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Abstract


In this paper, we describe a tobacco smoking epidemic model with ten (10) compartments and used ordinary differential equations to describe the dynamics. The effective reproduction number was obtained and used as a threshold for the spread of bacterial infection through tobacco smoking. It was found that whenever, the tobacco smoking-free equilibrium of the model is globally asymptotically stable (GAS) and the endemic equilibrium is stable if otherwise.  
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1.	Introduction

“The true face of smoking is disease, death and horror – not the glamour and sophistication the pushers in the tobacco industry try to portray” – David Byrne
One of the biggest challenges to the global public health is tobacco epidemic, killing about 50% of its users. In smoking death statistics, every 8 seconds, there is a tobacco-induced death and over 10% of adults who smoke die of tobacco related disease. Over 75 million people died worldwide as a result of tobacco between 1950 and 2000. There are currently over 1.1 billion smokers in the world, about 70% of whom are in developing countries like Nigeria and it is estimated that more than 455 million may die because of tobacco use by the year 2030 (Hesseling et al., 2008). This makes smoking the biggest killer globally.
Those who smoke tobacco are at risk of respiratory infection caused by several bacterial pathogens, including Streptococus pneumonia, Neisseria meningitidis, Haemophilus influenzae and  Legionella pneumophila (Murphy, 2006). Brook and Gober (2005) reported that the nasopharyngeal microflora of smokers contains fewer normal bacteria (such as α-hemolytic and nonhemolytic streptococci, and Prevotella and Peptostreptococcusspecies) that can interfere with colonization by selected pathogens (S. pneumoniae, H. influenzae (non-type b), Moraxella catarrhalis, and Streptococcus pyogenes) and that the nasopharyngeal microflora also contains more potential pathogens compared with those of non-tobacco smokers. Such increased carriage of potentially pathogenic species of bacteria in both adults and children was hypothesized (Brook and Gober 2005) to possibly be due to enhanced bacterial binding to the epithelial cells of smokers and the low number of α-hemolytic streptococci with inhibitory activity against S. pyogenes in the oral cavities of tobacco smokers. More recently, the same group followed a small number of quitters (n = 20) for a period of up to 15 months post-tobacco cessation, and concluded that the high number of pathogens (S. pneumoniae, H. influenzae, M. catarrhalis, and S. pyogenes) and low number of interfering organisms found in the nasopharynx of smokers reverted to normal levels after stopping smoking (Brook and Gober, 2007).
Several studies indicate that exposure to passive tobacco smoking increases the incidence of sneezing, sore throat, cough, and frequent cough (Wakefield et el., 2003). The incidence of group A streptococcus sore throat has been reported to be higher among children living in homes that include a tobacco smoker (Nandi et al., 2001). Thus, there is a consistent body of literature showing a significant association between tobacco smoke exposure and respiratory tract infections. More specific pulmonary diseases are now considered.
More than 40% of world's population are infected with the bacterial agent of tuberculosis, Mycobacterium tuberculosis, a risk factor for lung cancer (Pallis and Syrigos, 2013). Tuberculosis represents the leading cause of death from infectious disease worldwide and the leading cause of death among HIV-positive individuals. Tobacco smoking increases susceptibility to bacillary tuberculosis in a dose-dependent manner (Kolappan et al., 2007), adversely affects clinical manifestations (Altet-Gomez et al., 2005), and accounts for 12% of all tuberculosis deaths. The disease progresses more rapidly in tobacco smokers than in non-tobacco smokers, while tobacco smoking is also associated with increased relapse and mortality (Chiang et al., 2007). Quitting smoking and prevention of exposure to secondhand smoke are both important measures in the control of tuberculosis (Slama et al., 2007). 
Bacterial vaginosis, although often asymptomatic, can cause considerable discomfort and is associated with the development of more serious infections, such as septicemia and increased risk of poor pregnancy outcome (Koumans et al., 2007). Tobacco smoking has been significantly correlated with bacterial vaginosis, typically being in the region of twice as common in smokers as non-smokers, with a greater prevalence noted in young women (Evans et al., 2004). Tobacco use has also been independently associated with a higher prevalence of specific sexually-transmitted bacterial infections – chlamydia and gonorrhoea.
In recent time, Zaman (2011), Erturk, Zaman, and Momani (2012), Alkhudhari, et al. (2014), have attempted to model the dynamics of smoking in different regions. In this work, we complement and extend the works of the aforementioned authors by proposing a model of ten compartments, considering the effect of under-aged and aged smokers, early and late quitters, public enlightenment campaign and disease-induced death due to bacterial infection from smoking.


2.	Model Formulation




The total population is compartmentalized into five sub-populations, which consist of potential tobacco smokers, tobacco smokers, tobacco quitters, bacterial infected class and the recovered class. Potential tobacco smokers are further divided into under-aged tobacco smokers  and aged tobacco smokers. The tobacco smokers are divided into light tobacco smokers who smoke at most 15 tobacco cigarettes per day and chain tobacco smokers  who smoke above 15 tobacco cigarettes per day (Acevedo-Estefania et al., 2000). 












Tobacco smokers are recruited at a recruitment number, . A proportion  are aged tobacco smokers while the remainder are under-aged tobacco smokers, with . Potential under-aged tobacco smokers are initiated to tobacco smoking with forces of infection  and respectively, where and are the effective contact rates. Light under-aged and aged tobacco smokers are initiated to chain tobacco smokers with forces of infection  and respectively, where and are the effective contact rates.	 

















Light under-aged and aged tobacco smokers are allowed to quit early at the rates  and respectively. Chain under-aged and aged tobacco smokers can either ameliorate to being light tobacco smokers at the rates  and or progress to bacterial infected class at the rates  and  respectively. Individuals that quit tobacco smoking lately can progress to bacterial infected class at a rate while individuals that are infected with bacterial may receive treatment and recover at the rate . Individuals in the bacterial infected class die naturally as it is with all the other compartments at a rate and suffers an additional death due to bacterial infection at the rate . Under-aged individuals in classes  become aged at the rates respectively. is the rate of sensitization and is the efficacy of sensitization where is the sensitization coverage enhanced by public enlightenment campaign with and .  
Below is the schematic representation of the model
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Figure 1: Schematic diagram of the Tobacco Smoking Model
Model Assumption
1. All initiates begin by being light tobacco smokers.
2. Once potential tobacco smokers are aged, their initiation into tobacco smoking can only be due to the failure of public enlightenment campaign on the dangers of tobacco smoking to protect them.
3. Only light tobacco smokers can quit early while chain tobacco smokers can quit late.

				

	Existence of Tobacco Smoking-free Equilibrium State 
At the tobacco smoking-free equilibrium state, we have absence of tobacco smokers and thus, all the infected classes will be zero. Hence, the entire population will be made up of only potential tobacco smokers.
Theorem 1: A tobacco smoking-free equilibrium state of the model exist at the point
							(25)
Proof: At equilibrium state, the rate of change of each state variable is set to zero, i.e

Effective Reproduction Number 

The threshold quantity is the effective reproduction number of the model for the spread of bacterial infection through tobacco smoking in the presence of under-aged and aged tobacco smoker, and public enlightenment campaign in a population. It measures the average number of new tobacco smokers generated by a typical tobacco smoker in a population comprising of completely potential tobacco smokers.


Using the next generation operator technique described by (Diekmann & Heesterbeek, 2000), we obtained the effective reproduction number of model which is the spectral radius of the next generation matrix.
i.e

								
		
Conclusion



In this work, we proposed a new tobacco smoking model incorporating some important factors which play vital role in transmission dynamics and control of bacterial infection through smoking. These factors are the effect of under-aged and aged smokers, early and late quitters, public enlightenment campaign and disease-induced death due to bacterial infection from tobacco smoking. We obtained the effective reproduction number, which indicated that the spread of bacterial infection through tobacco smoking largely depends on the effective contact rate of aged potential tobacco smoker, the rate at which under-aged potential tobacco smokers becomes aged, the rate at which the aged light tobacco smokers quit early and sensitization coverage. Our analysis reveals that the spread of bacterial infection through tobacco smoking can be controlled if  regardless of the initial size of the population profile. Therefore, the government through agencies concerned must put all efforts in place to ensure that  is strictly less than unity.   
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