affirm this.

Limitations and Strengths
Apart from the mono-centric and retrospective nature of the survey, the weaknesses of this study include the absence
of biological variables of interest that could contribute to the search for factors associated with death. Another
limitation is that the study did not integrate data relating to vaccinated and non-vaccinated patients, as well as
different SARS-COV-2 variants. The transformation of continuous variables into categorical ones may reduce
granularity. So there are potential information biases because there are potential factors that can influence mortality
that we have not necessarily addressed. The study is monocentric, which limits generalizability to other settings within
the DRC or sub-Saharan Africa.

Despite these weaknesses, our study is one of the few studies focused on the COVID-19 pandemic, including four
waves in the DRC. It has enabled us to identify the factors associated with death and to add to the epidemiological data

on an emerging disease.

Conclusion

During the 4 waves at the Ngaliema Clinic, death was often found in elderly, hypertensive and diabetic patients, those
with high CRP and hyper leukocytosis. Complaints on admission were most often fever, cough and physical asthenia.
Mortality was highest in the 1st wave, followed by the 3rd wave and then the 2nd and 4th waves. Factors associated with
mortality were hyper leukocytosis, severe stage and non-use of vitamin C. We recommend that identified risk factors be
taken into account to improve early detection and management. There is a need for further research.
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