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ABSTRACT:  

Introduction: Asthma is a common chronic health problem, which is etiologically complex with 

various risk factors.  

Objectives: This study describes the epidemiology of asthma and its loco-regional variability in the 

southern-west of Tunisia. 3563 people, aged over 14 years, from 9 villages settled around Gafsa 

city (South-West Tunisia) fulfilled an adapted questionnaire, by direct interview.  

Methods: All responders are resident for 10 years or more at the studied locations. The 

questionnaire concerned their socio-demographic status and asthma related signs such as the 

presence of physician-diagnosed asthma, wheeze, cough, phlegm, respiratory crisis, etc.). Statistical 

analyses were carried out using two dimensional contingency tables and Chi square tests.   

Results: 26.89% of the general population is affected by asthma. The disease incidence was 

significantly associated to subjects’ location. The highest prevalence was observed in R4 (47.48%) 

and R3 (36.86%) where the lowest values exist in Madjel and Tozeur. Wheeze and its severe forms 

occurred much frequently in these two regions when compared to others (p< 0.001).  Furthermore, 

subjects living in couple and educated for less than 12 years were at higher risk to develop asthma. 

There was no significant correlation between regional distribution of the disease and the other 

considered risks of factors. These results were confirmed by the docking study regarding the 

binding and the interactions of sulfur dioxide (SD) and phosphate (PH) with Tumor Necrosis Factor 

(TNF-α) and Signal Transducer And Activator Of Transcription 6 (STAT6) proteins.   

Conclusions: In conclusion, loco-regional disparities might be consequent to environmental 

conditions (e.g, dusts, SD and PH liberated from mining and PH treatment), which might enhance 

the hereditary predisposal to the asthma. The molecular interactions of SD and PH with TNF-α and 

STAT6 proteins supported the epidemiological findings. 

 

1. Introduction 

Asthma is a worldwide common chronic disease 

affecting particularly children and young adult 

populations. It still constitutes a major health problem 

that causes disability, high morbidity and poor quality of 

life [1]. Global asthma survey estimated that asthma 

burden is projected to come close to 400 million people 

worldwide, by 2025 [2]. The disease manifests common 
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symptoms including wheeze, chest disorder, shortness of 

breath, phlegm production and cough. Patients might be 

at higher risk to develop anxiety, distress, pulmonary 

obstructive hypertension and cardiovascular events [1,3]. 

Asthma symptoms might also be exacerbated by COVID 

[4]. According to the WHO report, the disease is 

responsible of about 250 000 human deaths each year [5]. 

Its onset had been correlated to many risk factors 

including gender, genetics, ethnicity, obesity, 

socioeconomic status, occupational, environmental 

conditions, individual life history, culture and habits [6-

9]. The global prevalence rates of diagnosed asthma and 

wheezing in adults varied as much as 21-fold amongst 

countries, suggesting the importance of geographic / 

regional location as a risk factor to instigate the disease 

[10,11]. The reason of these disparities is still unknown, 

but observations outlined that early life exposure and the 

length residence in a particular location would influence 

the exposure to environmental factors that contributes to 

asthma aetiology [1,12-15]. 

Mining and phosphate processing constitute the main 

industrial activity in the southern part of Tunisia. 

Accordingly, significant associations of health endpoints 

with mining activity and phosphate processing areas, 

such as the villages included in this study, were 

previously reported [16-20].  

2. Objectives 

This work aimed to describe the loco-regional incidence 

of asthma in the southern Tunisian population. The 

possible intermolecular interactions of sulfur dioxide and 

phosphate, which are commonly involved in asthma 

pathogenesis, with tumor necrosis factor-alpha (TNF-α) 

and signal transducer and activator of transcription 6 

(STAT6) proteins were also assessed by computational 

assay. 

3. Methods 

The study population 

This cross-sectional study was conducted in order to 

describe the prevalence of asthma and its related risk 

factors, in a Southern- West Tunisian community. It was 

conducted in Gafsa city and the surrounding villages 

from March 2018 to March 2019. This circumscription 

inhabits about 350 000 people and has a mining and 

agriculture based economy. Nine villages were included 

in this study (Figure 1). People aged over 14 years (5479 

persons) were asked to respond to an adapted 

questionnaire. Among 3814 persons who accepted to 

participate in this study, only 3563 responders gave full 

responses and were retained for the analysis. 10 years or 

more continual residing in the village was adopted as 

inclusion criterion.  

The questionnaire 

Participants answered a questionnaire concerning their 

socio-demographic status (age, gender, weight and 

height, smoking and alcohol intake habits, education, 

incomes, marital status and origin). The disease related 

questions were adopted from the European Community 

Respiratory Health Survey (ECRHS) (do you have 

asthma? Do you use inhaler medication? Do you have 

any of the following symptoms: wheeze, cough, 

nocturnal-cough, phlegm production, or crisis? How 

much frequent was the wheezing in the last month?). All 

of signs are reported for the last 12 months before the 

interview, except mentioned above. Hypersensitivity to 

any allergen was also registered (do you have 

hypersensitivity to any allergen?). Anthropometric 

parameters (weight and height) were measured for 

participant ignoring their current weight and height (if 

any). The questionnaire was full-filled by direct 

experimented staff interviewers, during Red Crescent 

association’s campaigns holding in the included villages. 

Among all the included responders (3563) 98% were of 

low incomes, and smoking and alcohol intake were 

strictly masculine habits. When wheezing frequency was 

equal or superior to 4 times a month, it was considered 

as severe. All questions were carefully translated into the 

local language. If needed, further explanations were 

given to the study’s participants. 

Computational study 

The tridimensional (3D) structures of ligands (sulfur 

dioxide and phosphate) were obtained from PubChem 

websites. The 3D crystal structures TNF-α and STAT6 

were retrieved from PDB websites then targeted as 

previously described [1].  For TNF-α, the crystal 

structure of the extracellular domain of human BAFF 

(1KD7) was used. For STAT6, which is involved in 

classical immune responses linked to asthma and several 

diseases of the immune response, 5D39 macromolecule 

was used. the A molecular docking, based on the 

CHARMm force field was used to assess the binding 

abilities of sulfur dioxide and phosphate and their 
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interactions with the different target proteins as 

previously reported [21-24]. These proteins are involved 

in the pathogenesis and signaling pathways of asthma 

and several respiratory diseases [1,15,25]. 

 

 

Figure 1. Illustration of the nine villages included in the 

study and asthma prevalence for each. 

4. Results 

As shown in Table 1, the overall incidence of asthma in 

the general population comes around 27% (CI95: 25.5-

28.4), but it significantly varies within age. Old peoples 

(over 50 years old) present the highest incidence of the 

disease (41.9%, CI95: 35.9-46.2).  

In this cross sectional survey, we also found that asthma 

was significantly associated to the subjects’ marital 

status (OR = 1.66 [1.42-1.93], p< 0.001)) and their 

educational levels (OR = 1.23, [1.06-1.42], p = 0.004), 

with higher risks for asthma development in married and 

less educated peoples. There were no relationships of 

asthma rate to gender, body mass index, smoking, 

alcohol intake or hypersensitivity. 

As expected, we found that the disease prevalence 

significantly varied within the geographical distribution 

of the population. The highest rates were observed in 

Guetar and Mdhila (47.78%, CI95: 42.8-52.8, and 

36.86%, CI95: 32.3-41.8 respectively) and the lowest in 

regions Madjel and Tozeur (11.13% and 03.10%, 

respectively). When analyzing symptoms that were 

developed by asthmatic, we found that wheezing 

significantly changes dependently to loco-regional 

distribution of peoples. Among 958 peoples with asthma, 

59.5% manifest wheeze (Table 2).  

Table 1. Asthma prevalence variation within socio-

demographic, body mass index and hypersensitivity in 

the studied population 

  N I (%) [CI95%] χ2 (p) 

Overall 3563 26.9 25.5-28.4  

Age 

< 25 yr 1484 29.9 27.3-32.2 
51.67 

(***) 
25-50 yr 919 40.7 37.5-43.9 

>50 yr 202 69.3 62.9-75.7 

Gender 
Male 1905 26.6 24.7-28.6 0.156 

(ns) Female 1658 27.2 25.1-29.4 

Marital  

status 

Single 2342 23.4 21.7-25.2 42.31 

(***) Married 1221 33.6 30.1-36.3 

BMI 

(kg/m2) 

< 25 2404 26.2 24.5-28.0 
1.75 

(ns) 
25-30 838 28.3 25.3-31.4 

>30 321 28.4 23.7-33.5 

Education 
≤ 12 yr 1608 29.1 26.9-31.4 8.93 

(**) >12 yr 1954 25.1 23.2-27.1 

Smoking 
Yes 1488 26.3 24.1-28.6 0.384 

(ns) No 2075 27.5 25.6-29.5 

Alcohol 
Yes 203 44.8 38.2-51.7 1.88 

(ns) No 3360 26.6 25.1-28.1 

Hyper-

sensitivity 

Yes 1682 29.4 27.3-31.7 0.26 

(ns) No 1881 26.5 24.5-28.6 

(**) and (***) respectively designate significant 

differences at p<0.01 and p<0.001. (ns) non-significant 

difference for p> 0.05 

In particular, the rate of wheezing was significantly 

increased in Guetar (95%) and Mdhila (65%) in 

comparison to other studied origins where it did not 

surpass 51 %. Patients having four or more wheezing 

events per month were classified as having severe form 

of asthma. As shown in Figure 2, the rate of severe forms 

significantly (p< 0.001) varies between patients’ origin. 

The lowest (02.04%) and highest (73.77%) rates were 

respectively noticed in Madjel and Guetar. The 

occurrences of severe asthma in the other considered 

villages varied from 14% to 22%. The Chi square test 

revealed significant association of wheezing severity and 

sex (30.18 % and 24.61 %, for males and females 

respectively, χ2= 3.703, p= 0.032), smoking (30.87 % vs 

25.27 %, for smokers vs non smokers respectively, χ2= 

3.641, p = 0.034), and alcohol beverage (41.27% and 

26.59 %, for yes and no alcohol intake respectively, χ2= 

6.352, p = 0.011), in the overall population sample of 

asthmatic patients. 
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Table 1. Asthma signs variation within regional location 

of the studied population 
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 Overall 
95

8 59.5 50.0 61.9 56.8 82.8 

O
ri

g
in

 

Madjel 
49 

40.8 44.9 61.2 42.9 00.0 

Tozeur 13 46.2 38.5 46.2 46.1 100.0 

Mdhila 
14

6 
65.8 48.6 58.9 59.6 88.4 

Guetar 
18

3 
95.6 54.1 63.4 59.6 87.4 

Moulares 
12

1 
50.4 56.2 67.8 57.0 88.4 

Redayef 
12

9 
50.4 54.3 68.2 55.8 84.5 

Metlaoui 
12

7 
45.7 40.9 59.8 52.0 82.7 

Gafsa 
11

0 
44.6 49.1 52.7 58.2 92.7 

Sened 80 50.0 47.5 63.7 61.2 85.0 

χ2  

 141.4

3 

(***) 

09.7

4 

(ns) 

10.3

2 

(ns) 

07.50 

(ns) 

255.07 

(***) 

(***) designate significant differences at p<0.001. (ns) 

non-significant difference for p> 0.05. 

 

Figure 2. Distribution of patients with severe form of 

asthma (at least 4 wheezing events/month) in the 

different included villages 

Both SD and PH exhibited at least three conventional 

hydrogen bonds with TNF-α and STAT6 associated 

several other interactions such as salt bridge-attractive 

charge and electrostatic attractive charge (Figure 3). 

While for TNF-α, both SD and PH interacted with 

THR143 as closest residues, for STAT6 the ligands 

showed different interactions. They were close to 

SER486 and GLN479, respectively. Overall, it was 

depicted that the binding affinities were all negative and 

ranging between –3.3 to -2.4 kcal×mol-1 (Table 3). 

 

Figure 3. Receptor-Ligand 3D interactions between 

active site residues of TNF-α and STAT6 (receptors) and 

sulfur dioxide and phosphate (ligands). 

5. Discussion 

Asthma is a multi-factorial chronic disease that causes 

peoples disability and poor quality of life [1,15,26]. Its 

global rates put out of sight its geographical disparity that 

firmly depends in exposure risk to loco-regional 

environments. Previous surveys outlined that asthma 

prevalence, in Tunisia, reaches about (6.9 %) [27], but it 

geographically changes, and many authors presented 

variable rates of the disease [27,28]. In addition, it varies 

from 2.7 % to 4.5 % in a South-North trans-sectional 

cross study [29]. They estimated a rate of asthmatic 

peoples of 4.2 % in the same studied area. Our results 

showed that crude asthma prevalence is much higher 

than which have been previously reported in the above-
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mentioned studies, and bring evidence for its changes 

within the residential areas.  

The results of the current study may support findings of 

previous reports related to such polluted areas as 

assessed by biochemical and histological approaches 

[1,16,17,19]. Probably methodological and regional 

variability might explain differences between our 

findings and those previously reported by other authors. 

Mining and phosphate transforming are the main 

economic activities in the studied area. They turnover 

around 500 billion tons of rock each year, in order to 

extract the phosphate mineral. During such process huge 

amounts of dusts and chemicals like sulfurs, including 

sulfur dioxide, are emitted into the air and might disrupt 

its quality and expose the neighboring populations to 

develop respiratory stiffening and asthma [30-32]. In this 

study, SD and PH were assessed for their ability to bind 

to some receptors involved in asthma development.  

TNF-α and STAT6 have been targeted for this 

assessment. For the different complexes, SD was found 

to establish five hydrogen bonds with both TNF-α and 

STAT6. Nevertheless, the affinity was better for STAT6. 

The best binding affinity was predicted for the STAT6–

PH complex, which reached –3.3 kcal×mol-1. These 

interactions together with the negative binding energies 

may explain the potential effects of both SD and PH in 

inflammatory responses associated to this heterogeneous 

respiratory disease [1,26,33]. In this study, the PH 

showed the lowest binding energy and was tightly filled 

into the binding cavity of STAT6. This stable complex 

showed three strong hydrogen bonds with GN479 and 

SER543 amino acids associated one electrostatic Pi-

anion with TYR546. This network of bonds is commonly 

reported to be associated with the stability of studied 

complexes: pollutants (ligand) and targeted receptors 

[21,23,24]. Our findings confirmed the STAT6–PH 

complex stability and its possible promotion of 

prostaglandins in asthma development [34]. It has been 

reported that TYR641 of STAT6 plays an important role 

in respiratory pathologies [35]. Our findings regarding 

binding results and intermolecular energies, mirror the 

previously reported epidemiological results and may 

explain the involvement of both TNF-α and STAT6 in 

the airway inflammatory diseases, particularly asthma 

pathogenesis [1,28]. These computational modelling 

results, as compared to others showed also that the effect 

Table 3. Interactions of ligand (sulfur dioxide and phosphate) with TNF-α and STAT6 human receptors: assessment of binding 

affinity, number of conventional hydrogen bonds and distance to the closest interacting residue   

  
  TNF-α STAT6 

S
u
lf

u
r 

d
io

x
id

e 
(S

D
) 

Intermolecular interactions Conventional hydrogen bond: 

(VAL142:HT)---(SD), (THR 143:HN)---

(SD), (THR143:HG1)---(SD), (GLN144)-

--(SD) and (ASP145:HN)---(SD). 

Conventional hydrogen bond: 

(SER486:HG)---(SD), (ARG495:HH22)--

-(SD), (ARG530:HH11)---(SD), 

(SER534:HG)---(SD) and (GLY464:O)---

(SD). 

Affinity (kcal/mol) -2.5 -3.1 

No. Conventional H-Bonds 5 5 

Closest interacting residue THR143 SER486 

Distance to closest residue 1.913 Å 2.158 Å 

P
h
o
sp

h
at

e 
(P

H
) 

Intermolecular interactions Conventional hydrogen bond: 

(THR143:HN)---(PH), (THR143:HN)---

(PH), (GLN144:HN)---(PH) and 

(ASP145:HN)---(PH); Salt bridge – 

Attractive charge : (VAL142:HT1)---

(PH); Electrostatic attractive charge : 1 

(VAL142:N)---(PH), 1 (VAL142:N)---

(PH) and 2 (LYS283:NZ)---(PH). 

Conventional hydrogen bond: 

(GLN479:HE21)---(PH), (SER543:HN)--

-(PH) and (SER543:HG)---(PH); 

Electrostatic Pi-anion (TYR546)---(PH). 

Affinity (kcal/mol) -2.4 -3.3 

No. Conventional H-Bonds 4 3 

Closest interacting residue THR143 GLN479 

Distance to closest residue 1.947 Å 2.266 Å 
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of SD and PH on TNF-α and STAT6 are 

thermodynamically possible [15,23,24]. 

The climate dryness and wind direction are sought as 

prominent agents in orienting the air-drained dusts and 

chemicals (particularly SD and PH), fact that explains the 

highest levels of asthma onset in some regions in 

comparison to other surrounding areas. Accordingly, 

epidemiological data highlighted the importance of 

environmental conditions and both birth and childhood 

country(ies) as risk factors for asthma onset [9,10,14,36-

39]. Seemingly, residents of Guetar and Mdhila are the 

most exposed regions to mining and phosphate 

transforming, which lead to air-transported dusts and 

chemicals that explain the great occurrence of the asthma 

disease in these neighbouring villages.  

Conclusion 

Our study highlighted the important loco-geographical 

disparities of asthma prevalence by both epidemiological 

and computational assays. Such variability might 

probably be explained by the specific anthropological 

activities established in the area and its climatic 

conditions. Further epidemiological and analytical 

investigations might bring approval for these findings 

and illuminate the potential involved mechanisms, 

particularly TNF-α and STAT6 pathways. 
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