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ABSTRACT 
 
 
 

Prisoners constitute a high risk group for acquisition of Mycobacterium tuberculosis 

(MTB) infection compared to the general population. The living settings of prisons are 

very condusive for tuberculosis (TB) transmission. This poses serious danger as the 

spread may involve drug resistant strains. No studies investigating the factors associated 

with MTB in prisons have been carried out in Kenya. This study aimed at establishing 

the modifiable factors associated with active pulmonary tuberculosis (PTB) disease 

among prisoners at the Nakuru prison, in Kenya.  

An age-sex matched case-control study was carried out between August and December, 

2007. A PTB case was defined as “any adult prisoner who had at least two initial sputum 

positive acid-fast bacilli (AFB+) smear. Prisoners possessing no history of chronic 

cough and not treated for PTB in the previous six (6) months were enrolled as controls. 

Data was collected using structured questionnaire. Study subjects were checked for a 

typical BCG scar and their weight (in kg) and height (in meters) measurements taken. 

Data entry and analyses were done using Epi-Info software. Ethical approval was 

obtained from the relevant prison authorities and research bodies. A total of 144 subjects 

(Case = 48, Controls = 96) were recruited. Statistically significant factors independently 

associated with active PTB disease were: HIV positive {P = 0.0018}, evidence of BCG 

vaccination (P = 0.0059}, contact with PTB case while in incarceration {P = 0.0329}, 

unemployment status prior to incarceration {P = 0.0067}. A strong dose-response 

relationship between active PTB disease and the number of cigarettes smoked daily, 
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frequency of sexually transmitted infection (STI) episodes, frequency of prison transfer 

(p<0.0001) was found.  

 Factors associated with active PTB disease amongst adult prisoners are multifaceted 

and modifiable. A comprehensive multidisciplinary control and preventive approach 

involving prisoners, health officials and prison authorities should be adopted. The team 

will implement screening for TB upon prison entry, isolation of suspected cases, routine 

cross-matching of incoming inmates with local TB registry, HIV counseling and testing 

of all patients diagnosed of PTB, educating jail staff on sign and symptoms of PTB and 

encouraging prisoners to quit smoking. Further studies on the role of BCG vaccination 

in adults, STI agent associated with PTB and molecular epidemiological studies to 

determine any epidemiological-linkage of tuberculosis spread amongst prisoners are 

warranted. 

 

 



 

 

 

1  

CHAPTER ONE 

INTRODUCTION 

1.1 Background information 

Tuberculosis (TB) is a disease of antiquity, caused by Mycobacterium tuberculosis 

(MTB), which principally affects the lungs (Harries and Dye, 2006), but can spread to 

other parts of the body (Mary and Sandra, 2006).Tuberculosis is an airborne infectious 

disease that is preventable and curable. If TB disease is detected early and fully treated, 

people with the disease quickly become non-infectious and eventually cured. Multidrug-

resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB), HIV-associated 

TB, and weak health systems are major challenges (Leopold et al., 2003; Marcos et al., 

2001). Tuberculosis is one of the most common infectious diseases known to man (Dye 

et al., 1999). The disease currently holds the seventh place in the global ranking of 

causes of death (Smith, 2004) with 99 % of deaths estimated to occur in developing 

countries. It is associated with poor socioeconomic development, in that 75 % of people 

with TB are within the economically productive age group of 15-54 years (Dye, 2006). 

About 90% of those infected with Mycobacterium tuberculosis have 

asymptomatic, latent TB infection (sometimes called LTB), with only a 10% lifetime 

chance that a latent infection will progress to TB disease. An AIDS patient with latent 

TB has 10% chance per year of developing active TB (Onyebujoh and Graham, 2004). 

In 2000 an estimated 2 billion people (one in every three individuals in the world’s 

population), were infected by the tubercle bacillus (Corbett et al., 2003), and are at risk 

of developing TB at some future period in their life-time (Chintu and Mwaba, 2005).TB 
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was declared an emergency in Africa in 2005 by 46 African Health Ministers 

(Anonymous, 2007a). Among the UN Millennium Development Goals, the five 

principal targets for global TB control are by 2005, to detect 70% of new smear-positive 

patients arising each year, and to successfully treat 85% of these patients; by 2015, to 

have halted and begun to reverse incidence; between 1990 and 2015, to half TB 

prevalence and death rates (Anonymous, 2008).  

In Kenya, the National Leprosy and Tuberculosis Programme (NLTP) has the 

overall responsibility for tuberculosis and leprosy control and by 2005, the TB control 

focused on DOTS expansion. The total number of TB cases (all forms of tuberculosis) 

reported in 2005 was 108,401, representing a nine-fold increase compared to that 

reported in 1990 at 11,625 (MOH, 2005a).  

 

1.2 Problem statement 

Tuberculosis case rates are much higher in correctional populations than in the 

general population (Hammett et al.,2002;Hutton et al., 1993) due to the overcrowding, 

closed living conditions, insufficient ventilation, generally low socioeconomic status, 

poor nutrition, and poor health of prison inmates (Aerts et al., 2000). There is an 

increasing recognition that the high risk of MTB infection in prison settings poses a 

problem not only for those imprisoned but also for the wider society (Coninx et al., 

2000). Transmission of MTB in prisons is also a serious threat as most of the cases 

involve resistant strains (Campbell et al., 1993). Jails can act as reservoirs of  TB disease 

for inmates and staff, and for the community into which the inmates are released 
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(Pelletier et al., 1993).An effective MTB infection control in prisons is necessary to 

protect the well-being of both prisoners and the wider community (Angie et al., 2000). 

Knowledge of the epidemiology of tuberculosis in prisons, the need to use different 

measures from those in normal population settings, and understanding the principles of 

tuberculosis control are all necessary for governmental and other agencies to contribute 

to the implementation of effective tuberculosis control programmes in prisons (Coninx 

et al., 2000). 

 

1.3 Justification of the study 

  The HIV pandemic in Kenya has been associated with the re-emergence of TB. 

There is a need to re-examine the contribution of environmental and other host-related 

factors, especially in correctional institutions which acts as a reservoir for TB, in order 

to adjust and adapt appropriate TB control policies. Studies investigating the risk factors 

for TB have been conducted in a variety of settings, but very few of these studies have 

been done in Africa (Lienhardt, 2001).  

Currently, there are no data or reports on factors associated with active PTB 

disease amongst prisoners in Kenya. Thus, this study aimed at establishing the factors 

associated with active PTB disease among prisoners at the Nakuru GK prison, in Kenya. 

The results of this study will be utilized in formulating recommendations for improving 

the living conditions in prisons and for better MTB control strategies in Kenyan prisons.  

 

 



 

 

 

4  

1.4 Objectives 

1.4.1 General objective 

The general objective of this study was to determine modifiable factors associated with 

active PTB disease amongst adult prisoners at Nakuru G.K Prison.  

1.4.2 Specific objectives 

 1. To establish the risk factors associated with active PTB disease at Nakuru G.K         

       Prison.  

2. To establish protective factors associated with active PTB disease at Nakuru G.K         

       Prison.  

1.5 Hypothesis 

1.5.1 Null hypothesis  

There is an association between the host or environmental factors and active PTB 

disease amongst adult prisoners in Nakuru GK prison. 

1.5.2. Alternate hypothesis 

There is no association between the host or environmental factors and active PTB 

disease amongst adult prisoners in Nakuru GK prison. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Etiology of tuberculosis disease 

Tuberculosis is a disease caused by Mycobacterium tuberculosis 

(M.tuberculosis) that adversely affects human health around the world (Elzinga et al., 

2004). There are five closely related Mycobacteria groups in the M. tuberculosis 

complex: M. tuberculosis, Mycobacterium bovis (M. bovis), Mycobacterium africanum 

(M. africanum), Mycobacterium microti (M. microti), and Mycobacterium canetti 

(M. canetti) (Soolingen et al., 1997 and 1998). 

The main host of M. bovis is cattle (Bos taurus) but it affects many other 

mammals including man. In man, it is the most frequent cause of zoonotic TB, i.e. TB 

transmitted from animals to humans, which is clinically indistinguishable from TB 

caused by M. tuberculosis. Before milk pasteurization, M. bovis was an important cause 

of human TB, especially intestinal TB in children. After the generalized adoption of 

pasteurization of milk and other dairy products, the occurrence of zoonotic TB dropped 

sharply (Angel and Maria, 2007).  

Mycobacterium africanum is predominantly isolated in Africa and, in certain 

areas of the continent; it is thought to produce a significant proportion of the cases of 

PTB (Frothingham et al., 1999; Haas et al., 1997). However, M. microti has been 

recently identified as the causative agent of PTB in both immunocompromised and 

immunocompetent humans (Horstkotte et al., 2001). 
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2.2 Microbiology of causative agent of tuberculosis 

Mycobacteria are Gram-positive, non-motile, pleomorphic rods, belonging to the 

family of Actinomycetales (Clark, 2008). It is an aerobic bacterium that divides every 16 

to 20 hours, an extremely slow rate compared with other bacteria, which usually divide 

in less than an hour (Cox, 2004). Mycobacterium tuberculosis can withstand weak 

disinfectants and survive in a dry state for weeks. In nature, the bacterium can grow only 

within the cells of a host organism, but M. tuberculosis can be cultured in vitro (Parish 

and Stoker, 1999). It is commonly known as an ‘acid-fast’ bacillus because the lipid in 

its cell wall makes it resistant to discoloration with acid-alcohol (Puri and John, 1997). 

Mycobacteria have very unusual cell wall. They contain considerable amounts of 

mycolic acid, a waxy substance that makes their cell wall difficult to stain using 

conventional stains (Heritage et al., 1996). They may however, be stained using Ziehl-

Neelsen (Z-N) procedure. A heat-fixed film is prepared and flooded with strong carbol 

fuschsin solution. Starts to steam and kept steaming for 5 minutes. The heat allows the 

dye to penetrate through the waxy cell wall. The film is then washed with filtered water. 

Carbol fuschsin is a basic dye and reacts with acid to produce a yellowish-brown 

compound that may be leached easily from tissues.The leaching process is enhanced by 

alcohol. However, the waxy wall of mycobacterial protects the dye within their cells 

when exposed to a solution of 3% hydrochloric acid in 95% alcohol. When films are 

treated with acid alcohol, only Mycobacteria retain the carbol fuschsin and hence appear 

red. Methylene blue is generally used as a counter stain to colour other materials in the 
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film, although some prefer to use malachite green as a counter stain (Heritage et al., 

1996). 

 

2.3. Mode of infection and transmission of tuberculosis 

  Mycobacterium tuberculosis is spread by airborne particles, known as droplet 

nuclei. Droplet nuclei are produced when persons with pulmonary or laryngeal 

tuberculosis cough, sneeze, speak, or sing (Harries et al., 2004). They also may be 

produced by aerosol treatments, sputum induction, and aerosolization during 

bronchoscopy, and through manipulation of lesions or processing of tissue or secretions 

in the hospital or laboratory (Anonymous, 2000). The number of infectious droplets 

projected into the atmosphere by a patient is very high when coughing (3500) or 

sneezing (1 million).When they come into contact with the air, these droplets rapidly dry 

and become very light particles, still containing live bacilli, that remain suspended in the 

air. In an enclosed space, the droplets can remain suspended for a long time, and the 

bacilli remain alive for several hours in the dark: these are “infectious particles” ((Nadia 

and Enarson, 2003).Infection occurs when a person inhales aerosolized M. tuberculosis 

and the bacteria become established in the alveoli of the lungs and spread throughout the 

body (Carmine et al., 1994).  

Tuberculosis is a multifactorial disorder, in which environment interacts with 

host-related factors (Lienhardt et al., 2005). The development of tuberculosis in humans 

is a two-stage process in which a susceptible person exposed to an infectious case first 

becomes infected and second, after an interval of years or decades, may later develop the 
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disease, depending on a variety of factors. Since the acquisition of infection is often far 

removed from the development of disease and involves different physiologic 

mechanisms, the risk factors for infection are quite different from the risk factors for 

development of disease following infection (Comstock, 1975). Factors reported to 

influence the risk of mycobacterial infection include age, sex, overcrowding, 

socioeconomic conditions, urbanization, racial/ethnic group, and human 

immunodeficiency virus infection (Christian, 2001). 

It has been suggested that genetic factors partly determine differences in host 

susceptibility to mycobacterial infection and that such factors might contribute to the 

pattern of clinical disease (Fine, 1981). The risk of exposure is associated with the 

frequency and duration of contact with an infectious case of TB. Exposure is very much 

linked to time spent with potentially infected individuals in confined and poorly 

ventilated spaces, overcrowded accommodation due to poverty or social norms of living 

together in extended family groups, working conditions and other social habits and 

behaviors, such as communal drug-taking. A higher risk of exposure to TB is also 

associated with urban areas where people are living, traveling and working in cramped 

conditions. TB is more prevalent in residential institutions such as prisons and hostels, 

where accommodation may be overcrowded. The higher the prevalence of the disease in 

a community, the greater the likelihood of contact with an infected person and the higher 

the risk of exposure to TB bacilli (Anonymous, 2004). 

In general, people who become infected with MTB have approximately a 10% 

risk of developing active disease in their lifetime. This risk is greatest during the first 
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two years after infection and relates to the individual’s health status, and most 

particularly to the status of the immune system. Human Immuno Deficiency Virus 

increases the risk of developing active TB once infected. World Health Organization 

estimated that one third of the approximately 40 million people living with HIV at the 

end of 2003 were to develop active TB (Haileyesus et al., 2004). Other factors 

contributing to the risk of developing active disease, once the TB infection takes hold, 

are smoking (Tocque et al., 2001), exposure to smoke from biomass stoves (Perez-

Padilla et al., 2001) and Vitamin D deficiency (Wilkinson et al., 2000), and malnutrition 

often associated with poverty, alcohol and substance abuse, and other debilitating 

conditions (Crofton et al., 1999).  

Two main factors are the principal determinants of TB case fatality. First, the site 

and type of disease and second, the appropriateness and timeliness of the intervention 

and care provided. Inadequate treatment is likely to result in early death. Thirty to forty 

percent of untreated sputum-smear positive TB cases die within a year, and 50-60% will 

be dead within five years (Rieder, 1999). HIV infection, malnutrition and severe 

pulmonary disease are all associated with a greater risk of death from TB. Inadequate 

treatment for those suffering from MDR-TB also increases the risk of death 

(Anonymous, 2004). 

Tuberculosis is classified as an opportunistic infection for person with Acquired 

ImmunoDeficiency Syndrome (AIDS). Human Immuno Deficiency Virus infection is a 

major risk factor for TB (MMWR, 2007). The association between HIV infection and 

tuberculosis stems from two distinct processes. In some cases, populations with latent 
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tuberculosis acquire HIV infection, which increases 100-fold the risk of reactivation of 

tuberculosis. In other cases, people with HIV-induced Immuno-suppression acquire new 

tuberculosis infections and are at extraordinarily high risk for active tuberculosis. This 

cycle of infection and disease is amplified by the interaction between patients with active 

tuberculosis and those with HIV infection in clinics, hospitals, and the broader 

community (Richard and Neil, 2008).Therefore, HIV infection is the greatest known risk 

factor for progression from latent TB infection to development of TB disease (MMWR, 

2007). This risk has been shown to increase with declining CD4+ counts (Williams and 

Dye, 2003). Thus, the HIV pandemic presents a massive challenge to global TB control 

(Elizabeth et al., 2003). 

 

2.4 Pathology of tuberculosis 

The pathogenicity of the MTB relies on its ability to survive destruction by the 

macrophages and to induce a delayed hypersensitivity reaction. The cell mediated or 

type IV hypersensitivity reaction to the MTB explains the massive tissue destruction so 

characteristic of the disease (Kavanagh, 2001). Two phases of this disease occur as a 

result of inhaling the tubercle bacillus. The location of the inflammatory foci and host 

response to the infection differ in these two phases (Margaret, 2008). 

Primary infection occurs on first exposure to tubercle bacilli. Inhaled droplet 

nuclei are so small that they avoid the mucociliary defence of the bronchi and lodge in 

the terminal alveoli of the lungs. Infection begins with multiplication of the tubercle 

bacilli in the lungs. This is Ghon focus. Lymphatics drain the bacilli to the hilar lymph 
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nodes. The Ghon focus and related hilar lymphadenopathy form the primary complex. 

Bacilli may spread in the blood from the primary complex throughout the body (miliary 

TB). The immune response delayed hypersensitivity and cellular immunity develops 

about 4-6 weeks after the primary infection (Puri and John, 1997). The size of the 

infecting dose of bacilli, the strength of the immune response (Puri and John, 1997) and 

the virulence of the organism determine  what happens next (Margaret, 2008). In most 

cases, the immune response stops the multiplication of bacilli (Puri and John, 1997) with 

resultant fibrosis and calcification of the Ghon complex (Margaret, 2008). However, a 

few dormant bacilli may persist. A positive tuberculin skin test would be the only 

evidence of infection (Puri and John, 1997) and the presence of the obsolete fibrocalcific 

Ghon complex (Margaret, 2008). The immune response in a few cases is not strong 

enough to prevent multiplication of bacilli, and disease occurs within a few months (Puri 

and John, 1997). 

Secondary (reactivation) tuberculosis usually results from reactivation of 

dormant, endogenous tubercle bacilli in a sensitized patient who has had previous 

contact with the tubercle bacillus or by reinfection with exogenous bacilli (Sampura, 

2007) or may follow a sub-clinical case of primary tuberculosis (Kavanagh, 2001). The 

cause of reactivation is presumed to be a decline in host immunocompetence. 

Granulomas form quickly and caseation is usually pronounced. The location of 

granulomas is typically in the apices of the lungs. The fibrotic reaction tends to confine 

the typical lesion, but concurrently there is an increased tendency to tissue destruction 

and cavitation. Cavitation favors proliferation of organism and spread to contacts. 
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Entrance into the lymphatics permits multiorgan dissemination. Hypersensitivity to the 

bacilli in the primary phase seems to enhance resistance and induces a more prompt 

response by activated macrophages and fibroblasts. It is the variable spectrum of the 

interaction of hypersensitivity and fibrotic reaction which determines the natural course 

of the disease, which ranges from cure through continuous progression, or multiple 

exacerbations to death (Margaret, 2008). 

 

2.5 Diagnosis of tuberculosis disease 

The diagnostic approach of TB disease includes four major steps mainly medical 

history, tuberculin skin test, chest x-ray, and bacteriologic examination. A medical 

history to establish possible contact of patient with a person with TB, symptoms of TB 

disease, previous TB infection or disease, or exposure to risk factors for developing TB 

disease, is established. Patients presenting symptoms of TB disease can be screened 

using a tuberculin skin test while a chest x-ray is used to rule out the possibility of PTB 

disease in a person who has a positive reaction to the tuberculin skin test. Other steps 

include bacteriologic examination of a sputum specimen from patients suspected of 

having PTB disease. Demonstration of acid-fast bacilli microscopically confirms the TB 

disease. A positive culture for MTB also confirms the diagnosis of TB disease. Together 

with culturing of specimen drug susceptibility test are performed to determine the 

appropriate drugs for use in treatment (Anonymous, 1997a). The most important 

symptoms in the selection of TB suspects in adults (over 15 years of age) are the 

following: productive cough of more than 3 weeks, or haemoptysis; and significant 
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weight loss. Patients with TB may also have other symptoms (which are more common, 

but less suggestive) such as chest pain, breathlessness, fever / night sweats, tiredness; 

and loss of appetite (Afranio and Fernando, 2007) 

Most Mycobacteria grow at a relatively slow rate; therefore, the acid-fast smear 

plays an important role in the early diagnosis of mycobacterial infections. Microscopy is 

the oldest, easiest, most rapid, and inexpensive procedure that can be performed in the 

laboratory to detect the presence of acid-fast bacilli. Acid Fast Bacilli (AFB) smears 

require 105 AFB per ml of sputum for recognition by direct microscopy; culture detects 

as few as 10 to 100 colony forming units /ml of sputum (Provlab, 2008). Depending on 

the bacterial load, sensitivity of a single sputum smear is between 22% and 80%, but it 

can be improved if multiple sputum specimens are examined (Nolte and Metchock, 

1995).  

It has been suggested that primary MTB disease may not be recognized initially 

on chest radiographs from more than half of cases among hospitalized adults 

subsequently diagnosed with TB. Computerized tomography (CT) is more sensitive than 

chest radiography for detection of cavities, lymphadenopathy, miliary disease, 

bronchiectasis, bronchial stenosis, bronchopleural fistula, and pleural effusion (Gregory 

and Angeline, 2000).  

In general, the sensitivity of culture is 80–85% with a specificity of 

approximately 98 % (Ichiyama et al., 1993). Liquid systems allow for rapid growth 

{detection of mycobacterial growth within 1–3 weeks compared with solid media, where 

growth takes 3–8 weeks} (Morgan et al., 1983). 
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The tuberculin skin test is currently the only widely used method for identifying 

infection with MTB in persons who do not have tuberculosis disease. Proper use of the 

tuberculin skin test requires a knowledge of the antigen used (tuberculin), the 

immunologic basis for the reaction to this antigen, the technique(s) of administering and 

reading the test, and the results of epidemiologic and clinical experience with the test 

(Anonymous, 2000).  

Tuberculin skin test (TST) which is used for the detection of latent tuberculosis 

has many disadvantages such as false positivities due to cross reactions between 

environmental mycobacteria and BCG strain, false negativities due to 

immunosuppressant and malpractice, and also difficulties in application and evaluation. 

Recently new diagnostic tests which measure the production of interferon (IFN)-gamma 

in whole blood upon stimulation with specific ESAT-6 (Early Secretory Antigenic 

Target 6) antigen and CFP-10 (Culture Filtrate Protein 10) antigens of Mycobacterium 

tuberculosis has been introduced. Since most of the mycobacteria other than tuberculosis 

and BCG strain do not contain these antigens, the detection of IFN-gamma levels 

indicates the specific T-cell response against MTB (Oztürk et al., 2007). The two 

commercially available tests are the T SPOT-TB assay, an enzyme-linked 

immunosorbent spot or ELISPOT test that uses peripheral blood mononuclear cells 

(Meier et al., 2005), and the QuantiFERON-TB Gold, an enzyme-linked immunosorbent 

assay (ELISA) that uses whole blood (Barnes, 2004). 

 Evidence indicates that QuantiFERON-TB Gold (QFT-G), a specific whole-

blood interferon-gamma (IFN-gamma) based assay, can detect recent TB infections with 
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superior sensitivity and specificity (Mori et al., 2007). Therefore, IFN-gamma assays 

tests can also be used to screen for latent and diagnosis of active TB and in vaccine 

studies as a marker of vaccine intake (Geiter, 2006). 

Molecular typing methods have been utilized as an adjunct to classical 

epidemiological approach in studying TB transmission dynamics and enhancing 

understanding of the epidemiology of TB (Takashima and Iwamoto, 2006). In Japan, 

advances in the molecular epidemiology analysis of this  disease have greatly improved 

TB prevention among epidemiologically linked patients (Takahashi, 2003) and helping 

in determining risk factors for tuberculosis infection (Kanduma et al., 2003). Molecular 

techniques have provided quick, sensitive, and specific tests for MTB - such as 

polymerase chain reaction, DNA and RNA probes, and gamma interferon tests - but 

these are expensive and technically demanding (NICE, 2006). They are most useful in 

diagnosing multi-drug resistant organisms quickly and in differentiating MTB from 

other, non-infectious mycobacterial species (Ian and Oumou, 2006). 

 

2.6 Tuberculosis prevention and control strategies 

Tuberculosis can be controlled by promptly recognizing and treating people with 

the disease and ensuring that people with the disease complete their treatment. Lapse in 

treatment not only fails to cure the disease but contributes to the growth of drug 

resistance; identifying and treating people with early infection, to prevent them later 

developing the full disease; prevention through BCG immunization .BCG gives limited 

protection against TB so cannot, on its own, control the disease (Department of Health 
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England, 2004). 

The World Health Organization (WHO) recommends the DOTS strategy for 

tuberculosis control which has been adopted by many National Tuberculosis 

Programmes (NTPs). An effective TB control programme depends upon laboratories 

providing accurate, reliable, and timely detection of TB cases (Anonymous, 2006a). Five 

components of the DOTS strategy are sustained political commitment; access to quality-

assured sputum microscopy; standardized short-course chemotherapy for all cases of TB 

under proper case management conditions, including direct observation of treatment; 

uninterrupted supply of quality-assured drugs; recording and reporting system enabling 

outcome assessment of all patients and assessment of overall Programme performance 

(Engstrom, 2006). Although DOTS is regarded globally as the most cost-effective 

strategy for control of TB transmission, the strategy has failed to prevent rising 

tuberculosis incidence rates in Africa brought about by the HIV epidemic. However, 

rising incidence does not necessarily imply failure to control tuberculosis transmission, 

which is primarily driven by prevalent infectious disease (Elizabeth et al., 2007). 

Without treatment within 5 years, 50% of PTB patients die from the disease, 

25% of infected persons get cured by strong immune defense and remaining 25% remain 

ill with chronic infection (Harries et al., 2004). The selection of drugs to treat a patient 

to prevent the development of active tuberculosis or to treat active tuberculosis disease 

depends on a number of factors, including the health status of the patient, and the strain 

of MTB causing the infection. Some strains of MTB are resistant to the most commonly 

used drugs and require the use of other pharmaceuticals (Margarita et al., 1992). 
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Usually, treatment is determined by-site of TB, sputum smear results, previous 

TB treatment, severity of TB, and age of patient amongst other factors. There are many 

different possible anti-TB treatment regimes. First line drugs include isoniazid, 

rifampicin, pyrazinamide, streptomycin, ethambutol and thioacetazone  

(Harries et al., 2004). The aims of treatment are; to cure the patient with TB; to prevent 

death from active TB or its late effects; to prevent relapse of TB; to decrease 

transmission of TB to others (Anonymous, 1997b);  and to prevent the development of 

acquired drug resistance (MDHMH, 2007). 

Tuberculosis treatment regimens must contain multiple drugs to which the 

organisms are susceptible. Treatment with a single drug can lead to the development of a 

bacterial population resistant to that drug. Likewise, the addition of a single drug to a 

failing antituberculosis regimen can lead to resistance to that drug. Each treatment 

regimen consists of an initial 2-month treatment phase followed by a continuation phase. 

The continuation phase is generally 4 months for the majority of patients. All TB drugs 

should be given together rather than in divided doses (Anonymous, 2006b).  

The three main properties of antituberculosis drugs include bactericidal activity, 

sterilizing activity and the ability to prevent resistance. The essential antituberculosis 

drugs have these properties in different strengths. Isoniazid and rifampicin are the most 

powerful bactericidal drugs, active against all population of TB bacilli. Rifampicin is the 

most powerful sterilizing drug available, whereas pyrazinamide and streptomycin are 

bactericidal against certain population of TB bacilli. Streptomycin is bactericidal against 

rapidly multiplying TB bacilli. Ethambutol and thioacetazone are used in association 
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with more powerful drugs to prevent emergence of resistant bacilli (Leopold et al., 

2003). 

  In addition to enabling optimal patient management, knowing the HIV status 

(positive or negative) of TB patients helps public health agencies to identify HIV-

infected contacts of TB patients. Highly active antiretroviral therapy (HAART) can 

reduce the progression to TB disease (Enrico et al., 2005), TB relapse (Payam et al., 

2007), and death (Patrice et al., 2005). When taken according to medical prescription 

and advice, HAART controls HIV infection, prevents many of the life-threatening 

complications of AIDS and provides a powerful incentive for people to be counseled and 

HIV tested, interventions that are central to both treatment and prevention efforts 

(Harries, 2005). The strains of Mycobacterium tuberculosis resistant to anti-TB drugs 

have been recovered from both immunocompetent and immunocompromised patients 

worldwide. Multidrug-resistant Mycobacterium tuberculosis is an emerging problem of 

great importance to public health, with higher mortality rates than drug-sensitive TB, 

particularly in immunocompromised patients. MDR-TB patients require treatment with 

more toxic second line drugs and remain infectious for longer than patients infected with 

drug-sensitive strains, incurring higher costs due to prolonged hospitalization (Cohn et 

al., 1997).However, what is more disturbing is that since March 2006, the WHO has 

been reporting the first cases of extreme drug resistant (XDR) tuberculosis, which is 

characterized by resistance to the three main categories of medicines used to treat MDR 

tuberculosis and is associated with a very high mortality rate (Anonymous, 

2007b).Multidrug-resistant tuberculosis (MDR TB) is a form of tuberculosis that is 
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resistant to two or more of the primary drugs (isoniazid and rifampicin) used for the 

treatment of tuberculosis.  Extensively drug-resistant TB (XDR TB) is TB resistant to at 

least isoniazid and rifampicin among the first-line anti-TB drugs and among second-line 

drugs, is resistant to any fluoroquinolone and at least one of three injectable drugs. 

Bacille Calmette - Guerin (BCG) vaccines are live vaccines derived from a strain 

of Mycobacterium bovis that was attenuated by Calmette and Guerin at the Pasteur 

Institute in Lille, France (Grange et al., 1983). Bacille Calmette - Guerin vaccine has 

displayed inconsistent efficacy in different trials conducted in various geographical 

regions. Nevertheless, it significantly reduces the risk of tuberculosis by 50% (Mauricio 

and Yolanda, 2004), risk of severe childhood tuberculosis by 70% (Vijaya et al., 2005) 

and provides protection for leprosy with the protection greatest in those receiving 

booster vaccinations before 15 years of age (Karonga Prevention Trial Group, 1996). 

Interferon gamma is a licensed product for treating certain immune deficiency 

diseases, but its use in people with HIV is experimental. It is normally made by CD4 T 

cells (the cells which are depleted in people with AIDS), and it has antineoplastic effects 

and antiviral activity mediated by immunomodulatory effects. It is theorized that giving 

HIV-positive people co-infected with TB supplementary injections of interferon gamma 

may help boost their immune response (Auwal et al., 2006).  

 

2.7 Global impact of tuberculosis infection 

Tuberculosis remains a worldwide problem despite well-documented and well-

publicized methods of prevention and cure. Poverty and HIV infection have been 
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attributed as the main reason for its persistence (Ian and Oumou, 2006). Tuberculosis is 

the leading cause of mortality in adults due to an infectious agent and accounts for 26 % 

of all preventable adult deaths globally. According to the World Health Organization, 8 

million cases of tuberculosis (TB) occur each year, resulting in 3 million deaths 

(Raviglione et al., 1995). 

In developing countries an adult with TB loses on average three to four months 

of work time. This result in the loss of 20-30% of annual household income and, where 

infection results in death, an average of 15 years of income is lost at household level 

(Ahlburg, 2000). In addition to these devastating economic costs, TB imposes indirect 

negative consequences, including disruption of children learning because of their 

parents' tuberculosis, and women are abandoned by their families as a result of their 

disease ((Nadia and  Enarson , 2003).  

The economic burden of TB globally has been worked out based on 8.4 million 

new cases of TB annually, the bulk of victims being potential wage earners, and on 

assumption that there is a 30% decline in average productivity and the toll amounts to 

approximately $1 billion yearly. Two million annual deaths, with an average loss of 15 

years' income, add an additional deficit of $11 billion. Every twelve months, then, TB 

causes somewhat near $12 billion to disappear from the global economy (Yong et al., 

2007). Globally, the prevalence of infection with MTB is similar in males and females 

until adolescence, after which it is higher in males. These findings raise the possibility 

that cases of tuberculosis among women are being under-reported in developing regions 

(Holmes et al., 1998). 
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2.8 Tuberculosis situation in Kenya 

Kenya is ranked 10th out of the 22 high TB burdened countries in the world, 

based on estimated number of incident case (all forms) in 2005. The estimated case 

detection rate for Kenya is still about 50%, but with new data available concerning HIV 

in TB patients and improved monitoring and evaluation it should soon be possible to 

revise this estimate. Laboratory infrastructure and performance remain weak. The NLTP 

has started to implement new initiatives in Public-Private or Public-Public mix (PPM) 

and community involvement to improve the quality of TB control services and increase 

case-finding. Initiatives in TB/HIV were strengthened and by the end of 2006, 

collaborative TB/HIV activities were expanded to 70% of districts. Human Immuno 

Deficiency Virus (HIV) testing of TB patients increased rapidly, with 60% of all TB 

patients tested for HIV in the last quarter of 2006. To maintain these initiatives and to 

implement them more widely, the currently large funding gap for 2007 needs to be filled 

(Anonymous, 2007c). 

Kenya is experiencing a generalized TB epidemic affecting the young 

economically productive age groups (15 - 44 years old). Males are 1.4 times more likely 

to have TB than females (MOH, 2005a). Apart from the HIV epidemic, poor socio-

economic status leading to over crowded slums in the peri-urban areas coupled with 

poor nutrition and limited access to health services have been identified as contributing 

factors to the increasing TB burden. Current data indicate that TB cases occur mostly 

among slum dwellers in large cities (MOH, 2005a). 
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Tuberculosis is the leading cause of death among PLWAs (Godfrey- Faussett et 

al., 2002). The epidemic in Kenya peaked in the late 1990s with an overall HIV 

prevalence of 10% in adults; this declined to 7% in 2003, and sentinel TB surveillance 

indicates that adult prevalence fell to 6.1% at the  end  of 2004 (NACC, 2005). 

In the last 5 years the annual increase of notified TB case slowed down to an 

average of 11%. Case Notification Rates (CNR) increased from 53/100,000 for all forms 

of TB and 32/100,000 population for smear- positive PTB cases in 1990 to 324/100,000 

population and 121/100,000, population respectively in 2005. Data coming through from 

the last half of the year indicates that the national average HIV prevalence in TB patients 

in 2005 was 57 % (MOH, 2005b). High-risk groups for MTB infection in Kenya, like  

other developing countries, may include people with human immunodeficiency virus 

(HIV)/AIDS, people with diabetes or cancer, the malnourished, those living with 

someone who has active TB, poor and indigent people, residents of homeless shelters, 

and present or former prisoners (Braun et al., 1989). Whereas Human Immunodeficiency 

Virus (HIV) infection has clearly had a profound effect on TB epidemiology in general 

population, other potentially important risk factors have been somewhat neglected 

(Ernesto and Rodolfo, 2007). 

 

2.9 Pulmonary tuberculosis situation in correctional institutions and prisons 

A prison, penitentiary, or correctional facility is a place in which individuals are 

physically confined or interned and usually deprived of a range of personal freedoms. 

Prisons are conventionally institutions, which form part of the criminal justice system of 
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a country, such that imprisonment or incarceration is a legal penalty that may be 

imposed by the state for the commission of a crime. In popular parlance of many 

countries, the term jail (gaol) is considered synonymous with prison, although legally 

these are often distinct institutions: typically jails are intended to hold persons awaiting 

trials or serving sentences of less than one year, whereas prisons host prisoners serving 

longer sentences (Wikipedia, 2008). There are 9 million prisoners worldwide and there 

has been an increasing trend of prisoners in most countries over the last decade (Seena 

and Benning, 2006). They are settings in which TB transmission occurs, and TB rates in 

prisons are often five to 10 times higher than national rates (Maher et al., 1998). 

 Several factors have been attributed with the high rate of TB in correctional and 

detention facilities. First, majority of those incarcerated are persons with high risk 

behaviors including illicit substances users such as drug abusers, persons of low 

socioeconomic status and with HIV infection. These persons often have not received 

standard public health interventions or non-emergency medical care before 

incarceration. Secondly, the physical structure of the facilities have also been shown to 

contributes to disease transmission in that  facilities often provide close living quarters, 

have inadequate ventilation, and usually overcrowded (Jones et al., 1999; Koo et al., 

1997; MacIntyre et al., 1997 and White et al., 2001). Thirdly, movement of inmates into 

and out of overcrowded and inadequately ventilated facilities, coupled with existing TB-

related risk factors of the inmates, combine to make correctional and detention facilities 

a high-risk environment for the transmission of MTB and make implementation of TB-

control measures particularly difficult (MacIntyre et al., 1997).  
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Prisoners are also at risk of rapid progression to TB disease following recent 

infection or reactivation of latent infection as they also suffer from other (co-existing) 

pathology, particularly HIV and injection drug use, poor nutritional status, physical / 

emotional stresses(Angie et al., 2000).  

Other factors that have been  associated with increased risk of development of 

active or latent PTB disease includes prisoner’s age (>42 years), low educational level,  

average accommodation area of 60 ft2 or less in prison barracks (Hamid et al., 2003), a 

low BMI, a prison stay of <12 months, a history of previous incarceration (Noeske et al., 

2006),  male gender, absence of a BCG scar, anemia, HIV infection, history and 

treatment of worm infection, single marital status, family history of TB, smoking (with a 

dose–effect relationship) to be positively associated with PTB. These together with other 

risk factors make prisons condusive for TB epidemics which makes the disease not 

restricted to the confines of prisons (Angie et al., 2000). Tuberculosis control can be 

particularly problematic in correctional and detention facilities (MacNeil et al., 2005).  

 

 

 

 

 

 

 

 



 

 

 

25  

CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study design and site 

  This was a matched case control study by age and sex, conducted at the Nakuru 

G.K prison which has distinct and separate male and female wing. In Kenya, there are 

93 penal institutions which handle 50,000-55,000 prisoners yearly and thus overcrowded 

by 294% (GOK, 2007). The Nakuru G.K prison was constructed to hold 800 prisoners 

and is located in Rift Valley province, about 5 km from Nakuru town central business 

area. Nakuru town is approximately 157 km from Nairobi, the capital city of Kenya 

(Figure 1). The choice of the study site was by convenient sampling due to the limited 

study resources 
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3.2 Study population  

The target population was prisoners at the Nakuru GK prison Recruited into the 

study was done between 28th August 2007 and 12th December 2007. Adult prisoners 

above 16 years of age were legible for enrollment into the study. Both pre –trial and 

already sentenced prisoners were studied. An assumption was made that the Nakuru G.K 

prison was a reflection of other prison conditions under the government of Kenya.  

 

3.2.1. Definition and inclusion criterion for study subjects 

Cases were defined as “any adult prisoner who had at least two initial sputum 

smear examinations (direct smear microscopy) AFB+ and hence recruited to PTB WHO 

DOTS Programme” (Appendix 1). Cases were thus sought through retrospective review 

of the existing medical records of TB register at the prison health facility/clinic. 

Prisoners with no history of chronic cough who were not on TB medications and who 

had not been treated for TB in the previous 6 months.  

Informed consent was sought before administration of questionnaire to the study 

subjects. A simple random sampling method was used to select controls using random 

numbers generated from SPSS Programme. The prison staff provided the sampling 

frame which consisted of the names of the inmates in the prison per day. Controls were 

matched to cases by a 5-year age group interval representing an age set and by 

sex/gender. A prisoner who did not consent to the study was replaced with the next 

consenting prisoner, who had similar selection status. 
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3.2.2 Exclusion criterion for study subjects 

Any prisoner who was under 16 years of age or/and who had successfully completed 

treatment for TB, within the six (6) months, prior to the initiation of the study or/ and  

who self-reported having active PTB disease before incarceration i.e. community 

acquired PTB. Exclusion was done to minimize selection bias into my study. 

3.3 Sample size determination   

Fleiss formula (Fleiss, 1981) was used for sample size determination based on the 

following assumptions (Appendix 2 for detailed symbol description):- 

 The proportion of active PTB patients and controls exposed to 

host/environmental factors under study was 56% and 30% respectively 

 Minimum Odds ratio worthy detecting by this study is 3.00. 

 2- tailed level of significance (α ) = 5% 

 Power of the study (1-β ) = 80%, (β ) = 0.20 

 Sample is independently and randomly selected. 

Fleiss formula 
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3.4. Data collection methods and instruments  

A pre-tested structured questionnaire (Appendix 3) was used to collect data from 

each enrolled subject (cases and controls).  

  Typical BCG scar was checked on the upper outer part of the left forearm. 

Weight (in Kilograms) and height (in meters) measurements were taken. These were 

used to determine Body Mass Index (BMI) which was calculated as follows; Weight in 

kilograms divided by (height in meters) squared (Weight / (Height)2. The following 

cutoff points were considered: Underweight (below 18.5); Normal weight (18.5 to 24.9); 

Overweight (25 to 29.9); Obese (30 and above 40) (Anonymous, 2007d).  

Interviewers were trained on data collection procedures using a pre-tested 

standard questionnaire, before the commencement of the study to ensure consistency in 

data collection. The interviewers were blinded in specific hypothesis being tested to 

minimize the possibility of interviewer’s bias. At the end of each interview session, the 

chief supervisor cross-checked the questionnaires administered by interviewers, to 

ensure completeness and accuracy of data collected. Each active PTB case enrolled with 

its corresponding two (2) controls were thereafter assigned a similar unique number to 

be used in matched and multivariate analysis. 

 

3.5 Ethical considerations 

Enrolment into the study was voluntary. Each enrolled subject was informed of 

the study purpose and methods, as well as what action will be taken with the results. 

Legible controls found to have symptoms suggestive of PTB (i.e. chronic cough of > 3 
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weeks, night sweats and chest pains) and any other incidental medical condition were 

forwarded to the local prison health facility for appropriate investigation, evaluation and 

treatment. Informed consent to participate in the study was sought and provided by the 

prisoner, in writing (Appendix 4, and 5). Anonymity was maintained by coding and 

using initials rather than using prisoners’ name.  

Approval from the appropriate ethical and review committees (JKUAT), Kenya 

Prison Service Authority and Ministry of Science and Technology, was sought and 

obtained, before starting the study (Appendices 6 to 8). Information collected was held 

confidentially and findings will be shared with the relevant prison authorities and 

Ministry of Health (Kenya), NLTP and published in peer review journal. 

3.6 Data handling and management 

Data were coded during collection and Epi Info version 3.4.3. Statistical software 

(free software provided by WHO/CDC for developing countries) was used for data entry 

and analysis. Double data entry was done during the study period to minimize errors by 

identifying inconsistently entered data file and cleaned prior to analysis done. Each 

questionnaire was given a unique identifier to allow validation. To ensure 

confidentiality, the computer access was restricted by password protection. 

3.7 Data analysis methods    

A descriptive analysis was done based on frequency distribution of the selected 

socio-demographic characteristics. Dummy tables were used to direct the matched 

analysis. Matched analysis for factors associated with active PTB disease was 

performed, with measure of association being Adjusted (Mantel Hansel) Odds Ratio  and 
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McNemars chi square test used for categorical variables (nominal data) at 95% 

Confidences Interval (CI) and alpha level of significance set at 0.05. An odds ratio (OR) 

of < “1” was taken to be protective while an odds ratio of > “1” was taken as a risk 

factor. An odds ratio of “1” indicated that there was no difference between cases and 

controls. Confidence interval was used to assess the variability of the odds ratio. A 

confidence interval which included 1 was interpreted to be not significant. 

Using Statcalc in Epi-info, Chi square test for trend (Mantel Extension) with 1 

degree of freedom (DF), was used to evaluate any statistically significance association in 

dose response involving number of cigarettes smoked per day, frequency of STI 

episodes, frequency of prison transfers, duration of incarceration (exposure variables) 

and  their relationship with active PTB disease (outcome variable). A “2 by 2” table was 

used with DF calculated using “(row-1) (column-1)” formula. Crude odds ratio (COR) 

was calculated for separate exposure groups. Data for males and females were analyzed 

separately.  

To identify complex interaction in this study, a pair of biologically sensible 

variables was entered in a conditional logistic model and unique number used as the 

matching variable. During each evaluation of complex interaction terms, an alpha level 

of 0.05 was used to determine the statistical significance of the interaction between the 

two variables and active PTB disease amongst the prisoners. A p-value ≤ 0.05 was 

considered significant interaction, while above 0.05 was considered an not significant 

statistically interaction within the selected variables  



 

 

 

32  

Conditional logistic regression was applied to calculate a MLE (OR) for the 

exposure variables while controlling simultaneously for multiple “potential” 

confounders. A stepwise conditional logistic regression with a backward elimination 

procedure was conducted to obtain a reduced model. The full model was fitted to include 

the entire biologically sensible exposure variable that had attained a p-value of ≤ 0.1 

during the matched analysis. Variables were then removed one at a time (stepwise) as 

long as that p-value was >0.05, until all those remaining in the model contributed 

significantly to active PTB disease. The final model achieved, thus contained only 

statistically significant factors at an alpha level of 0.05. All the variables initially 

removed from the model were henceforth re-entered into the model for re-testing and 

subsequently removed if they did not contribute to improving the model.  

 

3.8 Limitations of the study 

1. Since age and sex were matched, these variables were not analyzed for association 

with the disease outcome of interest.  

2.  It was not possible to conduct the questionnaire interviews in strict privacy due to 

security reasons, and self-reported data, especially to sensitive questions (e.g. education 

level, employment status prior to incarceration, STI history, HIV knowledge and status 

may entail some response bias. 

3. There was a potential selection bias during recruitment of study subjects with males 

being 135 (94%) and female being 9 (6%). This was related to low daily number of 

female inmates during the study period with daily average number of females being 172 
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(10%) compared with a daily average of males at 1,716. Low tuberculosis national 

notification rate amongst females likely compounded this bias. However, matching in 

design and analysis addressed this selection bias. 

4. There was potential of mis-classification bias which may have occurred if recruited 

controls had already developed active PTB disease, which was at the sub-clinical stage 

or had not manifested to be detected by Z-N staining microscopy test. Attempts were 

made to address this by making sure that those recruited as controls were not exhibiting 

symptoms of active PTB disease.  

5. Temporal relationship was not established in our study, between exposure variable 

under study and active PTB as both (exposure and outcome variables) had occurred by 

the time of initiating the study.  

6. The impact of overcrowding and ventilation could not be assessed directly in this 

study because detailed environmental and structural assessment had not been conducted 

at Nakuru G.K prison prior to initiation of the study. 
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CHAPTER FOUR 

RESULTS 

4.1 Socio-demographic characteristics of the study subjects  

One hundred and forty four inmates were recruited (48 cases and 96 age-sex 

matched controls) from Nakuru G.K prison during study period between August 2007 

and December 2007. One hundred and thirty five (94%) of the study subjects were 

males. These subjects were selected from a pool of prisoners from Nakuru G.K prison 

which housed a daily average number of 1,716 male prisoners and 172 female prisoners. 

Seventy six of the study subjects had attained primary school education level and 65% 

(93) had been self employed prior to incarceration (Table 1). The ages of the study 

subjects ranged from 19 years to 70 years (Median age = 31 years). Eighty nine (62%) of 

the inmates recruited in the study had been incarcerated for a period of one year or less. 

The average duration of incarceration of the subjects enrolled in this study was 456 days 

for male and 422 days for female prisoners 

Out of the 144 subjects, 55 (38%) were smokers and the commonly smoked 

cigarette brands were Supermatch by 34% followed by Sportsman 33% and Rooster 

24% and others 9%. The mean number of cigarette sticks smoked per day was 10 (± 5), 

(range 2 -20). The proportion of smokers amongst the controls declined steadily as the 

number of cigarettes smoked per day increased. This decline was not observed amongst 

the cases who smoked (Figure 2). 
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Table 1. Selected socio - demographic characteristics of the enrolled study subjects 

 
 
Characteristics of subjects        Frequency (N=144)                  Percent (%) 
 
 
1. Sex 

                         Male                             135   94% 

                         Female    9                  6% 

2. Age group in years   

                        16-25  39                27% 

                        26-35  50                35% 

                        36-45  42                29% 

                        46-55  10                 7% 

                          >55   3                 2% 

3. Level of education 

                       None  19               13% 

                       Primary   76               53% 

                       Secondary   46               32% 

                       Tertiary     3                 2% 

4. Employment status prior to  

    Incarceration 

                       None  36               25% 

                      Self-employed  93               65% 

                      Formal employment  15               10% 
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Figure 2. Distribution of smokers according to quantified categories of cigarettes 

smoked per day and by disease status  

Approximately 80 % of the subjects enrolled in this study had normal BMI with 

less than 10% being underweight and approximately 14% being overweight (Figure 3).  

The BMI ranged from 15 to 29(mean 22± 3).  
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Figure 3. Distribution of enrolled study subjects according to categories of basal 

metabolic index thresholds and by disease status  

 

4.2. Clinical presentation of enrolled pulmonary tuberculosis cases 

A total of 48 cases in the study had a positive sputum smear examination and 

were in the PTB WHO DOTS Programme. Sixty seven percent (96) of the subjects 

admitted knowing their HIV status of which 36 (38%) were PTB cases and 60 (62%) 

were in the control group. Out of the 96 who knew their HIV status, 39 (41%) were HIV 

positive. Twenty seven (69%) of the 39 who were HIV positive, were PTB cases and 12 

(31%) were controls. Ten (26%) of the HIV positive were on Antiretroviral Treatment 

(ART) treatment and   nine of the ten (90%) patients on ART were PTB cases. However, 
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it was not established whether the ART had been initiated prior or during inmates’ 

incarceration.  

 The most common symptoms reported by the 48 PTB cases as shown in Figure 

4 were night sweats 36 (75%) followed by chest pains 32 (67%). 
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Figure 4. Distribution of enrolled active pulmonary tuberculosis patients according to      

               the clinical symptoms  

The median duration of anti-TB medication was 66 days (range 1- 150 days). There 

were 26 (54%) cases whose duration of incarceration was more than six months. 

4.3. Matched Analysis results 

 In matched analysis the significant factors associated with  active PTB disease at 

5% significance level included  being of  positive HIV status which had  OR of 9.4, 

history of prison transfer which had OR of 3.0, history of STI which had  OR of 3.0, 

sharing towels and clothes with other inmates while in incarceration which had OR of 
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2.5,contact with PTB case which had OR of 9.0, alcohol consumption history which had 

OR of 4.5, smoking history which had OR of 3.0 and  unemployment prior to 

incarceration which had OR of 6.0.While significant protective factor was the presence 

of BCG scar, which had OR of 0.2 (Table 2). 
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Table 2. Factors associated with active PTB disease at Nakuru G.K prison, 2007 

 

NB: *LL = Lower limit         *UL = Upper limit                

 

Exposure Variable  

 

   Totals    95% CI  

No.      (%) AOR *LL - *UL P-Value 

 

1. Self reported HIV+           39      (27%) 9.40 3.2 - 27.09 <0.0001 

 2. Diabetic   5      (4%) 3.00 0.42 - 21.30 0.3768 

 3. Prison transfer 62      (43%) 2.60 1.32 - 5.40 0.0056 

 4. History of STI 49      (34%) 3.00 1.43 - 6.28 0.0034 

 5. Presence of BCG scar 93      (65%) 0.19 0.09 - 0.43 <0.0001 

 6. Sharing linen 42      (29%) 2.50 1.22 - 5.13 0.0164 

 7. PTB case contact 93     (65%) 9.25 2.90 - 29.46 <0.0001 

 8. Alcohol consumption 67      (47%) 4.50 1.98 - 10.21 <0.0001 

 9.  History of smoking 55     (38%) 2.81 1.42 - 5.59 0.0014 

 10. Unemployment  36      (25%) 6.00 2.31 - 5.60 <0.0001 

11. No formal education 19      (13%) 2.00 0.74 - 5.37 0.2650 

 12. Low BMI (<18.5) 11       (8%) 1.14 0.33 - 3.92 0.9110 

 13. Prison stay >3 months 97      (67%) 0.67 0.29 - 1.15 0.2293 

 14. Prison stay >6 months 81      (56%) 0.86 0.41 - 1.83 0.5613 

 15. Prison stay >12 

months 

55     (38%) 0.83 0.40-1.73 0.4984 
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4.4. Linear trends (χ2 for trends) analysis results 

The number of cigarettes smoked per day (P<0.0001), frequency of prison 

transfer (P<0.0001) and frequency of STI episode (P<0.0001), were all strongly 

associated with increased risk of active PTB disease amongst the male prisoners in this 

study. Each of the three tables below (Table 3 to 5), shows increasing OR for the linear 

trend of the respective exposure factors.   

 

Table 3. Dose – response relationship between quantities of cigarettes smoked per   

day and active pulmonary tuberculosis disease amongst male prisoner      

                           Smokers                                                                         Non-smokers  
     
 
                     (2-6/day)      (7-11/day)    (12-16/day)      (17-21/day)               Nil 
    
           No.      %        No.      %      No.      %        No.      %            No.         % 
 
 
 Cases          06       12%     04      8%      11      23%       07      15%            20       42%
  
 
Controls      15        16%     09    9%       03       3%       0.0      0%               69      72% 
 
Odds ratio       1.29                1.52              13.14              *N/A                        1.00 
 
 
p<0.0001 (χ 2 for linear trend = (34.95).     

 NB: *N/A indicates observation not included in OR calculation due to a zero OR 

denominator. 
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Table 4. Dose – response relationship between sexually transmitted infection episodes 

and active pulmonary tuberculosis disease amongst male prisoner  

   Frequency of sexually transmitted infection episodes   

 
                        (Once)                  (Twice)             (>Twice)                        (Nil)           
   
   No.      %       No.      %          No.      %                 No.           % 
 
 Cases              09      20%             08       18%        08      18%              20            44% 
 
Controls         13       15%             06        7%         04        4%              67            74% 
 
Odds ratio            2.24                        4.32                 *N/A                           1.00   
 
 
 
p<0.0001 (χ 2 for linear trend = (30.65). 
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Table 5. Dose – response relationship between prison transfers and active pulmonary   

 tuberculosis disease amongst male prisoner  

 
                           Frequency of Prison Transfer 
     
 
 
                         (Once)                  (Twice)                 (>Twice)                  (Nil)           
   
   No.      %       No.      %               No.        %          No.           % 
 
 
 Cases             05         11%            14       31%          09        20%         17           38% 
 
Controls         20        22%             05        6%           05        5%            60           67% 
 
Odds ratio           0.88                         9.11                   *N/A                        1.00   
 
 
p<0.0001 (χ 2 for linear trend = (44.39).    

*NB: N/A as in Table 3  

  

4.5 Complex interaction terms analysis results  

The association of complex interaction terms of biological sensible pairs with 

active PTB disease was evaluated by pairing alcohol consumption history and smoking 

history, contact with PTB case and sharing linen while in prison, positive HIV status and 

history of STI, no employment prior to incarceration and lack of formal education, low 

BMI score and history of diabetic, duration of incarceration and prison transfer history 

and also positive HIV status and low BMI score. No statistically significant complex 

interaction terms were identified as modifying the association between individual 

exposure variables and active PTB disease in this study (Appendix 9). 
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4.6 Multivariate analysis results 

The model building procedure involved the nine variables found during the 

matched analysis to have a p-value of ≤ 0.1 being entered in conditional logistic 

regression model i.e. positive HIV status, history of prison transfer, history of STI, 

presence of BCG scar, sharing towels and clothing while in incarceration, contact with 

PTB case while in prison, alcohol consumption history, smoking history and 

unemployment prior to incarceration (Appendix 10).  

From the “Best Final Model”, five variables were independently associated with 

active PTB in our study. Presence of HIV infection was identified as the strongest factor 

associated with active PTB disease amongst prisoners at Nakuru GK prison. Other 

statistically significant risk factors at 0.05 alpha level of significance were, 

unemployment prior to incarceration, contact with PTB case during incarceration period 

and sharing towel/clothes with other inmates .While significant protective factor at 0.05 

alpha level of significance during multivariate analysis was presence of BCG scar 

(Table 6).  
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Table 6. Final model of conditional logistic regression on factors associated with active 

pulmonary tuberculosis disease at Nakuru G.K prison. 

 
 

Term or Variable 
characteristics 

                     
               

OR 

95% CI 
 

   P-Value Lower Limit Upper Limit 
 
1. Contact with     
    PTB case   6.68 1.17 38.23 0.0329 
2. Self – reported   
        HIV+   

                          
    10.75 2.42 47.77 0.0018 

3. Unemployment   8.98 1.84 43.97 0.0067 
4. Sharing clothes      
    & towel (linen)   4.32 1.08 17.29 0.0386 

5. Presence of BCG    
    scar   0.17 0.05 0.60 0.0059 
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CHAPTER FIVE 

DISCUSSION 

Prisons are universally recognized as crucial settings for the prevention and 

control of MTB infection, which influences its spread among the general human 

population (Angie et al., 2000; Coninx et al., 2000; Hammet et al., 1998; Hammett et 

al., 2002; Saunders et al., 2001).This case- control study aimed at determining the 

modifiable factors associated with active PTB disease in an urban prison in Kenya.  

Matching was employed in the design phase to control for possible confounding 

effects of age and sex variables, reported in previously conducted studies on TB (Biber 

et al.,1999; Chan-Yeung et al.,2002; Wang et al., 2005; Watkins  and Plant, 2006). This 

is the first study to investigate factors associated with active PTB disease within a prison 

population in Kenya’s correctional system.   

In this study, 34% (49) of the study subjects had history of STI. There was a 

strong dose-response relationship as shown by the highly significant test for trend 

between the frequency of STI episodes and active PTB disease in Nakuru G.K prison. 

This finding supports a hypothesis raised by Nagelkerke et al. (2004) that in addition to 

HIV, unknown sexually transmitted infections also increases TB progression. The 

association between TB and sexual behavior has rarely been studied, except within the 

context of HIV infection. Recent evidence comes from a study on prison inmates in the 

United States in which inmates who reported a history of TB also reported higher sexual 

risk factors than those without such a history, although confounding by HIV infection 

cannot be entirely ruled out (Stephens et al., 2003). Further studies need to be done to 
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corroborate these findings and determine which STI is related to TB progression and by 

which mechanism. Many prisoners usually contract sexually transmitted infections 

(STIs) outside of prisons and come from populations lacking access to reproductive and 

sexual health services. Unprotected sexual relation between men, are also more 

prevalent in prison than in the rest of society (Anonymous, 2007b). This might have 

increased the risk of transmission of STIs and HIV/AIDS amongst prisoners. Therefore, 

prevention, regular screening and treatment of STIs amongst prisoners would decrease 

risk of HIV/AIDS and by extension leads to reduction of TB incidence. 

Since BCG vaccination is a part of the WHO recommended routine 

immunization programme for children in Kenya, the presence of a typical BCG 

vaccination scar on the outer upper part of the left forearm was taken as an evidence of 

previous BCG vaccination (Hamid et al., 2003; Johnson et al., 1995). In both matched 

and multivariate analysis this study demonstrated that presence of BCG scar was 

protectively associated with active PTB amongst adult prisoners confined at Nakuru G.K 

prison. These findings are contrary to other studies which reported a waning effect of 

BCG with age (Anuradha et al., 2007; Britton and Palendira, 2003; Kaufmann, 2004) 

and absence of a relationship between BCG scar and protection against PTB in adults in 

Africa and India (Karonga Prevention Trial Group, 1996; Fine, 2001). The reasons for 

the contrast are unclear.  

This study has shown that there is a strong dose-response relationship between 

the number of cigarettes smoked daily and having active pulmonary tuberculosis disease 

in Nakuru G.K prison. Our results are consistent with those reported in four different 
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community-based case-control studies carried out in Spain (Alcaide et al., 1996),  India 

(Kolappan and Gopi, 2002), West Africa (Lienhardt et al., 2005) and Thailand 

(Ariyothai et al., 2004). However, this variable was not found to be statistically 

significantly associated with active PTB disease amongst prisoners in multivariate 

analysis after the control of multiple potential confounders which had not been 

addressed in the above previous studies. Several mechanisms have been advanced on 

how cigarette smoking is associated with increased risk of TB. Data from animal studies 

suggest involvement of Tumor Necrosis Factor (TNF) in host defence against TB 

(Vellore et al., 2001). However, the exact mechanism in humans on the effect of 

cigarette smoking on the TNF activity and hence TB defence, is still poorly understood. 

Among the varied deleterious effects cigarette smoking has on pulmonary function, is the 

possible damage to the respiratory mucosa, thereby impairing host resistance to infection 

(Bieber and Kavanaugh, 2003).Smoking can facilitate the manifestation or detrimental 

effect of TB through a variety of mechanisms. First, because smokers tend to have a 

chronic cough which is also the hallmark symptom of TB, cough has in smokers reduced 

specificity and hence lower predictive value. Diagnosis of TB may then be delayed 

leading to a poor prognosis and possibly higher probability for relapse. Second, smoking 

is a cause for co-morbidities, such as chronic bronchitis, chronic airway obstruction, 

pulmonary emphysema as well as coronary heart disease, that may facilitate progression 

of TB-infection to disease, but also impair lung function in addition to that of TB alone 

leading to worse prognosis. Third, smoking causes iron overload of macrophages in 

pulmonary tissue which impairs cellular response to micro-organisms (Boelart et al., 
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2003). An effective anti-smoking campaign boosted by the implementation of the 

recently enacted Tobacco Control Bill of September 2007 in Kenya, can have a positive 

outcome on reduction of TB incidence in prison. Patients with TB need and should 

receive counselling and assistance to stopping smoking. 

Ninety-six (67%) of the study subjects (N = 144) admitted knowing their HIV 

status, 39 (41%) of them self-reported to be HIV positive. The HIV status could not be 

ascertained through review of medical records because the records were poorly 

maintained and incomplete. During matched analysis, being HIV positive by self-

reporting was statistically significantly associated with active PTB disease at Nakuru 

G.K prison. This significance was maintained in multivariate analysis where it was 

identified as the strongest factor associated with active PTB disease. These results are 

comparable to those found in other studies where the estimated risk of clinical disease in 

HIV-infected persons was between 6 to 26 times higher than in non-HIV infected 

persons (Lienhardt and Rodriques, 1997). Therefore, data from this study supports the 

finding that TB and HIV epidemics are closely intertwined even in prison settings. 

Human Immuno Deficiency Virus suppresses host cell-mediated immunity (Broekmans, 

1991) and worsens the tuberculosis situation by increasing reactivation of latent 

tuberculosis infection in dually infected persons as well as by favouring rapid 

progression of new infections in the HIV-infected (Narain et al., 1992).In vitro studies 

have also shown that tuberculosis increases the ability of HIV to replicate by activating 

CD4+ T-lymphocytes and macrophages harboring latent HIV (Del Amo et al., 1999). 

The onset of tuberculosis in HIV-infected patients’ causes marked release of pro-
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inflammatory cytokines that activate lymphocytes and macrophages. This results in an 

increased HIV viral load (Del Amo et al., 1999). Lack of formal education, being 

diabetic and low BMI score were not statistically significantly associated with active 

PTB disease in this study. Conversely, other studies have reported a positive association 

of these factors and active PTB disease within different settings (Dong et al., 2001; 

Noeske et al., 2006; Shetty et al., 2006; Stevenson et al., 2007 and Toure et al., 

2007).Eliciting the correct response for level of education (being a sensitive question), 

during the study period was affected by response bias as it was not possible to conduct 

the questionnaire interviews in strict privacy due to security reasons. This could have 

affected any significant association expected from this variable in our study. Only 5 

(4%) of the study subjects had diabetes disease and this small sample size amongst the 

diabetic patients affected the association and statistical significance of diabetes disease 

with active PTB disease in our study. Lack of a significant association of the low BMI 

value could be related to supplementary diet offered to any PTB patients within the 

prison system. 

Forty seven percent of the enrolled study subjects had a history of alcohol 

consumption. In matched analysis, alcohol consumption was significantly associated 

with active PTB disease amongst prisoners at the Nakuru G.K prison but not in the 

multivariate analysis indicating that alcohol consumption was not an independent 

predictor of active PTB in this study. These results are contrary to those reported from 

other studies in Spain (Godoy et al., 2001 and 2004) and India (Kolappan et al., 2007) 

which found alcohol consumption to be an independent predictor of active PTB disease. 
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The significant association of alcohol consumption could have been affected by response 

bias, it being a sensitive question requiring strict privacy, not obtained due to security 

reasons. 

In this study, lack of formal education and/or unemployment prior to 

incarceration, were taken as proxy for low SES. Twenty five percent of the study 

subjects had been unemployed prior to incarceration. In the matched analysis and 

multivariate analysis, unemployment was statistically significantly associated with 

having active PTB disease amongst prisoners admitted at the Nakuru G.K prison. The 

findings concur with other studies in Russia (Richard et al., 2006) and Estonia (Tekkel 

et al., 2002) and reiterates that TB is a disease of the poor and prisoners are commonly 

derived from society of low SES. Elsewhere duration of incarceration has previously 

been associated with primary TB infection within the correctional  facilities particularly 

with longer prison time or for members of the cohort of people who spend time in other 

high-risk areas, such as hospitals or homeless shelters, substance abuse, or other 

cumulative TB risk factors outside prison.  

In this study, 45 % of prisoners had been in prison less than 200 days. This 

suggests that prison terms at the Nakuru G.K prison are rather short and may have had 

an effect on the significance of the association between duration of incarceration and 

active PTB cases observed. Incarceration duration of more than six months was found to 

be a risk factor for active TB in prisoners in Botswana, in a one-time survey in a prison 

system without regular screening at entry (Wang et al., 2003) and in Cameroon a prison 
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stay of less than 12 months, and a history of previous incarceration was positively 

associated with PTB (Noeske et al., 2006).  

This study found that 43% of the study subjects had experienced transfer within 

and outside the prison. There was a strong dose-response relationship between the 

frequency of prison transfer and active PTB disease at the Nakuru G.K prison. There 

were no significant complex interaction terms on active PTB disease by pairing duration 

of incarceration and frequency of prison transfer. Studies conducted in Pakistan’s 

correctional facilities reported an association between history of prison transfer and 

latent PTB infection amongst prisoners (Hamid et al., 2003). However, further studies 

need to be done to corroborate these dose-response relationship findings. In this study, 

the statistical significance of history of prison transfers was found in matched analysis 

but was not retained during multivariate analysis.  

In matched analysis, sharing linen was a statistical significant risk factor. The 

significance was retained in multivariate analysis. This indicates that sharing linen was 

independently associated with active PTB amongst prisoners at Nakuru G.K prison. 

Sharing linen indicates that unhygienic conditions occur in prisons. These findings show 

similarities to those of studies carried out in St. Petersburg remand prison in Russia 

(Lobacheva et al., 2007). However, this variable was not rated during the interview 

according to the frequency scale, in order to establish any dose-response relationship 

between frequency of sharing linen and active PTB disease amongst our study 

population. 
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A history of chronic cough of more than three weeks was used in this study as a 

proxy for contact with PTB case while in incarceration. Of the 144 study subjects, 65% 

admitted having been in contact with a person suffering with PTB while under 

incarceration. The PTB contact history was statistically significant during matched and 

subsequent multivariate analysis. This indicates that contact with PTB was 

independently associated with active PTB disease within the Nakuru G.K prison. This 

finding has been previously documented for a clinic based study conducted in Gambia 

(Philip et al., 2006).Contact history indicates lack of isolation of patients with active 

PTB disease leading to transmission of infection to other inmates either before diagnosis 

is made or during the early treatment period when one is still infectious. Molecular 

epidemiological studies using genotyping techniques are needed to establish the strains 

of MTB circulating in prison and to identify whether there is an epidemiological-linkage 

in TB spread among prisoners. 

Improving prison health brings with it so many opportunities (Gro and Jakob, 

2001), for instance, imprisonment should be seen as an opportunity to tackle the health 

needs of prisoners, especially as many are drawn from a population on the margins of 

Kenya’s society, often with little social support. For many convicts and detainees, 

imprisonment is one of a few opportunities to obtain much needed health care and 

counseling services. Hence, better understanding of TB in prison results in an overall 

benefit to both the inmates and the society and provides a means to strive toward the 

goal of TB elimination in Kenya. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

1. Risk factors associated with active PTB disease were being self- reported HIV + 

status, sharing linen while still in prison, contact with PTB case while in incarceration 

and unemployment status prior to incarceration.  

2. Evidence of previous vaccination was the only protective factor associated with active 

PTB disease in Nakuru G.K prison.  

3. There was a strong dose-response relationship between the numbers of cigarettes 

smoked daily (host factor), frequency of STI episodes, frequency of prison transfer 

(environmental factors) and active PTB disease.  

4. Based on my study finding (host and environmental factors are associated with active 

PTB disease among prisoners at Nakuru G.K prison.) I do not reject the Null hypothesis.  
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6.2 Recommendations 

This  study being  the first  to  investigate factors associated with active PTB 

disease within a prison population in the Kenya’s correctional system, will thus form a 

basis for other studies on factors associated with active PTB disease within other prisons 

in the Kenya’s correctional system. A comprehensive multidisciplinary control and 

preventive approach should be adopted in order to reduce the risk associated with PTB 

control in prison. This should involve corroboration between prisoners, health officials 

and prison authorities to implement the following recommendation:- 

1. Screening inmates for active tuberculosis at the time of admission to avoid 

introduction of infectious persons into the jail population. This should be followed by 

routine screening of inmates to identify PTB symptomatic inmates.  

2.  Isolation of suspected PTB cases pending prompt evaluation is needed. 

3. Voluntary HIV counseling, testing, and referral should be routinely offered to all 

inmates diagnosed of PTB. HIV-positive inmates should be offered cotrimoxazole 

preventive therapy (CPT) and should be assessed for, and started on, antiretroviral 

therapy (ART) as soon as possible.  

4. Cross matching of PTB registries between prisons facilities should be done regularly 

to identify the compliance or the defaulter pattern of inmates and those requiring follow-

up.   

5. Prison staff should be educated on signs and symptoms of PTB and encouraged to 

facilitate prompt evaluation of inmates suspected of having the disease.  
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6. Strict enforcement of no-smoking policy in jails needed and prisoners encouraged to 

quit smoking. 

7. Further studies on the role of BCG vaccination in protection of adults against active 

PTB disease, association between frequency of STI episode and active PTB disease and 

identification of related causative agent of the STI, are necessary. Molecular 

epidemiological studies to identify the circulating TB strains in prison and to determine 

any epidemiological-linkage of TB spread amongst prisoners are also recommended.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 



 

 

 

57  

REFERENCES 

Aerts A, Habouzit L and Malakmadze N. (2000). Pulmonary tuberculosis in the 

prisons of the ex- USSR state of Georgia: Results of a nation-wide prevalence survey 

among sentenced inmates. International Journal of Tuberculosis and Lung Diseases: 

4:1104–1110. 

Afranio Kritski and Fernando Augusto Fiuza de Melo. (2007). Tuberculosis in 

Adults. Tuberculosis 2007.  From basic science to patient care. 

TuberculosisTextuberculosisook.com. First edition .pp.483-523. 

Ahlburg D, (2000). The economic impacts of tuberculosis. Geneva. 

WHO/CDS/ST/TB/2000. <http://www.stoptuberculosis.org/conference/ahlburg.pdf>. 

Accessed on 12th January, 2007 

Alcaide J, Altet MN, Plans P, Parrón I, Folguera L, Saltó E, Domínguez A, Pardell 

H and  Salleras L. (1996). Cigarette smoking as a risk factor for tuberculosis in young 

adults: A case-control study. Tuberculosis Lung Disease: 77(2):112-6. 

Angel C and Maria IR. (2007). Tuberculosis caused by other members of the M. 

tuberculosis complex. Tuberculosis 2007.  From basic science to patient care. 

TuberculosisTextuberculosisook.com. First edition .pp.283. 

Angie B, Aerts A, Grzemska M, Kimerling M, Kluge H, Levy M, Portaels F, 

Raviglione M, Francis Varaine. (2000). Tuberculosis control in prisons. A manual for 

programme managers. WHO/CDS/TB/2000.281. Geneva 

Anonymous. (1997a). New Jersey Medical school (NLMS).  National Tuberculosis 

Center. Diagnosis of Tuberculosis Infection and Disease.  



 

 

 

58  

< http://www.umdnj.edu/~ntuberculosiscweb/tiddiag.htm> accessed on 20th December 

2007. 

Anonymous. (1997b). The Caribbean Epidemiology Centre (CAREC). Tuberculosis 

manual of prevention & control procedures. Standardized Treatment Regimens. First 

Edition. Port -of-Spain, Trinidad.   

Anonymous. (2000). American Thoracic Society. Diagnostic standards and 

classification of tuberculosis in adults and children. American Journal of Respiratory 

Critical Care of Medicine: 161:1376–1395. 

Anonymous. (2004). TB Guidelines for Nurses in the Care and Control of Tuberculosis 

and Multi-drug Resistant Tuberculosis. International Council of Nurses(ICN), Geneva 

(Switzerland).pp 12 

Anonymous. (2006a). Centers for Disease Control and Prevention. Acid-Fast Direct 

Smear Microscopy Training Package. This page last reviewed on 11/6/2006. 

<http://wwwn.cdc.gov/dls/ila/acidfasttraining/>. Accessed on 24th January, 2008. 

Anonymous. (2006b). Centers for Disease Control and Prevention.  National Center for 

HIV/AIDS, Viral Hepatitis, STD, and TB prevention. Division of Tuberculosis 

Elimination (DTBE). TB facts for health care workers. Treatment of Tuberculosis. 

Regimens for the treatment of tuberculosis.    

Anonymous. (2007a). Fact sheet .Tuberculosis-The Global Burden. 
<www.who.int/tuberculosis/publications/2007/factsheet_2007.pdf> .Accessed on 26th 

January, 2008. 



 

 

 

59  

Anonymous. (2007b). The tuberculosis epidemic breaks through prison walls. What can 

you tell us about resistance to tuberculosis treatment? Why are there so many cases of 

tuberculosis in places of detention? ICRC (International Committee of Red Cross).  

Accessed on 3rd February, 2008. 

< http://www.icrc.org/Web/Eng/siteeng0.nsf/html/tuberculosis-interview-240307>.  

Anonymous. (2007c). Global tuberculosis control - surveillance, planning, and 

financing. 

<http://www.who.int/tuberculosis/publications/global_report/en/index.html>. 

WHO/HTM/TB/2007.376), Geneva/New York/Paris. Accessed on 22.01. 2008.  

Anonymous. (2007d). BMI — Body Mass Index for adults. 

< http://www.cdc.gov/nccdphp/dnpa/bmi/adult_BMI/about_adult_BMI.htm>. 

 Accessed on 25th June, 2007. 

Anonymous. (2008). Tuberculosis . Millennium Development Goals for TB. 

 <http://www.who.int/tuberculosis/country/mdgs_for_tuberculosis/en/>. Accessed on 

26th January, 2008. 

Anuradha B, Santosh CM, V Hari SVP, G Suman GL, Murthy KJR and Valluri 

VL. (2007). Age-related waning of in vitro Interferon-γ levels against r32kDaBCG in 

BCG vaccinated children. Journal of Immune Based Therapies and Vaccines; 5:8. 

<http://www.jibtherapies.com/content/5/1/8>. Accessed on 2nd February, 2008. 

Ariyothai N, Podhipak A, Akarasewi P, Tornee S, Smithtikarn S and 

Thongprathum P. (2004). Cigarette smoking and its relation to pulmonary tuberculosis 



 

 

 

60  

in adults. Southeast Asian Journal of Tropical Medicine and Public Health: 35(1):219-

27. 

Auwal Y, Tamara S, Vitaly N and Alexandr I. (2006). Immune-based therapy using 

gamma interferon ingaron in the treatment of HIV/AIDS patients with active pulmonary 

tuberculosis (PTB) not previously highly active antiretroviral therapy (HAART). 

Retrovirology; 3(Supplement 1):S38. 

Barnes PF. (2004). Diagnosing latent tuberculosis infection: turning glitter to gold. 

American Journal of Respiratory and Critical Care Medicine: 170: 5–6. 

Biber CL, Jaker MA, Kloser P, Auerbach SB and Rhoads GG, (1999.) A study of 

sex differences in presentation for care of HIV. AIDS Patient Care STDS; 13(2):103-

110. 

Bieber J and Kavanaugh A. (2003). Cigarette smoking, TB, and TNF inhibitors. 

Annals of the Rheumatic Diseases: 62:1118-1119. 

Boelart JR, Gomes MS and Gordeuk V. (2003). Smoking, iron and tuberculosis. The 

Lancet: 362:1243-4.  

Braun MM, Truman BI, Maguire B, DiFerdinando Jr GT, Wormser G, Broaddus 

R and D Morse DL. (1989). Increasing incidence of tuberculosis in a prison inmate 

population. Association with HIV infection. Journal of American Medical Association, 

1989; 261:393–97 

Britton WJ and Palendira U. (2003). Improving vaccines against tuberculosis. 

Immunology of Cellular Biology: 81:34-45. 



 

 

 

61  

Broekmans JF. (1991). Tuberculosis and HIV-infection in developing countries. 

Journal of Tropical and Geographical Medicine: 43(3):S13-21. 

Campbell R,  Sneller V-P,  Khoury N,  Hinton B,  DeSouza L,  Smith S, Howard J, 

Ciofalo F, Welsh AL, Krycia W, Mycroft F, Hooper K, Goldman L, Royce S, 

Dorfman B, Morita S, Coulter S and  Rutherford GW. (1993). Probable transmission 

of multi-drug-resistant TB in correctional facilities-California. Morbidity and Mortality 

Weekly Report (MMWR): 42: RR-03; 48–51 

Carmine JBD, Dooley WS, Patricia MS, Consuelo BS, Elizabeth AB, William RJ, 

Philip JBC, Robert THL, Robert JM, Brian MW. (1994). Centers for Disease 

Control and Prevention. Guidelines for preventing the transmission of Mycobacterium 

tuberculosis in health-care facilities. Morbidity and Mortality Weekly Report (MMWR): 

43: (RR-13);1-132.  

Chan-Yeung M, Noertjojo K, Chan SL and Tam CM. (2002). Sex differences in 

tuberculosis in Hong Kong. International Journal of Tuberculosis and Lung Disease: 

6(1):11-8. 

Chintu C and Mwaba P. (2005). Tuberculosis in children with human 

immunodeficiency virus infection. International Journal of Tuberculosis and Lung 

Disease: 9 (5): 477-484. 

Christian L. (2001). From exposure to disease: the role of environmental factors in 

susceptibility to and development of tuberculosis. Epidemiological review: 23(2):288-

301. 

Clark TJ. (2008). Tuberculosis. Tuberculosis complex: The Evil Empire. 



 

 

 

62  

 <http://www.tjclarkco.com/bacterial_diseases/tuberculosis.htm>. 

Accessed on 16th January 2008. 

Cohn D, Bustreo F and Raviglione M. (1997). Drug-Resistant Tuberculosis: Review 

of the Worldwide Situation and the WHO/IUATLD Global Surveillance Project. 

Clinical Infectious Diseases; 24 (Suppl 1): S121-30. 

Comstock GW. (1975). Frost revisited: The modern epidemiology of tuberculosis. 

American Journal of Epidemiology: 5:363–382. 

Coninx R, Maher D, Reyes H and Grzemska M. (2000). Tuberculosis in prisons in 

countries with high prevalence. British Medical Journal of Medicine (BMJ): 320: 440– 

442.   

Corbett EL, Watt CJ, Walker N, Maher D, and William BG. (2003). The growing 

burden of tuberculosis: Global trends and interactions with the HIV epidemic. Archives 

of Internal Medicine: 163: 1009–1021. 

Cox R. (2004). "Quantitative relationships for specific growth rates and macromolecular 

compositions of Mycobacterium tuberculosis, Streptomyces coelicolor A3 (2) and 

Escherichia coli B/R: An integrative theoretical approach. Microbiology: 150 (Pt 

5):1413–26. 

<http://mic.sgmjournals.org/cgi/content/full/150/5/1413?view=long&pmid=15133103>. 

Accessed on 31st January, 2008. 

Crofton J, Horne N, and Miller F. (1999). Clinical Tuberculosis TALC. The 

Macmillan Press Ltd London. 



 

 

 

63  

Del Amo J, Malin A, Pozniak A and De Cock KM. (1999). Does tuberculosis 

accelerate the progression of HIV disease? Evidence from basic science and 

epidemiology. AIDS: 13:1151–1158. 

Department of Health England. (2004). Stopping Tuberculosis in England. An Action 

Plan from the Chief Medical Officer.Factfile: Tuberculosis in England: 

<http//www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documen 

ts/digitalasset/dh_4090456.pdf>. Accessed on 21 January 2008. 

Dong B, Ge N and Liu G. (2001). Social economical status, behaviors and environment 

as the risk factors of tuberculosis in Chengdu China (population based case control 

study). Zhonghua Liu Xing Bing Xue Za Zhi: 22(2):102-104.  

Dye C. (2006). Global epidemiology of tuberculosis. Lancet; 367: 938-940.  

Dye C, Scheele S, Dolin P, Pathania V and Raviglione MC. (1999). Global burden of 

tuberculosis: estimated incidence, prevalence, and mortality by country. Journal of 

American Medical Association (JAMA): 282: 677-686. 

Elizabeth LC, Catherine JW, Neff W, Dermot M, Brian GW; Mario CR and 

Christopher D. (2003). The growing burden of tuberculosis. Global trends and 

interactions with the HIV epidemic. Archives of Internal Medicine: 163 (9):1009-1021. 

Elizabeth LC, Tsitsi B, Yin BC, Shungu M, Peter GF, Richard H, Gavin C, 

Anthony B, and Peter M. (2007). Epidemiology of tuberculosis in a high HIV 

prevalence population provided with enhanced diagnosis of symptomatic disease. PLoS 

Medicine : 4(1): 22. 



 

 

 

64  

Elzinga G, Raviglione MC, and Maher D. (2004). Scale up: Meeting targets in global 

tuberculosis control. Lancet: 363:814–819. 

Engstrom Kristina. (2006). Strengthening the teaching of tuberculosis control in basic 

training Programmes. A manual for instructors of nurses and other health-care 

workers.WHO/HTM/TB/2006.367. 

Enrico G, Caroline AS, Antonella  M, Bob H, Andrew NP, Gill MJ, Francois D, 

Reiss P,  Kirk O, Bernasconi E, Grabar S, Justice A, Schlomo S, Fa¨tkenheuer G, 

and Jonathan ACS. (2005). Incidence of tuberculosis among HIV-infected patients 

receiving highly active antiretroviral therapy in Europe and North America. Clinical 

Infectious Disease Journal: 41:1772-1782.  

Ernesto M and Rodolfo R. (2007). Tuberculosis. From basic science to patient 

care.www.TuberculosisTextuberculosisook.com. First Edition. Global burden of 

tuberculosis.  pp263. 

Fleiss JL. (1981). Statistical Methods for Rates and Proportions, 2nd Edition, Wiley: 

New York, 1981.  

Fine PE. (1981). Immunogenetics of susceptibility to leprosy, tuberculosis and 

leishmaniasis: An epidemiological perspective. International Journal of Leprosy and 

Other Mycobacterial Disease: 49:437–454. 

Fine PEM. (2001). BCG: The challenge continues. Scandinavian Journal of Infectious 

Disease; 33 (4):243-245. 



 

 

 

65  

Frothingham R, Strickland PL, Bretzel G, Ramaswamy S, Musser JM and 

Williams DL. (1999). Phenotypic and genotypic characterization of Mycobacterium 

africanum isolates from West Africa. Journal of Clinical Microbiology: 37: 1921–1926. 

Geiter LJ. (2006). Utility of interferon-gamma assays in vaccine studies. Workshop on: 

T-Cell Based Diagnosis of Latent Tuberculosis Infection in Resource-Limited Settings 

Geneva, Switzerland. 

<http://www.finddiagnostics.org/news/presentations/ltuberculosisi_mar_2006/geiter.pdf

>.  Accessed on 7th March, 2008. 

Godfrey-Faussett P, Maher D, Mukadi Y, Nunn P, Perriens J and  Raviglione M. 

(2002). How Human Immunodeficiency Virus Voluntary testing can contribute to 

tuberculosis control. Bulletin of the World Heath Organization: 10-1626, Geneva, 

Switzerland. 

Godoy P, Dominguez A, Alcaide J, Camps N, Jansà JM, Minguell S, Pina JM and  

Díez  M. (2004). Working Group of the Multicentre Tuberculosis Research Project. 

Characteristics of tuberculosis patients with positive sputum smear in Catalonia, Spain. 

European Journal of Public Health: 14(1):71-75. 

Godoy P, Nogués A, Alsedà M, Manonelles A, Artigues A and  García M, (2001). 

Risk factors associated to tuberculosis patients with positive sputum microscopy. Gaceta 

Sanitaria: 15(6):506-12. 

GOK. (2007). Kenya Prison Service. <www.Kenyaprison.go.ke> Accessed on 14th 

November 2007.Govement of Kenya, Ministry of  Office of Vice-President. 



 

 

 

66  

Grange JM, Gibson J, Osborn TW, Collins CH and Yates MD. (1983). What is 

BCG? Tubercle: 64:129-39.  

Gregory M and Angeline L. (2000). Epidemiology and diagnosis of tuberculosis. 

Postgraduate Medicine: 108 (2); 71-84. 

Gro HB and Jakob K. (2001). Tuberculosis control in Prisons. A manual for 

Programme managers. WHO /CDS /TB /2001.281.Foreword. 

Haas WH, Bretzel G and Amthor B. (1997). Comparison of DNA fingerprints patterns 

of isolates of Mycobacterium africanum from east and West Africa. Journal of Clinical 

Microbiology: 35: 663- 666. 

Haileyesus G, Gorkom JV, Harries A, Harrington M, Nunn P, Perriens J, Reid A 

and Vitoria M. (2004).Interim policy on collaborative TB/HIV activities. Geneva; 

2004.WHO/HTM/TB/2004.330.  

Hamid H, Saeed A and Debra N. (2003). Prevalence of and risk factors associated with 

Mycobacterium tuberculosis infection in prisoners, North West Frontier Province, 

Pakistan. International Journal of Epidemiology: 32 :( 5)794-799. 

Hammet TM, Gaiter JL and Crawford C. (1998). Reaching seriously at-risk 

populations: health interventions in criminal justice settings. Health Education and 

Behavior: 25:99–120.  

Hammett TM, Harmon MP and Rhodes W. (2002). The burden of infectious disease 

among inmates of and releases from US correctional facilities, 1997. American Journal 

of Public Health: 92:1789–1794. 



 

 

 

67  

Harries A, Dermot M and Graham S. (2004). TB/HIV A Clinical Manual 2nd Edition. 

WHO/HTM/TUBERCULOSIS/2004.329. 

Harries AD. (2005). Editorial: HIV/AIDS: the epidemic, its impact and turning the tide. 

International Journal of Tuberculosis and Lung Disease: 9 (5): 471-474.      

Harries, AD and Dye C, (2006). Tuberculosis. Annals of Tropical Medicine and 

Parasitology: 100(5-6);. 415-431(17). 

Heritage J, Emlyn GVE and Killington RA. (1996). Introduction to Microbiology. 

Handling microbes.Z-N staining .Cambridge University Press, pp 98. 

Holmes CB, Hausler H and Nunn P. (1998). A review of sex differences in the 

epidemiology of tuberculosis. International Journal of Tuberculosis and Lung Diseases: 

2(2):96-104. 

Horstkotte MA, Sobottka I and Schewe CK. (2001). Mycobacterium microti llama-

type infection presenting as pulmonary tuberculosis in a human immunodeficiency 

virus-positive patient. Journal of Clinical Microbiology: 39:406-7. 

Hutton MD, Cauthen GM, Bloch AB. (1993). Results of a 29-state survey of 

tuberculosis in nursing homes and correctional facilities. Public Health Report 1993; 

108:305-14. 

Ian AC and Oumou BS. (2006). Pulmonary tuberculosis: Diagnosis and treatment. 

British Medical Journal of Medicine: 332:1194-1197. 

Ichiyama S, Shimokata K, Takeuchi J, and the AMR Group. (1993). Comparative 

study of a biphasic culture system (Roche MB check system) with a conventional egg 

medium for recovery of Mycobacteria.Tuberculosis. Lung Disease Journal: 74:338–341. 



 

 

 

68  

Johnson H, Lee B, Doherty E, Kelly E, and McDonnell T. (1995). Tuberculin 

sensitivity and BCG scar in tuberculosis contacts. Tuberculosis and Lung Disease: 

76:122–125. 

Jones TF, Craig AS, Valway SE, Woodley CL and Schaffner W. (1999). 

Transmission of tuberculosis in a jail. Annals of Internal Medicine; 131:557-563.  

Kanduma E, McHugh TD and Gillespie SH. (2003). Molecular methods for 

Mycobacterium Tuberculosis strain typing: A user guide.Journal of applied 

microbiology: 64:781-791.   

Karonga Prevention Trial Group. (1996). Randomised controlled trial of single BCG, 

repeated BCG, or combined BCG and killed Mycobacterium leprae vaccine for 

prevention of leprosy and tuberculosis in Malawi. Lancet 348: 17–24. 

Kaufmann SHE. (2004). New issues in tuberculosis. Annals of Rheumatic Disease: 63; 

50-56.  

Kavanagh ME. ( 2001 ). Pathology of the respiratory system. Pulmonary tuberculosis. 

Lecture 3. <http://iris.nyit.edu/~edoran/Course/Resp3lect01.htm>.Accessed on 23rd 

February, 2008. 

Kolappan C and Gopi PG. (2002). Tobacco smoking and pulmonary tuberculosis. 

Thorax: 57:964–66. 

Kolappan C, Gopi PG, Subramani R and  Narayanan PR. (2007). Selected 

biological and behavioral risk factors associated with pulmonary tuberculosis. 

International Journal of Tuberculosis and Lung Disease: 11(9):999-1003. 



 

 

 

69  

Koo DT, Baron RC and Rutherford GW. (1997). Transmission of Mycobacterium 

tuberculosis in a California state prison. American Journal of Public Health; 87:279-

282.  

Leopold B, Chaulet P, Espinal M, Graham S, Grzemska M, Harries A, Luelmo F, 

Maher D, O’Brien R, Raviglione M, Rieder H, Starke J, Uplekar M and Wells C. 

(2003). Treatment of tuberculosis: Guidelines for national programmes .Third edition. 

WHO/CDS/TB/2003.313 

Lienhardt C. (2001). From exposure to disease: the role of environmental factors in 

susceptibility to and development of tuberculosis. Epidemiologic Review: 23:288–301. 

Lienhardt C and Rodriques LC. (1997). The impact of HIV infection on Tuberculosis; 

International journal of Tuberculosis and Lung Disease; 1; 196-204. 

Lienhardt C, Fielding K, Sillah JS, Bah B, Gustafson P, Warndorff D, Palayew M, 

Lisse l, Donkor. S, Diallo S, Manneh K, Adegbola R, Aaby P, Bah-Sow O, Bennett S 

and McAdam K. (2005). Investigation of the risk factors for tuberculosis: a case–

control study in three countries in West Africa. Infectious Diseases.  International 

Journal of Epidemiology: 34(4):914-923. 

Lobacheva T, Asikainen T and Giesecke J. (2007). Risk factors for developing 

tuberculosis in remand prisons in St. Petersburg, Russia - a case-control study. European 

Journal of Epidemiology: 22, 121-127. 

MacIntyre CR, Kendig N, Kummer L, Birago S and Graham NM. (1997). Impact of 

tuberculosis control measures and crowding on the incidence of tuberculosis infection in 

Maryland prisons. Clinical Infectious  Disease ;24:1060-1067. 



 

 

 

70  

MacNeil J, Lobato MN and Moore M. (2005). An unanswered health disparity: 

tuberculosis among correctional inmates, 1993 through 2003. American Journal of 

Public Health: 95:1800-1805. 

Maher D, Grzemska M, Coninx R, Reyes H. (1998). Guidelines for the control of 

tuberculosis in prisons. WHO/TB/98.250 Geneva, World Health Organization, 1998 

Marcos AE, Adalbert L, Simonsen L, Boulahbal F, Sang J K,   Reniero A,   Hoffner 

S, Rieder HL, Binkin N, Dye C, Williams R and Raviglione MC. (2001). Global 

Trends in Resistance to Antituberculosis Drugs. New England Journal of Medicine 

;344:1294-1303 

Margaret MG. (2008). VCU General Pathology 601 for dental students. Pathology of 

bacterial pneumonia and abscess, tuberculosis, & chronic obstructive pulmonary disease. 

 < http://www.emedicine.com/PED/topic2321.htm> .Accessed on 26th January, 2008.        

Margarita E. Villarino,  Samuel W. Dooley, Jr.,  Lawrence J. Geiter,  Kenneth G. 

Castro and  Dixie E. Snider, Jr. (1992). Centers for Disease Control and Prevention. 

Management of persons exposed to multidrug-resistant tuberculosis. Morbidity and 

Mortality Weekly Report (MMWR): 41: RR-11:59-71. 

Mary MK and Sandra Y. (2006).  What Makes TB So Deadly?  Population Reference 

Bureau (PRB).Controlling Infectious Diseases Population Bulletin: 61(2).  

Mauricio CA and Yolanda LV. (2004).  A second-generation anti TB vaccine is long 

overdue. Annals of Clinical Microbiology and Antimicrobials: 3(10). 



 

 

 

71  

MDHMH. (2007). Maryland Department of Health and Mental Hygiene: Maryland 

Guidelines for the Treatment and Prevention of Tuberculosis: Treatment of tuberculosis 

disease. Baltimore, Maryland.  pp22.  

Meier T, Eulenbruch HP, Wrighton-Smith P, Enders G and Regnath T. (2005). 

Sensitivity of a new commercial enzyme-linked immunospot assay (T SPOT-TB) for 

diagnosis of tuberculosis in clinical practice. European Journal of Clinical Microbiology 

of Infectious Disease: 24: 529–36. 

MOH. (2005a). TB management guidelines: What the health care worker needs to 

know. National Leprosy and Tuberculosis Control Programme (NLTP) of the Ministry 

of Health.  

MOH. (2005b). Ministry of Health (National Leprosy and Tuberculosis Programme). 

Annual report, 2005. 

Morgan MA, Horstmeier CD, DeYoung DR, and Robers GD. (1983). Comparison of 

a radiometric method (BACTEC) and conventional culture media for recovery of 

Mycobacteria from smear-negative specimens. Journal of Clinical Microbiology: 

18:384–388. 

Mori T, Harada N, Higuchi K, Sekiya Y, Uchimura K and Shimao T. (2007). 

Waning of the specific interferon-gamma response after years of tuberculosis infection. 

International Journal of Tuberculosis and Lung Disease: 11(9):1021-1025. 

MMWR. (2007). Morbidity and Mortality Weekly Report (MMWR):6 (42); 1103-1106. 

NACC. (2005). National AIDS Control Council. Kenya HIV/AIDS. Data booklet. 

Nairobi.  



 

 

 

72  

Nadia Ait-Khaled. and Enarson DA. (2003).Tuberculosis: A Manual for medical 

students. The basic science of tuberculosis. WHO/CDS/TB/99.272. 

Nagelkerke NJD, de Vlas SJ, MacDonald KS and Rieder HL. (2004). Tuberculosis 

and sexually transmitted infections [letter]. Emerging Infectious Diseases; 10(11); 2055-

2056. <http://www.cdc.gov/ncidod/EID/vol10no11/03-0785.htm> . Accessed on 26th 

January, 2008. 

Narain JP, Raviglione MC and Kochi A. (1992). HIV-associated tuberculosis in 

developing countries: Epidemiology and Strategies for prevention. Tuberculosis and 

Lung Disease: 73(6):311-21. 

NICE. (2006). National Institute for Health and Clinical Excellence. Tuberculosis: 

clinical diagnosis and management of tuberculosis, and measures for its prevention and 

control. London: < http://www.nice.org.uk/page.aspx?o=CG033>. Accessed on 7th 

March, 2008. 

Noeske J, Kuaban C, Amougou G, Piubello A and Pouillot R. (2006). Pulmonary 

tuberculosis in the Central Prison of Douala, Cameroon. East African Medical Journal: 

83(1):25-30. 

Nolte FS and Metchock B. (1995). Manual of clinical microbiology. 6th edition. 

Washington, DC: Mycobacterium; American Society for Microbiology: pp 414. 

Onyebujoh P and Graham PAW. (2004). World Health Organization Disease Watch: 

Focus: Tuberculosis. <http://www.who.int/tdr/dw/tuberculosis2004.htm>. Accessed 21st 

January, 2008.  



 

 

 

73  

Oztürk N, Sürücüoğlu S, Ozkütük N, Gazi H, Akçali S, Köroğlu G and Ciçek C. 

(2007). Comparison of interferon-gamma whole blood assay with tuberculin skin test for 

the diagnosis of tuberculosis infection in tuberculosis contacts. Microbiology Bulletin: 

41(2):193-202.  

Parish T and Stoker N. (1999). "Mycobacteria: bugs and bugbears (two steps forward 

and one step back)". Molecular Biotechnology; 13 (3): 191–200.  

Patrice S, Paul L, Macarthur C, Francine N, Bonhomme G, Gyrlande B, Erik G, 

Kenel-Pierre S, Peter F W, Gulick R, Warren DJ Jr, Jean WP, and Fitzgerald DW, 

(2005). Antiretroviral therapy in a thousand patients with AIDS in Haiti. The New 

England Journal of Medicine: 353:2325-2333.  

Payam N, Leah CG ,Irina R, Bouke CJ, Alon U, Kawamura ML, Dennis HO, 

Philip CH and Charles LD. (2007). Treatment outcomes of patients with HIV and 

tuberculosis. American Journal of Respiratory and Critical Care Medicine: 175:1199-

1206.  

Pelletier AR, DiFerdinando GT Jr, Greenberg AJ, Sosin DM, Jones WD Jr, Bloch 

AB, Woodley CL. (1993).Tuberculosis in a correctional facility. Archives of internal 

medicine; 153(23):2692-2695. 

Perez-Padilla R, Perez-Guzman C, Baez-Saldana R and Torres-Cruz A, (2001). 

Cooking with biomass stoves and tuberculosis: a case-control study. International 

Journal of Tuberculosis and Lung Disease: 5: 441-447. 



 

 

 

74  

Philip C H, Jackson-Sillah D, Simon D, Jacob O, Adegbola R and Lienhardt C. 

(2006). Risk factors for pulmonary tuberculosis: a clinic-based case control study in The 

Gambia. BioMed Central Public Health: 6: 156. 

Provlab. (2008). Acid Fast staining procedures for Mycobacteria. 

<http://secure.provlab.ab.ca/bugs/mycob/afb_stain/afb_tutorial.htm>. 

Accessed on January 18th 2008. 

Puri MM and John T. (1997). Nurses and fight against tuberculosis. The Nursing 

Journal of India: 99 (12):269-272. 

Raviglione M and Smith I. (2007). XDR Tuberculosis-Implications for Global Public 

Health; New England Journal of Medicine, 356; 357. 

Raviglione M, Sinder D and Kochi A. (1995). Global epidemiology of tuberculosis-

morbidity and mortality of a worldwide epidemic. Journal of American Medical 

Association :273:220-226. 

Richard C, McKee M, Rifat A, Dimitrova B, Ekaterina D, Sergei K and 

Drobniewski F. (2006). Risk factors for pulmonary tuberculosis in Russia: case-control 

study. British Medical Journal: 332; 85-87.  

Richard E C, and Neil AM. (2008). Tuberculosis in Africa- Combating an HIV-Driven 

Crisis.  New England Journal of Medicine:358:1089-1092 

Rieder. H. (1999). Epidemiologic basis of tuberculosis control. Paris: IUATLD 

(International Union against Tuberculosis and Lung Disease). 

<http://www.tuberculosisrieder.org/publications/publications_ot.htm>.  

Accessed on 24th January, 2008. 



 

 

 

75  

Sampura R. (2007). Tuberculosis. Secondary tuberculosis. 

<http://www.histopathology-india.net/Tuberculosis.htm>.  

Accessed on 23rd February, 2008. 

Saunders DL, Olive DM, Wallace SB, Lacy D, Leyba R, and Kendig NE. (2001). 

Tuberculosis screening in the federal prison system: an opportunity to treat and prevent 

tuberculosis in foreign-born populations. Public Health Report: 116:210–218. 

Seena F and Benning R. (2006). Natural deaths in male prisoners: a 20-year mortality 

study. European Journal of Public Health: 16(4): 441–444. 

Shetty N, Shemko M, Vaz M and D'Souza G. (2006). An epidemiological evaluation 

of risk factors for tuberculosis in South India: Clinic-based matched case control study. 

International Journal of Tuberculosis and Lung Diseases: 10(1):80-86. 

Smith I. (2004). What is the health, social, and economic burden of tuberculosis. In: 

Frieden T. (editor). Toman´s tuberculosis case detection, treatment, and monitoring: 

questions and answers. 2nd Edition. Geneva, WHO, 2004. WHO/HTM/TB/2004.334. 

pp. 233-7 

Soolingen VD, Hoogenboezem T, Haas PEW, Hermans PWM, Koedam MA, 

Teppema KS, Brennan PJ, Besra GS, Portaels F, Top J, Schouls LM, and Embden 

JDA. (1997). A novel pathogenic taxon of the Mycobacterium tuberculosis complex, 

canetti: characterization of an exceptional isolate from Africa. International Journal of 

Systematic Bacteriology: 47: 1236-1245.  

Soolingen VD, Zanden AG and Haas PE. (1998). Diagnosis of Mycobacterium 



 

 

 

76  

Microti infections among humans by using novel genetic markers. Journal of Clinical 

Microbiology: 36:1840-1845. 

Stephens TT, Braithwaite R, Cozza S, Robillard A. and Arriola KJ. (2003). History 

of prior TB infection and HIV/AIDS risk behaviors among a sample of male inmates in 

the USA. International Journal of STD AIDS: 14:514–518. 

Stevenson CR, Critchley JA, Forouhi NG, Roglic G, Williams BG, Dye C and 

Unwin NC. (2007). Diabetes and the risk of tuberculosis: a neglected threat to public 

health? Chronic Illness: 3(3):228-245. 

Takahashi M. (2003). Molecular Epidemiology of Mycobacterium Tuberculosis using 

RFLP analysis between genomic DNA, Kekkaku :( 78):641-651. 

Takashima T and Iwamoto T. (2006). New era in molecular epidemiology of 

tuberculosis in Japan. Kekkaku: 81(11):693-707.  

Tekkel M, Rahu M, Loit HM and Baburin A. (2002). Risk factors for pulmonary 

tuberculosis in Estonia. International Journal of Tuberculosis and Lung Disease: 

6(10):887-894. 

Tocque K, Bellis MA, Beeching NJ, Syed Q, Remmington T, and Davise PD. (2001). 

A case-control study of lifestyle risk factors associated with tuberculosis in Liverpool, 

North-West England. European Respiratory Journal: 18:959-964 

Toure NO, Dia Kane Y, Diatta A, Ba Diop S, Niang A, Ndiaye EM, Thiam K, 

Mbaye FB, Badiane M and  Hane AA. (2007). Tuberculosis and diabetes (La 

tuberculose et le diabète). (Revue des Maladies Respiratoires) Rev. Mal. Respir: 

24(7):869-875.  



 

 

 

77  

Vellore PM, Charles AS, Keming Y, Holly MS, Kathryn ET, Enders T, Ming CT, 

JoAnne LF and John C. (2001). Effects of tumor necrosis factor alpha on host immune 

response in chronic persistent tuberculosis: Possible role for limiting pathology. 

Infection and Immunity: 69 (3); 1847-1855.  

Vijaya LV, Kumar S, Surekha RH, Suman LG and Murthy KJR. (2005). 

Tuberculin specific T cell responses in BCG Vaccinated Children. Indian Pediatrics 

Journal: 42:36-40. 

Wang EA, McCrann CH,  Notha M,  Mwasekaga MJ,  Mwansa RA, Binkin NJ, 

Laserson KF, Wells CD,   Talbo EA,  Andre AM  and  Nelson LJ. (2003). 

Rapid assessment of tuberculosis in a large prison system – Botswana, 2002. Morbidity 

and Mortality Weekly Report (MMWR): 52; RR-12:250–52. 

Wang JY, Lee LN and Hsueh PR. (2005). Factors changing the manifestation of 

pulmonary tuberculosis. International Journal of Tuberculosis and Lung Diseases: 

9(7):777-783.  

Watkins RE and Plant AJ, (2006). Does smoking explain sex differences in the global 

tuberculosis epidemic? Epidemiology and Infection: 134(2):333-339. 

White MC, Tulsky JP, Portillo CJ, Menendez E, Cruz E, and Goldenson J. (2001). 

Tuberculosis prevalence in an urban jail: 1994 and 1998. International Journal of 

Tuberculosis and Lung Disease; 5:400-404. 

Wikipedia. (2008). (Last updated on June 2008), [online].Prisons [online]. Available 

from <http://en.wikipedia.org/wiki/Correctional_institution> (Accessed on 20th June 

2008). 



 

 

 

78  

Wilkinson RJ, Llewellyn M, and Toossi Z. (2000). Influence of vitamin D deficiency 

and vitamin D receptor polymorphisms on tuberculosis among Gujarati Asians in west 

London: a case-control study. Lancet: 355: 618-21. 

Williams BG and Dye C. (2003). The impact of antiretroviral therapy on incidence of 

tuberculosis: WHO, Geneva, Switzerland. 

Yong KJ, Aaron S, Arachu C, Vande C and Farmer P. (2007). WHO (3). 

Tuberculosis control. The burden of tuberculosis: Economic burden (1&2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

79  

APPENDICES 

Appendix 1.  World Health Organization definitions of tuberculosis cases and treatment 

outcomes 

A. DEFINITIONS OF TUBERCULOSIS CASES 

Smear-positive pulmonary case: A patient with at least two initial sputum smear 

examinations (direct smear microscopy) AFB+; or one sputum examination AFB+ and 

radiographic abnormalities consistent with active pulmonary tuberculosis as determined 

by a clinician; or one sputum specimen AFB+ and culture positive for MTB. 

Relapse case: A patient previously declared cured but with a new episode of 

bacteriologically positive (sputum smear or culture) tuberculosis. 

B. DEFINITIONS OF TREATMENT OUTCOMES 

(Expressed as a percentage of the number registered in the cohort) 

Completed treatment: A patient who completed treatment but did not meet the criteria 

for cure or failure. This definition applies to pulmonary smear-positive and smear-

negative patients and to patients with extrapulmonary disease. 

Successfully treated: A patient who was cured or who completed treatment 

 (Anonymous, 2007c). 
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Appendix 2.Description of symbols used in the Fleiss formula for sample size 

calculation and their corresponding value 

 

         Description of Symbols in the formula                       Value 

Z - Score for two-tailed test based on α level (z α/2)........ 1.96 

Z - Score for one-tailed test based on β level (z 1-β)........       0.84 

Ratio of controls: cases (r)...............................................       2:1 

Proportion of cases with exposure (P1)............................      56% 

1 – P1 (q1) ........................................................................      44% 

Proportion of controls with exposure (P2).......................      30% 

1– P2   (q2)........................................................................      70% 

Number of cases (n1)........................................................      46 
 
Number of controls (n2)...................................................      92 
 
Total sample size (n1+ n2) ..............................................     138 
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Appendix 3:  Questionnaire of factors associated with active pulmonary disease 

amongst prisoners in Kenya, 2007 

1a. Questionnaire Number ___ ___ ___ ___ 

1 b. Unique / Matching No. (For Supervisor) ___ ___ ___ ___ 

2. Date of interview (DD: MM: YR) ___ ___/___ ___/___ ___ ___ ___ 

3. Interviewer’s code (initials)  ___ ___ ___ 

Prison details 

            A). Name of prison _________________________________________  

                  B). Current number of inmates in the prison ___ ___ ___ ____ ____ ___                                

                  C).Number of patients attended to by the health facility during last month?   

                                ___ ___ ___ ___       

 5. Personal details  

            5.1    Name of prisoner (initials) ___ ___ ___ ___ 

 

            5.2    Sex/gender     Male           Female 

 

             5.3     Status of subject:                       Case       Control 

  

             5.4   Date of birth (DD: MM: YR) ___ ___/___ ___/___ ___ ___ ___ 

                           

             5.5  Age in years ___ ___ ___ 

            5.6  Date of incarceration (DD:MM:YR) ___ ___/___ ___/___ ___ ___ _ 
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            5.7 Duration of incarceration (in days)___ ___ ___ ___ ___ 

            5.8 Department/ unit of incarceration 

6. Clinical information 

              6.1 Presence of productive cough?        Yes    No                                                 

               6.2 Duration of Cough (in days)   ___ ___ ___ ___ 

               6.3 Do you have any of these symptoms 

                                                                        Night Sweats  

                                                                      Chest pains  

                                                                      Weight loss                            

                                                                        Oral thrush  

                                                                    Skin disease 

                        

             6.4 Have you been taking any medication in the last one month?   

                                                             No             Yes   

 

              6.5 If Yes to 6.4 which ones ?___________________________________                             

              6.6 What is the reason for taking the medication? 

              6.7 What is the duration of medication ( in days)? ___ ____ ___ ___ 

7. Risk Factors information:  

           7.1 Level of education?   None                   Primary  

 Secondary                       Tertiary 
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           7.2  Employment status prior to Incarceration?  

                 Self Employed                             No employment             Employed Formal 

 

            7.3  Do you Smoke?             Yes                                No   

       

If Yes 

           7.4 Name of commonly smoked brand? 

                       

           7.5 Number of sticks per day?   _____ ____ ____        

                      

           7.6 Any history of alcohol intake?      Yes                      No 

                      

          7.7 Number of people in the cell? ____ ____ ____ ____                       

          7.8 What is the estimated size of the cell in M2 ? ___ ____ ___ 

          7.9 How many windows does the cell have? ____ ____ ____ 

                      

  7.10 Have you come in contact with somebody with chronic cough in your cell 

or the neighboring cell?      

                                                    Yes                    No 

7.11 Do you share towels and clothing with other 

inmates?  No Yes                          
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  7.12 Height (in meters) ___ ____ ___ Weight (kg) ___ ___ ___        

BMI (Kg/M2) ___ ___  

             7.13 Presence of BCG scar   Yes            No                   Not checked 

  

              7.14. How many times have you been moved from one prison to another since    

                         you were incarcerated? ___ ___ ____                      

  7.15. Have you suffered from any STI?     Yes                     No 

 

7.16. If yes, how many times have you suffered f rom STI? ___ ___ 

7.17. Do you suffer from diabetes?   Yes                  No 

 

7.18. Do you know your HIV   status?       Yes                           No                                        

 7.19 If yes what is your HIV status? 

Positive       Negative         Not willing to state       

                                                                      

  8. Laboratory Information                       

 Date of  Sputum 

collection   

Laboratory 

result 

Specimen 1   

Specimen 2   

Specimen 3   
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       Appendix 4. Consent seeking procedure 

 
Factors associated with active pulmonary tuberculosis disease at Nakuru G.K 

prison  

My name is ____________________________from the Ministry of Health Kenya. I am 

involved in a study on the factors associated with tuberculosis in this prison. I am going 

to ask you questions on the conditions you experience in this prison as well as personal 

related question. I will also measure your height and weight and check for a vaccination 

scar on the upper part of your left arm. 

Your name will not appear on the questionnaire and the information you give us will be 

handled with as much confidentiality as possible.  

There are no individual benefits if you choose to participate in this study but the 

information we get from you will help us to come up with focused prevention strategies 

for tuberculosis in this prison as well as better living condition and improved health care.  

You will be informed your weight and height results. You are free to withdraw from this 

study at any time and you will not be penalized for withdrawing. 

If you agree to be enrolled in this study, please fill the attached form as evidence of your 

voluntary participation. 
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Appendix 5: Consent form for PTB study in prison 

Questionnaire no.____ ____ ____ 

            I …………………………………………………………..do willingly wish to 

participate in the study on the  risk factors associated with MTB infection in my prison 

having been full explained the process, methods and the intended use of the study results 

by the interviewer. I expect that the information gathered will be kept confidential and 

utilized for the explained intentions. 

                                   Signature …………………………………………… 

                                    Date………………………………………………… 
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Appendix 6: Copy of letter from Permanent Secretary, Ministry of Science and 

Technology to conduct this study 



 

 

 

88  

Appendix 7: Copy of letter requesting for research approval from Commissioner of 

Kenya Prison Service 
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Appendix 8: Copy of a letter from Commissioner of Kenya Prison Service to conduct 

this study at the Nakuru G.K prison 
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Appendix 9: Complex interaction terms analysis results. 

INTERACTION TERMS OF EXPOSURE 

VARIABLES 

 

OR 

  95% CI          

*LL - *UL     

 

P-Value 

 

1. Alcohol consumption and smoking 

history 

 

                    Alcohol consumption      5.55 1.73 - 17.80 0.010 

                    Smoking history 4.21 1.13 - 15.71 0.033 

Alcohol consumption * Smoking history 0.37 0.07 - 1.90 0.232 

2. Contact with PTUBERCULOSIS case 

and sharing linen 

 

                 Contact with PTB case 7.34 2.00 - 26.97 0.010 

                  Sharing linen 2.25 0.34 - 15.03 0.403 

 Contact with PTB case * Sharing linen 1.26 0.15 - 10.75 0.834 

3. Positive HIV status and STI history  

                 Positive HIV status 5.89 1.64 - 21.18 0.007 

                 STI history 1.90 0.70 - 5.16 0.209 

Positive HIV status * STI history 5.11 0.47 - 55.60 0.181 

4. Lack of formal education and no 

employment 

 

               Lack of formal education   1.18 0.22 - 6.35 0.845 

               No employment   4.91 1.79 - 13.49 0.002 

Lack of formal education * No employment 1.49 0.16 - 13.56 0.726 

5. Diabetes history and low BMI  

             Diabetes history   2.73 0.20 - 33.00 0.429 

             Low BMI level 0.84 0.20 - 3.49 0.814 

Diabetes history * Low BMI level 223452.81 0.00 >1.0E12 0.968 
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Appendix 9: Complex interaction terms analysis results (continued) 

 

NB: *LL = Lower limit        * UL = Upper limit 

INTERACTION TERMS OF 

EXPOSURE VARIABLES 

 

OR 

  95% CI          

*LL - *UL    

 

P-Value 

6. Duration of incarceration > 3months  

and history of prison transfer 

   

             Duration of  incarceration > 3months 0.64 0.22-1.86 0.408 

             Prison transfer history   4.27 1.19-15.34 0.026 

Duration of  incarceration > 3months*Prison     

                                               transfer history 

 

0.60 

 

0.12-2.93 

 

0.531 

 

7. Duration of incarceration > 6 months  

and history of prison transfer 

 

  Duration of incarceration > 6 Months   0.82 0.29 - 2.28 0.699 

                Prison transfer history   4.43 1.42 - 13.78 0.010 

Duration of incarceration > 6 Months  

                 * Prison transfer history   

 

0.53 

 

0.12 - 2.39 

 

0.408 

8. Duration of incarceration > 12 months 

       and history of prison transfer 

 

                 Duration of incarceration >1year 0.92 0.30 - 2.82 0.881 

                 Prison transfer history 3.53 1.43 - 8.75 0.006 

Duration of incarceration >1year    

                 * Prison transfer history   

 

0.59 

 

0.12 - 2.89 

 

0.515 

9. Positive HIV status and low BMI score  

                 Positive HIV Status 13.41 3.9 - 45.93 0.000 

                  Low BMI level   1.59 0.22 - 11.72 0.650 

Positive HIV Status   * Low BMI level 0.19 0.01 - 6.17 0.348 



 

 

 

92  

Appendix 10: Conditional Logistic Regression Model building Process 

Step 1  

All variables with P≤0.1 were entered in the model with the resulting results. 

 
 
 
 
 
 
 
 
 
 

Term Odds 
Ratio 95% C.I. Coefficient S. E. Z-

Statistic 
P-

Value 

Alcohol history 
(Yes/No)  2.3568 0.4160 13.3533 0.8573 0.8850 0.9687 0.3327 

Contact PTB 
Case (Yes/No)  6.3869 0.6725 60.6546 1.8542 1.1485 1.6145 0.1064 

Knowing HIV 
Status+ 
(Yes/No)  

26.8071 2.4198 296.9751 3.2887 1.2271 2.6801 0.0074 

No Employment 
(Yes/No)  9.4881 1.4599 61.6637 2.2500 0.9549 2.3562 0.0185 

Presence BCG 
Scar (Yes/No)  0.0938 0.0167 0.5254 -2.3669 0.8792 -2.6920 0.0071 

Prison Transfer 
(Yes/No)  0.2165 0.0288 1.6279 -1.5301 1.0293 -1.4866 0.1371 

Sharing clothes 
towel (Yes/No)  9.3594 1.2333 71.0249 2.2364 1.0340 2.1628 0.0306 

Smoking history 
(Yes/No)  9.4376 1.0845 82.1319 2.2447 1.1039 2.0334 0.0420 

STI history 
(Yes/No)  1.1464 0.2690 4.8856 0.1367 0.7396 0.1848 0.8534 
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Appendix 10: Conditional Logistic Regression Model building Process (continued) 
 

Step 2 

 “History of STI” was removed from the model since it has the highest P- value. The 

remaining variables were entered in the model with the below results. 

 
 
 
 
 
 
 
 
 
 
 

Term Odds 
Ratio 95% C.I. Coefficient S. E. Z-

Statistic 
P-

Value 

Alcohol history 
(Yes/No)  2.3487 0.4084 13.5058 0.8539 0.8925 0.9567 0.3387 

Contact PTB 
Case (Yes/No)  6.2896 0.6853 57.7245 1.8389 1.1310 1.6259 0.1040 

Knowing HIV+ 
Status (Yes/No)  27.8760 2.6435 293.9556 3.3278 1.2019 2.7688 0.0056 

No Employment 
(Yes/No)  9.9159 1.5805 62.2133 2.2941 0.9370 2.4485 0.0143 

Presence BCG 
Scar (Yes/No)  0.0912 0.0166 0.5028 -2.3942 0.8707 -2.7496 0.0060 

Prison Transfer 
(Yes/No)  0.2170 0.0290 1.6228 -1.5279 1.0266 -1.4883 0.1367 

Sharing clothes 
towel (Yes/No)  9.3616 1.2452 70.3797 2.2366 1.0293 2.1730 0.0298 

Smoking 
History (Yes/No) 9.3381 1.0993 79.3241 2.2341 1.0916 2.0467 0.0407 
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Appendix 10: Conditional Logistic Regression Model building Process (continued) 
 

Step 3 

“History of alcohol consumption” was removed from the model since it has the highest 

P- value. The remaining variables were entered in the model with the below results. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Term Odds 
Ratio 95% C.I. Coefficient S. E. Z-

Statistic 
P-

Value 

Contact PTB 
Case (Yes/No)  6.4536 0.8113 51.3333 1.8646 1.0580 1.7624 0.0780 

Knowing HIV+ 
Status (Yes/No)  28.5286 2.9003 280.6224 3.3509 1.1664 2.8729 0.0041 

No Employment 
(Yes/No)  11.9883 1.9682 73.0216 2.4839 0.9219 2.6945 0.0071 

Presence BCG 
Scar (Yes/No)  0.0852 0.0156 0.4660 -2.4629 0.8670 -2.8407 0.0045 

Prison Transfer 
(Yes/No)  0.2630 0.0395 1.7504 -1.3357 0.9671 -1.3811 0.1672 

Sharing clothes 
towel (Yes/No)  11.6349 1.5102 89.6384 2.4540 1.0417 2.3557 0.0185 

Smoking 
History (Yes/No) 9.6946 1.3079 71.8571 2.2716 1.0220 2.2226 0.0262 
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Appendix 10: Conditional Logistic Regression Model building Process (continued) 
 

Step 4 

 “History of prison transfer” was removed from the model since it has the highest P- 

value. The remaining variables were entered in the model with the below results. 

 
 
 
 
 
 
 
 

 
 

 

 

Term Odds 
Ratio 95% C.I. Coefficient S. E. Z-

Statistic 
P-

Value 

Contact PTB 
Case (Yes/No)  5.4039 1.0663 27.3855 1.6871 0.8280 2.0375 0.0416 

Knowing HIV 
Status (Yes/No)  6.1864 1.2608 30.3536 1.8223 0.8115 2.2456 0.0247 

No Employment 
(Yes/No)  16.1967 2.6811 97.8445 2.7848 0.9177 3.0347 0.0024 

Presence BCG 
Scar (Yes/No)  0.1127 0.0305 0.4156 -2.1833 0.6659 -3.2785 0.0010 

Sharing clothes 
towel (Yes/No)  4.9352 1.4755 16.5068 1.5964 0.6160 2.5915 0.0096 

Smoking History 
(Yes/No)  2.7072 0.9072 8.0780 0.9959 0.5578 1.7855 0.0742 
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Appendix 10: Conditional Logistic Regression Model building Process (continued) 

Step 5 

 “History of smoking” was removed from the model since it has the highest P- value. 

This become the “Final Best Model” 

 
 

 
 
 
 
 

 
 

 

Term Odds 
Ratio 95% C.I. Coefficient S. E. Z-

Statistic 
P-

Value 

Contact PTB 
Case (Yes/No)  6.6792 1.1669 38.2306 1.8990 0.8901 2.1334 0.0329 

Knowing HIV+ 
Status (Yes/No)  10.7520 2.4198 47.7748 2.3751 0.7609 3.1213 0.0018 

No Employment 
(Yes/No)  8.9842 1.8358 43.9667 2.1955 0.8102 2.7098 0.0067 

Presence BCG 
Scar (Yes/No)  0.1657 0.0461 0.5957 -1.7978 0.6529 -2.7534 0.0059 

Sharing clothes 
towel (Yes/No)  4.3211 1.0799 17.2914 1.4635 0.7075 2.0686 0.0386 


