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ABSTRACT
[bookmark: _Hlk511373033]Several investigations nowadays allow the examination of cure fraction in the analysis for the survival function of the disease. This research is being motivated by the fact that an infectious disease with a co-infection is becoming more prominent in recent time but not much research has been done in the area of its epidemiological modeling. Consequently, the use of a survival model that incorporates the cured rate of the management in the analysis which is called cure rate model is adopted. The aim of the study is to model any infectious disease with a co-infection so as to estimate the performance of the management. The specific objectives are to: (i) derive the appropriate probability density functions for the sole infectious and co-infection disease; (ii) determine the distribution that best fits and estimate the cure rate parameter for the two situations; and (iii) examine and determine some risk factors associated with the two situations.
The existing model used in literature has been the Exponential distribution. This study was extended to include two forms of the Weibull distribution to estimate the cure rate using maximum likelihood estimation method. Goodness-of-fit was presented to screen the distributions for use. Simulation and Real-life data were used for this study using R and STATA softwares in the estimation procedure.
The findings of the study were:
(i) the two-parameter Weibull distribution was the best fit for TB and TB-HIV co-infected patients in this situation; 
(ii) the cure rate of TB was 26.3% which was higher than that of the TB-HIV co-infection which was 23.1% (0.0001);
(iii) the non-parametric median survival time of TB patients was 51 months while that of TB-HIV co-infected patients was 33 months; and
(iv) there was no risk factor associated with TB-HIV co-infected patients while age was significantly a risk factor for TB patients among the suspected risk factors used.
The study concluded that appropriate parametric model is applicable and can be used to model an infectious disease with a co-infection. The cure rate model is useful when sufficient information is available to implement it. It recommended that this work is particularly useful to estimate cure rate in Hospital setting or prevalence in cross sectional data and that since hazard increases with age from the real-life data used, early screening of people is highly encouraged. The study therefore provides information which serves as a warning signal to the entire population to intensify the fight against TB and TB-HIV co-infection.
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CHAPTER ONE
          GENERAL INTRODUCTION
1.0	Introduction
Tuberculosis (TB) is very predominant in the Nigerian setting. This accounts for the fact that Nigerian Government has mandated that its management be made free. In recent time, nevertheless, the success recorded in the TB management has extremely slowed down (Balogun and Jolayemi, 2017).
[bookmark: _Hlk510456953]The rates of the disease and death can be hastened by the occurrence of both TB and HIV/AIDS together (Daftary, 2011). The merging of HIV/AIDS and Tuberculosis (TB) has been established to have a severe consequence on the epidemiologic progression and therefore on the universal health prospect, while the two diseases can singularly be the main agents for the common separate public health impendence. Jaiswal, Srivastav and Mahajan (2012) termed the dual infection an “ill-fated pair”. It was reported that the major covariate responsible for the spread of TB is HIV, TB is a sensitive infection among HIV patients.  It has also been observed that a minimum of 12% who have TB cases were likely to be HIV-positive with new cases of TB exceeding 9 million in the year 2009 (UNAIDS, 2008; 2009; UNAIDS/WHO, 2006; WHO, 2010a). 11.1 million patients had TB co-infection out of 33.4 million patients who lives with HIV/AIDS (UNAIDS, 2009). It was recorded that for every four deaths of patients living with HIV one must be as an effect of TB (UNAIDS, 2009; 2010; 2012; WHO, 2011; 2012). WHO 2010 report showed an escalation between the year 2010 and 2011 because 360,000 patients died with an active TB and HIV infection (UNAIDS, 2011). TB-HIV co-infection is typically common in sub-Saharan Africa even though the co-infection still remains a global phenomenon. 
79% of 1.1 million patients living with TB-HIV co-infection case detected and stated in the Land of Africa in 2011. TB-HIV co-epidemics persevered to be a severe health difficulty, most exclusively in places where resources are inadequate. The merging of TB and HIV disease have the capacity to do a serious havoc on the host’s immune system because there exists a powerful link between them (WHO, 2012). TB and HIV co-infection is a strong covariate which is the key source for the progression of latent TB which has the ability to reactivate the disease (Getahum, Granish and Nunn, 2010; Kwan and Ernst, 2011). Meanwhile, TB-HIV co-infected with TB patients has high exposure rate to smear-negative pulmonary TB and patients also has high exposure rate to extra-pulmonary TB (Maher, Borgdoff and Boerma, 2005; Harries and Dye, 2006). 
 TB and HIV co-infection causes a drawback and is seen as a threat to both diseases control programmes (Godfrey-Faussett, Maher, Mukadi, Nunn, Perien and Raviglione, 2002). HIV infection is one of the powerful covariate of TB and this has made the infection an agent of active TB latent and the re-infection of exogenic (Corbett, Watt, Walker, Maher, William, Raviglione and Dye, 2003), areas with high prevalent of both TB and HIV infection are reported to be capable of high TB incidence (Chum, O’Brian, Chonde, Graf and Rieder, 1996). The TB control programme has been adversely affected by the co-infection of the two diseases (TB and HIV co-infection) since HIV infection only poses a bigger menace (Corbett et al., 2003). Any modification in the diagnosis of TB disease in TB-HIV co-infection will result into under-diagnosis or over-diagnosis for smear-negative disease. Postponement in the examination of TB may lead to an increase in the case fatality ratio, CFR (De Cock, Binkin, Zuber, Tappero and Castro, 1996; Mukadi, Maher and Harries, 2001). Weltman and Rose (1994) an escalation in the death as result of TB and Multidrug Resistance (MDR) among TB-HIV co-infected patients was detected to be as a consequence of MDR and lower treatment response (Mukadi et al., 2001). In this research, the response of TB-HIV co-infected patients to the treatment is slow with unfavorable reaction to drugs used and most patients find it hard to use all the drugs prescribed to them because they feel it is too much and this has adverse effects on the treatment result (Poznaik, Miller and Ormerod, 1999). Co-infection case may arise when in the process of treating HIV infected patients, instruments used for treatment is not properly taking care of (sterilized) in health centers. Therefore, TB patients are more exposed to its transmission (WHO, 1989).
In developing countries one of the major deadly disease discovered is Malaria which is another serious disease which is coupled with the casualty of HIV and TB disease, (Adjuik, Smith, Clark, Adazu, Sacarial, Alam, Marra, Todd, Garrib, Kinfu, Mwangemi, Binka, Kahn, Mola, Ashraf, Masanja and Gbangou, 2006). It was estimated that HIV/AIDS, TB and Malaria killed over 5.6 million in a year (Tan, Upshur and Ford, 2003).  The well-being of individuals in sub-Saharan Africa is seriously threatened due to the impact of the three deadly diseases. The control and eradication of Malaria and TB is complicated though both disease share similar characteristics because they originated in the prehistoric era. Recently, it was discovered that Malaria parasite is becoming unresponsive to the spraying agent (Breman, 2001, Carter and Mendis, 2002). The control of TB is experiencing a setback with the presence of MDR (Trevedi and Desai, 1988; Weltman and Rose, 1994). The Global funds to fight AIDS, Tuberculosis and Malaria (GFATM) was internationally launched in Okinawa when the measure against the merging of TB and HIV infection, Malaria and HIV/AIDS failed (Tan et al., 2003). 
Public health institution now uses an alternative integrated health care due to the increasing catastrophe of co-infection. TB and HIV remains a key health challenge as such WHO has prioritize its health care facilities among other infectious disease in order to lessen the rate and influence for both infections. The WHO’s integrated techniques through coordinated and collaborative efforts of patients in TB and HIV programs which has improved the testing, prevention, treatment and supportive services (WHO, 2004). Poor resources areas still experience the highest burden of the co-infection because planning and execution of the integrated intervention is difficult due to the multi-level problems and shortcomings (WHO, 2008a). 
It is evidenced that in numerous research reports globally, that the vulnerability to TB increases in manifold with co-existing infection of HIV, HIV escalates the probability of recently acquired TB infection to progress to the status of active disease (Meya and McAdam, 2007; Girardi, Raviglione, Antonucci, Godfrey-Faussett and Ippolito, 2000; Gao, Zhou, Li and Jin, 2010) and the co-occurrence of TB is not restricted to the HIV stage. Research shows that it is fast becoming seeming that the TB population should be seen as a major group to screen for HIV (Girardi et al., 2000; Gao et al., 2010). Research has also shown that TB-HIV co-infection has a collaborative effect on each other to the level that TB may be perceived as an extra-pulmonary disease in the end stages of HIV infection (Sharma and Mohan, 2005). Rigorous research has been channeled towards the integrated interventions to overcome clinical operational and technical challenges to the treatment of TB-HIV co-infection whereas the social aspect which is also critical to the integrative process has been extensively ignored. In order to devise a fruitful and justifiable public health response in reduction in the co-epidemic, intense understanding of the infected patients live and verdicts to TB and HIV care must be well-known, exactly in linking with their social, cultural, political, historical and economic upbringing. With prompt change in the field of health and medical science in the world now, we come across more studies on survival analysis where some patients from the population are expected to be cured and others remained uncured. Survival studies showed a reasonable number of the patients to be cured from the population due to the recent advancement in the area of medical and health research. The concept of censoring and cure must be clearly defined for better understanding: censoring can be defined as a state where the subject does not fail within the monitoring time window of a particular subject, whereas cure can be defined as one that will not fail within any realistic monitoring time window (Gu, Sinha and Banerjee, 2010) 
It has been anticipated in survival data analysis that if the study subjects are monitored closely over a long period of time, the subject will finally experience the result of concern (death/alive or cure/uncured), although in real-life it may not be so even after a prolonged duration. Also, in trials conducted in the treatment centers, the event of interest may not be experienced by a realistic fraction of the subjects whereas in the traditional sense, the patients are believed to be cured when they are not censored. Thus, in order to manipulate and analyze the survival data which involve cure fraction (non-susceptible), the cure rate model was explicitly developed (Taweab and Ibrahim, 2014).  
A survival model that conglomerates the cured part (non-susceptible) and the uncured part (susceptible) is known as a cure rate. The model was basically designed to emphasis on the percentage of the cured patients, the survival distribution of the uncured individuals alongside the consequences of the treatment on the survival (Datta, 2013). 



Recent research has shown that cured part (non-tail possibility of the survival function) has been included into the parametric survival model. Cure rate model was used by many researchers to analyze data by concentrating on cancer-relapse trials, for example: Breast cancer, Prostate cancer and other chronic diseases. With long follow-up a reasonable number of individuals will be expected to be cured due to the advancement in the therapy and treatment (Gu et al., 2010). Cure rate models was adjusted in analyzing this data to capture the mixture cure model developed by Berkson and Gage (1952) and the model developed has broadly been used and elucidated by many researchers, taking into account the works done by Ewell and Ibrahim (1997), Farewell (1982); (1986), Stangl and Greenhouse (1998), Maller and Zhou (1996) and Gray and Tsiatis (1989) e.t.c. on the mixture cure model.  The standard cure rate model encompasses the survival function for the whole population which is symbolized as , with the first half of the segment for the whole population measured  and presumed to be  “cured” and the second segment  “uncured”. The standard cure rate model used in most literature was written as:

								(1.1)

 signifies the survival function for the uncured group in the population. The Exponential and Weibull distributions are some of the parametric model frequently used for [image: ]in literature. The equation (1.1) is well-known as the standard cure rate model.
The Data that will be used in this research is applicable to Nigeria in modifying the works done by (Chen et al., 1999; Uddin et al., 2006; Aljawadi et al., 2011b) to develop a model fit to help managing an infectious disease with its possible co-infection.
 1.1	Background of the Study
Tuberculosis is an airborne pathogen caused by the tubercle bacillus Mycobacterium tuberculosis which spread through droplet contact via coughing or sneezing in enclosed spaces (Maher et al., 2005). Globally, Tuberculosis is a deadly disease, that made it a health priority because at least 70% cases appears in pulmonary form or as Extrapulmonary form which affect all parts of the human body (Harries, Mbewe, Salanifoni, Nyngulu, Randal and Nunn, 1996). Despite being a curable and preventable disease, record showed that 2-3 million pass away as an effect of TB with seven million new cases emerging yearly (WHO, 2005). According to (WHO, 2005) case identification with appropriate treatment were seen as health setback for the disease. As one of the country found within sub-Saharan Africa, Nigeria is placed number five in the WHO’s 22nd countries with prevalence of TB cases because of high incidence of TB in the country (WHO, 2005). An estimate of 2% from the population are at risk of TB infection, with 100,000 of new sputum positive TB cases and 200,000 of all types of TB arising annually respectively in the data reported in Nigeria (Daniel, Oladapo and Alausa, 2006). 
Africa has 70% of patients living with TB and HIV/AIDS co-infection this shows that infection of both diseases are predominantly common within sub-Saharan Africa (WHO, 2005). There is a swift escalation in the TB cases caused by the upsurge of the HIV/AIDS infection (UNAID, 2004). 7% of new TB cases was recorded in Nigeria, Ethopia and South Africa yearly whereas Kenya has a higher rate of 12% every year. The rise of the incidence of TB is fueled up majorly by HIV/AIDS through the last decades (Eno and Edem, 2008; UNAID, 2004). The recurrence of TB can be raised through low immunity of HIV infection on active TB (Maher and Zhou, 1996; Enarson, Reider, Arnadottir and Trebucq, 2000). In Nigeria, 17.0% (range 4.2% -35.1%) was revealed as the median HIV prevalence from the TB patients in the recent study conducted. North Central State of Benue recorded the highest prevalence while the least was recorded precisely in the South-West of Oyo state (Ekanem, Olaleye, Sani and Gboun, 2004). Internationally, there has been a surge in the event of TB cases with the arrival of HIV in early 1980s. 
1.2	Statement of the Problem
Throughout the world, communicable disease (such as Measles, Hepatitis, TB and HIV/AIDS etc.)  are some of the diseases human beings struggle with and it has also continued to cause a serious setback in health failures; even with early detection of the protracted disease and high vaccination due to enlightenment that has been attained in some countries. Most of these deadly diseases have been discovered to have a possible co-infection such as TB patients co-infected with HIV/AIDS, TB co-infected with Malaria and Hepatitis co-infected with Jaundice etc. Usually, some people also adhere strictly to self-medication at their various home completely unsupervised and this has contributed to the high prevalence of the diseases. Majority of people have attributed the main causes of the prevalence to lack of proper education about the diseases and low detection rate at early stage, financial constraint was also discovered as a major factor as most people prefer the treatment of the disease locally or traditionally than exposing themselves to hospitals for proper treatment.
TB disease is transferable from parent to children has the highest rate of mortality especially in developing countries (Mittal, Das and Faridi, 2014). Attempt to understand the epidemiology of TB with advent of HIV started as far back as early 1980s. The management of TB in the existence of HIV is difficult because of many factors. The large pills burden may be confusing to the patient, association of the drugs to meals could also be a challenge while the side effects may impede adherence (Padmapriyadarsini, Narendran and Swaminathan, 2011). Hence, this study is being motivated by the fact an infectious disease with possible co-infection do exist and to be specific in Nigeria, not much research has been done in this area of its epidemiology modeling; thus, the aim of this research is to extend an existing model suitable to help us model the infectious disease and its possible co-infection.
1.3     Aim and Objectives of the Study
The aim of the study is to model any infectious disease and then with a co-infection so as to estimate the performance of the management. The specific objectives are to:
1.  derive the appropriate probability density functions for the two situations, that is, sole infectious and co-infection disease
2.  determine the distribution that best fits and estimate the cure rate parameter for the two situations                                                                                                                                                                                                                                                       
3.  examine and determine some risk factors associated with two situations
1.4 	Significance of the Study
TB-HIV co-infection are examples of an infectious diseases and it has severe complications, which includes encephalitis and death. Nowadays, all research related to any illness needs the use of a statistical models. The result from this research will serve as a warning signal in intensifying the fight against numbers of cases recorded by TB-HIV co-infection transmission so that the menace can be curbed in the entire population. Government officials, Health offices and administrators that are involved in fight against TB and HIV infection will also find the research very helpful for the planning and forecasting future developments in both short and long time in relevant field of education, health, economy and environmental preservation. It will also provide information for formulation of government policies so as to achieve economic and social objectives.
This research seeks to expose the level of threats TB-HIV co-infection pose to the existence and development of many poor countries around the world.
This research will therefore paves way for further research on the modeling of Tuberculosis disease with possible HIV co-infection on a population. This study will be very helpful and resourceful to Parastals and Educational Institutions as well as other Educational Research Institutes in creating adequate space for an innovative method and exposing them up into wider varieties of strategies in fighting the spread of TB-HIV co-infection.
1.5	 Scope of the Study
There are variety of cure rate models that are available in the literature that are used in order to analyze an infectious disease. The three models that are commonly used for cure rate model are the parametric, non-parametric and semi-parametric model. This research would be restricted to parametric model identification and use. 
1.6	Summary by Chapters
The thesis contains five chapters. Following this is general introduction, Chapter 2, analytical review of existing literature on TB and TB-HIV co-infection, Cure rate model is presented. Chapter 3 focuses on the methodology used in the work. The assumption of the BCH model, likelihood function for Model 1, Likelihood function for Model 2, Likelihood function for Model 3, Estimation of the model parameter for the distributions: Model Selection, Cox Proportional Hazard Regression model. Chapter 4 presents the Data collection, Ethical consideration, the results and additional discussion of the results and finally, Chapter 5 shows the Summary of the findings, Conclusions obtained from the study and recommendations as well as topics for future research are presented. 






CHAPTER TWO
LITERATURE REVIEW
The literature used and discussed in this section are those that are related and relevant to this study. The research is on the management of an infectious disease with its possible co-infection. The literature review given below have which comprises of literature on TB and TB-HIV co-infection and the cure rate model.
2.1	 TB and TB-HIV Co-Infection

Abera, Kate, Zelalam and Andrew (2009) carried out an extensive research in Oromia Regional state of Ethopia to ascertain the Ecological bond that take place between HIV and TB patients. 40,779 TB cases were studied containing 29,950 positive of HIV infection and 12,818 smear positive pulmonary TB cases. The study showed that the association amid diverse Tuberculosis types and HIV predominance in Oromia’s regions and cities was determined by adopting the statistical test; Spearman’s rank correlation. Study result showed that widespread of HIV infection has a big impact on the incidence of TB in Oromia region. The research further showed that the rate of smear negative TB, smear positive TB as well as Extrapulmonary TB has similar association with the rate of HIV infection.
Kapata, Chanda-Kapata and Michelo (2013) showed that there was a need to explore the social determinant of TB and its relationship with TB-HIV co-infection was important to be dealt with in order to have a maximum impact in the control of TB. The study had its limitation due to the fact that it was conducted in an urban setting only. Therefore, more population-based household survey was recommended that would include rural setting as well. The author recommended qualitative studies as a follow-up study to interrogate a thorough understanding of the prevailing determinants of Tuberculosis and treatment seeking behaviours of TB patients. 

Deribew, Markes, Yohannes, Nebiyu, Shallo, Ajeme, Tefera, Ludwig and Robert (2009) conducted a research between February and April, 2009 in some hospitals (Adama, Nekemte and Jimma) within the regional state of Oromia, Ethiopia. The research included the patients infected with only HIV and those infected with both TB and HIV s which are 467 in all. Logistic regression model was used in the study to show the patients’ standard of living to the moral depression or sadness, whether the patients have means of income or not and involvement in any family support programme. The results showed that the quality of life of patients infected with HIV without active TB was more superior in all sphere than those co-infected with TB and HIV. When individuals with no depression are compared with those depressed, it was observed that patients were 8.8 times prone to have weak health status with the odds ratio.


Straetemans, Bierranbach, Nagelkerke, Glaziou and vander Weff (2010) carried out a meta-analysis of cohort studies by selecting relevant articles. The mortality effect of TB on PLWHIV is the major concern of this research. The Hazard ratioof that showed the impact of TB on HIV in co-infection was by pooling a total of fifteen studies for the assessment of the aftermath of TB on mortality in PLWHIV. 





Kamenju and Aboud (2011) used Logistic regression analysis for classifying patients who were admitted at the Muhimbili National Hospital in assessing the clinical presentation and widespread of TB-HIV co-infection from August 2008 to July 2009 in Dares Salaam, Tanzania. Out of the study, 300 TB infected patients tested for HIV, from which  had HIV infection while   of these were already on Antiretroviral Therapy (ART) at the admission time. Overall, the death recorded for TB patients admitted were  in which PTB (Pulmonary TB) caused close to 69 of the death. The research showed that HIV uninfected TB have a lower proportion of the deaths  than those who had HIV infected .




Taha, Deribrew, Tessema, Assegid, Duchateau and Colebunders (2011) carried out a case study for HIV and TB disease in 2009 comprising of 162 cases and 647 controls in south-west Ethiopia from Jimma and Mettu Karl hospitals (referral and treatment centers). The control is made up of adult who have HIV/AIDS but uninfected with TB while the cases are made up of patients who have HIV/AIDS but infected with pulmonary TB. The researcher employs Multiple logistic regression models as a statistical test in order to achieve the aim of this study in determining the covariates of having active pulmonary TB among PLWHIV. The result revealed, after adjustment for potential confounders that the advancement of active TB in PLWHIV were independently related with an initial weight of more than , a CD4 lymphocyte count less than 200 cells/mm3  , a WHO clinical stage IV   and not receiving antiretroviral treatment  . 




Tarekegn (2011) carried out a retrospective study which consisted of 632 patients (with the ART and the pre-ART cohort having 316 each) the patients were monitored within a period of 32.9 months as median time in the Pre-HAART and 35.4 months  in Highly Active Antiretroviral Therapy (HAART). In identifying some factors that escalates the possibility of TB in PLWHIV, Cox Proportional hazard analysis was employed. The result from the study showed that WHO stage III or IV , being bedridden   ,with hemoglobin level less than 10mg/dl  were some of the factors which are associated with high risk of being infected with TB in PLWHIV. 



Zubairu and Musa (2009) conducted a study in Nigeria on patients with HIV/AIDs from January to December 2006 which are being treated at Aminu Kano Teaching Hospital. The patients reviewed and examined were made up of 1320 who had a comprehensive record, with 138 (10.5%) co-infected with TB and 103 (74.6%) Pulmonary TB patients was diagnosed. The record also showed that 15 patients had dual infection of pulmonary TB and EPTB while 50 (36.2%) co-infected patients had some type of Extra-Pulmonary TB (EPTB). In this study, Chi-square analysis was adopted as a statistical test to determine the significant association among the categorical variable: All the variables used were incomparably associated with TB-HIV co-infection and the variables were also included in the multiple logistic regression analysis to estimate their individual effects. The result showed that after adjustment for confounding the marital status , WHO clinical stage at presentation   and the baseline CD4 count  and all these factors continued to be prominent predictors for the study. 
Mashimbye (2010) considered TB treatment aftermaths in adult TB patients receiving treatment at Rixile HIV clinic in Tinswalo hospital in Bushbuckridge, South Africa with the intention of determining the covariates connected with TB death in adult TB patients at the hospital from March, 2003 to March, 2008. Also, the relationship that existed between TB mortality and its risk factors was assessed with the aid of a statistical test; Chi-square test. The univariate analysis revealed that for the associations of age, sex, Body Mass Index (BMI), education and Antiretroviral (ARV) treatment considered in this study, only sex, age and ARV treatment from the factors used were discovered to forecast mortality related to TB using multiple logistic analysis. 
Refera (2012) conducted a study on TB-HIV co-infected patients status showing their survival/death for those who were treated of TB disease at Ambo hospital from September 1st, 2006 to August 31st, 2011. In the research, Kaplan-Meir method was used to estimate the survival time of the patients after commencement of TB treatment, it was discovered in the research carried out that the mortality rate of TB patients stabilizes in stages, although, it was at its peak at the initial stage of the treatment but at the 6th and 9th months of commencement of the treatment, 31 and 49 deaths were recorded respectively. Also, Cox proportional hazard model the risk factors used which significantly influence the survival of PLWHIV co-infected patients were identified. 
Tadesse and Tadesse (2013) called for serious and quick action by consolidating concerted undertakings for TB-HIV infection through boosting the immunity by improving the nutritional supplement, through early commencement of the treatment and diagnosis of the patients, provision of prophylaxis to prohibit strategic infections, provision of intervention for woman and young female age and reaching out to periphery by separating the diagnostic and treatment clinics as result of the fact that the incidence of HIV co-infection was high among TB patients 
Fatmawati and Hengki (2016) suggested that anti-TB and antiretroviral treatment for the transmission of TB and HIV infections as an optimal control for the treatment of the spread of TB-HIV co-infection model, correspondingly. The co-infection of TB-HIV which is an uncontrolled model was firstly presented with the model unveiling four equilibria, namely, the disease-free, the HIV-free, the TB-free, and the co-infection equilibria. Two basic reproduction parts conforming to TB and HIV infections was further achieved. The two basic reproduction parts were used to determine the existence and stability of the equilibria of the model. The optimal control theory was then derived systematically by the application of Pontryagin Maximum Principle. The optimality system was solved to demonstrate the effectiveness of the treatments using the numerical scheme. 
Gesesew, Tsehaineh, Massa, Tesfay, Kahsay and Mwanri (2016) indicated that even with the WHO policies on recent effective medical treatment for TB-HIV co-infection, one out of five of the patients still die of the co-infection and it was exposed that social status was one of the significant factor that stimulate it, it was reasonable to note that the health sector alone cannot reduce the death that arise within the intervention structure of TB and HIV infection but rather that social determinant that existed in such settings should be improved upon and be integrated to the effort made at reducing the mortality rate. Further research was recommended to consider other possible social determinant performances which consist of malnutrition, stigma, food insecurity, deprivation, cultural preferences and inequalities and the impact of such individuals and contextual factor by using Multi-level analysis will also provide supplementary evidence. Fatmawati and Hengki (2017) presented a mathematical based model via the resistance of HIV to antiretroviral (ARV) drugs for the improvement in TB-HIV co-infection. Anti-TB and ARV treatments were integrated into the model as system variables control. The presence and strength of equilibria were established on three basic reproduction numbers conforming to the TB and two strains HIV infection were considered for the model without controls. Sensitivity analysis was used to determine the leading influence controlling the spread was also performed. Then, the Pontryagin Maximum Principle was used to derive the optimal control condition on the model to realize the goal of curtailing the amount of the population which are infected. The numerical simulations of the optimal control were also performed to illustrate the results obtained. 
Nwabuko, Ejele, Chuku, Nnoli and Chukwuonye (2012) showed that there was a direct relationship between TB and ESR while TB and CD4 are inversely related in the HIV patients. They further showed that 5.91% predominance of TB-HIV co-infection existed in Nigeria (precisely Niger-Delta area). The study suggested that Erythrocyte Sedimentation Rate (ESR) could be used as a predictive maker for TB-HIV co-infection because all patients with Pulmonary TB had an ESR of 100 mm/hr. 
Adebimpe, Asekun-Olarinmoye, Hassan, Abodunrin, Olarewaju and Akindele (2011) conducted a study on some pregnant women who are TB-HIV co-infected in some health facilities based in South-west region of Nigeria. They recommended that reasonable number of cure rate was possible if the cases were properly managed in antenatal clinics with regular routine TB screening. 
Daftary (2011) showed that in designing and implementation of a fruitful intervention, the integration effort should reflect the social consequence of patient’s health resolutions and patterns and the social backgrounds of TB-HIV co-infection within which such efforts are set. 
Janida, Lawson, Nnodu, Ajani, Umobong, Fredrick, Adelaiye, Nafarda, Abdulraham, Okechukwu, Tafida, Bashir, Baamlong, Gurgel, Yassin, Oladimeji and Cuevas (2015) reporting for sub-Saharan Africa said that federal capital territory of Nigeria, Abuja, was among the cities in Nigeria having the topmost proportions of TB-HIV co-infection rate and it further revealed that the aftermath of patients had statistically significant greater death. 
Towona (2010) the outcome of the TB treatment was enhanced significantly by introducing the policies that incorporate HIV services in the TB care. The study showed that a deliberate effort was being made in increasing access of rural masses to TB and HIV services because study still shows that a high proportion of deaths exists among TB patients. The work admonished the National Tuberculosis Control Program should collaborate with HIV units to help general health service provision especially for the rural populace. It was recommended that tuberculosis care should include HIV services as HIV was the driving force to Tuberculosis epidemic and HIV unit should include TB in its service as TB is seen to be the leading killer in the PLWHIV. 
Shobowale, Elikwu and Adegunle (2015) a total of 100 patient’s records retrospectively and analyzed for over 3-month period in determining the TB alone and the dominance of TB-HIV co-infection patients’ demographic characteristics. Sputum smears was used to estimate the response of patients to therapy given by Ziehl Neelson’s technique. The result showed that 20.2% of HIV co-infection persons were suspected with TB (n=20) and 23% (n=23) had sputum smear showed Acid fast bacilli. They recommended that accurate diagnosis of TB and treatment strategies should be employed and improved upon because TB appears to be a serious threat to public health in Nigeria with diagnosis and treatment also facing serious challenges. 
Dauda (2010) an Infectious Disease Hospital (IDH) in Kano which was officially designated by the Government of Kano State presented a comprehensive report that HIV-TB co-infection patients had an increase of 38.4% between the period of 2005 and 2006. However, new regimens and administration protocol were needed in treatment of TB-HIV co-infection because chemotherapy used by DOTS could only cure 40% of the patients examined, which is much lower than the standard set by the WHO. 
Sinshaw, Alemu, Fedaku and Gizachew (2017) showed that at Gondar University Hospital TB DOTS clinic, the supervision of patients with TB-HIV co-infection was below WHO target set for fruitful anti-TB result. Among the related factors discovered for the successful TB patients’ treatment outcome residing in Gondar town were those having baseline body weight above the mean, being able to perform their normal activities in the house and being free of treatment side effects. Thus, it was recommended that for the outcome of the treatment to be enhanced, the incorporation of TB and HIV joint actions should be reinforced. Also, improvising means of TB patients follow up and tracing to keep them in contact with health professionals at service delivery points during treatment could increase the worth of the TB treatment results. 
2.2	Cure Rate Model
This model proposed has been useful and practiced in many areas of research which includes health, reliability, criminology and economics. Freireich, Gehan, Frei, Schroeder, Wolman, Anbari, Burgert, Mills, Pinkel, Selawry, Moon, Gendel, Spurr, Storrs, Haurani, Hoogstaten and Lee (1963) leukemia patients was considered and they compared the patients’ survival experiences giving them the 6-MP in comparison to a control group. The signs of the disease were experienced by all individuals in the study within the control group throughout the period of the research whereas from the treatment group, no signs of remission were observed from at least half of the patients considered in the study. Thus, large number of immunes were recorded. The data of the study conducted by Maller and Zhou (1996) from the prison in Western Australia was on the relapse inmates released which revealed that a reasonable percentage of the inmates are expected to go back to the prison. The outcome from the study showed some factors that affect the deteriorating levels of the inmates to be age, prison programs, marital and job status. Struthers and Farewell (1989) found out that the model which accommodate a fraction of immunes will best fit the data employed than the model which does not take into consideration a long-time stayer using cure rate model in examining the growth of AIDS in HIV-positive individuals. 
Nelson (1982) carried out a reliability study at several stages of temperature on the insulation life of an electric motors. Mixture model was employed to examining the immune section and then found out that at higher temperature, the motor easily stops working while at low temperature it works indefinitely. 
According to Barriga, Cancho and Louzada (2015) used inverse Weibull distribution (precisely the geometric distribution and a cumulative density function) on the individual loan collection of Brazilians to the time it takes to experience evasion on the loan collected by individuals. 
Oliveira and Louzada (2014b) used the model in the field of credit risk in comparing the time taken for total returns of the non-functioning loans in the individual loan collection by applying the model developed by Chen et al., (1999). Oliveira and Louzada (2014a) also worked on asset of non-functioning loan by comparing the parameter obtained from two sequel analysis. The time taken to the evasion happening and the evaded loans are the first and second sequel respectively. The significant association between the retrieval and evasion processes was found by the authors which then suggested that it is possible to have a reduction in the retrieval level of non-active loan in terms of greater possibility of evasions. 
Yu, Tiwari, Cronin and Feuer (2004) noticed that cure fraction estimation could be absolutely delicate to the selection of failure time distribution and the length of monitoring time by using mixture cure rate model on survival group data. The author came to conclusion that the cure fraction estimation was strong with the distribution of generalized gamma by examining the effects of diverse types of parametric models which include: Log-logistic, Log-normal, Weibull and Generalized gamma. They considered the accountability of the mixture model used and then revealed that if the monitoring time was short, the overall survival function and the survival function of the failure time distribution could eventually be accountable. They also suggested that the certainty of the cure fraction estimation could be affected when the monitoring time is long in consideration of the survival median time and observations uniformity.
Yamaguchi (1992) carried out a study in Japan on inter-firm job mobility by proposing an accelerated failure time (AFT) regression model with some other supplementary variables to the regression to be used for the cure fraction. The logistic function and latency distribution were used to model the cure fraction with risk factors and were obtained from Generalized gamma model. The surviving fraction can be determined by using the model and also the covariates effects on acceleration or deceleration of an event can be estimated by employing the model. 
Chen et al., (1999) the study used a survival data which include a surviving fraction on the new Bayesian model. The new model proposed for cure rate takes a proportional hazard structure which is subject to some risk factors. For a cure rate model, the uncured fraction alone has a proportional hazard while the entire population has the proportional hazard model in the Bayesian model. Also, Bayesian model was suggested by the authors to be computational attractive. 
Peng and Dear (2000) presented a blend of the EM algorithm and Cox PH model by using marginal likelihood approach for model estimation in determining cure rate estimation problem by implementing a non-parametric mixture model. In determining the failure time of the uncured individual, PH model was used. 
Chen (2016) stated that different mechanism of action can be introduced by therapies by varying treatment effects because of the flexibility in the parametric mixture cure rate model. The model provides an appropriate means for regular event follow-up for decision with quantifiable risk to be made for better resource and prediction analysis time for ensuring efficacious treatment was made available in timely manner for immune-oncology trials. 
Kuk and Chen (1992) presented a model for analyzing a proportional hazard specification for the occurrence event time of a censored data which uses the combination of a logistic expression for the proportion of an event existence. The baseline survival function was estimated by using the EM algorithm and approximation of the Monte Carlo of a marginal likelihood, the regression estimates were obtained for the semi-parametric generalization of the parametric model. It was concluded that with an acceptable bias, semi-parametric model will be efficient to a reasonable extent. 
Yu and Peng (2008) suggested varying the cluster size and interval censoring in multivariate survival data as an extension of mixture cure rate model. The main concern of the study was estimating the mean structure of the marginal parameters, whereas the correlation structure was regarded as nuisance parameters. One-step jacknife method was used to determine the variance of the parameters and observations within the cluster were treated separately when frequently estimating the marginal parameters. The simulation used showed that accuracy of the marginal model made the new technique effective. As disclosed by the study, the performance of the mixture cure rate model was examined if the cluster survival times claim familiar random effects. 
Elfaki, Abobakar, Azram and Usman (2013) used a semi-parametric Cox’s PH regression model to propose a simple means of evaluating for partly interval censored data of the sub-distribution of a two-competing risk model. EM algorithm was employed in estimating the model parameters. The simulation showed that covariate do not have a significant difference and the first cause of failure showed a better result compared to the second cause of failure based on standard deviation and smallest variance. 
Liu, Shao and Lu (2006b) presented a parametric mixture cure model that uses an EM algorithm on the Likelihood Ratio Test (LRT) for time-to-event trait using a population consisting of mixed vulnerability for interval mapping of the Quantitative Trait Loci (QTL). The simulation results showed that the methods that ignored the latent heterogeneous susceptibility such as the simple PH model, may fail to detect the true QTL and it may also produce spurious QTL in the heterogeneous susceptibility presence. A statistical test confirms that analyzing the existence of cure is non-typical when carrying out a test to determine the existence of cure, owing to the intercept parameter space. Also, it revealed that there are other issues such as loss of identifiability of some parameters when the cured part is not available. 
 Cancho, Louzada and Orthega (2013) proposed a flexible model for survival data with the presence of cured part as a power series cure rate model. The model generalizes Bernoulli, Geometric Poisson and logarithm models to determine the best fitting in a straightforward way using Cutaneous Melanoma data. The use of logarithm was discovered to be the best fitting and in determining outliers and important observations in the model, a Bayesian analysis was employed. 
Chen, Ibrahim and Sinha (2002) proposed a natural motivation and interpretation for a multivariate cure rate model. A mathematical relationship was established between multivariate cure rate for marginal survival function and in modeling cure rate of standard mixture model and the researcher showed that when genuinely relying on the cure rate, the model has a proportional hazard structure alongside the covariate. The author found out that the model was now computationally interesting due to the addition of the latent variables, in order to sample the posterior distribution of the parameter used a computational Markov Chain Monte Carlo (MCMC) was developed for this purpose. 
Gu et al., (2010) showed that the advantages attached to a proportional odds model was retained in the new category of cure rate models for the survival analysis. The latent factor models were employed to derive the proportional odds model which comprise of cure rate which made the model share some appealing properties (Cooner, Banerjee, Carlin and Sinha, 2007). In comparing the performance of the model, Bayesian model selection was developed to take the censoring into consideration. The model showed a better result on the Proportional odds model used with cure rate that was derived when it was applied on a Breast Cancer data set in relation to the other two contending models. The posterior predictive loss was computed via Markov Chain Monte Carlo sample as a benchmark. 

Abu Bakar, Salah, Ibrahim and Haroon (2009) proposed a new model which involves the cured part for modeling longitudinal and survival data together, promotion of time model motivate the fusion of the mixed effect and Integrated Ornstein Uhlenbeck (IOU) stochastic process for the model. The model allowed the data to derive the variation degree and the marker to fluctuate around a straight-line, these made it to be more adjustable and reasonable than random effect model. A common semi-parametric exponential function was used as an alternative in controlling the parametricity and non-parametricity of the survival function which was used in place of an active metastasis component Tumor cell promotion time. Allowing covariate to rely on the rate , the model incorporated the information which the longitudinal trajectories and other risk factors as a product of a relation corresponding to a canonical link in the Poisson Generalized Linear model. The simulation studies conducted showed that the Bayesian approach fit better to the proposed joint model and it further reveals that population parameter will result in adequate estimate and a good coverage. Biased estimate for the key parameter will occur if the relationship between longitudinal and survival data were neglected. The author suggested that multivariate time-to-event and multivariate longitudinal should be introduced into the extension of the model and inducing correlation between the failure time shared frailty.
Peng and Carriere (2002) considered the uncured patients by observing the cured part and the failure time distribution by comparing the exploits of the parametric and semi-parametric model. The MSE and bias were used to compare and measure the estimated survival function and cure proportions. When the hazard rate is reducing in the uncured patients poor performance of the models can be explained partially. After a long monitoring for patients who have small hazard rate, it become difficult to differentiate uncured patients from cured patients. A constraint which is adverse to the true survival and hazard function emerges by making the estimated survival to be zero and hazard function to be infinite which made the semi-parametric cure rate model suffer when estimating the cured part with varied bias. The PH cure rate model develops into a possible substitute for cure proportion estimation, if the hazard function is not reducing. The appropriately specified parametric cure rate model is comparable to model performance. Nevertheless, in situations where the uncured patient failure time becomes hard in determining an appropriate distribution, the model becomes useful through nature of the semi-parametric PH cure model. 
Othus, Barlogie, LeBlanc and Crowley (2012a) reviewed what a cure rate was, explained when the cure rate models can be used and they also used the cure models to describe a multiple myeloma survival trends. The authors recorded that multiple myeloma had been generally described as an incurable disease, motivating a proportion of patients to be long-term survivors by means of a cure rate models, instead of the standard Cox proportional hazard model there was an evidence that the therapies at the University of Arkansas for Medical Sciences could be evaluated. 
Rodrigues, Balakrishnan, Cordeiro, de Castro and Cancho (2015) presented a cell visible to radiation by formulating a latent cure rate model by the means of a repair mechanism. The latent approach is similar to the (Rodrigues, de Castro, Balakrishnan and Cancho, 2011) destructive cure rate model which is now used as an adjustable substitute to the model proposed by (Klebanov, Rachev and Yakovlev, 1993); Kim, Chen and Dey, 2011). The Bayesian model addressed the tumor size at detection and first stage time of reading the crucial point which were accounted for by the new form of the Gompertz model extension made and the cure rate formulation. The advantage of the proposed cure rate model was shown by illustrating the use to a real-life data set and the simulation study. 
Orthega, Barria, Hashimoto, Cancho and Cordeiro (2014) presented two distributions, the negative binomial distribution and the generalized gamma distribution, for modeling the flexible cure rate survival model for determining fraction of competing causes of the occurrence of concern and the time to occurrence, respectively. The literature discussed special case of some of the model included in the new model. The negative binomial generalized gamma regression model uses the non-parametric bootstrap for the parameter estimates with cure rate and the model was considered a frequentist analysis. Under different perturbation schemes the author showed that local influence on the parameter estimates was assessed using an approximate matrix derived and the author provided some ways of performing the global influence analysis. Real-life data from medical area was analyzed by the model proposed and used. 
In Yin and Ibrahim (2005), the Box-Cox transformation was used for the proposed general type of population survival function for the cure rate models. Seppa, Hakulinen, Kim and Laara (2010) the provincial deviation found within the survival of the uncured individuals and cured part were captured with addition of two set of random effects. Peng and Taylor (2010) obtained the MLE for the model which estimation method was established on importance sampling, Gaussian quadrature and rejection sampling for cluster survival data with a cured part in their study.
Ma (2010) proposed that in estimating the failure time of uncured subjects, Cox model will be appropriate for use and in order to describe the quantity of the cured a generalized linear model was used which was a semi-parametric cure rate model and it was therefore presented in their study for a mixed case of interval-censored data.
Herring and Ibrahim (2002) accounts for non-ignorable missing risk factor in these models, the authors thus proposed a methodology which will take this into account. For random effects non-mixture cure model which was a parametric estimation method was introduced in their study. 
When considering change point settings, the cured part performs better. For instance, the treatment will work more or less effectively under definite treatment subject to the subject’s biomarker in determining the cured part for individuals after a threshold of individual’s biomarker assessment (Ma, 2011). Zhao, Wu and Zhou (2009) presented an unknown threshold failure time for mixture cure model with a change-point. Othus, Li and Tiwari (2012b) investigating a possible indicator in the age of diagnosis of prostate cancer patients, a cure survival model which permits change-point effect was developed and the result do not indicate that age under 50 was associated with increased hazard of death from prostate cancer patients.
Taweab and Ibrahim (2014) reported the existence of cured parts in the change-point conditions. To efficiently assess the cured part with the mixture cure rate model, they then presented a change-point cure rate model by using smoothed likelihood function which is centred on EM algorithm when cure is partly known.
Taylor (1995) presented a model that stops risk factor in the failure time distribution when assessing the failure distribution of the uncured individuals by using the non-parametric approach known as Kaplan-Meir survival estimator and EM algorithm to determine some of the parameters.
Kim, Xi and Chen (2009) presented a different mixture model through the latent cure rate markers with the purpose to take care of the important risk classification issue with the cured part of the survival data that arises in practice. In the model presented, individuals with identical cure rate were characterized into the identical risk group by modelling the latent cure rate markers using the statistical test: multinomial logistic regression for the classification. Using the data collected from the prostate cancer clinical trial, it was discovered that the model fit better when compared with the available cure rate models. In developing a predictive classification algorithm, the model was said to be appropriate for use and the model can also be useful in determining the number of risk groups.
Hoggart and Griffin (2001) presented a modification made on the work done by Chen et al., (1999) for cure rate model which is a nonlinear Bayesian model with a surviving fraction for risk factors in the survival analysis. In the work of Chen, the covariates depend naturally on the cure rate through generalized linear model but theirs used a more flexible local model of the covariates utilizing the Bayesian partition model of Holmes, Denison and Mallick (1999). They apply the model to a large retail banking data set and compare its results with the generalized linear model developed by Chen et al., (1999).
Yu et al., (2004) analysed the longitudinal/survival data and cure rate models by reviewing both the two joint models. Data was collected from the study of patients with prostate cancer managed with radiation therapy and then analysed by the joint model of longitudinal survival cure rate. In the model, it was expected that is either a patient is cured or a patient is susceptible to clinical recurrence. Various models for the cure and susceptible groups were formulated along with modelling of a non-linear hierarchical mixture model for the longitudinal Prostate Specific Antigen (PSA) data. A time-dependent PH model was modelled for clinical recurrence for patients in the susceptible. The pair of failure time and the longitudinal models have a covariate baseline variable. The author fit the model on Markov Chain Monte Carlo technique and also the model was fitted on Monte Carlo EM algorithm, the result of two techniques were later compared.
Aljawadi, Bakar and Ibrahim (2011a) a new procedure of the survival function was used essentially on the right censored data for the determination of the cure rate analysis. The Bounded Cumulative Hazard (BCH) model via the non-parametric maximum likelihood estimation (NPMLE) along with EM algorithm to estimate the cure fraction. The analysis showed that the numerical solution for estimating the equation can also give the cure fraction and they also examined the estimation method by conducting a simulation study.
Cancho, Louzada and Orthega (2009) said in modelling the data, Log-Exponentiated Weibull regression with cure rate was used as a special case of Log-Exponentiated regression and Log Weibull regression. The risk factors on the acceleration as well as the deceleration of timing of a particular happening and the proportion of survivor effect was estimated simultaneously using Log-Exponentiated Weibull regression model. The classical and Bayesian analysis were used when assuming a censored data and determining the model parameters for data set from medical area.
 Yu and Tiwari (2007) provided an EM algorithm to the grouped relative survival data by fitting either a parametric or semi-parametric mixture cure model. This algorithm is easier to execute when compared with the Newton-Ralphson scheme and it can be used to achieve the M-step by employing a standard statistical software (Yu, Tiwari, Cronin, McDonald and Feuer 1999). When the EM algorithm is used for the grouped survival data, it converges quickly. The EM algorithm was implemented using a SAS macro. For the stability and existence of the cure fraction estimates, the author said caution is needed. In identifying the parameters in the latent survival distribution and cure fraction adequate monitoring and large samples are required for the mixture cure model of an uncured individual (Farewell, 1986). According to (Yu et al., 2004) when there is no adequate monitoring time for the patients, the specification of latency distribution made the estimation of cured part complex. They also said care must be taken in interpreting the cured part estimates. Hence, they suggested that where the cure group exist and there is enough monitoring beyond the time, mixture cure models can be used in such situations.
Aljawadi et al., (2011b) considered the long-term survivors (cured) as the population of concern in case of type I censoring via the BCH model which emanates from a parametric survival model. The model presented on the proportion of cure combines the impact of covariates which is Exponential distribution based. They use the MLE approach and EM algorithm in determining the unknown parameters. Illustrating the efficiency of the model proposed a simulation study was performed.
Uddin et al., (2006) used the cure rate estimation under uncensored data in their analysis. They used a maximum likelihood method (MLE) in presenting a cure rate model. The analysis indicated that when considering cured and uncured group, cure rate estimator converges to an exact parameter whereas only the uncured group made the estimating equation converge to the true parameter.
Sumathi and Aruna Rao (2008) helped the medical practitioner and researchers interested in using of cure rate model but lacking the technical understanding by explaining the models which appeared in various statistical journal better. An extension of cure rate model done by Clayton (1994) was used for count data (recurrent event). A natural extension of the cure rate model proposed by Yakovlev, Asselain, Bardou, Fourquet, Hoang, Rochefediere and Tsodikov (1993) offers a biological account when the BCH model is used. The model shows the section of the population will not suffer from any Dental complications which was a good information on data collected at a Dental health set up at a given point in time.
Wienke, Lichtenstein and Yashin (2003) Bivariate time-to-event was analysed using the proposed cure rate mixture model. The dependency structure of two liable failure times was specified using Correlated Gamma frailty model. Chatterjee and Shih (2003) extended the work done by Wienke et al., (2003) to develop a more flexible correlated gamma-frailty model and the estimation used was based on MLE in place of the two-stage estimation proposed in Chatterjee and Shih (2001) for their study. In order to justify the correlation between patients, frailty model was used as proposed by Price and Manatunga (2001).
Brown and Ibrahim (2003) the longitudinal and time-to-event data involving cured part was jointly modelled using BCH model in the Bayesian context.
Peng, Dear and Denham (1998) employed a Generalized F distribution family to propose a mixture model, this family is computationally difficult and it not frequently used. The Generalized F distribution family use many distributions as a special case and also very flexible, these serve as its advantage. The model can uncover missed structure in the data and can allow relax stronger distributional assumption. Large scale clinical trial data was used to fit the model as an illustration with long monitoring of Lymphoma patients. The model selection method and problems with its computation were discussed. Mixture model under other distribution were compared with MLE.
Jones, Powles, Machin and Sylvester (1981) proposed a mixture model for uncured patients by applying the Exponential distribution used by Goldman (1984) for a simulation study.
Yu (2010) presented a supplementary information in the cure rate model about status of cure was incorporated as a novel extension in his dissertation. The author revealed that more effective estimator can be achieved with supplementary information. Better specificity and sensitivity of diagnostic procedure multiply the efficiency gain and when there is a rise in the censoring rate efficiency becomes larger. Non-parametric, semi-parametric and parametric modelling of the latency part can be applied on the extension.  PH and AFT cure rate models were both suggested by the author for use in this model extension. The work presented a simulation study and a case study.
Aditi Datta (2013) time-dependent confounders through time-dependent weighting in longitudinal studies was adjusted for in the occurrence of cured part and marginal structural models for a cure rate models dealing with survival models. When time-dependent covariate and confounder are present, the thesis incorporated case weights, time-dependent covariate and time-dependent rate in extending the MLE procedure for the PH cure rate. The simulation study allows for the comparison of standard unweighted PH to the performance of PH cure rate model with case weight. If sample size use is relatively small the result also suggested that the estimation of the latency parameter improves by adding case-weight in the PH cure rate model.
Aljawadi, Bakar, Ibrahim and Midi (2011c) proposed a parametric estimation for the cured part through analytical approach in cancer clinical test with the presence of risk factor in the data which was centred on BCH model. In the analysis of the study, left censoring case was estimated via Exponential distribution which is a parametric model and the EM algorithm was implemented for the parameters estimation. Simulation study and logical result were determined by the analysis used for the cure rate parameter. When censoring is low, the cured part becomes more attractive than it was high with procedure proposed.
Wang, Du and Liang (2011) presented hazard rate function and cure fraction by proposing two-component mixture cure rate model involving non-parametric procedures of cure rate model. The authors said an additive assumption on the hazard rate will guarantee the recognition of the model. The maximization of a penalized likelihood was estimated in the study by an EM algorithm. Point-wise confidence interval obtained using the Louis formula for inferential purpose on hazard rate and uncured fraction. The author was able establish an Asymptotic convergence rates for their function estimates. Some interesting patterns was discovered from Melanoma study when survival data was analysed for the data. 
Li, Zhang and Tang (2014) stated in order to estimate the parameter, maximum likelihood was precisely used on the mixture cure model to present a smooth semi-nonparametric (SNP) approach. Taking the inverse of the second derivative of the SNP likelihood, the variance was estimated. The proposed model showed a good performance when a comprehensive simulation study was conducted. They used the proposed model to data from South Carolina Registry on Breast cancer to study stages effect in Breast cancer.
Wang (2010) a smoothing spline was introduced and non-parametric smooth provided an estimate for hazard function and cure rate which was a non-parametric model. Smoothing EM algorithm was executed by introducing a latent cure status variable into the model. In order to come up with point-wise confidence interval for both functions. Covariance estimation in an EM algorithm was generalized for Louis’ formula. The author uses a Kullback-Leibler geometry that was developed for the selected cure rate model based on the simple model selection procedure. Desirable efficiency of the method selected in estimation, inference and model selection was demonstrated via a numerical scheme. The model was illustrated by applying it on the analysis of data from a melanoma study.
Li, Wang and Dey (2016) analysed univariate right censored to presented a flexible cure rate model which is centred on the theory of the influence of non-linear covariate and spatial that the logarithm survival time that follows the generalized extreme value (GEV). Approximately complex method was proposed but very adjustable. Before the full model is actually fitted, it is necessary to examine the proposed component that will be introduced to the model. Hence, data screening method was required in real-life. Weibull model which is a parametric model and Kaplan Meir method which is a non-parametric method were used to compare the fitted survival function in one of the figure used to observe the necessity for more flexible model. Further research on the data characteristics of the proposed modelling component must be examined to allow involvement simultaneously. The flexibility of the cure rate model can be more advanced through the latent activation model extension under various unknown medical techniques (Cooner et al., 2007). In the study, approaches of the model can be efficiently used to spatial survival data with multiple death source which are of the multivariate setting. The suggested that when the Negative Binomial or Geometric distribution was used other than Poisson distribution which was regularly used for determining the latent risk factor distribution could be an extension to the work done by the authors (Cancho, Rodrigues and de Castro, 2011). In survival analysis under one-parameter GEV distribution, limited parameters values can be used to execute the posterior propriety (Roy, Roy and Dey, 2013; Roy and Dey, 2014). In cure rate model, setting requirements for the posterior propriety with three-parameter GEV should be included in further investigations.  






CHAPTER THREE
RESEARCH METHODOLOGY
An extension of (Chen et al., 1999; Uddin et al., 2006; Aljawadi et al., 2011b) cure rate model is proposed suitable to model an infectious disease with possible co-infection in Nigeria using any of Exponential, Weibull (2 and 3) distributions in this work.
3.1	Assumptions of the Model
The following assumptions are made:
1. A natural biological motivation is used to obtain the model.
2. The model has an attractive interpretation because the cure rate parameter allows the existence of the PH structure.
3. The model enables efficient posterior distribution sampling of the parameters by proposing latent variable which made it computationally beneficial.
4. The cure rate model from the model proposed can be termed standard revealing association (mathematical) between standard cure rate and the model.
3.2	The BCH Model




Let N indicate the event of interest’s unobserved number of causes of individuals in its entire population and let the time to produce the event of interest for the ith cause is given by, for  Given that the cumulative density function (c.d.f.) is and the Survival function is.






, if  and then , with , if  N is assumed  to be independent of  (the observed time to event). The survival function for the population for this expression is given by

            (3.1)

where the mean number of the occurrence of the event is 



Since and , then, Equation (3.1) will become an improper survival function. Therefore, the fraction  is given as follows:

                						(3.2)




As, while. With respect to  of equation (3.1), the first derivative of  is:

                    
The cumulative density function of t is 

                and taking the derivative it becomes:

                


Therefore, an improper survival function is  and also an improper probability density function is .
Hence, standard cure rate model becomes 

               						(3.3)

Therefore, 
3.3	Model 1: The Likelihood Function for the Exponential Model




Analyzing the data, the censoring type of the input data is used in considering the likelihood function, let censoring indicator be represented by , cure indicator be represented by  and disease status for the  patient  be represented by . 






Assuming that censoring and failure times are independent of each other, if , then  unobservable as it can only take one or zero, but if =1, then .



Also assume random variable having T as the probability density function, random sample of size n  and a paramete, will be evaluated. The joint probability density function is therefore written as:

                        							(3.4)


In the entire population, the probability density function (p.d.f.) and the cumulative density function (c.d.f.)  for the parametric maximum likelihood estimation are known. 
 Log-likelihood function for model 1 can therefore be given completely as:

				(3.5)

The exponential distribution is firstly used for the study for  where:

		

However, the uncured patients survival function in left censoring case change to		


Thus, the survival function of uncured is  and also the probability density function for the uncured patients is also. The log likelihood function then change to:



Considering a situation where we have a co-infective disease, we introduce  co-infection into the likelihood function to have:

+


   

   (3.6)




The solution of and  are the desired estimates of and  where

		 (3.7)

				(3.8)
Solving equation (3.8) we have

				(3.9)


censored individuals will have  and for this reason the  is then revised as:



								(3.10)

for simplicity, let be the probability of cured patients be  such that 

										(3.11)
Substituting equation (3.10) into equation (3.11) we get

 

								(3.12)
From equation (3.8) we have

 


Substituting the following conditions: for TB,  for TB and HIV co-infection, we get

 

				(3.13)
3.4	Model 2: The Likelihood Function for the Type I Weibull Model




Analyzing the data, the censoring type of the input data is used in considering the likelihood function, let censoring indicator be represented by , cure indicator be represented by  and disease status for the  patient  be represented by . 






Assuming that censoring and failure times are independent of each other, if , then  unobservable as it can only take one or zero, but if =1, then .



Also assume random variable having T as the probability density function, random sample of size n  and a parameter, will be evaluated. The joint probability density function is therefore written as:

                        						(3.14)


The probability and the cumulative density function respectively represented by respectively by and  for the parametric maximum likelihood estimation are known in the entire population. 
 Log-likelihood function can therefore be written completely as:

				(3.15)

The two-parameter Weibull distribution is used for the study for  where:

					(3.16)
However, if we have of left censoring case the survival function of the uncured patients becomes

									(3.17)


Thus, the survival function of uncured is  and also the probability density function for the uncured patients is and the log likelihood function then change to:

	(3.18)

Considering a situation where we have a co-infective disease, we introduce co-infection into the likelihood function to have:



	(3.19)


	(3.20)


The solution of  are the desired estimates of  where

		(3.21)

(3.22)

  (3.23)
Solving equation (3.21) we get





			(3.24)



 censored individuals will have and for this reason the  can be re-written as:



								(3.25)
Substituting equation (3.25) into equation (3.11) we have



								(3.26)

3.5	Model 3: The Likelihood Function for the Type II Weibull Model




Analyzing the data, the censoring type of the input data is used in considering the likelihood function, let censoring indicator be represented by , cure indicator be represented by  and disease status for the  patient  be represented by . 






Assuming that censoring and failure times are independent of each other, if , then  unobservable as it can only take one or zero, but if =1, then .



Also assume random variable having T as the probability density function, random sample of size n  and a parameter, will be evaluated. The joint probability density function is therefore written as:

                        							(3.27)


The probability and the cumulative density function respectively represented by respectively by and  for the parametric maximum likelihood estimation are known in the entire population. 
Log-likelihood function can therefore be written completely as:

				(3.28)

The three-parameter Weibull distribution is used for the study for  where:

									(3.29)

										(3.30)
However, if we have a left censoring situation the survival function of the uncured patients become

										(3.31)


where  and  are the survival function and the probability density function for the uncured patients, respectively. Therefore, the log likelihood function becomes:

		(3.32)	


Considering a situation where we have a co-infective disease, we introduce for TB and  for TB-HIV co-infection into the likelihood function to have:



	(3.33)




The desired solution of  and  are the estimates of  andwhich gives:


 (3.34)	(3.35)

		(3.36)

					(3.37)
Solving equation (3.34) we get







			(3.38)


Censored individuals will have and for this reason thecan be re-written as follows:



								(3.39)

For simplicity, let   be probability of cured patients such that 

										(3.40)
Substituting equation (3.39) into equation (3.40) we have

 

	   						(3.41)


3.6	Estimation of the Model Parameters for the Distributions
Three parametric distributions will be used for this research namely: Exponential, two-parameter Weibull distribution and three-parameter Weibull distribution. In other to estimate the parameters for the distributions Maximum Likelihood Estimation will be used.
Exponential distribution

										(3.42)
The likelihood function is given as:





										(3.43)
2-parameter Weibull distribution

								(3.44)
The likelihood function is given as:





						(3.45)
3-parameter Weibull distribution

						(3.46)
The likelihood function is given as:





					(3.47)
Computing the Maximum Likelihood Estimate for the three distributions used for the two situations R code was written.

Note 1: If in equation (3.46) then 3-parameter Weibull gives 2-parameter Weibull

Note 2: If in equation (3.44) then 2-parameter Weibull gives Exponential
3.6.1	Model Selection
Determining the distribution that best fits a data set, we have to start fitting with the distribution with highest parameters because they are related i.e. three parameter Weibull can reduce to two parameter Weibull or Exponential distribution and the two parameter Weibull can also reduce to Exponential distribution. Log-likelihood ratio test (LRT) was employed for this task with the following hypothesis. 





Decision rule: Reject 
R code will be written to determine Likelihood function and Akaike Information Criteria for the two situations.
3.6.2	The Cox Proportional Hazard (PH) regression model
The impact of multiple covariates on the survival analysis is estimated by multiple regression method known as Cox PH model. Addition of covariate which was allowed by the hazard function was used to propose a semi-parametric model that takes only positive values and keeps the baseline hazard unspecified (Cox, 1972). It is defined as

									(3.48)


Where is the hazard function at 

 represents the arbitrary baseline hazard function which characterizes how the hazard function changes as a function of survival time

 represents the p regression parameters associated with explanatory variables

characterizes how the hazard function changes as a function of subject covariates
t represents time each individual has its own hazard function of survival time. Then, the above model becomes

					(3.49)
with n as the total number of observations in the study


is the measured covariate for the  individual (patient) which are assumed to affect the survival probability.

By allowing discrete, continuous, time-independent and time varying which are a flexible choice of covariates made the Cox PH model popular. Two other issues that makes it popular are that it does not make any assumption about the underlying survival distribution and also does not require estimation of the baseline hazard rate, to estimate the regression parameters.








CHAPTER FOUR
RESULTS AND DISCUSSION
This chapter present the type of the data used for the study, the Ethical approval and it also present the results and discussion of this study. The statistical packages: STATA and R program were employed to analyze the data.
4.1	 Data Collection
Secondary data was used for this study and was obtained from the Medical Record unit of University of Ilorin Teaching Hospital (U.I.T.H), Ilorin, Kwara State covering the period of 2000-2015 on patients with Tuberculosis alone and Tuberculosis with co-infection of HIV. The data is available upon request. 
4.2	Ethical Consideration
Permission to implement this research was collected from the Medical Record unit of U.I.T.H., Ilorin, Kwara State within the period of 2000-2015 on patients suffering from TB alone and TB and HIV co-infection. Data collected from the hospital in support of this analysis commenced immediately after the Ethics board of the University approved it.
4.3	Results of Analysis
This section presents the results from the simulation using the three distributions for the two situations considered (See Table 1-12), selection of the best model (See Table 13-14), the result in determining the best model for the two situations from the Loglikelihood Ratio Test by applying the real-life data (See Table 15), the result of the best model for the two situations employing the real-life data  (See Table 16), Descriptive statistics from the real-life data (See Table 17-19) and the result of the risk factors associated with two situations using the best model (See Table 20-21).
 Table 1: Sole infectious disease patients simulated with Exponential distribution
	N
	

	

	Bias
	Variance

	100
	29
	71
	0.00061
	0.3502

	200
	20
	80
	0.00040
	0.3142

	300
	16
	84
	0.00035
	0.2609



Table 2: Co-infected disease patients simulated with Exponential distribution
	N
	

	

	Bias
	Variance
	
	
	
	

	100
	27
	73
	0.00058
	0.3174
	
	
	
	

	200
	21
	79
	0.00051
	0.3011
	
	
	
	

	300
	24
	76
	0.00031
	0.1694
	
	
	
	








Table 3: Sole infectious patients simulated with Exponential distribution
	N
	

	

	Bias
	Variance

	200
	25
	75
	0.00063
	0.2582

	500
	23
	77
	0.00057
	0.3004

	1000
	24
	76
	0.00056
	0.3109



Table 4: Co-infected disease patients simulated with Exponential distribution
	N
	

	

	Bias
	Variance

	200
	25
	77
	0.00059
	0.3975

	500
	25
	75
	0.00063
	0.2748

	1000
	25
	75
	0.00062
	0.3024








Table 5: Sole infectious patients disease simulated with 2-parameter Weibull distribution
	N
	

	

	Bias
	Variance

	100
	23
	77
	0.00058
	0.3903

	200
	24
	76
	0.00061
	0.2741

	300
	25
	75
	0.00063
	0.3041



Table 6: Co-infected disease patients simulated with 2-parameter Weibull distribution
	N
	

	

	Bias
	Variance

	100
	25
	75
	0.00064
	0.2280

	200
	24
	76
	0.00060
	0.3569

	300
	23
	77
	0.00059
	0.3230








Table 7: Sole infectious patients simulated with 2-parameter Weibull distribution
	N
	

	

	Bias
	Variance
	
	
	
	
	

	200
	57
	43
	0.00055
	0.1410
	
	
	
	
	

	500
	60
	40
	0.00057
	0.1661
	
	
	
	
	

	1000
	58
	42
	0.00056
	0.1607
	
	
	
	
	



Table 8: Co-infected patients simulated with 2-parameter Weibull distribution
	N
	

	

	Bias
	Variance
	
	
	
	
	

	200
	25
	75
	0.00063
	0.3141
	
	
	
	
	

	500
	24
	76
	0.00059
	0.3008
	
	
	
	
	

	1000
	25
	75
	0.00064
	0.2834
	
	
	
	
	








Table 9: Sole infectious disease patients simulated with 3-parameter Weibull distribution
	N
	

	

	Bias
	Variance

	100
	26
	74
	0.00064
	0.2020

	200
	23
	77
	0.00057
	0.3026

	300
	26
	74
	0.00065
	0.2908



Table 10: Co-infected disease patients simulated with 3-parameter Weibull distribution
	N
	

	

	Bias
	Variance

	100
	21
	79
	0.00053
	0.3396

	200
	24
	76
	0.00060
	0.3813

	300
	23
	77
	0.00059
	0.3233








Table 11: Sole infectious disease patients simulated with 3-parameter Weibull distribution
	N
	

	

	Bias
	Variance
	
	
	
	
	

	200
	58
	42
	0.00055
	0.1272
	
	
	
	
	

	500
	60
	40
	0.00057
	0.2219
	
	
	
	
	

	1000
	59
	41
	0.00056
	0.1808
	
	
	
	
	



Table 12: Co-infected disease patients simulated with 3-parameter Weibull distribution
	N
	

	

	Bias
	Variance
	
	
	
	
	

	200
	26
	74
	0.00065
	0.3164
	
	
	
	
	

	500
	24
	76
	0.00061
	0.3107
	
	
	
	
	

	1000
	25
	75
	0.00062
	0.3004
	
	
	
	
	








Table 13: Model Parameters for TB patients
	Distribution
	Parameters
	KS
	P-value
	AIC
	-LLF

	
	

	

	

	
	
	
	

	Exponential
	0.049058
	
	
	0.094393
	0.000196
	4161.290
	2079.645

	Weibull (2P)
	21.149293
	1.136517
	
	0.037281
	0.46760
	4137.018
	2066.509

	Weibull (3P)
	20.097374
	1.095386
	0.995111
	0.043122
	0.29020
	4106.388
	2050.171



Table 14: Model Parameters for TB and HIV co-infected patients
	Distribution
	Parameters
	KS
	P-value
	AIC
	-LLF


	
	

	

	

	
	
	
	

	Exponential
	0.05267327
	
	
	0.1734
	0.0006951
	1051.041
	524.5051

	Weibull (2P)
	20.778402
	1.339535
	
	0.072378
	0.48880
	1035.659
	515.8297

	Weibull (3P)
	19.3830182
	1.232297
	0.8899769
	0.078890
	0.37950
	1033.324
	513.6618






Table 15: Loglikelihood Ratio Test
	
	TB 
	TB and HIV Co-infection

	Distribution
	LRT
	P-value
	LRT
	P-value

	Weibull (3P) vs Weibull (2P)
	32.676
	<0.0001
	4.336
	0.0375

	Exponential vs Weibull (2P)
	26.272
	<0.0001
	17.351
	<0.0001



Table 16: 2-parameter Weibull distribution using Real-life Data
	Disease
	n
	
(%)
	
(%)
	P-value
	Bias
	Variance
	MSE

	TB
	518
	26.3
	73.7
	0.0001
	0.0006612
	0.23405
	0.25135

	TB/HIV
	133
	23.1
	76.9
	
	0.0005798
	0.35634
	0.36965



 
Table 17: Follow-up time for the patients
	Disease
	Total
	Follow-up time
	Mean

	
	
	Min
	Median
	Max
	

	TB
	518
	1
	15
	129
	20.12355

	TB and HIV co-infection
	133
	1
	15
	88
	19.05263



Table 18: Survival time for TB patients
	Gender
	No. of subject
	Survival time

	
	
	Min
	Median
	Max

	Female
	290
	15
	38
	

	Male
	295
	11
	42
	129

	Total
	517
	13
	41
	129



Table 19: Survival time for TB and HIV co-infected patients
	Gender
	No. of subject
	Survival time

	
	
	Min
	Median
	Max

	Female
	80
	19
	37
	39

	Male
	53
	18
	24
	

	Total
	133
	18
	33
	69



[image: ]
Figure 1: Kaplan-Meir for patients with TB 
[image: ]
Figure 2: Kaplan-Meir on gender for TB patients
[image: ]
Figure 3: Kaplan-Meir for TB and HIV co-infected patients
[image: ]
Figure 4: Kaplan Meir on gender for TB and HIV co-infected patients
Table 20: Cox Proportional Hazard Regression for TB patients
	T
	Hazard ratio
	Standard Error
	

	

	


	Age
	1.020326
	0.0038047
	5.40
	0.000
	1.012896   1.02781

	Gender
	1.035359
	0.1535419
	0.23
	0.815
	0.7742109  1.384594

	Constant
	0.0127696
	0.0033331
	-16.71
	0.000
	0.0076559  0.021299



Table 21: Cox Proportional Hazard Regression for TB and HIV co-infected patients
	T
	Hazard ratio
	Standard Error
	

	

	


	Age
	1.017862
	0.0130652
	1.38
	0.168
	0.9925743   1.043794

	Gender
	0.8985374
	0.2498049
	-0.38
	0.700
	0.5210642  1.549463

	Constant
	0.0055466
	0.0039964
	-7.21
	0.000
	0.0013512  0.0227683



4.4	Discussion of Results
This research was able to show from the model developed that it was consistent because the sample size tends to infinity and the variance tends to zero (decreases) and that the model was unbiased because the bias was very close to zero. Also, from the results from the simulation shows that using the sample sizes (100, 200, 300) and (200, 500, 1000) the proportions of patients cured and uncured, their variances and bias for sole infectious and co-infection patients using Exponential distribution were given in Table 1-4. Using the sample sizes (100, 200, 300) and (200, 500, 1000), the proportion of patients cured and uncured, their variances and bias were given in Table 5-12 for sole infectious and co-infection patients using two parameter and three parameter Weibull distribution. Also, it was noticed from the simulation that the Bias shows that the Exponential distribution was a function of the sample while Weibull (2P and 3P) was not.
The Descriptive Statistics reveals that TB patients had a median of 51 months, minimum of 13 months and maximum of 129 months survival time (see Table 11, figure 1 and 2). It also reveals that female TB patients had 42 months, 11 months and 129 months as median, minimum and maximum survival time respectively (see Table 18) while the male TB patients had median of 38 months, minimum of 15 months (see Table 18). The monitoring period for patients with TB median period of 15 months, minimum of 1 month and maximum of 129 months (see Table 17) while TB-HIV co-infected patients had 33 months, 18 months and 69 months as median, minimum and maximum survival time respectively (see Table 18, figure 3 and 4). It also showed that female patients with TB with co-infection of HIV had 37 months, 19 months and 39 months as median, minimum and maximum survival time respectively (see Table 19) while the male TB-HIV co-infected had 15 months, 1 month and 88 months as median, minimum and maximum survival time respectively (see Table 19). The TB-HIV co-infected patients were also monitored within a period of 15 months, 1 month and 88 months as median, minimum, maximum respectively (see Table 17). Since the median follow-up time of the two cases was the same the management was independent of whether co-infection or not.



Model 2 which uses 2-parameter Weibull distribution was discovered to be the best model to be used due to the fact that parameters are sufficient for use for TB and those with both TB and HIV. It gives the highest p-value of 47% for patients with TB and 49% for patients with both TB and HIV even though the AIC suggests otherwise (see Table 13 and 14). For both hypothesis using the two diseases,  is rejected and the conclusion is that and ( Therefore, 2-parameter Weibull) fits the data for the diseases (see Table 15). From the real-life data used it shows that 26.3% will be cured of TB and 73.7% will be uncured while 23.1% will be cured of TB-HIV co-infection and 76.9% uncured which was alarming (see Table 16), the proportion of the patients cured of TB is 26.3% which is greater than that of the TB-HIV co-infection which is 23.1% with the p-value (0.0001).




The Cox Proportional Hazard Regression model indicates that age significantly affect the survival/cure of TB patients (i.e. it is a risk factor) with  = 1.020326 [95% C.I.: 1.012896-1.02781, p = 0.000] and gender does not significantly affect the survival/cure of TB patients (i.e. it is not a risk factor) with = 1.035359 [95% C.I.: 0.7742109-1.384594, p = 0.815]. The hazard ratio (>1) indicate that hazard increases with age and gender, the gender also reveals that female TB patients has high risk than the male (see Table 20) whereas the Cox Proportional Hazard Regression model indicates that age and gender does not significantly affect the TB-HIV co-infected patients survival/cure (i.e. it is not a risk factor) with = 1.017862 [95% C.I.: 0.9925743-1.043794, p = 0.168] and = 0.8985374 [95% C.I.: 0.5210642-1.549463, p = 0.700] respectively. Hazard ratio of age (>1) indicate that the hazard increases with age while that of gender (<1) shows that male patients has lesser risk than the female (see Table 21).
 


CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
This chapter contains the summary, conclusion, recommendations made in the study.
5.1	Summary 
The two-parameter Weibull distribution is the best fit for TB alone, TB with co-infection of HIV patients in this situation. The cure rate of TB is 26.3% which is greater than that of the TB and HIV co-infection which is 23.1% with the p-value (0.0001). The non-parametric median survival time of TB patients are 51 months while that of TB with co-infection of HIV patients is 33 months and there was no risk factor associated with TB with co-infection of HIV patients while age is significantly a risk factor for TB patients among the suspected risk factors used.
5.2	Conclusion
In this study, the survival/cure status of two situations (TB alone and TB and HIV co-infected patients) treatment from University of Ilorin Teaching Hospital, Ilorin from 2000-2015 has been studied. The percentage of the cured patients were estimated for both situations. The survival time of the patients was determined by the Kaplan-Meir method from the two situations. Using Cox Proportional hazard model covariates that significantly influence the survival of the two situations were identified (i.e. risk factors) and one of the covariate was identified to affect the survival/cure of the patients significantly at 0.05 level is Age for TB patients.


5.3	Recommendations
i. The research recommend that this work is particularly useful to estimate the cure rate in Hospital setting or prevalence in cross sectional data.
ii.  The hazard increases with age so early screening of people should be highly encouraged so that the patients may receive adequate treatment.
5.4	Contribution to Knowledge
Some parametric model has been used to model an infectious disease with possible co-infection. A simulated and real-life data has been used in the modeling. The insight drawn from this study is to expose the level of threat TB alone and TB with HIV co-infection poses to the existence and development of many poor countries around the world. This information will serve as a warning signal to the entire population to intensify the fight against TB alone and TB and HIV co-infection and it also help government officials, health offices in planning and formulating policies in its fight against the diseases.  
5.5	Further Research
The following areas could serve as objects for further studies:
i. non-parametric and semi-parametric could be used to model a disease with possible co-infection and compared with this; and
ii. capture-recapture technique could be used in monitoring of the cured.
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