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Risk Factors in Transmission of Tuberculosis infection in Mombasa 2 

Kenya: An Epidemiological Descriptive Study 3 

Abstract 4 

Background: Tuberculosis is an infectious disease with an estimated 2 million deaths every 5 

year. In 2013 the estimated global burden of disease was 9 million cases. Many patients get 6 

infected as a result of ignorance of the risk factors that contribute to disease transmission.   7 

Aim: This study was aimed to risk factors in pulmonary tuberculosis among patients 8 

attending various clinics in Mombasa. 9 

Study design: Hospital and laboratory based descriptive cross-sectional study was carried 10 

between May 2012 and May 2013 in Coast General Referral hospital, Tudor, Port-Reitz, 11 

Mlaleo, Likoni and Mikandani districts and Sub-districts hospitals. 12 

Methodology: Tuberculosis was diagnosed following standard clinical bacteriological and 13 

radiological procedures. Sputa from 500 tuberculosis suspects underwent mycobacteriologic 14 

evaluation using Ziel Nelsen smear microscopy, Lowenstein and Jensen and BACTEC MGIT 15 

960 culturing. Consenting participants were screened for HIV infection by enzyme -linked 16 

immunosorbent assay. Patients were required to respond to a structured questionnaire on risk 17 

factors for transmission. Data among stratified groups were compared using univariate and 18 

multivariate analysis. The level of significance was set at p<0.05 and for each statistically 19 

significant, odds ratios and confidence interval were computed. 20 

Results: In Total, 210/500 (42%) of the suspects had mycobacterial disease and 78/210 21 

(37.1%) were HIV co-infected. There were significantly more females than males associated 22 

with pulmonary tuberculosis infection (χ2=4.26, df=3; p<0.001). Monthly income was 23 

significant in disease with 130 (61.9%) of patients earning less than 5000 per month (2.65 24 

(OR=2.65; 95% CI: 1.40-6.23, p<0.041). HIV (OR=2.18; 95% CI: 1.03-4.65, p<0.034), 25 

smoking (OR=2.16; 95% CI: 0.13-1.39, p<0.041) and overcrowding (OR=2.71; 95% CI: 26 

1.41-5.62, p<0.051) were also statistically significant risk factors for pulmonary tuberculosis. 27 

Conclusion: Among TB patients in Mombasa Kenya, there was high prevalence of the TB 28 

risk factors. Effort should be given in creating awareness of the risk factors associated with 29 

TB transmission in order to reduce the rate of infection. 30 
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1. INTRODUCTION     33 

Tuberculosis is a communicable disease resulting from infection with Mycobacterium 34 

tuberculosis whose principal reservoir is man and also, but infrequently with other 35 

mycobacterium belonging to the Mycobacterium tuberculosis complex [1]. In 1993, the 36 
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World organization (WHO) declared TB a global emergency [2]. It is estimated that between 37 

years 2009-2025 nearly one billion people will be newly infected, 200 million people will get 38 

TB and 40 million are likely to die from it if control programs do not improve [3]. 39 

Tuberculosis is a disease of the poor and under privileged. With improved socio-economic 40 

conditions and availability of effective drugs, spread of TB infection has been effectively 41 

controlled in many parts of the world. In industrialized countries this disease is generally 42 

associated with identified high risk groups such as the elderly, immigrants from TB high 43 

prevalence areas, the homeless, drug and alcohol addicts [4, 5, 6, 7]. 44 

Kenya is ranked 13th on the list of 22 high burden tuberculosis countries in the world [8]. The 45 

HIV/AIDS pandemic has substantially altered the epidemiology of tuberculosis. Many 46 

persons with Mycobacterium tuberculosis and HIV have a 5-10% annual risk of developing 47 

active TB. The double impact of TB and HIV co-infection is keeping large number of people 48 

trapped in poverty with these diseases that reinforce each other. An estimated 170 million 49 

working days are lost each year as a result of TB and the health sector is burdened by the cost 50 

of drugs and treatment [9]. The country had an incidence rate of 160 new smear positive 51 

cases per 100,000 people in 2012. Several studies have cited various risk factors implicated in 52 

TB and spread of the disease in order to assist in proper utilization of public healthcare 53 

resources and prioritize targets for TB control.  In this connection, the most significant 54 

independent risk factor in association with active pulmonary or extra-pulmonary TB is HIV 55 

infection contributing to ongoing transmission among individuals [10, 11].  Age has also 56 

been shown as a risk factor in increasing TB incidence while women have been found to be 57 

more susceptible to TB than men probably due to the effect of female hormones or under 58 

reporting of TB cases [12, 13].  Other risk factors include; past history of TB in the family, 59 

smoking, place of residence, place of origin, malnutrition and alcoholism [14, 15, 16, 17]. In 60 

countries with low TB incidence, immigrants from countries with high TB prevalence 61 
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constitute potential increased risk for recent transmission of infection to local populations 62 

[18, 19].  In some industrialized countries, TB revival has been linked to certain risk factors, 63 

such as overcrowding, reduced funding, poverty, homelessness, improper TB management 64 

and negligence in implementing TB control programme [20,21,22]. Silicosis, an occupational 65 

disease occurring among mine workers exposed to silica dust, predisposes TB and non-66 

tuberculous mycobacteria (NTM) infections [23]. Other researchers reported the occurrence 67 

of TB transmission in hospitals in association with healthcare workers born in countries with 68 

high TB burden but without further continued spread [24]. An association between 69 

tuberculosis (TB) and body wasting has been long recognized. Malnutrition impairs host 70 

immunity and predisposes to TB while TB itself can cause malnutrition [25]. Few studies in 71 

Kenya have focused on the risk factors that could be associated with tuberculosis infection in 72 

Kenya. The aim of this study was to determine risk factors in pulmonary tuberculosis patients 73 

attending various clinics in Mombasa. 74 

2. MATERIALS AND METHODS 75 

2.1 Study area 76 

The study was conducted in Mombasa County which has a population of 1,031,266 by the 77 

year 2012. The population is steadily growing due to rural-urban migration and immigration 78 

from unstable countries. The total area Mombasa is 109 Km2  with about 60% of the people 79 

living overcrowded informal settlements in the form of shelters. Residents are of mixed 80 

ethnicity and are engaged in low-income generating activities, mainly informal sector and 81 

small trading. The County has rapid population growth and is characterized by low socio-82 

economic indicator. This creates huge demands on health facilities and inability to keep pace 83 

with the environment, continued economic prosperity, public health and quality of life of 84 
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residents. Tuberculosis and HIVAIDS are the leading causes of deaths in the area 85 

representing 50%.  86 

2.2 Study site and population 87 

The study was done at done at Ganjoni clinic, Coast provincial General hospital (CPGH), 88 

Mlaleo Health and Mikindani Health Centers, Likoni, Portreizt and Tudor district hospitals. 89 

These hospitals were selected because they serve populations at high risk for TB due to high 90 

HIV prevalence or social-cultural practices that favour TB transmission. These hospitals like 91 

all others at their levels have chest clinics where TB patients obtain health care respectively. 92 

2.3 Study design 93 

This was hospital and laboratory based descriptive cross-sectional study carried out between 94 

May 2012 to May 2013. It was carried out to provide a snap-shot (one point measurements) 95 

description of prevalence of TB and risk factors associated with it. Personal data was 96 

classified by demographic characteristics. Clinical data was classified by TB diagnosis and 97 

exposure, other critical illnesses such HIV status. Personal habits critical to infection were 98 

also classified as smoking history, number of cigarettes smoked per day and alcohol 99 

consumption. 100 

2.4 Inclusion and exclusion criteria 101 

All adult patients 18 years and above suspected of having TB and resident in Mombasa 102 

County for at least six (6) months, not on anti-TB chemotherapy and consented to participate 103 

in the study were recruited. Tuberculosis suspects who were below 18 years and unwilling to 104 

participate in the study and not meeting the above inclusion criteria were excluded. 105 

2.5 Sampling frame and patient characteristics 106 

Mombasa County was purposively sampled because of high cases of TB and HIV co-107 

infection. The sampling frame consisted of all the public health facilities within the study 108 

area. After the selection of the study sites, each was allocated a proportionate number of 109 
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study subjects based on the level of health care delivery system and the average client 110 

attendance in the past one month before embarking on the study. To minimize bias in 111 

selecting study subjects, consecutive sampling was used hence every alternate TB suspect 112 

who satisfied the inclusion criteria was selected for the study between 2011 and 2013. 113 

2.6 Collection of demographic data 114 

A structured and pre-tested questionnaire was used to obtain participant demographic data 115 

(age, sex, and marital status), social economic status (education level, average monthly 116 

income, type of residence, size of the house) and personal habits relevant to TB infection 117 

(smoking, alcohol consumption).   118 

2.7 Collection of sputum and blood samples 119 

A specialist medical doctor working in the TB clinic performed the necessary clinical and 120 

diagnostic work. Diagnostic was made based on the combined evaluation of clinical, 121 

radiological and laboratory features. Three sputum specimens (spot, early morning, spot) 122 

were collected from 500 TB suspects under the supervision of trained and competent medical 123 

staff. The patients were advised to rinse their mouth twice with water before producing the 124 

specimen and this helped to remove food and any contaminating bacteria in the mouth. They 125 

were instructed to take two breaths, coughed vigorously and expectorated the material in into 126 

the sterile 50ml blue cap screw-capped bottle. This process allowed sputum to be produced 127 

from deep in the lungs. The TB suspects were asked to hold the sputum container close to the 128 

lips and spit into it gently after a productive cough. At the peripheral laboratory, the standard 129 

Acid-fast (AFB) direct smear microscopy using Ziehl-Neelsen (ZN) staining was done on the 130 

initial sputum to confirm TB diagnosis of suspected patients. A second sputum specimen was 131 

then collected which was refrigerated at 4oC and transported to the Central reference 132 

Laboratory (CRL) weekly for culture. A total of 500 participants consented phlebotomy for 133 
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HIV testing. Test was also done according to manufacturer’s instruction. Blood samples were 134 

delivered in vacutainer brand sterile interior ethylene diamine-tetra-acetic acid (EDTA) tubes 135 

and used for HIV test. The safety for research assistants and healthcare workers during 136 

collection and handling of sputum specimens was ensured by observing the WHO guideline. 137 

2.8 Microscopic examination of specimens 138 

Sputum smears were examined for acid-fast bacilli (AFB) after staining following ZN 139 

method (Ebersole, 1992). The degree of ZN smear positivity was quantified as 1+ for 10-100 140 

AFBs per 100 fields, 2+ for 1-10 AFBs per field (50 fields) and 3+ for >10 AFBs per field 141 

(20 fields). For less than 10 AFBs per 100 fields, the exact number of AFBs was indicated. A 142 

suspect was considered to be ZN smear positive if at least one specimen was positive.  143 

2.9 Isolation of and identification of mycobacterium tuberculosis 144 

 Sputum specimens were processed for isolation of mycobacteria following standard 145 

protocols. A participant with at least one positive culture (MGIT and/or LJ) was considered 146 

as a TB case, while those with three negative culture results were regarded as not having TB. 147 

The suspects with ZN smear positive but culture negative sputa were treated as smear 148 

negative pulmonary TB cases. 149 

2.10 HIV testing 150 

Blood samples were tested for HIV antibodies according to the Kenyan national testing 151 

algorithm for voluntary counseling and testing by using Determine HIV1/2 (Abott 152 

laboratories, Japan co. LTD), Capillus HIV1/2 (The Trinity Biotech, Ireland) and Unigold 153 

H1/2 (Trinity Biotech, Ireland) rapid test kits and positives confirmed with the enzyme linked 154 

immunosorbent assay (ELISA). 155 

2.11 Data management and analysis 156 
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Demographic data were confidentially obtained from the TB suspects by clinicians / nurses 157 

running the chest clinics. Results of ZN smear microscopy, culture, and HIV tests were 158 

confidentially sent to the respective clinicians / nurses. Provisions of these data were made 159 

available to the clinicians/ nurses for the purpose of managing the patients. Data was 160 

recorded on questionnaires, register books, ELISA reader print-outs and species evaluation 161 

sheets. The data was coded, entered into MS Excel 8.0 and processed using a statistical 162 

package for social sciences (SPSS) version 16.5 software for windows. The chi-squared (χ2) 163 

test was used to compare categorical data and logistics regression to analyze multivariate 164 

data. Univariate odds ratio (OR) and 95% interval (CI) were calculated to assess risk factors 165 

(gender and age-group) with regard to HIV infection. The strength of an association. p values 166 

of <0.05 were considered statistically significant. 167 

3. RESULTS 168 

3.1 Socio-demographic characteristics of the sample population 169 

A total of 500 participants suspected of having tuberculosis (TB) were enrolled into the study 170 

at the four study sites. 54.2% males and 45.8% females. The calculated overall TB prevalence 171 

in tuberculosis suspects included in the study was 42.0% (210/500) and was higher in females 172 

(45.9%) than males (38.7%) which was statistically significant (Chi sq 2.573, p<0.001). The 173 

proportion of PTB cases was higher among the age groups 25-34 and 35-44 (42.9% vs 174 

29.0%), both were statistically significant (OR=5.46; 95% CI: 2.31-12.88, p<0.031) and 175 

(OR=3.16; 95% CI: 1.61-8.13, p<0.050). Primary education was associated with TB 176 

(OR=2.60; 95% CI: 1.63-4.31, p<0.041). Respondents in secondary and college levels of 177 

education had the prevalence of 51.0% and 24.7% respectively but it was statistically 178 

significant (Chi sq 27.660, p<0.0003). Another parameter that was compared was 179 

occupational status of the subjects and outcome of sputum examination. High prevalence rate 180 

was among self-employed 45.2% (OR=2.14; 95% CI: 1.5-4.02, p<0.010), formal 181 
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employment 33.3% (OR=0.84; 95% CI: 0.45-1.63, p<0.034). In marital status, higher 182 

prevalence rate was observed among the married 56.7% (OR= 2.16; 95% CI: 0.98-4.52, 183 

p<0.047) and lower in widowed 0.6% (OR=0.46; 95% CI: 0.18-1.11, p<0.035). The adjusted 184 

OR showed that married (OR=2.35; 95% CI: 1.15-4.84) and divorced (OR=3.37; 95% CI: 185 

1.57-5.52) were statistically significant risk factors for tuberculosis (p<0.05) (Table 1). 186 

Table 1: Demographic characteristics of patients in descriptive epidemiology study of 187 

pulmonary tuberculosis infection 188 

Characteristics: PTB- (Suspects) PTB+ (Cases) OR (95% C.I) P-value 
Age in Years 
18-24 27 (9.3%) 1 (0.5%) 1.000****   
25-34 143 (49.3%) 89 (42.4%) 5.46 (2.31-12.88) 0.031 
35-44 86 (26.7%) 61 (29.0) 3.16 (1.61-8.13) 0.05 
45-54 23 (7.9%) 40 (19.1%) 2.13 (0.15-1.07) 0.25 
55+ 11 (3.8%) 19 (9.0%) 0.21 (0.02-1.82) 0.31 
Education level 
No Education 0 (0.0%) 2 (1.0%) 1.000****   
Primary 24 (8.3%) 49 (23.3%) 2.60 (1.63-4.31) 0.041 
Secondary 159 (54.8%) 107 (51.0) 1.31 (1.51-3.20) 0.35 
College 107 (36.9%) 52 (24.7%) 0.72 (0.25-1.42) 0.165 
Sex 
Male 124 (42.8%) 105 (50.0) 1.000****   
Female 166 (57.2%) 105 (50.0) 0.92 (0.41-1.31) 0.68 
Marital Status 
Divorced 3 (1.0%) 3 (1.4%) 1.000****   
Married 162 (55.9%) 119 (56.7%) 2.16 (0.98-4.52) 0.047 
Unmarried 117 (40.3%) 75 (35.7%) 0.84 (0.45-1.63) 0.481 
Widowed 8 (2.8%) 13 (0.6%) 0.46 (0.18-1.11) 0.035 
Employer 
Unemployed 84 (29.0%) 41 (19.5%) 2.14 (1.15-4.02) 0.01  
Self Employed 75 (25.9%) 95 (45.2%) 1.000****   
Formal 
Employment 

130 (44.8%) 71 (33.8%) 0.84 (0.45-1.63) 0.034 

Student 1 (0.3%) 3 (1.4%) 0.46 (0.18-1.11) 0.233 
3.2. Risk factors in the transmission of tuberculosis in Mombasa County 189 

Several demographic factors were analyzed including income, gender and age all of which 190 

were found to be significant in transmission PTB (p<0.05). Income emerged as a major 191 
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significant factor in the spread PTB. Among the patients sampled 61.9% were earning less 192 

than 5000 Kshs. 14.3% were earning 5001-10,000 Ksh and only 20 (9.5%) were earning 193 

more than 15,000Ksh. Housing conditions were found to have had an effect on TB infection 194 

with 132 (62.9%) patients living in single rooms and only 28 (13.3%) patients were living in 195 

houses that had more than 5 rooms. Among those living in single rooms 70 were living with 196 

more than two people with some households having as many as 6 people. Ninety (42.9%) 197 

patients were consuming alcohol while 120 (57.1%). Regarding smoking, ninety (42.9%) 198 

were smokers compared to non smokers (57.1%) and this difference was statistically 199 

significant (OR=2.16; 95% CI: 0.13-1.39, p<0.041). Seventy eight (37.1%) were HIV co-200 

infected .The unadjusted odds ratio (OR) showed that income (OR=2.65; 95% CI: 1.40-6.23, 201 

p<0.001), HIV (OR=2.18; 95% CI: 1.03-4.65, p<0.034) and overcrowding (OR=2.71; 95% 202 

CI: 1.41-5.62, p<0.051) were statistically significant risk factors for pulmonary tuberculosis 203 

However on logistic regression, only those staying in single rooms are more likely to suffer 204 

from pulmonary tuberculosis (OR=3.17; 95% CI: 1.23-6.5, p<0.033 (Table 2). 205 

 206 

Table 2: Risk factors in the transmission of tuberculosis in Mombasa County 207 

Characteristic 
Attribute 

PTB- 
(Suspects) 

PTB+ 
(Cases) OR (95% C.I) P-value 

Income 

< 5000 35 (12.1%) 130 (61.9%) 1.00**   

5001 - 10000 65 (22.4%) 30 (14.3%) 2.65 (1.40-6.23) 0.041* 

10001 -15000 50 (17.2%) 30 (14.3%) 0.38(0.12-1.23) 0.042* 

15001 - 20000 140 (48.3%) 20 (9.5%) 0.65 (0.23-0.96) 0.026* 

Housing (No. 
of rooms) 

Single  50 (17.2%) 132 (62.9%) 2.71 (1.41-5.62)   0.051* 

2 - 4 70 (24.1%) 50 (23.8%) 0.12(0.32-0.81) 0.061 

>5 170 (56.7%) 28 (13.3%) 1.00** 

Smoking 
Smokers 120 (41.4%) 90 (42.9%) 2.16(0.13-1.39) 0.041 

Non Smokers 170 (58.6%) 120 (57.1%) 1.00** 

Alcohol 
Consumption 

Consumption 50 (11.3%) 90 (42.9%) 5.25 (0.16-7.39) 0.095 

Non 
Consumption 250 (89.7%) 120 (57.1%) 1.00** 
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HIV Status 
(n=78) 

HIV+ 49 (16.9%) 78 (37.1%) 2.18(1.03-4.65) 0.034* 

HIV- 241 (83.1%) 132 (83.1%) 1.00**   
PTB+=Pulmonary tuberculosis smear positive; PTB-=Pulmonary tuberculosis smear 208 

negative; OR=Odds ratio; CI=Confidence interval; P-value=level of marginal significance; 209 

*statistically significant association; **Reference exposure 210 

 211 

4. DISCUSSIONS 212 

Majority of the patients in this study were female (45.9%). In France, male sex was highly 213 

associated with TB in infection [26], while in Russia 72% of the patients were [27]. The 214 

reasons for higher male prevalence and incidences are poorly understood and need further 215 

investigation.  Regarding risk factors for TB infection in this study, 61.9% of the patients 216 

who were earning less than ksh 5000 per month were likely to contract the disease. This is 217 

similar to other studies which cited low income groups as being most likely to be infected 218 

with TB [28]. In England and wales, poverty was a strong factor leading to mortality [29]. A 219 

study by Dye et al. [15] from 134 countries revealed that incidences of tuberculosis were 220 

falling more quickly in countries with high income than those in low income. A study in the 221 

United States found that poverty was also a risk factor in tuberculosis infection [30]. 222 

From the data, smoking and alcohol consumption were associated with TB infection with 223 

37.1% of the patients being smokers and 42.9% being alcohol consumers. A study in Russia 224 

found that 62% of the TB patients were alcohol abusers which were associated with an 225 

increase in drug resistance and relapse. It can be hypothesized that it is due to the close 226 

contact that takes place in bars as opposed to other gatherings. A systematic review of 227 

association between alcohol use and tuberculosis found those who consumed more alcohol 228 

per day and have an alcohol disorder and an elevated risk of active tuberculosis [31]. In the 229 

Philippines TB was attributed to drinking and smoking and this caused the patients to delay 230 

in seeking treatment [32]. In India transmission of TB in children was found to be influenced 231 

by among other factors exposure to environmental tobacco smoke [33]. Another study in the 232 

UNDER PEER REVIEW



Greater Vancouver regional district in Canada showed that smear positive patients had a 233 

history of alcohol abuse [34]. According to the present study, smokers have a 2.16 times 234 

higher risk of developing TB than non smokers after controlling for the effects of other 235 

factors. The association between tobacco smoking and TB is well described [35,36]. The 236 

prevalence reported in this study does not differ significantly from those reported in other 237 

studies in Africa [37]. A study in South Africa reported a prevalence of 21.8% while a study 238 

in Malaysia reported 40.3% [38]. These differences could attributed to background smoking 239 

prevalence in the general population. The prevalence of background tobacco smoking in 240 

Kenya population particularly Mombasa is limited because population based surveys have 241 

not been conducted. Recent work on the physiological effects of nicotine, the major toxic 242 

compound in tobacco smoke showed that it turns off the production of tumour necrosis 243 

factor-alpha by lung macrophages there by rendering smokers more susceptible to the 244 

progression of latent infection to active disease [39].     245 

Overcrowding was also found to be associated with incidences of TB with 63.9% of families 246 

living in single rooms some as many as eight people. This is because single rooms have less 247 

space facilitating the spread of the infection. This is similar to studies done in other parts of 248 

the world that showed overcrowding was one of the factors contributing to TB infection 249 

[40,41].  250 

In this study, age was found to be an important factor with 71.9% of the patients being under 251 

45 years and only 28.1% above the age of 45 years. A report by Giovanni et al., [42], shown 252 

that TB incidences were associated with young adult age which creates a main obstacle 253 

towards a sound economic and social development of where TB is endemic. In an editorial 254 

report, TB incidences were associated with young adult age which creates a main obstacle 255 

towards a sound economic and social development of countries where TB is endemic. In 256 
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South Africa tuberculin skin test increased from 28% in 5-10 years old to 88% in 31-35 year 257 

olds while in Gambia 90% of the patients were below the age of 49 years [43].  258 

In this study, prevalence of TB-HIV co-infection was 37.1%. HIV coinfection is the most 259 

potent immunosuppressive risk factor for developing active TB disease and Individual studies 260 

conducted in both high and low-burden TB countries have attributed increasing TB incidence 261 

to HIV infection. HIV coinfection exacerbates the severity of TB disease while additional TB 262 

co-infection accelerates HIV replication in affected organs including lungs and pleural [44].  263 

5. CONCLUSIONS 264 

Consistent with other studies done, this study showed that risk factors such as age, female, 265 

smoking, unemployment, poverty, overcrowding, alcoholism and HIV are independently 266 

associated with pulmonary TB. These factors may play a role in the progression of TB 267 

infection to disease. There is a need in the community to create awareness in population on 268 

risk factors that lead to TB transmission in order to reduce the incidence of the disease. 269 

Targeting reducing prevalence of the risk factors may lead to better TB control in the country.  270 

 271 
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to any unusual risks as competent hospital staff obtained sputum and blood specimens from 280 

candidates using standard procedures.  281 

UNDER PEER REVIEW



 282 

REFERENCES 283 

 284 

1. Ahmed, N., Caviedes, M., Alam K., Rao, V., Sangal, K., Sheen, R., Gilman and 285 

Hasnain. Distinctiveness of mycobacterium tuberculosis genotypes from human 286 

immunodefiency virus type 1-seropositive and –seronegative patients in Lima, peru. 287 

Journal of Clinical Microbioology. 2003; 41:1713-1716. 288 

 289 

2. Aisu, T. Raviglione, M., Van Praag, E., Ericki, P., Narain, J. and Barugahare L. 290 

Preventative chemotherapy for HIV-associated tuberculosis in Uganda; an operational 291 

assessment at voluntary counseling and testing centre. AIDS. 1995; 9 :267- 273. 292 

 293 

3. World Health Organization. Global tuberculosis control, surveillance, planning and 294 

financing: WHO report, WHO/HTM/TB. 2010; 349; Geneva.   295 

 296 

4. Bacha, A., Cimerman., Sergio, S., Simeone, et al.Prevalence of Mycobacterium 297 

tuberculosis in patients with AIDS and persistent fever. Brazil Journal of Infectious 298 

Diseases. 2004; 4:290-295. 299 

 300 

5. Benard, F. MRC national tuberculosis Research Programme; South Africa. 2006 301 

 302 

 303 

6. Al Quuzi, A., AI Salama., AI Rasheed, R., AI Musalam and Kheir, O. 304 

Immunophenotyping of peripheral blood lymphocytes in Saudi men. Genitourin 305 

Medicine. 2002; 9:279-281. 306 

 307 

7. World Health Organization. Global tuberculosis control, surveillance, planning and 308 

financing: WHO report, WHO/HTM/TB. 2010; 349; Geneva.   309 

 310 

8. Division of Leprosy, Tuberculosis and Lung Disease (DLTD). Ministry of Public 311 

Health and Sanitation, Government of Kenya, Annual Report; 2012. 312 

 313 

 314 

9. Anderson, C., Abubakar, L.Maguire, H. and Sonnenberg, P. Survey of  tuberculosis in 315 

hospital health care workers , England and Wales 2005. Journal of public health. 316 

2007;29:292-297. 317 

 318 

10. Espinal, M., Perez, E., Baez, J., Fernandez K. and Lopez, M. Infectiousness of 319 

Mycobacterium tuberculosis in HIV-1 infected patients with tuberculosis; a 320 

prospective study. Lancet. 2001; 355: 275-280. 321 

 322 

11. Coker, R., McKee, M., Atun, R., Dimitrova, D., Dodonova, E. and Drobniewski, F. 323 

Risk factors for pulmonary tuberculosis in Russia: A case-contro study. British 324 

Journal of Medicine.  2006; 332: 85-87. 325 

 326 

12. Borgoff, M.W., Nagelkerke,  N.,Van, S., Veen and Van embden. Analysis of 327 

tuberculosis transmission between nationalities in Netherlands in the period `1993-328 

UNDER PEER REVIEW



1995 using DNA fingerprinting. American Journal of Epidemiology.1998; 147: 187-329 

195. 330 

 331 

13. Corbett, E. L., Churchyard, G. J., Clayton, T., Herselman, P., Williams, B., Hayes, R., 332 

Mulder, D., and De Cock, K. M. Risk factors for pulmonary mycobacterial disease in 333 

South Africa gold mines. A case control study. American Journal of Respiratory 334 

Critical  Care Medicine. 1999; 159: 94-99. 335 

 336 

14. Dale, J. W., Bothamley, G. H., Drobniewski, F., Gillespie, S. H., McHugh, T. D. and 337 

Pitman, R. Origins and properties of Mycobacterium tuberculosis isolates in London. 338 

Journal of Medical Microbiology. 20005; 54;575-582. 339 

 340 

15. Dye, C., Lonnroth, K., Jaramillo., Williams, G. and Raviglione, M. Trends in 341 

Tuberculosis Incidence and their Determinants in 134 Countries. Bulletin of World 342 

Health Organization. 2009;  87 (9):683-691. 343 

 344 

 345 

16. Cailhol, J., Decludt, B., and Che, D. Socio-demographic factors that contribute to the 346 

development of extra-pulmonary tuberculosis were identified. Journal of Clinical 347 

Epidemiology. 2005; 58: 1066-1071. 348 

 349 

17. Cook, G. and Zumla, A. Manson’s Tropical Diseases, 21st edition ELST, China. 2003 350 

 351 

18. Grange J.M. The global Burden of Tuberculosis. International disciplinary 352 

perspective, Imperial College Press, Singapore. 1999; pp 3-31.  353 

 354 

19. Gutierrez, M. C., Vincent, V., Aubert, D., Bizet, J., Gaillot, O., Lebrun, L.E., 355 

Pendeven, C., Pennec, M. P., Mathieu, D., Offredo, C., Pangon, B., and Pierre-356 

Audigier, C. Molecular fingerprinting of Mycobacterium tuberculosis and risk factors 357 

for tuberculosis transmission in Paris, France and surrounding area. Journal of 358 

Clinical Microbiology. 1998; 36 (2):486-492. 359 

 360 

20. Bhatti, N., Law, M., Morris, J.K., Halliday, R. and Moore-Gillon. Increasing 361 

incidence of tuberculosis in England and Wales: A survey of likely causes. British 362 

Journal of Medicine. 1995; 310:967-969. 363 

 364 

21. Hill, P., Jackson-Sillah, D., Donkor, A., Out, J., Adegbola, R. and Lienhardt, C. Risk 365 

Factors for Pulmonary Tuberculosis. A clinical Based Case Study in the Gambia. 366 

BMC Public Health. 2006; 6 (286):156-180. 367 

 368 

22. Cantwell, M., Mckenna, T. , McCray, E and Onorato, M. Tuberculosis and 369 

Race/Ethnicity in the United States; Impact of Socioeconomic Status. America 370 

Journal of Respiratory and Critical Care Medicine. 1998; 157 (4): 1016-1020. 371 

+ 372 

23. Sonnenberg, P., Glynn, J. R., Fielding, K., Murray, J., Godrey-Faussett, P. and  373 

Shearer, S. How soon after infection with HIV does the risk of tuberculosis start to 374 

increase? A retrospective cohort study in South African gold miners. The Journal of 375 

Infectious Diseases. 2005; 191:150-158. 376 

UNDER PEER REVIEW



 377 

24. Anderson, C., Abubakar, L.Maguire, H. and Sonnenberg, P. Survey of  tuberculosis in 378 

hospital health care workers , England and Wales 2005. Journal of public health. 379 

2007; 29:292-297. 380 

 381 

 382 

25. Zacharia, R., Salaniponi, F., Harries, A., Spielman, M. and Acabu. Moderate to severe 383 

malnutrition in patients with tuberculosis is a risk factor associated with early death. 384 

Trans Respiratory Society of Tropical Medicine and Hygiene. 2002; 96:291-294   385 

 386 

26. Gutierrez, M. C., Vincent, V., Aubert, D., Bizet, J., Gaillot, O., Lebrun, L.E., 387 

Pendeven, C., Pennec, M. P., Mathieu, D., Offredo, C., Pangon, B., and Pierre-388 

Audigier, C. Molecular fingerprinting of Mycobacterium tuberculosis and risk factors 389 

for tuberculosis transmission in Paris, France and surrounding area. Journal of 390 

Clinical Microbiology. 1998; 36 (2):486-492. 391 

 392 

 393 

27. Fleming MF, Krupitsky E, Tsoy M, Zoartau E, Brazhenko N, et al. "Alcohol and 394 

Drug Use Disorders, HIV Status and Drug Resistance in a sample of Russian 395 

Patients". International Journal of Tuberculosis and Lung Disease. 2006; 10 (5):65-396 

70.   397 

 398 

28. Davies P. Risk factors for tuberculosis. Monaldi Arch chest Dis. 2005; 63(1):37-46. 399 

 400 

 401 

29. Elender, F., Betham, G. and Langford, I. Tuberculosis Mortality in England and 402 

Wales during 1982-1992, its Association with Poverty, Ethnicity And AIDS. Social 403 

Science and Medicine. 1998; 46 (6): 673-681. 404 

 405 

30. Cantwell, M., Mckenna, T. , McCray, E and Onorato, M. Tuberculosis and 406 

Race/Ethnicity in the United States; Impact of Socioeconomic Status. America 407 

Journal of Respiratory and Critical Care Medicine. 1998; 157(4): 1016-1020. 408 

 409 

 410 

31. Lonnaroth K, Williams BG, Stadlin S, Jaramilio E, et al. "Alcohol Use as a Risk 411 

Factor for Tuberculosis-A systematic Review". BMC Public Health. 2008; 8 412 

(289):289.  413 

 414 

32. Auer, C., Sarol, J.,Tanner, M. and Weiss, M. Health seeking and Perceived causes of 415 

Tuberculosis among Patients in Mannilla Phillipines. Tropical Medicine and 416 

International Health. 2000; 5 (9): 648-656 417 

 418 

33. Singh, M., Mynak, L., Kumar, L., Mathew, J. and Jindal, K. Prevalence and Risk 419 

Factors for transmission of infection among children in Household Contact with Adult 420 

Having Pulmonary TB. Archives of Disease in Childhood. 2005; 96 (6): 624-628. 421 

 422 

 423 

 424 

 425 

UNDER PEER REVIEW



34. Hernandez E, Cook V, Kunimoto D, Elwood RK, Black WA, et al. "Transmission of 426 

TB from Smear Positive Patients: A molecular Epidemiology Study". Thorax. 2004; 427 

59 (4):286-290.  428 

 429 

35. Gambhir HS, Kaushik BM, Sindhwani G, et al. Tobacco smoking-associated risk for 430 

tuberculosis: A case control study. Int Health. 2010; 2 (3): 216- 222. 431 

 432 

36. Basu S, Stuckler D, Glantz SA, et al. Projected effects of tobacco smoking on 433 

worldwide tuberculosis control mathematical modelling analysis. Bmj 2011; 4 (343). 434 

 435 

37. Louwagie GM and Ayo-Yusuf OA. Tobacco use patterns in tuberculosis patients with 436 

high human immunodefiency virus co-infection in South Africa. BMC Public Health. 437 

2013; 13 (1031): 1471-2458. 438 

 439 

38. Awaisu A, Nik MH, Abd AZ, Syed SA, Mohamad NN, et al. Tobacco use prevalence, 440 

knowledge and attitudes among newly diagnosed tuberculosis patients in Peng State  441 

and Wilayah Persekutuan Kuala Lumpar, Malaysia. Tob Induc Dis. 2010; 8 (1):1617-442 

1625. 443 

 444 

39. Tornee S, Kaekungwal J, Fungladda W, Silachmroon P, et al. "Risk Factors for 445 

Tuberculosis Infections among Household Contacts in Bangkok Thailand". The 446 

southeast Asian Journal of Tropical Medicine and Public Health. 2004; 35 (2):375-447 

383. 448 

 449 

 450 

40. Wood R, Liang H, Wu H, Middlekoop K, Rangaka MX, et al. "Changing Prevalence 451 

of Tuberculosis Infection with Increasing Age in High Burden Townships in South 452 

Africa". International Journal of Tuberculosis and Lung Disease. 2010; 14 (4):406-453 

412. 454 

 455 

41. Lienhardt, C., Fielding, K., Sillah, J. S., Bah, B., Gustafson, P., Warndorff, D., 456 

Palayew, M., Lisse, I., Donkor, S., Diallo, S., Manneh, K., Adegbola, R., Aaby, P., 457 

Bah-Sow, O., Bennett, S. and McAdam, K. Investigation of the risk factors for 458 

tuberculosis: a case-control study in three countries in West Africa. International 459 

Journal of Epidemiology. 2005; 168 (34):914-923. 460 

 461 

42.  Giovanni F. "Tuberculosis Novel Approaches to an Old Disease". Journal of 462 

Infection in Developing Countries. 2012; 6 (1):4-5.  463 

 464 

43. Reid, A., Scano, F., Getahun, H. Williams, B., Dye, C., Nunn, P., De Cock, K. M., 465 

Hankins, C., Miller, B., Castro, K. G. and Raviglione, M. Towards universal access to 466 

HIV prevention, treatment, care and support: the role of tuberculosis/HIV 467 

collaboration. Lancet Infectious Disease. 2006; 6:483-495. 468 

 469 

 470 

44. Van R., Warren R., Richardson, M. et al. Reinfection and mixed infection cause 471 

changing mycobacterium tuberculosis drug resistance patterns. American Journal of 472 

Respiratory Critical Care Medicine. 2005; 172:636-642.  473 

 474 

UNDER PEER REVIEW


