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Abstract

Introduction: The coronavirus disease 2019 (COVID-19) pandemic caused by the severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) has resulted in around 1 million COVID-19 infection cases and over 29,000 deaths in Tunisia thus far. There is great variability in the
prevalence of asthma among patients with COVID-19, but the impact of asthma on patients with COVID-19 is not clear. We sought to describe
the clinical features of Tunisian patients with COVID-19 and to compare asthmatic and non-asthmatic patients.

Methodology: This retrospective study included 675 Tunisian patients who were hospitalized with COVID-19. Clinical characteristics were
collected from medical records. Bivariate analyses and multivariate regression models were used to assess the associations between asthma
and the risk of severe symptoms, including death/recovery.

Results: The prevalence of asthma in the sample was 14.5%. The results show that asthmatic patients with COVID-19 have significantly less
severe symptoms and better outcomes than non-asthmatic patients.

Conclusions: Asthma was not found to be associated with higher severity or worse prognosis among patients with COVID-19 in Tunisia.
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Introduction

The coronavirus disease 2019 (COVID-19)
pandemic has been rapidly spreading to countries and
overwhelming healthcare systems throughout the world
[1]. COVID-19 was first diagnosed in Wuhan [2], and
the first confirmed case in Tunisia was reported in
March 2020 [3]. On 8 May 2020, the total number of
confirmed cases of COVID-19 was 1030 [5]. On
September 2021 the COVID-19 pandemic has resulted
in over one million cases and more than 29,000 deaths
in Tunisia.

Coronaviruses are respiratory viruses and have been
implicated in both upper respiratory tract infections and

asthma exacerbations [6]. Severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) infections can
involve comorbidities such as cardiovascular disease,
obesity, certain malignancies, and diabetes [7]. Data
regarding the prevalence of the disease in asthmatic
patients are lacking [8], but some potential protective
mechanisms against SARS-CoV-2 in such patients have
been hypothesized.

Mendes et al. reviewed all the studies on COVID-
19 published since its emergence and showed that
asthma was described as a premorbid condition in only
1.6% of all patients. This rate is far less than expected
considering the global prevalence of asthma [9].
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Furthermore, this could suggest that having asthma as a
premorbid condition either represents no risk for
COVID-19 or could be a protective factor. This study
showed that the prevalence of asthma in patients with
COVID-19 varies across the globe, ranging from 21%
in Australia to less than 2% in China, Kazakhstan, and
Vietnam [10].

However, two studies in Strasbourg and the Seattle
region reported that 14% of patients had pre-existing
asthma as a comorbidity [10]. These differing rates of
comorbid asthma in patients with COVID-19 among
studies may be due to the overall differences in
prevalence of asthma in the populations considered
[11]. This study agrees with the current literature in
suggesting that asthma is not a risk factor for COVID-
19 [12]. Thus, understanding the impact of preexisting
asthma on the course and outcome of COVID-19 in
Tunisia could provide new data and insights. The aim
of this research is to investigate the clinical
characteristics of hospitalized patients with COVID-19
and to reveal the relationship between SARS-CoV-2

infection, clinical manifestations, and asthma
pathology.
Methodology

Identification of patients with COVID-19

This retrospective cohort study was conducted
across four hospitals in different regions of Tunisia
(Gabes, Sfax, Kairouan, and Monastir) between August
2020 and February 2021. A total of 675 patients with
confirmed COVID-19 infection were included. A
confirmed case of COVID-19 was defined by a positive
reverse transcription polymerase chain reaction (RT-
PCR) result from a specimen collected on a
nasopharyngeal swab or endotracheal aspirate sample
in intubated patients [13]. All demographic information
and clinical characteristics (including medical history,
comorbidities, and symptoms) of the patients were
obtained and recorded in a database. The date of disease
onset, hospital admission date, and the severity of
COVID-19 were also recorded. All patients provided
oral consent to use their medical records for this
publication. Ethical approval for the research project
was also obtained from the Ethics Committee of the
CHU Habib Bourguiba Sfax (Tunisian Ministry of
Health).

Data collection and identification of asthma among
patients with COVID-19

Data were collected by reviewing the medical
records of patients with COVID-19 admitted to the
hospitals in Sfax (n = 25), Kairouan-Monastir (n = 22),
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and Gabes (n = 628). The clinical characteristics
recorded were age, gender, presence of three major
COVID-19 symptoms (cough, fever, and dyspnea),
medical history, and the following outcomes: the
duration in days of stay in the hospital and/or the
intensive care unit (ICU) if relevant and the final
outcome of the disease (deceased or not). The data
collected from RT-PCR and scanner analysis were used
to confirm patients with COVID-19 (N = 675). The
patients were stratified based on the presence (N = 99)
or absence (N = 576) of asthma as assessed by the
international classification of disease ninth revision
(ICD-9) and ICD-10 codes. In the case of patients with
asthma, a manual chart review was performed to
document prescriptions of inhaled corticosteroids (ICS)
and/or systemic corticosteroids at the time of the
diagnosis for COVID-19 or hospitalization.

Statistical analysis

Statistical analyses were performed with the R
language. Descriptive statistics were computed for all
variables. Categorical data are presented as numbers
(%), and continuous data are presented as the mean +
standard deviation or as the median (interquartile range
of 25-75th percentiles) as appropriate. The association
between pairs of variables was tested using a Chi square
and Fisher exact test (FET) tests for pairs of qualitative
(binary) variables and by an independent-sample t-test
between quantitative and categorical variables. Pearson
correlation was also used to assess the relationships
between pairs of continuous variables. Multivariate
binary logistic regression was used to assess which
clinical variables can explain the disease outcome
(death), and adjusted odds ratios (ORs) were obtained
with their 95% confidence intervals. All p values below
0.05 were considered as statistically significant.

Results
Demographics and clinical characteristics

The sample contained 675 patients who were
diagnosed with COVID-19 and admitted to the hospital,
including 358 men and 317 women. 99 patients were
asthmatic (14.6%) and 64 were obese (9.7%) (body
mass index (BMI) > 30). The degree of obesity was
classified into 3 groups (I, 11, III) according to the adult
BMI ranges: obese I: BMI 30-34.9, obese 1I: BMI 35—
39.9, and obese 111: BMI > 40.

The median age was 65 years (IQR = 21) and
ranged from 16 to 101 years (Table 1).

The average age was significantly different between
asthmatic and non-asthmatic patients (p = 0.0007) and
between obese and non-obese patients (p = 0.046), but
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not between males and females (p = 0.43) according to
an independent-sample t-test. About half (48.5%) of
asthmatic patients were men (53.6% of men were non-
asthmatic). There was no significant difference in
gender frequency between asthmatic and non-asthmatic
patients (Chi squared test, p = 0.37, FET p = 0.33), but
there were significantly more obese patients in the
asthmatic group (15.7% vs. 8.3%, p = 0.005, FET p =
0.0054). In our sample, 10 patients had no symptoms
(1.5%), 559 had cough (82.7%), 489 had fever (72.3%),
610 had dyspnea (90.2%), 371 had all three symptoms
together (54.9%), and 254 had two symptoms only
(37.6%) (Table 1).

Most of the patients’ hospital stays ranged from 1
to 28 days with an average of 6 days. 60.2% of patients
stayed less than 1 week, while only 8.6% of them stayed
for more than 2 weeks. Among the 641 hospitalized
patients, 142 spent only 1 day in the ICU, and 13 spent
between 2 and 17 days there. The total death rates were
31.2% and 23% of the patients who spent at least 1 night
in the ICU. Most of those who stayed in the ICU for
only 1 day died on that day (94.4%), indicating that
these people were received in a status of severe
respiratory distress. There were only two patients
(15.4%) who died among the 13 who spent two days or
more in the ICU.

Bivariate correlation of asthmatic status with clinical
features and death

Table 1 shows that the symptoms were significantly
more prevalent in non-asthmatic patients, except for
dyspnea, which seemed to have a similar rate in the two
groups of patients. However, when we compared the
frequency of patients with the three symptoms together
(which can be considered as very severe cases), the
frequency 1is significantly higher in non-asthmatic
patients than in asthmatics (56.8% vs. 44.4%, p = 0.006,
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Figure 1. Severity of symptoms in asthmatic and non-asthmatic
patients.
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10 patients had no symptoms of COVID-19, 559 had cough, 489 had
fever, 610 had dyspnea, 371 had all three symptoms, and 254 had only
two symptoms. We defined four severity classes as follows: 0: no
symptoms, 1: only one symptom, 2: only two symptoms, 3: three
symptoms. We found a significant association between severity and
asthmatic status (y2 = 17.4, df =3, p = 0.00057) with asthmatic patients
having less severe symptoms.

FET p =0.028). Based on the occurrence of these three
symptoms, we defined 4 severity classes as follows: 0:
no symptoms, 1: only one symptom, 2: only two
symptoms, and 3: three symptoms. We found a
significant association between severity and asthmatic
status (y= 17.4, df = 3, p = 0.00057, FET p = 0.0038),
with asthmatics having less severe symptoms (Figure
1).

None of the correlations between age, duration of
hospitalization, and duration of ICU stay were
significant in the general sample or the two asthmatic
groups, except the correlation between age and duration
of ICU stay in the non-asthmatic group, which was
highly significant but weak (r = 0.20, p = 0.0000015).
The rate of admission to the ICU was not significantly
different between asthmatics and non-asthmatics (p =

Table 1. Demographic and clinical characteristics of Tunisian patients with COVID-19 and stratified by asthma status.

Variables Mean = SD or % of cases Asthmatic Non-asthmatic p value
Age (n=674) 64.5+15.4 59.2+16.3 65.4+15.0 0.0007%**
Asthma (n = 674) 9.7%

Obesity (n = 662) 14.9% 15.7% 8.3% 0.005%*
Gender (n = 675) 53% (male) 48.5% 53.9% 0.37
Cough 82.7% 84.3% 72.7% 0.007%
Fever 72.4% 74.3% 61.6% 0.013*
Dyspnea 90.2% 92.0% 89.9% 0.85
ICU (Yes/No) (n=675) 23% 25.2% 22.7% 0.65
Duration in the intensive care unit (ICU) 0.35+1.2 0.22 +£0.42 1.1+£2.85 0.027*
Hospitalization (Yes/No) 95.0% 89.9% 95.8% 0.025*
Duration in hospital 6.3+49 6.2+53 7.1+49 0.09
Death (n = 675) 31.1% 22.2% 32.7% 0.049*

ICU: intensive care unit. Data are expressed as numbers (n) and percentages (%), and values in bold indicate statistical significance. *p value indicated is for the
comparison between asthma and non-asthma groups using Chi-squared test. Mortality data in this cohort were determined up to August 2020.
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0.65, FET p = 0.60), but the duration was longer for
asthmatic patients (p = 0.027). The hospitalization rate
was higher among non-asthmatic patients, while there
was no difference between the two groups in the
average duration of hospitalization (Table 1). The death
rates were slightly but significantly higher among non-
asthmatic patients than asthmatic patients (32.7% vs.
22.2%, p = 0.049, FET p = 0.045), suggesting that
asthmatics are at lower risk of death from COVID-19,
although it might depend on the severity of the disease
at admission, as will be seen in multivariate analyses.

Multivariate analyses

In order to identify the most predictive factor of the
final outcome of COVID-19 (death), we used binary
logistic regression with death as a dependent variable
and all other wvariables as explanatory variables,
including asthmatic status. Table 2 shows that only four
variables were significantly associated with death: age
(p = 0.00007), fever (p = 0.031), the ICU admission
(yes/no) (p = 2.10-16), and duration of hospitalization
(» = 0.035). The odds ratio (OR) adjusted for gender
and asthmatic status in Table 2 show that admission to
the ICU was the most predictive variable with an OR of
2.11 (95% CI: 1.99-2.25). This means that those who
are admitted to the ICU are twice as likely to die than
those who are not. Also, age was the second most
significant risk factor with an increased risk of 0.5% for
each year of age.

The severity scale defined earlier was highly
associated with death (p = 0.009; OR = 1.05; 95% CI:
1.01-1.09), showing that patients who had more severe
symptoms were more likely to die. This was true in the
general population and for both asthmatic and non-
asthmatic patients, as can be seen in Figure 2. It is worth
noting that there was no significant difference in death
between asthmatic and non-asthmatic groups when
adjusting for confounding factors such as age, gender,
and clinical features. Even if we consider the subsample
with the highest severity class (n = 371; 44 asthmatics
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and 327 non-asthmatic), there is still no significant
difference in death rate between asthmatic and non-
asthmatic patients in the multivariate logistic regression
analysis (p = 0.94).

In order to see which variables are associated with
asthmatic status in a multivariate setting, we considered
it as a dependent variable in a logistic regression. The
significantly associated variables were age (p = 0.004),
obesity (p = 0.007), and the severity of symptoms (p =
0.006). The negative regression coefficient of severity
shows that asthmatic patients have lower severity on
average than non-asthmatic patients, as already
reported in the bivariate analyses (Figure 1).

Figure 2. Death rate in asthmatic and non-asthmatic patients
according to severity of symptoms.
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The death rates were slightly but significantly higher in non-asthmatic
patients compared to asthmatic patients (32.7% vs. 22.2%, p = 0.049),
suggesting that asthmatic patients are at lower risk of death from
COVID-19. When we considered the severity scale as defined in the text
and Figure 1, we found that it is highly associated with death (p = 0.009;
odds ratio (OR) = 1.05; 95% CI 1.01-1.09), showing that patients who
had more severe symptoms were more likely to die.

Table 2. Identification of the most predictive factor of the final outcome of COVID-19 using multivariate analyses.

Variables Beta p value OR [95% CI]

Gender -0.042 0.094 0.958 [0.912, 1.007]
Age 0.005 3.10° 1.005 [1.003, 1.006]
Obesity -0.024 0.577 0.976 [0.897, 1.062]
Cough 0.026 0.423 1.027 [0.961, 1.097]
Dyspnea 0.044 0.306 1.045 [0.959, 1.140]
Fever 0.060 0.0311 1.062 [1.005, 1.122]
ICU admission 0.748 2.10°16 2.114 [1.989, 2.247]
Duration of hospitalization 0.005 0.034 1.005 [1.000, 1.010]
Asthmatic status 0.006 0.854 1.006 [0.934,1.084]

ICU: intensive care unit. Data are expressed as adjusted odds ratio (OR), percentages (%), and confidence interval (CI). Values in bold indicate statistical

significance. Statistics were analyzed using Chi-squared test.
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Discussion

To our knowledge, this is the first comprehensive
and large cohort study on Tunisian patients with
COVID-19 and comorbid asthma. In our study, 675
patients were diagnosed with COVID-19, and 99 of
them were asthmatic (14.6%). The prevalence of
asthma in the sample is similar to that reported in the
UK (14-17.9%) [14]. This contrasts with the lower
prevalence of asthma reported in China and Italy (about
6.6%) [15,16]. In addition, other cohorts have reported
a higher prevalence of patients with asthma in Germany
(25%) [17]. This variability in asthma prevalence
among patients with COVID-19 in different countries
might be explained by differences in the frequency of
asthma in the general population or methods of
ascertainment.

In our cohort, most patients were middle-aged or
older, and the male-to-female ratio was almost 1:1 (358
men and 317 women). This is lower than what has been
observed in patients with SARS coronavirus infections,
which had a predominance of females (61.0%) [18], but
it is similar to the rate reported by Wang et al. (54.3%)
[19]. In our cohort, about half (48.5%) of asthmatic
patients were men (53.6% of whom were non-
asthmatic), and there was no significant difference in
gender frequency between asthmatic and non-asthmatic
patients (Chi-squared test, p = 0.37). The median age of
all Tunisian patients was 65 years (IQR =21) (Table 1),
which is close to the data reported by Wang et al. (56.0
years) [19] and Chen et al. (55.5 years) [20], but older
than the sample studied by Huang et al. (49.0 years)
[21].

In general, older people (> 50 years) are more
susceptible to COVID-19 and more likely to experience
more severe symptoms than younger patients (< 50
years). Using an independent-sample t-test, we found
that the average age in our cohort was significantly
different between asthmatic and non-asthmatic patients
and between obese and non-obese patients, but not
between males and females. Among 99 asthmatic
patients, 64 were obese (9.7%). Asthmatic patients were
more often obese than non-asthmatic patients in our
cohort. Worldwide, a high prevalence of obesity was
previously reported in COVID-19 cohorts and non-
COVID-19 asthma cohorts, and obesity may lead to
severe exacerbations [22].

Concerning symptoms of COVID-19 in our sample,
10 patients had no symptoms (1.5%), 559 had cough
(82.7%), 489 had fever (72.3%), and 610 had dyspnea
(90.2%) (Table 1). Furthermore, 371 had all three of
these symptoms together (54.9%), while 254 had two
symptoms only (37.6%). We did not find other chronic
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comorbidities like hypertension, diabetes mellitus, and
cardiovascular diseases, which are the most common
underlying diseases [21,22].

Table 1 shows that symptoms were significantly
more prevalent in non-asthmatic patients except for
dyspnea, which seemed to be similar in the two groups
of patients. The frequency of patients with all three
symptoms together was significantly higher among
non-asthmatic patients. Using bivariate correlation, we
found a significant association between severity and
asthmatic status, with asthmatic patients tending to have
less severe symptoms. In addition, we observed that the
death rates were slightly but significantly higher in non-
asthmatic patients compared to asthmatic patients
(32.7% vs. 22.2%), suggesting that asthmatic patients
are at a lower risk of death by COVID-19.

Mortality data were reported by four studies [23-
25]. A meta-analysis of data from 744 asthmatic
patients and 8,151 non-asthmatic patients indicated that
the presence of asthma had no significant effect on
mortality (OR = 0.96; 95% CI 0.70-1.30; I* = 0%; p =
0.79) [26]. Also, the rate of admission to the ICU was
not significantly different between asthmatic patients
and non-asthmatic patients, but the duration was longer
for asthmatic patients. The hospitalization rate was
higher in non-asthmatic patients, while there was no
difference between the two groups in average duration
of hospitalization.

Our results are consistent with the study by Choi et
al., who showed that the duration and prevalence of
admission were not significantly different between the
two groups [27]. However, in contrast to our findings,
they reported higher mortality rates in patients with
COVID-19 who had underlying asthma (7.8%)
compared to non-asthmatic patients (2.8%; p < 0.001),
but the severity of asthma showed no significant
association with mortality in both univariate and
multivariate analyses [28].

Four variables were significantly associated with
death in our study: age, fever, the ICU admission
(yes/no), and duration of hospitalization. The ORs
adjusted for gender and asthmatic status showed that
admission to the ICU was the most predictive variable
with an OR of 2.11, meaning that those who were
admitted to the ICU were twice as likely to die than
those who were not. Also, age was the second most
significant risk factor with an increased risk of 0.5% for
each year of age. This is consistent with all previous
studies, which clearly showed that older people with
COVID-19 are at higher risk of death [26].

Using multivariate and bivariate analyses, we found
that the variables that significantly associated with
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asthmatic status were age, obesity, and the severity of
symptoms, with asthmatic patients having lower
severity on average than non-asthmatic patients.
Interestingly, patients with asthma and COVID-19 had
an increased prevalence of multiple comorbidities
compared to patients without asthma. In Tunisia,
asthma does not seem to be a risk factor for patients
with COVID-19.

It is now well recognized that older age, obesity,
cardiovascular disease, and diabetes are risk factors of
poor COVID-19 outcomes [2]. What is not yet clear is
whether chronic respiratory diseases like asthma are
among the risk factors as well. Li ef al. evaluated 584
patients admitted to a hospital in Wuhan, China, and
found that reports of pre-existing asthma were
markedly lower (0.9%, n = 5) than in the general
population (6.4%). Furthermore, Zhang et al. found a
very low prevalence of 0.3% (n = 1) in their cohort of
290 COVID-positive patients [29].

Other studies worldwide have demonstrated an
increased prevalence of asthma in COVID-19-positive
individuals. These studies suggest that the lower
prevalence of asthma reported in some studies could be
attributed to underreporting, underdiagnosis, or poor
recognition of chronic respiratory disease in patients
with COVID-19 infection [30]. Zhu et al. found that
once it was subcategorized, allergic asthma status was
not significantly associated with severe COVID-19
symptoms [31].

Currently, there are conflicting hypotheses.
Theoretically, asthmatic patients are thought to have
increased susceptibility and severity to COVID-19 due
to decreased anti-viral immune response and increased
risk of viral induced exacerbation [32]. However,
interestingly, it was hypothesized that type II
inflammatory cytokines (IL-4, IL-5, and IL-13),
accumulation of eosinophils, overproduction of mucus,
and asthma treatment among asthma patients may be
protective against COVID-19 [32]. SARS CoV-2 uses
angiotensin converting enzyme 2 (ACE2) as its cellular
receptor, similar to SARS and other seasonal
coronaviruses [33]. Therefore, increased expression of
ACE2 is suspected to increase susceptibility to COVID-
19.

The respiratory epithelial cells in patients with
asthma have decreased gene expression for ACE2
receptors, so they may be protective against COVID-19
infection [34]. Additionally, eosinophils could play a
protective role against developing more severe clinical
outcomes [34,35]. In addition, asthma-induced mucus
plugging in the lower respiratory tract limits airflow,
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which could worsen the hypoxemia from diffuse
alveolar damage caused by COVID-19 infection [35].

Conclusions

Our study is the first to address the influence of
asthma on outcomes of patients with COVID-19 in
Tunisia. Our data indicate that asthma is not associated
with higher severity or worse prognosis of COVID-19
and that patients with asthma have a lower risk of death
compared with patients without asthma. This suggests
that asthma might be considered as a protective
condition against SARS-COV-2 infection. The fact that
asthmatic patients are under treatment for asthma might
result in improved respiratory function that gives them
better resistance to the respiratory distress cause by the
SARS-CoV-2 virus. Such data were not available in our
sample, and the possible interaction between
medication and better outcomes of the disease needs
further investigation.

Acknowledgements

We would like to acknowledge all the healthcare
professionals, especially in CHU Hedi Chaker Hospital of
Sfax, University Hospital Mohamed Sassi of Gabes, Hopital
Ibn Jazzar Kairouan and CHU Fattouma Bourguiba Monastir
who helped and took care of the patients with COVID-19 for
their great effort. We thank our PEJC « 20PEJC05-01 » grant
providers.

This work was funded by the Ministry of Health and the
Ministry of Higher Education and Scientific Research,
Tunisia.

Authors’ contributions

Imen Ben Rebeh, Marwa Ghariani, Riadh Ben Marzoug and
Ahmed Rebai collected, analyzed the data and prepared the
manuscript; Marwa Gargouri, Hela Gargouri, Nesrine Kallel,
Sana Rouis, Wafa Marrakchi, Dhekra Chebil, Latifa
Merzougui, Houda Ghorbel and Chakroun Mohamed
contributed to the collection and curation of patient clinical
information. Hassen Hadj Kacem, checked the data and
edited the manuscript.

References
1. World Health Organization (2020) Coronavirus disease 2019
(COVID-19)  Situation Report - 98.  Available:

https://www.who.int/docs/default-
source/coronaviruse/situation-reports/20200427-sitrep-98-
covid-19.pdf?sfvrsn=90323472 4. Accessed: 18 August 2021.
2. Wu Z, Mcgoogan JM (2020) Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-19)
outbreak in China: summary of a report of 72314 cases from
the Chinese Center for Disease Control and Prevention. JAMA
323:1239-1242. doi: 10.1001/jama.2020.26438.

1711



Ben Rebeh et al. — Asthma in Tunisian COVID-19 patients

10.

11.

12.

13.

14.

15.

Chakroun H, Ben Lasfar N, Fall S, Maha A, El Moussi A, Abid
S, Rouis S, Bellazreg F, Abassi-Bakir D, Bouafif Ben Alaya N,
Boutiba Ben Boubaker I, Hachfi W, Letaief A (2020) First case
of imported and confirmed COVID-19 in Tunisia. Tunis Med
98:258-260.

Louhaichi S, Allouche A, Baili H, Jrad S, Radhouani A, Greb
D, Akrout I, Ammar J, Hamdi B, Added F, Hantous S,
Hamzaoui A, (2020) Features of patients with 2019 novel
coronavirus admitted in a pneumology department: the first
retrospective Tunisian case series. Tunis Med 98: 261-265.
Harizi C, Cherif I, Najar N, Osman M, Mallekh R, Ayed OB,
Ayedi Y, Dhaouadi S, Hchaichi A, Safer M, Letaief H, Bouaziz
I, Derouiche S, Gharbi D, Bouabid L, Bougatef S, Ben Salah
H, Fakhfakh R, Abid S, Ben Boubaker IB, Chahed MK, Ben-
Alaya NB (2021) Characteristics and prognostic factors of
COVID-19 among infected cases: a nationwide Tunisian
analysis. BMC Infect Dis 21: 140. doi: 10.1186/s12879-021-
05844-y.

Pelaia G, Vatrella A, Gallelli L, Renda T, Cazzola M, Maselli
R, Marsico SA (2006) Respiratory infections and asthma.
Respir Med 100: 775-784. doi: 10.1016/j.rmed.2005.08.025.
Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K,
Desai P, Hosein Z, Padda I, Mangat J, Altaf M (2020)
Comorbidity and its impact on patients with COVID-19. SN
Compr Clin Med 8: 1069-1076. doi: 10.1007/s42399-020-
00363-4.

Sears MR (2008) Epidemiology of asthma exacerbations. J
Allergy Clin Immunol 122: 662-668. doi:
10.1016/j.jaci.2008.08.003.

Global Asthma Network (2022). The global asthma report
2022. Int J Tuberc Lung Dis. 26 Supp 1: 1-104. doi:
10.5588/ijtld.22.1010.

Mendes NF, Jara CP, Mansour E, Aratjo EP, Velloso LA
(2021) Asthma and COVID-19: a systematic review. Allergy
Asthma Clin Immunol 17: 5. doi: 10.1186/s13223-020-00509-
y.

Hughes-Visentin A, Paul A B M (2020) Asthma and COVID-
19: what do we know now. Clin Med Insights Circ Respir Pulm
Med 14: 1179548420966242. doi:
10.1177/1179548420966242.

Gabrielli M, Pignataro G, Candelli M, Sacco Fernandez M,
Bizzarri M, Esperide A, Franceschi F, GEMELLI AGAINST
COVID 2019 (2021) Asthma in patients admitted to
emergency department for COVID-19: prevalence and risk of
hospitalization. Intern Emerg Med 3: 917-920.

World Health Organization (2020) Clinical management of
severe acute respiratory infection when novel coronavirus
(2019-nCoV) infection is suspected: interim guidance, clinical
management of severe acute respiratory infection when novel
coronavirus (2019-NCoV) infection is suspected. Available:
https://www.who.int/publications/i/item/10665-332299.
Accessed: 12 January 2020.

Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R,
Norman L, Holden KA, Read JM, Dondelinger F, Carson G,
Merson L, Lee J, Plotkin D, Sigfrid L, Halpin S, Jackson C,
Gamble C, Horby PW, Nguyen-Van-Tam JS, Ho A, Russell
CD, Dunning J, Openshaw PJ, Baillie JK, Semple MG;
ISARIC4C investigators. (2020) Features of 20133 UK
patients in hospital with COVID-19 using the ISARIC WHO
clinical characterisation protocol: prospective observational
cohort study. BMJ. 369: m1985. doi: 10.1136/bmj.m1985.
Wang HY, Wong GWK, Chen YZ, Ferguson AC, Greene ] M,
Ma Y, Zhong NS, Ckwi LA, Sears MR (2008) Prevalence of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

J Infect Dev Ctries 2023; 17(12):1706-1713.

asthma among Chinese adolescents living in Canada and in
China. CMAJ 179: 1133-1142. doi: 10.1503/cmaj.071797.
Cazzola M, Puxeddu E, Bettoncelli G, Novelli L, Segreti A,
Cricelli C, Calzetta L (2011) The prevalence of asthma and
COPD in Italy: a practice-based study. Respiratory Medicine
105: 386-391. doi: 10.1016/j.rmed.2010.09.022.

Taube C, Bramlage P, Hofer A, Anderson D (2019) Prevalence
of oral corticosteroid use in the German severe asthma
population. ERJ Open Res 5: 00092-02019. doi:
10.1183/23120541.00092-2019.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM,
McGinn T, Davidson KW, Northwell COVID-19 Research
Consortium (2020) Presenting characteristics, comorbidities,
and outcomes among 5700 patients hospitalized with COVID-
19 in the New York City Area. JAMA 323: 2052-2059. doi:
10.1001/jama.2020.6775.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang
H, Cheng Z, Xiong Y, Zhao Y, L Yi, Wang X, Peng Z (2020)
Clinical characteristics of 138 hospitalized patients with 2019
novel coronavirus-infected pneumonia in Wuhan, China.
JAMA 323: 1061-1069. doi: 10.1001/jama.2020.1585.

Chen N, Zhou M, Dong X, QuJ, Gong F, Han Y, Qiu Y, Wang
J, Liu Y, Wei Y, Xia J, Yu T, Zhang X, Zhang L (2020)
Epidemiological and clinical characteristics of 99 cases of
2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 395: 507-513. doi: 10.1016/S0140-
6736(20)30211-7.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan
G, XuJ, Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X,
Yin W, Li H, Liu M, Xiao Y, Gao W, Guo L, Xie J, Wang G,
Jiang R, Gao Z, Jin Q, Wang J, Cao B (2020) Clinical features
of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet 395: 497-506. doi: 10.1016/S0140-
6736(20)30183-5.

Beurnier A, Jutant EM,Jevnikar M, Boucly A, Pichon J, Preda
M, Frank M, Laurent J, Richard C, Monnet X, Duranteau J,
Harrois A, Chaumais MC, Bellin MF, Noél N, Bulifon S, Jais
X, Parent F, Seferian A, Savale L, Sitbon O, Montani D,
Humbert M (2020) Characteristics and outcomes of asthmatic
patients with COVID-19 pneumonia who require
hospitalization. ~ Eur  Respir J 5 56-61. doi:
10.1183/13993003.01875-2020.

Barroso B, Valverde-Monge M, Caiias Jose A, Rodrigo-Muiioz
JM, Gonzalez-Cano B, Villalobos-Violan V, Betancor D,
Gomez-Cardefiosa A, Vallejo-Chamorro G, Baptista-Serna L,
Villalobos-Vilda C, Ortega-Martin M, Goémez-Lopez A,
Sanchez-Pernaute O, Romero-Bueno F, Rodriguez-Nieto MJ,
Del Pozo V, Sastre J, COVID-FJD TEAM (2020) Prevalence,
characteristics, and outcome of asthmatic patients with type 2
diseases in hospitalized patients with COVID-19 in Madrid,
Spain. J Investig Allergol Clin Immunol 30: 382-384. doi:
10.18176/jiaci.0627.

Lieberman-Cribbin W, Rapp J, Alpert N, Tuminello S, Taioli
E (2020) The impact of asthma on mortality in patients with
COVID-19. Chest 158: 2290-2291. doi:
10.1016/j.chest.2020.05.575.

Mahdavinia M, Foster KJ, Jauregui E, Moore D, Adnan D,
Andy-Nweye AB, Khan S, Bishehsari F (2020) Asthma
prolongs intubation in COVID-19. J Allergy Clin Immunol
Pract 8: 2388-2391. doi: 10.1016/j.jaip.2020.05.006.

Wang Y, Chen J, Chen W, Liu L, Dong M, Ji J, Hu D, Zhang
N (2021) Does asthma increase the mortality of patients with

1712



Ben Rebeh et al. — Asthma in Tunisian COVID-19 patients

27.

28.

29.

30.

31.

32.

COVID-19?: a systematic review and meta-analysis. Int Arch
Allergy Immunol 182: 76-82. doi: 10.1159/000510953.

Choi YJ, Park JY, Lee HS, Suh J, Song JY, Byun MK, Cho JH,
Kim HJ,Lee JH, Park W], Park HJ (2021) Effect of asthma and
asthma medication on the prognosis of patients with COVID-
19. Eur Respir J 4: 57-60. doi: 10.1183/13993003.02226-2020.
Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, Shi J, Zhou M,
Wu B, Yang Z, Zhang C, Yue J, Zhang Z, Renz H, Liu X, Xie
J, Xie M, Zhao J (2020) Risk factors for severity and mortality
in adult COVID-19 inpatients in Wuhan. J Allergy Clin
Immunol 146: 110-118. doi: 10.1016/j.jaci.2020.04.006.
Zhang JJ, Cao YY, Dong X, Wang BC, Liao MY, Lin J, Yan
YQ, Akdis CA, Gao Y D (2020) Distinct characteristics of
COVID-19 patients with initial rRT-PCR-positive and rRT-
PCR-negative results for SARS-CoV-2. Allergy 75: 1809-
1812. doi: 10.1111/all.14316.

Halpin DMG, Faner R, Sibila O, Badia JR, Agusti A (2020) Do
chronic respiratory diseases or their treatment affect the risk of
SARS-CoV-2 infection? Lancet Respir Med 8: 436-438. doi:
10.1016/S2213-2600(20)30167-3.

Zhu Z, Hasegawa K, Fujiog BMM, Camargo CA, Liang L
(2020) Association of asthma and its genetic predisposition
with the risk of severe COVID-19. J Allergy Clin Immunol
146: 327-329. doi: 10.1016/j.jaci.2020.06.001.

Liu S, Zhi Y, Ying S (2020) COVID-19 and asthma: reflection
during the pandemic. Clin Rev Allergy Immunol 59: 78-88.
doi: 10.1007/s12016-020-08797-3.

33.

34.

35.

J Infect Dev Ctries 2023; 17(12):1706-1713.

Carli G, Cecchi L, Stebbing J, Parronchi P, Farsi A (2021) Is
asthma protective against COVID-19? Allergy 76: 866-868.
doi: 10.1111/all.14426.

Sajuthi SP, Deford P, Jackson ND, Montgomery MT, Everman
JL, Rios CL, Pruesse E, Nolin JD, Plender EG, Wechsler ME,
Mak AC, Eng C, Salazar S, Medina V, Wohlford EM,
Huntsman S, Nickerson DA, Germer S, Zody MC, Abecasis G,
Kang HM, Rice KM, Kumar R, Oh S, Rodriguez-Santana J,
Burchard EG, Seibold MA (2020) Type 2 and interferon
inflammation strongly regulate SARS-CoV-2 related gene
expression in the airway epithelium. Nat Commun 11: 5139.
doi: 10.1038/s41467-020-18781-2.

Konopka KE, Wilson A, Myers JL (2020) Postmortem lung
findings in a patient with asthma and coronavirus disease 2019.
Chest 158: €99-¢101. doi: 10.1016/j.chest.2020.04.032.

Corresponding author

Hassen Hadj Kacem, PhD

Department of Applied Biology, College of Sciences, University
City Road,

University of Sharjah, 27272, United Arab Emirates.

Tel: +97165053839

Fax: +97165053814

Email: hkacem@sharjah.ac.ae

Conflict of interests: No conflict of interests is declared.

1713



	Introduction
	Methodology
	Identification of patients with COVID-19
	Data collection and identification of asthma among patients with COVID-19
	Statistical analysis

	Results
	Demographics and clinical characteristics
	Bivariate correlation of asthmatic status with clinical features and death
	Multivariate analyses

	Discussion
	Conclusions
	Acknowledgements
	Authors’ contributions
	References
	Corresponding author


