
Risk Factors Associated With the Appearance of the Severe Form 
of COVID-19 in the Pulmonology Departments of Antananarivo, 
Madagascar

Abstract
Introduction: Pneumonia induced by the new virus called "severe 
acute respiratory syndrome coronavirus 2" or SARS-CoV-2 has 
killed more than three million people worldwide. This disease is 
a public health problem especially in a country like Madagascar. 
The aim of this study is to describe the epidemioclinical profile of 
patients with COVID-19 and to identify the factors associated with 
severe forms.

Methods: This is a retrospective, descriptive and analytical 
cohorte study based on the complete medical records of 
hospitalized patients who tested positive for COVID-19 at the 
JRB and Fenoarivo CHUs of seven months, period from March to 
September 2020.

Results: We registered one hundred and eighty patients infected 
with SARS-Cov-2 whose average age was 52 years. The male 
gender was predominant in this study. Only 12.3% of patients were 
smokers. The clinical manifestation was dominated by the triad 
cough, dyspnea and asthenia. Advanced age (OR: 2.23; CI: [1.03–
4.81]; p-value: 0.04), male gender (OR: 2.44; CI: [1.25–4.75]; p-value: 
0.008), and the number of co morbidities greater than 1 (OR: 2.74; 
CI: [1.13–6, 6]; p-value: 0.01) were significantly associated with the 
onset of a severe form of COVID-19. Hypertension and diabetes 
were not among the risk factors. Smoking had a significant odds 
ratio (OR: 0.29; CI: [0.09–0.9]; p-value: 0.04), but was associated 
with the non-severe form.

Conclusion: The severe form is particularly found in male patients 
and those with advanced age or multiple co-morbidities.

Introduction
Pneumonia induced by the new virus called "severe acute 
respiratory syndrome coronavirus 2" or SARS-CoV-2 has killed 
more than three million people worldwide. This infectious disease 
has been named COVID-19 by the World Health Organization 
(WHO); “CO” for Corona, “VI” for Virus, “D” for Disease and “19” 
the year it appeared. This virus was first found in Wuhan, Hubei 
Province, China, in December 2019, and has spread around the 
world, becoming a pandemic [1–3].

During this pandemic, medical facilities in many countries were 
overwhelmed with the treatment of severe forms [4]. Compared 
with severe acute respiratory syndrome coronavırus-1 (SARS-
CoV-1) and Middle East Respiratory Syndrome (MERS), COVID-19 
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has lower mortality [5–7]. The clinical presentation of COVID-19 is 
polymorphic, ranging from asymptomatic manifestation to severe 
forms. The release of cytokines and markers of inflammation 
due to the invasion of the SARS-CoV-2 virus in epithelial alveolar 
cells type II can cause severe symptoms. This influx of cytokines 
recruits neutrophils and T cells, which in turn lead to lung damage 
and significant inflammation, resulting in acute respiratory 
distress syndrome [8].

In the literature, studies carried out in some countries have 
found that patients with older age and underlying comorbidities, 
including diabetes, hypertension and coronary heart disease, 
are at risk of developing a severe form of COVID-19 and cause 
death [9–11]. To our knowledge, no study explaining the severe 
form of COVID-19 for confirmed patients has been carried out in 
Madagascar whereas, according to Ouédraogo et al. [12], these 
factors may vary from region to region. Thus, the objective of this 
article is to identify the risk factors for developing a severe form of 
COVID-19 in patients received in the Pneumology Departments of 
the University Hospital Center (CHU) of Antananarivo, Madagascar.

Methods
Study Sample
This research study is a retrospective cohort during the period 
between March and September 2020, carried out at the USFR 
(Unit of Care, Training and Research) of Pneumology of the CHU 
Joseph Raseta of Befelatanana and the CHU of Fenoarivo. Medical 
records of patients confirmed to have SARS CoV-2 infection were 
reviewed.

Data was collected from patients who tested positive for SARS 
CoV-2 from a Reverse Transcriptase Polymerase Chain Reaction 
(RT-PCR) test on nasopharyngeal and throat swab samples. The 
data extracted included only demographic data (age, sex and 
occupation) and clinical data (respiratory and non-respiratory 
symptoms and vital signs at admission including Pulse Oxygen 
Saturation SpO2). Laboratory and imaging data were not part of 
the parameters to be studied because of the lack of data. Pulsed 
oxygen saturation (SpO2) in ambient air without oxygen therapy 
was systematically measured by a pulse oximeter as soon as 
the patient was hospitalized. Referring to the study by David et 
al. [13], the diagnosis of severe forms was made on the basis of 
clinical severity criteria: SpO2 less than < 93% in ambient air and 
respiratory rate greater than 30 cycles/min.

During the preparation of the study, the anonymity of the patients, 
the individual protection measure and the authorization of the 
Directors of the Establishment as well as that of the Heads of 
the Pneumology Department of the 2 CHUs concerned before 
accessing the data concerning the patient have been complied 
with.

Statistical Analysis
In this study, the nature of the research is quantitative empiricism 
with causal inference. Based on the previous works, carried out by 

Ouedraogo et al. [12], Wang et al. [14], Griffith et al. [15], on different 
countries, we selected 5 variables such as age ( > 45), smoking, 
gender (male), hypertension and diabetes (or the number of 
comorbidities, ≥ 1 and ≥ 2). They have been transformed into a 
dummy variable and then included in a logistic regression model. 
The latter is used to estimate the value of the Odds-Ratio (OR) and 
its 95% Confidence Interval (CI). Also, the descriptive analyzes of 
the variables were also considered, by calculating the mean, the 
standard deviation and the percentage.

Four equations are estimated in the present study and represented 
as the estimates (1), (2), (3), and (4).In the estimate (1), we included 
the different types of comorbidity and demographic characteristics 
while the estimate (2) includes the number of comorbidities for 
each patient, excluding demographic characteristics. For these 
two estimates, the dependent variable is the clinical form of 
COVID-19 based on SpO2 criteria and respiratory rate. Later, we 
decided to study the clinical form by including only the criterion 
of pulsed O2 saturation, which is considered in the estimates (3) 
and (4). The software used for the statistical analyzes is STATA 
(version 15.0).

Results
Population Demographics and Clinical Characteristics
Over the course of seven months, a total of 404 patients suspected 
of covid19 were hospitalized at the USFR Pneumology of the CHU 
JRB and the CHU of Fenoarivo, of which 217 tested negative 
and 187 positive. Patients with a positive COVID-19 test and 
with complete data were included in the study. The total number 
of patients is thus 180. Among these patients, 122 (67.67%) 
presented severe forms of covid19 and 58 (32.22%) non-severe 
forms. (Table 1) summarizes the demographic and clinical data of 
patients who tested positive for coronavirus.

In this study, the mean age and standard deviation of all patients 
were 52 years and 14 years, respectively. Among all the patients, 
22 were under 30-year-old, 50 patients between 30-year-old and 
50-year-old and 108 patients over 50-year-old. Seventy-nine 
patients (64.75%) with severe forms were over 50-year-old. For 
gender, there were more men than women in the severe form, i.e. 
74 patients (60.65%) against 48 patients (39.35%).

In terms of occupation, traders accounted for the most in the total 
patients, followed by housewives and health workers. The most 
frequent comorbidities were Arterial Hypertension (HTA) (38.33%) 
and diabetes (18.88%). More than a quarter of patients with severe 
forms were hypertensive (36.88%), and 21.31% were diabetic. 
Clinically, cough (92.77%), dyspnea (80%) and fever (46.11%) were 
the most frequent signs. Other symptoms are shown in (Table 1).

Mean pulse oxygen saturation (SpO2) in room air was 88%. Most 
patients (81.11%) had a SpO2 below 93% (Table 1). 113 patients 
(91,86%) presented a normal respiratory rate (RR ≤ 30) while 
8,13% had a higher rate (RR > 30). Some patients had a missing 
data on the respiratory rate.
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Table 1: Demographic and clinical characteristics of patients.

Variables All Patients: N (%) Severe forms Non-severe forms

Gender    

Male 106 (58,88%) 74 (60,65%) 32 (55,17%)

Feminine 74 (41,12%) 48 (39,35%) 26 (44,83%)

Age (in years):  53 ± 16 (moyenne ± SD*) 50.5 ± 16.4

[00–30] 22 (34,21%) 15 (12,29%) 7 (12,06%)

[30–50] 50 (48,12%) 28(22,95%) 22 (37,93%)

≥ 50 108(17,64%) 79(64,75%) 29 (50%)

Occupation    

Trades people 22 (12,22%) 20 (16,39%) 2 (3,44%)

House hold 17(9,44%) 10 (8,19%) 7 (12,06%)

Personal health 10 (5,55%) 7 (5,73%) 3 (5,17%)

Others 131 (72,77%) 85 (69,67%) 46 (79,31%)

Smoking    

Yes 16 (9,2%) 7 (5,9%) 9 (16,3%)

Nope 157 (90,7%) 111 (94,06%) 46 (83,6%)

Comorbidities    

Hypertension 69 (38,33%) 45 (36,88%) 24 (41,37%)

Diabetes 34 (18,88%) 26 (21,31%) 8 (13,79%)

Asthma 8 (4,44%) 4 (3,27%) 4 (6,89%)

Number of persons    

Without comorbidity 79 (43,88%) 56 (45,9%) 23 (39,65%)

Comorbidities ≥ 1 96 (53,33%) 61 (50%) 35 (60,34%)

≥ 2 Comorbidities 32 (17,77%) 22 (18,03%) 10 (17,24%)

Respiratory signs

Dry cough 108 (60%) 74 (60,65%) 34 (58,62%)

Wet cough 59 (32,77%) 42 (34,42%) 17 (29,31%)

Dyspnea 108 (80%) 85 (69,67%) 23 (39,65%)

Hemoptysis 18 (10%) 12 (9,83%) 6 (10,34%)

Anosmia 15 (8,33%) 7 (5,73%) 8 (13,79%)

Non-respiratory signs

Fever 83 (46,11%) 51 (41,8%) 32 (55,17%)

Asthenia 124 (68,88%) 86 (70,49%) 38 (65,51%)

Chest pain 40 (22,22%) 30 (24,59%) 10 (17,24%)

Myalgia 28 (15,55%) 19 (15,57%) 9 (15,51%)

Headache 33 (18,33%) 19 (15,57%) 14 (24,13%)

Diarrhea 15 (8,33%) 7 (5,73%) 8 (13,79%)

Ageusia 09 (5%) 5 (4,09%) 4 (6,89%)

Pulse O2 saturation (SpO2) 88,1 ± 12,2 84,27 ± 13,02 96,4 ± 1,5

SpO2 < 93% 146 (81,11%) 90 (73,77%) 56 (96,55%)

SpO2 ≥ 93% 34 (18,88%) 32 (26,23%) 02 (3,45%)

Respiratory rate (RR) 21,7 ± 4,7 23.5 ± 5.3 19.6 ± 2.8

RR ≤ 30 113 (91,86%) 55 (44,71%) 58 (47,15%)

RR > 30 10 (8,13%) 10 (8,13%) 0

Temperature  37,73 ± 1,23 37,5 ± 1,1

≤ 37°5C 84 (49,19%) 55 (45,08%) 29 (50%)

> 37°5C 89 (50,80%) 62 (50,82%) 27 (46,55%)
*SD: Standard Deviation.
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Statistical Estimate
The odds-ratio for age and smoking is respectively 2.23 (p-value 
= 0.04) and 0.29 (p-value = 0.02) for the estimate (1). According 
to these results, advanced age is significantly associated with the 
severe form (OR > 1), while smoking was linked with the non-severe 
form (OR < 1). Among the significant variables, age has an odds-
ratio value greater than 1, which indicates its strong association 
with the severe form of COVID-19. Gender, hypertension and 
diabetes are excluded from the association hypothesis since 
their p-value is greater than 5%. Nevertheless, the estimate (2) 
confirmed that the number of comorbidities greater than or equal 

to 2 is a factor linked to the severe form of COVID-19. The results 
of estimates (1) and (2) are presented in (Table 2).

Later, we only consider SpO2, as a criterion of severity. Then, we 
establish the estimates (3) and (4) in which the dependent variable 
is the SpO2 in ambient air. The results are reported in (Table 3). 
Its difference from the result of the estimates (1) and (2) lies in 
the fact that gender has become statistically significant, that is, 
it has become one of the factors explaining the decrease in the 
value of SpO2 in ambient air. Advanced age and smoking remain 
significant.

Table 2: Risk factors associated with severe forms of COVID-19.

 Estimation (1) Estimation (2)

 OR [IC à 95%] p-value OR [IC à 95%] p-value

Demography   

Age ( > 45) 2,23 [1,03–4,81] 0,041 1.89 [0.93–3,83] 0.07

Smoking 0,29 [0,09–0,90] 0,028 0.31 [0.10–0.93] 0.03

Male (gender) 1,32 [0,66–2,64] 0,425 1,37 [0.68–2,74] 0.37

Comorbidity   

Hypertension 0.57 [0,27–1,21] 0,150  

Diabetes 1,46 [0,58–3.71] 0,418  

Number of comorbidities   

≥ 1  0,56 [0,26–1,19] 0,13

≥ 2  3,04 [1,19–7,72] 0,01
*OR: Odds Ratio

Table 3: Risk factors associated with low SPO2.

 Estimation (3) Estimation (4)

 OR [IC à 95%] p-value OR [IC à 95%] p-value

Demography   

Age ( > 45) 2,81 [1,31–6,03] 0,008 2,58 [1,27–5,25] 0,008

Smoking 0,20 [0,06–0,71] 0,013 0,22 [0,06–0,77] 0,018

Male (gender) 2,44 [1,25–4,75] 0,008 2,53 [1,29–4,96] 0,006

Comorbidity   

Hypertension 0,76 [0,38–1,55] 0,46  

Diabetes 1,20 [0.51–2,79] 0,66  

Number of comorbidities   

≥ 1  0,67 [0,31–1,43] 0,30

≥ 2  2,74 [1,13–6,60] 0,024

Discussion
In this study, the data collected indicated that almost half of the 
patients (122) had a severe form. We found that advanced age 
and male gender are risk factors associated with the severe form 
while smoking is associated with the non-severe form. The impact 
of hypertension and diabetes on patients with COVID-19 has not 
been statistically validated.

Several studies have shown that the elderly eventually present 
with a severe form of COVID-19 [16,17]. In the United States, 95% 
of patients who died of COVID-19 were over 50-year-old [18]. For 
our study, the result showed that advanced age (45 years and 
older) influences the severity of COVID-19. This situation can be 
explained by the physiological changes that accompany aging 

and potential health problems. Takahashi et al. [19], had found 
in their studies the participation of the weakness of the immune 
system, the disorder of organic function, and the coexistence 
of comorbidities in subjects with advanced age. Compared to 
the association of a single comorbidity with the severe form of 
COVID-19, contrary to Wang et al. [14], our study failed to show 
this association. Hypertension and diabetes are not significantly 
associated with the severe form of SARS-CoV-2 infection. This 
result is similar with the work of Ouédraogo et al. [12], carried 
out at the University Hospital of Tingandogo (Burkina-Faso). 
However, our study showed that patients with at least two 
types of comorbidity (whatever they were) developed a severe 
form. Comorbidity studies revealed that after transmission of 
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SARS CoV-2 in the human body, ACE-2 receptor or angiotensin-
converting enzyme 2 accelerates the arrival of the virus to their 
target cells while patients with diabetes and hypertension contain 
a high value of ACE-2, which could cause the severity of SARS-
CoV-2 infection [15,20].

The effect of smoking on the patient with COVID-19 has been 
discussed in the literature [21–24]. Being the cause of several 
respiratory and cardiovascular diseases, smoking is responsible 
for more than 8 million deaths worldwide [25]. Some studies have 
claimed that gene expression and subsequent receptor levels are 
elevated in the airways and oral epithelium of current smokers 
[26]. This could put smokers at a higher risk of contracting SARS-
CoV-2. It is also known for the risk of viral and bacterial respiratory 
infections [27–29]. In addition, cigarette smoke reduces respiratory 
immune defense through peribronchiolar inflammation and 
fibrosis [30]. However, other studies have reported that nicotine 
down regulates the ACE-2 receptor. Smoking is thus considered a 
protector against COVID-19 [31,32]. The same result was found in 
our study concluding that smoking is a factor associated with the 
non-severe form of COVID-19. However, previous studies indicating 
the same association have been criticized for their biased results. 
For Cai [26], it is not appropriate to compare the prevalence of 
smoking in hospitalized patients with COVID-19 with estimates of 
the general population because of the intrinsic difference between 
the two populations in terms of demographic factors. Additionally, 
the World Health Organization (WHO) released a statement 
urging caution regarding claims about the link between smoking 
(or nicotine) and the prevention or treatment of COVID. -19. He 
pointed out the lack of evidence confirming this relationship [33].

Then, we showed that the male gender was likely to develop the 
risk of having a drop in SpO2 in ambient air, which is consistent 
with the result found in other studies conducted in France and 
China [34,35]. The high blood concentration of the Angiotensin-2 
Converting Enzyme and the alteration of the immune system by 
androgens (testosterone, progesterone) in male subjects could 
explain this risk [36,37]. Expression of ACE-2 relies on the X 
chromosome, thus making males a potentially high express or of 
ACE-2. This facilitates the action of the virus to reach the target 
cell.

We encountered some limitations for this study. First, several 
paraclinical data such as laboratory characteristics and radiological 
signs were not complete during the processing of patient records. 
This could help us identify other factors influencing the state of 
health of a patient with COVID-19. For example, several studies 
speak of lymphopenia, which proves to be an important factor 
explaining the severity of COVID-19, whereas the data we have 
processed lack it. Then, the criterion used to qualify the severity of 
the infection could be insufficient. Bilateral lung involvement could 
have been used as a criterion but the data were insufficient. Finally, 
this article is essentially limited to the clinical manifestations 
presented by the patients.

Conclusion
The result showed that advanced age and male gender are risk 
factors associated with severe forms of COVID-19 while high 
blood pressure and diabetes were not statistically significant. 
Smoking is associated with the mild form of covid19. This should 
not lead anyone to think of smoking as a means of preventing or 
treating COVID-19. It only opens the discussion on the need for 
in-depth research on this subject.
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