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male-to-female ratio of 1.26. The number of deaths during one month of fol-
low-up was 41, representing a cumulative risk of 7.4%. The log Rank test
showed that being from the third wave (p = 0.0056), advanced age (p =
0.00098), presence of at least one comorbidity (p = 0.034), High blood pres-
sure (p = 0.024), d-dimer level > 1000 IU/L (p < 0.001) and CRP level > 12
mg/L (p = 0.014) appeared to be risk factors for death. In multivariate Cox
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regression, the third wave of the pandemic (HR = 2.25; 95% CI [1.08 - 4.68], p
= 0.03) and advanced age (HR = 2.68; 95% CI [1.23 - 5.85], p = 0.013) were
risk factors for death. Conclusion: Our study showed that elderly and
third-wave of COVID-19 patients were more at risk to die. Knowledge of risk
factors for COVID-19 related death could improve the prognosis of these pa-
tients.
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1. Introduction

COVID-19 is a highly contagious acute viral disease due to Sars-Cov2 which was
discovered in late 2019 [1]. Due to its rapid spread, WHO declared it a global
public health emergency of international concern on January 30, 2022, before
considering it a pandemic on March 11, 2020 [2] [3]. It remains a worldwide
public health threat despite its downward trend during anti-COVID-19 vaccina-
tion period. As of February 21, 2023, the cumulative number of confirmed cases
worldwide since the start of the pandemic was 757,264,511 with 6,850,594
deaths. In Senegal, more than 88,850 confirmed cases and 1968 deaths were re-
corded at the same period [4]. The clinical presentation of Sars-Cov2 infection
remains benign in most cases. It is often limited to asymptomatic or mild general
and/or respiratory signs [5]. However, there are severe and critical COVID-19 that
can lead to death from hypoxemic pneumonia or thromboembolic events, when
early and adequate management is not undergone [7]. According to many authors,
some factors such as advanced age, male gender or the presence of comorbidities
are known to be associated with these severe COVID-19 [7] [8] [9]. Although
the death rate of COVID-19 is much higher in developed countries, this pan-
demic causes a high number of deaths in Africa and Senegal. However, in most
of African studies, prognostic factors for death in patients with COVID-19 have
been evaluated exclusively during the first wave of the pandemic [10] [11] [12].
Additionally, in Senegal as in many other African countries, intra-hospital
management of COVID-19 was more effective during the first three waves.
Outpatient follow-up was preferred beyond those waves, due to the predomi-
nance of mild clinical presentations of the disease. This is the reason why we
carried out this present study during the first three waves of the pandemic with
the aim of evaluating the risk factors for COVID-19 related death in the Epi-
demic Treatment Center (ETC) of Dakar Principal Hospital (DPH).

2. Materials and Methods
2.1. Period and Study Design

We conducted a single centre prospective survival study covering the period
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from April 4, 2020 to September 25, 2021.

2.2. Study Population

Our Study population included patients admitted in the Epidemic Treatment
Centre of Dakar Principal Hospital during the first three waves of the COVID-19
pandemic. Among them, we enrolled patients who were at least 16 years of age
with confirmed SarsCov2 infection by RT-PCR or rapid antigen test of naso-
pharyngeal or oropharyngeal samples. Patients with suspected COVID-19 symp-
toms were tested. Those unwilling to participate in the study and those with less

than 24 hours of hospitalization in the ETC were not eligible for enrolment.

2.3. Data Collection

Data were collected through individual interviews with patients and medical re-
cords. An exhaustive sampling method was adopted. Tested questionnaire de-
signed by investigators of the study has been used to collect information needed
and a previously trained investigator was in charge to collect data. Information
such as sociodemographic characteristics (age, sex, marital and smoking statutes),
comorbidities (including diabetes, high blood pressure, obesity, pre-existing heart
disease, asthma, chronic obstructive pulmonary disease (COPD), HIV infection,
chronic kidney disease, or other comorbidities), Clinical features (the delay in
diagnosis of the disease defined as the time period from the onset of symptoms
to COVID-19 confirmations, vital signs, symptoms), laboratory parameters
(C-reactive protein and d-dimer levels), Treatment received, number of hospital

days and outcomes (death, transferred or cured) were collected.

2.4. Data Management and Statistical Analysis

Data were recorded in Epi info software (version 7.2.2.6), exported to Excel and
were subsequently analysed using R software (version 4.0.3) after checking and
cleaning the database. Qualitative variables were expressed using absolute and
relative frequencies. Continuous variables were reported as means (m) with
standard deviations (sd) if normally distributed; otherwise medians with inter-
quartile range (IQR) were used. To evaluate the risk factors for COVID-19 re-
lated death, we considered the time origin as the day of hospitalization for each
patient. A follow-up time of one month was defined for each of them regardless
of the date of admission. The event of interest was the “death” variable (1 = oc-
currence of death; 0 = absence of death). Dependent variables included age, sex,
wave of COVID-19, marital status, comorbidities, delay of diagnosis, d-dimers
and CRP rates. Kaplan Meier method was used to determine the cumulative
death rate over time of follow-up. Log Rank test was performed to compare the
instantaneous death rates between two or several groups of individuals. To ad-
just for potential confounding factors, we performed a multivariate Cox propor-
tional hazard regression. All candidate explanatory variables with a p-value <

0.25 in the Log Rank test have been included in the multivariate model to calcu-
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late their adjusted hazard ratios (aHR) with 95% confounding intervals (95%CI).
Variables with more than 10% of missing values were removed from the dataset
as well as individuals with missing values on the remaining variables. Schoenfeld
adequacy test and interaction checking between independent variables were
performed to validate the multivariate Cox model. For all the analyses, statistical

significance was set at p-value = 0.05.

2.5. Ethical Considerations

Our study design was observational and did not require any examinations or
other interventions involving physical or psychological damage to the partici-
pants. Free and informed consent was accorded by the patients before being eli-
gible to be enrolled. To preserve confidentiality and anonymity, initials of first
and last name were used in the questionnaire. Information was recorded in a
secure database with an identification code assigned to each patient. Therapeutic

management based on the national COVID-19 guideline was provided.

3. Results
3.1. Epidemiological Characteristics of Patients

During the study period, 560 patients with COVID-19 were admitted to the ETC
of the DPH. Of those hospitalized, one had less than 24 hours of stay length and
three were under the age of 16 (2 newborns and a 9-year-old child). This re-
duced our study population to 556 patients. Most of them (43%) were from the
first wave of the pandemic which was longer with duration of 7 months. The
second and third waves lasted 6 months and 5 months, respectively. The rate of
patients’ admissions over time, represented in Figure 1, was similar to the na-
tional epidemiological curve of the pandemic with hospitalization peaks in Au-
gust 2020 for the first wave, January 2021 and July 2021 for the second and third
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Figure 1. Distribution of patients with COVID-19 according to months of admission to the
ETC of DPH (April 2020-September 2021): N = 556.
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wave, respectively.

The mean age of the study population was 57 years + 17 years and the most
represented age group during all three waves was that of more than 60 years with
a global proportion of 48%. Patients of the second and third wave were slightly
older with respective mean ages of 60 * 15 years and 58 years + 16 years versus
53 years + 18 years for those of the first wave. There were persistently more men
than women during the whole three waves with a global sex ratio of 1.26
(310/246). More than half of patients had at least one comorbidity and the most
represented remained high blood pressure and diabetes with global proportions
of 31% and 26%, respectively (Table 1).

Table 1. Epidemiological characteristics of patients with COVID-19 at the ETC of DPH
(April 2020-September 2021).

Global

Epidemiological ] 1*wave 2™ wave 3" wave
characteristics population N=239* N=216* N=101~
N =556~
Age (years) 57 £17 53 +18 60 + 15 58 + 16
Age groups (years)
[18 - 40] 106 (19%) 71 (30%) 19 (8.8%) 16 (16%)
[40 - 60] 182 (33%) 67 (28%) 79 (37%) 36 (36%)
> 60 268 (48%) 101 (42%) 118 (55%) 49 (49%)
Sex
Female 246 (44%) 101 (42%) 96 (44%) 49 (49%)
Male 310 (56%) 138 (58%) 120 (56%) 52 (51%)
Marital status
Singles 47 (11%) 38 (16%)  7(42%) 2 (8.3%)
Divorced 25 (5.9%) 9(3.8%)  15(9%) 1 (4.2%)
Married 325 (76%) 178 (75%) 128 (77%) 19 (79%)
Widowed 30 (7%) 12 (5.1%) 16 (9.6%) 2 (8.3%)
Marital regime
Monogamy 86 (66%) 55(73%) 21 (50%) 10 (71%)
Polygamy 45 (34%) 20 (27%) 21 (50%) 4 (29%)
Smoker 35 (6.3%) 18 (7.5%) 14 (6.5%) 3 (3.0%)
Comorbidities 318 (57%) 131 (55%) 130 (60%) 57 (56%)
High blood pressure 171 (31%) 68 (28%) 73 (34%) 30 (30%)
Diabetes 147 (26%) 61 (26%) 56 (26%) 30 (30%)
Obesity 14 (2.5%) 5(2.1%)  4(1.9%) 5 (5.0%)
Asthma 39 (7%) 17 (7.1%) 20 (9.3%) 2 (2.0%)
COPD 8 (1.4%) 3(1.3%)  4(1.9%) 1(1.0%)
heart disease 24 (4.3%) 9 (3.8%) 11 (5.1%) 4 (4.0%)
Chronic Kidney disease 8 (1.4%) 2 (0.8%) 5(2.3%) 1 (1.0%)

*Mean (m) + standard deviation (sd); n (%).
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3.2. Clinical Features

Of the total patients enrolled in the study, 533 (95.9%) were symptomatic [1*
wave: n = 223 (93.3%), 2™ wave: n = 209 (96.8%), 3" wave: n = 101 (100%)]. The
median delay in diagnosis was 6 days with an IQR of 9 days - 4 days distributed
as follows: 1% and 2™ wave (medians = 6 days; IQR = 9 days - 4 days), 3 wave
(median = 7 days; IQR = 9 days - 4 days). The mean temperature of the global
population was 36.7°C + 0.73 and 47 (8.8%) had high temperature on the day of
admission (T°C > 38°C). This hyperthermia was more present in the third wave
with a rate of 16%. The main room air saturation was 94% + 7% and 125 (22.4%)
had severe COVID-19 with a room air SaO, < 90% on the day of admission.
there was a gradual decline during average of SaO, at admission over time from
94% * 6% during the first wave to 92% * 6% during the second wave and then
90% + 10% during the third wave. The predominant symptoms remained the
same in the three waves of the pandemic and were fatigue, cough and fever, pre-

sent in more than half of patients for each of these clinical signs (Table 2).
3.3. Laboratory Parameters
In terms of laboratory values, the median rate of CRP in the global study population

Table 2. Clinical characteristics of patients with COVID-19 at the ETC of the DPH (April
2020-September 2021).

Clinical features Global population 1% wave 2 wave 3" wave
N =556* N =239 N=216* N=101%
Vital signs
Temperature ("C) 36.70 £ 0.73 36.77 £0.71 36.52 £0.67 36.85+0.83
High temperature 47 (8.8%) 22 (9.2%) 9 (4.5%) 16 (16%)
Sa0, (%) 93+ 7 94+ 6 92+6 90 + 10
Sa0, < 90% 125 (22.4%) 35(14.6%) 52 (24.1%) 38 (37.6%)
Symptoms
Fatigue 321 (58%) 141 (59%) 117 (54%) 63 (62%)
Cough 319 (57%) 139 (58%) 117 (54%) 63 (62%)
Fever 289 (52%) 133 (55.6%) 92 (42.6%) 64 (63.4%)
Arthromyalgia 266 (48%) 110 (46%) 113 (52%) 43 (43%)
Headaches 233 (42%) 115 (48%) 74 (34%) 44 (44%)
Dyspnea 176 (32%) 73(31%) 67 (31%) 36 (36%)
Ageusia 84 (15.1%) 43 (17.9%) 28 (12.9%) 13 (12.9%)
Anosmia 94 (16.8%) 45 (18.8%) 33 (15.2%) 16 (15.8%)
Sore throat 66 (12%) 38 (16%) 21 (9.7%) 7 (6.9%)
Rhinorrhea 64 (12%) 31(13%) 24 (11%) 9 (8.9%)

*Mean (m) + standard deviation (sd); n (%).
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Cumulative death rate

was 62 mg/L (IQR = 125 mg/L - 18 mg/L) and positive CRP (>6 mg/L) was
noted in 87% of them (369/424). The measurement of d-dimers rate, carried out
in 246 patients, showed a median of 360 IU/L (IQR = 1120 UI/L - 174 UI/L) and
26.8% of them had a rate of d-dimers > 1000 IU/L. CRP positivity gradually in-
creased over time with proportions of 70% at the first wave, 83% at the second
and 87% at the third wave. As for the dosage of d-dimers, it was only carried out
in 4 patients during the first wave, of which the 3 (75%) had a rate = 1000 IU/L.
However, this level of d-dimer > 1000 IU/L was found in 31% (28/90) during the
third wave and in 23% (35/152) during the second wave.

3.4. Clinical Outcome

The mean duration of hospitalization was 10 days + 5 days (1" wave: m + sd = 13
days + 5 days; 2" wave: m + sd = 8 days * 3 days; 3" wave: m + sd = 8 days + 5
days). Over one month of follow-up time, 41 patients died, 7e. a cumulative
death rate of 7.4% (Figure 2) (1" wave = 6.3% (15/239); 2™ wave = 5.1%
(11/216) and 3™ wave = 14.9% (15/216). dead patients were most frequently re-
ported in the first ten days of hospitalization (32, ie. 78% of all death).
Twenty-one patients (3.8%) were transferred to intensive care, of whom nine
(42.9%) died.

3.5. Risk Factors for Death

3.5.1. Bivariate Analysis
¢ Epidemiological factors

In Log Rank test, the epidemiological risk factors for COVID-19 related death
identified were: the third wave of the pandemic, advanced age, presence of at
least one comorbidity and high blood pressure (Figure 3). The cumulative risk
of death was 14.9% in third wave patients versus 6.3% and 5.1% in second and

first wave patients, respectively (p = 0.0065). This risk was 11.2% in patients with
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Figure 2. Cumulative death rate of patients with COVID-19 over time of follow-up at the
ETC of the DPH (April 2020-September 2021; N = 556).
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Figure 3. Instantaneous death rate of patients with COVID-19 at the ETC of DPH according to the waves of the pandemic (a), age
groups (b), comorbidities (c) and high blood pressure (d) (April 2020-September 2021; N = 556)

60 years of age versus 3.8% in patients under 60 years of age (p = 0.00098). Pa-
tients who presented at least one comorbidity appeared to be more at risk to die
than those who did not (9.4% vs 4.6%; p = 0.034). Among patients with comor-
bidities, those with high blood pressure were more likely to die than non-high
blood pressure patients (11.1% vs 5.7%, p = 0.026).
¢ Biological factors

In bivariate analysis, COVID-19 patients with CRP rate > 12 mg/L (9.1% vs
1.1%, p = 0.014) as well as those with d-dimer rate > 1000 IU/L (21.2% vs 3.8%,
p < 0.0001) were at higher risk to death (Figure 4).

3.5.2. Multivariate Cox Regression

After adjusting for potential confounding variables by multivariate Cox model,
advanced age [aHR = 2.6, 95% CI = 1.23 - 5.85, p = 0.013] and third wave of the
pandemic [aHR = 2.25, 95% CI = 1.08 - 4.68, p = 0.03] were significant risk fac-
tors for COVID-19-related deaths (Table 3). The risk of death in third wave pa-
tients was more than 2 times higher than that of the first wave patients. Com-
pared with the second wave, risk of death during the third wave was 3 times
higher (aHR = 3.12, 95% CI = 1.41 - 6.92, p = 0.005). Patients over the age of 60
years were 2.7 times more likely to die than patients under the age of 60. Other

potential explanatory factors were assessed in this multivariate cox regression
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Figure 4. Instantaneous death rate of patients with COVID-19 at the ETC of DPH according to CRP rate ((a); n = 451), and
d-dimers rate ((b); n = 446) (April 2020-September 2021; N = 456).

Table 3. Multivariate Cox analysis of risk factors for COVID-19 related death at the ETC
of DPH (April 2020-September 2021).

Characteristics
Waves

1t

2nd

3
Sex

Female

Males
Age > 60 years

No

Yes
Comorbidity

No

Yes
CPOD

No

Yes
Asthma

No

Yes
Heart disease

No

Yes

aHR' 95% CI' p-value
0;2 [0.33,_1.58] 0.4
2.25 [1.08, 4.68] 0.030
1._29 [0.66,_2.51] 0.5
2;8 [1.23,_5.85] 0.013
1._29 [0.49,_3.37] 0.6
1;0 [0.13,_7.61] >09
1._26 [0.37,_4.35] 0.7
1;3 [0.39,_4.47] 0.6
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Continued

High blood pressure

No — —

Yes 1.19 [0.54, 2.60] 0.7
Chronic kidney disease

No — —

Yes 1.44 [0.19, 10.8] 0.7
Obesity

No — —

Yes 2.72 [0.78, 9.44] 0.12
Diabetes

No — —

Yes 1.02 [0.48, 2.17] >0.9

'aHR = adjusted Hazard Ratio, CI = Confidence Interval.
without evidence of significant link with COVID-19 related death.

4. Discussion

In this present prospective survival study including 556 patients with COVID-19
hospitalized at the ETC of the DPH, we first comparatively describe the first
three waves of the pandemic. We subsequently determined the cumulative risk
of COVID-19 related death over one month of follow-up time for each patient
which was 7.4%. The risk factors for death identified in multivariate Cox model
were: advanced age (=60 years) and the third wave of the pandemic. High rates
of CRP and d-dimers appeared to be risk factors for COVID-19 related death in
bivariate analysis but could not be assessed in the multivariate model due to
numerous missing values on these variables. Other Known risk factors for death
in the first wave such as hypertension, diabetes or other comorbidities [10] [11]
[12] didn’t appear to be linked with death in multivariate analysis of our study.
This may make us think that there would be fewer differences in terms of death
according to the presence or the absence of comorbidities in second and third
waves’ COVID-19 patients.

4.1. Cumulative Death Rates

The cumulative risk of death during the three waves of the COVID-19 pandemic
in this study was 7.4% broken down as follows: 6.3%, 5.1% and 14.9% in the
first, second and third waves, respectively. Since the beginning of the pandemic,
varied hospital mortality rates have been reported in the literature. Although
similar results to ours were found during the first wave in COVID-19 care cen-
ters in sub-Saharan Africa such as Sudan and Congo (4.8%) [13], Bissau Guinea

and Burkina (5%) [10], higher death rates were noted in other African countries
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in that same period such as Gabon (9.8%) [11]. Conversely, in a public COVID-19
care facility in South Africa, a lower cumulative risk of death (2.8%) was found
during the first wave of the pandemic [12]. Differences in several points may ex-
plain variations noted in hospital mortality of the disease. These may be related
to COVID-19 guidelines which were not clearly codified at the start of the pan-
demic, COVID-19 Care centers performances, COVID-19 severity of in-patients,
genetic or socio-cultural characteristics. However, evidence suggests that risk of
hospital death from the disease seemed to be higher in developed countries. In a
Mexican study conducted in a COVID-19 care facility on March 2020, a mortal-
ity rate of 10.33% was noted [14]. In France, one out of five patients hospitalized
for this infection died during the first wave [15]. This confirms the epidemiol-
ogical trend according to which there is significantly a lower morbidity and
mortality burden of COVID-19 in Africa. This scenario could be mainly in link
with the fact that the African population is much younger, with a lower rate of
non-communicable comorbidities. Dry weather in most of the African countries,
not in favour of the virus survival is also mentioned by some authors as a hy-
pothesis [16].

4.2. Risk Factors
e The third wave of COVID-19

In our study, patients from the 3" wave of the pandemic were over 2 times
more likely to die than those from the first wave. This risk was 3 times higher
than that of second-wave patients. The third wave of the pandemic in Senegal, as
in many other African countries, corresponded to the predominant circulation
of delta variant of SarsCov2 which is known worldwide to be the most conta-
gious and fatal variant. In a study conducted in Algeria, Touahri R ef al under-
lined that mortality rate of COVID-19 patients from the third wave (corre-
sponding to the delta variant of SarsCov2) was significantly higher than that of
the first two waves (18% versus 3%, p < 0.001) [17]. Similar result was demon-
strated by Bast E ef al in the United States among not vaccinated patients with a
risk of delta variant related death which was multiplied by 2 compared to pa-
tients from the pre-delta period [18]. In fact, delta variant (B.1.617.2) presents 23
mutations out of which 12 relate to the protein spike (S) of SarsCov2. S Protein
allows the virus to bind to the ACE2 receptors and also is the target of the host
immune system. Mutations in this S protein therefore facilitate its rapid replica-
tion and its immune escape [19]. These two events could explain the severity and
increased mortality of patients infected with delta variant of the virus. In addi-
tion, the rate of patients’ admissions to COVID-19 care centers in Senegal was
much higher during the third wave with a rapid saturation of hospital beds. This
was the cause of exhaustion of medical staff and problems in transferring severe
cases to dedicated intensive care units.

e Advanced age

Our study shows that patients older than 60 years of age were 2.7 times more
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at risk to die than patients under 60. In most studies, both in Africa and on other
continents, advanced age represents the leading risk factor of death in
COVID-19 patients. A similar link has already been underlined in a multicentre
study in Senegal during the first wave of the pandemic [20]. Kombila UD et a/ in
Gabon showed that patients with COVID-19 aged over 65 were at higher risk of
dying than patients under 65 (OR = 4.632; 95% CI [2.243 - 9.565]; p < 0.001)
[12]. Similarly, in a multicentre study conducted in Guinea and Burkina Faso,
COVID-19 patients older than 60 died significantly more than patients under 60
(OR = 2.9; 95% CI [1.7 - 4.8]) [11]. Chiquete E, et a/ had identified in Mexico
that age over 40 was the first epidemiological risk factor for death in patients
with COVID-19 (HR = 4.21; 95% CI [3.59 - 4.93]) [14]. This same trend was re-
ported in China by Zhang Y ef al in patients over 80 years old with COVID-19
(HR = 12.58; 95% CI [6.78 - 23.33]) [21]. The link between advanced age and
occurrence of death is easily explained by the weakness of the immune system
and the higher rate of comorbidities in the elderly, which make them more vul-
nerable to this infection.
e High rates of CRP and d-dimers

Even though biological parameters were not taken into account in the multi-
variate Cox regression due to the high number of missing values on these vari-
ables, bivariate analysis showed that the risk of death was increased by CRP rate
> 12 mg/L (9.1% vs 1.1%, p = 0.014) and d-dimer rate > 1000 IU/L (21.2% vs
3.8%, p < 0.0001). Similar results were found by French authors. Nancy’s medi-
cal staff showed that a high level of d-dimers at the day of admission (HR = 3.6
[1.1 - 12.3]; p = 0.037)) or an initially low level of d-dimers with a rapid increase
during hospitalization (HR = 18.1; [4.3 - 76.2], p < 0.0001) increased the risk of
death in patients with COVID-19 [22]. In Dijon, Sixt T ef al. found that patients
hospitalized for COVID-19 with a worseness of the disease had a significantly
higher CRP rate (average 127 mg/L vs 80.3 mg/L, p < 0.001) [23]. However, it
has been shown by other authors that an increased CRP rate may not be a reliable
indicator of COVID-19 severity [24]. D-dimers are degradation products from fi-
brin which can testify to frequent thromboembolic events in patients with
COVID-19, often cause of death. They are also, as well as CRP, non-cytokine in-
flammatory parameters that are highly produced in severe and critical COVID-19
[25].

4.3. Limitations of the Study

Despite the results globally corroborate literature data, this study presents a
number of limitations. Firstly, it was conducted in a single COVID-19 care cen-
ter in Senegal. That didn’t allow a statistical inference. Secondly, routine bio-
logical parameters measurements such as CRP and d-dimers were not carried
out consistently during the first wave of the pandemic because of biosafety fear
of blood samples. We were therefore unable to assess these two potentially ex-

planatory biological parameters for death in the multivariate model, due to a
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high number of missing values for these variables. Finally, even if there was a
predominant presence of beta and delta variants of Sars-Cov2 during the second
and third waves respectively, this predominance varied from one area to an-
other. It may then be difficult to compare our results with other reported data in

the literature according to the order of waves.

5. Conclusion

Our study showed that patients with COVID-19 who were elderly or infected
during the third wave of the pandemic had an increased risk of death. high rate
of CRP and d-dimer may also be risk factors for death in these patients. It is
therefore necessary to take into account these prognosis factors of death for a
better management of COVID-19 in-patients.
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