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ABSTRACT 

Background: Tuberculosis is a global health threat and a leading cause of mortality in low and 

middle-income countries of Africa, Asia and Western Pacific responsible for about 1.6 million 

deaths in 2017. In South Africa, it is the highest cause of mortality. This is compounded by the 

high HIV prevalence which has been noted to be the leading cause of immunosuppression 

leading to reactivation of latent tuberculosis to active tuberculosis disease.  

 

Methods: The research adopted a cross-sectional study design approach. This was in the form 

of secondary analysis of baseline data from a completed cohort study (PHIRST Study: 2016 - 

2018) to determine transmission dynamics of infectious respiratory conditions including 

tuberculosis. The Analysis included determination of prevalence of latent tuberculosis infection 

at two sites - Agincourt and Klerksdorp using TST, and annual risk of tuberculosis infection. A 

Logistic and multi-level analysis was used to predict risk factors for latent tuberculosis infection 

both at the individual and household level.   

 

Results: The overall prevalence of TST-positive was 20.5%. Prevalence was higher at 

Klerksdorp (24.3 %) compared to Agincourt (16.3%) and it increased with increase in age. A 

prevalence of 1.9 - 45% was seen in Agincourt and 5.3 - 51.9% in Klerksdorp. The lowest 

prevalence was seen in <5 age group and the highest in the 41-45 age group at both sites. A 

significant association was seen between HIV status and TST-positive prevalence (OR=1.63; 

95% CI: 1.13, 2.35, p=0.009) but this became insignificant after controlling for age and sex 

(OR=1.12; 95% CI: 0.76, 1.65; p=0.567). Overall household prevalence was 54.2% with 

Klerksdorp having a higher household prevalence of 70.5% and Agincourt 36%. 

   

The annual risk of TB infection (ARTI) was 3.8% in participants aged ≤15 years and under-

five age group had the highest value. ARTI reduced with increase in age, higher in males and 

in those with negative and unknown HIV status. Individual risk factors for latent TB infection 

were being a resident of Klerksdorp and increasing age. HIV status, past TB history, sex, and 

BMI were not significant risk factors for TST-positivity. At the household level, the number of 

windows, smoking within households and wealth index were significant predictors of latent TB 

infection.  
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Conclusion: Prevalence of TST-positivity is higher in Klerksdorp both at the individual and 

household level compared to Agincourt. Younger age was associated with a higher risk of TB 

infection and the risk of infection decreased with increase in age. Increasing age, living in 

Klerksdorp, number of windows in a house, smoking within households and wealth index 

significantly predicted TST-positivity. 

 

Keywords: Latent TB infection, prevalence of latent TB infection, TST positive, risk factors for 

latent TB infection, Annual risk of tuberculosis infection. 
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Latent TB Infection A state of a persistent immune response to stimulation by 

Mycobacterium tuberculosis antigens without evidence of clinically 

manifested active TB. 

Prevalence The proportion of a population that is affected by a certain disease at a 

specified time. 

Sensitivity The ability of a test to correctly identify those with a particular disease. 

Specificity The ability of a test to correctly identify those without the disease. 

Crowding Index The number of people living in a dwelling divided by the number of 
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1 CHAPTER ONE: INTRODUCTION 
 

This chapter describes the tuberculosis epidemic in South Africa and globally with its public 

health impact in the advent of HIV. It reviews relevant literature on the significance of latent 

tuberculosis infection in the TB epidemic and the role of TST in control efforts. The chapter in 

the concluding part discusses the problem statement, justification, and objectives of the study.  

1.1 Background 

Tuberculosis is caused by Mycobacterium tuberculosis in susceptible individuals and is 

transmitted primarily by inhalation of TB bacilli in aerosol into the lungs. Tuberculosis causes 

high mortality globally with approximately 10 million new cases and 1.6 million deaths in 2017 

(1). Of all the new cases, 58% were in males and 90% were in adults aged ≥15 years (1). Nine 

percent (0.9 million) of the recorded TB cases in 2017 occurred amongst people living with 

HIV and 72% of these reside in Africa (2). Tuberculosis has been identified as one of the highest 

causes of mortality globally and in 2017, it accounted for about 300, 000 deaths in HIV infected 

individuals (1, 2). Globally, the incidence of tuberculosis is noted to be highest in South-East 

Asia, the Western Pacific Region, and Africa which also has the highest number of infections 

associated with HIV and mortality (1). Thirty high burden countries account for 87% of the 

global TB incidence and eight are responsible for two-thirds of the global tuberculosis incidence 

with India having the highest number of new infections annually, closely followed by China (1, 

2). Whereas South Africa, Lesotho, and the Philippines have the highest annual incidence (1).  

The world’s tuberculosis burden is complicated by the emergence and gradual increase in cases 

of the resistant form of the tuberculosis bacteria to effective first-line drugs. Drug-resistant TB 

is more difficult to treat and according to the World Health Organisation (WHO), only 55% of 

patients achieve cure after completing treatment globally (1, 3). A recent publication of 

treatment outcome of MDR-TB patients in Myanmar showed a treatment success rate of 80%. 

HIV positive status without treatment and age >55 years were positive predictors of the poor 

treatment outcome (1, 4). 

 

In Africa, South Africa has one of the highest-burden of tuberculosis after Nigeria and is one 

of the eight countries which contributes to 66% of the total global annual TB incidence (1, 2, 

5). The prevalence of TB in South Africa was 696/100, 000 population in 2014 (6) with an 
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annual incidence of 567/100, 000 population in 2017 (7).  Tuberculosis is currently the leading 

cause of mortality in South Africa, causing an estimated 78, 000 deaths in 2017 with a case 

fatality rate of 20% (1, 8). These high indices are noted to be due to the HIV epidemic which 

has plagued the country further leading to a very high mortality rate (2, 3, 5). Though a lot of 

effort has gone into HIV care and TB control, the burden of tuberculosis is still high and a large 

percentage of the South African population are infected with the latent form of tuberculosis (5) 

which can progress to active disease, thus limiting control efforts as most control activities are 

targeted towards active disease (9).  

 

Prevalence studies of latent tuberculosis have previously focused on high-risk groups and in 

few locations, without considering the general population (10-12). These studies have indicated 

the prevalence of latent tuberculosis infection varies from 19 - 89% of the South African 

population depending on the age group, location and population group (5, 10, 13). However, 

there are no contemporaneous estimates of the population prevalence of LTBI.  Thus, it is 

necessary to develop an effective means of identifying the percentage of the entire population 

infected with latent tuberculosis infection for prophylaxis to minimize progression to active 

disease (3). This forms part of the first pillar of End-TB Strategy which is integrated patient-

centered care and prevention. WHO has adopted this to ensure people in the high-risk group 

e.g. PLHIV, miners, children below 5 years of age coming in contact with infectious cases are 

protected from developing active tuberculosis infection (14).  

 

Besides identifying those eligible for prophylaxis against TB, accurate determination of latent 

TB prevalence provides a basis for cross-sectional measures to estimate incidence rate:  the 

annual risk of tuberculosis infection (ARTI) in a population (15, 16). ARTI indicates the 

proportion of a particular population who will become infected in a community within a 

particular year and is based on Styblo rule that 50 incident cases of tuberculosis /100, 000 

population per year corresponds to 1% ARTI (17, 18). Although this rule has been invalidated 

because it was postulated when there were no functional TB control programs, effective TB 

treatments, and no HIV epidemic, it nevertheless, provides trend estimates useful in planning 

TB control activities and measuring the impact of HIV on tuberculosis transmission (16, 18). 
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1.2 Literature review  

Early diagnosis and treatment of tuberculosis are vital for its control and the subsequent 

elimination in high burden countries and globally (1, 19). Achieving this will require adopting 

approaches that will enhance the detection of undiagnosed LTBI and providing adequate 

therapy to limit progression to active disease in people who are at risk (9, 14, 19). A major 

challenge to management of the latent form of tuberculosis is the lack of ideal diagnostic technic 

which presently is limited to the tuberculin skin test (TST) and interferon-gamma release assays 

(IGRA) (14). A large number of new tuberculosis cases are diagnosed yearly despite control 

efforts and this is believed to be due to reactivation of previous latent infections in high-risk 

groups and new infections in children and PLHIV who are in contact with people who have 

active tuberculosis disease (3). 

 

1.2.1 Latent Tuberculosis Infection (LTBI) 

This is the presence of an immune response to stimulation by Mycobacterium tuberculosis 

antigen without manifestation of clinical signs of tuberculosis disease (9, 14). This immune 

suggests there is the potential for progression to active disease if the individual becomes 

immunosuppressed for any reason including HIV infection, diabetes or malnutrition (9). The 

global burden of LTBI is not known but current estimation is that about 1.7 billion people (i.e. 

23% of the world’s population) are infected with latent TB and 5 – 15% of these infected people 

will go on to develop active TB disease in their lifetime (1, 2, 9, 14). A 2018 systematic review 

and meta-analysis estimated the global prevalence of LTBI to be 24.8% using IGRA and 24.1% 

using a TST cut off of 10.0 mm (20). In some tuberculosis endemic countries, more than 80% 

of the population has latent tuberculosis infection (5), especially amongst high-risk population 

groups including PLHIV, miners and healthcare workers (10, 21, 22).  

 

Advanced age, past treatment for tuberculosis and living in households with residents who have 

active tuberculosis have been identified as some of the risk factors for latent tuberculosis 

infection (5, 23, 24). The prevalence of LTBI is noted to be different amongst different risk 

groups in different countries. This variability depends largely on the availability of access to 

screening services, prophylactic treatment, and prevalence of HIV which has been noted to 

contribute significantly to the progression of latent tuberculosis to active disease (1). 
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Environmental and household factors such as regular exposure to tobacco smoke and household 

indoor air pollution from cooking and heating have been noted to contribute to TB infection. 

According to WHO, smoking accounts for 7.9% of TB cases worldwide (2). This is further 

collaborated by two systematic reviews conducted in 2007 and 2015 respectively pointing to 

the fact that exposure to tobacco smoke and smoke from different types of domestic fuel used 

in households increases the risks of developing TB particularly in children and women (25, 26). 

 

1.2.2 Latent Tuberculosis Infection Screening 

Although no standardized test for LTBI is available, WHO recommends screening of at-risk 

populations with either TST or in full at first appearance IGRA, with a view to offering those 

identified to be positive, prophylactic treatment to minimize progression to active tuberculosis 

disease (14). Reactivation of latent tuberculosis in the populations at risk e.g. people infected 

with HIV, miners, and children <5 years of age can lead to active disease and ongoing infection 

of those they come in contact with (3).  

 

TST is widely used for diagnosis of previous M. tuberculosis infection with a view to providing 

preventive treatment (14, 27), and as an ancillary diagnostic for children. In research, it is useful 

in latent tuberculosis prevalence studies in different population groups (10, 12, 27, 28). The test 

was first used by Robert Koch and demonstrates delayed-type cutaneous reactivity to tuberculin 

in persons who have been previously sensitized (29). It involves the injection of 0.1ml (5 

tuberculin unit) of the Purified Protein Derivative (PPD) into the anterior surface of the forearm, 

and the induration formed (palpable swelling) is read 48-72 hours later (29, 30).  

 

IGRA is a more recent screening method which measures the blood concentration of interferon 

released by leucocytes in response to M. tuberculosis antigen stimulation (14, 19). The 

measured value of interferon is read off against standardized values to determine if it is positive 

or not. Two types of IGRA are commercially available for use - QuantiFERON®-TB Gold In-

Tube and T-SPOT®.TB (14, 19).  

 

TST and IGRA are comparable and recommended with a sensitivity of 75-90% and 80-95% 

respectively, and a specificity of 70-95% and 95-100% respectively (19, 31). IGRA is noted to 
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have a higher specificity but more expensive and technical to operationalize compared to TST, 

thus limiting its use in resource-limited settings (14, 28, 32). Neither test can predict with 

absolute certainty, the progression to active TB disease (33). However, findings in a recently 

published (2018) prospective cohort study conducted in the UK to determine the prognostic 

value of IGRA and TST in predicting the development of active TB disease showed values of 

incidence by IGRA and TST are comparable, depending on the type of IGRA used and the TST 

cut off (34). Incidence was higher amongst participants who had a positive screening test at 

baseline with an incidence of 13.2 per 1000 person-years using T-SPOT.TB, 10.1 per 1000 

person-years using QuantiFERON-TB Gold In-Tube and 11.1 per 1000 person-years using TST 

with cut off of 15.0 mm (34). 

 

1.2.3 Limitations of TST  

Although useful for determining latent TB infection, false-positive test, false-negative test and 

inability to differentiate between latent and active TB are some of the limitations of TST. These 

limitations are responsible for the variability observed in sensitivity and specificity of TST 

making it less efficient as a screening test for LTBI especially in the presence of factors which 

affect the immune response to tuberculin.   

 

Different studies have documented the possible association between TST and BCG or some 

clinical conditions (35-37) which may result in either a false positive or false negative TST 

result. TST response was found to be unreliable with a false positive response in young BCG 

vaccinated children and those with short intervals between BCG vaccination and receiving TST 

(29, 38). Where BCG vaccination does not affect TST outcome include being an adult (≥15 

years of age), having TST more than 15 years after BCG vaccination and a TST measurement 

greater than 15.0 mm (38, 39). Infection with non-tuberculous mycobacteria, poor tuberculin 

injection technic and errors during measurement and interpretation of induration could also 

produce a false positive TST result (29).  

 

Severe malnutrition, being on treatment for rheumatoid arthritis and a positive HIV status can 

produce a diminished TST response (29, 37, 38, 40) leading to a false negative test. This is due 

to a dysfunctional immune system associated with these conditions. Insufficient time (between 
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infection and TST testing) for the body to mount an immune response, old tuberculous infection 

or overwhelming TB disease are also predictors of a false negative TST result (41).  

 

Considering the fact some people receive preventive treatment for tuberculosis based on the 

TST result (9), it is important to interpret TST with caution given that a large proportion of the 

population in most tuberculosis endemic countries have received BCG vaccination. Although 

TST provides more reliable results in tuberculosis endemic countries compared to less endemic 

countries (38), care must, however, be taken to differentiate positive TST as a result of other 

environmental mycobacterial infection and M. tuberculosis (29, 31).  

 

1.2.4 TST in high HIV and Tuberculosis prevalence 

In HIV and TB endemic settings, TST has been successfully utilized in screening for latent TB 

in different high-risk populations (e.g. children, miners, healthcare workers) and the general 

population (5, 10, 13, 21, 22, 42), but it showed low predictive value amongst HIV positive 

participants in a previous latent tuberculosis prevalence study conducted in Johannesburg, 

South Africa (13). HIV status also did not have any effect on TST in a study to determine the 

prevalence of TST-positivity amongst South African miners and PLHIV in India (10, 40).  

 

In the Johannesburg - South Africa study conducted by Ncayiyana et al in 2016, the overall 

prevalence of TST-positive was 34% varying from 19% in the 0 – 14 years age group to 45% 

amongst those aged 45 years and above. No association was noted between HIV status and 

prevalence in this study. Rather, age, sex, and socioeconomic status were noted to be associated 

with latent tuberculosis prevalence (13). In another study completed in 2009 to determine the 

effect of increasing age on prevalence in HIV negative individuals in Cape Town, TST had 

good predictive value with TST-positive prevalence ranging from 28% in those aged 5 – 10 

years to 88.2% in the 31 – 35 years age bracket. No statistical difference in TST-positive 

prevalence was noted between males and females (5).  

A prevalence of 60.4% was noted when TST was used to determine the prevalence of latent TB 

amongst 328 healthcare workers in Iran (22). Being a nurse, increased years of experience and 

contact with TB patients were the main risks linked with a positive test. There was no 

association between age, sex, and BCG scar with a positive skin test (22). However, age of 
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contact, presence of BCG scar, relationship with an index TB case and proximity of sleeping 

site between contact and index case determined positivity of TST in a prevalence study amongst 

tuberculosis contacts in Pakistan (43, 44). 

 

1.2.5 Conceptual Framework for determination of TST-positivity 

The conceptual framework for the study is centered on the Social-Ecological Model which 

examines the multilevel interactions of personal, social and environmental factors which 

determines a health outcome (45). The different exposure variables in the study are grouped 

into five- clinical, demographic, household, social and nutritional /anthropometric variables. 

The conceptual framework explores the various possible interactions which exist between the 

exposure variables and could result in or have an effect on the outcome of interest – TST-

positivity. The framework is described in figure 1.1. 

 

Demographic 

factors

Household 

Factors

Clinical Factors

Social Factors

Nutrition/

Anthropometry

Latent TB Infection

Figure 1.1 Conceptual framework for determination of TST-positivity 
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1.3 Problem statement  

The true prevalence of latent TB is not known in the general population (5, 13) as more studies 

have considered specific high-risk populations and not the general population (10-12). This lack 

of knowledge of prevalence in the general population, has limited treatment of latent 

tuberculosis to the high-risk groups, neglecting the general population which may become a 

source of tuberculosis infection whenever those with untreated latent tuberculosis develop the 

active disease (24). The high prevalence of HIV in South Africa complicates the challenge of 

latent tuberculosis as it has been documented to be the commonest cause of progression to 

active tuberculosis disease and mortality amongst tuberculosis patients (7). 

 

1.4 Justification  

This study will help determine the prevalence of latent tuberculosis infection in the sampled 

population. This will represent the general population of Agincourt and Klerksdorp, two very 

different populations but both representative of a large part of the population of South Africa 

thus providing an estimate of latent tuberculosis infection (14) that could be extrapolated to 

similar areas in South and Southern Africa. Limitations identified in previous studies such as 

restricting participants to a certain age group and HIV status, the inadequate sample size to 

account for children and impact of exposure to indoor air pollution within households on TST 

outcome will be addressed (5, 13). The possible association between different exposures and 

tuberculin skin test positivity will also be tested.  

 

1.5 Research question, Hypothesis, Aim, and Objectives  

1.5.1 Research Question 

What is the prevalence of latent tuberculosis infection measured with the TST in Klerksdorp 

and Agincourt Research Site from 2016 - 2018? 

 

1.5.2 Hypothesis 

There is no difference in the prevalence of latent tuberculosis infection at Klerksdorp and 

Agincourt Research Site.  
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1.5.3 Aim 

To determine the prevalence and predictive factors of latent tuberculosis infection in Klerksdorp 

(Northwest Province) and Agincourt Research site (Mpumalanga Province) from 2016 - 2018, 

using the Mantoux method of TST administration and interpretation. 

 

1.5.4 Objectives 

i. To determine the age-specific prevalence of latent tuberculosis infection using the 

tuberculin skin test at both sites. 

ii. To determine the annual risk of tuberculosis infection (ARTI) amongst participants by 

age and gender. 

iii. To compare the prevalence of TST-positivity amongst HIV positive and HIV negative 

participants, controlling for age and sex. 

iv. To determine risk factors for TST-positivity overall and by age, gender and HIV status. 
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2 CHAPTER TWO: METHODOLOGY 

 

This chapter describes the setting in which the research was conducted, the study design, study 

sites, and population, and variables used in the analysis. Also, the analysis technic, data 

management processes and ethical considerations are reviewed. 

 

2.1 The Primary Study 

2.1.1 Background and study setting  

The primary study was a household level prospective cohort study conducted at two sites by 

the National Institute for Communicable Diseases (NICD), Agincourt Health and Socio-

Demographic Surveillance Site (HDSS) and the Perinatal HIV Research Unit (PHRU), a 

research unit of Wits University. It was titled A Prospective Household observational cohort 

study of Influenza, Respiratory Syncytial virus, and other respiratory pathogens community 

burden and Transmission dynamics in South Africa (The PHIRST Study). 

 

The PHIRST Study was conducted in one rural community (Agincourt – Mpumalanga 

Province) and an urban community (Klerksdorp (Matlosana) – Northwest Province).  Residents 

of these two communities were followed up annually for three consecutive years (2016 – 2018) 

and different specimens were collected at intervals specified in the study protocol after baseline 

information was obtained. This was used to determine the burden and transmission dynamics 

associated with respiratory pathogens at the two study sites including tuberculosis.  

 

2.1.2 Study design 

A cohort study design was adopted for the PHIRST study. New cohorts were recruited annually 

and followed up for 12 months from 2016 – 2018. 

 

2.1.3 Study Site 

The study was conducted at Klerksdorp in the Northwest Province and Agincourt Health and 

socio-Demographic Surveillance Site (HDSS), Bushbuckridge, Mpumalanga Province South 

Africa. Klerksdorp was selected because it is peri-urban and has a higher TB prevalence 

compared with Agincourt which is rural (6). These sites would give an indication of progress 
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towards past TB control effort and the possible need to scale up or change TB control and 

prevention strategies.  

 

 

Figure 2.1 Map showing Agincourt research site in Mpumalanga Province, South Africa 

(obtained from Anstey et al, 2018) 

 

Agincourt is the Wits University and South African Medical Research Councils Rural Research 

Study Site (MRC/Wits-Agincourt Unit). It is located in Bushbuckridge sub-district, 

Mpumalanga province and has an area of 420 Km² (46) (Figure 2.1). It was established in 1992 

with a research focus on adult health, aging, migration, and health (46). The site is made up of 

31 research villages with a population of 116, 549 people who live in 22, 721 households (47, 

48). Residents here are largely made of immigrants who were refugees displaced during the 

Mozambican civil war. Estimated HIV incidence for people aged 15 years and above is 19.4% 

and HIV/TB is the highest cause of mortality. The research site has two health centers and six 

clinics (46, 49). 
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Figure 2.2 Map of South Africa showing the location of Klerksdorp in the Northwest Province 

 (Obtained from https://www.google.co.za/maps/place/Klerksdorp/ & 

https://showme.co.za/facts-about-south-africa/the-maps-of-south-africa/) 

 

Klerksdorp is the largest city in the Northwest Province of South Africa. It is approximately 

164 km Southwest of Johannesburg and covers an area of about 3 625km² (50). It has an 

estimated population of 417, 282 inhabitants with 92% of these, resident in urban areas (mining 

villages incorporated in the urban areas) (50) (Figure 2.2). Twenty-nine percent of its 

population is less than 15 years, 15 – 64 age group account for 66% of the population and the 

elderly (≥65 years) account for 5% of the population (50). The main economic activities revolve 

around mining, agriculture, transportation, manufacturing and construction (50). There is one 

major public hospital – The Klerksdorp Tshepong Hospital Complex which receives referrals 

from the entire Northwest Province with 16 health clinics. Tuberculosis incidence in Klerksdorp 

was estimated at 560-764/100, 000 population in 2014 (6).   

 

2.1.4 Study population  

Residents of Klerksdorp - Northwest Province, and Agincourt Research Site, Bushbuckridge 

Municipality, Mpumalanga Province South Africa irrespective of age, sex or HIV status.  
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2.1.5 Sampling  

A sample size of 1500 (750 at each location) was projected for the study. This allowed 

estimation of 10% risk of tuberculosis infection and 5% risk of illness with a 95% confidence 

interval (CI) and 5% precision in the sampled population. A Stratified two-stage cluster 

sampling technic was used to select 300 households, overall, 150 in each study location but new 

50 households were enrolled each year in January and February. The plan was to enroll five 

residents per household for the study. The first sampling step identified 2 – 3 township 

extensions in Klerksdorp and 2 -3 villages in Agincourt.  The households were then randomly 

selected using a sampling frame provided by Statistics South Africa (STATSA).  

 

Sampled households were visited to ascertain if they met the inclusion criteria and to also obtain 

informed consent before commencing the study. None consenting households and those not 

meeting the inclusion criteria were excluded. Sampling and household verification continued 

till the required households were enrolled (50 households per site per year). Five additional 

households were enrolled at each site to accommodate withdrawal or loss to follow up of a 

household from the study. A household was withdrawn from the study if more than 20% of its 

participants suspended participation in the study.   

 

2.1.6 Inclusion Criteria  

Only randomly selected households with at least three residents were included in the study. 

Household residents were to give informed consent to participate, must have lived in 

Klerksdorp or Agincourt for one year before the commencement of the study, and had no 

intentions of relocating from their residence. Fifty percent of the households selected were to 

have children with age below five years as a resident. 

 

2.1.7 Data Collection 

Data collection was done by a team comprising a trained data collector and a study nurse. Each 

household selected for the study was given a unique household identity number and residents 

of the household who consented were given a unique individual identification number linked 

to the household. Baseline demographic information, medical history of participants and 
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household information was collected using an interviewer-administered questionnaire in 

Redcap.  

 

At the baseline visit, anthropometric measures of all participants were taken- height (cm), 

weight (kg) and upper arm circumference (cm). HIV negative participants were offered HIV 

counseling and testing. The test was conducted and the results issued to those who consented. 

Those who were newly identified as HIV positive were referred for treatment. A Nasal swab 

was taken from all residents in a household and this was labeled using the individual identity 

number. Baseline sputum was collected from residents who could produce it and blood sample 

for CD4 count and viral load from HIV positive participants. These were labeled using the 

identification number and preserved in a cooler box with ice for onward transportation to the 

laboratory.  

 

Tuberculin skin testing was conducted at baseline and at a follow-up visit 6 months later by the 

trained study nurse. Separate consent was obtained before the tuberculin was placed. 0.1ml (5 

tuberculin unit) of the Purified Protein Derivative (PPD) was injected into the anterior surface 

of the forearm, and the induration formed (palpable swelling) was read 48-72 hours later by the 

nurse using a transparent ruler. Unit of measurement was millimeter (mm). Repeat visits were 

made to collect follow up information and specimen for a nasal swab, CD4 and viral load.  

  

2.2 Secondary Data Analysis 

2.2.1 Study design  

A Cross-Sectional study design in the form of a secondary analysis of baseline data was adopted 

to enable us to determine the prevalence of TST-positive at the two sites and predictors of TST-

positivity at the individual and household level.  

 

2.2.2 Data source 

Data used for this research was from the PHIRST Study. This was baseline data of participants 

and households sequentially collected from three sequentially recruited households in 2016, 

2017 and 2018. 
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2.2.3 Study population 

Residents of Klerksdorp and Agincourt without consideration of age, sex or HIV status. 

 

2.2.4 Power and Sample Size 

Two previous studies in South Africa determined the prevalence of latent tuberculosis infection 

to be 45% and 34% respectively (5, 13).  At an alpha level of 5%, power of 90% and an effect 

size of 0.11, at least 826 participants (413 at each location) was required for the secondary 

analysis of the PHIRST cohort study data to test the stated hypothesis. 

 

2.2.5  Description of Variables 

 

  

Figure 2.3 Schema for selection of study participants from the data set for analysis 

 

Variables used for analysis were obtained from the baseline data of 1837 study participants 

from 328 households selected for the study (figure 2.3). They were categorized into 10 

individual-level variables and 13 household-level variables. Of the 1837 individuals in the data 

set, 1200 observations (570 from Agincourt and 630 from Klerksdorp) from 264 households 

                                                   Individual Dataset       Household Dataset 

  Total Observations in dataset 

 

                                                        Exclude 1 household without  

household id 

                                                                                                 

                      

        Exclude 637 observations without TST 

        measurement  

 

Exclude 63 households without  

TST data 

 

                      

Used for analysis 

328 1837 

264 

327 

1200 
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which had documented tuberculin skin test measurements were used for analysis. The 

observations and households excluded from the analysis did not have information on TST 

measurement which is the primary outcome of the study. These individuals were either not 

eligible for TST, did not provide informed consent or were not available for reading of TST 

measurements after two visits. A household was dropped from analysis if no resident had a TST 

result. The individual-level variables were grouped into demographic, anthropometric and 

clinical variables. The primary outcome variable was TST result derived from the TST 

measurement. A TST measurement ≥10mm (≥5mm in HIV positive participants) was regarded 

as TST-positive result and a TST measurement of <10mm was regarded as TST-negative (41, 

51).   

 

Demographic variables are study site (Agincourt /Klerksdorp), year of study (2016, 2017 and 

2018), sex (male/female), age at consent in years measured on a continuous and a categorical 

scale (<5, 5-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 41-45, >45). Anthropometric 

variable included body mass index (BMI) and upper arm circumference. BMI was obtained by 

finding the ratio of weight in kilogram to height square in meter (Wt. (kg)/ Ht² (m)). It was 

grouped into four (Underweight <18.5, Normal 18.5- <25, Overweight 25- <30, Obese ≥30) 

and measured in kilogram per meter squared (kgM⁻²). Upper arm circumference was measured 

in millimeters on a continuous scale for participants aged ≤15 years.  

 

Clinical variables are TST measurement, TST result (positive/negative), HIV status 

(negative/positive/unknown), present cough (Yes/No), CD4 (measured on a continuous scale), 

and Past TB Treatment (Yes/No). The Social variable is smoking in a household (binary-

Yes/No). 

 

Thirteen variables from 264 households (Agincourt 125, Klerksdorp 139) were analyzed. The 

variables analyzed was presence of TST positive in the households, type of house (formal house 

built by professional, formal house built by self, informal, other - traditional or flat), age of 

house, number of people resident in household, number of windows, number of bedrooms, 

number of toilets inside the house, number of people resident in household measured on 

continuous scale and categorised into <5, 5, >5, smoking within household (yes/no), number in 
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household who smoke, number in household who smoke inside, fuel used for cooking 

(electricity, paraffin, gas, wood, other) and fuel used for heating the house (electricity, paraffin, 

gas, wood, coal/ imbawula, none). 

Two variables, crowding index and wealth index, were generated to describe household 

parameters which were absent in the data set.  

 

2.2.6 Generation of new variables 

2.2.6.1 Crowding Index 

Crowding index gives an estimate of overcrowding within a household and was determined as 

the ratio of the number of residents in a household to the number of bedrooms in the household. 

Households with 0 as the number of rooms were allocated 1 to indicate where the residents 

sleep. The formula is shown below:  

 

Crowding Index = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑠 𝑖𝑛 𝑎 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑒𝑑𝑟𝑜𝑜𝑚𝑠 𝑖𝑛 𝑡ℎ𝑒 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
                              (52, 53) 

 

2.2.6.2 Wealth Index 

Wealth index was generated as a proxy for socio-economic status which was absent from the 

two data sets. It was calculated from six household variables using the principal component 

analysis method and presented as quintiles (54, 55). The household variables were the type of 

house, number of residents in a household, number of bedrooms in a household (Crowding 

Index), presence of toilet inside the house, cooking fuel and heating fuel.   

Steps taken to generate wealth index quintiles for the households are outlined below: 

Step 1: Categorical variables type of house, cooking fuel, and heating fuel were recoded to 0/1.  

a. Formal house built by professional or self was coded 1. Informal dwelling/ mud/thatch 

was coded 0. 

b. Cooking fuel was coded 1 if it was electricity, gas or paraffin. Wood or other types of 

cooking fuel was coded 0. 

c. Heating fuel was coded 1 if it was electricity, gas, coal or paraffin. Wood, other kinds of 

heating or no heating was coded 0. 
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Step 2: Run the principal component analysis for the identified variables – the type of house, 

cooking fuel, heating fuel, crowding index (derived from the number of rooms and number of 

residents in a household) and presence of toilet inside the house with weighting to account for 

the total number of households at each site. 

Step 3: Prediction of the wealth index score which is assigned to each household in the dataset. 

Step 4: Generation of quintile for the wealth index score with weighting to account for the total 

number of households at each site. 

A bar chart describing household level quintile by site is available as Appendix 4.  

 

2.2.6.3 Smoking within households 

Three variables which described smoking within the household (smoking within household 

(yes/no), number in a household who smoke and number in a household who smoke inside) 

was merged into one. The new variable was binary. It was coded 1 for a household if any of the 

variables above is “yes” or >0 and coded 0 if variables above are “no” or <1. 

 

2.2.6.4 The Outcome variable - TST Result 

The outcome variable for individual and household level analysis was binary (TST positive or 

negative). TST result was generated using values of TST measurement to enable determination 

of TST-positive prevalence at the individual level. It was either positive or negative. A TST 

positive result was taken as TST measurement ≥10mm or ≥5mm in HIV positive participants 

and TST measurement <10mm was regarded as TST negative result (31, 41, 51, 56). A cut-off 

of 10.0 mm was adopted as this is mostly used in TB prevalence studies and will make 

comparison easier with other studies. Prevalence is also determined using other cut-off points 

(5.0 mm and 15.0 mm) for comparison. A lower TST cut off for HIV positive participants was 

to account for anergy which occurs in immunosuppression associated with HIV. 

2.3 Data Management  

Data for the analysis was received de-identified in STATA format. It consisted of individual-

level data and household-level data. Data processing and cleaning were done using STATA 

15.0 software (StataCorp LLC College Station, TX). Duplicates, outliers, and inconsistencies 
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were checked for using the unique household and individual number for each entry. Missing 

entries were cross-checked with the original data file and inputted if available. An observation 

or variable was excluded from the analysis if >10% of its entries were missing. Generation of 

new variables and recoding was done as required for analysis.  

  

2.4 Statistical analysis  

2.4.1 Descriptive Analysis 

A cross-tabulation of baseline characteristics of variables in the two datasets is presented in a 

table (Table 1) stratified by site. Continuous variables were described using mean and standard 

deviation for normally distributed variables; median and interquartile range for non-normally 

distributed variables. Frequency tables (n) and percentage (%) was used to describe categorical 

variables. For comparison of differences between two categorical variables, the Pearson Chi-

Square test (χ2) or Fischer’s exact test was used. A t-test was used to compare differences in 

continuous variables that are normally distributed while the Wilcoxon Rank Sum Test was used 

to compare differences in non-normally distributed continuous variables. 

TST measurements are described for values = 0 mm by age and >0 mm by age category and 

site using a box plot. 

 

2.4.2 Prevalence of Latent Tuberculosis Infection (TST-Positive) 

2.4.2.1 Individual-level prevalence of TST-Positive 

The first objective was to determine the age-specific prevalence of TST-positive using the 

tuberculin skin test result at both sites. Prevalence was calculated (with 95% confidence 

interval) per site and by age group for TST result using the formula below:  

 

Prevalence = 
Number of TST+ve

Total Number of TST
 * 100  

 

Where TST+ve = total participants with a positive TST result,  

And Total TST = total number of participants who had TST done.  

 

Three tables were used to describe TST-positive prevalence based on some sociodemographic 

variables and using different TST cut off for children and adults. A Pearson’s Chi-Square test 
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was used for the comparison of the difference in TST-positive prevalence between the two sites 

and by some sociodemographic variables. The generated p-value is tabulated and indicates if 

there is a difference in prevalence between the two sites based on the variables. Three graphs 

were used to describe the prevalence of TST-positive: by site and age category; HIV status, site 

and sex and by different TST measurements.  

Analysis of the repeat TST testing was excluded as data was only available for 30% of the 

participants who had a baseline TST and would not have provided a good comparison with the 

baseline analysis. This lack of data was due to challenges encountered in the administration and 

reading of TST measurements towards the end of each study year.  

   

2.4.2.2 Household-level prevalence of TST-positive 

For the household analysis, households were considered positive if they had at least one 

household member with a TST-positive result (using 10.0 mm TST cut-off), and negative if no 

member had a positive TST result. Household-level prevalence was determined with 95% CI 

based on the number of households considered to be positive or negative at each site. The 

formula is shown below: 

 

Household Prevalence = 
Number of households with +ve TST result

Total Number of households with TST result
 * 100  

 

A description of TST-positive prevalence at the household level is also presented based on-site, 

crowding index and smoking within the household. Household prevalence based on wealth 

quintile (a measure of socioeconomic status) is estimated and presented as a percentage with a 

positive result (and 95% confidence intervals) by site. Findings and comparison of household-

level prevalence of TST-positive are presented in a table. In 2017, there were challenges with 

administration and collection of TST data which resulted in a fewer number of study 

participants in the 2017 cohort compared to other years. This limited yearly comparison of 

derived prevalence.  
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2.4.3 Annual risk of tuberculosis infection (ARTI)  

The second objective was to determine the percentage Annual risk of tuberculosis infection 

(ARTI (%)). This was estimated (with 95% CI) to give an indication of tuberculosis incidence 

rate at both sites for the different age groups using the formula below: 

 

 ARTI= 1 − (1 − 𝑃)1/𝑎  

 

Where P = Overall LTBI prevalence from TST and  ‘a’ = mean age in years (57). 

 

Overall TST-positive prevalence was used to determine the overall ARTI with its 95% CI. 

ARTI and their 95% CI for the sites were calculated using TST-positive prevalence from the 

respective site. A descriptive summary of ARTI based on site is presented in a table. Line and 

bar graphs are used to describe median ARTI. These are by age category and site; site and ≤15 

years of age; year, sex and site; and by HIV status site and sex.  

  

2.4.4 TST-Positive prevalence and HIV status 

The third objective was to compare the prevalence of TST-positive amongst HIV positive and 

HIV negative participants, controlling for age and sex. Pearson’s Chi-Square test was used to 

determine the difference in proportion between TST-positive and HIV status. Bivariate logistic 

regression analysis between TST-positive and HIV status was used to determine the unadjusted 

OR with 95% CI. The adjusted odds ratio of the association between TST-positive and HIV 

status controlling for age and sex was obtained by conducting a logistic regression analysis of 

TST-positive and HIV, controlling for age and sex. Marginal estimates of the difference in the 

prevalence of TST-positive between HIV positive and negative participants were predicted for 

the two sites.  

 

2.4.5 Predictors of TST-Positive 

The fourth objective aimed at determining risk factors for TST-positivity in the studied 

population. To achieve this, separate logistic models were developed: one for individual-level 

variables and the other for the household level variables.  
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2.4.5.1 Logistic analysis for Individual predictors of TST-Positivity 

To predict individual-level risk factors for TST-positivity, a logistic model ignoring clustering 

and a nested multilevel logistic model with random effects at three levels (site, household, and 

individual) to account for clustering was used. The analysis was done separately for children 

(age ≤15 years) and adults (age ≥16 years).  

 

A Separate logistic analysis ignoring clustering was done for children and adults based on HIV 

status to ascertain if there was a difference in predicting factors at the individual level based on 

HIV status. A different logistic analysis was also done to ascertain if risk factors will differ at 

Klerksdorp only. 

 

A univariate logistic analysis was conducted to determine the independent association of each 

predictor variable with the outcome variable - TST result. Variables with p<0.2 were included 

in the multivariate analysis. This was confirmed by including all the variables in the model and 

dropping insignificant variables serially, starting with variables with the largest p-value till a 

final model is obtained. After variable selection for the multivariate analysis, some variables 

(age, past TB history, and HIV status) which are known confounders and have been identified 

to predict TST-positivity in previous studies were included if they were initially excluded. 

 

Test of interaction between all variables in the final model was done to identify any significant 

interaction for inclusion in the model. Statistical significance was at p<0.05 and the Hosmer-

Lemeshow test was used to assess the fitness of the final logistic model.  

 

For the nested multilevel logistic model with random effects at three levels (site, household, 

and individual), similar steps as above were taken and statistical significance was at p<0.05 

with their accompanying odds ratio (OR) and 95% CI. This was done separately for adults and 

children. 
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2.4.5.2 Logistic Analysis for household predictors of TST-Positivity 

To identify household predictors of TST-positivity, a nested multilevel logistic model with 

random effects at two levels (site and household) was used. This was done for both sites 

combined and for Klerksdorp only. 

 

Univariate analysis identified the independent association of each household predictor variable 

with the outcome variable – household TST result. Variables with p<0.2 were included in the 

multivariate analysis. This was confirmed by including all the variables in the model and 

dropping insignificant variables serially starting with variables with the largest p-value till a 

final model is obtained. All variables used for generating wealth index was excluded from the 

analysis as wealth index was included in the analysis. The three variables which describe 

smoking in a household were merged into one variable and included in the analysis.  

 

Test of interaction between all variables in the final multivariate model was done to identify 

any significant interaction for inclusion in the model. Statistical significance was at p<0.05 with 

its accompanying odds ratio (OR) and 95% CI. A quadrature check was done to ascertain if the 

standard 12 integration points were adequate for the model.  

 

2.5 Ethical considerations  

Ethics approval was received from the University of the Witwatersrand Human Research Ethics 

Committee (Medical) before analysis of this data set (Number: M181005). The certificate of 

ethics clearance is attached (Appendix 1). Ethical approval for the primary study was obtained 

from the University of the Witwatersrand Human Research Ethics Committee (Medical) 

(Number: M150808). Permission to analyze the baseline data from the cohort study was 

obtained from the primary study principal investigator (Appendix 3). The data file was stored 

in a password protected hard drive to restrict access to only the principal investigator and the 

supervisors.  

 

This research did not receive funding from any organization and was supported by personal 

funds provided by the principal investigator. The principal investigator was responsible for the 

data management, analysis, interpretation, and writing of the first draft of the research report. 
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The supervisors provided guidance on the writing of the protocol and the research. They further 

reviewed different drafts of the research report before submission of the final draft.  
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3 CHAPTER THREE: RESULTS 

 

The results from data analysis are presented in this chapter. It includes a description of baseline 

characteristics of the variables in the research, the determined prevalence of latent tuberculosis 

infection by sociodemographic variables, the annual risk of tuberculosis infection described by 

site and age, and comparison of TST-positive between HIV positive and negative participants 

controlling for some demographic factors. The risk factors which predict TST-positivity at the 

individual and household level is identified through logistic and multilevel modeling.  

  

3.1 Baseline Characteristics  

Table 3.1 shows the baseline characteristics of the study participants. The total number of 

individual participants included in this analysis was 1200 who had TST results representing 

65.3% of the total cohort recruited to the PHIRST study.  Six hundred and thirty (52.5%) were 

from Klerksdorp. Females accounted for 60.5% (n=726) of the participants at both sites and 

more participants were seen in 2018 (41.3%) compared to other years of the study. The median 

age was 14 (IQR: 6, 31) at Agincourt and 17.0 (IQR: 9, 38) at Klerksdorp (P<0.0002). The 6 – 

10 age category accounted for the largest proportion of participants at both sites – 23.3% at 

Agincourt and 19.8% in Klerksdorp. Participants were older in Klerksdorp (18.1%) compared 

to Agincourt (13.3%) (p=0.0240). The mean upper arm circumference was 18.9 cm (SD: 4.1) 

at Agincourt and 18.6cm (SD: 4.2) at Klerksdorp. Mean BMI was higher in females (28.3 KgM-

2; SD: 7.6) compared to males (23.3 KgM-2; SD: 4.8) and it was similar at both sites - 26.7 

KgM-2 (SD: 6.6) at Agincourt and 27.0 KgM-2 (SD: 7.6) at Klerksdorp. The median TST 

measurement was 0 mm (IQR: 0, 0) at Agincourt and 0 mm (IQR: 0, 8) at Klerksdorp 

(p<0.0001). Majority of participants (80.4%) had a negative HIV status while 14.4% had a 

positive status with no difference between sites. Sixty-two participants (5.2%), however, had 

unknown HIV status (73% of these were aged ≤20 years). Most of the participants had neither 

been treated for tuberculosis in the past (99.2% and 95.7%) nor had a cough at the time of visit 

(98.3% and 94.2%) at Agincourt and Klerksdorp respectively.  

 

At the household level, 264 households were included in the analysis – 125 (47.4%) from 

Agincourt and 139 (52.6%) from Klerksdorp. Mean age of houses at both sites was similar 16.3 
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years (SD: 9.9) at Agincourt and 16.6 years (SD: 14.0) at Klerksdorp. The median number of 

windows in households were, however, different at both sites (p=0.0002). Smoking within 

households was more in Klerksdorp (48.9%) compared to 14.4% at Agincourt. Overall mean 

crowding index was 2.6 (SD: 1.6). Comparison of crowding index between sites showed 

Agincourt had 2.3 (SD: 1.3) and Klerksdorp 2.8 (SD: 1.8) (p= 0.0123). Mean wealth index was 

-1.16 (SD: 1.21) at Agincourt and 0.52 (SD: 0.82) at Klerksdorp (p<0.0001). More than half of 

the population at Agincourt (55.5%) belonged the lowest wealth quintile (very poor) while 

Klerksdorp had a more evenly distributed population across the wealth quintile with only 6.1% 

in the lowest quintile and a higher wealth index. A graphical description of wealth quintile by 

site is attached as Appendix 4. 

 

Table 3.1 Baseline characteristics of participants and households in the study 

Variable Agincourt  

N=570 (47.5%) 

Klerksdorp 

N=630 (52.5%) 

P-value 

TST Measurement (mm)    

Median (IQR) 0 (IQR: 0, 0) 0 (IQR: 0, 8) 
<0.0001 ª 

 Sex    

Male (%) 218 (38.3) 256 (40.6) 0.3978 

Female (%) 352 (61.7) 374 (59.4) 0.3978 

Year    

2016 267 (46.8) 162 (25.7) <0.0001 

2017 65 (11.4) 210 (33.3) <0.0001 

2018 238 (41.8) 258 (41.0) 0.7781 

Age (years)    

0 – 5 (%) 104 (18.5) 75 (11.9) 0.0021 

6 - 10 (%) 133 (23.3) 125 (19.8) 0.1414 

11 – 15 (%) 74 (13.0) 87 (13.8) 0.6746 

16 – 20 (%) 57 (10.0) 67 (10.6) 0.7182 

21 – 25 (%) 22 (3.9) 39 (6.2) 0.0664 

26 – 30 (%) 37 (6.5) 30 (4.8) 0.1926 

31 – 35 (%) 22 (3.9) 36 (5.7) 0.1347 

36 – 40 (%) 25 (4.4) 30 (4.7) 0.7558 

41 – 45 (%) 20 (3.5) 27 (4.3) 0.4884 

>45 (%) 76 (13.3) 114 (18.1) 0.0240 

Median (IQR) 14 (IQR: 6, 31) 17 (IQR: 9, 38) 
0.0002 ª 

Upper Arm Circumference (cm)    

Mean (SD) 18.9 (4.1) 18.6 (4.2) 
0.3905ᵇ 

Body Mass Index (KgM-2)*      
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Underweight (%) 11 (4.6) 25 (7.8) 0.1268 

Normal (%) 99 (41.6) 122 (38.2) 0.4237 

Overweight (%) 59 (24.8) 67 (21.0) 0.2906 

Obese (%) 69 (29.0) 105 (32.9) 0.3229 

Mean (SD) 26.7 (6.6) 27.0 (7.6) 
0.5587ᵇ 

HIV Status    

Negative (%) 467 (81.9) 497 (79.0) 0.2041 

Positive (%) 82 (14.4) 91 (14.5) 0.9680 

Unknown (%) 21 (3.7) 41 (6.5) 0.0269 

CD4+ (cells/ml)    

Mean (SD) 660.4 (357.3) 658.3 (320.2) 
0.9877ᵇ 

Median (IQR) 702.5 (IQR: 423, 899) 646 (IQR:410, 903) 
0.8208ª 

Min/Max 30, 1463 214, 1126 - 

Past TB History    

No (%) 531 (99.2) 574 (95.7)  

0.0002 Yes (%) 4 (0.8) 26 (4.3) 

Present Cough    

No (%) 527 (98.3) 570 (94.2)  

0.0003 Yes (%) 9 (1.7) 35 (5.7) 

    

HOUSEHOLD VARIABLES N=125 (47.4%) N=139 (52.6%) P-Value 

Age of House    

Mean (SD) 16.3 (9.9) 16.6 (14.0) 
0.8137ᵇ 

Number of Windows    

Median (IQR) 7 (IQR: 4, 10) 5 (IQR: 4, 5) 0.0002ª 
Smoking in Household:     

No (%) 107 (85.6) 71 (51.1) <0.0001 

Yes (%) 18 (14.4) 68 (48.9)  

Crowding Index    

Mean (SD) 2.3 (1.3) 2.8 (1.8) 
0.0123ᵇ 

 Wealth Quintile     

Very poor 66 (55.5) 8 (6.1) <0.0001 

Poor 25 (21.0) 23 (17.5) 0.8484 

Rich 16 (13.5) 35 (26.7) 0.0093 

Very Rich 9 (7.6) 35 (26.7) 0.0001 

Wealthy 3 (2.5) 30 (22.9) 0.0210ᵈ 
Mean (SD) -1.16 (1.21) 0.52 (0.82) 

<0.0001ᵇ 

ªRanksum test, ᵇT-Test, ᵈFisher’s exact  ͨSee appendix 4 for a graphical description of wealth index 

by site. Median is reported for non-normally distributed continuous variables and mean for 

normally distributed variables. *Underweight (<18.5), Normal (18.5- <25), Overweight (25- <30), 

Obese (≥30) BMI reported for those aged ≥16 years. Upper arm circumference reported for those 

aged ≤15 years. 

CD4 is reported for only HIV positive participants. IQR=Interquartile range 
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3.2 Prevalence of TST-Positive 

3.2.1 Distribution of TST measurements 

Prevalence of TST-positive was determined using TST measurements in millimeter (mm).  

Eight hundred and nineteen participants (68.3%) had TST measurement of 0 mm.  Distribution 

of TST measurement of 0 mm by age shows most of these participants were ≤15 years of age 

(Appendix 5). Median TST measurement in Agincourt and Klerksdorp was 0 mm (IQR: 0, 0) 

and 0 mm (IQR: 0, 8) respectively. Considering TST measurements >0 mm, median TST 

measurement at Agincourt was 10 mm (IQR: 5, 18) and Klerksdorp 12 mm (IQR: 5, 16) 

(p=0.4860). Median TST measurement >0 mm was similar between the sexes. Females had – 

12 mm (IQR: 5, 17) and males had 10 mm (IQR: 5, 16) (p=0.3526). Distribution of median 

TST measurements >0 mm by age category and site is shown in figure 3.1 and 3.2. Figure 3.1 

suggests clear digit preference at Agincourt. And 8mm appeared to be less likely selected in 

Klerksdorp.   

 

 

Figure 3.1 Distribution of TST measurements greater than zero by site 
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Figure 3.2 TST measurements greater than zero by age category and site 

 

TST measurement ≥2 mm in TST negative participants 

One hundred and twelve participants (9.3%) with a negative baseline TST result (using TST 

cut off of ≥10 mm, ≥5 mm for HIV positive participants) had a TST measurement ≥2 mm with 

a median TST measurement of 5 mm (IQR: 4, 7). Seventy-four (66%) of these participants were 

from Klerksdorp and 73.2% from the 2018 participants. Sixty-four (51%) were females, 

participants aged ≤15 years accounted for 47.3% and those aged >45 years accounted for 

20.5%. HIV positive participants with negative baseline TST ≥2 mm accounted for 10.7% 

(range of TST measurement 2 – 5 mm, median 4 (IQR: 3, 4). 

 

3.2.2 TST-Positive prevalence overall and by site 

The overall prevalence of TST-positive was 20.5% (95% CI: 18.3, 22.9) using ≥10 mm TST 

cut off. Considering the two sites, overall prevalence of latent TB infection was 24.3% (95% 

CI: 21.1, 27.8) at Klerksdorp and 16.3% (95% CI: 13.5, 19.6) at Agincourt p=0.001 (Table 3.2). 

There is a significant difference in prevalence in 2016 and 2017 between the two sites 

(p<0.001). In 2018, there is no difference in prevalence between sites. Overall prevalence was 
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19.4% in males and 21.2% in females (P= 0.450). Males at Agincourt had a prevalence of 14.2% 

in comparison with those at Klerksdorp which was 23.8% (P=0.008). Prevalence in females 

was 17.6% at Agincourt and 24.6% at Klerksdorp (P=0.021).  

 

Table 3.2 Comparison of TST-Positive prevalence between sites and by some variables 

using TST measurement of ≥10 mm (≥5 mm if HIV +ve) as a positive test 

 

Variable 

Agincourt Klerksdorp  

P-value Prevalence (95% CI) Prevalence (95% CI) 

Site 16.3 (13.5, 19.6) 24.3 (21.1, 27.8) 0.001 

Year    

2016 0.7 (0.2, 3.0) 30.2 (23.6, 37.8) <0.001 

2017 76.9 (65.1, 85.6) 23.3 (18.1, 29.6) <0.001 

2018 17.2 (12.9, 22.6) 21.3 (16.7, 26.8)  0.249 

Sex:    

Male 14.2 (10.2, 19.5) 23.8 (19.0, 29.4) 0.008 

Female 17.6 (14.0, 22.0) 24.6 (20.5, 29.2) 0.021 

Age Cat (yrs.)    

<5 1.9 (0.5, 7.4) 5.3 (2.0, 13.5) 0.211 

5 – 10 7.5 (4.1, 13.4) 7.2 (3.8, 13.3) 0.922 

11 – 15 9.5 (4.6, 18.6) 20.7 (13.4, 30.5) 0.050 

16 – 20 14.0 (7.1, 25.8) 29.9 (20.1, 41.9) 0.036 

21 – 25 22.7 (9.6, 45.0) 38.5 (24.5, 54.6) 0.209 

26 – 30 21.6 (11.1, 37.9) 30.0 (16.2, 48.7) 0.433 

31 – 35 40.9 (22.5, 62.3) 33.3 (19.8, 50.3) 0.560 

36 – 40 28.0 (13.7, 48.7) 46.7 (29.7, 64.5) 0.156 

41 – 45 45.0 (24.9, 66.9) 51.9 (33.3, 69.9) 0.642 

>45 36.8 (26.7, 48.3) 33.3 (25.3, 42.5) 0.619 

Body Mass Index 

(KgM-2)# 

   

Underweight  45.5 (19.3, 74.4) 20.0 (8.4, 40.5) 0.116 

Normal  27.3 (19.4, 36.9) 37.7 (29.5, 46.7) 0.101 

Overweight  30.5 (20.0, 43.5) 35.8 (25.2, 48.0) 0.528 

Obese  34.8 (24.4, 46.8) 31.4 (23.2, 41.0) 0.645 

HIV Status    

Negative 14.6 (11.6, 18.1) 24.1 (20.6, 28.1) <0.001 

Positive 28.0 (19.4, 38.8) 28.6 (20.2, 38.7) 0.939 

Unknown 9.5 (2.3, 31.9) 17.1 (8.3, 31.9) 0.425 

Past TB History    

No (%) 17.3 (14.3, 20.8) 22.8 (19.6, 26.4) 0.023 

Yes (%) 25.0 (2.4, 82.0) 34.6 (18.8, 54.7) 0.704 

Present Cough    

No (%) 17.5 (14.4, 20.9) 23.0 (19.7, 26.6) 0.023 

Yes (%) 11.1 (1.4, 53.2) 28.6 (16.0, 45.7) 0.281 

#Underweight (<18.5), Normal (18.5- <25), Overweight (25- <30), Obese (≥30) 
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Prevalence was generally noted to increase with an increase in age category but with differences 

in age groups. This was seen at both sites with a much steeper increase at Klerksdorp with dips 

in two age categories at Agincourt and one in Klerksdorp. It increased up to a maximum seen 

at the 41-45 age category before declining at the >45 age category (Table 3.2, Figure 3.3). A 

smoothed version of Figure 3.3 which clearly shows a difference in prevalence between the two 

sites is attached as Appendix 6. Prevalence across the different age categories at both sites was 

variable with the range in Agincourt being 1.9% in the <5 age group to 45% in the 41-45 age 

group. The range in Klerksdorp was 5.3% in the <5 age group and 51.9% in the 41-45 age 

group.  

 

 

Figure 3.3 TST-positive prevalence by site and age category 

 

Prevalence of TST-positive overall was 19.5% amongst HIV negative participants, 28.3% 

amongst HIV positive participants and 14.5% in those with unknown status. Between sites, 

TST-positive prevalence amongst HIV negative was 24.1% at Klerksdorp compared with 

Agincourt which was 14.6% (P<0.001). The prevalence amongst HIV positive participants at 

both sites was similar- 28.0% at Agincourt and 28.6% at Klerksdorp (P=0.939) (Table 3.2). 
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Within site, the prevalence was statistically different between HIV positive and negative 

participants at Agincourt (p=0.0025) but not in Klerksdorp (p=0.3689). TST-positive 

prevalence by HIV status, site and sex are described in Figure 3.4. It shows HIV positive males 

at Agincourt have a higher prevalence compared to females. A small number of participants in 

this study had a past history of tuberculosis for which they were treated (30/1135) and 10 

(33.3%) of these had a positive tuberculin skin test. At the site level, TST-positive prevalence 

was higher amongst those with past TB history than in those with no TB history and higher at 

Klerksdorp (Table 3.2). TST-positive prevalence between the two sites by past TB treatment 

and history of cough is further described in Table 3.2.  

 

 

Figure 3.4 A bar graph of TST-positive prevalence by HIV status, site, and sex 

 

3.2.3 TST-Positive prevalence using different TST cut off  

The overall TST-positive prevalence is described using a TST cut off of 5 mm, 10 mm and 15 

mm for all the participants (Table 3.3). The prevalence is presented at a yearly interval up to 

ten years of age and thereafter in categories. Prevalence is highest at the 5 mm cut off followed 

by 10 mm. It is observed to increase and decrease alternately at the yearly age interval up to 10 
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years of age with the highest prevalence seen at 6 years of age. The prevalence thereafter 

increases sharply with alternate peaks and dips up to a maximum seen at the 41-45 years age 

category. A decline is seen at the >45 years age category. This trend in prevalence is similar 

across the three TST cut-offs (Figure 3.5). A smoothed version of Figure 3.5 is attached as 

Appendix 6.  

 

Table 3.3 TST-Positive Prevalence using different cut-offs of TST Measurement 

 

Age 

(years) 

 

N (%)        

N= 

1200 

Positive TST at 

5mm 

Positive TST at 

10mm 

Positive TST at 

15mm 

Prevalence (95% 

CI) 

Prevalence (95% 

CI) 

Prevalence (95% 

CI) 
<1 16 (1.3) 12.5 (3.0, 39.8) 6.3 (0.8, 35.1) - 

1 37 (3.1) - - - 

2 41 (3.4) 12.2 (5.1, 26.4) 4.9 (1.2, 17.8) 2.4 (0.3, 15.8) 

3 48 (4.0) 4.2 (1.0, 15.4) 2.1 (0.3, 13.7) 2.1 (0.2, 13.7) 

4 37 (3.1) 13.5 (5.7, 28.9) 5.4 (1.3, 19.6) - 

5 46 (3.8) 6.5 (2.1, 18.6) 6.5 (2.1, 18.6) - 

6 35 (2.9) 22.9 (11.7, 39.8) 17.1 (7.8 (33.6) 8.6 (2.7, 23.8) 

7 45 (3.8) 6.7 (2.1, 19.0) 6.7 (2.1, 19.0) 2.2 (0.3, 14.5) 

8 37 (3.1) 13.5 (5.7, 28.9) 8.1 (2.6, 22.7) - 

9 49 (4.1) 8.2 (3.1, 20.0) 4.1 (1.0, 15.1) - 

10 46 (3.8) 6.5 (2.1, 18.6) 4.3 (1.1, 16.1) 2.2 (0.3, 14.2) 

11 – 15  161 (13.4) 21.1 (15.5, 28.1) 15.5 (10.7, 22.0) 7.5 (4.3, 12.7) 

16 – 20 124 (10.3) 25.0 (18.1, 33.4) 22.6 (16.0, 30.8) 15.3 (10.0, 22.8) 

21 – 25 61 (5.1) 39.3 (27.9, 52.1) 32.8 (22.1, 45.6) 18.0 (10.2, 29.8) 

26 – 30 67 (5.6) 32.8 (22.6, 45.0) 25.4 (16.3, 37.2) 17.9 (10.4, 29.1) 

31 – 35 58 (4.8) 44.8 (32.5, 57.8) 36.2 (24.8, 49.4) 27.6 (17.6, 40.5) 

36 – 40 55 (4.6) 41.8 (29.5 , 55.3) 38.2 (26.3, 51.7) 29.1 (18.6, 42.5) 

41 – 45 47 (3.9) 48.9 (35.0, 63.1) 48.9 (34.9, 63.1) 40.4 (27.3, 55.0) 

>45 190 (15.8) 42.6 (35.8, 49.8) 34.7 (28.3, 41.8) 26.8 (21.0, 33.6) 
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Figure 3.5 TST-positive Prevalence at 5mm, 10mm and 15mm TST cut-off by age 

 

3.2.4 TST-Positive Prevalence and nutritional status 

TST-positive prevalence was assessed using two variables commonly used for the description 

of nutritional status - BMI and upper arm circumference (Table 3.4). Upper arm circumference 

is used for assessment of children and BMI for adults. Mean upper arm circumference was 18.6 

(SD: 4.2) in participants with a negative TST and 20.0 (SD: 4.0) in TST positive participants. 

No participant with upper arm circumference <15.0 cm had a positive TST. Prevalence was 

noted to initially increase slightly with an increase in upper arm circumference but decreased 

again. No significant difference in upper arm circumference was seen between the two sites.  

Underweight participants in Agincourt had a higher TST-positive prevalence at 45.5% 

compared to the other BMI categories in Agincourt and the underweight in Klerksdorp which 

had the lowest prevalence of 20.0%. Participants with a normal BMI had the highest prevalence 

of 37.7% in Klerksdorp in comparison to Agincourt where they had the lowest prevalence at 

27.3%. No statistically significant difference in BMI category is seen within and between the 

sites. 
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Table 3.4 TST-Positive prevalence based on upper arm circumference and BMI 

 

Upper arm 

Circumference 

(cm) 

Agincourt Klerksdorp  

 

P-value Prevalence (95% CI) Prevalence (95% CI) 

<11 - - - 

<12 - - - 

<13 - - - 

<14 - - - 

<15 - - - 

<16 - 6.12 (1.94, 17.73) - 

<17 4.82 (1.79, 12.29) 7.69 (3.68, 15.39) 0.540 

<18 4.92 (2.21, 10.58) 8.96 (5.13, 15.17) 0.2070 

<19 5.85 (3.16, 10.57) 7.78 (4.56, 12.98) 0.4797 

<20 5.47 (3.05,  9.64)   7.65 (4.65, 12.33) 0.3800 

    

Body mass index 

(KgM-2)   

 

Underweight 45.5 (19.3, 74.4) 20.0 (8.4, 40.5) 0.116 

Normal 27.3 (19.4, 36.9) 37.7 (29.5, 46.7) 0.101 

Overweight 30.5 (20.0, 43.5) 35.8 (25.2, 48.0) 0.528 

Obese  34.8 (24.4, 46.8) 31.4 (23.2, 41.0) 0.645 

      Upper arm circumference (age ≤15 years), BMI (age ≥16 years) 

 

3.2.5 Household prevalence of TST-Positive 

The overall household prevalence of TST-positive was 54.2%. Household prevalence at 

Agincourt was 36.0% while Klerksdorp was 70.5% (P<0.0001). The average number of TST 

positives per household was 0.6 (SD = 1.10) at Agincourt and 1.2 (SD = 1.2) at Klerksdorp 

(p=0.0001) whereas mean crowding index in households with a positive TST was 2.9 (SD: 2.0) 

and 2.3 (SD: 0.9) for households without a positive TST (p= 0.0012). Households with positive 

TST had fewer windows (Median=5; IQR: 4, 6) compared to those with negative TST 

(Median=6; IQR: 4, 10) (p=0.0086).  

 

TST-positive prevalence was higher in households where residents smoke compared to those 

where they do not smoke but this difference was marginally significant at Klerksdorp (p=0.060) 

and not significant at Agincourt (p=0.181). Household prevalence was significantly higher in 

households where members smoke in Klerksdorp (77.9%) compared to Agincourt at 50.0% (p= 

0.019) (Table 3.5) 
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The overall mean wealth index was significantly higher in TST positive households 

(Mean=0.01; SD 0.1) compared to the negative households (Mean= -0.6; SD 0.1) (p=0.0002). 

When stratified by site there was no difference in prevalence at both sites (Agincourt – 

p=0.2297; Klerksdorp – p=0.6160). Based on wealth quintiles, our analysis suggests there is an 

overall increase in household TST-positive prevalence with an increase in wealth quintile but 

this increase was marginally significant (p=0.072). At the site level, TST-positive prevalence 

increased and decreased alternately with an increase in wealth quintile at Agincourt households. 

At Klerksdorp, TST-positive prevalence was similar across the quintiles and households in the 

lowest and 3rd/4th wealth quintile had the largest and lowest prevalence of 75.0% and 65.7% 

respectively (Table 3.5). Statistically, there is no difference in prevalence within each site based 

on wealth quintile (Agincourt: p= 0.855, Klerksdorp: p= 0.946) but a significant difference is 

seen between both sites in the first three wealth quintiles. 

      

Table 3.5 Comparison of household TST-positive prevalence by site 

 

Household Variable 

Agincourt  

 

Klerksdorp 

 

 

P-value 

 

N (%) 

Prevalence*  

(95% CI) 

 

N (%) 

Prevalence  

(95% CI) 

Site 125 (47.4%) 36.0 (28.0, 44.8) 139 (52.6%) 70.5 (62.3, 77.5) <0.001 

Smoking in Household:       

No  107 (85.6) 33.6 (25.3, 43.2) 71 (51.1) 63.4 (51.5, 73.8) <0.001 

Yes 18 (14.4) 50.0 (27.8, 72.2) 68 (48.9) 77.9 (66.4, 86.3) 0.019 

Wealth quintile       

Very poor 66 (55.5) 37.9 (26.9, 50.2) 8 (6.1) 75.0 (35.0, 94.4) 0.044 

Poor 25 (21.0) 40.0 (22.7, 60.2) 23 (17.5) 69.6 (47.9, 85.1) 0.040 

Rich 16 (13.5) 25.0 (9.3, 51.9) 35 (26.7) 65.7 (48.5, 79.6) 0.007 

Very Rich 9 (7.6) 44.4 (16.5, 76.5) 35 (26.7) 65.7 (48.5, 79.6) 0.242 

Wealthy 3 (2.5) 33.3 (2.5, 90.5) 30 (22.9) 73.3 (54.6, 86.3) 0.151 

     *Prevalence is based on TST measurement ≥10 mm (≥5 mm if HIV +ve)     

 

3.3 Annual risk of TB infection (ARTI) 

The overall median annual risk of TB infection was calculated using the overall TST-positive 

prevalence of 20.5% for all participants. Our results suggest the risk of TB infection is 2.22% 

annually for all participants (95% CI: 2.1, 2.3) (IQR: 1.6, 3.4). ARTI at each site was calculated 

using the TST-positive prevalence for each site (Agincourt 16.3%, Klerksdorp 24.3%). The 

median annual risk of infection of 2.09% (95% CI: 1.96, 2.18) was seen at Agincourt. This was 



Prevalence of LTBI in two South African Municipalities (2016-2018)              Victor Williams 

37 

 

lower compared with Klerksdorp at 2.29% (95% CI: 2.17, 2.46). Description of median ARTI 

by year, age category and sex between the two sites is illustrated in Table 3.6.  

 

Incident symptomatic TB during the period of the study could not be determined. This was due 

to challenges encountered in administration and measurement of TST during the follow-up 

period towards the end of the year. 

 

Table 3.6 Description of median ARTI by site 

 

3.3.1 ARTI by age and site 

Figure 3.6 describes the median ARTI by age category and site for all participants. ARTI is 

observed to decrease with increase in age category in a similar pattern at both sites and in the 

overall. The <5 age category has the highest ARTI at both sites and in the overall ARTI, while 

>45 years age category has the lowest ARTI (Fig 3.2.1, Table 3.6).  

 

Further determination of median ARTI restricted to participants aged <15 years (n=556) at 

Agincourt and Klerksdorp showed overall ARTI is 3.8% (95% CI: 3.4, 3.8). At Agincourt, 

 

Variable 

Agincourt Klerksdorp 

ARTI % (95% CI) ARTI % (95% CI) 

Median ARTI 2.09  (1.96, 2.18) 2.29 (2.17, 2.46) 

Year   

2016 2.28 (2.09,  2.39) 2.46 (2.29, 2.79) 

2017 1.39 (1.33, 1.53) 2.37 (2.06, 2.55) 

2018 2.28 (2.09, 2.53) 2.22 (1.95, 2.46) 

Age Cat (yrs.)   

<5 6.10 (6.10, 8.65) 8.77 (8.77, 12.65) 

5 - 10 2.91 (2.91, 3.19) 3.91 (3.91, 4.33) 

11 – 15 2.17 ( 2.09, 2.18) 2.94 (2.79, 2.94) 

16 – 20 1.90 (1.85, 1.90) 2.29 (2.29, 2.37) 

21 – 25 1.68 (1.64, 1.70) 1.97 (1.97, 2.01) 

26 – 30 1.55 (1.53, 1.57) 1.80 (1.78, 1.83) 

31 – 35 1.45 (1.45, 1.48) 1.71 (1.71, 1.73) 

36 – 40 1.40 (1.40, 1.41) 1.61 (1.60, 1.63) 

41 – 45 1.35 (1.34, 1.36) 1.54 (1.54, 1.55) 

>45 1.25 (1.24, 1.27) 1.39 (1.38, 1.41) 

Sex:     

Male 2.7 ( 2.39, 2.91) 2.79 (2.46, 2.94) 

Female 1.90 ( 1.70, 1.96) 2.06  (1.93, 2.29) 
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ARTI for those <15 years is 3.2% (95% CI: 2.9, 3.6) and 3.9% (95% CI: 3.9, 4.3) at Klerksdorp. 

A steep exponential reduction in ARTI in children aged <15 years is seen overall and for the 

two sites with ARTI of approximately 24% in those aged 1 year at Klerksdorp and 16% at 

Agincourt (Figure 3.7). This shows the risk of TB infection is highest amongst young children 

and decreases with increase in age.  

 

 

Figure 3.6 Median ARTI by site and age category for all participants 

 ARTI is based on Prevalence: Agincourt -16.3%, Klerksdorp -24.3%, Overall -20.5%  
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Figure 3.7 Median ARTI by site in participants <15 years of age 

 

Correlation test shows there is a significant negative correlation between ARTI and age with a 

coefficient of -0.51 at both sites (p<0.0001). This corroborates the graphs above.  

 

3.3.2 ARTI by year, sex and site 

Figure 3.8 describes ARTI by year, sex and site for all participants. At Agincourt, ARTI is 

lower in 2017 for males and females compared with the other two years where males have a 

higher ARTI compared to females. At Klerksdorp, ARTI is slightly higher in 2016 in both males 

and females when compared with 2017 and 2018. 

 

3.3.3 ARTI by HIV status, site, and sex 

ARTI by HIV status, site and sex are illustrated in Figure 3.9. ARTI is noted to be higher 

amongst participants with a negative and unknown HIV status compared to those with a 

positive HIV status at both sites. Males with a negative HIV status have similar ARTI at both 

sites. 
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Figure 3.8 Bar graph of median ARTI by year, sex and site 

 

Figure 3.9 Bar graph median ARTI by HIV status, sex, and site 
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3.4 TST-Positivity based on HIV status 

3.4.1 Descriptive Epidemiology  

The TST-positive prevalence amongst HIV positive participants is 28.3%, 19.5% in those with 

a negative HIV status and 14.5% in those with unknown status. Test of association between 

TST result and HIV status using Pearson’s Chi-square comparison test shows there is a 

significant relationship between the two variables (Chi-square with two degrees of freedom = 

8.44, p= 0.015). Further assessing for odds shows the unadjusted odds of having a positive TST 

for an HIV +ve participant using HIV negative as the baseline is 1.63 (95% CI: 1.13, 2.35) 

p=0.009. This was however different at both sites as Agincourt had an odds of 2.29 (95% CI: 

1.32, 3.95) p=0.003 and Klerksdorp 1.26 (95% CI: 0.76, 2.07) p=0.370. 

 

3.4.2 Controlling for age and sex  

After controlling for age and sex the odds of a positive TST in HIV positive participants at both 

sites compared to those with a negative or unknown status was 1.12 (95% CI: 0.76, 1.65) 

indicating that a positive HIV status did not significantly lead to a positive TST result (p=0.567) 

(Agincourt: OR=1.42; 95% CI: 0.79, 2.56; p=0.238, Klerksdorp: OR=0.94; 95% CI: 0.55, 1.58; 

p=0.801). 

 

Report on Margins after controlling for age and sex  

The mean marginal difference in TST positivity between those who were HIV negative and 

HIV positive after controlling for age and sex is 0.02. HIV negative participants had a margin 

value of 0.18 (p<0.001) and HIV positive participants had 0.20 (p<0.001). A test of the 

difference between HIV positive and negative/unknown indicates predictive margins did not 

differ between the two (p=0.5670). 

 

3.5 Risk factors of TST-Positivity 

Risk factors for a positive TST were assessed at two levels: individual and household risk 

factors. 
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3.5.1 Individual risk factors 

In Tables 3.7 and 3.8, the odds with 95% CI and p-values for the univariate and multivariate 

logistic model for prediction of TST-positive risk factors are presented by age. The multivariate 

model identified variables that were significant independent predictors of a positive TST after 

controlling for other variables.  

 

3.5.1.1 Logistic modeling for prediction of individual risk factors of TST-Positive 

Individual Risk factors for participants aged ≤15 years  

Table 3.7 Logistic model of individual-level factors which predict TST-Positive ignoring 

clustering within households (Participants ≤15 years of age) 

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Site     

Agincourt 1  1  

Klerksdorp 1.86 (1.03    3.37) 0.041      1.84 (0.99, 3.38) 0.051         

Sex     

Male 1  1  

Female 0.76 (0.42, 1.36) 0.351        

Age (yrs) 1.14 (1.06, 1.22) 0.001      1.12 (1.02, 1.22) 0.019     

Upper-arm Circum. (cm) 1.08 (1.01, 1.15) 0.020      1.02 (0.94, 1.10) 0.697 

HIV Status:      

Negative 1  1  

Positive 3.17 (1.001, 10.03) 0.050      2.53 (0.77, 8.32) 0.126      

Unknown 0.32 (0.04, 2.37) 0.263      0.40 (0.05, 3.05) 0.375 

Present Cough     

No 1  1  

Yes 0.61 (0.08, 4.69) 0.636        

 

Univariate and multivariate analysis for predictors of TST-positivity in participants aged ≤15 

years is described in Table 3.7. In the univariate analysis, the odds of being TST-positive was 

86% higher for participants resident in Klerksdorp (OR=1.86; 95% CI: 1.03, 3.37; p=0.041) 

compared to those in Agincourt and this was significant. There was a 14% increase in the odds 

of being TST-positive for a unit increase in age (OR=1.14; 95% CI: 1.06, 1.22; p=0.001) and 

8% increase for a unit increase in upper arm circumference (OR=1.08; 95% CI: 1.01, 1.15; 

p=0.020). For HIV positive participants, the odds of a positive TST result increased by 3.17 
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when compared with those who had a negative HIV status (95% CI: 1.001, 10.03) but this was 

marginally significant (p=0.050). Sex and present history of cough were not significant at the 

5% significance level though they showed reduced odds and no participant had a past history 

of tuberculosis. 

In the multivariate analysis, only age was statistically significant, indicating that a unit increase 

in age increased the odds of being TST-positive by 12% (OR=1.12; 95% CI: 1.02, 1.22; 

=0.019). Although site and a positive HIV status were included in the model, they were not 

significant at the 5% level of significance. The model fitness was assessed with the Hosmer-

Lemeshow test and had a test statistic of 9.00, p=0.3421.  

Individual Risk factors for participants aged ≥16 years  

Table 3.8 Logistic model of individual-level factors which predict TST-Positive ignoring 

clustering within households (Participants ≥16 years of age) 

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Site     

Agincourt 1 - 1  

Klerksdorp 1.38 (0.97, 1.96) 0.070      1.37 (0.96, 1.95) 0.079      

Sex     

Male 1 - 1  

Female 0.80 (0.55, 1.15) 0.224        

Age (yrs) 1.01 (1.001, 1.02) 0.036      1.01 (1.0001    

1.0193) 

0.047    

BMI 1.01 (0.98, 1.03) 0.661        

BMI Category     

Underweight 1 -   

Normal 1.17 (0.55, 2.49) 0.692        

Overweight 1.18 (0.53, 2.62) 0.681        

Obese 1.15 (0.53, 2.49) 0.720         

HIV Status:      

Negative 1 - 1  

Positive 0.79  ( 0.53, 1.18) 0.256      0.80 (0.53, 1.19) 0.271      

Unknown 0.86 (0.37,  2.03) 0.732      0.82 (0.34, 1.95) 0.646 

Past TB History     

No  1 - 1  

Yes 1.23 (0.55, 2.74) 0.612        

Present Cough     

No 1 - 1  

Yes 1.31 (0.58, 2.95) 0.512        
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For participants aged ≥16 years (Table 3.8), age was significant in the univariate model showing 

that a unit increase in age increased the odds of being TST-positive by 1% (OR=1.01; 95% CI: 

1.001, 1.02; p=0.036). The odds were increased for those living in Klerksdorp compared to 

Agincourt but this was only marginally significant at the 5% level (OR=1.38; 955 CI: 0.97, 

1.96; p=0.070). There was a decreased odds of being TST-positive for females compared to 

males (OR=0.80; 955 CI: 0.55, 1.15; p=0.224) and HIV positive participants compared with 

HIV negative participants (OR=0.79; 95% CI: 0.53, 1.18; p=0.256), but these were not 

significant. Participants with a history of TB had an increased odds of being TST-positive 

compared to those without a history of TB but this finding was not statistically significant 

(OR=1.23; 95% CI: 0.55, 2.74; p=0.612). 

 

In the multivariate analysis, only age was a statistically significant predictor of a positive TST 

(OR=1.01; 95% CI: 1.0001, 1.0193; p=0.047). Site and HIV status though included in the model 

were not statistically significant. The Hosmer-Lemeshow goodness of fit test statistic for the 

multivariate model was 8.86, p=0.3546. 

  

In a separate analysis conducted for residents of Klerksdorp only (see Appendix 7), no variable 

approached statistical significance in the univariate and multivariate analysis for participants 

aged ≥16 years. For participants aged ≤15 years, age, upper arm circumference and a positive 

HIV status were significant in the univariate analysis. In the multivariate analysis, only age 

(OR=1.14; 95% CI: 1.01, 1.28; p=0.037) was statistically significant. A positive HIV status was 

marginally significant (OR=4.08; 95% CI: 0.89,   18.77; p=0.071).  

 

3.5.1.2 Individual predictive factors based on HIV status 

The tables of the univariate and multivariate logistic model of individual predictive factors of 

TST-positive based on HIV status is attached as Appendix 8. No variable was statistically 

significant in the univariate and multivariate analysis for participants aged ≥16 years who were 

HIV infected at the time of TST testing. Only age approached statistical significance in the 

univariate (OR=1.02; 95% CI: 0.99, 1.05; p=0.085) and multivariate analysis (OR=1.02; 95% 

CI: 0.99, 1.05; p=0.099). For participants of the same age who were HIV negative at the time 

of TST testing, residing at Klerksdorp was significant in the univariate (OR=1.64; 95% CI: 
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1.08, 2.49; p=0.019) and multivariate analysis (OR=1.58; 95% CI: 1.04, 2.41; p=0.032). Age 

was a marginally significant predictor in the univariate (OR=1.01; 95% CI: 0.99, 1.02; p=0.055) 

and multivariate analysis (OR=1.01; 95% CI: 0.99, 1.02; p=0.058). Findings in participants 

aged ≤15 years were similar to that from the logistic model for all participants aged ≤15 years. 

Residing in Klerksdorp, age and upper arm circumference were significant in the univariate 

analysis while only age was a significant predictor in the multivariate analysis. 

 

3.5.1.3 Multi-level modeling for prediction of individual risk factors of TST-Positive 

Findings from the multi-level modeling analysis were similar to the logistic model and are 

attached as Appendix 9. In participants aged ≥16 years, age was the only significant predicting 

factor in the univariate (OR= 1.02; 95% CI: 1.01, 1.03; p=0.007) and multivariate analysis 

(OR=1.02; 95% CI: 1.004, 1.03; p=0.012). For participants aged ≤15 years, age (OR=1.16; 95% 

CI 1.06, 1.26; p=0.001) and upper arm circumference (OR=1.09; 95% CI: 1.01, 1.18; p=0.031) 

were significant predictors in the univariate analysis while in the multivariate analysis, only age 

was significant (OR=1.15; 95% CI: 1.03, 1.28; p=0.019). The standard deviation for household 

random intercept was 1.84 (95% CI: 1.33, 2.53) for those aged ≥16 years and 1.38 (95% CI: 

0.73, 2.63) for ≤15 years old. Site random intercept had a negligible standard deviation for both 

age groups.  

 

3.5.2 Household-level risk factors 

3.5.2.1 Multi-level modeling for prediction of household risk factors of TST-Positive 

 

Univariate multi-level logistic model 

The univariate analysis for predictors of positive TST result within households is presented in 

Table 3.8. Where residents of households smoke, the odds was 2.11 greater (95% CI: 1.15, 

3.85; p=0.015) in comparison to households where the residents do not smoke. An increase in 

the number of windows in the household reduced the odds of having a resident with a positive 

TST by 8% (OR=0.92; 95% CI: 0.85, 1.002), but this was marginally significant (p=0.055). A 

unit increase in wealth index increased the odds of a positive TST in the household by 15% 

(OR=1.15; 95% CI: 0.89, 1.50) but this increase missed statistical significance (p=0.287). Age 

of house and wealth quintiles did not statistically significantly impact on household TST. 
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Multivariate multilevel logistic model  

The number of windows, smoking in households and wealth index significantly predicted 

positive TST within households in the multivariate analysis. An increase in the number of 

windows decreased the odds of a positive TST by 10% (OR=0.90; 95% CI: 0.82, 0.98; p=0.011) 

while a unit increase in wealth index increased the odds of a positive TST by 39% (OR=1.39; 

95% CI: 1.13, 1.70; p=0.002). The odds of a positive TST increased by 2.47 (95% CI: 1.37, 

4.44; p=0.003) in households where the residents smoke compared to those where they do not 

smoke. The intra-cluster effect was negligible (OR=7.64e-07) indicating that within site 

variation provided a minimal explanation for TST positivity within the households. 

 

Table 3.9 Multi-level modeling (two-level) of household risk factors of TST-Positive 

taking into account clustering of households within the site 

   

 

Findings from the univariate and multivariate analysis are different when compared with a 

logistic model including only households in Klerksdorp (Table 3.9). No variable statistically 

significantly predicted a positive household TST. Only smoking within households approached 

statistical significance in both the univariate and multivariate analysis. 

 

 

 

 

Household Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Age of House 0.99 (0.98, 1.02) 0.962   

Number of Windows 0.92 (0.85,1.002) 0.055 0.90 (0.82, 0.98) 0.011     

Smoking in Household:      

No  1  1  

Yes  2.11 (1.15, 3.85) 0.015      2.47 (1.37, 4.44) 0.003      

Wealth Index 1.15 (0.89, 1.50) 0.287            1.38 (1.13, 1.70) 0.002      

Wealth Quintile      

Very poor 1    

Poor 1.06 (0.48, 2.36) 0.886   

Rich 0.77 (0.33, 1.80) 0.539   

Very Rich 0.96 (0.38, 2.41) 0.937   

Wealthy 1.22 (0.43, 3.48) 0.712   
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Table 3.10 Logistic model of household risk factors of TST-Positive at Klerksdorp 

        Hosmer-Lemeshow test statistic = 7.28, p=0.5073 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Household Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Age of House 0.99 (0.97, 1.02) 0.584      0.99 (0.96, 1.01) 0.320 

Number of Windows 0.98 (0.83, 1.17) 0.857        

Smoking in Household:      

No  1  1  

Yes  2.04 (0.96, 4.32) 0.062         2.15 (0.97, 4.78) 0.060     

Wealth Index 0.89 (0.56, 1.41) 0.613      0.80 (0.49, 1.31) 0.380 

Wealth Quintile      

Very poor 1    

Poor 0.76 (0.12, 4.75) 0.771   

Rich 0.64 (0.11, 3.66) 0.615   

Very Rich 0.64 (0.11, 3.66) 0.615   

Wealthy 0.92 (0.15, 5.51) 0.924   
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4 CHAPTER FOUR: DISCUSSION 

 

This chapter reviews the major findings from the preceding analysis and compares this with 

that of similar studies conducted within South Africa and other parts of the world. The strength 

and limitations of the study are identified and discussed to provide guidance for the obtained 

results and for future studies. 

 

4.1 Summary of key results 

From the analysis, the general prevalence of TST-positive was 20.5%. It was 1.5 times higher 

in Klerksdorp (24.3%) compared to Agincourt (16.3%), and similar in both sexes. Prevalence 

was noted to increase with an increase in age, only dipping at the 26-30 years age bracket and 

increasing again after 30 years of age. It was also higher amongst HIV positive participants 

compared with those who had a negative or unknown HIV status. For prevalence at the 

household level, the overall prevalence was 54.2% and households at Klerksdorp had a higher 

prevalence (70.5%) compared to Agincourt (36%). 

 

The overall ARTI was 2.22% when all participants were considered but 3.8% for participants 

aged <15 years. It was higher in Klerksdorp compared to Agincourt. Males were at a higher 

risk compared to females and the risk was highest in the youngest age group (<5 years), 

gradually reducing with an increase in age to the lowest risk at the >45 years age category. The 

risk was higher amongst participants with negative and unknown HIV status at both sites. The 

odds of a positive TST was significantly higher amongst HIV positive participants compared 

to those with negative and unknown status (OR=1.63; 95% CI: 1.13, 2.35, p=0.009). After 

controlling for age and sex, a positive HIV status was not a significant determinant of a positive 

tuberculin skin test result (OR=1.12; 95% CI: 0.76, 1.65; p=0.567).  

 

Significant individual risk factor which predicted TST-positive after controlling for other 

factors was the age in participants aged ≤15 years and ≥16 years. Positive HIV status and past 

history of tuberculosis were not significant and there was no significant association between 

sex and latent TB infection. Significant household factors which predicted a positive TST 
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within households were smoking within households by the residents, the number of windows 

in the house and the wealth index.  

 

4.2 Comparison with other studies 

The overall prevalence of TST-positive from this study showed significant variability in the age 

category and between the two sites which participants were drawn from. It is close to the global 

estimate of 24.1% given by Cohen et al in their systematic review and meta-analysis (20) but 

lower than a finding of 34.3% in a cross-sectional study conducted in a Johannesburg township 

South Africa (13) and amongst urban residents of Kampala, Uganda (58). It is also lower than 

a similar study conducted in Cape Town where TST-positive prevalence was between 28.0 – 

88.2% depending on the age category with an overall prevalence of 45.0% (5). This difference 

possibly could be attributed to the fact overall prevalence from our analysis is a combined 

estimate from an urban and a rural area. Considering the fact our study participants were drawn 

from the general population with minimal restriction, our determined prevalence is observed to 

be lower compared to some studies above and in some high-risk population groups within South 

Africa and other middle and low-income countries (10, 21, 22). Our finding nevertheless, is 

much higher when compared with a study conducted in New York to determine prevalence and 

predictors of TST-positivity amongst injection drug users where they estimated prevalence to 

be 14% (12) and in Germany where 11.3% of participants screened for latent TB prior to 

commencement of treatment for rheumatology related conditions had a positive TST result (32).  

 

4.2.1 Prevalence of latent tuberculosis 

A higher prevalence was seen in the urban site of our study. A possible explanation for this 

could be the fact that Klerksdorp is already known to have a high TB prevalence (6, 59) with 

associated high transmission rate and the urban nature of Klerksdorp which has a larger 

population, with about 66% of its inhabitants being in the 15-64 age bracket who are involved 

in mining, construction and other occupations such as health which are identified risk factors 

for tuberculosis (50). Another reason could be the residential arrangement of Klerksdorp where 

mining villages are established within urban areas allowing for regular interaction between 

miners and those in other occupations who may not necessarily be at risk of infection at work 

(50). The availability of large social networks and more opportunities for mixing which exists 
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in an urban setting leading to its residents being more exposed to infection compared to those 

residents in rural areas provides another justification for the difference in prevalence between 

our study sites (58, 60, 61). Residents of Agincourt, on the contrary, are settled immigrants 

engaged in farming and other subsistence activities. There are no mines or similar occupations 

which could result in increased exposure to TB infections given that the risk of infection has 

been shown to increase with employment as documented by a study conducted in Uganda which 

showed that leaving home for school or work increased the risk of TB infection (58). We did 

not have a variable describing occupation so its effect could not be assessed. 

 

4.2.1.1 Effect of sex and age on TST-Positive prevalence 

The similarity in prevalence between males and females overall and within site was not 

surprising as studies conducted within South Africa (5, 62), Ethiopia (63), Tanzania (64) and 

Asian countries of China and Indonesia (44, 65) had a similar outcome. However, a community-

based study conducted in Ethiopia (66) and Uganda (58)  indicated a higher TST-positive 

prevalence in males. These conflicting findings show the possible differences which exist in 

the different populations and circumstances under which the studies were conducted. Males and 

females are exposed to different conditions and contexts which determines their risks of 

infection but it can be argued that neither males nor females who participated in our study were 

exposed to exceptional risks to warrant a statistically different prevalence. Also, there is a 

possibility of sampling bias or selection bias during placement of TST as males accounted for 

only 39.5% of participants with a TST result. This also indicates there are fewer males in the 

households selected for the study. 

 

Our determined TST-positive prevalence based on age and site was variable. This variability 

and increase in prevalence with an increase in age category are comparable with other studies 

conducted in South Africa and other parts of the world (5, 13, 58, 65). In a previous study 

conducted in Matlosana (Klerksdorp) by Lebina et al to determine the prevalence of LTBI in 

children aged 5 and 7 years, TST-positive prevalence was 15.1% and 19.1% respectively (11),  

slightly higher than 7.2% (95% CI: 3.8% - 13.3%) obtained in our study for children in the 5-

10 years age group. This indicates a possible decrease in TST-positive prevalence at the site 

due to increased HIV/TB prevention programs and treatment services but when considering 
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that the number of participants in our 5-10 age group is few (n=125) compared to the earlier 

study, a much larger sample will be required to make a confident assessment. Like it was 

observed in other studies, the prevalence was higher in the older age group. This could be 

credited to the fact there is accumulated exposure with increase in age, waning immunity and 

increased access to social networks amongst the older population compared to young children 

(5, 13). More importantly, a higher prevalence observed in Klerksdorp can be attributed to the 

age distribution of our participants where Klerksdorp had more residents in the >45 age 

category, and Agincourt had more residents in the <5 age category (Table 1). 

 

4.2.1.2 TST-Positive prevalence and nutritional status  

The effect of nutritional status of participants on TST-positive prevalence assessed using upper 

arm circumference for participants aged ≤15 years and BMI for participants aged ≥16 years 

(Table 3.4) did not reveal any definite trend. Although malnutrition has been linked with 

increased risk of tuberculosis in susceptible people, previous studies which assessed the effect 

of BMI on LTBI prevalence similarly did not show any significant difference in TST-positive 

prevalence based on BMI (13, 63, 67).  The risk of TB infection and mortality amongst adult 

PLHIV was studied in South Africa and findings presented by Hanrahan et al (2010) shows 

PLHIV who are overweight or obese had reduced risk of mortality and reduced risk of TB 

infection compared to those with a normal weight (68). In contradiction, a population-based 

survey in rural China discovered that the risk of TB infection was higher amongst those who 

were obese (69). These different findings could be attributed to the difference in the two 

populations with China having an older population who are at an increased risk of TB infection.  

 

4.2.1.3 TST-Positive prevalence and HIV 

Previous studies conducted in South Africa and Zambia showed there was no difference in TST-

positive prevalence between HIV positive and negative participants (13, 70) but an earlier study 

conducted in Khayelitsha South Africa (published 2007) showed that approximately 69% of 

the study participants who were HIV positive had a positive TST  (36). The prevalence of TST-

positive based on HIV status varied between sites in this research (Figure 3.4). Due to the low 

sensitivity of TST amongst HIV positive participants (40), the TST cut off for HIV positive 

participants was set at ≥5 mm but there was still no significant difference in prevalence between 



Prevalence of LTBI in two South African Municipalities (2016-2018)              Victor Williams 

52 

 

HIV positive and negative participants at the site with a high HIV prevalence. A significant 

difference between HIV positive and negatives are seen at Agincourt could be attributed to the 

few numbers of participants at the site with a positive TST with a greater proportion being HIV 

positive. The guidance by WHO to provide TB prophylactic treatment to all who are HIV 

positive regardless of TST status after ruling out active TB disease is based on their 

susceptibility to TB infection and the poor ability of available tests to diagnose latent TB in 

those who are HIV positive (14, 71).  Though there is a shift in the use of CD4 count for 

monitoring of PLHIV to viral load, participants in the study with a positive HIV status who had 

a CD4 done had a high median CD4 count as illustrated in Table 3.1. This indicates a greater 

proportion of the participants had an optimal immune system.  

 

4.2.1.4 Prevalence using different TST cut-offs 

A high prevalence of TST-positive as seen across the three TST cut-offs indicates a very high 

prevalence of TST-positives in our sampled population, even at ≥15 mm. This is similar to other 

studies with a high TST-positive prevalence using a TST cut off of ≥10 mm (5, 13, 67) and 

demonstrates the need for more effort in increasing access to TB prevention and treatment 

services within communities and overall improvement in healthcare. In a previous study 

conducted in New York, there was no difference in prevalence when TST cut-off was reduced 

to ≥5 mm from ≥10 mm as a majority of the participants who had a positive TST had 

measurements greater than 10 mm (12). In South Africa, prevalence was high at the three cut-

off points in a study to determine effect of environmental tobacco smoke exposure on the risk 

of TB infection amongst children in a high TB endemic locality and also in another study to 

determine ARTI using different methods in high HIV/TB prevalent communities (16, 72). 

Furthermore, we noted a trend of increasing prevalence with age using TST measurements of   

≥5 mm and ≥15 mm (Figure 3.5). This incontrovertibly supports earlier findings of age being a 

major determinant of TST-positive prevalence. 

 

4.2.1.5 Household TST-Positive prevalence 

The high prevalence of household TST-positive overall and at the sites is representative of 

residents in the households and indicates a higher TST-positive prevalence at Klerksdorp. Some 

of the household characteristics evaluated were crowding index and number of windows. Our 
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analysis revealed Klerksdorp had a higher crowding index with fewer windows. This, in 

previous studies, has been linked to a higher TST-positive prevalence (70, 71).  

 

Compared to households where residents do not smoke, the prevalence was higher in 

households where residents smoke but this difference was marginally significant at Klerksdorp 

and not statistically significant at Agincourt. Smoking and air pollution from environmental 

tobacco smoke within households have been identified as a risk for TB infection in adults and 

young children (25, 26, 58, 71), and the higher household prevalence where residents smoke in 

our study confirms these previous findings.  

 

Data used for our analysis did not include household socioeconomic status, but a wealth index 

derived using available household variables presented as wealth quintiles (Table 3.5, Appendix 

4). Although no visible trend was seen within each site, a marginally significant finding of 

increasing prevalence with an increase in wealth quintile overall is contrary to a generally held 

belief that tuberculosis is a disease associated with poverty. This raises a concern in our study 

as the 264 households studied was probably few (we used only households linked to participants 

with a TST result). A minimum of 752 households (376 at each site) at an alpha level of 5% 

and power of 80% would have been required to determine a 10% difference between the two 

sites. A review of baseline household characteristics at our two sites (Table 1) shows that the 

site with a higher household TST-positive prevalence, Klerksdorp, has more risks for TST-

positive compared to Agincourt. These include a fewer median number of windows, a higher 

crowding index and a greater proportion of residents who smoke within the households.   

 

4.2.2 Annual risk of tuberculosis infection  

Our second objective was to determine ARTI by age and sex using values of TST-positive 

prevalence determined for each site and overall (Table 3.6). ARTI was observed to be higher 

in the analysis for those aged <15 years compared to that for all participants. Values were 

initially different at the younger ages but became similar at both sites as age increased, with the 

highest risk of infection in the youngest participants and decreasing with increase in age (Figure 

3.6 & 3.7). A slightly higher ARTI seen in males when viewed by sex and year at both sites 

(Figure 3.8) could be due to the mean age used for determination of ARTI which was lower in 
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males compared to females. Also, ARTI seen amongst HIV negative and unknown participants 

was higher compared to those with a positive status. This could be due to our sample population 

where 97% of the participants aged <15 (children had the highest ARTI) had a negative and 

unknown HIV status (Figure 3.9). 

 

Most studies conducted to determine ARTI in South Africa has been in children and 

adolescents, and findings from our study are similar to these studies which we have observed 

used different age distribution for determination of ARTI (5, 11, 13, 16, 73). An overall ARTI 

of 3.8% in participants aged <15 as seen in our study indicates a very high ongoing TB infection 

rate and this is higher than 2.9% seen when ARTI was determined in 5 & 7-year-olds at 

Matlosana (Klerksdorp) in 2015 (11) which is one of our study sites. In comparison to our 

findings, studies conducted in Zambia and Malawi had lower estimates of ARTI, whatever the 

method used for its calculation (57). This could possibly be attributed to the lower prevalence 

of TB and HIV in these countries compared to South Africa.  

 

4.2.3 TST-Positivity based on HIV status 

Studies conducted in South Africa and in other countries indicated there is no association 

between HIV status and TST-positive (10, 13, 58). In this study, the initial test of association 

using a Pearson’s Chi-square comparison test showed a significant association between the two, 

but this became insignificant after controlling for age and sex. Thus we can conclude our 

findings are similar to other studies. 

 

4.2.4 Risk factors for a Positive TST 

4.2.4.1 Individual risk factors 

From the logistic regression models fitted to determine risk factors which predict TST-positive 

at the individual level, age was the only significant predictor of TST-positive in the univariate 

and multivariate analysis for all participants with a greater odds in participants aged ≤15 years 

(Table 3.7 & 3.8, Appendix 9). This is consistent with our finding of increased risk of TB 

infection amongst younger participants (Figure 3.6). Prior studies equally identified age as an 

important predictor of a positive TST (5, 58, 62). Developing immune system and lack of prior 

exposure could be responsible for the increased risk in younger participants. Upper arm 
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circumference, residing in Klerksdorp, sex, BMI, past TB history and present cough were not 

significant predictors in all participants. Other studies have also documented that HIV status, 

sex, and BMI were not significant predictors of latent TB infection as seen in our study (13, 58, 

66). From the multi-level analysis, standard deviation for household random intercept were 

different from zero indicating there were unexplained variations in TST positivity due to 

household level effect. The household variables are discussed in a separate section. 

 

A further analysis based on HIV status indicated only age was a significant predictor in those 

aged ≤15 with a negative HIV status, while in those aged ≥16, no strong evidence of the effect 

of HIV status could be seen. These findings are similar to what was obtained from the logistic 

model and confirm the lack of association between HIV status and a positive TST as 

documented by other studies (13, 58). We also tried to ascertain if living in Klerksdorp affected 

the predictors significantly but no variable significantly predicted TST-positive amongst those 

aged ≥16 years who are resident in Klerksdorp (Appendix 7). Age was a significant predictor 

for those aged ≤15 years and a positive HIV status was marginally significant. So we conclude 

that our results are not significantly different for those living n Klerksdorp. 

 

4.2.4.2 Household risk factors 

At the household level, smoking within the household was the only significant predictor in the 

univariate analysis while the number of windows, smoking within the household and wealth 

index were significant predictors in the multivariate analysis (Table 3.9). Previous studies have 

demonstrated that smoking and exposure to tobacco smoke is an important predictor of TST-

positive and where patients are being treated for TB, could lead to a poor outcome (25, 26, 71, 

72). This is clearly demonstrated in this study and is consistent with our reported prevalence in 

households where residents smoke in comparison to those where they do not smoke (Table 3.5).  

 

Overcrowding in a household has been shown in other studies to be an important predictor of 

TST-positivity (13, 70) but some other study conducted in Ethiopia showed this to be the 

reverse (63). Although we did not include crowding index in the final multivariate analysis 

because it was used in estimating wealth index, a separate model with crowding index showed 

it to be a significant predictor of TST-positivity in households. The high risk of infection due 
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to overcrowding has been associated with a possible increased contact time with infectious 

cases in a poorly ventilated environment (74).  

 

Ventilation which is closely associated with overcrowding has been identified as a critical factor 

in the transmission of tuberculosis infection in an enclosed space where people who are 

potentially infected spend time with those who are not infected. This has been documented in 

different tuberculosis transmission studies in homes, hospitals, mines and other congested 

settings such as prisons (74-76). Our analysis showed that increasing number of windows 

significantly reduced the risk of TB infection by 10%, thus corroborating findings from the 

2010 South African study by Middelkoop et al that increasing ventilation reduces the risk of 

TB infection in children aged 0-5 years (74). Some studies have linked increased risk of TB 

infection to use of biomass for cooking in a poorly ventilated kitchen or houses as this reduces 

the indoor air quality (77, 78).  

 

The finding of an increased prevalence with wealth index in our multivariate analysis 

(socioeconomic status) is conflicting. Two previous studies, one conducted in Johannesburg - 

South Africa and the other in Zambia documented an increase in prevalence with higher 

socioeconomic status (13, 70), while other studies, including one conducted in Tanzania to 

identify how social activity patterns influence high rates of latent tuberculosis in adolescents, 

maintain that increased prevalence is associated with a lower socioeconomic status (62, 64, 71).  

 

Employment, schooling, urban-dwelling with possible poor housing conditions and increased 

opportunities for social interactions are some of the factors thought to be responsible for the 

dose-response relationship between TST-positive prevalence and socioeconomic status (13, 58, 

70). On the contrary, poor access to health services, poor living conditions, and homelessness, 

overcrowding, and malnutrition are some of the risk factors amongst people of low 

socioeconomic status responsible for the high risk of tuberculosis infection (71). A factor which 

could be responsible for the differences in the effect of socioeconomic status with regards to 

TB infection is the manner in which it is derived. Some studies utilize household income, 

ownership of certain household properties or availability of certain facilities within households. 

These proxy measures could be responsible for the different views and as such a standardized 
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means of measuring socioeconomic status with respect to TB research is required to overcome 

the differences observed in the effect of socioeconomic status (70). 

 

4.3 Strength and Limitations of the study 

4.3.1 Strength of the study 

There was a very little restriction on participants selected for inclusion in the study which 

allowed for the determination of prevalence, the annual risk of infection and risk factors across 

all age groups without bias. This made it possible to identify subtle differences between children 

and adults. Estimation of prevalence using different TST cut-offs (5mm and 15mm) allowed 

for the comparison of prevalence obtained from these different cut-offs with the standard cut of 

≥10mm. Data on HIV status allowed for assessment of the effect of HIV status on TST-

positivity.  

 

Availability of data linking participants to households made it possible to determine the 

household level prevalence and to model household clustering effect during the analysis. In 

addition, household-level data made it possible to identify household-level risk factors for TST-

positive at different sites. Since we had data for two sites- rural and urban, it was possible to 

compare the prevalence and identify baseline risk factors between both sites. Most studies are 

conducted either in an urban or rural setting but this study combined both.  Findings from this 

research are consistent with that of other studies conducted in South Africa and other parts of 

the world. 

  

4.3.2 Limitations  

This study involved the use of secondary data so the analysis was restricted to variables which 

were available within the data set. Based on this fact, certain TB risk factors could not be 

analyzed. It was not possible to assess if BCG vaccination had any effect on TST response. 

Incomplete follow up data made it impossible to determine TB incidence. Variables describing 

socioeconomic status, education, race, and occupation were missing so the effect of these could 

not be assessed. A proxy household socioeconomic status was rather derived from other 

household variables. It was also not possible to determine the impact of household TB contact 

on TST-positive as data on household TB contacts was not available. Additional data on the 
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sputum test was not available. As such, it was impossible to determine sensitivity, specificity, 

positive predictive value and negative predictive value of tuberculin skin test as a screening 

test. This would have been useful for TB programming in designing latent TB screening 

programs for at-risk populations. 

 

Data for this research was obtained from a cohort study (PHIRST Study) which enrolled new 

participants annually from 2016 – 2018. Challenges with administration and collection of TST 

data in 2017 resulted in a fewer number of study participants in the 2017 cohort with TST 

measurements compared to other years. This limited yearly comparison of derived prevalence. 

The data for our study showed features of possible terminal digit preference at one of the sites. 

Digit preference is the inclination towards certain numbers by humans during measurements. 

This may be odd numbers, even numbers or rounding up to certain whole numbers. In the 

determination of ARTI, only the fixed cut off method was used. If some other method was used, 

it would have provided a basis for comparison of our obtained values of ARTI in our sampled 

population to mitigate the effect of age which was skewed in our sample.  
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5 CHAPTER FIVE: RECOMMENDATIONS AND CONCLUSION 

 

5.1 Recommendations 

This research showed the prevalence of TST-positive is very high in the sampled population 

and by extension South Africa. The high prevalence with a higher cut off point indicates an 

urgent need for intervention. The available latent TB screening and treatment services should 

be strengthened to increase access to these services by those in the high-risk population group 

and the general public. There should be an increased awareness and health education programs 

on LTBI so the general public is aware of the various risk factors and how they can protect 

themselves.  

 

Our findings showed that children are at a higher risk of getting infected compared to adults 

with an increase in prevalence after the age of 10 years. This suggests that any vaccination 

strategy for prevention should target children below this age. Adequate measures should also 

be in place to protect children through health education on risk factors and periodic screening 

at schools. Prophylactic treatment suitable for children should be provided preferably targeting 

those leaving school after a high proportion would have been infected. Monitoring and 

treatment of adverse events related to prophylactic TB treatment should be improved through 

regular screening and reviews while on treatment. 

 

Some occupations have been identified as high risk for TB infection. A periodic work place 

based screening for latent TB should be instituted, implemented and monitored in these 

occupations. This will help identify staff who will benefit from prophylactic treatment or full 

treatment for tuberculosis. The current trend of screening at the onset of employment without 

subsequent practical follow up in some occupations is not beneficial.  

 

Smoking in households, ventilation, and overcrowding was identified as a prominent risk factor 

for a positive TST. Smoking cessation campaigns and campaigns to end smoking within 

households should form part of routine TB prevention services by the TB control programs and 

civil society organizations since this places children resident in those homes at a much greater 

risk compared to other children. Ventilation and overcrowding in homes, hospitals, and other 
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congregate settings should be improved upon. Children should ideally, sleep in separate 

bedrooms from adults to limit possible exposure. Use of biomass for cooking should be 

discouraged. Where this is not possible, biomass fuel should be used for cooking in open spaces 

and not within households to reduce indoor air pollution which can persist for a long time after 

cooking. 

 

5.2 Conclusion 

Despite advances in TB prevention and treatment services in South Africa, the prevalence of 

LTBI using TST as shown in this study is still high and consistent with previous prevalence 

studies conducted in South Africa. A higher prevalence seen amongst participants and 

households in Klerksdorp indicates its residents are exposed to more TB risk factors compared 

to Agincourt, particularly in the older age group. The highest annual risk of TB infection was 

seen amongst children aged <15 years and indicated a high rate of ongoing TB transmission 

within households and communities. Age was the single most important individual predictor of 

TST-positive in the study. HIV status, past TB history, and sex difference did not significantly 

increase the risks of TST-positive in adults and children. Smoking within households, 

ventilation (number of windows), overcrowding and wealth index were significant household 

predictors of TST-positive.  

 

5.3 Recommendations for future research 

1. Children were identified to have the highest risk of TST-positive in our study. Research to 

determine how best to protect young children in the South African context will be appropriate 

to minimize the incidence of childhood TB.  

 

2. HIV positive status was not a significant predictor of TST-positive, though the impact of 

HIV on active TB disease is well documented. Further studies are required to ascertain if there 

is an association between the two and the most appropriate screening test for LTBI amongst 

PLHIV. This can minimize expenses on the provision of prophylactic treatment for LTBI.  
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Appendix 4  Graphical description of wealth quintile by site 
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Appendix 5  Graphical description of 0 mm TST measurement by age 
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Appendix 6  Smoothed graphs describing TST-Positive prevalence 

 

 

Figure 3.3: TST-Positive prevalence by site and age category 

 

      Figure 3.5: TST-Positive Prevalence at 5mm, 10mm and 15mm TST cut-off by age  
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Appendix 7  Logistic model of individual-level factors which predict TST-Positivity within 

households in Klerksdorp 

Table for Participants ≥16 years of age 

 

Variable  

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Sex     

Male 1 - 1  

Female 0.79 ( 0.50, 1.26) 0.328        

Age (yrs) 1.002 (0.99, 1.02) 0.650      1.002 (0.99, 1.01) 0.802    

BMI 0.99 (0.97, 1.03) 0.878        

BMI Category     

Underweight 1 -   

Normal 2.02 (0.75,    5.39) 0.162        

Overweight 1.86 (0.66,  5.26) 0.242        

Obese 1.53 (0.56, 4.16) 0.407        

HIV Status:      

Negative 1 - 1  

Positive 0.60 (0.35    1.04) 0.071      0.67 (0.38, 1.18) 0.162           

Unknown 0.74 (0.29, 1.87) 0.519      0.90 (0.35, 2.33) 0.832 

Past TB History     

No  1 - 1  

Yes 1.19  (0.50, 2.82) 0.686      1.34 (0.55, 3.30) 0.518      

Present Cough     

No 1 - 1  

Yes 1.39 (0.58, 3.36) 0.463        

        Hosmer-Lemeshow test statistic = 12.08, p=0.1477   

  Table for Participants ≤15 years of age  

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Sex     

Male 1    

Female 0.89 (0.42, 1.89) 0.770        

Age (yrs) 1.16 (1.05, 1.28) 0.003       1.14 (1.01, 1.28) 0.037      

Upper-arm Circum. (cm) 1.11 (1.02, 1.20) 0.012      1.04 (0.94, 1.16) 0.400      

HIV Status:      

Negative 1  1  

Positive 4.97 (1.13    21.93) 0.034 4.08 (0.89,   18.77) 0.071       

Unknown -    

Present Cough     

No 1    

Yes 0.66(0.08, 5.22) 0.690        

        Hosmer-Lemeshow test statistic = 7.14, p=0.5216 
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Appendix 8  Logistic models of individual predictive factors based on HIV status 

     

Table for Negative HIV status (Age ≤15 years) 

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Site     

Agincourt 1 - 1  

Klerksdorp 1.89 (1.01, 3.55) 0.046      1.82 (0.96, 3.44) 0.066 

Sex     

Male 1 - 1  

Female 0.80 (0.43, 1.48) 0.484        

Age (yrs) 1.13 (1.05, 1.22) 0.002      1.13 (1.02, 1.24) 0.014      

Upper arm circumference 1.07 (1.001, 1.142) 0.047      1.01 (0.93, 1.09) 0.885       

Present Cough     

No 1 - 1  

Yes 0.66 (0.09, 5.11) 0.692        

        Hosmer-Lemeshow test statistic = 5.70, p = 0.6808 

 

 Table for Negative HIV status (Age ≥16 years) 

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Site     

Agincourt 1 - 1  

Klerksdorp 1.64 (1.08, 2.49) 0.019      1.58  (1.04, 2.41)     0.032      

Sex     

Male 1 - 1  

Female 0.79  (0.51, 1.20) 0.267      0.79 (0.51, 1.22) 0.302     

Age (yrs) 1.01 (0.99, 1.02) 0.055      1.01 (0.99, 1.02 0.058      

BMI 1.01 (0.98, 1.04) 0.346         

BMI Category     

Underweight 1 -   

Normal 1.49  (0.59, 3.74) 0.401        

Overweight 1.45 (0.55, 3.85) 0.451        

Obese 1.58 (0.62, 4.02) 0.342        

Past TB History     

No  1 - 1  

Yes 0.65 (0.17, 2.45) 0.525        

Present Cough     

No 1 - 1  

Yes 1.61 (0.62, 4.19) 0.326        

        Hosmer-Lemeshow test statistic = 10.36, p = 0.2405 
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Table for those who were HIV-infected at the time of TST testing (Age ≥16 years) 

 

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Site     

Agincourt 1 - 1  

Klerksdorp 0.87 (0.43, 1.74) 0.697            

Sex     

Male 1 - 1  

Female 0.89 (0.37, 2.14) 0.792        

Age (yrs) 1.02 (0.99, 1.05) 0.085      1.02 (0.99, 1.05) 0.099      

BMI 0.99 (0.94, 1.03) 0.553        

BMI Category     

Underweight 1 -   

Normal 0.52 (0.12, 2.21) 0.377        

Overweight 0.58 (0.13, 2.54) 0.467        

Obese 0.49 (0.11, 2.08) 0.330        

Past TB History     

No  1 - 1  

Yes 2.21 (0.75, 6.52) 0.151       2.15  (0.72,  6.42) 0.169      

Present Cough     

No 1 - 1  

Yes 1.16 (0.21, 6.59) 0.865        

 

 

 

 

 

 

 

 

 

 

 

 

 



Prevalence of LTBI in two South African Municipalities (2016-2018)              Victor Williams 

78 

 

Appendix 9  Multi-level modeling (three levels) of individual risk factors of TST-

Positivity considering clustering within households and site 

Table for participants Aged ≥16 years 

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Sex     

Male 1 - 1  

Female 0.87 (0.52, 1.45) 0.593        

Age (yrs) 1.02 (1.01, 1.03) 0.007      1.02 (1.004, 1.03) 0.012      

BMI 1.02  (0.98, 1.05) 0.370        

BMI Category     

Underweight 1 -   

Normal 1.34 (0.47, 3.83) 0.586        

Overweight 1.29 (0.42, 3.93) 0.658          

Obese 1.53 (0.52, 4.53) 0.440        

HIV Status:      

Negative 1    

Positive 0.83 (0.45, 1.51) 0.531      0.85 (0.45, 1.58) 0.602      

Unknown 0.88 (0.26,  2.99) 0.844 1.08 (0.32, 3.70) 0.897       

Past TB History     

No  1 - 1  

Yes 1.65 (0.52, 5.23) 0.393      1.59 (0.48, 5.19) 0.446      

Present Cough     

No 1 - 1  

Yes 1.59 (0.50, 5.07) 0.430        

 

 

 Table for participants Aged ≤15 years 

 

Variable 

Univariate analysis Multivariate analysis 

Odds (95% CI) P-Value Odds (95% CI) P-Value 

Sex     

Male 1 -   

Female 0.63 (0.30, 1.31) 0.215        

Age (yrs) 1.16 (1.06, 1.26) 0.001      1.15 (1.03, 1.28) 0.019      

Upper arm circumference 1.09 (1.01, 1.18) 0.031      1.001(0.90, 1.11) 0.980      

HIV Status:      

Negative 1  1  

Positive 2.65 (0.57, 12.41) 0.216      1.97 (0.41, 9.39) 0.396      

Unknown 0.28 (0.03, 2.53) 0.256      0.40 (0.04, 3.82) 0.429      

Present Cough     

No 1 -   

Yes 0.39 (0.03, 4.81) 0.464        

 


