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Abstract

Introduction: The COVID-19 pandemic has affected all provinces of the Democratic Republic of Congo, particularly the
city of Goma (North Kivu). The effective crude fatality ratio in the DRC was 1.93%, while in Goma it was 7.4%. This study
determined the apparent crude fatality ratio in the COVID-19 treatment centre and identified the predictors of COVID-19-
related deaths within 30 days of hospitalisation in the city of Goma.

Methods: A historical cohort study was conducted on patients hospitalised for COVID-19 in Goma’s COVID-19 Treatment
Centres with self-medication as the exposure factor. The minimum calculated sample size was 356 individuals. SARS-CoV-
2 infection was confirmed by RT-PCR, and the WHO definition was used for confirmed deaths. Cox regression identified
independent predictors of COVID-19 death in Goma. We included 400 medical records of hospitalised COVID-19 patients.
Results: The apparent crude fatality ratio was significantly higher in hospitalised patients exposed to self-medication at
50% (95% CI:32.06%-67.94%) compared to 20% (95% CI:16.19%-24.55%, p-value <0.001) among non-exposed. Cox
regression identified the following death predictors: diabetes mellitus (aHR=2.92, 95% CI:1.40-3.43, p < 0.001); self-
medication (aHR=1.90, 95%CI:1.01-3.59, p=0.048); being unemployed (aHR = 6.65, 95% CI:1.37-32.26, p=0.019); age >
60 years (aHR=2.92, 95% CI: 1.17-7.27, p=0.021); complications including respiratory failure (aHR=39.56, 95% CI: 6.25-
250.21, p < 0.001); heart failure (aHR=24.86, 95% CI: 3.65-169.37, p=0.001); thromboembolic diseases (aHR=25.75, 95%
CI: 1.51- 439.18, p=0.025); stroke (aHR = 48.77, 95% CI: 6.11-389.66, p < 0.001); systemic inflammatory response syndrome
(aHR=63.18, 95% CI: 10.03-397.87, p < 0.001); and drug reaction (aHR=99.49, 95% CI:10.81-915.60, p < 0.001).
Conclusions: Advanced age beyond 60 years, self-medication, a history of diabetes mellitus, unemployment, and the
occurrence of complications are predictors of death related to COVID-19 within 30 days of hospitalisation. Development
of policies to protect vulnerable people (aged >60 years, those with chronic diseases and the poor) and a communication
program to change behaviour towards self-medication could reduce COVID-19 fatality in Goma.
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Introduction
Since the emergence of the novel coronavirus
SARS-CoV-2 (severe acute respiratory syndrome

coronavirus 2), also known as “Coronavirus Disease 2019”
(COVID-19), the world has faced an unprecedented health
crisis. The rapid increase in hospitalisations for severe
COVID-19 forms has strained the healthcare system. As of
January 22, 2020, the WHO had received dozens of alerts
from 20 countries regarding possible infections by the new
coronavirus. In Africa, 16 countries, including the DRC,
reported persons under investigation (PUI) for COVID-19
[1,2].

The DRC reported its first confirmed COVID-19 case on
March 10, 2020, involving a Congolese individual living in
France who returned to the country on March 8, 2020,
making it the 11th African country affected by COVID-19
[2]. North Kivu province reported its first confirmed
COVID-19 case on April 1, 2020, in Goma, and on April 2
in Beni, both cases being foreign truck drivers. As of
August 31, 2021, the cumulative global COVID-19 cases
were 216,867,420 with 4,507,837 deaths, a crude case
fatality rate of 2.08%. In Africa, there were 5,580,789
confirmed cases and 135,182 deaths, a case fatality rate of
2.42%. The DRC reported 54,863 confirmed cases with
1,059 deaths, a fatality rate of 1.93%. In North Kivu, 6,794
people tested positive for COVID-19, with 500 deaths, a
fatality rate of 7.4%, with about 80% of deaths in North
Kivu occurring in the Goma, Karisimbi, and Nyiragongo
health zones [2,3].

Interventions to reduce COVID-19 mortality in North Kivu
included establishing a diagnostic centre for early
diagnosis and management, though this strategy did not
reduce the mortality rate to the national average.
Complementary measures included lockdown, awareness
campaigns, supply and logistical support, training, and free
healthcare provided by the central government.
Additionally, the vaccination campaign started in the DRC,
and particularly in North Kivu, on April 19, 2021, did not
seem effective due to community reluctance. By August
17,2021, North Kivu had vaccinated only 6,500 people [2].
This suggests a continued transmission of the disease and,
consequently, a persistence of high lethality. Based on the
aforementioned, the COVID-19 crude fatality rate in the
North Kivu Province is higher than the national average,
making it the second most affected province after the
city-province of Kinshasa.

The COVID-19 epidemic created widespread psychosis
and anxiety among the population in sub-Saharan Africa
[4]. This could be linked, on the one hand, to the high
mortality observed in some countries, such as Italy and
Spain, and on the other hand, to the lack of technical
resources to combat the disease in sub-Saharan Africa [5].
Regarding the African continent, the WHO indicated that it
fears the worst, as even the better-resourced health-care
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systems of developed countries have faced enormous
difficulties in dealing with the epidemic [6]. Faced with
this situation and the widespread misinformation on social
media, many plants and substances without the minimum
requirements of efficacy and tolerance have been proposed
to treat or prevent COVID-19 [7]. The use of these
substances without medical advice is considered
self-medication, which is defined as taking medicines,
herbs or home remedies on one’s own initiative or on the
advice of another person without consulting a medical
doctor [8]. In Kinshasa city, DRC, the population,
distraught and on its own initiative, has heavily resorted to
certain traditional pharmacopoeia recipes:  this is
self-medication. These recipes, which are reputed to cure
certain symptoms of COVID-19, have not brought only
happiness; several cases have resulted in death and other
inconveniences [9].

There is an abundant literature on predictors of COVID-19
mortality, but self-medication as a predictor of COVID-19
mortality has not yet been thoroughly investigated to the
best of our knowledge. Several studies have highlighted the
prevalence of self-medication and associated factors in
patients suffering from COVID-19 worldwide and in
Africa [5,10,11,12,13].

There is a need to identify the predictors of death linked to
COVID-19 in the 30 days of hospitalisation for COVID-19
in the city of Goma. We hypothesised that self-medication
was the principal reason for the high mortality rate in the
city of Goma. The objective of this study was to determine
the apparent crude fatality ratio in the COVID-19 treatment
centre in Goma and identify the predictors of COVID-19-
related deaths within 30 days of hospitalisation in the city
of Goma.

Methods

Study design

A retrospective cohort study was conducted from March 1,
2020, to September 31, 2021. The study population
included all patients hospitalised and confirmed positive by
Reverse Transcriptase Chain Reaction (RT-PCR) in the
CTCo of Goma. This study was conducted in four
COVID-19 Treatment Centres (CTCo) in the Goma and
Karisimbi health zones in Goma city: North Kivu
Provincial Reference Hospital, Charité Maternelle General
Reference Hospital, Virunga General Reference Hospital,
and Kyeshero Hospital Centre.  The statistical unit
consisted of patients hospitalised for COVID-19 and who
tested positive for RT-PCR in the CTCo of Goma. We
excluded patients whose medical records were not found.
A total of 400 medical records were retrieved.
Self-medication was considered the exposure factor.
Patients were divided into two groups: 26 self-medicated
and 374 non-self-medicated patients. Data were collected
by the authors, all of whom are physicians.
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Data collection

Data were collected using a data collection form from
patients’ records after identifying COVID-19 positive
patients in the hospitalisation register. Data were daily
encoded into Epidata software after verification and
validation, and analysed using R 4.3.3 software. Missing
values for the Cox model were handled by multiple
imputation using the MICE (Multiple Imputation by
Chained Equations) algorithm.  Age, Systolic Blood
Pressure, Diastolic Blood Pressure, Oxygen Saturation,
Temperature, C-Reactive Protein concentration, White
Blood Cell Count, Granulocyte Count, and Blood Glucose
Concentration were categorised before statistical analysis.
The dependent variable was the time to death occurrence
within 30 days of hospitalization.  Predictor variable
included: Age, Sex, Profession, History of Hypertension,
History of Diabetes Mellitus, History of HIV, History of
Heart Disease, Respiratory Rate, Heart Rate, Systolic
Blood Pressure, Diastolic Blood Pressure, Duration
between symptom onset and treatment initiation, Clinical
stage at admission, Oxygen Saturation, Acute Respiratory
Distress Syndrome, Temperature, Presented Complications,
Malaria Coinfection, C-reactive Protein concentration
(mg/l), White Blood Cell Count, Granulocyte Count,
Blood Glucose Concentration (mmol/l). The time to death
was calculated from admission to CTCo until death,
discharge, or the end of the study.

Sample size computation

The minimum size of statistical units to be included in the
study was calculated using the OpenEpi software for a
cohort study. We considered the relative risk of 3 for

COVID-19 mortality for the importance in public health.

Significance threshold: 5%, expected proportion of cases
in the unexposed group: 5%, expected proportion of cases
in the exposed group: 14%, Power: 80%, i.e. B = 0.2,
confidence interval:95%, RR : 3. Therefore, the total
sample size computed was 356 patients.

Statistical analysis

Descriptive statistics were used to summarise the data.

Numeric variables, after normality verification by the
Shapiro test at a=0.05, were summarised by median with
interquartile range (IQR) and compared using the
non-parametric Wilcoxon test at a=0.05. Categorical
(qualitative) data were presented as frequencies and
percentages and compared using the Chi-square or Fisher’s
test as appropriate. Kaplan-Meier curves assessed survival
after exposure, and the Log Rank test compared different
survival curves. Stepwise Cox regression evaluated
predictors associated with the instantaneous risk of death,
and the Akaike Information Criterion (AIC) chose the
best-fitted model. Variables associated with the
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instantaneous risk of death in the bivariate analysis were
selected for the multivariate model. Associations were
established by calculating Hazard Ratios and their
confidence intervals. Hypothesis testing was conducted at
a=0.05. Model validity was verified by proportional
hazards over time based on Schoenfeld residual analysis,
with no predictor presenting a p-value < 0.05.
Multicollinearity was checked, and the Cox model
variables, after excluding those with VIF (Variance
Inflation Factor) > 5, presented a group Variance Inflation
Factor (GVIF) < 5.  Variables retained in the Cox
regression included: Age, History of chronic diseases
(Diabetes Mellitus, Hypertension, Heart Disease), Sex,
C-reactive Protein, Profession, Oxygen Saturation,
COVID-19-Malaria Coinfection, Oxygen Saturation, and
self-medication, complications.

Table 1. Sociodemographic characteristics and medical history of
hospitalised COVID-19 patients in Goma City from March 2020 to
September 2021

Characteristic Overall, N = 400 Self-medication p-value
No,N =374 Yes,N=26
Length of hospital stay, median (IQR) 9(6, 13) 10 (6, 13) 6(2,10) 0.011
Status, n (%) <0.001
Alive 312 (78) 299 (80) 13 (50)
Deaths 88(22) 75 (20) 13 (50)
Age in years, median (IQR) 50 (34, 65) 50 (34, 65) 59 (43, 68) 0.065
Age (years), n (%) 0.4
<20 11(2.8) 11(2.9) 0(0)
20-39 127 (32) 122 (33) 5(19)
40-59 115 (29) 107 (29) 81
>60 146 (37) 133 (36) 13 (50)
Gender of patient, n (%) 0.8
Female 162 (41) 151 (40) 11(42)
Male 238 (59) 223 (60) 15 (58)
Civil status, n (%) 0.3
Married or common-law 161 (64) 147 (64) 14 (70)
Single 56 (22) 54 (23) 2 (10)
Divorced or separated 1(0.4) 1(0.4) 0(0)
Widower 33(13) 29 (13) 4(20)
Profession, n (%) 0.5
Healthcare professional 39 (13) 38 (14) 1(4.3)
No profession 121 (40) 111 (40) 10 (43)
Others 140 (47) 128 (46) 12(52)
History of hypertension, n (%) 0.8
No 239 (70) 221 (69) 18 (72)
Yes 104 (30) 97 (31) 7(28)
History of diabetes mellitus, n (%) 0.8
No 256 (75) 238 (75) 18 (72)
Yes 87 (25) 80 (25) 7(28)
History of HIV, n (%) 0.089
No 329 (98) 306 (98) 23(92)
Yes 7(2.1) 5(1.6) 2(8.0)
History of heart disease, n (%) 0.6
No 322 (96) 297 (96) 25 (100)
Yes 13(3.9) 13 (4.2) 0(0)

Data are presented as median (IQR) or n (%). P-values were calculated using
Wilcoxon rank-sum test for continuous variables and Pearson’s Chi-squared test or
Fisher’s exact test for categorical variables.

Ethical consideration

This study took place after the Kinshasa School of Public
Health gave authorization of the research, which was
presented to the Provincial Division of Health / North Kivu
and to the Central Office of the Health Zone of Goma and
Karisimbi for their approval. The protocol was then
approved by the ethics committee of the Kinshasa School
of Public Health (ESP/CE/132/2024). With regard to
informed consent, we did not have any contact with the
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patients, so no biological procedures were used in the
collection or processing of the data. The use of the results
of this study will be limited to the strict exploitation related
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Table 2. Clinical characteristics of hospitalised COVID-19
patients in Goma City from March 2020 to September 2021

Characteristic Overall, N = 400 Self-medication

to its Ob_] ectives. No,N=374  Yes,N=26 p-value
Respiratory rate, median (IQR) 22(20,27) 22 (20, 26) 26 (20, 36) 0.077
Heart rate, median (IQR) 92 (81, 105) 92(81,105 98 (86, 110) 0.2
Systolic blood pressure, median (IQR) 127 (113, 142) 127 (114, 142) 129 (112, 151) 0.7
Strata - df STAD_ADM= Stade léger ~+ df STAD_ADM=Stade crifique ~+ df.STAD_ADM=Stade modéré -~ df STAD_ADM=Stade sévére Diastolic blood pressure, median (IQR) 80 (70, 90) 80 (70, 90) 80 (70, 87) 0.6
Duration between symptom onset and care, median (IQR) 43.7) 43.7) 7(3.12) 0.032
100% R Clinical stage at admission, n (%) <0.001
] Mild 132(33) 129 (34) 3(12)
Moderate 135 (34) 130 (35) 5(19)
Severe 105 (26) 90 (24) 15 (58)
Critical 28 (7.0) 25(6.7) 3(12)
75% Oxygen saturation, n (%) 0.020
- S0, 295% 161 (43) 156 (45) 5(19)
p S0, <90% 142 (38) 126 (36) 16 (62)
> S0, 90-94% 73 (19) 68 (19) 5(19)
g Acute respiratory distress syndrome, n (%c) 0.002
o s0% No 301 (75) 288 (77) 13 (50)
b Yes 99 (25) 86 (23) 13 (50)
5 Temperature, n (%o) 0.030
2 Normal 280 (71) 267 (73) 13 (50)
& Hypothermia 6(1.5) 6(1.6) 0(0)
25% Fever 106 (27) 93 (25) 13 (50)
p <0.0001 Obesity status, n (%) 08
No 332 (89) 308 (89) 24 (92)
Yes 271 40(11) 2(1.7)
Complications, n (%) 0.002
0% Not documented / None 243 (61) 236 (63) 727
5 Py %0 o failure 112 (28) 100 (27) 12 (46)
Temps en jours Heart failure 7(1.8) 5(1.3) 2(17)
Thromboembolic diseases 3(0.8) 3(0.8) 0(0)
Stroke 5(13) 5(13) 0(0)
. . . Lo SIRS 26 (6.5) 21(5.6) 5(19)
Figure 1. Survival of patients hospitalised for COVID-19 _ prugrection 308 308 0

according to clinical stage at admission in the city of Goma

Results

The apparent crude fatality ratio was 22% (95% CI:

18.11%-26.45%) in the CTCo of Goma city in our series.

Hospitalised COVID-19 patients who self-medicated had a
significantly higher apparent crude fatality rate than those
who did not self-medicate, at  50%  (95%
CI:32.06%-67.94%) versus 20% (95%
CI:16.19%-24.55%), with a p-value < 0.001 (Table 1).

The median age of the studied population was 50 years
(IQR: 34-65). There was no age difference between
COVID-19 patients exposed to self-medication and those
not exposed; however, the median age of survivors was 45
years (IQR: 31-61), significantly different from the median
age of non-survivors, which was 65 years (IQR: 56-74)
with a p-value < 0.001 (Table 1).

The median stay of all hospitalised COVID-19 patients was
9 days (IQR: 6-13). The median stay of hospitalised
patients exposed to self-medication was 6 days (IQR: 2-10),
while it was 10 days (IQR: 6-13) for those not exposed to
self-medication, with a p-value of 0.011 (Table 1). Males

constituted 59% of all hospitalised COVID-19 patients.

Married individuals and/or those in free unions comprised
64% of the sample. In our series, 13% of hospitalised
COVID-19 patients were health professionals, 40% were
unemployed, and 47% belong to other professions. (Table
1). In our series, 30% hospitalized had Hypertension, 25%
had diabetes mellitus, and 2.1% were living with HIV
(Table 1).

The duration between the onset of symptoms and treatment

of hospitalised COVID-19 patients in Goma city was
significantly longer in patients exposed to self-medication
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Data are presented as median (IQR) or n (%). P-values were calculated using the
Wilcoxon rank-sum test for continuous variables and Fisher’s exact test or Pearson’s
Chi-squared test for categorical variables.

compared to those not exposed to self-medication, with
respective durations of 4 days, IQR (3-7) and 7 days, IQR
(3-12), p-value 0.032 (Table 2). The clinical stage at
admission of COVID-19 patients was influenced by
self-medication. Patients exposed to self-medication were
admitted at severe and critical stages of the disease at 58%
and 12%, respectively, while those not exposed to
self-medication were admitted at these stages at 24% and
6.7%, respectively, p-value < 0.001 (Table 2). Among
hospitalised COVID-19 patients, 62% ot those who
self-medicated had oxygen saturation levels below 90%
compared to 36% among those who did not self-medicate.
This was statistically significant (Table 2).

Acute respiratory distress syndrome (ARDS) was observed
in 50% of hospitalised COVID-19 patients who were
self-medicated, compared to 23% of those who were not
self-medicated, p-value 0.002 (Table 2). Fever was
observed in 50% of COVID-19 patients who were
self-medicated, compared to 25% of those who were not,
p-value 0.030 (Table 2).

Patients exposed to self-medication developed significantly
more complications compared to those not exposed to
self-medication. Acute respiratory failure occurred in 46%

of self-medicated patients compared to 27% in
non-self-medicated patients, systemic inflammatory
response syndrome (SIRS) occurred in 19% of
self-medicated  patients compared to 5.6% in

non-self-medicated patients, and acute heart failure
occurred in 7.7% of self-medicated patients compared to
1.3% in non-self-medicated patients (Table 2). C-Reactive
Protein 26 mg/l was present in 100% of COVID-19
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Probabité de survie

p=0.00025

Temps en jours

Figure 2. Survival of patients hospitalised for COVID-19 by
exposure to self-medication in the city of Goma

patients exposed to self-medication, compared to 83%
among non-self-medicated patients, p-value 0.047 (Table
3). In self-medicated COVID-19 patients, abnormal
granulocyte levels were observed in 57% of cases as
hypergranulocytosis and 9.5% as hypogranulocytosis,
whereas these abnormalities were significantly less
frequent in patients who did not self-medicate (Table 3).

The cumulative 30-day survival probability is proportional
to the stage of the disease at admission. Specifically, the
mild stage had a 100% survival probability at 30 days of
hospitalisation, whereas the critical stage had a 10%
survival probability at 17 days of hospitalisation and 30%
for the severe stage of the disease (Figure 1). Exposure to
self-medication was associated with a decreased survival
probability in the first week, with a 45% survival rate
compared to 90% survival for patients not exposed to

traditional products during the same period (Figure 2).

Hospitalised COVID-19 patients who had a positive
malaria test showed a cumulative survival probability of
90% at 16 days, while patients with a negative malaria test
had a 58% survival probability during the same period
(Figure 3)

Patients who consulted healthcare facilities within four
days of the onset of symptoms had better survival, 60% at
30 days of hospitalisation, than patients with COVID-19
who consulted more than four days after the onset of

symptoms, 50% at 30 days of hospitalisation (Figure 4).

After adjusting the Cox model, five independent predictors
were identified. Diabetes mellitus was found to be an
independent predictor of death among hospitalised
COVID-19 patients in the city of Goma with an adjusted
hazard ratio (aHR) of 2.92 (95% CI: 1.40-3.43), p-value <
0.001 (Figure 5).

Self-medication was an independent predictor of
COVID-19-related death within 30 days of hospitalisation
with an aHR of 1.90 (95% CI: 1.01-3.59), p-value 0.048
(Figure 5). Unemployment was an independent predictor of
COVID-19-related death within 30 days of hospitalisation
in the city of Goma. Unemployed patients had an aHR of
6.65 (95% CI: 1.37-32.26), p-value 0.019 (Figure 5). Age
> 60 years was a predictor of death with an aHR of 2.92
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(95% CI: 1.17-7.27), p-value 0.021, while the age group of
30-59 years had an aHR of 0.22 (95% CI: 0.07-0.74),
p-value 0.015 compared to the age group < 20 years
(Figure 5).

The occurrence of complications was an independent
predictor of COVID-19-related death within 30 days of
hospitalisation in the city of Goma. Specifically,
respiratory failure had an aHR of 39.56 (95% CIL:
6.25-250.21), p-value < 0.001, heart failure had an aHR of
2486 (95% CI:  3.65-169.37), p-value  0.001,
thromboembolic diseases had an aHR of 25.75 (95% CI:
1.51-439.18), p-value 0.025, stroke had an aHR of 48.77
(95% CI: 6.11-389.66), p-value < 0.001, systemic
inflammatory response syndrome had an aHR of 63.18
(95% CI: 10.03-397.87), p-value < 0.001, and drug
reaction had an aHR of 99.49 (95% CI: 10.81-915.60),
p-value < 0.001 (Figure 5).

Probabilité de survie en

p=0035

Temps en jours

Figure 3. Survival of those hospitalised for COVID-19 with
malaria comorbidity in the city of Goma)

Discussion

The primary objective of this study was to determine the
predictors of death within 30 days of hospitalisation for
COVID-19 patients in the city of Goma, in order to
contribute to reducing mortality rates. On this basis, we
highlighted the main predictors of mortality among
COVID-19 hospitalised patients in the city of Goma,
namely: self-medication, lack of professional occupation, a
history of diabetes mellitus and the occurrence of
complications during the course of the illness.

The apparent case-fatality ratio of COVID-19 among
patients hospitalized for COVID-19 is similar to the WHO
estimate of the apparent case-fatality ratio, which ranges
from less than 0.1% to up to 25%. [14] This apparent
crude fatality ratio could be overestimated, on the one
hand, because many less severe patients were treated either
at home or in private clinics and, on the other hand,
because of the greater probability of finding records of
patients who died than of patients who recovered in the
hospitals surveyed, linked to a lack of archiving.

Our study showed that advanced age was a predictor of
death within 30 days of hospitalization for COVID-19
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Strata D_DDS_Peat=<=djours == D_DDS_Pcat=>djours

100% p—

L___

75% |

50% _Ll—’

Probabilité de survie en %

p=0.043

0%

Temps en jours

Figure 4. Survival of those hospitalised for COVID-19 who
consulted health facilities within four days of the onset of
symptoms, and after four days of the onset of symptoms

patients.  Studies conducted in the DRC in Kinshasa
describe similar results [15,16]. Globally, a study
conducted in England showed that advanced age, starting
from 60 years, was the main risk factor for hospital
mortality in patients suffering from COVID-19 [17].
Results from the ISARIC WHO CCP-UK cohort in
England highlighted that age is a major contributor to high
mortality scores above 9.  Specifically, ages over 60
contribute 4 points, over 70 contribute 6 points, and over
80 contribute 7 points to the mortality score [17]. As with
every system in the body, natural ageing is accompanied by
progressive biological changes in the immune system,
some of which lead to its declining functions as evidenced
by increased susceptibility to respiratory infections such as
influenza and novel coronaviruses. On the other hand,
age-related immune-mediated inflammation or
inflamm-ageing, and associated inflammatory diseases,
increase with ageing. These changes, in concert with
comorbidities, render older individuals vulnerable to latent
or novel infections and lead to the observed increases in
morbidity and mortality of COVID-19 [18]. COVID-19 is
caused by SARS-CoV-2 (SC2) and is more prevalent and
severe in the elderly and patients with comorbid diseases
(CM). Because chitinase 3-like-1 (CHI3L1) is induced
during ageing and CM, the relationships between CHI3L1
and SC2 were investigated. This study demonstrated that
CHI3L1 is a potent stimulator of the SC2 receptor
angiotensin converting enzyme 2 (ACE2) [19]. In addition,
in the context of Goma, socio-economic-environmental
factors should be the subject of future research to elucidate
their impact on the lives of the elderly.

The category of unemployed individuals was a predictor of
mortality. This category is associated with low economic
income and aligns with the findings in England, which
highlighted low economic status as a risk factor for
COVID-19 mortality [17]. The risk of COVID-19-related
mortalitywas  substantially higher among younger
unemployed participants than among younger employed
participants in the corresponding age groups. Unemployed
females were more likely to die from COVID-19 infection
than employed females, and the magnitude of this
difference was greater than that between unemployed and
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Table 3. Biochemical characteristics of hospitalized COVID-19
patients in Goma City from March 2020 to September 2021

Characteristic Overall, N = 400 Self-medication
No,N=374 Yes,N=26 p-value
Malaria, n (%) >0.9
Negative 129 (88) 116 (87) 13(93)
Positive 18 (12) 17 (13) 1(7.1)
D-dimer concentration (ug/l), n (%) 0.7
<500 59 (72) 50 (70) 9(82)
>500 23(28) 21 (30) 2(18)
C-reactive protein concentration (mg/l), n (%) 0.047
<6 25 (15) 25(17) 0(0)
=6 138 (85) 119 (83) 19 (100)
‘White blood cell count, n (%) 0.076
4000-10000 129 (63) 118 (64) 11(52)
<4000 17 (8.3) 17.(9.3) 0(0)
>10000 58(28) 48 (26) 10 (48)
Granulocyte count, n (%) <0.001
550-7500 136 (67) 129 (71) 7(33)
<550 3(1.5) 1(0.5) 2(9.5)
>7500 64 (32) 52(29) 12(57)
Blood glucose concentration (mmol/1), n (%) >0.9
46 42(32) 38(33) 4(29)
<4 1(0.8) 1(0.9) 0(0)
>7 87 (67) 77 (66) 10 (71)
Creatinine concentration (umol/l), n (%) 0.2
M <120/F <100 71 (65) 61 (62) 10 (83)
M >120/F >100 39 (35) 37 (38) 2(17)
Chest radiograph, n (%) >0.9
Normal 4(7.3) 4(8.2) 0(0)
Bilateral lesions 47 (85) 41 (84) 6 (100)
Unilateral lesions 4(1.3) 4(8.2) 0(0)

Data are presented as n (%). P-values were calculated using Fisher’s exact test.

employed males [20]. Due to socioeconomic and cultural
factors, females are more likely to have part-time jobs and
lower wages than males. As a consequence, job loss may
pose more economic distress for females, which would
make it harder for them to afford the cost of COVID-19
treatment [20].

Diabetes mellitus is an independent predictor of mortality
in our series. These results are corroborated by a
meta-analysis including 33 studies (16,003 patients), which
found that diabetes was significantly associated with
COVID-19 mortality [16]. A WHO report reveals that in
the Democratic Republic of Congo, patients with
comorbidities of hypertension and/or diabetes mellitus
accounted for 85% of all COVID-19 deaths[14]. A cohort
study in Atlanta, US, and the OpenSAFELY database in the
UK have all confirmed diabetes mellitus as a risk factor for
COVID-19 mortality [17,21]. Several molecular
pathomechanisms may render patients with diabetes
vulnerable to COVID-19, as explained as follows.

Firstly, diabetes was associated with decreased phagocytic
activity, neutrophil chemotaxis, diminished T cell function,
and lower innate and adaptive immunity in general [22,23].
Furthermore, patients with diabetes had higher
angiotensin-converting enzyme-2 (ACE2) levels than the
general population. ACE2 serves as an entry receptor for
SARS-CoV-2 due to its high binding affinity, which is
expressed ubiquitously in human lung alveolar cells,
cardiomyocytes, vascular endothelium, and other various
sites. Consequently, SARS-CoV-2 has a high affinity for
cellular binding and viral entry with decreased viral
clearance [24].
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Thirdly, elevated glucose levels directly increase
SARS-CoV-2  replication  with  possible lethal
complications due to dysregulation of the immune system
and inflammatory response [25,26]. Lastly, there might be
direct implications between glucose impairment and

cytotoxic lymphocytes natural killer (NK) cell activity [27].

In DRC, 1.4 million people have been diagnosed with
diabetes by a health professional, with an unknown, but
certainly much larger number of Congolese living with
diabetes without knowing it, without diagnosis, and
therefore without treatment. Diabetes could be a mortal
danger for millions of people [28]. The high proportion of
people living with undiagnosed or poorly monitored
chronic hyperglycaemia could be one of the reasons for the
high COVID-19 mortality rate in the city of Goma. Future
studies could investigate the prevalence and management
of diabetes mellitus in a persistent humanitarian crisis
setting.

The occurrence of complications is a predictor of death
related to COVID-19. First, respiratory failure, where
study results are similar to those found in a study carried
out in Tunisia [29] but low compared to results found in
China [30], This could be linked to an asymmetry of
diagnostic resources in the two study contexts. Secondly,
SIRS is a predictor of death in our series; the results are
higher than those found in a study carried out in India for
diabetics [31].  Weaknesses in infection control and
prevention in hospitals and SIRS management may explain
this difference. Thirdly, heart failure, which is also a
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predictor of death in our series, results corroborated by
other authors [30]. Direct cardiac involvement in
hospitalised patients is estimated at between 7 and 17%,
depending on the series, and constitutes 59% of deaths
related to SARS-CoV-2 [32]. Fourthly, thromboembolic
disease is a predictor of COVID-19 mortality. COVID-19
is associated with a high thromboembolic risk, and several
factors are incriminated:  prolonged immobilisation,
inflammation responsible for a state of hypercoagulability
and endothelial dysfunction [33]. Lastly, drug reaction is
also a predictor of COVID-19 mortality. In resuscitation,
patients are likely to react to COVID-19 treatment or to
resuscitation molecules.

Patients exposed to self-medication had poorer survival
rates compared to those not exposed to self-medication. In
the multivariate analysis, patients exposed to
self-medication had a higher risk of dying than those not
exposed to self-medication. Resorting to self-medication,
especially treatments based on indigenous products, leads
to delayed consultation with healthcare facilities and often
results in intoxication, complicating the clinical
presentation of patients. The situation could be more
dramatic since the prevalence of self-medication was 6.5%
in our series, while a systematic review found a prevalence
of 44.78% [34]. This difference would be linked to a
history focused on treatments using traditional products in
our series.

Malaria comorbidity and COVID-19 is associated with
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better survival compared to patients who tested negative for
malaria. However, a meta-analysis found a prevalence of
malaria and COVID-19 co-infection of 45% and concluded
that further studies are needed to fully assess the impact of
COVID-19 in malaria-endemic areas [35]. Conversely,
another study in Liberia found that malaria parasitemia
improved the survival of Ebola patients, where it is
believed that the immunomodulatory effect of Plasmodium
spp. may dampen the detrimental cytokine storm, thereby
increasing survival [36]. Alternatively, the induction of
natural killer (NK) cells by Plasmodium infection may

explain the increased survival in co-infected individuals.
Similarly, there are several examples of Plasmodium spp.

causing suppression of the immune response to a
secondary infection. Children with malaria and a
respiratory infection were less likely to have pneumonia
than children with only a respiratory infection [37].

The duration of recourse to care of more than four days
from the onset of symptoms was associated with poor
survival. These results are similar to those of a study
carried out in Butembo [38]. From the above, we found
that self-medication was associated with a delay in seeking
medical care, which is one of the explanations. Also, a
psychosis linked to intra-hospital deaths could explain a
reluctance to seek conventional care or linked to a lack of
financial access to medical care.

Limitations and strengths

We had access to patient data from four hospitals treating
COVID-19 patients in the town of Goma; two further
hospitals refused to give us access to patient records. This
situation does not allow us to generalise the results to the
entire population hospitalised for COVID-19 during our
study period in the city of Goma. Given that our data
source was secondary, we were confronted with problems
of archiving patient records and data quality; thus, several
variables were not used in analysis, especially variables
related to the health system and paraclinical parameters,
which had an impact on the power of our study on certain
variables, so certain associations were not highlighted. The
group of individuals exposed to self-medication is
underrepresented, partly due to insufficient medical history
regarding self-medication and partly due to the tendency of
patients to omit their self-medication history. This study
highlighted  self-medication as a predictor of
COVID-19-related mortality and filled the gap in the
paucity of studies on COVID-19-related mortality in the
city of Goma.

Conclusions

Advanced age beyond 60 years, self-medication, a history
of diabetes mellitus, unemployment, and the occurrence of
complications are predictors of death related to COVID-19
within 30 days of hospitalisation in the city of Goma,
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Democratic Republic of Congo. We recommend that the
health authorities of North Kivu Province adopt policies to
protect elderly individuals over 60 years and those with
chronic diseases such as diabetes during future COVID-19
outbreaks. It is also suggested to implement a
communication program for behaviour change regarding
the dangers of self-medication and early care seeking in
recommended health facilities.

What is already known about this topic

* The risk factors for COVID-19 mortality are well-
documented, including older age

* Having comorbidity is associated with a poorer
prognosis.

What This Study Adds

e This study highlighted a previously unexplored
predictor of COVID-19 mortality: self-medication.

* We elucidated the main predictors of COVID-19
mortality in the city of Goma

» We highlighted the lethality rate of COVID-19 in the
city of Goma
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